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TOM TAT

Hé thong dién Viét Nam dang trong giai doan phat trién véi viéc gia tang mot sé lwong Ién
cdc nha may dién va dwong ddy truyén tdi, trong so dé c6 cdc nha mdy dién gi6. Tuy nhién khi
su dung loai ngudn dién nay c6 thé gdy anh hwéng nhat dinh dén cdc vin dé vé on dinh ciia hé
théng dién. Véi cac cong nghé may phat khac nhau thi nhitng anh huong ndy ciing khdac nhau.
Trong bai bdo nay sé nghién citu on dinh cua ludi dien Ninh Thudn nam 2015 khi c6 ket noi
Mét nha may dién gié cong sudt 20 MW khi xdy ra sw c6 tai diém két noi chung (PCC) giita
Nha mdy véi hé thong dién -phia thanh cdi 22 kV. Qud trinh nghién ciru dwoc thie hién trén
chuong trinh PSCAD/EMTDC 4.2.

ABSTRACT

The power system of Vietnam is in its development phase. Due to the increasing number of
new power plants in Vietnam power system such as wind power, the stability of this system has
become more complex. This is because of interactions of different power plants and the
oscillations of generators and lines. This paper presents the stability of the Ninh Thuan 2015
connected Wind Power Plant (20MW) power system with different short-circuit times on the
22kV line and their impact on the system stability. The Electromagnetic Transient simulator
PSCAD/EMTDC 4.2 has been used to carry-out the reported case studies.

1. GIOI THIEU

May phat dién gi6 sir dung chu yéu loai may phat khong dong b. Do d6, trong qué trinh van
hanh chung thuong khong phét ra dugce cong suat phan khang hodc phat ra véi lugng cong suit
phan khang han ché. Chinh vi 18 d6, khi két ndi véi cac ludi dién thi ban than nut két ndi chung
Vvé6i lugi dién (PCC) thuong 1a cac nat yéu trén phuong dién 6n dinh dién 4p, cdc nhanh lién ké s&
"yéu" trén phuong dién 6n dinh tinh, dong thoi khi dua thém dién gié vao mang dién thi hé sb du
trir 6n dinh tinh c6 thé giam xubéng mic du chat luong dién ap c6 thé duge cai thién. Ngoai ra
trong qua trinh dién ra su cd, dién ap tai PCC s& bi suy giam manh din dén c6 thé phai cat may
phat dién gi6 ra khoi ludi dién, diéu nay lam anh huong dén tinh lam viéc (3n dinh va d¢ tin cay
cung cip dién. Do d6 viéc khao sat dao dong cong suit cling nhu phan tich 6n dinh dién 4p trong
cac ludi dién c6 dién gio khi xdy ra ngan mach gan nha may 1a bai toan c6 nhleu y nghia.

Pé danh gia dao dong cong sudt va muc do on dinh cia ludi dién két ndi dién gioé ¢co thé sir
dung nhiéu phuong phap va tiéu chuan khac nhau. Trong hau het cac nghién ciru deu ung dung
cac chuong trinh m6 phong sau khi dé xay dyng m6 hinh chi tiét cac phan tir cia ngudn dién gio.
Duya trén két qua mo phong, cac nghién ciru d6 d4 chi ra phuong an van hanh hop 1y cling nhu giai
phap nang cao hiéu qua van hanh va cai thién do tin cdy. Tuy nhién cac nghién ctru nay khong
thiét 1ap dugc cac gia tri cai dat cho cac h¢ thong bao vé khi dién ap dau cuc may phat suy giam
khi c6 ngan mach.Thuc té cho thdy day 1a mot khau trong yéu trong qua trinh van hanh do hién
nay van chua c6 chuan chung ap dung cho céc hé thong role loai kém 4p cia dién gio. Vi vay
trong bai bao nay s& dé xuat thiét 1ap mot gia tri chinh dinh ap dung may phat dién gi6. Két qua
bai toan dwoc ap dung cho ludi dién tinh Ninh Thuin ndm 2015 khi c6 két néi mot nha may dién



gi6 cong suat 20 MW str dung may dién khong ddng bo ngudn kép DFIG (Doubly Fed Induction
Generator).
2. MO HINH CUA MAY PHAT PIEN GIO TRONG PSCAD 4.2

2.1. M6 hinh DFIG trong hé toa d6 quay dq

K§ thuét nay dua trén phuong phap phén tich tinh phi tuyen dugc sir dung trong so didu khién cac hé
thong phi tuyén dé cho su phan 1ap t6i wu giira so do diéu khién tur ‘thong va diéu khién momen boi cac
thanh phan dong dién stator truc d va truc q. Trong hé truc tham chiéu dq, cac phuong trinh dién ap duoc
viét nhu sau:
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Cong suat biéu kién tuc thoi dau cuc stator dugc cho boi:

ss:i[ujsj @
2

Cong suat tac dung va cong sudt phan khang tirc thoi:
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Trong bai toan mé phong nay thi thanh phan may bién ap ctia bo bién doi co thé duoc bo qua,
vi tac dong cua no 1én két qua cuodi cung khong dang ke, cong suat tac dung va cong suat phan
khéng duogc viét lai mot cach don gian do ug, = 0 trong h¢ toa do quay la:

3 . 3
Py = —Ugslgs = —Uslgs
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Trong do:
Uds, Ugs, Udr, Ugr: c&c thanh phﬁn dién 4p stato va roto trén h¢ toa do quay;
Wds, Was Ve, \pqr cac thanh phan tur thong stato va réto trén hé toa do quay;
igs, ds, Idr, Iqr: cac thanh phan dong dién stato va roto trén hé toa d§ quay;
©r, O, Op, ®: VAN toc goc mach roto, stato;

Tu (4) ta thiy cong suit tac dung va cong suit phan khang dau cyc stator DFIG ¢6 thé dugc
diéu khién doc lap thong qua igs Va Iqs Phan bo cong suét tac dung gitra cac cudn day stator va
rotor cua may phat DFIG phu thudc vao hé s6 truot. Cong suat qua mach rotor (qua b bién d6i
cong sudt) nguoc ddu va xap xi bang cong sudt cudn stator nhan vaoi hé sb truot, Py = -s.Ps, con
duoc goi la cong suét truot. Tuy thudc vao diéu kién van hanh cua hé théng, cong suét qua rotor
c6 thé di theo hai chiéu: tir ludi qua bo bién ddi dén rotor, P, <0, & ché d6 dudi déng bd va nguoc
lai tir rotor qua bd bién do6i dén luédi, P, > 0, & ché do trén déng bo. Trong cac truong hop trén,
mach stator déu phat cong suit vé ludi, Ps> 0. M6 hinh DFIG trong hé toa d6 quay nhu hinh 1.
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Hinh 1. Mach dién tuong duong mé hinh dong DFIG trong hé toa d quay dq

2.2. Céu triic cac phan tir trong chwong trinh mé phéng qua trinh qua trinh qua do

Chuong trinh mé phong hé théng dién PSCAD do Trung tdm nghién ctru Manitoba-HVDC
x@y dung. Day la mot chuong trinh cho phép nghién ctru cac cong nghé méi hién nay nhu: cac
cong nghé diéu khién sb, cong nghé truyén tai dién mot chiéu, moé phong cac ché d6 van hanh cua
mdy phat dién gi6 voi cac loai may phat khac nhau... Cac thuat toan sir dung trong giai tich hé
thong cling dua trén cac ly thuyet thdng nhat trén thé gidi 13 ma tran tong din va cac phuong phap
lap, 6n dinh quéa do, 1y thuyét phép phan tich tri riéng. Trong mé ta nha mdy dién gio két ndi ludi
dién, mo hinh tuabin gi6é dugc chuong trinh PSCAD/EMTDC yéu cAu md ta boi cac dic tinh vat
ly nhu: cong suét dinh muc, sb canh tuabin gio, chiéu dai sai canh, mat do khong khi, tdc do gio
dau vao... Trong hinh 2 minh hoa mé hinh mét tuabin gi6 trong PSCAD.
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Hinh 2. M6 hinh ctia mét tuabin gi6  Hinh 3. M hinh ngudn ning lugng gi6
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Trong thyc té toe do gié dau vao cung cip ning lugng cho tuabin gié ludn thay ddi theo thoi
gian. Do d6 mot mo hinh duoc goi 1a "ngudn gié" duoc thiét 1ap trong PSCAD dé mé ta dic tinh
ctia toc do gid bién thién, trong mo hinh nay cling minh hoa xung luc tac dong 1én hé thong khi toc
do gio thay d6i, d6 on khi tuabin quay...(hinh 3). Ngoai ra, trong thu vién cia PSCAD con cung
cap 3 loai may phat dung cho hé thong phat dién strc gio: may phat khong dong bo roto 1ong soc,
may phét khong dong bo roto day quan va may phat dién dong bd nhu hinh 4. Tuy thugc vao viéc
sir dung cong nghé may phat s& c6 cac phuong thic két ndi khac nhau voi hé thong dién. Néu sir
dung loai may dién DFIG thi mot bo bién d6i cong suat s& duoc st dung dé két ndi roto may phat
v6i ludi dién. Toc do quay cua may phat duge diéu chinh cho phu hop v6i dic tinh van hanh cua
tuabin gi6 (dé tbc do roto 16n hon hay nho hon tdc do dong bo).

Ef If

Hinh 4. Cac loai may phat dién gi6 trong PSCAD: a) loai roto 16ng soc; b) loai roto day quan;
¢) loai may phat dong bo

Bo bién ddi cong suat gdm hai bo bién ddi: bo bién d6i phia may phat RSC (Rotor Side
Converter) va bd bién doi phia ludi GSC (Grid Side Converter), duoc két ndi theo dang “back-to-
back” nhu hinh 5. Mach rotor dugc cip ngudn tir bd nghich luu ngudn ap VSC (Voltage Source
Converter) c6 bién dg va tan sb thay doi, thuong stir dung linh ki¢n dién tir cong suat IGBT. Mot tu
dién "dc-link" dugc dat ¢ giita hai bo bién d6i dong vai tro tich trit ning lwong. Trong khi d6, muc



dich chinh cua b converter phia lui GSC la dé gitr cho dién ap de-link khong d6i. Céu triic chi
tiét cia mot may phat dién DFIG cho trong hinh 6. Trong hinh 7 m6 ta cau trac nha may dién gio
Phudc Ninh két noi luéi dién 22 kV, sau do dugce két noi voi ludi dién 110 kV Ninh Thuén.
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Hinh 6. Xay dung mé hinh may phat dién gi6 DFIG - 2 MW trong PSCAD/EMTDC
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Hinh 7. Xay dung céu tric nha mégy dién giémPhu’(yc Ninh bang PSCAD

3. KET QUA PHAN TiCH QUA TRINH QUA PQ CUA NHA MAY PIEN GIO

Trong phan nay trinh bay két qua tinh todn mo phong hién tuong qua do xay ra khi ludi dién
két nbi nha may dién gié theo thoi gian. Muc dich nghién ctru 1a khéo sat phan tmg ciia nha may
dién gi6 trude nhitg dang su c¢b khac nhau trong hé théng dién va cac anh hudng dén ludi dién
dia phuong. Theo d6 sé& theo ddi dugc dién bién cua qué trinh qua do cac may phat dién gio va dé
xuét ché do van hanh phu hop. Ngoai ra, dwa vao cac dic tinh tir két qua mo phong sé& thiét 1ap cac
gid tri bao vé cua role nhim nang cao do tin cdy cung cip dién. Tong tré cua hé thong tinh dén



diém PCC két nbi cum céc may phat dién gi6 dugc ldy tir Trung tdm diéu d6 hé théng dién Quéc
gia Ao (Z = 1,984.,65,1 Q) Théng sb clia may phat va tuabin trong tinh toan cho trong bang 1 va

2.
Bang 1. Thong sé may phat dién DFIG - 2MW-VESTAS-Pan Mach
Théng sb Giatri | Thongsd | Gia tri
Udg, V 690 | Xm (pu) 3.29
Rs, (pu) 0.006931 | n, (v/phut) 1500
R:, (pu) 0.00906 | H(s) 3,5
Xs, (pu) 0.08083 | f, hz 50
Xr, (pu) 0.09934 | p 4
Bang 2. Thong sb tuabin
Théng s6 Gia tri Théng s6 Gia tri
Puong kinh roto 70m | Toc d6 gié dinh mutc,m/s 12,2
S6 canh 3 Tbc d6 "cut out", m/s 25
Chiéu dai sdi canh | 34m | Téc d¢ "cut in" 4mis

3.1. Dao ddng cong suit ciia nha may khi xay ra ngin mach & cac vi tri khac nhau véi thoi
gian ton tai sw co 0,5

Cong suat phat tac dung giam manh con 0,3 MW trong qua trinh dién ra sy cb. Cong sut
phan khang liy vé tir phia hé théng tang, sau d6 giam dan v€ tri s6 dinh muc sau 6s (hinh 8). Thoi
gian tit dan dao dong khoang 4,s khi thoi gian ton tai su b bang 0,5s. Khi d6 dién ap giam xudng
con 0,049 pu tai thanh céi két ndi chung PCC va 0,048 tai ddu cuc may phat. Roto may phat bi
tang téc dén 1,0221pu, thoi gian tit dan dao dong khoang 9s.

Dao dong cong suat cua may phat Dao dong dien ap
Q (mvan

(MW, MVar)

Hinh 8. Dao dong cong §u§t tdc dung, phan Hinh 9. Dao dong di¢n éap tai dau cuc may phat
khang cua may phat khi ngan mach tai PCC va tai PCC khi ngan mach tai PCC

O Toc do
25 -

(pu)

Hinh 10. Dao dong téc do may phat khi ngin
mach tai PCC

Qua trinh nay c6 thé duoc giai thich nhu sau: trong qua trinh su ¢b dién ap déu cuc may phat
ciing sut giam nghiém trong va két qua la cong suat dién do may phat dién phat ra sut giam manh,
trong khi d6 cong suat co clia tuabin van duoc duy tri. Khi d6 dé can bang ning luong thi roto cia
may phat s& bat dau duogc gia tdc va tang tdc. Khi su cb duoc loai trir, dién ap dau cuc may phat sé
tang tr¢ lai nhung do may phat bat dau tiéu thy tré lai mot lugng 16n cong suat phan khang cuia hé
thong dé khoi _phuc lai tir truong quay, va do lugong cong suat phan khang tiéu thy ting dot bién s&
lam dién ap dau cuc may phat khong thé hdi phuc ngay duogc. Trong khi d6 méy phat bit dau phat
cong sudt tac dung trd lai va phat sinh ra cac mo men dién co trén truc réto, md men nay co tac



dung him tdc 1am cham tbc do roto. Néu lic nay nang lugng tich luy trong réto dudi dang dong
nang chua lon hon so voi m6 men can thi tbe do roto s tu tur giam dan vé toc do lam vi¢c binh
thudng, trudng hop nguoc lai thi tbe do roto s& tiép tuc ting 1én, luong cong suat phan khang tiéu
thu tang nhanh va s lam giam dién ap dau cuc cho dén khi nao céc thiét bj bao vé role 1am viéc s&
cat may phat ra khoi ludi. Sau khi hoi phuc su ¢d, cong sudt phat ra cia mdi may phat van dat gia
trj 6n dinh ¢ murc xap xi 2MW. Két qua mo phong tinh toan dién ap, cong suat phan khang trong
cac ché d6 xac 1ap va su ¢b ngin mach 3 pha & cdc vi tri khac nhau trén ludi cho trong bang 1.

Két qua md phong trong bang 1 cho thay rang: trong hau hét céac truong hop su ¢6 thi cong
suat phat nha may dién gio déu giam manh, lugng cong suat phan khang iy ve tir phia hé thong
tang dang ké khi vi tri ngdn mach cang gan diém két ndi chung PCC. Vi tri ngan mach cang gan
PCC, dién ap trén PCC cang giam manh va kha nang phuc héi sau su ¢d cang khé khan hon. Dé
khoi phuc nhanh ché d6 xéc 14p sau su c¢b can ap dung cac giai phap manh nhu: sa thai bot phu tai
dia phuong tai PCC hay sir dung thiét bi bu cong suit phan khang ngay tai PCC hoic tai dau cuc
may phat dién gio.

Bang 1: Dién 4p va cong suat phan khang tai cac vi tri ngan mach khac nhau trén ludi dién
Bién ap, pu

069 kV 212 kV 10 kV Q pu
PCCkm | 2 | swed | 7 |swed | 2 | swes |
lip ’ lap ’ lap ’ lap

0,1 +1.11 | +0.21 | +1.06 | +0.11 | +1.02 | +0.008 | +0.14 | -0.83
0,5 +1.10 [ +0.22 [ +1.05 | 4012 | +1.01 [ +0.01 | +0.12 | -0.80
1,0 +1.10 [ +0.24 | +1.05 | 4011 | +1.01 | 4002 | +0.12 | -0.80
5.0 +1.08 [ +0.26 | +1.03 | +0.16 | +1.00 [ +0.08 | +0.07 | -079
110 +1.06 | +032 | +1.02 | +0.23 | 4098 [ +0.15 | +005| -078
20 +1.04 [ 4039 [ +1.01 | 4031 | +098 [ +026 | 000 | -076

Vi tii sw
co cach

Su co

3.2. Truong hop ngin mach 3 pha tai may phat so 1, thoi gian t tai sw c6 kéo dai din dén
phai taich may phat gap sw co ra khéi luéi dién

Dao dong dien ap Dao dong cong suat nha may dien gio

-y rec ® U may phat Orrcc O e peca P pccz

Hinh 11. Dao dong dién ap tai may phat va tai Hinh 12. Dao dong téc d6 may phat va dao
PCC khi thoi gian ton tai sy ¢ lau dai dong cong suat tac dung cia nha may

Vao thoi diém t = 15s, gia thiét xay ra sy c¢6 ngin mach 3 pha tai dau cuc “May phat tuabin
gi6 17 cua ddy tuabin gié thir nhat. Trong qué trinh dién ra su cd, dién 4p trén dau cuc tuabin gid
thir nhat dén giam con 0,09pu (hinh 11), nho hon ngudng dudi dién ap cho phép, nén hé thong bao
v¢ s€ cho “May phat tuabin gi¢ 1” dung vao luc 15,4s. Sau khi May phat tuabin gio 1 dung thi cac
méy phat con lai van tiép tuc phat ra cong suat 1,98 MW cho mdi may. Tong cong suat phat cua
nha may dat 17,54 MW, trong d6 ddy tuabin gi6 chira may phat bi sy ¢d phét cong suat 7,75 MW
va day con lai dat cong suit 9,78 MW sau su cb (hinh 12). Khi thoi gian tdn tai su ¢b 1a 0,5s thoi
gian hdi phuc cong suat tic dung ctia may phat khoang 0,6s. Cac may phat khac cong suét phat
giam xubng con 1,8MW va hdi phuc sau 0,3s. Téc d6 may phat bi sy cb ting 1én dén 1.022pu so
v6i 1.0175 Tac trude khi sy ¢b véi thoi gian dao dong khoang 10s. Cac may phat khac, tbc do may
phat tang 1én khong déng ké (1.0176 pu) va hoi phuc nhanh (sau 0,2s).

4. ANH HUONG CUA SUY GIAM DIEN AP PEN QUA TRINH QUA PQ MAY PHAT
PIEN GIO VA CAI PAT GIA TRI CHINH PINH CHO HE THONG BAO VE KEM
AP



Nhu trinh bay ¢ trén, cac may phat dién gio s& rat d& roi vao trang thai mat 6n dinh khi xuat
hién cac truong hop su ¢b gan may phat. Nguy hiém nhat 1a cac truong hop ngan mach 3 pha tai
dau cuc may phat hay tai PCC. Khi d6 may phat s& mat 6n dinh do dién 4p may phat bi suy giam
nghiém trong, lwong cong suat tac dung phat ra giam va tiéu thy mot luong cong suit phan khang
kha 16n tur phia luéi. Mirc d6 suy giam dién ap ciing la van dé chinh yéu can quan tam vi mue do
mAt cin bang cong suat trén truc may phat tuy thudc vao luong cong sudt tac dung phat ra khi dién
ap suy giam, mot cach téng quat c6 thé thiy rang néu dién 4p suy giam cang nhiéu thi mure do mat
can bang coéng suat trén truc may phat ciing tang nhanh va r6to cang dé dang bi gia toc hon. Do
viéc may phat c6 thé tré lai 1am viéc 6n dinh hay khong sau su ¢b tuy thudc vao ca hai yéu td: thoi
gian t6n tai su ¢ va muc do suy giam dién ap nén co thé dé xuat mot phuong an chinh dinh céc
role dién ap thép bao vé cho cho may phat theo mét dac tinh phu thudc thay vi cai dat dac tinh doc
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Hinh 13. Dao dong dién ap, cong sudt phan khang, cong suat tac dung
va toc ¢ may phat khi su c6 kéo dai

Khi xuat hién su ¢6 kéo dai, lac nay:

- Dién ap trén thanh gop chung khong thé hdi phuc vé gia tri ban dau do cac may phat dién
gio tiéu thu qua nhiéu cong suat phan khang tu phia hé thong (hinh 13a). Cong suat phan khang
liy tir phia hé thong ting dang ké sau khi sur co dugc loai trir (hinh 13b). Cong suat tac dung do
cac may phat phat ra giam di sau khi cit su co vi dién ap trén thanh gop chung van tiép tuc bi
giam (hinh 13¢). Do sy ¢6 ton tai qua lau nén téc do ctia may phat khong thé khoi phuc lai gia tri
ban dau sau khi sy ¢d da bj loai trir. Pay 1a trudng hop 1am viéc mat 6n dinh (hinh 13d) va role
kém ap phai tac dong trong truong hop nay.

Trong hinh 14 1a két qua tinh toan gié tri tac dong cua hé thong role kém &p tir qua trinh mo
phong ché do sy ¢ ngan mach 3 pha tai PCC khi thoi gian ton tai sy ¢6 qua lau, dan den phai Cat
toan bg cac tuabin gid ra khoi ludi dién. Két qua nay duoc tinh toan tmg véi cac ty s6 cong suat
ngdn mach khéc nhau theo tri s6 % dién ap suy giam. Phuong phap luan va két qua tinh toan nay
la mot tham khao tot khi dau ndi ngudn dién phan tan ndi chung va nha may dién gié noi riéng vai
hé thong dién.
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Hinh 14. 6 thi biéu dién quan hé giita mirc d6 suy giam dién ap va thoi gian ton tai cho phép tbi
da doi voi nha may dién gié Ninh Thuan st dung may phat DFIG 2 MW (VESTAS - Dan Mach).

5. NHAN XET VA KET LUAN

Can ct theo két qua mo phong thiy rang:

— Pac tinh lam viéc cua cac role kém ap nén chon la loai dac tinh phu thudc, voi cac role $6
hién dai hoan toan cho phép nguoi dung tao ra cac duong dac tinh lam viéc tuy chon sao cho do
déc cta cac dic tinh nay bam sat, phi hop voi két qua mo phong trén.

— Thoi gian 1am viéc chinh dinh cho cac role kém ap phu thudc vao ty s6 cong sut ngan
mach tai diém két ndi chung, véi cong suat ngin mach cua hé thong cang 16n thi thoi gian lam
viéc cua cdc role cang duoc phép kéo dai va nhu vy cling lam giam xac suat phai cat may phat do
cac sy ¢b 1an can diém két ndi cum may phat dién gio.

— Pé nang cao kha ning 1am viéc 6n dinh ctia hé thong cac may phat dién gio thi can cb cac
bién phap khac két hop nhu trang bi thém cac thiét bi co kha ning phat cong suat phan khang
khong phu thudc nhiéu vao dién ap (SVC, STACOM) dé tro giup voi hé thong khi cac may phat
dién trong qua trinh héi phuc tro lai sau sy cd.

— Céc thong s6 chinh dinh cho hé thng role kém ap nén duoc tinh toan dua theo cac két qua
md phong vi hién tai chua c6 mot chuan chung cho cac loai role nay khi 4p dung ddi véi cac loai
may phat dién gio.
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