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ABSTRACT

Nowadays, wind turbine generators are being developed and widely used
in many countries around the world. However, there is not much research
about wind turbine in Vietnam, specifically the direct-drive permanent
magnet synchronous generator (PMSG). Therefore, this paper is to
demonstrate the operation of a 2 MW direct-drive wind turbine using a
permanent magnet synchronous generator to assist other researchers to
gain more knowledge about this type of generator. First of all, the
structure and operating principle of a PMSG wind turbine are presented.
The controllers will be then designed. The simulation results based on
PSIM software with different wind conditions will demonstrate the
operation of the PMSG wind turbine and the performance of the designed
controllers.

TOM TAT

Ngay nay, may phat dién tuabin gié da dwoc phattrién va sir dung o nhiéu
nuoc trén thé gidi. Tuy nhién, ¢ Viét Nam hién nay chwa cé nhiéu nghién
cieu vé logi mdy phat dién nay, dic biét la mdy phdt dién tuabin gié khong
hép s6 sir dung mdy phat dién nam cham vinh ciu (PMSG). Do dé, bai
bao nay sé mé phong hoat dong cua may phat dién tuabin gio PMSG cong
sudt 2 MW nham givip cho cdc nha nghién civu c6 thém kién thirc vé logi
mdy phat dién nay. Triedc tién, bai bédo sé trinh bay vé cdu tao va nguyén
Iy hoat dong cua mdy phat dién tuabin gio PMSG. Viéc thiét ké cdc bo
diéu khién sé dwoc thuc hién sau d6. Két qua mé phong trén phan mém
PSIM voi cac truwong hop van hanh khdac nhau sé minh hoa hoat déng cua
mdy phat dién tuabin gi6 PMSG ciing nhu hiéu qua cua bg diéu khién vira
thiét ke.

Trich dan: Pham Dai Thing, Tran Anh Nguyén, Pao Min}} Trung va Quach Ngoc Thinh, 2020. M6 phong
may phat dién tuabin gié PMSG st dung phan mém PSIM. Tap chi Khoa hoc Truong Dai hoc Can

Tho. 56(1A): 1-10.
1 GIOI THIEU

thanh thap Tuy nhién, méay phat roto 16ng séc co

May phat tuabin dién gi6 da c6 nhiéu budc tién
I6n vé cong nghé sau hon 100 ndm ra doi. Khoi dau
la may phét dién DC cong suat 12 kKW va 144 canh
g6 vao nam 1888. Bén giira thé ky 20, may phat dién
tuabin gi6 duoc phat’ trién dat dén mirc cong suét 1
MW, su dung hop s6 ting toC va may phat khong
ddng bo roto 1ong soc do ciu tao don gian va gia

khoang toc d¢ quay rat hep nén téc do tuabin gan
nhu khong d6i, gdy anh huong t6i hiéu suat nhan
cong suat gio va khi tdc do gio thay doi s& gy ra cac
ap luc co khi 1én cac bo phan va dao dong trénludi
dién (Babu and Divya, 2017. B¢ khic phuc cac diém
yéu néu trén cua may phat roto long soc, may phat
khong ddng bo roto day quan ndi véi bién tro duoc
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str dung. Tuy nhién, loai may phat ndy van con co
c4c han ché nhu phai dung bd khai dong mém va ty
dién bu cong suat phan khang. Cudi thap nién 1990,
c4c nha san xuat bat dau dung may phat dién gio toc
do6 thay d6i, may phat dién khong dong bo 2 ngudn
cap (DFIG) duoc sir dung do nhiéu wu diém phu hop
Vi viéc phat dién gio nhu kha niang thay doi toc do
quay, tang luong dién ning thu duoc, dap Gmg chat
luong dién nang va do on (Polinder et al., 2006).
May phat DFIG tro thanh may phat dién théng dung
nhit trong cac tuabin gié hién nay. Trong nhitng
nam gan day, may phat dién gié nam cham vinh ciu
(PMSG) la mot xu huéng mai trong cong nghigp
dién gio6 do co nhiéu vu diém vuot trdi nhu co thé
ché tao véi sb cuc tir 16n nén khong can hop sb,
khoang tc do quay rong, hiéu suat va do bén cao,
khong can dong kich tir va it yéu cau bao tri thuong
xuyén (Mellah and Hemsas, 2013). Tuong tu Voi
cac loai may phat dién gi6 khéc, viéc thiét ké bo diéu
khién 1a khong thé thiéu trong hé thong may phat
dién tuabin gi6 PMSG khéng st dung hop s6. Bo
diéu khién va bo chuyén déi dién phai dugc t6i uu
dé nang cao hiéu sut va do bén cua hé théng (Wang
et al., 2014). Bén canh do, bo tim diém cong suét
cuc dai ciing duoc két hop vai bo diéu khién dé diéu
chinh cong suat va gitr toc d6 quay tuabin & gia tri
t6i vu (Wu et al., 2011). Ngoai ra, bo didu chinh goc
léch canh ciing 1a mot phan khong thé thiéu dé diéu
chinh téc d6 quay cua tuabin (Popa and Groza,
2010). Tuy nhién, & Vlet Nam hién nay van chua co
nhiéu nghién ctu vé diéu khién va mé phong hoat
dong cua may phat dién gi6 PMSG. Do d06, bai bao
nay sé& thiét ké bo diéu khién va mé phong hoat dong
ciia may phat dién tuabin gi6 PMSG 2 MW nham
giup cho cac nha nghién ctru va van hanh co thém
nhiing kién thirc vé nguyén 1y co ban ciing nhu qua
trinh didu khién cua may phat dién tuabin gié
PMSG.
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2 HE THONG MAY PHAT DIEN
TUABIN GIO PMSG

2.1 Céautao

So d6 khdi cua hé théng may phat dién tuabin
gi6 PMSG dugc thé hién trong Hinh 1. Tuabin gié
duoC cau tao tir rat nhiéu by phan voi do chinh xac
cao dé dam bao d6 an toan ciing nhu khi ning
chuyén hoa niang lugng gi6 sang dién ning dwoc
hiéu qua nhat. Cau tao cua cac tuabin gio hién dai
thuong bao gom: ba canh quat duoc gan trén truc
roto va truc roto dugc ndi truc tiép véi truc chinh;
bén trong tryc roto 1a b phan diéu chinh goc léch
canh; trong hé thong may phat dién gi6 khong hop
s6, truc chinh s& dugc ndi tryuc tiép véi may phat dién
PMSG. May phat dién PMSG théng thudong duoc
chia thanh hai dang chinh la dit nam cham trong
long réto va dat nam cham 1én bé mat roto. Dang dat
nam cham trong 10ng réto c¢6 gia thanh ché tao cao
hon do cdu tao phuc tap, nhung c6 vu diém la kha
nang chiu lyc ly tdm 16n (do chénh l1éch dé tir tham
ctia nam cham va vat liéu I15i tir nén cam khang truc
d va q khong bang nhau) nén c6 thé ding cho cac
tng dung can tc d6 quay cao (Wu et al., 2011).
Nguoc lai, roto dang dat nam cham 1én bé mat ¢o
Cciu tao don gian, cam khang truc d va q gan nhu
nhau va duoc goi 1a réto cuc tir 4n (Keshavarz,
2011). B6i véi kiéu roto nay, nam cham duoc sir
dung phai c6 mat d tu thong 16n vi du nhu nam
cham dit hiém Nd-Fe-B (Akhmatov et al., 2003).
Cong suat phat ra tir may phat qua bo chuyén doi
AC-DC-AC dé truyén tai cong suét 1én lu6i. Ngoai
ra, con c¢6 nhiing bo phan khac khong truc tiép tham
gia vao qua trinh chuyén ddi ning luong nhu cot dd,
hé thong diéu chinh goc 1éch canh, goc don gio, cam
bién gi6, phanh roto,...
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Hinh 1: So' d6 khoi may phat di¢n tuabin gié PMSG

2.2 Nguyén ly hoat dong

Tuabin gi6 hoat dong theo nguyén 1y chuyén
ddng ning cua gi6 thanh co ning dé quay tuabin gio.
Biéu thirc cong suat co ma tuabin nhan dwoc tir
ludng gio (Elbeji et al., 2014):

1
P = pAGC (1)

Trong do,

Pwm la cong suat co;
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p la ty trong khong khi;

A la dién tich mat don gio;

Vw [2 tée @6 gio.

Tuabin khong thé thu nhan hoan toan cong suat
tir gi6 ma chi nhan dugc mot phan cong suat tir gié
v6i hé sb thu nhan Cp. Hé s6 C, t6i da ma tuabin dat
dugc trén 1y thuyét theo hé s6 Betz la 16/27 ~ 0,593.
Truyc tuabin s& dugc ndi tryc tiép V6i truc mdy phat
dién PMSG khong thong qua hop sb dé truyén dong
nang tir tuabin lam quay may phat dién PMSG va
phat ra cong suat dién xoay chiéu. Su chénh léch
gitta momen co cua tuabin va momen dién tir cua
mdy phat s& quyét dinh viée tang toc, giam toc hay
giit toc d6 quay cua tuabin (Wang et al., 2014). B4
chuyén d6i AC-DC- AC c6 chuc nang chuyén dién
4p V6i bién d6 va tan sé khong 6n dinh tir may phat
sang dién 4p DC 6n dinh, tir d6 nghich luwu thanh cac
gi4 tri v6i bién d6 va tan sb phu hop dé truyén cong
suit 1én lu6i dién. Bo chuyén d6i AC-DC-AC bao
gom hai phan: b chuyén ddi phia méay phat s& diéu
khién cong suit tac dung va cong suat phan khang
may phat, b chuyén d6i phia ludi c6 nhiém vy diéu
khién dién ap lién két DC va cong suét phat 1én ludi
(Raducu, 2008).
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2.3 B9 diéu khién géc canh tuabin gi6

Bo diéu khién goc canh co nhiém vu diéu chinh
goc quay cua canh tuabin phu hop véi cac cap téc
d6 gio khac nhau. Khi téc d¢ gi6 thap hon toc do
dinh mrc thi géc quay ctaa canh phai cho phép thu
nhan tbi da ning luong tir ludng gio. Nguoc lai, khi
tdc d6 gio cao hon dinh mic, goc canh phai thay doi
dé giam luong cong suat tuabin nhan vao dé dam
bao an toan cho cac co ciu co khi, bao vé may phat
va giit toc d6 quay & dinh muac (Popa and Groza,
2010). Khi téc do gié qua cao, vuot qua gidi han
hoat dong cua tuabin, goc canh s& duoc diéu chinh
dé dirng nhan nang luong tir gio, hd trg viéc ding va
khoa tuabin. Mai loai kiéu hinh canh s& c6 mot goc
don gio ma & d6 luc nang canh la t6i da, khi ting
hodc giam goc canh ngoai goc téi wu thi luc nang
canh s€ giam. Nguyén ly nay duoc van dung cho
viéc thay ddi goc léch canh caa tuabin gio.

3 BQ PIEU KHIEN CUA MAY PHAT
PIEN TUABIN G10 PMSG

So @6 diéu khién tong thé cua hé thdng may phat
dién gi6 PMSG duoc thé hién nhu Hinh 2. Hé théng
didu khién gdbm ba khdi chinh: khéi diéu khién tim
diém cong suét cuc dai, cac khdi didu khién cho bo
chuyén d6i phia may phat va cac khéi diéu khién cho
bo chuyén ddi phia ludi.
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Hinh 2: So d6 diéu khién tdng thé ciia hé thong may phat dién gio PMSG

3.1 B diéu khién tim diém cong suit cuc
dai

Déi vé6i tuabin gi6 truc ngang toc do thay doi, dé
thu nhan duoc t6i da cong sudt tir gio, hé s6 C, dugc
t6i uru bang goc 1éch canh Sva hé sb toc o dau canh
A cua tuabin (Elbeji et al., 2014).

Phuong trinh thi nghiém cua Cp nhu sau:

214

Cp :%(116./1'—0, 48-5)e +0,014 (2

Hé s tdc do dau canh duoc tinh theo phuong
trinh:

:COM.I’

®)

Yy

V6i om la the do quay cua tuabin; r la chiéu dai
canh.

/' 1a hé s6 va dugc tinh theo phuong trinh:
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o 1 0,035 @) dé giam hé s6 Cp nham dam bao an toan cho tuabin
_m B m va may phat. ‘ ]

) ) 3.2 B9 diéu khién phia may phat
Biéu thuc cua Cy, thay d6i phu thude vao tirng
loai canh khac nhau. Khi tc d6 gi6 vuot qua gia tri
dinh mirc, goc 1éch canh va hé sé dau canh thay doi Mach twong dwong ctia mdy phat dién PMSG
trong khung tham chiéu quay dong b¢ d-q dugc thé

hién nhu trong Hinh 3 (Wu et al., 2011):

3.2.1 B¢ diéu khién dong dién phia mdy phdt

ids Rs L4 igs Rs Lq orLdids
D_‘ * m AR 'S | +
+
OrAr

Hinh 3: So' d6 twong dwong ciia may phat dién PMSG

Thanh phan dién ap Vgs va Vgs duge tinh: * Ki (> . . 8
Vgsg=—( Kp +- '('d,sg "q.sg)‘ orlgig sg +orr ®)

di
P i ds
Vs = Rslgs + @rLglgs —Ly at ©) Trong do,
_ _ diqs ; Vi sq va Vasg la cac gia tri dién ap tham khao
Vas=~Rslgs ~erlgigs t ordr ~Lg = (©) cho bg chinh luu;
Dién tro stato cia may phat, Ry, rét nho nén co Ig.sq V& gy 12 gid tri dong dién tham khao
thé bo qua trong tinh toan. Tu do, bo dieu khién cho bg chinh Tuu;

dong dién may phat s& dwoc thiét ké nhu sau:
@, latdc do goc dien ap xoay chiéu may phat;

* K *
v = | K, +—L .(i —i )+a) i (7) ,
d.sg [ p Sj disg ~'dsg) " “rialasg r 12 tir thong lién két réto.

Duya vao phuong trinh 7 va phuong trinh 8, ta
dugc so do bo diéu khién dong dién phia may phat

nhu Hinh 4.
e b
ldsg o.Lq
lgsg oLq
j;:ﬁ PI

O

Hinh 4: So d6 b diéu khién dong dién phia may phat

3.2.2 B¢ diéu khién cong sudt phia mdy phat

PS :1,5(Vd Id +V ,S | ,S ) (9)
Cong suit tac dung Psgva cong sudt phan khang d 959~ 59745

Qsg Clia may phat tinh theo khung tham chiéu d-q . .
(Wu et al., 2011): Qsg =1.5(Vg sg iq.sa ~Yasg g sg) (10
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Do thanh phan dién ap truc d, Vasg = 0, sap xép
lai phuong trinh trén ta dugc bo dieu khién cong suat
may phat nhu sau:

a4 o)

* 2 K
Ig.5g :73v ( pt— j(Psg —PSg ) 12)
4,59

V6i P'g va Q'gg 1a cong suét tic dung va cong
suat phan khang tham khao phia may phat.

Tt phuong trinh 11 va phuong trinh 12, ta dugc

so d0 diéu khién cong suat phia may phat nhu Hinh

O'ie PI

P Pl

Hinh 5: So' db diéu khién P, Q phia may phat
3.3 B diéu khién phia luéi
3.3.1 B¢ diéu khién dong dién phia ludi
Dién ap xoay chiéu ngd ra bd nghich luu:
di;

. 1,eg
Vi,C,eg:R'i,eg+L ot +Vi,eg (13)

Trong do:
i =a, b, ¢: Thé hién cho 3 pha;
Vieg la dién ap 3 pha phia ludi;

Viceg 12 dién ap 3 pha ngd ra cua bo nghich luu;
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ii.eq 12 dong dién xoay chiéu phia ludi;
R va L la gia tri dién tré va cuon cam ndi ludi.

Chuyén phuong trinh (13) sang khung tham
chiéu d-g:

dig o

o “aeg (14

Vd,ceg :Vd,eg +Rid,eg +L

d
\Y =V +R +L

aces Vae =N a)LId (15)

Bo6 qua dién tro R, ta dugc bo diéu khién dong
dién phia ludi:

* K

Ki : 17
vqoeg (K +—L S J (|qeg |qeg) Ve +wL|d,eg (17)
Trong do,
V;,ceg q ceq 1a dién &p tham chiéu dau ra cua

b6 chinh luu theo khung tham chiéu d-g;

igeq VA Iqeq 12 gid tri dong dién tham khao
theo khung tham chiéu d-q phia luéi;
la gia tri dién ap ludi theo khung

Vy g va Vq,eg

tham chiéu d-q;
I g va I eq 14 gid tri dong dién tinh todn theo
khung tham chiéu d-g;
o 1a téc d6 goc dién ap ludi.
Dua vao phuong trinh 16 va phuong trinh 17, ta

duoc so dd bo diéu khién dong dién phia ludi nhu
trong Hinh 6.

\L Vd, eg

Hinh 6: B diéu khién dong di¢n phia nghich luu
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3.3.2 B¢ dieu khién dién dp lién két DC

Gia st bo qua ton hao cong suét, ta dugc:

Pe =P, (18)
V6i v 12 dién ap lién két DC, o 1a dong dién DC
ngd ra cua bd chinh luu, vgeg = 0, ta co:
dv, .3 .
—vdc.Cd—t°+vdc.|0 :quveg g eg
v dv v
oi _2 % Ndc 2 Yde ;  (19)
a.eq = " 3v dt 3y, 0
g.eg a.e9

Bo diéu khién dién ap lién két DC duoc thé hién
nhu sau:

-;eg - (K +K?j (V;c _Vdc) (20)

Tu phpomg trinh trén, ta duoc b diéu khién dién
ap lién ket DC nhu trong Hinh 7.

q.eg

V*l,it- PI

V,

de

Hinh 7: B diéu khién dién ap lién két DC

3.3.3 B dieéu khién cong sudt phan khing
phia ludi

Céng’suérlt phan khang phia ludi tinh theo khung
tham chiéu d-q:

(21)

Q=15(vy €9 Ig.g ~Va.eg-ld g )

Do dién ap Vgeg =0, sap Xép’ lai phuong trinh
trén ta dugc bo diéu khién cong suat phan khang:

K *
(Kp +SIJ(Qeg —Qeg) (22)

V6i Q"¢ 12 cong suét phan khang tham khao phia
ludi.

x 2
ldeg="~

g,eg

Vay, bo diéu kbién cong sut phan khang phia
nghich luu dugc thé hién nhu sau:
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f’:t;‘g
* EEE—

3v

9.¢8

—>
o— x

Hinh 8: B diéu khién cong suit phia nghich luu
4 KET QUA MO PHONG

Dé danh gia hoat dong cua hé théng trong cac
diéu kién gi6 khic nhau va kiém tra hiéu qua cua cac
bo diéu khién vira thiét ké, hé thong ‘mdy phat dién
tuabin gi6 PMSG dugc moé phong bang phan mém
mo phong PSIM trong truong hop toc do gié thay
d6i tir dudi dinh mirc dén trén dinh muc tuong ing
v6i tinh hudng hoat dong trong thuc té. Toc do gid
dinh mc caa tuabin gid 1a 12 m/s, gidi han trén cua
toc do gio 1a 25 m/s va cong suat dinh mic 1a 2 MW.
May phat st dung cho hé théng la may phat dién
nam cham vinh ctu véi cong suat 2 MW truyén
dong truc tiép, thong sb k¥ thuat cia may phat va
tuabin gi6 dugc thé hién trong Bang 1.

Bang 1: Thong s may phat va tuabin gi6 (Wu et
al., 2011)

Cong su{it dit}h murce 2,0 MW
Cong suat bieéu kién dinh mac 2,2419 MVA

Pién ap day dinh muc 690 V
Dong dién stato dinh muc 1867,76 A
Tén s6 dinh mire 9,75 Hz
Hé sb cong suat dinh muc 0,8921

T(f)c d6 quay dinh mtc 22,5 vong/phut
SO cap cuc 26

Mo6men dinh mirc 848826 Nm
Tir thong réto lién két 5,8264 Wh
Pién trd stato 0,821 mQ
Dién cam ddng bo trucd, q  1,5731 mH
Ban kinh canh tuabin 40 m

Ty s6 tbc d6 dau canh téivu 7,854

Téc @6 gio dinh mirc 12 m/s
Gidi han dudi cua toe d6 gio 4 m/s

Gidi han trén cua toc do gi6 25 m/s

Mo phong hé thng duoc thuc hién ¢ 5 tde do
gio6 theo trinh tu: 6 - 12 - 18 - 24 - 16 m/s va thoi
gian chuyén déi gitra cac toc do la 2 s (Hinh 9) dé
danh gia kha niang dap ng cua hé théng khi toc do
gi6 thay doi. Két qua mo phong hoat dong cua tuabin
gi6 va may phat dién PMSG duoc thé hién nhu trong
Hinh 10 dén Hinh 15.
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Hinh 13: Dién ap may phat trong khung tham chiéu d-q0917200116
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Hinh 14: Dong dién tham khao va dong dién may phat trong khung tham chiéu d-q
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Hinh 15: Cong suit P, Q tham khao va cdng suit may phat

Theo Hinh 10, khi téc d6 gi6 dudi 12 m/s, hé s6
Cp diéu chinh & gia tri cuc dai khi toc d6 gié 6n dinh.
Trong qua trinh thay ddi tdc do gi6 tir 6 m/s 1én 12
m/s, hé sb C, bi giam nhe do quan tinh canh tuabin
nén téc do quay ting cham hon téc do gio, sau
khoang 2,5 s, quay tro lai gia tri toi wu. Khi toc do
gi6 vuot qua toc do dinh mirc 12 m/s, C, giam dé
dam bao toc do quay tuabin ludn 1a 22,5 vong/phut.
Tuong tu nhu vay, do toc d6 quay tuabin khong ddi
nén hé s6 toc do dau canh giam khi téc do gio tang
(Hinh 11). Hinh 12 cho thay, khi téc do gi6 thp, goc
léch canh bang 0° dé nhan tdi da nang lugng tir gio.
Khi toc do gi6 tang dan, goc canh tang dé giir cong
sut co bang dinh mic. Bién ap may phat tang khi

tbc do quay ting, ca 2 gia tri dién 4p trong khung
tham chiéu d-q déu 6n dinh khi tc d6 quay tuabin
khong doi cho thay dién ap dau ra on dinh, dién ap
va ludn bang 0 (Hinh 13). Dong dién may phat dugc
thé hién trong Hinh 14, ca 2 gia tri dong dién déu on
dinh va bam theo dong dién tham khao. Tuong tu
nhu vy, cong suat dau ra 6n dinh va bang vai cong
suit tham khao, cong sudt P khoi dau véi 250 kW
khi téc do gio & 6 m/s va ting dén cuc dai la 2 MW
khi tbc do gio dat tir 12 m/s tro 1én, cong suat Q duoc
giit bang 0 trong subt qua trinh hoat dong (Hinh 15).

Hoat dong cua b chuyén déi phia ludi duoc thé
hién nhu trong Hinh 16 dén Hinh 18. Hinh 16 cho
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thdy dong dién phia ludi trong hé quy chiéu d-q co
iq thay d6i twong umg cong suat tac dung phat 1én
ludi, ig ludn gitr bang 0 va ca 2 gia tri déu bam theo
dong dién tham khao. Bi¢n ap lién két DC tham
khao dugc dit & 1500 V va gia tri dap img ludn bang
gia tri tham khao trong suét qua trinh hoat dong
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(Hinh 17). Theo Hinh 18, cong suat P phat Ién ludi
on dinh & 250 kW khi téc do gio 6 m/s, cong suat
tang 1én cuc dai 6 2 MW tuong ing véi cong suét P
phia may phat do toan bo cong suat may phat déu
duoc truyén 1én ludi, cong sudt Q luén bang 0.

Id_eg_ref (A) Ideg(A) lgeg (A)

3000

2000 //’"
1000
0
-1000

5 10 15 20 25 30
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Hinh 16: Dong dién tham khio va dong dién phia lwéi trong khung tham chiéu d-q
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Hinh 17: Pi¢n ap lién két DC
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Hinh 18: Céng suit P, Q phat 1én lwéi
5 KET LUAN két DC cho bo chuyén d6i AC-DC-AC. Nham kiém

Bai bao da trinh bay dugc cAu tao co ban va
nguyén ly hoat dong cua hé théng may phat dién
tuabin gi6 PMSG. Dé thu dwoc cong suat cuc dai tir
mot toe do gioé c¢b dinh, b didu khién tim diém cong
suit cuc dai da duoc thiét ké. Bén canh do, bai bao
cling da thiét ké duoc cac bo diéu khién dong dién,
bo diéu khién cong suat va bo diéu khién dién ap lién

tra hoat dong cua hé théng may phat dién tuabin gié
PMSG, két qua mo phong trén phan mém PSIM
duoc thuc hién trong truong hop toc d gié thay doi
tuong (g vai didu kién van hanh trong thyc té. Két
qua mo phong da cho thiy rang hé thong diéu khién
cua may phat dién tuabin gié PMSG hoat dong tot
va On dinh trong diéu Kién toc do gio thay doi. Pap
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(ing cuia dong dién, dién ap lién két DC va cong suat
luén bam theo gia tri tham chiéu cua ching. Diéu
nay chimg minh duoc hiéu qua cua hé thong diéu
khién may phat dién tuabin gi6 PMSG duoc thiét ké.
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