Nghién ciru khoa hoc cong nghé
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Nguyén Thi Thu Huong”

Tém tit: Bai bdo dé cdp dén van dé on dinh cong sudt dau ra ciia mdy phat dién tuabin
gi6 khi van toc gié dau vao thay doi. Poi twong nghién ciru la cdu triic mé hinh tuabin gié
logi hai véi mady phat dién khéng dong bé rotor ddy quén. Dé cong sudt dau ra ciia mdy
phat dién én dinh khi téc @6 gi6 thay doi bang cach diéu chinh hé thong dién tré phu mac
thém véi cudn ddy rotor ciia méy phdt. Gid tri dién tro roto ciia mdy phat dwoc diéu chinh
phit hop bang bé diéu khién PI. Cdc két qua phdn tich di cho thdy, khi toc dg gid vuwot qud
14 m/s ma cé dién tré phu thém vao cudn ddy rotor ciia mdy phdt dién thi cong sudt dau
ra ciia mdy phdt van dwoc giiv on dinh. M6 hinh mé phong dwoc xdy dung diea trén phan
mém PSCAD.

Tir khéa: Bo didu khién tich phén - ti 1&; Cong suit dau ra; On dinh cong suit; Tua bin gi6 loai II.
1. DAT VAN DE

Dung trude nhiing thach thire thleu hut dién ning, cung v&i viée cac ngudn nang luong truyen
thong ngay cang can kiét nén ngudn ning lugng tai tao dang ngay cang dugc chi trong phat trién
[1-2]. Trong do, gié 1a mot dang nang lugng sach, vo tan. Ngay nay, cac hé thong tuabin gio
dugc sir dung rong rai ¢ nhiéu nude. Cac tuabin gio chuyen d6i dong niang bén trong tuabin gio
thanh co nang, co nang dugc dua dén may phat dién chuyen d6i thanh dién nang [3-8], [13, 18,
20]. Tuabin gi6 co bén loai, trong bai bao nay nghién ctru vé mé hinh tuabin gi6 loai II, ¢6 so do
cau truc nhu hinh 1:
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Hinh 2. Cdu triic mé hinh cdc khéi cia tuabin gié loai II, xdy dung trén PSCAD.
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Trong tuabin gié loai II, sir dung may phat dién khong dong bo rotor day quéan, cudn day rotor
may phat dién duoc két ndi v6i hé thong dién tré bién doi nham dé diéu khién dong dién roto voi
mot dic tinh toc d6 twong ing véi mé men nhét dinh. Khi téc do gio thay doi theo hudng ting thi
van 6n dinh cong suat du ra cia may phat dién nho ¢6 bo diéu khién PI diéu chinh hé théng dién
tré phu.

Céu triic m6 hinh cac khdi ciia tuabin gi6 loai Il xay dung trén phan mém PSCAD dugc chi 1o
trén hinh 2.

2. MO HINH HOA HE THONG BIEN POI NANG LUOQNG GIO

2.1. M6 hinh héa tuabin gi6
Viéc m6 hinh hoa cua tuabin gié duoc xuét phat tir viéc xac dinh cong suit co ciia gio trén co
s& duoc tinh toan nhu sau:

F)wind = %pAVvimd = %pﬂ-szv?ind (1)
Cong suét co duge chuyén ddi qua rotor ctia tuabin gio:
1
Pextract = Cp 'Pwind = Cp (E pﬂRZvamd ) (2)
Momen quay truc rotor cua tuabin gié dugc tinh:
P 7R*C V.5
T= ae)xtract — P o p d (3)

rotor rotor

trong d6, thanh phan Pying 12 cOng sudt co cua tuabin gio, thanh phan p 1a mat do khong khi, A 1a
dién tich ma gid quét qua, Vuwing 12 van tdc gio, R 1a ban kinh vong quét cua tuabin gid, C, 1a hidu
sudt chuyén d6i cuia nang lugng gié tir ddu vao téi dau ra cla tuabin gio. Qua tinh toan thi gia tri
16n nhét cta higu suat chuyén doi 1a 59,26%. Tuy nhién, trong thuc té thi hiéu suat chuyén doi
nay dat gia tri trong khoang 25% dén 45% va c6 thé tinh toan theo biéu thirc [10, 21]:
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trong do, 0 1a gdc pitch, 4 14 ti s van tdc ria, va c1 = 0,5; ¢, = 116; ¢3 = 0,4; ¢4 = 0; ¢s = 5 va cs = 21.
2.2. M hinh héa bj truyén dong
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Hinh 3. So do va so dé thay thé cia bé truyén dong [7].

30 Nguyén Thi Thu Hwong, “Diéu khién gidi han cong sudt dau ra ... gié dau vao thay doi.”



Nghién ciru khoa hoc cong nghé

B truyén dong duoc sir dung dé truyén cong suat tir rotor dén may phat, bao gf)m truc truyén
dong rotor (truc toc do thap) tryc truyén dong may phat (truc téc d6 cao) va hop sd. Hinh 3 mé
ta cau trac thyc va so do thay thé ctia b truyén dong.

Céc phuong trinh dong hoc cuia bo truyén dong:

d
‘]T d_a:T = TT - Deqv (a)l' gen) Keqv (HT gen) (7)
dwy,
J gen dt = _TT + Deqv (wf gen) + Keqv (QT gen) (8)
D
Kl = Kl + Kl 1‘]T K:zl ‘]rot;TT :K%Trot;Deqv = Kzrq
eqv €q gen gear gear gear (9)

KZ

gear

trong d6, Tr; Tgen 12 thanh phin mémen tuabin va méy phat, Jr; Jgen [a mOmen quan tinh tuabin va
may phat. Thanh phan Krq, Kgear, Kgen twong tmg la d6 climg xoan cia tryc rotor, hop sO va tryc
may phét, Drq, Dqg: trong g 1a hé s giam Xdc truc rotor va truc may phat.
2.3. M6 hinh h6a may phét dién

Mach dién rotor ddy quén va so do thay thé may phat dién duoc trinh bay nhu hinh 4.

— Truc rotor

Vong trugt —L %

Dién tré ngoai

Hinh 4. M6 hinh mdy phat dién va mach dién twong dwong quy doi vé phia stator [8].
Trong dd, Rex 1a dién tré bén ngoai dé tiéu tan ti€u tan bot cong suét phat ra cua may phat dién
khi toc do gio ting 1€n dé gilt cho cong suat dau ra cua may phat dién 1a 6n dinh.
Taco [11]:

R, =a’R,, véi a=t (10)
NZ
R, =a’R, (11)
Réeqv = R2 + R;x (12)
2R
T, =30 2 T i g (13)
@ S o)
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T 3p 2eqv s : 14
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Viay dé dat duoc gia tri mong mudn ciia mé-men xodn & nhiéu tdc do gi6 khac nhau b?mg
cach thay doi dién tr¢ rotor bén ngoai Rex.
2.4. B) diéu khién dién tré rotor

B6 diéu khién PI nhdm giam thiéu sai s giita bién qué trinh do dwoc va gia tri tham chiéu
mong muon. Viéc st dung bo dicu khién PI kha don gian [12], hoat dong cua by dicu khién dua
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trén hai dai lwong do dugc: cong suét thuc dau ra va dong dién rotor. B diéu khién sir dung hai
vong lap: vong ngoai dé diéu khién cong suat thuc 1a mot dai lwong thay ddi twong ddi cham va
vong trong doc dau ra ciia bo diéu khién vong ngoai dé diéu khién dong rotor thay ddi nhanh
chong. So d6 diéu khién dién tré rotor day quin Rex thong qua hai bo diéu khién PI duoc thé hién

trén hinh 5.
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Hinh 5. So do diéu khién dién tré rotor ddy qudn Rex.
Khi d6, bd diéu khién PI, Pl, s& duoc xac dinh nhu sau, theo cac hé phwong trinh (15) va
(16) theo [12] :
t

P =K, 1P (t) + K P () dt
rl en() Iljo e??() (15)

Perr (t) = P?‘ef — Pactual (t)

t
I = Kpalore(t) + Kiz L L (£) dt )

Loy (t) = lyef — lactual (t)
trong d6, Kp1, Kpz va Kiz, Kiz 14 d6 o ti 16 va d loi tich phan cta bo diéu khién.
K} {K,,: Ki,} thoa mén céc yéu cau vé chat lugng diéu

Cén chon lua cac bo gia tri {Ko

khién. Trong bai bdo xac dinh thong s6 bo diéu khién PI theo phuong phap Ziegler-Nichols va
phan mém PID Design, [13, 22].

3. KET QUA VA THAO LUAN

Bai toan thyc nghiém:

Tuabin gid: Vuwina = 1 — 25 m/s; p = 1,225 kg/m?; Reotor = 36 Qm. Bo truyén dong c6 thong so:
Jrot = 4940500 kgm?; Jgz = 16,73 kgm?; Jgen = 82,62 kgm?; Krg1 = 97789000 Nm/rad; Kgzg =
2930000 Nm/rad; Drot = 0 Nms/rad; Dq. = 2,375 Nms/rad; Dgen = 0 Nms/rad; Dr’ql = 13446
Nms/rad; Dgzg = 30,48 Nms/rad; Ry = 70,2Q; f = 60 Hz; p = 3. M4y phat c6 cong suat dinh mirc
Pgen = 1,5 MW.

3.1. Cac thﬁI'Ig s6 do dwoc vé cong suit dau ra, dong dién rotor, va gia tri dién tré' Rey, ton
that cong suat trén dién tré Rex
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Hinh 6. Két qud mé phong trén PSCAD véi toc dg gid khdc nhau.
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Két qua mo phong véi toe do gio khac nhau trén phan mém PSCAD ta thu dugc nhu trén hinh 6.
i Cég thong sér do duogc vé cong suét du ra (Pouts Qout), dong dién rotor (I2), gia tri dién trd Rey,
ton that cong suat Poss trén bang 1.
Bing 1. Bang tham so6 do céng sudt dau ra irng véi gid tri van toc gié thay ’doXi
Va gid tri dién tré Rex can thém vao hé thong.

Vwind Pout Qout Rex |2 PLoss
m/s | MW | MVAr Q KA(RMS) KW
5 0,00 0 0 0 0
6 0,07 -0,2520 0 0,0220 0
7 0,24 -0,2556 0 0,0781 0
8 0,48 -0,2675 0 0,1554 0
9 0,74 -0,2902 0 0,2414 0
10 1,00 -0,3222 0 0,3251 0
11 1,21 -0,3567 0 0,3959 0
12 1,37 -0,3872 0 0,4491 0
13 1,47 -0,4071 0 0,4808 0
14 1,50 -0,4158 0 0,4938 0
15 1,50 -0,4166 0,0140 0,4966 10,362
16 1,50 -0,4164 0,0433 0,4966 32,037
17 1,50 -0,4163 0,0872 0,4964 64,504
18 1,50 -0,4154 0,1295 0,4967 95,859
19 1,50 -0,4152 0,1779 0,4972 131,765
20 1,50 -0,4161 0,2335 0,4966 172,778
21 1,23 -0,3596 0,2335 0,4029 113,713

Nhan thay, khi Vuing < 14 m/s thi cong sudt dau ra cia may phat nho hon 1,5 MW; khi Ving =
14 m/s thi cong suat dau ra cua may phat dién la 1,5 MW; khi Vwing > 14 m/s thi can thém Rex d€
cong suat dau ra cia may phat 1a 6n dinh ¢ gia tri 1,5 MW.
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Hinh 7. Két qud mé phong trén PSCAD vé toc dé réto va mdy phdt so voi toc do gio.
So sanh véi két qua mo phong tuabin gié loai II trén Matlab [8] thi twong ddng voi két qua

nhan dugc khi mo phong trén phan mém PSCAD véi s6 luong chi c6 mot tuabin gid. Cac két qua
trén con cho thay, toc do roto va toc do may phat dién co nhitng thay doi khi téc d6 gié thay dbi
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tir 6 m/s dén 25 my/s. Tai thoi diém sau 14 m/s thi cac gia tri thay do6i nay thdy rd rang hon va cac
duong cong dang c6 chiéu hudng quay trd lai vi tri ban dau va lam viéc 6n dinh.
3.2. Puong cong cong suit ciia tuabin gié

Sau khi tinh toan va thiét 1ap théng ké nhu bang 1, ta c6 dugc duong cong cong sudt cua
tuabin gi6é nhu hinh 8.

Real Power (MW)
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Wind Speed (m/s)

Hinh 8. Puong cong cong sudt ciia tuabin gié véi toéc do gio tie 5 mm/s dén 21 mm/s.
Buong cong cong suét ciia tuabin gio bang phang & tdc do gid cao hon dinh mirc. Két qua cho
thdy, bo diéu khién PI sir dung cong suat do dugce va dong dién rotor 1am bién dau vao 1a giai
phap dang tin cdy. Cac két qua khao sat md phong di ching minh tinh ding dan ctia mé hinh da
nghién ciru tinh toan va xay dung, ciing nhu xem xét dugce anh hudng ctia ngudn cong suét dén
chét lugng dong hoc cua hé théng diéu khién khi tinh dén van dé 6n dinh cong suét dau ra cua
may phat dién tuabin gié khi van toc gid dau vao thay doi.

4. KET LUAN

Bai bao da nghién ctru xay dung dugc md hinh tuabin gi6 loai II véi may phat dién khong
ddng bo rotor diy quin khi toc d6 gié thay ddi dd dem lai su 6n dinh cong suit ddu ra ciia may
phat dién bang cach didu chinh dién tré méic thém vdi cudn day rotor may phat thong qua do didu
khién PI. Cac két qua thu duoc cho thiy tinh ding din ciia mo hinh da nghién ciru. Nhur cac
nghién ctru ¢ [17, 18, 20] thi két qua trong bai bao mot phan nao da thé hién chinh xac cac két
qua nghién ctru t6t hon so véi cac nghién ctru trude day. Tuy nhién, tuabin gié loai II ton tai
nhuoc diém khong thé tu 6n dinh dién 4p dau ra ciia may phat. Dé khic phuc nhugc diém nay thi
ngudi ta st dung mo hinh tuabin gi6 loai III va loai IV két hgp véi cac bd bién d6i AC/DC va
DC/AC (day ciing 1a dinh huéng nghién ctru tiép theo cua tic gia).
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ABSTRACT

CONTROL LIMIT THE OUTPUT POWER OF THE TYPE Il WIND TURBINE
WHEN THE INPUT WIND SPEED VARIATIONS

The article discusses the issue of stabilizing the output power of a wind turbine

generator when the input wind speed changes. The object of study is the model structure of
Type - 1l with a rotor wound induction generator. Control of power output of a Type-II
turbine can be accomplished by varying the rotor resistance. Pl controller is used to
calculate proper values of the rotor resistance to limit generated output of a wind turbine.
The results show that the wind speed exceeds 14 m/s, additional resistance is added to the
generator rotor windings, the output power of the generator remained stable the
nominated power. Simulation model is built based on PSCAD software. This control
system has the advantages of compactness, safe working, reliability, stability, bringing
more economic benefits than other control methods.

Keywords: Proportional- Integral controller; Output power; Power stabilizion; Wind Turbine- type - 1l.
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