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KHI XET DEN CAC THANH PHAN NHIEU BAT DINH
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Tém tat:
Bai bdo trinh bay két qua téng hop b diéu khién truot cho hé mdy phat dién turbine gid khi tinh dén
nhiéu loan gié. Cac két qua duoc khdo sat ddnh gid bang mé phong trén phdn mém Matlab-Simulink cho

théy bo didu khién nay dam bdo dutc céc yéu céu chét luong ngudn phat khi ndi Iudi, t6i uu hda qud

trinh chuyén déi ndng luong cho tuabin gid.

TU khoéa: Tuabin gid, diéu khién truot, ndi Iudi,

Abstract — This paper presents the results of synthesizing the sliding controller for wind turbine
generator system when taking into account wind disturbance. The survey results evaluated by
simulation on Matlab-Simulink software show that this controller ensures the power quality
requirements when connecting to the grid, optimizing the energy conversion process for wind

turbines.

Keywords: Wind Turbine, Sliding mode control, grid connection.

1. MG PAU

Nang luong gi6 12 mét trong nhitng nguon
nang luong tai tao quan trong, la nang
lugng sach, cO mat khap noi trén trai dat,
twong dbi ré hon cac ngudn nang luong tai
tao khac va c6 thé duoc san xuit va cung
cap dién cho céc khu vuc xa x6i noi cac
ludi dién khéng ndi téi duoc. Ning lugng
gié (wind energy) la mot trong nhiing
hudng nghién ctru chinh dang duoc cac
nha nghién ctu trén thé gidi va trong nude
quan tdm dén [3], [4]. Su tham gia cua
may dién gid da cung cap mot luong cong
suat dang ké bén canh cac may phat co ban
nhu nhiét dién va thay dién... [6]. Trong do
may phat dién di bo ngudn kép (Doubly-
fed induction generator-DFIG) dugc cac
hang san xut tuabin gi6 st dung rong rai
nho wu thé: thiét bi diéu khién sir dung van

ban dan cong suit 16n dugc dat & phia
rotor nén chi can thiét ké véi cong suat
khoang 20+30% cdng suat ciia may phat,
dan dén gia thanh caa hé théng ha xudng
rat nhiéu [2]. Muc tiéu diéu khién trong hé
phat dién gi6 1a dat dugc hiéu qua téi da
trong khai thac nang lugng gid, tuc la phai
bam dugc diém cong suat cuc dai MPPT
(maximum power point tracking). Bo diéu
khlen trugt SMC (sliding mode control) deé
Xuat ding diéu khién mé men xoin nham
dat MPPT. Hon nita SMC ¢é tinh bén
virng cao, c6 kha ning chdng lai sy nhiéu
loan va bat dinh trong cac théng sé mo
hinh.

2. MO HINH CO' HE

Xét mot md hinh hé thong dién tong quat
nhu hinh 1 [1].
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Hinh 1. M6 hinh may phat di¢n gid

Khi gié di xuyén qua vong quét cua cua
tuabin sé tao ra cac luc tac dong vao
tuabin. Céc luc nay bao gém luc day (tc
dong vao tru va cac canh quat) va mé men
xoan (lam quay rotor). Luc day (7, ), md

men xoan (7' ), va cong suat co P :

F = % prRVC, (M )

1)

_ 1 s
T = Epr v°Cy(\B)

P = % prRVAC, (M, B)

Trong d6 p la mat do khéng khi, R 1a ban
kinh vong quét cua tuabin gio, »1a van
toc gio, ¢, (x5 1ahé s6 mo men, ¢, (), 5)
la hé sb cong suat chuyen d6i. Ca md men
X03n va Cong suit co chuyén do6i déu la
ham caa ti s6 van téc ria A va goc chic
ngoc 3. Ti sb van téc ria A 1a ti sb giia
van téc tai dinh ria canh quat cua tuabin
gi6 va van tbc gid, duoc tinh nhu sau:

- 2)
Trong d6 w_la van toc goc cua rotor.

Cac hé thong nang luong gio doc lap
thudng bao gom tuabin gié va cac nguon
nang luong tai tao khac nhu pin 4c quy,
may phat diesel.v.v. Do d6 viéc diéu

A=

khién cho cac hé théng nang luong gi6
doc 1ap dugc chia thanh nhiéu vong diéu
khién dé dam bao ngudn ning luong dugc
cung cap 6n dinh va lién tyc cho cac tai
cuc bo. Bai bao nay chi quan tam thiét ké
bo diéu khién dé toi wu hoéa qua trinh
chuyén doi nang luong cho cac tuabin gid
nén chi mo hinh hoéa dong hoc cua tuabin
gi6, bo truyén dong va may phat nhu hinh
sau:

N Gear Box

.

PMSG

Lo

igi,

A ra)g

Control System

\J
Vv,

Hinh 2. Hé chuyén déi ning hrong gio
doc lap

Loai may phat dugc sir dung phd bién
trong cac hé nang lugng gio doc lap la
may phat dong bo nam cham vinh ciu
PMSG (permanent magnet synchronous
generator). M6 hinh toan cia may phat
PMSG trong hé toa do d, g khi truc q
duogc can chinh véi dién ap stato va dién
tro stato bi bo qua [5]:

104 so 28



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC DIEN LUC

di d
i—LU —Ri,6 +swol —zﬁ
at oL "L dt
di
= L U —Rz +swoli, —sw —¢ (3)
dt OL "
T .
:_pL_¢sd7q

s

Trong d6 i i ladong dién d, g cua rotor;
L.Lla dién cam cua rotor, stator;R la
dién tro cua rotor; p 1a sé cap cuc; o latu
théng; «, toc do goc dong bo; 7. 1a mo
men dién tir caa may phat.

3. XAY DUNG BO QUAN SAT MO MEN
XOAN. , ,

M6 men tham chicu cua khoi bam dinh
cong suat phai giai quyét van dé 1a t6i da
hoa cong suat thu dwgc bang cach theo
ddi 7, md men xodn toi uu.

4 ris
12F B
L //—G%

Cong suat I6n nhat dau ra khi téc do gié la 12 m/s

Cong suat dau ra (Kw)
o = = =
= m om

=]
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Téc d6 turbine (pu)

Hinh 3. Cong sudt dau ra ing véi toc do
gid

Ving hoat dong téi wu cua turbine 1a ving
khong bi gigi han bai téc do tuy nhién, hé
thdng c6 phi tuyén tinh. Vi vay can xay
dung bo diéu khién sao cho kiém soat 1a
t6i wu hoa thu ning luong gid va giam
thiéu tac dong phi tuyén [5].
Theo [2] c6 phuong trinh truyén dong cua
rotor turbine:

Y ge-T (4)
dt

em

Trong d6 T la md men do gi6 sinh ra [1]:
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Suy ra:
T Kw T
V= -7 em 5
“ J J J ©)
Theo d6 c6 hé phuong trinh trang thai:
i =z _Ex _lem
gy (6)
B, =ft

V6i 2, = wiz, :g; f t la dao ham cua z,

thoi gian.

Theo [7] bd quan sat HGO (high gain
observer) m6é men va toc do c6 phuong
trinh:

i=A+¢ du —0A,'STC'C i -z (7)

Trong do:
0 10 1 -1
A:O O;Cz[l Ol;Aﬁzo %;Sz_1 5

Tir dau ra cua bo quan sat co thé xac dinh
gidtrimémen 7 = J.i,.
4. PIEU KHIEN TUOC BIN BIEN GIO
TREN CO SO DBIEU KHIEN TRUOT
Muc tiéu diéu khién cua b diéu khién la
t6i wu hoa cong suat dau ra va giam dao
dong momen xoan [2,5].
Cong suat phan khang duoc biéu thi nhu
sau:

Ug, UM

= i
Q= L L " (8)
Khi cdng suat phan khang bang 0 ta c6:
U
¢, =— 9)
ws
U
Do d6: I =— 1
0 do rd _ref (USM ( O)

Dit cac bién sai sb dong dién phan ung va
md men Xxoan:
e, =1

1, rd Irdiref

e, =T —T
T, opt
p

Qua bién ddi co:

(11)
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bat hai ham F va F,nhu sau:
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P _L[gw o)
o sr rq dt rd _ref
r y 5 (13)
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é§ = 7 Urd +E —TR I
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e, =- U +F +tp——
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Xay dung bo diéu khién truot cho hé may
phat dién dién gio co6 dang:
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Trong d6 cic hing s6 B, B,, B,, B,thoa
man diéu kién sau:

£l <3
40 (B, + @
B >p—100, BQQZM
oL, LB~ (1)
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EENELYURTN
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Vol bo diéu khién trén thi ludn dam bao

I =1,T,  =Ttrong thoi gian hiu

rd _ref rd?

han.

3. MO PHONG
s E e
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Hinh 4. M6 hinh md phdng hé théng phdt dién gid

Mot may phat dién gio 1,5 MW duoc két
ndi vai hé thong phan phdi 25 kV xuat
dién cho Iuai 120 kV thdng qua mot trung
chuyén 30 km, 25 kV. Tuabin gi6 st dung
may phat dién cam ung dwoc cip ngudn

kép (DFIG) bao géom may phat dién cam
tng roto day quan va bd chuyén doi
PWM dua trén IGBT AC/ DC/ AC.

Cudn day stato dwoc ndi truc tiép Voi
ludi 60 Hz trong khi réto dugc cap nguon
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& tan sb thay d6i thdng qua bo chuyén doi
AC/DC/AC. B6 diéu khién truot cho phép
khai thac ning lwong ti da tir gi6 cho téc
d6 gi6 thap bang cach téi wu hoa téc do
tuabin, ddng thoi giam thiéu tng suat co
hoc Ién tuabin khi gi6 giat. Trong mo
phong, tbc d6 gio duoc duy tri khong doi
& 15 m/s. Thong s6 may phat nhu sau:

R =0.023%R = 0.016Q;L = 0.18H;L = 0.16H
: p = 3; cdng suat P = 1.5 MW; tan s
f=60Hz.

Tién hanh mo6 phéng cho truong hop téc
do gi6 giam di 5 m/s tai thoi diém 0.03
giay.

o
wn

o

o
o

Dién ap dau ra may phat [pu]

008 01 012 014 016 018 02

Thdéi gian [giay]

0.04 0.06

Hinh 5. Pién dp dau ra may phat

0.5~

-0.5r

Cuang do dong dién dau ra[pu]
°o

A . . L L . .
0.08 0.1 012 014 016 0.8 02

Thoi gian [giay]

L . .
0 0.02 004 0.08

Hinh 6. Cuong dé dong dién dau ra may
phét

Dién ap ndi ludi [pu]
=

0.08 01 012 044 016 0.8 0.2

Thdoi gian [giay]

0 0.02 004 0.6

(ISSN: 1859 - 4557)

Hinh 7. Dién ap khi noi ledi

o = IN)
=T T
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Hinh 8. Cuong dé dong dién khi néi ludi
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Hinh 9. Cong sudt may phat
Cong suat phan khang may phat khi téc
d6 gi6 giam
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inh 10. CAng sudt phdan khang may phat
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Hinh 11. Téc dé cua rotor may phat
Nhan xeét:
Tur cac két qua mod phong thay rang bo
diéu khlen truot cho chat luong diéu
khién tot. Trong diéu kién turbine gi6
chiu anh huéng caa cac yéu té phi tuyén
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hé théng van dam bao dwgc do 6n dinh
dién 4p va dong dién khi ndi luéi. Khi
giam d6i téc do gio, cong suat phat giam
30% nhung nhanh chéng 6n dinh trong
thoi gian 0.17 giay.

khién, xdy dung md hinh md phong,
kiém nghiém bang phan mém Matlab-
Simulink. Qua kiém tra va so sanh voi
cac két qua cua cac cong bd trudce day [2-
6] cho thiy BDK da nang cao duoc chit

luong cua hé phat dién turbine gio thong
qua cac tiéu chi danh gia, d6 la: tinh bén
vitng véi nhiéu loan cua gio, dam bao kha
ning 6n dinh tan sb, dién ap, dong dién
khi néi ludi.

5. KET LUAN

Bai bao di trinh bay két qua tong hop
BBK truot cho hé may phat dién turbine
gio. Phan trinh bay duoc bit diu tur viec
xay dung mé hinh co hé, tim luat diéu
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