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TOM TAT

Céc tuabin gi6 la cdc hé thong cé dong hoc phic tap, phi tuyén va
thay doi theo thoi gian. Do vdy, viéc giam sat va diéu khién tuabin gio
can phdi do lwong nhiéu bién vt Iy bang cac cam bién khac nhau, dan
16i ton nhiéu chi phi dau tw hodc bao tri. Vi viy nhiéu phicong phdp
wore heong ding Matlab mé phong da dwoe dé xudt dé han ché sir dung
cdc cam bién trong hé thong diéu khién tuabin gié. Trong bai bdo nay,
két qua nghién ciru thiét ké bg wée heong cde bién trang thdi cho cdc
tuabin gié sit dung mdy phat dién dong bé nam chdam vinh ciru dé dwoc
trinh bay. B woc luong duoc xdy dung dwa trén nguyén ly cua bo loc
Kalman mé réng diing cho cdc hé thong phi tuyén. Bg woc lweong sau
khi thiét ké dweoc dp dung va mé phong trong hai kich ban van hanh
tuabin gio, voi cdc thong sé hé thong khong doi va thay doi. Két qua
cho thcfy gia tri woc lwong bam sat gia tri thuc, va bg woc lwong déu
hoi tu trong ca hai truong hop mo phong.

Tir khoa: Bo loc Kalman mo rong, da téc do, may phat déng bo
nam cham vinh ciru, tuabin gio, woc lwong trang thadi

ABSTRACT

Wind turbines are complicated, nonlinear, and time-varying
dynamical systems. Therefore, the supervision and control of wind
turbines require the measurement of a wide range of sensors,
which are expensive in investment and maintenance. As a result,
numerous estimation approaches have been proposed for wind
turbine control systems in order to reduce the use of physical
sensors. This paper presents a study of state estimation for
Permanent Magnet Synchronous Generator (PMSG)-based wind
turbines. The state estimator has been developed based on the
Extended Kalman Filter (EKF) principles applied to nonlinear
systems. The constructed state estimator has been applied and
simulated in two operation scenarios of wind turbines: fixed and
variable system parameters. The simulation results show that the
estimator is able to converge for both scenarios.

Keywords: Extended Kalman filters, permanent magnet
synchronous generator, state estimation, variable speed, wind
turbines
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1. GIOI THIEU

Ngudn ning lugng tir gié 1a mot loai ning lugng
¢6 toc do phét trién nhanh. Vi day 1a mot trong
nhitng ngudn ning lugng tai tao sach va ddi dao, do
d6 van dé khai thac hiéu qua dbi véi ngudn ning
lugng nay ciing dugc nghién ctiru (Nguyen va Naidu,
2011). Bé khai thac ning luong nay ngudi ta ding
céc tuabin gio, trong d6 gdm cé cac hé thong co-
dién phirc tap. Nhung khi xét vé dong hoc cac tuabin
gio, thi day lai 1a nhiing hé thdng phi tuyén va thay
dbi theo thoi gian (Bianchi et al., 2007). Do d6 viéc
thiét ké cac hé thong dicu khlen giam sat cia cac
tuabin gi6 ciling trd nén phirc tap va tén kém.

Tuabin dugc ding dé khai thac ning luong gio
¢6 yéu cau diéu khién twong d6i da dang (Munteanu
et al., 2008; Nguyen & Naidu, 2014; Hussain &
Mishra, 2016; Mousa et al., 2019; Berrada &
Boumhidi, 2020). Nhiéu thong s6 va trang thai cua
hé théng phai duge do ludng theo yéu cau doi hoi
ctia cac hé théng giam sat, diéu khién tuabin gio.
Tuy nhién, viéc do ludng cac thong s6 yéu cau phai
sir dung rat nhiéu loai cam bién khac nhau, giy ton
kém trong dau tu va phtc tap trong giam sat, bao tri
hé thong Vi véy cac phuong phap diéu khién khéac
nhau dé han ché téi da st dung cac cam bién trong
c4c tuabin gi6 da dugc dé xuét trong nghién ctru.

C6 nhiéu phwong phéap cho viée diéu khién va
giam sat tuabin dugc ap dung dé khai thac ning
lwong gi6, ma dién hinh nhét 1a phwong phéap diéu
khién bam diém cong sudt cuc dai (Maximum
Power Point Tracking-MPPT) trong qua trinh van
hanh tuabin gi6 (Hussain & Mishra, 2016; Mousa
etal., 2019). Véi wu diém 1 phuong phap khong can
mo hinh dong hoc ctia hé¢ thong tuabin. Nhung han
ché cua phuong phép nay 1a hiéu qua chuyén d6i
nang luong khong cao khi tc d¢ gio thay dbi thuong
xuyén va ¢ nhiéu nhiéu loan. Vi vay cac phuong
phap diéu khién cho hiéu qua cao hon di va dang
dugc nghién ciru dp dung. Hay nhu phuong phap
diéu khién t6i uu va phuong phap diéu khién bén
vimg ding 1y thuyét hoi tiép dinh luong
(Quantitative ~ Feedback  Theory-QFT)  cua
Munteanu et al. (2008), phuong phap diéu khién
thich nghi (Nguyen & Naidu, 2014), phuong phap
diéu khién trugt (Berrada & Boumhidi, 2020). Tuy
nhién cac phuong phap diéu khién nay lai doi hoi
phai ¢c6 mo hinh toan cia hé théng tuabin va dir liéu
do luong cua nhiéu thong sd va trang thai ciia mo
hinh. Vi vay diéu nay lam nay sinh yéu cau phai
dung cac phuong phap udc luong trang thai dé giam
thiéu t6i da viéc sir dung cac cam bién.

50

Tdp 61, S6 64 (2025): 49-57

Mot trong nhiing phuong phap udc luong trang
thai dugc sir dung phd bién nhat 1 bd loc Kalman
(Kalman, 1960; Kalman & Bucy, 1961). Tuy nhién,
dé sir dung phuong phap nay cho cac hé thong phi
tuyén, nguoi ta thuong sir dung bo loc Kalman mé
rong (Smith et al., 1962), do bo loc Kalman chi ap
dung cho céc hé théng tuyén tinh. Nhiéu cong trinh
nghién ctru vé ting dung cta b loc Kalman trong
céc tuabin gi6 di dwoc cong bd trong nhitng nam
gan day.

Dau tién 1a cac nghién ciru ude luong va du bao
toc do gi6 trong ngan han (short-term wind speed)
dugc thyc hién. Pay 1a van dé rat quan trong trong
didu khién va giam sat cac tuabin gio, do d6 da co
nhiéu nghién ctru duoc tién hanh nhdm thyc hién
khao sat va phén tich cho nhirng van dé nay (Cassola
va Burlando, 2012; Zuluaga et al., 2015; Aly, 2020;
Hur, 2019; Hur, 2021). Nhung mét van dé hay gip
trong dit liéu do luong tde d6 gi6 1a cac diém di biét
(outliners) vén 1am cho bé loc Kalman tré nén nhay
cam va thiéu tinh bén viing. Van dé nay di duogc giai
quyet trong nghién ctru ciia Zuluaga et al. (2015),
bang cach bd sung cac trong s6 vo huong la cac bién
ngiu nhién c6 phan b6 Gamma vao mdi diém dir liéu
do luong. Két qua bd du bio mot budce tbe do gid
cho két qua bén vitng hon véi cac nhidu bét thuong.

Trong nghién ctru cua Cassola and Burlando
(2012), cac tac gia da st dung bo loc Kalman dé ude
lwong tdc do gi6 va du bao nang luong gid cho
nhiing vung cé dia hinh phtc tap, do nhitng mé hinh
tinh toan phan bd gié khong cho d6 chinh xac cao.
Diéu nay gitip cho viéc khao sat va danh gia tiém
nang nang luong gidé & cac vung co dia hinh phuc
tap c¢6 do chinh xac cao hon. Ngoai ra, bg loc
Kalman mé rong con duoc két hop véi cac mang no
ron nhén tao (Hur, 2021), hay nhu viéc nghién ctru
vé mang no ron wavelet va chudi thoi gian (Aly,
2020) va Hur (2019) st dung bo loc Kalman mo
rong dé tang tinh chinh xé4c trong du bao tdc do gio
hoic két hop vdi cac mang no ron nhan tao gitip tiét
kiém sb luong cam bién dit tién cho mét trang trai
gi6 gdm nhiéu tuabin gio.

Mot phién ban hiéu chinh cta bd loc Kalman mé
rong da dugc dé xuét trong nghién ctru cua Song et
al. (2017) dé woc luong toc do g6 ing dung vao bo
diéu khién bam dlem cong suat cuc dai cho tuabin
gié & ca hai ché d6 tdi wu va on dinh cong suét dau
ra. Bén canh dy béo tdc do gi6, mot tng dung quan
trong khac cta bd loc Kalman 1a uéc lugng cac bién
trang thai ctiia hé théng dé 1am dAu vao cho cac bd
diéu khién hoi tiép trang thai. Trong nghién ciru két
nbi ngudn cua tuabin gi6 voi lusi dién (Yu et al.,
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2017), cac tac gia da thanh cong trong khi trng dung
b6 loc Kalman Unscented dé udc luong tir thong,
dién ap va cac bién trang thai ctia tuabin gi6 sir dung
may phat bat dong bo ngudn kép (Doubly Fed
Induction Generator-DFIG). Két qua nghién ciru cia
Yu et al. (2017) cho thay bg loc Kalman c6 thé wéc
lugng chinh xac cac trang thai cua hé théng Tuy
nhién, phan 16n cac nghién ciru thiét ké hé thong
diéu khién, giam sat tuabin gi6 dugc thuc hién da st
dung bd loc Kalman tap trung vao cac tuabin gié
DFIG ma it quan tdm dén céc tuabin gi6 PMSG. Vi
vay, trong bai bao nay, kha nang tng dung phuong
phép bo loc Kalman mé rong (EKF) trén moi trudong
Matlab & Simulink dé u6c lugng cac trang thai cta
c4c tuabin gi6 PMSG da duoc nghién ctru. Két qua
nghién ciru giup cung cap cic uéc lwong trang thai
tin cy cho cac bo diéu khién hdi tiép trang thai ma
khong can phai st dung nhiéu cam bién dit tién
trong cac tuabin gi6 PMSG.

2. PHUONG PHAP NGHIEN CUU
2.1. MO hinh héa tuabin gi6 PMS

Cac Tuabin khai thac nang lugng gié su dung
méy phat dong bd nam chdm vinh ctru duge trinh
bay nhu trong mo hinh & Hinh 1. Bién RL 1a tai
tuong duong trong diéu khién may phat dién dong
bd. Vi viy, viéc diéu chinh tai tvong dwong nay
dugc thyc hién bang cach diéu khién h¢ thong dién
tir cong suat gan may phat dién dong bo.

Gear Box
PMSG
L1 L.
!, 1
1 %q
A 4 (UL’ t
N Control System

Hinh 1. M6 hinh tuabin gi6 PMSG

DPong hoc cua hé thong tuabin gié PMSG gém
ba thanh phin co ban. Thanh phan dau tién 1a khi
dong luc, day 1a phan rotor ciia tuabin c6 chirc ning
chuyén d6i ning luong tir gio thanh ning lugng co.
Thanh phan thtr hai 1a hop sd, dung dé chuyén doi
toc d6 quay cua tryc tuabin gio tur toc do thap sang
tbc do quay cao va ndi véi truc quay cua mdy phat.
Thanh phén cudi 1a may phat, 1a bo phan chuyén do6i
nang lugng co thanh nang lugng dién. Nhu vy md
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hinh toan mé ta dong hoc cua tuabin gié PMSG bao
gom hai thanh phan chinh la phan co va phan dién.
2.1.1. M6 hinh héa phan co

Trong madi trudng tu nhién, khi xuét hién ngudn
gi6 thdi qua cac canh quat gio, lam chang di chuyén
va tao ra md men xoan lam quay truc tuabin. Mo
men xoan cua tuabin va cong suét co (Bianchi et al.,
2007) duogc biéu dién theo cac biéu thuc sau:

1
T. :§p7zR3v2CQ(l). (1)

B =2 PRV CoAN =5 prRViCh(2) (@)

Trong d6: T, 14 md men xoén cua tuabin, p 1a
mat d¢ khong khi, R 1a ban kinh cua canh quat gio,
v 14 toc do gi6, Co(A) 1a hé s6 mo men xoan, A 1a ti
sb toc d¢ ria (Tip-speed ratio), Cp(1) = AC,(2) 1a
hé s6 cong sudt. Ca Cy(1) va Cp(2) déu la nhitng
ham phi tuyén cua ti s6 toc do ria.

Ti sb toc do ria A duoc dinh nghia 1a ti sb gitia
toc d6 tai dau ngon cua canh quat tuabin va toc d6
gi6 dugc biéu dien theo biéu thie sau:

w,.R

v

1=

€)

Trong d6, w, 1a tc d¢ quay cua tuabin. He 50
m6 men Cy(4) (Munteanu et al., 2008) c6 thé dugc
xap xi bang mot da thirc bac 6 clia A nhu sau:

“

~ Biéu thirc (2) va (4) cho thdy cong suat chuyén
d6i nang luong gid dat cuc dai khi h¢ sO cong suat
Cp(A) dat cuc dai.

Do Cp(A) 1a mot ham da thirc theo A nén ham
nay dat gia tri cuc dai tai mot gia tri A t0i uu goi la
A*. Hinh 2 cho thay Cp g, = 0,47 tai A"=7

ColA)=agh + ash’ +a, it + a2 + a2 + ah + ay

Hop sb co thé dwoc mo hinh hoa bing phuwong
trinh dong hoc sau (Bianchi et al., 2007):

—= 6))

Trong do: wy la téc dd quay cua may phat, n 1a
hiéu suét ctia hop sb, i 1a ti sb ctia hop sb, J, va T,
lan lugt 14 mé men quan tinh va mo men dién tir cua
may phat.



Tap chi Khoa hoc Dai hoc Can Tho

Tdp 61, S6 64 (2025): 49-57

0.5 T T

e, I

0451

n4af

0.35F

03F

LU8a5]

L1 g o

Pewar Coatliciant

LUN L]

0.05F

a 4 4

]
Tip—=pead Rab

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[

Hinh 2. H¢ s6 cong suit thay dbi theo ti sé A

2.1.2. M6 hinh héa phan dién

Phan dién chi yéu lién quan dén cac phuong
trinh todn mo ta dong hoc (Munteanu et al., 2008)
cua may phat PMSG trong Hinh 1 va dugc cho nhu
sau:

dzlz_RerRLi +p(Lq_LL)l.w ©)
d— Ly+L, ¢ L,+L, 7%
diy RS+RLZ- p(Lq_LL)l. »
= - d
dt L,+Lp * L +L; ¢
PP (7)
L,+L, ¢
Ty = pduiy ®)

Trong do: i, 14 thanh phan d ciia dong dién stator
va ig la thanh phan g cua dong di¢n stator, L, la
thanh phan d cua dién cam stator, Lq 1a thanh phan
q cua dién cam stator, Ry 1a dién trd stator, R 1a
dién tro tai twong duong va dugc xét nhu tin hiéu
diéu khién, L, 1a dién cam tai tvong duong, p 1a s6
cap cuc cua may phat va ¢,, 1a tir thong.

2.1.3. M6 hinh khong gian trang thdi cua tuabin

gio st dung PMSG

bat x; =iy, x; = ig, X3 = wy la cac bién trang
thai cia mo hinh khong gian trang thai tuabin gio
PMSG, vé6i dau vao u = R, va tir cac biéu thirc (5),
(6), (7) phuong trinh bién trang thai c6 thé duoc viét
lai dudi dang sau:
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8 10 12
L, —-L
g =t xl+p(q L)x2x3— 1y (9
L,+L; L,+L; L,+L;
p(Lq_LL) Ry
.X2 :_—X1X3 _—X2
L,+L, L,+L,
+ p¢m x; - X2 u (10)
L, +L, L, +L,
= Lr PP
iy Jh
Y= (12)

Néu dau ra hé théng 1a x5 dugc chon thi hé théng
phi tuyén c6 phuong trinh nhu sau:

{x = f(x)+ gl
y = hx)

Trong do:

(13)

i=ft % &5 x=ln xn x];
f@)=[r6) £E) A
(x): ap Xy +a;xyXs;
(%)= @z, x; + @z +azxs;
f3(¥)=a3x; +aT,(x;)5 ay = —Rg Ly + Ly );
ay = plL, —L )Ly +1y);
ay =-plL, +L, )L, +L,);
ay =—Rs\L, +L,); ayy=pg, /L, +L;);

> =
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p¢m /Jh; asz = 77/(th)3
T,(x3)=0.5p7R**Cq (4);

g)=[g,(x) g,(x) &&)]'; g(x)=b1x;
gz(x)=b2xz; g3(x)=0; by =_1/(Ld +LL);
by =-1L, +L;); h(x)=x,

Do hop s6 lam tang tde d0 tuabin 1én i 14n nén ta
c6 quan hé giita toc do tuabin va toc d§ may phat la
wy = lwy. Vigc ket hgp biéu thuc (ﬂl), (3) va (4),
biéu thure T, (x3) co thé dugce khai trién nhu sau:

az =—

T.(x;) = 0,5paR**Co (1)
= 0,5pR*v*Co(x; /(iv))
) a4
Colv) s )= ag () s ) +as ()", f
vay(@) ") a5 f ras (@) 5 f
ra ()" x5 )+ g,
Collow) v )= g ) () 5 () (v,
fay () () +as () (xy

+ay (i) (63" +a, () (x3)+ 4
2.2. B loc Kalman mé réng

B¢ loc Kalman (Kalman, 1960) dé cho thay, bo
loc dong vai tro rat quan trong trong diéu khién va
udc luong trang thai t01 vu. Tuy nhién né chi co thé
ap dung cho cac hé tuyen tinh. Trong khi do, cac hé
thdng dong trong thuc té déu la phi tuyén nén b loc
Kalman truyén théng kho 6 thé ap dung vao cac hé
phi tuyén nay. Vi vay, bd loc Kalman md rong
(EKF) da duogc dé xuit dé co thé ap dung cho cac hé¢
thdng phi tuyén. Bo loc EKF sir dung cho hé théng
phi tuyén khi xét hé thong phi tuyén duge mo ta tom
tat nhu sau (Simon, 2006):

=0,5p7R>v? Cq ((iv)f1 X3

(15)

i(r)= £ (o) ule)wle)1) (16)
va ham dau ra (do luong) sau:
()= hlx(e)vle)r) (17)

Ham muc tiéu ctia by loc EKF la téi thiéu héa
binh phuong sai so cac trang thai udc luong:

J (t) = trace[Pe (t)] (18)
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Trong d6: x(t), u(t), y(t) lan luogt 14 cac vector
bién trang thai, diéu khién va dau ra; W(t) [0, 0],
v(t)~[0,R] 1an luot 14 cac nhidu ngiu nhién tac
dong 1én cac bién trang thai va do ludong; Q, R lan
luot 1a cac ma tran hi¢p phuong sai cia nhiu hé
thong va nhiéu do luong ; £, h lan lugt 1a cac ham
phi tuyén ctia cac bién x(t), u(t), y(t); P.(t) la ma
tran hi¢p phuong sai cua sai $6 wdce luong.

Véi cac didu kién dau: w, = 0, w(t)~[0, Q]
vy =0, v(t) [0,R,],  %(to) = Xo = e{x(0)},
P,(t =0) = P,y = &{[6x(0) — §%(0)] [6x(0) -
5x(0)]T}. Trong d6: wy, v, 1a cac gia tri ban dau ciia
nhiéu hé thdng va nhiéu do luong, £, 14 udc luong
trang thai ban déu, P, la gia tri ban dau cia ma tran
hiép phuong sai ctia sai s6 u6c lugng, € toan tir ky
vong, 8x(0) 1a d6 1éch trang thai ban dau va 6x(0)
la d¢ léch udc lugng trang thai ban dau. Vector uée
luong trang thai tdi uu £(t) dugc tinh toan theo cac
budce sau:

— Céac ma tran tai trang thai hién tai dugc tim
nhu sau:

U]y
0x|;

oh
ox|;

I .5

: D Oh
Oul;

Zl.c= ), = —
ov

A= »
ow|;

Q =B,Q,B M,R =D,R,D;

— Ma tran P,(t) dugc tim bang cach giai
phuong trinh Riccati vi phan sau:

B)= AP, ()+ R ()4 -

— Vector d6 loi Kalman K, (t) dugc tim theo
biéu thirc sau:

K, (t)=P.()C" R

—  Vector u6c luong trang thai toi wu £(t) duogc
tim bang cach giai phuong trinh vi phan sau:

x(e) = fi&e)ule) wole).e)
+ K, () (e) - s (). vo (0).2)] @1)

2.3. Ué6c lwgng trang thai tuabin gié PMS sir
dung b9 loc Kalman mé rong

P(1)C"R;'CP,()+Q,, (19)

(20)

Trong phan nay, qua trinh thiét ké bo loc EKF tir
biéu thirc (19)-(21) dugc 4p dung cho tuabin gid
PMSG duoc md ta boi cac phuong trinh (9)-(15).
Bién do luong duoc xac dinh 1a véan téc quay cia
mdy phat (wy), b loc EKF ud6e luong céc trang thai
1a cac thanh phan d va q cua dong dién stator cua
méy phat. Nhidu hé thong w(t) tac dong lén dong
dién duge xac dinh 13 cac nhiéu tréng co tri trung
binh bang khong va ¢6 do léch chuan 1a 0,01 A.
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Nhiéu do luong v(t) dugc xéc dinh 1a nhidu tring
c6 tri trung binh bang khong va cé d¢ 1éch chuan 1a
0,15 rad/s®. C4c ma tran Jabobian duoc xac dinh nhu
sau:

d-component Stator Currentsj

Tdp 61, S6 64 (2025): 49-57

c= =fo 0o 1] @7
0x|;
oh

D=7l = [1] (28)

Viéc ap dung va md phong bo loc EKF cho
tuabin gi6 PMSG dugc thuc hién trén mdi trudng
Matlab&Simulink (Nguyen & Naidu, 2011; Nguyen
& Naidu, 2014; Hur, S., 2019; Hur, S., 2021). May
phat PMSG c6 cong suit t6i da 3 KW. Céc thong sd
cua tuabin gi6 PMSG dugc cho nhu sau: p =
1,25kg/m®, R=25m, i=7, n=1, J,=
0,0552 kgm?, Ly = L, = 0,04156 H,p = 3,R; =
330, ¢,=04382Wb, a,=0,0061, a, =
0,0013, a, =0,0081, a3 =—9,7477 X 107%,
a, = —6,5416 X 1075, a5 = 1,3027 X 1075, a4 =
—4,54 x 1077, 1*=7. Viéc m6 phong duoc thuc
hién véi gia thuyét 1a tuabin gié dang van hanh véi
téc do gio trung binh 14 7 m/s. Thoi gian md phong
la 5s.

Viéc mo6 phong bo loc EKF dugc thyc hién trong
hai truong hop. Truong hop thir nhat 14 cac tham s6
ctia hé thong khong ddi trong sudt qua trinh mo
phong va mé phong trudng hop 2 1a mot sb tham sb
ctia hé thong thay doi (t6i da 10%) trong qué trinh
mod hinh.

2.3.1. Truong hop cdc tham sé hé thong khéng doi

Két qua so sanh céc gia tri wéc lugng vai cac gia
tri thuc cia cac trang thai dugc trinh bay trong cac
Hinh 3.
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Hinh 3 cho thy cac gia tri uéc lugng (dudng dut
nét mau xanh) bam kha sat cac gia tri thuc (dudng
lién nét mau doé) cua cac bién trang thai: thanh phin
d cua dong dién stator - iz (Hinh 3 trén cung), thanh
phan q ciia dong dién stator - i4 (Hinh 3 ¢ gitra), toc
do quay ctia may phat - w, (Hinh 3 dudi cung). Do
sai s0 w6c lugng kha nho (Bang 1) nén cac duong

Tdp 61, S6 64 (2025): 49-57

qua trinh qua d6 va dat gid tri xac lap khi cac bién
uoc lugng trang thai tiép can cac bién trang
thai thuc.

Bang 1. Trung binh va d9 1éch chuén ciia sai sé
wéc lwong

Sai s0 uéc lugng Trung binh DJ léch chuin

[ R o N . trang thai
gid trj woc lugng va duong gia tri thye gan nhu nam e 0.0052 0.0122
chong 1én nhau. ‘a ’ ’
Hinh 4 cho thiv i tri i 46 10i (gain) €i, -0,012 0,0244
inh 4 cho thay gia tri cila ma tran do 01 (gain e -0.1255 02031
cua bd loc EKF. Cac gia tri nay cling thay doi trong 29 - .
8 L L) L T T L] Ll L] L]
G
4 J
2F J
K1 a
—_—K2
K3 i
e 0.5 1 15 2 25 3 35 4 4.5 5
Time[s]

Hinh 4. Vector d¢ loi Kalman

2.3.1. Truong hop cdc tham sé hé thong thay
doi

Dé kiém tra kha nang thich tmg v&i su thay doi
cua cac thong $6 hé théng cua bo loc Kalman mé&
rong, mot s6 tham sb duoc thay dbi trong qua trinh
mé phong. Cu thé 1 dién cam stator L4, Lg giam
10% gia tri, dién tro stator R, tang 10% gia tri. Két
qua md phong & Hinh 5 cho thiy cac dudng trang
thai wdc lugng ciing bam sat cac duong trang thai
thue.
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Dé c6 thé thay rd hon su tac dong cua thay doi
thong sb hé thong 1én kha nang hoat dong cua bo loc
Kalman mo rong, dudng sai s6 uéc lwong (Hinh 6)
duogc str dung dé minh hoa su tac dong nay. Két qua
& Hinh 6 cho thay tai thoi diém cac thong sb ciia may
phat thay ddi, cc trang thai ciia dong dién stator
thay d6i dan dén sai s6 woc lugng ting vot nhung
sau d6 giam dan vé gia tri khong. Didu nay cho thiy
bd loc Kalman c6 kha nang thich ing kha tdt voi su
thay ddi cua thong sb hé thong.
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3. KET LUAN

Viéc str dung bd loc Kalman mé rong dé thiét ké
va m6 phong ddi véi tuabin gié st dung may phat
déng bd nam chdm vinh ctru (PMSG), mét dang hé
thdng phi tuyén cao, thay doi theo thoi gian da duoc
trinh bay trong nghién ctru. Két qua mé phong trong
hai truong hop cho thay bo loc Kalman mé rong cd
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