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Tém tat - Dong co dong bd ba pha roto nam cham vinh ciru (PMSM)
la mot hé thong da bién, phi tuyen va co tinh xen kénh manh. Do tinh
chét phi tuyén ctia PMSM dan dén viéc diéu chinh chinh xac toc da,
mo men va vj tri gép nhiéu thach thirc. Bai bao nay sé gidi thiéu hai
phuwong phap wéc lwong céac bién trang thai gdbm: dong dién sator
i,0ys van téc géc roto w va vi tri géc roto @ ctia PMSM st dung bod
wéc lwong tuyén tinh héa (LE) va bd wéc lwong ding bd loc Kaman
mé& rong (EKF). Céc tin hiéu wéc lwong van téc goc roto o va vi tri
géc roto ¢ phan hdi vé& ding dé& diéu khién 6n dinh téc do, dong dién
cho PMSM. Bap (rng dong hoc cta hé théng dwoc so sanh va danh
gia trong hai trng hop trén dé rat ra céac két luan.

T khéa - Uéc lwong tuyén tinh héa (LE); wdc lwgng dung bo loc
Kalman mé réng (EKF); déng co' dong bd ba pha kich tir nam cham
vinh ctru (PMSM); bd diéu khién toc dg; bo dieu khién dong dién.

1. Pit van dé

Trong nhitng nim gan ddy, dong co ddng bd ba pha
kich tir nam chadm vinh ctru (PMSM) dugc quan tdim nghién
ctru va ap dung rdng rai trong linh vuc cong nghi¢p, nang
lwong mai [1]... boi 1€ loai dong co nay c6 nhiéu uu diém
ndi troi hon so voi dong co dién mot chidu va dong co
khong ddng bo ba pha roto 1ong soc. Nhitng vu diém ndi
bat cua PMSM nhu: hiéu sudt cao, d& dang duy tu bao
dudng, ty 1¢ gittra m6 men vdi dong dién 16n [2], ty 1€ gilra
md men voi trong lugng 16n [3], dap img nhanh va it nhiéu
[4], trong luong va thé tich nhé gon hon so vai dong co
khéc cuing cong suat. Tuy nhién, bén canh cac uu diém thi
PMSM 1a mot hé théng da bién, phi tuyén va c6 tinh xen
kénh manh [5], [6] nén diéu chinh téc 6, m6 men va vi tri
gap rat nhidu rat kho khan. Bai bao gioi thiéu bo ude luong
LE va b uéc lugng dfmg bd loc EKF dung dé u6c luong
bbn bién trang thai gom: dong dlen sator la, I,, van tc goc
roto® va vi tri goc roto At do cap tin hiéu cho bd diéu
khién 6n dinh téc d6 va 6n dinh dong dién PI.

Phuong phap u6e lwong LE [7] va phuong phap uéce
luong dung b6 loc EKF [2], [3], [10] gioi thi¢u nhim muc
dich uéc lugng van tde, vi tri trong diéu khién khong ding
cam bién do toc do cuia PMSM. Tuy nhién, chua ¢ cong
trinh nao nghién ctru so sanh hi€u qua cua hai phuong phap
udc lugng LE va ude lugng dung b loc EKF truc tiép trén
hé toa d6 abc. Pic biét 1a cho viée udc lugng toe do, vi tri
cua hé truyén dong PMSM. Do do, can c6 mot nghién ctru
so sanh danh gi4 hiéu qua ctia hai phuong phap dé cé cac
danh gia va lya chon ding din hon khi sir dung cac phuong
phap woc lugng bién trang thai trong diéu khién PMSM

Abstract - Three-phase Permanent magnet synchronous motor
(PMSM) is a multi-variable, non-linear, strong coupling system.
Due to the nonlinearity of PMSM, it is a challenge to exactly control
the speed, torque and position. This paper presents two methods
for estimating state variables of the PMSM using the Linearized
Estimators (LE) and Extended Kalman Filter Estimators (EKF). The
estimated variables are stator currents i _,i, , velocity @ and angular

position of rotor . The estimation signal @ and ¢ feedback are
used to speed controller and current controller of PMSM. The
responses of the control system in two cases are compared and
then the conclusions are drawn.
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khong ding cam bién tdc d6 (sensorless control) PMSM.

Trong bay bao nay, truéc hét mé hinh toan hoc moé ta
PMSM dugc gidi thiéu 6 muc 2. Sau d6, trong cac muc 3
va 4, dya trén mo hinh toan hoc, cac phuong trinh uéc
lugng trang thai ciia dong co theo phuong phap udc luong
LE va u6c luong dung b6 loc EKF dugc xay dung. Muyc 5
trinh bay vé m6 phong so sanh 2 phuong phap ude lugng
trén cho diéu khién toc d6 PMSM khong dung cam bién
toc do. Cac danh gia va phan tich két qua dap Gmg cta hé
thong ciing dugc dua ra chi tiét. Cudi cung, muc 6 trinh bay
cac két luan va danh gia cua bai bao.

2. Phwong trinh dong hoc cia PMSM

PMSM dugc mo6 ta dudi dang hé phi tuyén 1iép tuc theo
thoi gian trén hé truc toa do cudn day sato abc ¢o dinh [7],
[8] nhu sau:

i,=—1i, +——sinf +—*

L

“R. 02 u (1)
i, =—1I, cos@ +—

L L
c;)=_3 i, sin@+ cos@ Fo T,

J J

0=0

Trong do: I, I,1a dong dién cudn day pha A va pha B
ciia PMSM trén hé truc toa do ba cudn day abc; u , u, 1a
dién ap pha ctia cuon day pha A, B trén h¢ truc toa do ba
cudn day abc; R 1a dién tré cudn day stato(Q); L l1a dién
khang cudn day stato(H); 0 1a vi tr gbc cua roto (rad);
o 13 van tdc gbe cua roto (rad/s); A4 12 hing s tir thong dong
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co (Wb); J 1a mdé men quén tinh truc dong co (kg.m?); T},
la mo6 men tai (N.m).

Theo [9] mé men trén truc dong co 15, , duoc tinh
toan tr hAm md men ma sat phi tuyén bac cao trén truc
dong co nhu sau:

Tst0aa = Troaa + T
Troaa = Thoaa + |:T + (T, Tc))e_Cv‘wm‘Sign(w)+FCU:| 2)
Tsppus = Fr+ |:TLvad +Te + (T, - T(7))e_c""”””‘sign(w)J
Ty = Fo+T,
VOI:
T,.=T.+(T,, —T.)e “lsign(w)+ Fo

-T. ))e'C““”"“sign(a)) +Fw

Trong d6: Troae 12 m6 men phuy tai (N.m); T fric la mé

T Tanl + T + (77

hrk
men ma sat quay; Tc 1a mé men ma sat Coulomb; 7, 1a mo

men ma sat Breakaway; C, 1a hé s6; F 1a hé s6 md men ma
sat Viscous.

Trong bai bao n;%ly gidi thiéu hﬁf: phugng trinh trang thai
cua PMSM c6 xét den céac thanh phan nhicu do luong i , i, u,
,Uyva nhiéu khong biét trudc ciia md men tai trén truc dong

cou, =—T, /J dugc viét lai tir phuong trinh (1) nhu sau:
S -R . u,+u .
i, =—1I, + 2% gin ng+—+—-="+q
L L L
S -R .l u, +u, . 3)
i, =—1i, ———cosf +——"-+1i ,
L L L
- =31 N0l
o= i, sin@ +—i,cos ———+u,
2J
0=w
Trong d6:u, i, la thinh phan nhiéu tir do luong dién

ap, dong dién pha A u ,, nblan luot 14 thanh phan nhidu
tir do lwong dién 4p, dong dién pha B; u, 1a thanh phan
nhiéu tai khong biét trude trén truc dong co.

3. B§ wéc lugng tuyén tinh h6a cho PMSM

PMSM trong md ta (3) co tinh phi tuyén [5] nén khong
thé st dung tryc tiép cac cong cong cuy tinh todn cua hé
thong tuyén tinh de didu khién va udc lugng. Tuy nhién,
ching ta c6 thé tuyén tinh héa hé théng xung quanh diém
lam viéc (hay con goi la cac diém dimng ctia hé thong) tir do
6 thé sir dung cdc cong cu tinh toan cho hé thong tuyén
tinh 4p dung diéu khién va u6c luong [7]. Viéc udc luong
bién trang thaim, 6 tir cac gia tri do lwong truc tiép trén hé
toa do abc ma khoéng qua phép bién doi hé truc toa do
flabo T2 (0, )2 f(d ) nhu [1], [3], [6]
(v6if () la phép bién do6i hé truc toa do) cliia dong dién s&
giam khdi lugng tinh toan (tir cac phép bién dbi hé truc toa
dd) va dam bao do chinh xac cao hon.

Ta dinh nghia vector trang thai cta hé thong nhu sau:
T T
x= [xl X, X x4] = [iﬂ i, o (9] 4

Vi dinh nghia méi nay ta c6 thé viét:

. . . . . T . . . . r
x={x1 X2 X3 m} =[ia i o 9} )

Dé don gian chung ta bo qua cac thanh phan nhiéu u,,,
Uyl >0 VAUt (3) ta co:

° —-R .4 u
X, =—1Ii, +——sinx, +
L
* -R A
X, =—1i, —w—cosx4+u—b (6)
L L L
X —_3'21' sin x +ii cosx Fo
3 a 4 2] b 4
X, =1

Viét lai (1) du6i dang hé tuyén tinh ding nhu sau:

x=Ax+Gu )

Trong do: x v 14 bién trang thai woc lugng tir viéc xap xi
Xtai diém lam viéc cua hé thong.

N N T -
U= [”a “h} =U, sm27z1u =U,cos2rt (8)

Ma trén A, lan lugt dugc tinh tir 1dy vi phan timg phan
ham f (x)=x theox véf(x) = x theo u, tir [3] ta co:

R A XA
-— 0 —sinx, ——cos x,
L L L ©)
R A XA
0 = _z B2
A:%f: I Lcosx4 I sinx,
* , F 32 _
———sinx, cos X, 7 —E(x,cosx4 +x,8inx,)
L 0 0 1 0 |
- 0
o (10)
G= of _|o 1
ou L
0 0
0 0

Tt (7), ta c6 co s6 1ap luan Qé xdy dung bo udc luong
tuyén tinh hoéa PMSM tai cac diém lam viéc cua h¢ thong.

4. B¢ wéc lwong dung b loc EKF cho PMSM
4.1. Xdy dung by woc lugng dung b loc EKF

Céq phuong trinh ’toén hoc mo ta Vigf:c su dung bo lgc
EKF d€ udc luong bien trang thai cua doi twong phi tuyen
duoc viét dudi dang nhu sau [2], [10], [11], [12]:

x = Fkxkfl + G”H +cyy

(11)
2, = H, x, +e

Trong dé: e, ¢ 1an luot 1 nhiu Gaussian va nhidu do luong.

Nguyén ly lam viéc cua bo loc EKF dé uéc luong tbi
uu trang thai cua doi tugng phi tuyén dugce trinh bay theo
tung budc nhu sau:

Budce 1: H¢ phuong trinh trang thai hé théng duoc viét
lai dudi dang [4]:

).c= f(x,u,q,t)

z="h(x,e,t) (12)
¢~ (09Q)
e~ (0,R)

Trong d6: Q, R 1a ma tran dong bién va khac khong, véi
Q 1a ma tran nhicu xir Iy va R 1a ma tran nhicu do luong.
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Bude 2: LAy vi phan timg phan cic ma trin theo bién trang
thai theo bi€u thirc (4) va lay vi phan ham s6 hé thong theo hai
thong s6 nhieu € va € lan lugt ta cé biéu thurc nhu sau:

of
F = =
ol ax X leor g
., = (13)
6)6' Xp k-
L=
oc «
v =9
oe .
Buédc 3: Tinh toan ma tran Q va ma tran R hodc S nhu sau:
0=LoL (14)

S, =R+MRM"

Budre 4: HE phuong trinh bo loc EKF duge mo ta ap
dung cho h¢ phuong trinh tuyén tinh hoa doi tugng phi
tuyén trinh bay nhu sau:

Yie = Zr — Hkxk\k—l

S, =H,P,_ H +R,

(15)
K,=P H/S'
Xp =X, +H,y,
Pk\k = _KkaT)Pk\k—l

Trong d6: I 1a ma tran don vi c6 kich thudc 4x4.
4.2. By woc lwong dung bo loc EKF cho PMSM
H¢ phuong trinh trang thai PMSM [7] mo ta nhu sau:

R x4 U, tu,, .
M Tt
¥, L L .
R XA . w, +u,, . (16)
X —-—— X, +—Ssmnx, + —+1
2 — L 1 4 nb
s 32
X, —ﬁsmx4— JCOSX4——+MI_
L X3 ]
Céc thong sb e, Uy, Uy syl U, ding dé tinh toan

e e > Wt ,”a,lnbthanh phén nhicu
do luong va i, la nhicu tai dugc vict nhu sau:

ma trén R va Q; trong déu,__,u

Re e 0 B 0,1 0 (17)
1o e |0 o1
>ty 1620 ) 0 0 0
L (18)
0= 0 az(”—zﬂ)wz(iw) 0 0
0 0 o) 0
0 0 0 0

Trong do6:6°(j)la 4o 1éch tiéu chuén (standard deviation)
clia tin hiéu 7.

Céc dai lugng nhidu khong biét trude trong qua trinh
xtr 1 dau vao dieu khien u,,,,, va i, i, €0 do léch tiéu
chuin cho phép cua cac cam bién dong dién va cam bién
dién ap khao sat 1an lwot 12 0,1 (V) va 0,1 (A). M6 men tai
nhiéu loan u 1. khac khong va c6 do 1éch tiéu chuén khao
sat 1a 0,5(rad/s?).

0 0 0
00 (19)
0 01
= 0 0 0
Q 0
0 0 a*(0,5) 0
0 0 0 0

B loc EKF ap dung udc lugng trang thai t61 wu cho
PMSM duoc mo ta theo trinh tu cac budc nhu sau:

X1 = Axk—l\k—l +Gu,

1) Budc du béo: (20)
Pk\kfl = APk—l\kflAT + Qk
2) Budc tinh hi€u chinh:
Xp = X K.y Q1)
Pk\k—l =(I- KkH k )Pk—l\k—l
Trong do:
Ky Py HiS! (22)

Sk : HkPk\k—]H;‘: + Gk

O thoi diém ty, trang thai udc luong tdi wu X va ma
tran Pk‘ i
tinh toan chinh x4c. Bude dy bao Iuu trit trang thai wéce
luong ¢ thoi di€ém k-1 duge ap dyng cho bude lay mau
trudc do de &p dung cho budc hién tai. Sau do, trong budc
tinh toan hi€u chinh, gia tri do luong ¢ budc tinh hién tai
cua dong co lai dugc st dung dé du bao udc lugng trang
thai cho budc tiép theo, vong 1ap ctr nhu the 1ap lai.

s& nhay dén vong lap va xir Iy & bude 1: du bao va

5. Két qua mé phéng

U-DC ’10'—‘
[ Ao I*q 1 U U LPwM El
P o3 A Pl 4 "
g e o] e,
o* 1*d o ald ud Up x-;n'
6-PWM
YY)
A|B|C]
Id T Ta
I ap-dq abe—ap 1b
q 1B Ic

Hinh 1. So d6 khéi nguyén Iy diéu khién PMSM
_He thdng truyén dong PMSM duoc mo phéng trén phan
mém Matlab/ Simulink 2012b véi thong so nhu sau: Dién
ap phay =220(V); cong suat P =2(kW); toc d dinh murc
@=3.000(v/ ph); s d6i cuc tir P = 4 (sb cuc tir: 2p = 8); dién
tro' cudn day stato R = 1,9(Q); dién khang cudn day stato
L =0,003(H), hang so tir thong cua dong co A = 0,1(Wb);
md men quén tinh trén truc dong co J = 1,8.103(kgm?); md
men ma sat Viscous:F= 0,001(Pa.s); momen tai dinh mirc
Ti=7,0(N.m).
5.1. Diéu khién toc dp PMSM sir dung b wéc lwgng LE
B0 uéc lugng tuyén tinh hoa dung dé udc luong bién
trang thai ctia h¢ thong x=[i, i, o g}’. Két qua md
phong qua trinh wéce lugng cac bién trang thai duge thé hién
trén Hinh 2 va Hinh 3 nhu sau:
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Ia do luong (A)

Ia Uoc luong
LE (A)

Sai lech la uoc luong LE(A)

uoc luong LE(A)

2
Time (s)

¢

Hinh 2. So sanh dong dién i i, do luong va dong dién i: A

woc lwong LE tir mé hinh mé phong Matlab/Simulink

Uoc luong tuyen tinh hoa toc do dong co (v/

/ph)

Theta Position (Rad)
L R S T

Toc do dat(viph) m —— Error LE: Omega(viph)
F 300
oc do )
Toe do dong co™ Encoder (v/ph < o
uoc luong 3 A )
tuyen tinh hoa (v/ph’
ye (v/ph) H T \/V
)
¢ 200
0]
400)
o o5 v 15 & 25 5 95 4
Time s)
Vi tri Roto(rad) ol lech vi i LEGad)
ai lech vi tri LE (ra
Vi tri Roto Vi tri Roto uoc luong LE(rad)
I\ Uoc luong (X o]
LE i //
-1
e
= -2
g
&
-3
-4
0 1 2 4 0.5 1 1 5 2 25 3 35
Time (Seconds) Time (Seconds)
c) d)

Hinh 3. So sanh téc d va vi tri roto: @, O do heong va w* ,0 %
woc lwong LE tir mé hinh mé phong Matlab/Simulink

Bing 1. Panh gid chdt lwong bé wée heong LE dp dung cho

PMSM ¢ cac truong hop: khoi dong, mang tdai va sa thdi tai
Khéi dong | Sathaitai Totr | Mang tai Tu tir
STT 0-3000 7Nm xuong |3,5Nm Ién 5Nm &
(v/ph) 3,5Nm ¢ t=1,5(s) t=2,9(s)
A, 1 (A) - 0,15 0,19
Ay 4 (A) - 0,05 0,1
Aw,, (V/ph) - 381 180
AG,,, (rad) - 0,40 0,31
Thoi gian 0,62 0.2 0,16
dap tng (s)
Do sai léch
inh (v/ph) 108 108 108
D6 qua didu
chinh (d0 vot 60,8 381 180
10) (v/ph)

Ttr két qua mo phong thé hién trén Hinh 2, Hinh 3 va
Béng 1, ta nhan thay rang tin hi¢u udc lugng tuyen tinh hoa
bam theo tin hi€u cua bién trang thai cia m6 hinh mé phéng

PMSM.

Ia EKF (A)

Hinh 4. So sinh dong dién i, T, do luong va dong diéni,

1o EKF(A)

Két qua mo phong cho thdy bo udc luong tuyén tinh
hoa cho két qua chua cao, c6 d6 sai 1éch cua bién trang thai
Ai, Ai,con 16n, ddc biét 14 sai Iéch toe do va vi tri A, A 6
con kha 1on. Khi PMSM khoi dong, mang tai va sa thai tai
thi @9 sai 1éch giira gia tri do luong va gia tri uwdc luong
cang tang lén dat dinh sai léch.
5.2. Diéu khién toc dp PMSM sir dung by wéc luong
dung b loc EKF
Tir Hinh 4 va Hinh 5, két qua mo phong thé hién ring bén
tin hiéu d4u ra cta bd udc luong ding bo loc EKF bam theo
gla tri thuc cta bién trang thai va cho chét luong kha tot.

la uoc luor la EKF(A)

Time (Sscand )

05

Erorla (8)

| E—YR|
0.4

03
0.2
0.1

uuuuuu
EKFLA) /\ 7\

0.1
02
03

V\/

04

05,

o 2.5
Time (Seconds)

¢

Enorlo ()

A

Sai lech la uoc luong EKF(A)

VNN IV

A
AT

Uanall

5 2
Time )

b)

—— Sai lech Ib uoc luong EKF(A)

d)

oE ’
lbu"oc

luong bo loc EKF tir mé hinh mé phong Matlab/Stmulmk

Too do uph)

Sal looh Too do EKF (vph
Toc do Dong Co (v/ph) [, aeb An M 4
VLA A AL V\Jwv
_ 20
S
S w0
8 e
Toc do Dong Co (v/ph) 5 ol
Toc do Dong co (v/ph)
Toc do uoc luong EKF (v/ph
2 2s s 2 25
Time (s) Time ()

Eror (Rad)

Sai lech vi tri EKF (rad)

s 2 28
Time (Seconds)

d)

Hinh 5. So sanh téc dg va vi tri roto: @,6 do hrong va w* , 0 *
woc luong bo loc EKF tir mé hinh mé phong Matlab/Simulink

Bing 2. Ddnh gid chat lwong bé woc heong dimg b loc EKF
ap dung cho PMSM ¢ cdc truong hop: khoi dong, mang tdi
va sa thdi tai

Khoidong| Sathditai Totr | Mang tai Totr
STT 0-3000 7Nm xudng 3,5Nm lén 5Nm &
(v/ph) | 3,5Nm ¢ t=1,5(s) t=2,9 (s)

Ai, ) - 0,009 0,01
Aib_MaX(A) - 0,012 0,005
Aw,, (V/Ph)| 124 16 20
A6, (rad) - 0,008 0,006

Thoi gian | 4 0,11 0,09

dap ung (s)
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Do sai léch

finh (viph) | > > >
D6 qua didu
chinh (d6 vot| 12,4 16 20

16) (v/ph)

Két qua md phong cho thidy khi PMSM khoi dong,
mang tai va sa thai tai dung bo ugce 1uorng dung bo loc EKF
v6i bon bién trang thai udc lugng: i*,i’, ", 6" cho két qua
sai 1éch nho so véi gia tri do luong tir mé hinh mé6 phong.
5.3. So sanh bg woc lwong LE va by woc lwong dung bj
loc EKF

Déi voi hé thong truyen dong dién PMSM hai thong sd
thuong quan tam nhét 1a tdc do va vi tri ciia roto trong qua
trinh 1am viéc cua hé théng. Hinh 6 va Bang 3 cho ta thiy
ré‘lng b udc luong dung bo loc EKF cho chét lugng dong
hoc tdt hon rat nhiéu so véi bd udc luong tuyén tinh hoa
khi xét cac truong hop PMSM khoi ddng, mang tai va sa
thai tai. Piéu nay ciing thé hién ring PMSM c6 tinh chét
phi tuyén nén phuong phap udce luong tuyén tinh hoa t6 ra
¢6 hiéu qua thap khi c6 cac bién ddi vé nhidu loan do luong,
nhidu tai va sy bién thién thong sé cua hé thong trong qua
trinh hoat dong.

Toc do
Uoc IuonKLE (v/ph;

Toc do dong co
Encoder (v/ph)

Toc do dat
(V/ph)

Toc do dong co Uoc luong EKF(V/ph)

P O

3400

Toc do o
Uoc luong EKF(v/ph)

2991 146 do dong co To¢ do dong co Uoc luong LE(V/ph)

1500] Do luong Encoder(V/ph)

@ @
L 8
3 8
38 38

Toc do (viph)
Toc do (v/ph)

3000

2900

Time (s)

b)

Roto  VitriRoto

Encoder(rad) “‘YE"U'a";’: ho ) o

Sailech vi tr
uoc luong LE(rad)
¥

Sailech vi tr
uoc luong EKF(rad)

'~
Vi tri Roto)
EKF(rad) )

Time (Saconn) @5 i is 2 75 5 a5 4

¢ d)

Hinh 6. So sanh sanh téc do, vi tri roto: ®,0 do luong va w*, 6*
woc luwong gitta woc lwong LE va bo loc EKF tir mé hinh mo
phong Matlab/Simulink
Bdng 3. So sanh chat luong bo woc luong LE va b woc luwong
dung bo loc EKF cho PMSM o cac truong hop: khoi dong,
mang tdi va sa thdi tdi

Khéi dong Giam tai "{L tr | Mang tai ”l:Ltl‘r
0-3000(v/ph 7Nm xuong 3,5Nm lén
STT -30000v/ph) § sNm 6 t=1,5(s] SNm & =2,9(s)
B6 loc Bo loc Bo loc
LE ekp | MB | gkr | MB | EkF
AL, 4o (A) - - 0,15 | 0,009 | 0,19 | 0,01
Ay () - - 0,05 | 0,012 | 0,1 | 0,005
Am,, (vph) | 60,8 | 12,4 | 381 16 | 180 | 20
AG,, (rad) - - | 040 | 0,008 | 0,31 | 0,006
Thoi giandép | > | 042 | 02 | 001 | 0.16 | 0,09
ung (s)
Sai léch tinh
' 108 5 108 5 108 5
(v/ph)

Pé qud diéu
Chfl:lh (do vot
lo) (viph)

60,8 | 12,4 | 381 16 180 20

B6 udc luong LE trong (6) da bo qua thanh phan nhiéu
do luong va nhiéu tai nén thong tin vé hé thong bi thiéu hut,
khdi luong tinh toan it lai va két qua tinh toan thiéu chinh
xac, dan dén chat lugng dap ung diéu khién chua tdt.
Phuong 4n nay ap dung khi yéu cau vé chit lugng didu
khién hé thong khong cao.

V6i két qua nay, co thé khang dinh rang kha ning khang
nhiéu, loc nhiéu ciia bo udc lugng ding bo loc EKF tdt hon
rat nhiéu so véi bd udc luong LE.

6. Két luan

Bai bao da trinh bay viéc nghién ctru so sanh va danh
gia hiéu qua hoat dong cua bo udc luong LE va bd udéc
lwong ding bo loc EKF trong didu khién PMSM khéng
dung cdm bién téc do. Cac bién trang thai cia PMSM dugc
udc lugng gém: dong di¢n sator ;_,i,, van toe goc roto@ va
vi tri goc roto @ . Két qua cho thy ca hai phuong phap déu
cho két qua dap tmg t6t ca trong cac trudong hop khoi dong,
mang tai va sa thai tai. Cac bién trang thai dugc udc luong
tét, gia tri udc lugng bam dung gia tri thyc cia mé hinh mé
phong. Tuy nhién, phuong phap udc lugng dung bd loc
EKF cho dép tmg tt hon so véi truong hop dung bo LE
khi c6 sy thay dbi: téc d6, md men tai va nhidu do ludng
dong dién i , i, di¢n 4p pha ua, ub cua dong co. Két qua
nghién ctru cia bai bao 1a mot co s& quan trong dé cé cac
danh gi4 va lwa chon ding din hon khi sir dung cac phuong
phép udc lugng bién trang thai trong diéu khién PMSM
khong can ding cam bién tdc do.
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