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TOM TAT

Nghién ctru nay gidi thiéu mot chién lwoc cai tién d€ diéu khién tdc dé khong cam bién cla
déng co khong ddng bd ba pha bing cach st dung md hinh dién 4p d€ woc tinh tir thong
rotor trong ki thuat diéu khién dinh hwéng tir théng (FOC). Téc d6 o dwoc tinh toan bang
hé théng thich ¢ng tham chiéu mé hinh (MRAS) gdm mo hinh dién 4p két hgp véi mé hinh
dong dién dé cai thién do chinh xac cua phwong phap wéc tinh dwa trén FOC. Tai mé hinh
dién ap nay, dién tré stator anh hwdng dang ké dén tlr thong rotor, trong khi dién tré thuwc
t€ clia ddng co c6 thé thay d6i trong qua trinh vAn hanh. Phwong phap dwoc dé xuit da
thanh cong trong viéc wéc tinh chinh xac cac gia tri dién tré stator theo sy thay ddi thuc té
cia dién tré stator dong co. Ciac mdé phong di dwgc tién hanh trong moéi truong
MATLAB/Simulink dé xac thwc hiéu qua ciia phwong phap nay.
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ABSTRACT

This study introduces an innovative strategy for sensorless speed control of three-phase
induction motor by utilizing a voltage model to estimate rotor flux within a field-oriented
control (FOC) technique. The virtual speed is computed using a Model Reference Adaptive
System (MRAS), which integrates a voltage model with a current model to improve the
accuracy of the FOC-based sensorless control method. In this approach, the stator
resistance significantly influences the rotor flux in the voltage model, while the actual
resistance of the motor can vary during operation. The proposed method has been
successful in accurately estimating the stator resistance values. Simulations were
conducted in a MATLAB/Simulink environment to validate the effectiveness of this method.

1. Gi&i thiéu

bong co khong déng bd ba pha (KPBBP)

do c6 ciu tao don gian, d tin ciy cao va gia ca
phai chang [1], [2], [3], [4]- Tuy nhién, cac thuat
toan diéu khién téc do théng thwong nhu diéu

duwoc str dung nhiéu tronglinh virc cong nghiép 1 pian dinh hwéng tir thong (FOC) thwong phu
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thudc vao cac cdm bién nhuw cam bién t6c do,
cam bién dong dién, c6 kha ndng lam tang do
phtrc tap va chi phi ctia hé théng [5], [6]. Dé
giam thiéu nhirng chi phi nay va don gian héa
hé thong diéu khién, cic phwong phap diéu
khién khong cam bién dwgc ng dung, cho
phép wéc tinh cic théng sé cia dong co va
khéng can dén cac cdm bién vétly.

Uéc tinh tir thong rotor la mot khia canh
quan trong ctia diéu khién khong cam bién, can
thiét cho viéc quan 1y moment xoan va téc do
hiéu qua [7]. Nhiéu gidi phap da dwa ra dé ting
cwong do chinh xac va do tin cay cda wéc tinh
tlr thong rotor. Cac tac gia trong [8] da chi ra
hiéu qua ctia nhitrng bd wéc tinh tir thong rotor,
st dung cac vector dién ap va dong dién stator,
cung v&i cac bd wéc tinh dong dién st dung
dong dién stator va toc do rotor. Nhirng mo
hinh nay c6 loi thé cho cac truyén dong hiéu
suit cao, trong do6, cac hé thong phan héi bén
trong c6 thé tang cwdong tinh chinh xac cta bo
wéc tinh. Tuy nhién, hiéu suat cda giai phap nay
chi hoat dong & vung toc do thap. Ngoai ra, bo
loc Kalman mé& rong va bd quan sat ché do
trwot la mét trong nhirng phwong phap diéu
khién tién tién dwoc dung dé tinh chinh tir
thong rotor [9], [10], [11], [12]. Nghién ctru
trong [13] cho thay, mot ky thuét diéu khién dw
doan tir thong dwoc gidi thiéu dé tang cwong
wéc tinh tir thdng rotor thong qua cac bd quan
sat, trong khi nghién ctru [14] trinh bay chi tiét
mot b0 quan sat dap tng tir thong rotor c6 tinh
dén cac bién thé dién trd rotor va cic thay déi
téc do. Cac ky thuat nay cho thiy trién vong dat
hiéu suit diéu khién cao trong déng co khong
doéng bd ba pha. Mot ky thuit noi bat la hé
thong thich tng mo hinh tham chiéu (MRAS),
dwoc danh gia c6 kha nang nang cao hiéu suit
truyén dong khong cam bién dong co khong
dong bo ba pha bang cach cung cip wéc tinh tir
thong rotor trong nhiéu diéu kién khac nhau
[15], [16], [17], [18]. Tuy nhién, trong linh vyc
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diéu khién dong co, cic tham s6 dién tré stator
(Rs) rat quan trong déi vé&i hiéu sudt cta wéc
tinh tir thdng rotor va diéu khién déng co [19].
Nhirng thay déi trong tham sé dién tré stator
nay co thé gy ra sai s6 1on gitra tir théng rotor
wéc tinh va thuc té, do d6, anh hwdng dén
moment xodn va kha nang diéu khién téc do
[20], [21], [22]-

Bai bdo nay trinh bay mét phwong phap cai
tién dé diéu khién téc dé6 khéng cam bién cla
dong co khong dong bod ba pha bang cach st
dung mo hinh dién &p ning cao dé wéc tinh toc
d6 4o va tir théng trong ky thuit diéu khién
dinh hwéng tir thong (FOC). Nghién clru nay
dong thoi danh gia hiéu qua cia phwong phap
diéu khién méi bang cach thay déi dién tré
stator clia mo6 hinh may va so sanh véi dién tré
stator wérc tinh trong moé hinh MRAS cai tién.
Hiéu suit cda hé thong truyén dong duwgc danh
gia bang md phong trong phin mém
MATLAB/Simulink. Cac két qua chirng minh
hiéu suat dang tin ciy ctia hé théng truyén
dong dong co va lam noi bat kha nang cia mo
hinh dién ap trong viéc xac dinh tir thong rotor,
nhin manh tim quan trong cda né trong cac
trng dung diéu khién dong co KDBBP.

2. Phwong phap diéu Khién khong cam
bién téc d6 ctia dong co khong dong b ba
pha dwa trén ky thuit diéu khién dinh
hwong tir thong

Toc d6 ddong co khong dong bd ba pha dworc
diéu khién bang ky thuat FOC khong c6 cam
bién toc d6 [23]. M6 hinh dong hoc ctia déng co
KDBBP trong hé toa do [a-f] dwoc mo ta:

di L d®
[ sS4 m 7 "r

LL )°dt L dt
L R

oo 20

LZ

as=Rsz{z-
(1)
0=-

m r
Lr

Hé phwong trinh biéu dién trang thai day du
cia KPBBP dwoc mé ta chi tiét nhw sau:
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Hinh 1. So d6 ki thuat diéu khién khong cam bién bing phwong phap FOC cho khong dong bo ba pha.

iu —Rsi +L—’"wi
% B Lm Lr Lm sa Lm sa L,- resp (2)
77 12
dt  LL-L, ...+wrirﬁ+&im
iu -&i w L—’"l
disﬁ = Ler Lm i Lm i ' Lr h (3)
T 12
dt  LL -L | 'wrim"%irﬁ
! u 1, tw,l
dim _ Ls Lm Ls sa sa r'sp (4)
T T2 11 R
dt Lm -Ler +—rlm +_rwrirﬂ
L
1 R. .
“rZ..L| L . R.
dt L, -LlL, wm WL, t—1,
'm Lm

Moment xo0an cia déng co dwoc tinh nhw
trong cong thirc (6):

3 ...
7—:3 = Ep(lsﬁlra +Isa1r,8) (6)

Phwong trinh téc d6 rotor cia dong co
dwoc trinh bay nhw sau:

wrj?(ﬂ-mdt (7)

So' d6 Hinh 1 biéu dién hoat dong cta ky
thuit FOC cho hé truyén dong KbBBP. Trong
so' d6 nay la mét quy trinh clia phwong phap
FOC khéng str dung cam bién toc d6, bao gobm
cac buéc chinh nhu sau:

(i) Trong hé toa do [a-b-c], hé thong do dién
ap va dong dién dau vao ba pha bang cdm bién
dién ap va dong dién;

(i) Bién doi Clarke (T3/2) sang hé toa dé [a-
P]: Pién ap va dong dién ba pha dwoc do bién
d6i thanh hé toa do [a-p]. Bién doi Clarke la mot
quy trinh toan hoc dé don gian hoéa viéc phan
tich va diéu khién cac hé thdng da pha bang
cach chuyén doi cic dai lwgng ba pha tir mién
ba pha sang mit phang hai chiéu;

(iii) Chuyén sang hé toa dd [x-y] str dung goc
ttr thong rotor(yr): Dong dién dwoc bién dai tir
[a-B] chuyén tiép sang hé toa do [x-y] bdi goc tir
thong rotor yr (T2/2). Bwérc nay can chinh cac
vector dong dién va dién ap v&i tir thong rotor,
dwoc xem 1a rat quan trong dé diéu khién dong
co hiéu qua;

(iv) Tao tin hiéu PWM: Cic gia tri dwoc bién
doi trong toa do [x-y] dwa vao module diéu ché
do rong xung hinh sin (SPWM). Module nay tao
ra cac xung tin hiéu chuyén mach can thiét dé
diéu khién bo bién tan, tir d6, diéu chinh ngudn
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dién cta dong co dé dat dwgc hiéu suit va hiéu
qua mong mudn.

3. Ky thuit diéu khién khong cam bién
dwa trén mo hinh dién ap

Trong k¥ thuat FOC, tir thong rotor déng vai
tro rat quan trong vi né quyét dinh viéc diéu
khién moment xodn va hiéu sut cia dong co.
Mo hinh dién 4p dwoc st dung dé tinh toan tir
thong rotor 1y cac thong s6 dau vao la dong
dién, dién 4p stator tir cdm bién.

L I(usa T est sa)dt
P = 70| LL-L, (8)
o | [ (s -R iy )dt..
b,=—"| LL-I 9)
B s—r m j
L,|-—=t—mj
}/r = arCtg(cDrﬁ /Cbra) (10)

T md hinh nay, thanh phin dong tir ho im
dwoc tinh nhw sau:

(11)

M6 hinh MRAS gom hai phan chinh 1a m6
hinh dién 4p thudng dwoc st dung lam mo
hinh tham chiéu d€ tinh todn tir thong rotor
nhu cong thirc (8), (9) va mo6 hinh dong dién
dwoc st dung lam mo hinh diéu chinh tir thong
rotor dwoc tinh toan theo cong thirc (12), (13):

(D'ra = I[L_mRrisa -iRrCDra'"
L (12)
r estcbr/}]dt
L .. 1_ .
:j[—ersﬁ'T rPrpee (13)
rest ra]dt

Tdc dd 40 wr-est, dat dwoe bang cach sir dung
bd diéu khién PI diéu chinh t6c do rotor véi
muc dich gidm 16i giita cAc m6 hinh dién ap va
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mo hinh dong dién, nhw dworc chi dinh béi cac
cong thirc (14), (15):

e,=® ® -d O

ra = rp ra *rp

(14)

w

t
e =Ko, +K [e,dt (15)
0

Trong qua trinh van hanh KDBBP, gia tri Rs
anh hudng quan trong dén hiéu suit va ting
tén hao nhiét, gidm hiéu suit tong thé. Sw bién
doi nay co6 thé lam sai 1éch gia tri dién ap dw
doan so véi gia tri thuc té. Trong mo hinh dién
ap, suw thay déi cta dién tré stator trong cong
thirc (8), (9). Thong qua bo diéu khién PI, gia tri
Rs dworc tinh theo cong thire (16), (17):

eRS = (q)ra - cDrm)isa *o

(DD )iy (16)

R

s_est

=K

t
»€r +KiIeRS.dt (17)
0
Dwa trén phwong phap nay, viéc danh gia
dién tr¢ stator cho phép danh gia do chinh xac
ctia hé thong diéu khién tdc d6 va moment xodn
trong KDBBP. Dong thoi, gitip xac dinh tac dong
cda cac bién s6 nhw nhiét do va tai 1én hiéu suat
ctia dong co.
4. Két qua mé phong

bé danh gia tinh kha thi cia phwong phap
dé xuit, cAc m6 phong dwoc thuc hién bang
chwong trinh MATLAB/Simulink. M6 hinh may
ctia KDBBP bao gbm cac thong sé thuec té dworc
cho trong Bang 1 (Phu luc 2) va gia st Rs thay
déi theo dang bac thang dwoc cho trong Bang 2
(Phu luc 2).

Ban dau, dong co hoat dong & toc dé6 tham
chiéu 1a 700 vong/phut. Sau 2,5 gidy, toc do
giam xuéng 350 vong/phut, tai do, toc do dwoc
gitr khong doi. Moment tai ban dau la 5 Nm tai
thoi diém 2,5 gidy, dén thoi diém 3.0 gidy,
moment tai gidam xudng 3 Nm va duy tri. Ba
trwong hop mo phong véi cac gia tri Rs khac
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nhau dé danh gia &nh hwdng ctia dién trd stator
1én hé thong truyén dong KDBBP: Trwong hop
1 v&i Rs khong thay doi (Hinh 2), trweong hop 2
khi Rs thay d6i nhwng gia tri Rsest ciia bo worc
tinh khong dwoc cap nhat (Hinh 3), tredng hop
3 khi Rs thay déi tich hop thém wéc tinh Rs est
ctia bd wéc tinh (Hinh 4). Hinh 2a cho thdy hé
thong diéu khién duy tri toc d6 dong co bam sat
gia tri tham chiéu mot cach 6n dinh véi do vot
16 nho trong qué trinh chuyén tiép téc do, dong
thoi, nhin thiy sw 6n dinh ctia hé thong diéu
khién khi Rs khéng thay d6i. Moment tai 6n
dinh nhanh chéng sau khi c6 sw thay déi toc do,
tang mot chut khi téc do 6n dinh, cho thiy hé
thong phan &ng nhanh va nhay, thé hién tai

Hinh 2b. Géc tir thong rotor yr dao dong trong
khoang [-m, ] 1la phti hop v&i goc tir thong rotor
trong ky thuit FOC, thé hién tai Hinh 2c. Hinh
2d hién thi gia tri Rs khéng thay d6i trong suét
qua trinh van hanh. Trwong hop khi Rs thay doi
nhuwng gia tri Rs cia bd wdc tinh khdng dwoc
cap nhat, biéu dién tai Hinh 3d. Hinh 3a cho
thay téc do sai 1éch ro rét so véi toc do tham
chiéu. Khi Rsctia ddng co thay doi nhwng khong
cip nhat trong b6 wdrc tinh cia hé thong, hiéu
suit diéu khién toc d6 suy gidm. Hinh 3b cho
thdy moment dao dong nhiéu khi Rs ting lén.
Goc tir thong rotor y- van dao dong trong
khoang [-m, ], nhw Hinh 3c.

a) b)
Téc d6 thwe / tham chiéu (b) Moment tai / dién
R 'TL 'I‘e
- 600+ 10 - 1
3 \
& E
9400 & A
0 7 N
> 200 353637 / i’
e [ Ly — ]
tham chiéu thye
0 I I L ! 0 | L 1 !
0 1 2 3 4 5 0 1 2 3 4 5
Thoi gian (s) Thoi gian (s)
c) d)
4 G(’)C‘tl‘l‘ thong rgtor ‘ 39 ‘ Dilén trér statpr .
— Rq
ol g
o o 3.18 ¢
g0 = Ip S
_4 1 L 1 L L L L Il
0 1 2 3 4 5 0 1 2 3 4 5
Thei gian (s) Thoi gian (s)
Hinh 2. Hiéu suit cia KDBBP khi Rs khong doi.
a) b)
Toc do thwe / tham chiéu Moment tai / dién
s T T
- 10 - L e
3
i
= \ A/ z
™) ‘ z
35 5 - .
= 34 36 38 N 1o
D ham chigu —— nthu‘c
‘ | | ] 0 ‘ !
1 2 3 4 5 0 1 2 3 4 5
Tho1i gian (s) Thei gian (s)
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)

Goc tir thong rotor

i
- Al

0 1 2 3 4 5
Thei gian (s)

d)
Dién tré stator
ash R, dong co thay d()’i\
s 4 .
R bd wére tinh khong doi
35t ’—‘/
0 1 2 3 4 5
Theoi gian (s)

Hinh 3. Hiéu suit cia KPBBP khi R, thay déi.

Trong trwong hop khi Rs thay déi va dwoc
cap nhéat trong bo wéc tinh. Tir Hinh 4a dén
Hinh 4c thdy rang gia tri vin dong nh4t vé hinh
dang va dat dwoc sy 0n dinh. Trong khi dé, gia
tri Rs ciia bd wéc tinh can thoi gian ban dau dé
thich ing véi su thay ddi, dAn dén su sailéch rd

a)

Tédc do thwe / tham chiéu

faN
=z 600 -
.g. 360 \
E 400 340 N~ ] j 1
S 200t 34 36 38 ]
ntham chiéu — rlthu‘c
0 i It L I 4
0 1 2 3 4 5
Thei gian (s)
c)
4 Goc tir thong rotor
','; ~
g 0

i

rét hon gitra dién tré tham chiéu va wéc tinh,
nhung co ché wéc lwong cho thiy kha ning
diéu chinh t6t dé theo kip cac thay doi trong gia
tri Rs, nhw Hinh 4d. Hinh 4e 1a sai s6 gitra gia tri
wéc tinh va gia tri thuec té cua dién tré.

b)
15 - Momenttal/ f{hgn
—TL — Te
108/
g Vv
z
5 / i ™N
0 i ! I . ) 1 ’
0 1 2 3 4 5
Thoi gian (s)
d)
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=R =R
s s_est

4f r
o e Y
| Nl

-2
15 155 16
4 s ‘ ; 0 , A . .
0 1 2 3 4 5 0 1 2 3 4 5
Thoi gian (s) Thoi gian (s)
e) 5 Sai s dién tr& stator
— .
s
G0 -~
-5 L L L L
0 1 2 3 4 5

Thei gian (s)

Hinh 4. Hiéu suit ciia KDBBP khi c6 wéc tinh Rs.
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5.Kétluan

Nghién ctru nay da trinh bay mét chién lwoc
cai tién dé diéu khién téc d6 khong cam bién
clia KDBBP bang cach str dung mé hinh dién 4p
dé worc tinh tir thdng rotor trong ky thuit diéu
khién dinh hwéng tir thong (FOC). Phwong
phap dé xuat da thanh cong wéc tinh chinh xac
gia tri Rs khi gia tri nay thay doi dang ké trong
qua trinh van hanh thyc té cia dong co, tir do,
dam bao hiéu suit va do tin ciy cao hon cho hé
truyén dong. Trong twong lai, nghién ctu sé
dwoc mé rong nhw thir nghiém trén cac hé
thong déng co thuc té d€ danh gia hiéu qua
trong diéu kién thwc. Phwong phap nay ciing c6
tiém nang ap dung cho cac hé théng déng co
khac, chfang han nhw PMSM, va c6 thé sir dung
cac ky thuat toi wu héa nhw tri tué nhan tao (Al)
hodc thuit todn tién hoa dé cai thién do chinh
xac va toc d6 héi tu cua bo wérc tinh. V&i nhirng
két qua dat dwoc, nghién ciru nay goép phan
quan trong vao viéc nang cao hiéu suat va do
tin cy cda cac hé théng KDBBP.

Phu luc
1. Phu luc 1 - Gidi thich cdc ki hiéu

ljs : Vector dién ap stator;

-

I, : Vac vector dong dién stator va rotor;

l r

s/

@, D, : Vector tir thong stator va rotor
trong mo hinh dién ap;

(DS ,CDr : Ttr thong stator va rotor trong mo
hinh dién ap;

®_,®_: Tir thong stator va rotor trong mo
hinh dong dién;

RS; Rr : Dién tré stator va rotor;

L, L,L. :Cic dd tw cAm stator, rotor va tir
héa;

W, ! T6éc do rotor;
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T, : Moment xoin;
T, : Moment tai;

2. Phu luc 2 - Bdng théng sé
Bang 1. Théng s6 co ban KDBBP.

Thong s6 Gia tri Pon vi
Dién tré stator 3,179 Q
bién tré rotor 2,118 Q
P06 tw cAm stator 0,209 H
Do tw cAm rotor 0,209 H
Do tir hoa 0,192 H

Bang 2. Thong s6 thay doi Rs.

Thei gian (s) Gia tri bonvi
0-1,5 3,179 Q
1,5-25 3,5 Q
2,5-35 4,13 Q
35-5 4,769 Q

Tuyén bd khong xung dot lgii ich va cam
két ban quyén

Téc gid tuyén bdé khéng xuit hién nhirng
xung dot tiém 4n tir nghién ciru nay, va cam
két bai bio chwa tirng dwoc cong bé trwdc
day.
Chia sé dir liéu theo yéu cau

Dit liéu sé dwgc cung cip theo yéu cau.
Loi cam on

Bai bao nay la san pham cta dé tai nghién
ciru ma so6 CSB2023-37 dwoc tai tro bdi
Trwong Pai hoc Sai Gon.
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