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TOM TAT

Bai bdo nay trinh bay vé chong nhiéu cho hé diéu khién toc do dong co dong bé nam chim
vinh ciu (PMSM) bang phwong phdp twa tir théng roto (FOC) s dung bg diéu khién
Backstepping. Bé quan sat SMO (Sliding-mode observer) duwoc sir dung dé woc lwong gid tri ciia
sure phan dién dong trong hé toa do stator, sau do, dwa qua 1 vong khoa pha (PLL) woc lwong
toc dé, vi tri rotor va phan hoi vé bg diéu khién. Ngodi ra, cdc thanh phan bdt dinh gdy ra béi
momen tai va s bién thién tham sé ciing dnh hwong dang ké sai léch toc do va dong dién, lam
cho b diéu khién khong dat dwoc két qua nhw mong muon. Péng gép chinh cia bai bdo la bé
quan sdt nhiéu va cdc thanh phan bat dinh cia dong co, gitip cdi thién ré rét chat heong ciia hé.
Cudi ciing, thuec hién mé phéng trén phan mém Matlab/Simulink va danh gia két qua.

Tu khoa: PMSM; FOC; Backstepping; SMO; Matlab; Simulink.
1. PAT VAN DE

Pong co dong bd nam chdm vinh ctru (PMSM) dang ngay cang phé bién va dugc ng dung
rong rai trong nhiéu linh vue nho kich thude nho gon, do ben cao va khong gay t6n that trén roto.
PMSM la mét h¢ phi tuyén bac cao, chinh vi thé n6 yéu cau mot bo diéu khién phirc tap [1, 2]
Phuong én diéu khién FOC véi ciu trac diéu khién tang thuong dugc st dung v6i 1 vong didu
khién toc [3-5] do va 1 vong diéu khién dong dién. Cac bo diéu khién tdc do va dong dién co thé
dugc thiét ké dya trén nhiéu phuong phép véi nhitng wu nhugc diém va chét lugng khac nhau [6-
8]. Trong do, phuong phap Backstepping 1a phuong phap don gian, hiéu qua co thé ap dung cho
cac dbi tuong phi tuyén bac cao. Phuong phap nay sir dung bién diéu khién a0 dé don gian hoa
mé hinh dbi tugng bac cao, sau d6 tim ra tin hi¢u diéu khién bang cach st dung li thuyet
Lyapunov [9].

Khi thiét ké cdu trac diéu khién FOC, can biét gia tri tbc do va vi tri cua roto dé phan hoi vé
b6 diéu khién. Phuong phép thong thudng 1a s dung cam bién toc d6 va vi tri [3], [4]. Viée st
dung cam blen dé do cac gia tri phan hoi vé bo didu khién tuy don gian nhung c6 nhleu nhuoc
diém nhu ton nhidu khong gian, bi anh hudng boi nhidu do, khién hé thong tré nén cong kénh va
chi phi cao. bé khic phuc nhiing nhuoc diém d6, mot bd quan sat co thé st dung dé uéc luong
cac gia tri can thiét, tir d6 tinh ra toc d6 va vi tri rotor ma khong stir dung dén cam bién téc do hay
vi tri. Trong nhitng nim gin ddy, bd quan sat truot da duoc sir dung rong rii nho do bén va tinh
chinh xac cao.

Mot van dé quan trong nita cta hé truyén dong PMSM 1a nhleu va thanh phan bat dinh [10].
Céac nhiéu nay co thé do nhleu ngudn nhu nhidu do ludng, sai sd cua cac co cau co khi, tré truyén
dat, su thay dbi cac thong s6 va momen tai. Bai bao nay s& tap trung vao 2 thanh phan 1a sy thay
d6i théng sb va momen tai, c6 thé coi 1a 2 thanh phan chinh anh huong dén chét lugng hé truyén
dong. Mot bd quan sat dugc thiét ké dé ude lugng 2 thanh phz‘in nay va thuc hién bu nhiéu dé cai
thién déap ung.
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Bai bdo nay gdm 4 phan: Phan 1 gi6i thi€u chung vé phuong phap nghién ciru. Phan 2 1a co
sO ly thuyét cua nghién ctru, bao gdbm md hinh toan hoc cua dong co PMSM, xdy dung b diéu
khién Backstepping cho vong diéu khién toc do, thiét ké by quan sat truot va b quan sat thanh
phan bat dinh. Phan 3 1a két qua m6 phong va danh gid. Cuoi cung la két luén ¢ phan 4

2.COSO LY THUYET

2.1. M0 hinh toan hgc djng co PMSM
Phuong trinh toan hoc li twéng cia dong co PMSM trén hé toa d9 rotor co thé duoc biéu dién
dudi dang:

did Rld 1
~4a___"4d 1
It Tt pwig+Tug 1)
dig Ri, pwops 1
A=t _pwi, ——+= 2
dt L pwlg — L + Luq 3
dt ~ 2] J 3)

Trong do, L 1a dién cam stator theo truc d va q; ug, ug, i4, iy 1a dong dién va dién ap stator
theo cé4c truc; R 1a dién trg stator; p 1a s6 cip cuc; o 1a toc d6 goc rotor; ¢y 1a tir thong ctia nam
cham vinh ctru; T;, 12 momen tai; J 12 momen quén tinh; B 13 hé sé ma sat. Véi mo hinh trén, bai
bao s€ thiét ké cau trac di€u khién FOC cho dong co PMSM, st dung bd diéu khién
Backstepping va bd quan sat trugt sao cho gia tri toc do dong co bam sat gia tri dat.

2.2. Thiét ké by diéu khién Backstepping
Trude hét ta xét bo diéu khién Backstepping tong quat. Xét dbi tugng c6 phuong trinh:

d
=)+ g(.u *)

Trong d6, x 1a bién trang thai can diéu khién, u 1 tin hiéu diéu khién. Pat e = x* — x véi % 1a
tin hiéu dat cua bién trang thai x.

e=x*—x=x"—f(x)—gx).u (5)
Chon ham Lyapunov V = 0,5e2 thi V = eé, ta chon tin hiéu diéu khién u sao cho
x*—f(x) —g(x).u=—k (6)

Khi d6, V = —ke <0,doV>0néne—0vax tlen tai gia tri dat. Ta thu dugc tin hiéu
diéu khién u dé hé 6n dinh va x tién t6i gia tri mong mudn.

Ap dung phuong phap trén, dit e; = w* — w; so sanh phuong trinh (3) véi (4), ta c6 cac ham
f(w); g(w) va tin hiéu diéu khién iq:

flw)=—-——-—F ()

g(w) =—= (8)

w* = f(w) + kyeg

fa = 9(w) ©)
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2.3. Thiét ké bd quan sat toc d va vi tri rotor
Strc phan dién déng trong hé toa d6 aff c6 cong thirc:
{ea = —¢rw,sinb (10)
eg = Prwecost

Véi w, 1a tdc do dién rotor, 6 1a géc quay cua rotor. Bo quan sat truot sir dung phuong trinh
PMSM trong hé toa dd stator, tir cac phuong trinh (1), (2), (3), sur dung ma tran chuyén h¢ toa d9,
phuong trinh PMSM trong hé toa dd stator dugc biéu dién:

dig _ 1, 1 .1
de LT[ttt (11)
dig, 1. 1 1

—L = ——Rig——eg+-u

dc LB T LT

Trong do, iy, ig, Uy, Ug 1a dong dién va dién ap cac truc trén hé toa do stator. Dya vao phuong
g ar BrYUar Up g

trinh trén, ta xay dung bg quan sat trugt nhu sau:

di, 11 1 N .
It = _ZRla + Zua - Zkzsat(la —lg) (12)

Do LRty 4 Ly — Lhysat(ty - i
o = " Ris + T up — T kesat(l — ip)

Trong d6, iq, 1z la dong di¢n udc lugng; k, 1a h¢ s6 duong. Sir dung ham sat thay cho ham
dau d€ giam hi€u tng rung cho hé. Dit s, = i, — iy, Sp = ip — ig, k€t hop v6i cac phuong trinh
(11), (12):

dsg 1 1 1 §o—i
T = T pRsat e~ phasat(ie —id) (13)
dSﬁ 1 1

1 .
dr = —zRSﬁ + Zeﬁ —zkzsat(lﬁ — "B)

Khi hé 6n dinh, Sa,Sp — 0, ta thu dugce gia tri udc lugng cua stc phan dién dong:

eq = kysat(ly —iy) (14)
eg = kzsat(iﬁ - lﬁ)

Sau khi udc luong duge sirc phan dién dong, phuong phap don gian nhat dé tinh ra vi tri cua
rotor 14 sir dung ham arctan [11, 12]. Phuong phéap nay khién h¢ thong tré nén kém bén viing va
nhay cam voi nhiu. O bd quan sat truot sirc phan dién dong sir dung b loc thong thap s& khién
két qua thu dugc bi tré pha so voi gid tri thuc [13]. Chinh vi thé, viéc sir dung vong khoa pha
(PLL — Phase locked loop) duoc dé xuit dé tinh toan tdc do va vi tri rotor mot cach chinh xac
nhit tir strc phan dién dong. Sir dung bd diéu khién PI voi ddu vao 1a sai 16ch cua stc phan dién
dong quan sat:

~ A R o (15)
Ae = ¢, sm(9 - 9) = éyc050 + épsinb

Dau ra cua bo Pl s& 1a gia tri tbc d6 quay rotor wdc lwong. Dé tim diéu kién 6n dinh cho b

quan sat, chon ham Lyapunov: V = 0,5s2Véi i = a, 8. Két hop voi phuong trinh (17), (18):

1.1k
V=58 =s; —sti + A Tsat(si) (16)

Chon k, sao cho e; < |k,| thi V < 0 va bd quan sat 6n dinh.
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2.4. Thiét ké bd quan sat nhiu va thanh phin bét dinh
Mo hinh PMSM c6 xét dén tac dong ctia nhiéu va thanh phan bat dinh dugc cho boi:

dig Ri, 1
Za__24d P4 17
7 T +pwlq+Lud+6d (17)
di Ri pwd, 1
a_ _'q _ . f = 18
Pra I T Pwia—— + T Ya + &4 (18)

dw 3 ip, Bw T
do _3pdrlq _Bo L, (19)
dt 2] ;]

Véi dg, dg, dy, 1a nhiéu theo céc truc, bao gdm 2 thanh phan: momen tai T, va Sy thay doi
cac tham s6 AR, AL, A], A¢y. Dit:

{vd = Ug + prld (20)

Vg = Uq — Lpwiy
Tir phwong trinh (17), (18), (19), dé thiét ké bo quan sat nhiéu, phwong trinh PMSM duoc viét
lai duéi dang ma tran:

Xx=Ax+Bu+d (21)
Trong do:
—-R/L O 0 1

. - 0
lg 0 _5 _% L Ug dd
X=|ig[;A= L L |;B= 1;u=|u ;d = |dq

0 - q

1) 0 PPy 0 L de

Ji 0 0

Nhiéu trong mé hinh dong hoc trén dugc viét lai dudi dang:

d =x— Ax— Bu (22)
Va bo quan sat nhiéu duoc thiét ké nhu sau:

{i = —-L(x)z — L(x)[p(xX) + Ax + Bu] (23)

d=z+p®Xx)

Véi d 1a thanh phan nhiéu quan sét; z 1a ma tran trang thai ciia bo quan sat; p(x) va L(x) la
cac ma tran dugc chon vdi phuong phap tuong tu tai li¢u [10]:

px) = [mow+mw® myw+muw® msw+mgw?] (24)
spx) ™ + 3myw? 0 0
L(x) = o 0 ms + 3myuw? 0 (25)
0 0 ms + 3m2

Véi m;; i = 1;6 1a cac hang sé duong. Dé xét tinh on dinh cua bo quan sat, ta dinh nghia
sai léch eq = d —d. Khi d6, éq = d —d. Tur phuong trinh (22) va phuong trinh (23), coi

d = 0 ta duoc:

éq = —L(x) (d—p®) - LE(PX) +x— d) + LXx)x (26)

Rut gon phuong trinh (26) duogc:
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éd = —L(x)ed (27)
Chon ham Lyapunov V; = eged > 0; khi d6, V; = —ZeEL(X)ed < —ZmOeEed < 0, véim,
la gié tri nhd nhét trong céac gia tri m;; i = 1; 6.; bd quan sat on dinh theo Lyapunov.

3. MO PHONG VA PANH GIA KET QUA

vy :
s e a did Diéu ché
ig | Bdicu dgq s Nghich
khién veetor 3
+ o khing trw
rad ; dong | ap| . i pha
Bj dicu 2 dign q Vg glan
C Khién >
By the a4 i
@
g
L U i -
\ \ iy 4 ig e -
g af > B,
d., da| 4
B§ quan sit nhiéu va thinh phin bt diph  [*— = X J"
Lo} Bj quan sit [
~ Vong trugt sire
I D | khoipha | ¢ | phindién
dgng

Hinh 1. Cdu tric diéu khién hé truyén déng déng co PMSM.

CAu tric diéu khién hé truyén dong dong co PMSM duogc thé hién nhu trén hinh 1. Céc thong
50 clia dong co PMSM duge cho ¢ bang 1. Hé s6 bo diéu khién téc do Backstepping k; = 250;
hé s6 bd di€u khi€n dong dién PI k,, = 8.6065; T; = 0.0044. HE sO by quan sat trugt strc phan
dién dong k, = 200. Tham s6 bg PI cua vong khod pha k,, = 50; k;; = 0.001.Cac tham s6 b
quan sét m; = ms = mg = 1000; m, = m, = mg = 10, Gid trj toc d¢ dat bang 500 vong/pht,
thoi gian tdng toc 0.5 s. Cac tham s R, L, ¢y, J thay d6i 20% so véi gia tri ghi trén nhan dong
co. Momen tai tac dong bang 20 Nm tai thoi di€ém 1s, gidm xuong con 10 Nm tu thoi di€ém 1.8 s.

Bing 1. Théng s6 déng co PMSM.

bién trg stator (R) 0.5Q
bién cam stator (L) 0.0022H
S6 ¢dp cuc (p) 4
Momen quan tinh (J) 3.24 x 1073 kg/m?
Tur thong rotor (¢pr) 0.1861 Wb

600 [- ! ! I !

Tée do dat
= =Téc dé khi c6 bd quan sat nhiéu
== = =T dd khi khdng c6 b quan sat nhidu

Téc do (vong/phat)

| | 1 I
0 0.5 1 1.5 2 25
Thai gian (s)

Hinh 2. Pdp itng toc dé khi cé/khdéng cé b quan st nhiéu va thanh phan bat dinh.
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| I T = 1000+ ‘ I G4 trj nhidu thyc t&
— Momen tai == = Gi4 tri nhiéu quan sat
20} { —|(mmm = Momen dién tir /\
0 + 4 -
%
15 1 §-1000r 4
B ©
2. g»’-zooo - 8
S 10+ 6
E o
< £ -3000f .
= 3
I J &=
® Z 4000+ ! .
-5000 ; e 1 —
|7 . S E—— J
| | . | | | | |
0 05 1 15 2 PX: 0 05 1 15 2 28
Thoi gian (s) Thoi gian (s)
Hinh 3. M6 men tdi va mé men dién tir. Hinh 4. Gia trj nhieu truc w.
700 I T T T i 200r I T — Gi trj nhidu thuc té
0 === = Gi4 tri nhiéu quan sat
6001 | ﬁ |
-500 =
200 1 1000 g
0 v
< 400 1 < -1500 .
3 & -2000
[$] o - =
2300 2 N =
3 3 2500 y
£ =
200 — =
= — Gia tr] nhidu thyc & | < -3000 .
=== == Gi3 tri nhiéu quan sat
100 i T -3500 |
o -4000 =l
() prm— -
| -4500 =
| | | [ | | |
0 05 1 1.5 2 2:€ 0 0.5 1 1.5 2 255
Thei gian (s) Théi gian (s)
Hinh 5. Gid tri nhiéu truc d. Hinh 6. Gia tri nhieu truc q.
16+ [ [ | — i d4t 2 T T T T
p - — g thire S— i 5t
141 : 1.5f m— d thuc ||
12 . 1F 4
e 1 <ost E
=
< gl 4 &
’g C %* 0 b
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Hinh 7. Dong dién i,.

Két qua tai hinh 2 cho théy rr:ing, khi khong c6 bo quan sat nhiéuy, toc do bi dao dong manh

tai céc thoi diém Mo men tai thay doi, trong khi st dung bd quan sét nhiéu va thanh phan bét
dinh da bu thanh phan ndy, gitp dap ung téc d6 ludn bam sat gia tri dit v6i thoi gian xac lap, do
qué diéu chinh thap hon rat nhiéu. Pong thoi ta thay dugc bo dicu khién Backstepping cho dap
{mg nhanh va chinh xéac [14]. Hinh 4, 5, 6 cho thay céac gia tri nhiéu theo céc truc duoc b quan
sat tinh toan chinh xac so véi gia tri thuc. B§ quan sat trugt va vong khoa pha cling udc lugng ra

Hinh 8. Dong dién iy.
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gia tri goc quay va toc do ctia rotor giong vadi gia tri thye nhu & hinh 9 va 10. Di€u nay giup cai
thién nhiing nhugc diém cia viéc st dung cam bién vi tri va toc dg.

T T T
T T 500 ! m— GoC quay rotor thirc
=== = Goc quay rotor quan sat
50 T 1 1
m— Téc d6 thuc 400+
=== = Téc dO quan sat
40 T
% T 300
B 30f )
e S
k<3 T 200t
o 0
<0 20
el G}
1
1of 00 /
0 0 T
| | { | 1 1 1 1
0 05 1 15 2 2. 0 0.5 1 1.5 2 2.,
Thoi gian (s) Thoi gian (s)

Hinh 9. Gid tri toc do worc lwong.

Hinh 10. Géc quay rotor woc luong.

T T T

ic

Dong dién 3 pha (A)

t“mmwmm|“|mwmmmm“mmmuuumummwmuuwmmummumlmmumumunnmummmmm

| | |

H”HHHHH“HIHIIHHHHI

N

II|

0.5

1 15 2 2%
Thoi gian (s)

Hinh 11. Dong dién 3 pha stator.
4. KET LUAN

Bai béo trén di trinh bay vé viéc diéu khién tdc d6 dong co PMSM sir dung phuong phap
Backstepping va bo quan st truot strc phan dién dong ciing vong khod pha, két hop v6i bo quan
sat nhidu va thanh phan bét dinh, dong thoi kiém chimg bang mé phong. Bo quan sat truot va
vong khod pha khién hé thong tro nén 6n dinh, bén viing va c6 dap tmg chinh xac, dong thoi
giam chi phi ctia hé. Cac nhidu va thanh phan bat dinh di dwoc thiét ké mot bd quan sat dé bu lai,
gitip hé tré nén bén ving.
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ABSTRACT

Design of uncertainty observation for speed sensorless control system
of permanent magnet synchronous motor

This article presents anti-interference for the permanent magnet synchronous motor
(PMSM) speed control system by the rotor flux quasi (FOC) method using the
Backstepping controller. The SMO observer (Sliding-mode observer) estimates the value
of the electromotive force in the stator coordinate system and then passes through a
phase-locked loop (PLL) to calculate the speed, rotor position, reaction, and feedback to
the controller. In addition, the uncertainty components caused by load torque and
parameter variations also significantly affect rate and current deviations, causing the
controller not to achieve the desired results. The paper's main contribution is the noise
observer and the engine's uncertain components, which help significantly improve the
system's quality. Finally, perform the simulation on Matlab/Simulink software and
evaluate the results.

Keywords: PMSM; FOC; Backstepping; SMO; Matlab; Simulink.
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