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Abstract: The switched reluctance motor (SRM) is a type of motor with many
outstanding advantages and is increasingly being used in industrial
applications and household appliances. However, due to its highly nonlinear
characteristics, the SRM is difficult to control and requires a nonlinear controller
to enhance the performance of the drive system. In addition, to design an
accurate control algorithm, a complete mathematical model of the SRM drive
system is essential. This paper presents a backstepping sliding mode control
algorithm synthesized from a comprehensive nonlinear model of the SRM,
which incorporates both the motor and the commutation process. A nonlinear
state observer is integrated into the system to reduce the need for physical
measurement equipment. The stability of the proposed system is proven using
the Lyapunov criterion. Simulation results demonstrate that the backstepping
sliding mode controller, synthesized from the proposed nonlinear model and
combined with the state observer, achieves performance comparable to that of
a sensor-based drive system. These results open up the potential for further
development of sensorless switched reluctance motor drives in the future.
Keywords: switched reluctance motor, SRM, combined nonlinear model,
backstepping sliding, observer
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Tém tat: Dong co tir tré chuyén mach & déng co ¢6 nhiéu wu diém ndi bat,
dan dwoc rng dung réng rai trong céng nghiép va gia dung. Tuy nhién, déng
co tir tré chuyén mach cé tinh phi tuyén rat manh, khé diéu khién, cAn mot bod
didu khién phi tuyén nhdm cai thién chat lwong clia hé truyén dong. Ddng thoi,
dé tdng hop dwoc thuat toan didu khién chinh xac, mé hinh toan cla hé truyén
doéng dong co tr tré chuy&n mach can day da. Bai bao nay trinh bay thuat toan
diéu khién truot backstepping duoc tdng hop tir mé hinh phi tuyén toan dién
cla dong co ti tré chuyén mach — |a md hinh két hop gira bd chuyén mach
va dong co. Bo quan sat trang thai phi tuyén dwoc st dung trong hé thdng
nhdm gidm thiéu thiét bi do lwong. Tinh dn dinh cta hé théng dwoc chirng
minh bang tiéu chuan Lyapunov. Két qua mé phdng cho thay bod diéu khién
trwot backstepping dwoc tdng hop tir mé hinh phi tuyén mai két hop bd quan
sat trang thai cho chat lwong twong dwong véi hé truyén ddng dung cadm bién.
Két qua nay mé ra trién vong phat trién hé truyén déng déng co tir tré khéng
st dung cam bién trong twong lai.

Tw khéa: dong co t tré chuyén mach, SRM, mé hinh phi tuyén két hop, truot
backstepping, bd quan sat

1. Giéi thiéu

Pong co tir tré chuyén mach (SRM) phat
trién tr rat sém va dwoc biét dén voi wu diém la
céu truc don gian, gia thanh ché tao thap, mé men
kh&i dong I&n, kha ndng lam viéc 6n dinh cao,...[1-
2]. Chinh vi wu diém nay, SRM dan dwoc ap dung
phd bién hon, nhét |4 trong Iinh virc xe dién du lich.
Tuy nhién, han ché cla loai ddng co nay la tiéng

toan hoc ctia SRM [3-6], cac nghién ctru nay hau
nhw dirng lai & md hinh toan cda riéng dong co.
Diéu nay da vd hinh dung bd qua tinh phi tuyén do
bd converter tao ra. Nghién clru ciia nhém tac gia
Rigatos lan dau céng bd md hinh ctia SRM trong
[7], 1@ md hinh gdp ca doéng co va bd khoa chuyén
mach. Tuy nhién, tac gia Rigatos da mé hinh hoéa
SRM thanh mé hinh tuyén tinh d& ap dung thuéat
toan tuyén tinh vé cuc H.

on va md men dap mach Ién, diéu khién phure tap,

d&c tinh phi tuyén cao. Nguyén nhan ctia SRM ¢
tinh phi tuyén manh 1a do c4u tao vén c6 cla no,
két hop v&i bd converte chuyén mach 1an lwot cac
pha, dan dén tinh phi tuyén bi cong hudng tang
lén. Mot sé nghién ctvru gan day dwa ra mé hinh

Ké thira nghién clru [7], tac gid bai bao nay
gitr nguyén mé hinh phi tuyén két hop ctia SRM,
sau do st dung ky thuat diéu khién phi tuyén nham
muc dich nang cao chat lwong diéu khién cho hé
truyén dong SRM. M6t sé cong trinh cla cac tac
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gid coéng bb trong [8-10] da sir dung thuat toan phi
tuyén Backstepping. Tuy nhién, nhan thy nhuwoc
diém con ton tai cGa thuat toan diéu khién
Backstepping la kha nang thich &ng v&i nhiéu tai
cham, do d6, bo diéu khién trwot két hop
Backstepping dwoc Iwa chon. Vi vay, trong bai bao
nay, thuat toan diéu khién trwot backstepping dwoc
tac gia str dung nham cai thién van dé trén va nang
cao chét lwong diéu khién ngay ca khi hé théng
chiu anh hwéng cla nhiéu ngoai tac déng. Mat
khac, trong diéu khién SRM khoéng can cam bién
dang nhan dwoc sw quan tdm nghién clru clia cac
nha khoa hoc. Nhiéu céng trinh céng bd vé diéu
khién SRM sir dung cac bd wéc lwong vi tri, tr
thdng, dong dién [11-14]. Viéc giam thiéu cac thiét
bi do lwérng goép phan cai tién hé théng, gidm chi
phi, gid thanh cho hé thdng truyén dong SRM.
Nham kh&c phuc nhitng van dé ton dong trén,
trong bai bao, tac gia thiét ké thuat toan diéu khién
trwot backstepping dé diéu khién 6n dinh tbc do
cho SRM, két hop dung bd quan sat (QS) trang thai
nham gidm cac thiét bj do vj tri, tbc d6. Phan mém
Matlab/Simulink dwoc st dung dé mé phéng nham
kiém chirng két qua.

Céac két quéd md phdng da khang dinh tinh
phu hop clia bd diéu khién va chat lwong diéu
khién dwoc ddm bao gitra hé théng diéu khién st
dung bd QS trang thai va hé thdng do truc tiép.
Khac voi cac nghién clru trwde, bai bao nay s
dung mé hinh phi tuyén két hop va tich hop déng
thdi backstepping, sliding mode va bd quan sat
trang thai, gilp nang cao kha nang chéng nhiéu va
loai bd cdm bién trong hé truyén dong SRM. Sau
phan gidi thiéu chung, bai bao trinh bay lai mé hinh
toan clia hé truyén déng SRM trong phan 2. Phan
3 trinh bay thuat toan diéu khién trwot backtepping
va bd QS trang thai. Phan 4 1a két qua md phéng
va danh gia. Cubi cung la phan két luan cua bai
bao.

2. M6 hinh két hop ctia déng co’ tir tré chuyén
mach

Phi

M6 hinh toan ctia SRM va qua trinh hoat
déng chuyén pha cta bd drive dwoc két hop trong
cung mét mo hinh toan goi la md hinh toan két hop
(MHKH) ciia SRM da dwgc dwa ra trong [7]. MO
hinh két hop phi tuyén cia SRM dwoc xay dwng
trong [8] bang cach gilr nguyén thanh phan phi
tuyén cua [7]. Do d6, trong bai bao nay chi trinh
bay ngan gon MHKH ctia SRM.

M6 hinh toan cia SRM duoc xay dwng dwa
trén cac phwong trinh cia may dién co ban nhw
sau:

dw:
U=R.i+
AW
d%e
&J ?:Te'TI
trong do j =1, 2, 3, 4. (xét v&i SRM 4 pha)
ujla dién ap clta pha j
R la dién tré pha j
ij1a dong dién pha j
y; tr thdng pha j, dwgc xac dinh:
T .
l.|Jj=f0 (v;-R.ij)dt (2)
Wj la dbi nang lwong twr trwdng, dwoc xac
dinh:
OW;(8,i)= f; w0 (3)
Te 1a mbé men mét pha
T, 1a m6 men tai
J Ia mé men quan tinh

Phwong trinh trang thai khéng gian cia SRM
nhw sau:

)
dt

dw _1 .
pr 3{214:1 Ti(6,i)-T\(6,w)} (4)
dt _'(aij ) (R'i+ 20 w) * (aij) Y
Sau day, bai bao sé trinh bay mé hinh trang

thai hé truyén déng SRM, dwa trén [7]. SRM duoc
phan tich & day |a SRM 8/6, cé véc to cac bién
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trang thai lan lwot 1a
X=[e!w’i1 ’i2’i3’i4]T=[X1 ’XZ!X3!X4!X5!X6]T'
Bboéng co cé phwong trinh:
X»] =X (5)

o1
X2 7IT1(8,%3)+T2(8,%4)+T5(8,x5)+ T4(8,%5)-

Ti(x1,%2)]

I Ws of1(x1) Xaf1(x1)14]
-1+ 3MX1) L4
o) o “EENA{A-[1+x3f4 (x1)]e }

Ws ofa(x1) -x4f2(x1)
-[1+x,f 412(X1) L4
f2( 0 ] Nr{1 [1 X4 2(X1 )]e }

l“s of3(x1) ) o) 5
2o o N1 s fa(xq e ot} | (O)

LIJS 3f4 X1) _ « f (X )
f4(x1) X1 N{1 [1+X6f4(X1)]e 614 1}

&-Bx,-mglsin (x4)
Va X3,X4,X5,Xg AQc xac dinh nhw sau:

[SNTEN

-1 -1
X; +2:[Lp e'Xj+2fj(X1)f. (X1) ] uJ.J,[_LIJ eXj2fj(x1 )fJ.(X1 )]

[(LIJ ) ( af,(xﬂ) X2+RXJ+2] (7)
& do:
:f7i1=bNrcos (Nexs-G-1) %) (8)

T (6) ta dat;

TWs i) ) xpeofi(x1)
g(x)= [fz(x) ) (1w 1}]

()= Ys Aixa) ¢ o Xjr2fi(x1)
hy(x) J[sz(m ) {ixye vt 1}]

Phwong trinh (6) dwoc biéu dién lai:

%27 Tt [g () hi(X)xie2] -5 x0- T2 sin (x1) (9)
Pao ham (9) theo thdi gian:
%= Tk [8 ()R )K 2 hy (K12 -5

2 cos(x1 )4 (10)

Tir (7), ta dat:

o [eRka ()
Py (X)=[-p, =005 )] (1)
Xj+2 ox X2

oy (x)=[w,e™210E ()]
Phwong trinh (7) dwoc biéu dién lai nhw sau:
Xj+2=P, (X, (X)uy (11)
Thay (11) vao (10), ta cé:

Phi

%2= Tkt 4,000y (02 +hi(X)p, (x)+hy(x)ay (x)uy | -
B

2 %o- ™2 cos(x ) (12)

SRM hoat ddng theo nguyén ly déng dién ap
lan lwot vao tirng pha. V&i SRM 8/6 c6 sb pha: 4,
ta c6 u;=kju; hé sé k; thay thé cho bo khoa chuyén
mach va nhan hai gia tri logic 1a 0 hoac 1.Phwong
trinh (12) dworc viét lai:
%2= Tk () +hi(x)x5.2+hy(x)p, ()] +
ik [hix)ay(x
Pat F(0=Zi [ g0+ thi()p )]
G00=T+ [(x)g(x)k]

Dang biéu dién khac cta (13) nhw sau:

]u-—xz-Tcos(x1) (13)

%2 =F (O+G(x)u->%p- "L cos(x)xy  (14)
bat:

f(x)=F(x)-= %o~ " cos(x; )k g(x)=G(x)  (15)
Ta cé:

%2 =f(x)+g(x)u (16)

Pé& qua trinh thiét ké bo diéu khién duwoc
thuan loi, d&t bién x,=z4, ta nhan dwgc md hinh
cua SRM nhuv sau:

724=2

om0 a00n (a7

Véi f(x),g(x) dwoe dinh nghia trong (15).

Bai toan dét ra la tdng hop bo diéu khién én
dinh tbc d6 SRM. V&i mé hinh trang thai phi tuyén
ctia SRM (17) & dang truyén ngwoc bac 2, hé chiu
anh hwdng cla nhiéu ngoai tac dong thi phwong
phap thiét k& két hop ky thuat backstepping véi
diéu khién trwot la phu hop.

3. Bo diéu khién trrot backstepping va bd quan
sat trang thai

B6 diéu khién trwot backstepping véi MHKH
cua SRM da dwoc trinh bay trong nghién ctru [9],
do dé6 trong phan 3, nhém tac gia trinh bay ngan
gon thuat toan diéu khién nay va tap trung trinh bay
thuat toan QS Luenberger dé quan sat cac bién
trang thai ctia hé théng gdm bién téc do, tir théng
va vi tri.
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31. Tong hop bd diéu khién
backstepping cho SRM

Trong phan 2, MHKH ciia SRM duoc md ta
& (17). Pay la mét MHKH dang truyén ngwoc bac
2. Vé&i ky thuat backstepping két hop trwot (SMC),
b6 diéu khién dwoc thiét ké theo hai buwéc:

Buwéc 1: Thiét k& theo phwong phap
Backstepping

bat

€1=21Z1g (18)

v&i z44 la toc dd dat

Pao ham e, theo thoi gian, ta co:

trwot

€1=21-214 (19)
Dat
€,=Z,-a (20)
V6i a 14 tin hiéu diéu khién ao
Khi do, ta co:

€1=21-21g=€+t0X1q  (21)
Dé xac dinh tin hiéu diéu khién a0 a dé
e1—0, ta chon ham Lyapunov thanh vién:
1
Vi=3ef (22)
Pao ham V; theo théi gian, ta co:

Vi=ei&1=eq(eta-Xqq)  (23)

DPé V,=-cie?+eeyc4>0 thi tin hiéu didu
khién &o a phai la

a=-C1€1+Z1g (24)

Buwdc 2: Thiét ké theo SMC

Binh nghia mat truot:

S=peqtey;u>0 (25)

Xac dinh tin hiéu diéu khién trwot u(t) ddm
bao hé kin &n dinh va sai léch bam vé 0. Ta dinh
nghia mot ham Lyapunov cho hé kin:

V=V +5 87 (26)
Pao ham V theo th&i gian, ta co:
V=V1 +SS
=-cie7+e1,+SS
=-c1e§+e1€,+S(Ué1+é)

=-ce5+e1€,+S(ué +f(X) +g(x)u-a)
trong do:

Vi =-cref +eqep S = (Uéq+€,); &y =

Phi
2o - o 2,=f(x)+g(X)u
Thi phai co:
©1€2+C2e5+S(Ksgn (S)+ué; +f(x)+g(x)u-
@)=0 (28)

Tin hiéu diéu khién:

ex(eq +cpep)  Ksgn(S) + péq +1f(x) - &
Sg(x) g(x) (29)

Dinh ly: Béng co tr tré chuyén mach cé md
hinh trang thai phi tuyén day da (17) dwoc diéu
khién bang bd diéu khién (29) dam bao hé kin 6n
dinh Lyapunov (6n dinh tiém can, cuc bd).

Chirng minh: Ta chirng minh theo tiéu chuan
Lyapunov nhuv sau:

V=V +: 87 (30)
Dao ham (30)
V=V, +SS=-c,e7+e e,+S(ué +&,)=
c1e7+e e +S(ué+(x)+g(x)u-) (31)
Thay u & (29) vao (31), dwoc
V =-ce?-ce3-KSsgn(S)<0 (32)
Nhuw vay, hé théng dam bao tinh 6n dinh.
3.2. B6 quan sat trang thai

3.2.1. Bd quan sat tir thong phi tuyén

M6 hinh QS tir théng dwoc biéu dién dusi
day. Dat bién trang thai mai:

W, .
4=-In(1- 2)= @i (33)
voi Y, la tir théng clia pha j
Theo phwong trinh dién déng lwc hoc cua
doéng co tr tré chuyén mach:
4= (-rij+ u) 9y(¢) (34)
. _ 1%
Vi g,(¢,)= et (@)
¢ = diag(-ri; +u))g(8)+ y ©(i)®' () (ai-p) (36)
9=, (1) (37)
véiiy >0

I®)=[g,® 9,@® 9@ 9,@)]
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i, 0
o i
0=
0 iy

3.2.2. B6 quan sat vi tri rotor
M6 hinh QS vij tri rotor dwogc trinh bay trong
phan nay. Ma tran Xs(i) dwoc tinh toan & [15]:

it O
~_ |0 i
X3(D=]_ s 0 (38)
0 -4
Ma tran G(i,¢) dwoc dinh nghia:
: v ] . (¢-a) _ [G1(i,9)
GG.0):=[XXs (D] XsT M:[1. 39
(1,0):=[Xz DXz M)] X5 () b |G, (i6) (39)
B6 QS vi tri rotor dwoc dwa ra nhw sau:
A_ 1 Ga(i.$)
=parctan | 2o (40)

3.2.3. B6 quan sat téc do

Bo QS téc d6 & phan nay dworc thiét ké dwa
trén phwong trinh (4) mé ta dong co SRM, va vi tri
rotor dwoc quan sat & phan trén. Buwdc dau tién
cla qua trinh thiét k& bo QS la xap xi md men tai.
Sau d6 bd QS Luenberger duoc thiét ké dé quan
sat téc do.

Trwdc hét xac dinh bo loc nhw sau:

Phi

1
G(p)=(TpT)2 (41)

trong d6 p=%vé T>0 la hang s thdi gian loc.

M6 men tai xap xi dwoc dwa ra dwéi cong
thire sau:

#, = G(p)Te(1,6)-Jp*G(p)8 (42)

Dwa trén phwong trinh (4) mé ta dong co
SRM b QS duworc thiét ké:
& _&a & A). & & A 1 LA\ 2
X1=Xo-l4 (X1 -9), X2:-|2(X1 -9)+3 [TE (I,e)-TL] (43)

VGi %,=0, l4,1,>0, £, tinh & (42), B thiét ké &
bé QS gobc rotor & (40).

Tinh dung dén cla cac bd QS t théng, toc
do va vi tri da dwoc chirng minh & [15].
3.2.4. So do diéu khién hé théng

Hé théng diéu khién (HTDK) cho SRM c6 ciu
tric dwoc biéu dién trong hinh 1. Bd diéu khién
dwoc thue hién véi gia thiét cac bién tr thong, tdc
dé dwoc quan sat, con cac bién dong dién va dién
ap duvoc do lwdng.

)
LQ_“’_ Bs K " J;.;grg__;l :-lze:[:
Truot-Backsteppin 3
& - PPine mach
LE0]
— - - h — |
i |u Y= [4’1 Yo s E1D4—| Tn']_h
L ] i i i toan
P = |—J_1 j_z r_3 L}'IT
“ : = Uz Ug|T
Boquansat [U= [ w2 Uz 4]
- trang thai T,
(44 ] 4

Hinh 1. CAu tric HTBDK SRM

4. Két qua mod phong kiém chirng

Théng sb md phdng cla hé théng bao gém:
J =6,8 x 10% (kgm?); R = 0,05 (Q); Nr = 6; Ns = 8;
a=1,5x 103 (H); b= 1,364 x 103(H); B = 0,2; ¢1=2;

c2=0,1; 1 = 2 (m). Pdng co SRM cong suét 1,2 kW
— 4 pha, tdc dd 3000 vong/phat. Hinh 2, hinh 3,
hinh 4 1an lwot 1a két qué md phdng cac bién trang
thai quan sat dwoc gébm: tir théng, tbc d6 va vi tri
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rotor. Cac két qua thu dwoc gébm bién trang thai tir
thdng, vi tri rotor, tbc do cho két qua sat vai gia tri
do trwc tiép véi gia tri sai sd nhd. Gia tri sai sb gitva
tir thong thye va tir théng QS rat nhd, chi 0,03 Wb
(khoang 5%).

Trong khi d6, sai sb gitra vi tri rotor thuc v&i
vi tri rotor QS Ia bang 0. Sai sb vé téc do ctia dong

‘ ® ‘

0.3

0.25 -

0.15

Tir théng(Wh)
<>
~

S
=

Sai léch tir thong(Wb)
<>

0 0.05 0.1 0.15 0.2
Thoi gian(s)

Phi

co gitra tbc d6 thwe véi tbc do QS dwoc thé hién &
hinh 4 ciing la bang 0 khi tbc d6 dong co dat trang
thai xac 1ap. Nhw vay, bé QS cac bién trang thai phi
tuyén cia SRM duwoc xay dwng da dam bao tinh
chinh xac dé co thé str dung trong HTPK thay thé
cho cac bién trang thai phai do hodc tinh toan truc
tiép.

0.2 ®)

0.1

0 0.05 0.1 0.15 0.2
Thoi gian(s)

Hinh 2. Gia tri ttr thong

‘ (a) 5 (b)
157 == Vi tri rotor
=== Vi tri rotor quan sat
g 154
S10t £
e g 1
= =
= 5/ &
205"
0 . . 0 .
(] 0.5 1 1.5 0 0.5 1 1.5
Thoi gian(s) Thaoi gian(s)
Hinh 4. Gia trj tbc do
25
—
“'?-2 Ty
-c 20 o= wnaf ¥
= ,“
ot A
o
= === smc-btp-quan sat
215+ _ P-q
=1 sme-btp
= = Toc df goc dit
210
5 L
0 L
0 0.5 2

Thoi 1gian (s)

Hinh 5. DUTD & tdc do 20 rad/s
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Trwong hop nhiéu tin hiéu diéu khién dang  thay ddi tbc do dat & thoi diém 1s, dwdng dac tinh
xung tac dong tai thoi diém 1s, DPUTD cla hai hé  téc dd cla hai hé théng dwoc thé hién trong hinh 6
thdng smc-btp-quan sat va smc-btp & daitbc ddla  va 7. Hinh 6 1a téc dd dat thay déi tr 90 rad/s gidm
20 rad/s twong &ng v&i hinh 5. Céc chi tiéu chadt  xubng 60 rad/s. Hinh 7 la tbc do dat tang tir 30
lwong diéu khién dwoc trinh bay & bang 1, xét &  rad/s 1én 45 rad/s. Chét lwgng diéu khién duoc thé
giai doan nhiéu tai thdi diém 1s. Trwdng hop co sy hién & bang 2, xét & thdi diém thay ddi téc dd dat.

Bang 1. Chét lwong diéu khién clia hai hé thdng & téc do dét 20 rad/s

Bo diéu khién Do qua diéu chinh Thoi gian quéa dd Sai sb xac lap
smc-btp-quan sat 5% 0,05s 0
smc-btp 8% 0,2s 0
Bang 2. Chét lwong diéu khién clia hai hé thdng khi thay ddi tbc do dst
Téc do thay dbi 30 rad/s lén 45 rad/s 90 rad/s xubng 60 rad/s
Bo diéu khién smc-btp smc-btp-quan sat smc-btp smc-btp-quan sat
Do qué diéu chinh 0% 0% 0% 0%
Thoi gian qua dé 0,3s 0,3s 0,5s 0,5s
Sai sb xac lap 0 0 0 0
100
7;; 80 L G o.‘ I
5 & 1
&
=607 L - =
<
=
@ L **=smc-btp-quan sat
’g 40 ==smc-btp
2 = Téc d§ goc dit
=20t
0

0 0:5 1 1:5 2 2I.5 3
Théi gian (s)
Hinh 6. DU'TD khi gia tri dat giam
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40 !
o~ |
Ed
= 1
230 =
o Aol
‘gn *** smc-btp-quan sat
- ==smc-btp
=207 — Téc a6 goc st
2
[

10+

0
0 0.5 15 2

Thoi glian (s)
Hinh 7. BUTD khi gia tri dat tang
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Trwong hop cé sw thay ddi tai & thdi diém 1s,
dwéng dac tinh téc do cla hai hé théng dwoc thé
hién trong hinh 8a va 8b. Hinh 8a BUTD trong
trwdng hop gidm tai twong ng & cap téc dd 50
rad/s. Hinh 8b la BUTD trong trwdng hop tang tai
twong (rng & cap téc dd 35 rad/s. Chét lwong diéu
khién dwoc thé hién & bang 3. Cac két qua cho
thay, hé thdng str dung b diéu khién Backstepping
Sliding quan sat cho chét lwong twong dwong bo

60
50— -7
z )
=
:_E,‘"J »==sme-btp-quan sit
o ==sme-bip
..{?:30 = Tie goc d dat
(%l
o 20
s
-
10+
0
0 0.5 1 13 2
Théri gian (s)
(a)

Phi

didu khién Backstepping Sliding. Dac biét, &
trwdng hop thay déi téc do dat, HTPK smc-btp-
quan sat cho thdy chét lwong diéu khién ngang
bang v&i HTDK smc-btp v&i cac bién trang thai do
truc tiép.

Két qua nay da khang dinh tinh chinh xac cta
bd quan sat trang thai phi tuyén ciing nhw chét
lwong cltia hé théng diéu khién &n dinh téc d6 hé
truyén dong SRM thiéu cam bién.

40
Z30
=
-
= “*= sme-bip- quan sit
u ==smc-hip
20 = Tée d goe dat
%l
"‘g
= 10
U 1 1
0 0.5 1 1.5 2
Thivi gian (s)

(b)

Hinh 8. DU'TD khi giam va tang tai
Bang 3. Chét lwong didu khién cta hai hé théng khi gidm va tang tai

Tai thay dbi Tbc dd 50 rad/s va giam tai & 1s Téc d6 35 rad/s va tang tai & 1s
Bo diéu khién smc-btp smc-btp-quan sat smc-btp smc-btp-quan sat
D qua diéu chinh 7,5% 8% 8,5% 10%
Thoi gian qua dé 0,26s 0,26s 0,3s 0,3s
Sai sb xac lap 0 0 0 0
6. Két luan Challenges, and Future trends of model

Bo diéu khién Backstepping Sliding duwoc
tdng hop dua trén mé hinh phi tuyén két hop cda
hé truyén dong dong co tir tré chuyén mach cho
chét lwong diéu khién tét. Dong thdi, bd quan sat
cac bién trang thai trong hé thdng diéu khién thiéu
cam bién cho két qua twong dwong hé théng voi
cac bién dwoc do truc tiép. Didu nay mé ra trién
vong phat trién hé truyén déng SRM khéng can
thiét bi do, gidm chi phi hé théng trong twong lai.
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