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Tém tiit - Dong co tir trd chuyén mach (SRM) v&i nhidu vu diém
nhung khé diéu khién boi dong co co tinh phi tuyén rt manh. Bai
béo trinh bay mét phuong phap tbng hop bo diu khién cho SRM
dua trén ky thudt didu khién phi tuyén backstepping. B didu
khién nay 1an ddu tién duoc 4p dung cho SRM ¢ mé hinh toén la
su két hop cua ca khoa chuyén mach va dong co trong cling mot
mo6 hinh. M6 hinh két hop ciia SRM gép phéan giam anh huéng
ctia tinh phi tuyén do b khoa chuyén mach, tang tinh chinh xac
trong diéu khién dong co nay. Tinh én dinh cia vong didu khién
duogc phan tich dya trén tiéu chuén én dinh Lyapunov. Két qua
mo phong thyc hién trén Matlab/Simulink khéng dinh tinh chinh
xéc ciia mod hinh két hop va chit lugng ciia hé thng diéu khién
backstepping.

Tir khéa - Pong co tir tré chuyén mach (SRM); K§ thudt
Backstepping; M6 hinh két hop; Lyapunov

1. Gidi thi¢u

Dong co tur tro chuyén mach (SRM) la dong co dién co
nhiéu vu diém ndi tréi nhu chi phi ché tao thép, cAu tao don
gian, rotor khong c6 diy quin nén cho phép nhiét do lam
viéc cao, md men khai dong 16m,... [1-3]. Do céu trac vén
¢6 ciia SRM va nguyén 1y diéu khién khién dong ngit lién
tuc gitra cac pha lam cho SRM c6 tinh phi tuyén manh.
Nhiéu cong trinh dira ra mo hinh cho dong co tir trg chuyén
mach & ca dang mé hinh phi tuyén va mé hinh tuyén [4-9].
Cong trinh [7] lan dau tién dwa ra dugec md hinh dong hoc
cho dong co tir tré chuyén mach duoc két hop véi cac khoa
chuyén mach trong mot mo hinh. Péang tiéc, tac gia cia
cong trinh nay lai tuyén tinh hoa m6 hinh dong luc hoc cia
SRM tir mé hinh két hop nham st dung cac phuong phép
téng hop bo didu khién tuyén tinh cho SRM.

Mot vai nghién ctru [10-16] tong hop bo diéu khién ap
dung ky thuat didu khién phi tuyen nhu trugt,
backstepping,... cho dong co tir tré' chuyén mach. Nhung
cac mo hinh str dung dé tong hop bo diéu khién cho SRM
dén nay chi dimg lai & m6 hinh truyén thong, d6 1a mé hinh
toan cua dong co tr trd dugc tach riéng voi md hinh bo
khoa chuyén mach (converter).

Dé giam bét nhitng sai s do qua trinh tuyén tinh hoa
mo hinh, trong bai b4o nay, nhom tac gia dé xuét ap dung

Abstract - Switched Reluctance Motor (SRM) has many
advantages with very strong nonlinearity, hence it is difficult to
control. The paper presents a method to design a nonlinear
controller for SRM based on backstepping nonlinear control
technique. This controller is first applied to SRM which its
mathematical model is a combination of both the commutator and
the motor in the same model. The combination model of SRM
contributes to reduce the influence of nonlinearity due to the
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phuong phap thiét ké dwa trén k¥ thuat backstepping ap
dung v6i md hinh két hgp SRM. Cac ket qua nghién ctru
dugc kiém chung thong qua mo phong sb.

2. M6 hinh toan két hop ciia dong co tir tré' chuyén
mach
Mo hin}l todn cua dong co tur tro chuyén mach dugc
su dung d¢ tong hop bd diéu khién dudi dang phuong
trinh vi phén trén co s¢ cac phuong trinh co ban cia may
dién. Bong 11_19 hoc cua dong co tur tré bao gom cac
phuong trinh vé dién 4p, phuong trinh moé men va phuong
trinh co.
Phuong trinh vi phdn mé td SRM véi m pha c6 dang sau:
dy. dy;
1
m @
Trongdo:j=1,2, ..., m;
uj la dién ap cua pha j;

u—Rl

R 1a dién trd pha j;
ij 1a dong dién pha j;
wj tr thong pha j.
_ Tu phuong trinh (1), tir théng cua mdt pha bat ky dugc
bicu dien:
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T

Vi :I(uj

0

—Ri,)dt @)

Tur thong yj phu thude vao ca dong dién ij va goc 6, nén
n6 duoc biéu dién day du hon nhur sau: w;(ij, 6).

Phuong trinh déc tinh co cuia SRM:
d?e
e =T,-T, (3)
Trong d6, Te la mé men mot pha; Ti la md men tai; J la md
men quan tinh.

Theo nguyén ly chuyen d6i nang lugng xay ra trong
dong co tir tré chuyén mach, md men sinh ra chinh bang

bién thién dbi nang lugng tir trudng (W J-) trong cudn day

stator theo vi tri goc rotor.

W,
T @i, )_W (4)
& do: awji(e,ij)zjwj(e,ij)dij (5)

M6 men trong SRM 1a ham phi tuyén theo dong dién
ncu mach tur 1a tuyén tinh. Khi d6, mo men tong sinh ra
chinh bang tong mo6 men ¢ céc pha:

m
T, (0,0, 15,..0,0,) =D T,(6,1)) (6)
=1

Dé diéu khién dugc dong co tu tro chuyén mach, chiing
ta can xac dinh dugc dac tinh tir thong w; (6, i;) cang chinh
xac cang tot. B¢ thuan tién trong qua trinh nghién ctu, phat
trién cac thuat toan dicu khién, dac tinh tir thong co thé
duogc xap xi 1a mot ham lién tuc [7], nhu sau:

v, (0,i) =y, 1-e"") (7)

voij=1,2, ..., m; s la tir thong bao hoa.

Nhin chung, do cAu tao dic biét cia SRM nén su hoat
dong cuia dong co nay khong gidng nhu cac dong co dién
thong thuong. Rotor cua dong co tir tré chuyén mach quay
timg goc roi rac nén ham (6) c¢6 thé duge biéu dién bang
chudi Fourier:

f,(0) = a+Z{b sin[nN,0—(j - 1) ]
- 8
+cncos[nNr¢9—(j—1)F]}

& d6, Ny 1a sb cuc rotor, va néu bo qua cac thanh ph??m bac
cao hon trong chudi Fourier [8], ta thu dugc ham (8) don
gian hon:

. . 2z
fj(é?):a+bS|n[Nr0—(j—1)E] 9)
Mo men cua pha j dugc biéu dién nhu sau [9]:

T,(0,i)) = = @, 9)

~ij1;(0)
t20) do — o {-[L+i;f(0)]e "} (10)

Phuong trinh khong gian trang thai cua dong co tir tr¢
chuyén mach, bao gém cac phuong trinh sau:

40 _
dt

do 1|3 ;
EZF{ETJ (91|)_T|(91a))}

-1
di, oy, 0 ow.
—’:—L Ri; + V/‘a)+L u;
dt 0i; 00 0i;

M6 hinh trang thai hé truyén dong dong co tir tré
chuyén mach dugc trinh bay dudi day dua trén [7]. Xét voi
dong co tir tré chuyén mach c6 m=4 pha, véc to trang thai

(11)

& x=[6,0,i,i,i5i,]" =[X,%, X5, X, X5, X, ]' . Phuong
trinh trang thai ciia dong co:
X =X, (12)

X, = %[Tl(e, X3) +T,(0,%,) +T,(0, %) +T,(6,%) =T, (X, Xz)]

—sz —mglsin(x,)

(13)
(vt fl(Xi)T[RXg (o) (% ) sz
[y 100]

X

(14)
=[we 00 | Ri + (w9 (x, 2, |

e 100,
(15)

= (v 1,00 ] R+ (e ) (6 B2, |

+ [wsefxs f3(%) f, (Xl):|71 u,
(16)

e (0] TR+ () (1, 22, ]

-1
+ [y e )]y,
(17
o do:

ﬁ:bN,cos(N,xl—(j—l)z—”) (18)
X, m

Luuy re:“mg, trong md ta khong gian trang thai trén Bx;
la thanh phan d6i 14p v6i chuyén dong quay, trong khi mgl
la m6 men tai co hoc.

Tur (13) ta dat:
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-2 & ‘”&1 ; 6fai1x1) {1—ex3’1(x1>}}
0.(0=1 _f‘”& el r{_fl(xl)e%(xl,}}
Pk ]
gb@%};”(;) e o)
o
M% f‘”(;) a;if” r{l—ew}
- ]

Phuong trinh (13) c6 thé viét lai thanh:
% =[ 1,00+ 9. (0%, ]+ [ 1,(X) + 9, (X)x,]

H1.00+ 8.0 +[1,(0+ 8, (90%, ], - "sin(x)

19

Vi phan phuong trinh (19) theo thoi gian, ta dugc: o
% =[ £.03)+6.00% +0, ()% |+
[ £,00+0,00%, +9, ()%, |+

[ £.00+9. (0% +9. ()% |+ (20)

[0+ 94 (0% + 94 ()% |

B. mgl .

—— X, ———CO0S

7% ()%

Tir phwong trinh (14) dén (17), ta dit:

L RX3+(V/SeX3f1(X1))]

P () = ~p.e *H W (x) | L 1, 8452
5 2

3 ox

6.0 =[w.e " £,00) ]

| R (e
Py (X) = [~wie ", (x)] {(X 4afz<(x1>) . )]
2

4 ox

6, (0 =[ e ™ £, (%) ]

1| R% +(‘/’se_XSf3(X1) )]

[y, a*sfx) h
P00 =[pe 00 Lxﬁaﬁ?)xz

0. () =[ e 1, 00) ]

o, (%))
(% 2522)x,

Rx + (e ")
P (%) = ~we ", () | { ( )}
Ay () = [y @ 1,00)]
Ta viét lai phuong trinh (14) dén (17) nhu sau:
% = P, (X) +0, (),
X4 =Py (X) +q, (X)uz
X5 = P, (X)+ 0. (X)u,
X = Py (X) +04 (X)u,
Thay (21) vao (20), ta c6:
%, =[ £,00+8.00% + 9, (x) p, (x) + 9, ()7, (¥)u, |+
f, () + 6, ()%, + 8, () B, (X) + 9, (X)a, (X, |+
(%) + 9, ()% + 9. (X) P, () + 9 (X), (XU, |+

I
Lf.
[ 1400+ 05 ()% + g (X) Py (X) + 9 ()l (XU, |-
B
J

(1)

I P

(22)

bong co tu trd chuyén mach hqat d(f)ng duoc voi
nguyén ly cap dién ap cho ting pha. Néu xét s6 pha la 4, ta
duogc u; =k;u, (v6ij=1, 2, 3, 4); kjla khoa chuyen pha nén

chi nhan 2 gid trj 14 0 hodic 1. Phuong trinh (22) ¢6 thé biéu
dién lai nhu sau:
f, () + 9, 00% + 9, () P, 00 + f,(X) + G, ()%,
%,=| +8y (X) Py () + £ (X) + 4, ()% + G, (X) P (X) +
fy (X) + G (X)X + 94 (X) Py (X)
+{ga(z)qa(z)k1 + 8, (X)0, (0, + 9. (X), (z)kﬂ
+94(X)qq (X)K,

B. mgl .
7% —TCOS(xl)Xl
(23)
Bang cach dat ham:
f,(0)+8,(0)%; + 9, (X)p, (X) + f,(X) + G, (X)X, |
FOO)=| +0, (X) Py (X) + F,(X) + G, (X)X + 9, (X) . (X) +
fy (%) + 95 ()% + 94 () Py (x) |
Va:
s @){ga(z)qa(z)kl + 8, ()0, (XK, + 9, (X)q, (X )ks
+0, (X4, (XK, i
Ta thu dugc dang khac cua phuong trinh (23) nhu sau:
X, F(_)+G(x)— X, —Tcos(xl)x1 (24)
bat:
Croo- B Mol
f(x) =F(x) 7% cos(%,)% 25)
g(x) =G(x)

Ta co:
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X, = f(x)+g(x)u (26)

Dé thuan lgi cho viée thiét ké, ta biéu dién (26) dudi
dang mo6 hinh trang thai. Bat x, =z, ta 6 md hinh trang
thai cia SRM:

(27)

=1,
z,=f(x)+g(x)u
voi f(x),g(x) dugc dinh nghia 6 (25).

Mo hinh (27) hoan toan phu hop s dung ky thuét
backstepping dé thiét ké b dieéu khién.

3. Tong hgp bd diéu khién backstepping cho SRM
3.1. Thugt todn diéu khién backstepping

Trong ph?{n 2 cua béi bao, md hinh dong lyc hoc cta
SRM dugc bicu dien bang mo hinh trang thai (27):

3,=1,
28
{z =f(x)+g(x)u (28)
D6 1a mo hinh hé phi tuyen‘ truyén nguoc chit bac 2.
Theo ky thuét backstepping ta can thyuc hién hai bugce thiét
ké cho hé thong nay.
Bute 1: Goi sai 1éch bam toc do dit z, = o, 12 e, ,taco:

€ =2-1 (29)
Dao ham e, theo thoi gian ta dugc:
6 =2,-2,=2,-12, (30)

Pit e, =z, —a,, trong 46 «, 1a tin hidu diéu khién ao
cho hé con thu nhét
Thay vao (30) ta dugc:
& =2-12,=2,-1, =¢,+a, — 1,

(31)
Dé xac dinh tin hiéu diéu khién 40 dam bao e;—0 ta
chon ham Lyapunov

1
V, =€ (32)
2
Pao ham V, theo thoi gian ta duogc:
Vi =eg =g (et -2 )=—ce +ee, (33

Dé c6 (33) thi tin hiéu diéu khién o0 ¢6 dang nhu sau:
o) =— 1e1+2d (34)
Trong do, ¢, 1a hang s duong. Dé e, -0 thi e, >0
Buoc 2:

e,=2,-a (35)
Dao ham e, theo thoi gian ta dugc:

6, =2,-a (36)
Tu (28) ta co

é,=2,—c="f(x)+g(x)u— (37)

Pé x4c dinh tin hiéu diéu khién u dam bao e, -0, ta
chon ham Lyapunov:

1 &

V, =V, += 38
5 (38)

Pao ham theo thoi gian ta duogc:

V, =V, +6,6, (39)
Thé biéu thirc (33) va (37) vao (39) thu duoc:
V, =—cef +ee, +e,[ f(x)+g(x)u-d, | (40)
Chon tin hiéu diéu khién cho hé tir (40):
-ce,—e —| f(X)-a
__ 2 & |: (_) 1:| (41)

g(x)

v6i ¢, 1a hing s6 duong va:

gt 242

TR R J’
:, 0T, (6.i)) dT,
+a); = -B ot
-1
1T, (Q*ij) oy (B’ii)
_ = K.
W-72—5 ai) J

Dinh Iy: SRM ¢6 m6 hinh trang thai (28) duoc didu
khién bang bd dicu khién backstepping (41). Trong do,
¢,,C, la cic hang s duong dam bao hé kin 6n dinh

Lyapunov (diéu kién g(x)=0).
Chirng minh:

Chon ham Lyapunov cho h¢ kin c6 dang nhu sau:

1 1
Vv :E(elz +e§):vl+§e22 =V, (42)
Pao ham V theo thoi gian ta dugc:
V=—ce +ee,+e[ f(x)+g(X)u-a,] (43)

Thay u tir biéu thirc (41) vao (43) ta duoc

V=-—ce+ee, +e [f c,e,—e —| f(x)

dl]—dl]

(44)

V =—cg’-ce’<0

Vay diéu can chimng minh d dugc chimg minh.
3.2. Céu triic hé thong diéu khién SRM

w
wg € Backstepping u
Controller SEM
w
L
i=[iy & 3 L)

u=[u; u, Us U)T

Hinh 1. Cdu triic diéu khién SRM sir dung Backstepping

Chu trac hé thong didu khién SRM véi dau vao la gia
tri dat tbc do, ddu vao bo diéu khién backstepping la sai s0
toc d9, dién ap, dong dién va tir thong dugce thé hién trong
Hinh 1. Trong Hinh 1, bé diéu khién backstepping dugc
xdy dung trong Phan 3.1 v6i tin hidu diéu khién u trong
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biéu thuc (41). Pbi twong diéu khién chinh 1a SRM, mb
hinh SRM thé hién trong biéu thirc (28). Véi hé thng nay,
phan héi tbc do dugc do bang encoder, dong dién va dién
ap cac pha dugc do bang cac cam bién dong va ap. Gia tri
tu thong dugc xac dinh dya trén phuong trinh (7) véi cac
gia tri tire thoi theo tirng dong dién va vi tri rotor. Tin hiéu
diéu khién (41) dugc dua vao md hinh toan SRM 1a mé
hinh két hop ca khoa chuyén mach va dong co trong ciing
mot mo hinh (28). Cac két qua dugc kiém ching thong qua
mo phong trén phan mém Matlab/ Simulink véi nhiéu
truong hop khac nhau.
4. M6 phéng kiém chirng

Céc két qua mo phong duogc thuc hién trén phan mém
Matlab Simulink. Vi mét sé cac thong sé6 SRM va tham
s6 lura chon cua bo diéu khién biéu dién trong Bang 1.
Bing 1. Bing mét s6 thong sé mé hinh SRM VA bj diéu khién [17]

S4 cuc rotor N, =6

H¢ s0 m6 men quan tinh

J =6,8x10° (kgm’)

Heé s6 tinh tir théng

a=15x107(H)

Hé s6 tinh tir théng

b=1,364x10"°(H)

) cuc stator Ns =8

Dién tré pha R=0,05(Q)

Hé s6 ma sat B=0,2
c,=01 c=2

Dé danh gia chat lugng cua bd diéu khién backstepping
v6i mo hinh két hop ciia SRM, tac gia kiém chimg tinh 6n
dinh, kha nang bam tin hi¢u dat trong truong hop tde do dat

w, =30(rad /s) va w, =10cos(xt/3)(rad/s).

40
—Téc d6 goc
= Tbc do dat

s}

o
g
S 20

©

o

3

— 10+

0 I I |
0 0.5 1 1.5 2

Thoi gian(s)
Hinh 2. Ddp img téc do khi @, =30(rad /'s)

Truong hop toc d6 dat @, =30(rad /s) , thé hién trong
hinh 2, dép tmg téc d cho thdy chét lugng diéu khién tot
khi lugng qua diu chinh bang 0%, thoi gian qua d6 chi
0,6s, thoi gian dap ung chi mat 0,3s.

Truong hop toc do ddt , =10cos(zt/3)(rad /s), thé
hi¢n trong hinh 3, dap (mg tbc do cho thiy chét luong diéu
khién tot, tin hi¢u nhanh chong bam theo gia tri dat hinh sin.

Khi c6 nhidu tic dong 1én tin hi¢u diéu khién c6 dang
nhu hinh 4a, tin hiéu nhicu 1a 30V, x¢t tai thoi diem 1s, dap
Umng toc do trong truong hop nay bi mat 6n dinh khi luong
qua diéu chinh vot 1én 34,5 (rad/s) twong tmg 15%. Sau do,
chi mat thoi gian )géc lap 1a O,fls hé tbéng da on di‘nh (hir}h
4b). Nhu vay, chat lugng diéu khién cua bg dicu khién

backstepping kha tbt, dap ung duoc véi nhiéu.
15 :

Q)
©
0
153
k)
(o]
«O-
S
(o]
¥
l_ z
T =—Toc d6 goéc
15 = Téc do dat
-20 : : ,
0 0.5 1 1.5 2
Thoi gian(s)
Hinh 3. Dap img téc dp khi e, =10cos(zt/3)(rad / s)
40 T i
30 M 1
S
D 20
=
z
10 -
0
0 0.5 1 1.5 2
a) Thoi gian(s)

40 :
=—TGc d) goc
= Téc do dat

D30 = = - - _\—
S
e
g
S 20t
«O-
kel
<
= 10
0 ‘
0 0.5 1 1.5 2
b) Thoi gian(s)
Hinh 4. Bdp iimg toc dp khi w, =30(rad / s) véi nhiéu diéu khién
20

=—Thc d6 goc
= 1Téc do dat

-
o

Tbc d6 goc(rad/s)
o

0 05 1 15 2
Thoi gian(s)
Hinh 5. Ddp iimg téc dp khi e, =10cos(zt /3)(rad / s)
véi nhiéu diéu khién

Tuong tu, khi xét nhidu téc fi(f)ng 12 nhiéu tin hiéu diéu
khién (25V) nhu Hinh 4a, véi toc do dat co bién dang hinh
sin e, =10cos(zt/3)(rad /s), dap timg tdc d6 nhu trong
Hinh 5. Xét tai thoi diém 1s kich tin hi¢u nhiéu diéu khién,
toc d6 nhay vot tir 10 (rad/s) 1én 12 (rad/s), sau d6 nhanh
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chong bam theo quy dao dat. Bo diéu khién backstepping
mot 1an nita thé hién kha nang dicu khién tot voi ca tin hi¢u
dau vao c6 dang hinh sin.

50 T i
S
>
x@®
2
z

-50 ' '

0 0.5 1 1.5 2
a). Thoi gian(s)

40 T
=—To6c d6 goc
= Téc d6 dat

@ 30 pu= -

o

o

2

20t

O

S

3

= 10

0 L L 1 L
0 1 2 3 4 5
b) Thoi gian(s)
Hinh 6. Ddp iing toc dé khi a, =30(rad / S) véi nhiéu tring

20 |

=—THc d0 géc
= Téc dd dat

» 10

3 \

s )|

3

o> 0Nl

O

LS}

9

~ -10

-20 ‘ ‘ : ‘

0 1 2 3 4 5

Thoi gian(s)
Hinh 7. Ddp iimg toc dp khi e, =10cos(zt /3)(rad / s)
Vv6i nhiéu tring

Xét truong hop nhidu 1a nhiéu tréng co bién do thay doi
lién tuc (Hinh 6a), kha ndng dép tmg toc do trong trudng
hop nay cua bd diéu khién backstepping thé hién trong Hinh
6b v6i toe do dat 1a hang sb «, =30(rad /s) va Hinh 7 voi
toc do dat Ia hinh sin «, =10cos(#t/3)(rad /s) . Két qua
cho thay, déap tmg 'téc' do trong ca hai truong hop tin hi¢u
dat khac nhau 1a rat tot, d§ nhap nho cua tin hiéu dap Gng
nho, luén bam sat tin hiéu dat.

Cac lgét qua md phong dap ung tég do cua dong co tur
tro chuyén mach sir dung b6 dicu khién backstepping voi
cac truong hop toc do dat khac nhau, nhicu tac dong khac
nhau cho thay, chat luong bd di€u khién backstepping rat
tot. Hon nira, bo di€u khién backstepping sir dung mé hinh
ket hop cia SRM mot lan nita khang dinh tinh chinh xéc
cia m6 hinh va tinh phu hop cua ky thuat diéu khién
backstepping véi doi tugng nay.

5. Két luan

Bai bao trinh bay chi tiét mé hinh két hop ciia dong co
tir tr& chuyén mach, d6 12 mé hinh két hop ca khoa chuyén
mach va dong co trong cung mot mo hinh toan. Ky thuét
diéu khién phi tuyén backstepping 1an dau dwoc sir dung
v6i md hinh nay dé diéu khién toc do. Két qua mod phong
cho thdy, chét luong didu khién t6t ciia bd diéu khién
backstepping va tinh chinh xac ciia mé hinh két hop SRM,
ngay ca khi c6 nhiéu loai nhidu khac nhau tac dong.

TAI LIEU THAM KHAO

[1] L.Zeng and H. Yu, “Research on a novel Rotor Structure Switched
Reluctance Motor”, Phys. Procedia, vol. 24, 2012, pp. 320-327.

[2] K. Deguchi, S. Sumita, and Y. Enomoto, “Analytical Method
Applying a Mathematical Model for Axial-Gap-Switched
Reluctance Motor”, Electr. Eng. Japan (English Transl. Denki
Gakkai Ronbunshi), vol. 196, no. 3, 2016, pp. 30-38.

[3] L. Shen, J. Wu, S. Yang, and X. Huang, “Reluctance Motors
Excluding Rotor Clamping”, vol. 62, no. 1, 2013, pp. 185-191.

[4] A. Berdai et al., “Similarity and Comparison of the Electrodynamics
Characteristics of Switched Reluctance Motors SRM with Those of
Series DC Motors”, Engineering, vol. 07, no. 01, 2015, pp. 36-45.

[5] J. A. Makwana, P. Agarwal, and S. P. Srivastava, “Modeling and
Simulation of Switched Reluctance Motor”, Lect. Notes Electr.
Eng., vol. 442, 2018, pp. 545-558.

[6] A. Nirgude, M. Murali, N. Chaithanya, S. Kulkarni, V. B. Bhole,
and S. R. Patel, “Nonlinear mathematical modeling and simulation
of switched reluctance motor”, IEEE Int. Conf. Power Electron.
Drives Energy Syst. PEDES 2016, vol. 2016-Janua, 2017, pp. 1-6.

[7] G. Rigatos, P. Siano, and S. Ademi, “Nonlinear H-infinity control
for switched reluctance machines”, Nonlinear Eng., vol. 9, no. 1,
2019, pp. 14-27.

[8] M. Ilic’-Spong, R. Marino, S. M. Peresada, and D. G. Taylor,
"Feedback Linearizing Control of Switched Reluctance Motors",
IEEE Trans. Automat. Contr., vol. 32, no. 5, 1987, pp. 371-379.

[9] O. Ustun, “A nonlinear full model of switched reluctance motor with
artificial neural network”, Energy Convers. Manag., vol. 50, no. 9,
2009, pp. 2413-2421.

[10] James J. Carroll, Andrew J. Geoghan, “A Backstepping Based
Computed Torque Controller for Switched Reluctance Motors
Driving Inertial Loads”, IEEE, 1995, pp. 779-786.

[11] Muthana T. Alrifai, Joe H. Chow, David A. Torrey “A Backstepping
Nonlinear Control Approach to Switched Reluctance Motors”,
Proceedings of the 37" IEEE, 1998, pp. 4652-4657.

[12] Muthana T. Alrifai, Joe H. Chow, David A. Torrey “Backstepping
nonlinear speed controller for switched reluctance motors”, IEE
Proceedings, vol. 150, No. 2, 2003, pp. 193-200.

[13] Muthana T. Alrifai, Joe H. Chow, David A. Torrey “Practical
Application of Backstepping nonlinear current Control to Switched
Reluctance Motor”, Proceedings of the American Control
Conference, vol. 150, No. 2, 2000, pp. 594-599.

[14] Mohammad S. Islam, Igbal Husain, Robert J. Veillette and Celal
Batur, “Design and Performacne Analysis of Sliding-Mode of
Observers for Sensorless Operation of Switched Reluctance
Motors”, IEE Transactions on control systems technology, vol. 11,
No. 3, 2003, pp. 383-389.

[15] Chih-Hong Lin “Adaptive nonlinear backstepping control using mended
recurrent Romanovski polynomials neural network and mended particle
swam optimization for switched reluctance motor drive system”,
Transactions of the Institute Measuremanet and Control, 2019, pp. 1-15.

[16] Ahmed Tahour, Abdelkader Meroufel, Hamza Abid, Abdel Ghani Aissaoui,
“Sliding controller of switched reluctance motors”, Leonardo Electronic
Journal of Practices and Technologis, vol. 12, 2008, pp. 151162

[17] Muthana Rafig, Saeed-ur Rehman, Fazal-ur Rehman, Qarab Raza
Butt, Irfan Awan “A second order sliding mode control design of
switched reluctance motor using super twisting algorithm”,
Simulation Modelling and Theory, vol. 25, 2012, pp. 106-177.

[18] R. Ortega, A. Sarr, A. Bobtsov, L. Bahri, D. Diallo, “Adaptive state
obsevers for sensorless control of switched reluctance motor”, Int J
Robust Nonlinear Control, 2018, pp. 1-17.



	1. Giới thiệu
	2. Mô hình toán kết hợp của động cơ từ trở chuyển mạch
	3. Tổng hợp bộ điều khiển backstepping cho SRM
	3.1. Thuật toán điều khiển backstepping
	3.2. Cấu trúc hệ thống điều khiển SRM

	4. Mô phỏng kiểm chứng
	5. Kết luận

