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XAY DUNG BO DIEU KHIEN TRUGT XOAN KETHOP
BO QUAN SAT TRUGT CHO DONG €O CAM UNG TUYEN TiNH

DESIGN OF A TWISTING SLIDING MODE CONTROLLER COMBINED
WITH A SLIDING MODE OBSERVER FOR LINEAR INDUCTION MOTORS
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TOM TAT

Bai bao gidi thiéu vé md hinh clia dong co cdm ting tuyén tinh LIM (linear
induction motors) véi cac thanh phan nhiéu bat dinh. Tir d6, thiét ké b diéu
khién trugt xodn dua trén bd quan sat trugt bac cao gitp hé théng én dinh
nhanh hon, gidm thiéu hién tugng chattering nha khit nhiéu chd dong, bao
dam bam theo van toc va tlr thong trong thoi gian hitu han. Chat lugng cia bd
diéu khién dugc ki€m ching bang md phong béi phan mém
MATLAB/Simulink. Cac két qué da ching minh bd diéu khién dé xuat cho chat
|wgng t6t hon ca vé dong dién va dap ting chuyén dong ddi véi hé dong co LIM.

Tir khéa: Dong co cdm iing tuyén tinh, diéu khién truot xodn, bo quan sdt
trugt bac cao.

ABSTRACT

The paper presents amodel of a linear induction motor (LIM) with uncertain
disturbances. Based on this model, a twisting sliding mode controller is designed
using a high-order sliding mode observer, which enables faster system
stabilization, reduces chattering through active disturbance rejection, and
ensures finite-time tracking of velocity and flux. The performance of the
controller is verified through simulations in MATLAB/Simulink. The results
demonstrate that the proposed controller provides superior performance in both
current regulation and motion response of the LIM system.

Keywords: Linear induction motors, twisting controller, high-order sliding
mode observer.
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1. DAT VAN BE

Trong nhiing ndm gan day, déng ca dién da phat trién
theo hudng co thiét ké don gian va hiéu suat cao hon.
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Nguyén Thi Thu Hién""

Trong d6, dong co cdm Uing tuyén tinh da nhan dugc su
quan tam rdng rai ca trong nudc va quoc té do cau tric
cG hoc don gian va loai bé cac bd chuyén déi trung gian
[1]. So vGi ddng co cadm Uing quay, déng co cam ting tuyén
tinh c6 tudi tho cao han, mémen ddng co 16n hon, tinh
linh hoat cao hon trong thiét ké mach [2, 3].

Hinh 1. Ddng co cam ting tuyén tinh

Tuy nhién, hiéu tng déng luc hoc cuéi cing phat sinh
khi phan chinh (tuong tu nhu stato trong dong co cam
Ung quay) va phan thi cap (tuong tu nhu réto) chuyén
doéng tuong d6i vai nhau, lam tang tinh phi tuyén tinh,
khién viéc diéu khién déng co cdm ting tuyén tinh c6 do
chinh xac cao trd nén khoé khan hon [4]. D€ giai quyét han
ché nay, Pucci da dé xuat mot chién lugc diéu khién tuyén
tinh héa (FL) phén héi dau vao-dau ra dé nang cao hiéu
sudt phan ing dong [5]. Phuong phap FL nay m& rong céc
chién lugc diéu khién tir dong co quay sang doéng co cdm
Ung tuyén tinh; tuy nhién, viéc trién khai bo diéu khién
cudi cung can nhiéu phép bién ddi, dan dén su gia tang
dang ké vé do phuic tap tinh toan. Trong cac Ung dung
thuc té, cac tham sé LIM bi dnh hudng bai cac yéu té vat
ly nhu nhiét d6 va dé dm. Cac bd diéu khién dua vao
thong tin tham s6 chinh xac ctia déng co gap khé khan
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trong viéc duy tri tinh 6n dinh vi c6 su thay déi tham sé
hoac su khong chac chédn ctia hé thong. Khi tén tai nhiing
bat dinh dang ké trong céc ing dung coéng nghiép, ly
thuyét diéu khién ché dé trugt Ia mot giai phap hiéu qua.
Cac bo diéu khién truot 6 thé bu chinh xac cho cac bat
dinh pht hop bang cach duy tri cac bién truot dugc chon
phlu hop & muc 0, mac du vé mat ly thuyét, diéu nay doi
hoi tan s6 chuyén mach vo han. Trong sé cac ky thuat ché
do truot, thuat toan truot xoan (Twisting Sliding-Mode
Controller - TC) dam bao rang ca dau ra ky vong va dao
ham bac nhat ctia né déu hoi tu vé 0 trong thai gian hiu
han, bat chap nhiéu loan bi gigi han [6]. Tuy nhién, viéc
ap dung truc ti€p ky thuat TC trong cac hé théng LIM dan
dén hién tugng chattering. D& gidm chattering, nhiéu
loan t6ng thé c6 thé dugc bu thong qua bd quan sat, bai
bdo st dung bdé quan sit HOSMO (High-order
Sliding-mode Observer) [7] udc lugng va bu téng nhiéu,
hinh thanh chién lugc TC-HOSMO.

2. MO HiNH TOAN CUA LMI
Phuong trinh trang thai theo [3] c6 dang:
dig, _ N1t i
=-vi +—3 s +a——+fa . 1
A r Paw, + |_S M
di Lo u
P — i v(| + )—a—— mdsqs = (2)
dt Y gs ds Bq’r ll)r 6'—5
d s
dq; (0 n)lPr + aLmIds (3)
d_p M aLmlqs (4)
dt h oy
d Fe F
—-¢&b __r 5
g M) e (5)
Feb = U[l'l)r2 + Lzor (Ifis + iés ) + Lor (q)rids )] (6)

Trong d0: ugs, Ugs - dién ap phan stator; igs, iqs - dONg
dién stator; Y, = Par, Pgr= 0tU thong thit cap; Fe, Feb, Fr - luc
dién tu, luc ham, tai; L;, Ly, Lm - dién cdm; R, R, - dién trd;
np -s6 ddi cuc; o - hé s6 tan téng.

Tham sé hé thong dugc tinh theo cong thiic

Tl oL.L, L,
3n T, [ —e@
p=—0>-—""7, lSI:sign(v)Esz1 € .
2MhL,v 2n,h
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V&i cac bién phu:
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3. THIET KE BO BO QUAN SAT HOSMO
Dat bién x,, =U,;x,, =0, ;X3 =f; ta c6 md hinh m¢
rong tu thong:
)'(q)1 =Xy2
Xy2 = f,+gug, 7)
=
Trong dé:

f=—qu, +(@-n’y, —al (a-n)i —al,vi,

2L2 2

|

o R +RrLA,;(1+f(Q)) _3{1_{1;_,“] };
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L, L.fQ T |
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DBat bién x,, =v;x,, =V;x,; =f,ta <6 md hinh mé

ds + q2|ds

S Bay,

+aL,, %iqs +

rong vé téc do:

X1 =Xy
Xy2 =Xy3 +9Uqs (8)
Xy3 = f2

Trong dé:

f, =(q; —pla—n,i, + pal midslgs = YHW,igq +

4 ad- . V.
+(q, —2M(a —nY? JFVLmldS +L2 (g, —2-—)i

9 n,m o?l2 i n.m E
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2hM . Tv
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Phuong trinh b6 quan sat tu thong:
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TV
+)\¢1|xqﬂ| sign(x,,)
R N ~ V3 ~
Xyo = X3 A, |x¢1| sign(X,,)+9,ug, 9)
X3 = Ay3sign(X,,)
Phu’dng trinh bd quan sat téc do:

X, 1|2/3 sign(x,,)
>“<V2 =X, + )\Vz X, 3 sign(X,,) +9,Uy, (10)
X,5 =A,5sign(X )

4. PIEU KHIEN TRUGT XOAN TREN CO SG HOSMO
Dét bién sai s6 diéu khién:
€y = U, _q)r,ref (1
€, =V — Vg (12)

Trong d6: U, o,V e la gid tri dat tir thong va téc do.
Theo (7) va (8) co:

ew = ewz
ey =f +9iug,

e\” =e,,
€= f2 T 9,Uqs _Vref
Luat diéu khién theo 2 kénh tir thong va téc do dugc
chon nhu sau:

.. (13)
_lpr,ref

(14)

Ugs :gl1(_)'\(q)3 +Vds) (15)
uqs 1 ( Xv3+V ) (16)

9%

Trong d6, X,3,X,5 la gid tri u6c lugng clia nhiéu kénh
tir thong va kénh téc d9; vas, Vs la lugng gia tri diéu khién
bu nhiéu; g, g, la cac hé s6 diéu khién.

Thuat toan diéu khién xodn cho lugng bu nhiéu:

Vgs =—Yar Sign(ey;) — Vg, sign(e,)

==Ya1 SIIN(X g7 = Xpiref) — Vo2 Sign().(qn - le,ref)
Vgs = _Bq1 sign(e\” )— qu Sign(evZ)
= _Bq1 Sign(xv1 — Xy ref )— qu Sigﬂ().(\” - ).(v1,ref)

Trong d06: yq, Bq 1a cac hé s6 diéu khién.
5.KET QUA MO PHONG

Trong phan trén, bai bao da xay dung bé diéu khién
TC trén co s& bd quan sat HOSMO. Mé hinh mé phéng
dugc thuc hién trén Matlab/Simulink. K&t qua ctia bo diéu
khién TC cho dong ca cdm Uing tuyén tinh dugc so sanh
VvGi bd diéu khién diéu khién truot thdng thudng. Tac gia
thuc hién viéc mé phong vai cac théng sé hé théng nhu
bang 1.

(17)

(18)
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Bang 1. Thong s6 md phdng

Ky hiéu Tham s6 PMSM Gia tri
R, Dién trd Stator 120
Re Dién trd thir cap 40
Ny S0 cap cuc 3
L Cudn cam Stator 0,6235H
L, Cudn cam thit cap 0,763H
L Do tucdam 0,532H
M Khi lugng truc 20kg
h Chiéu dai truc 0,1m

So d6 cdu tric moé phong hé théng dugc thé hién trén
hinh 2.

Fpsirt
2.

Hinh 2. So d6 md phong diéu khién dong co LIM

Khi cu ly chuyén déng tinh tién ca truc 1a 10cm,
momen tai 100Nm, khéng nhiéu, thoi gian tang theo ham
Ram la 0,2 giay (hinh 3).
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o

Hinh 3. Dap ting vi tri clia dong co khi tin hiéu dat la ham Ram
Dat cu ly chuyén dong 3cm, tin hiéu dat 1a ham step,
moémen tai 100Nm, c6 nhiéu f;, f, tac déng (hinh 4).

o
T

/) i Mﬁf’q

s dat
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5 | ——TC-HOSMO
: TC
0.4 0.
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0 0.1 0.2
Thé'n gnan [s]

Hinh 4. Dap (ing vi tri clia dong co khi c6 nhiéu tac dong
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Dap Ung vi tri chia ddng co khi tin hiéu dat [a ham Ram,
momen tai 100Nm, c6 nhiéu f;, f, tac dong (hinh 5).

: "
T2
<,
810 /P\\ S
b= St v
g8 /st
o . : e -
£ 6 [ i ﬂ' .
8 |
-
3 4r 4
El ——sdat
S 20 | | | PID 7
= J TC-HOSMO
Qa ° e & ae e e e se b e ——0C
. . . . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Thai gian [s]

Hinh 5. Dap tng vi tri cia dong co
Sai s6 trong trudng hop nay dugc thé hién trén hinh 6.

Sai s6 [cm]

)

——TC-HOSMO
2r i L

. . . . I I
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Hinh 6. Sai s6 dap ting khi tin hiéu dat la ham Ram va c6 nhiéu

Péap tting mémen ddng co véi hai truong hgp st dung
b6 diéu khién TC-HOSMO va TC khi cé nhiéu fi, f, tdc dong
(hinh 7).

! | | | | | | |
——TC-HOSMO
80 m—_
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Hinh 7. Dap ing mémen cla ddng co khi ¢ nhiéu fi, f,

Nhan xét:

Tu cac két qua moé phong thay rang:

Vi bo diéu khién PID dé thiét k&, quen thudc trong
céng nghiép. Tuy nhién vai hé LIM phi tuyén va chiu tac
dong nhiéu, PID cho dap ting cham, sai s6 bam I6n hon,
dac biét khé duy tri d@6 6n dinh khi tham sé thay déi. Quan
sat mo6 phong (hinh 3 + 6), PID c6 d6 vot |6 cao, thai gian
qua do dai, va dé bam kém trong méi trudng cé nhiéu.

Véi bd diéu khién trugt xodn (TC) c6 khad nang khur
nhiéu tot hon PID, ddm bao hoi tu trong thai gian hiru han
nhd dac tinh trugt xodn. Nhung han ché la xuat hién hién
tugng chattering kha ro, lam giam chat lugng tin hiéu
diéu khién va c6 thé anh hudng tdi co cdu chap hanh.
Quan sat md phoéng thdy TC gilp gidm sai s6 dang ké so
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vGi PID, nhung chattering van ton tai, dan dén mémen
dao dong.

Bo diéu khién TC-HOSMO do c6 HOSMO uéc lugng va
bu nhiéu tich cuc, giup triét tiéu tac ddéng cdia nhiéu trong
thai gian ngan, giam dang ké hién tugng chattering so véi
TC thuan, dam bao chat lugng bam tét ca vé téc dé va tu
théng. Han ché co thoi gian qua do c6 tang nhe (~0,003s
cham hon TC theo két qua mo phéng). Tuy nhién, do tré
nay khéng anh hudng téi yéu cau diéu khién. TC-HOSMO
cho dap ung mugt hon, sai s6 nhd, mémen dong co 6n
dinh nhanh va it dao déng (hinh 7).

6. KET LUAN

Bai bao da két hgp thuat toan truot xodn véi bd quan
sat truot bac cao, day la mot huéng di hgp ly nham gidam
chattering - van dé vén tén tai lau nam trong diéu khién
trugt. Qua ching minh bang mé phéng da cho thay
phuang phap diéu khién TC-HOSMO dam bao kha nang
kh{ nhiéu chi dong, d6 6n dinh cao, chat lugng bam tét,
thé hién uu thé vuot trdi vé sai s6, mémen, va kha nang
chong nhiéu.

TAI LIEU THAM KHAO

[1]. Hamad S.A., Ghalib M.A., “Fuzzy MPPT Operation-Based Model
Predictive Flux Control for Linear Induction Motors,” Int. J. Hydrogen Energy,
50, 1035-1044, 2024.

[2]. Zhang M., Luo S., Liu Y., Zhuang X., Ma W., “Analysis of the Traction
Forces of Two Adjacent Linear Induction Motors,” Sci. Rep., 14, 26760, 2024.

[3]. Gomes D.R., Chabu I.E., “A Novel Analytical Equivalent Circuit for
Single-Sided Linear Induction Motors Considering Secondary Leakage
Reactance,” Energies, 16,1261, 2023.

[4]. Pucci M., “State Space-Vector Model of Linear Induction Motors,” JEEE
Trans. Ind. Appl., 50, 195-207, 2014.

[5]. Accetta A., Cirrincione M., D'lppolito F., Pucci M., Sferlazza A., “Input-
Output Feedback Linearization Control of a Linear Induction Motor Taking into
Consideration Its Dynamic End-Effects and Iron Losses,” JEEE Trans. Ind. Appl.,
58,3664-3673, 2022.

[6]. HuQ., Han T., Xi, M., “Three-Dimensional Guidance for Various Target
Motions with Terminal Angle Constraints Using Twisting Control,” JEEE Trans.
Ind. Electron., 67,1242-1253, 2019.

[7]. WangD., LiuX., “Sensorless Control of PMSM with Improved Adaptive
Super-Twisting Sliding Mode Observer and IST-QSG,” IEEE Trans. Transp.
Electrif., 11,721-731, 2024.

AUTHOR INFORMATION
Nguyen Thi Thu Hien

Faculty of Electrical Engineering, Electric Power University, Vietnam

HaUl Journal of Science and Technology | 67



