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THIET KE BO DIEU KHIEN TRUQT MO CHO HE THONG
PONG CO PMSM VO1 CAC THANH PHAN NHIEU BAT DINH

SLIDING MODE CONTROLLER BASED ON FUZZY LOGIC FOR PMSM SERVO SYSTEM

WITH UNCERTAIN DISTURBANCE

DOI: https://doi.org/10.57001/huih5804.2023.003

TOM TAT

Bai bdo gidi thiéu vé mo hinh cla hé thong dong co PMSM (ddng co dong bo
nam chdm vinh cliu) vdi cdc thanh phan nhiéu bt dinh. Tir do, thiét ké bo diéu
khién truot vdi cac rang budc tit luat md gitip hé théng tién vé mién trugt nhanh
han, gidm thiéu hién tuong chattering. Tinh 6n dinh cia bd diéu khién dugc chiing
minh theo tiéu chuan Lyapunov va kiém ching bang mé phong béi phan mém
Matlab/Simulink. Céc két qua da ching minh b diéu khién dé xudt cho chét lugng
tot hon ca vé dong dién va toc do doi vdi hé thong truyén dong PMSM.

Tir khéa: Dong co dong bé nam cham vinh ciu, diéu khién truot, diéu khién
logic ma.

ABSTRACT

This paper introduces the model of PMSM (permanent magnet synchronous
motor) motor system with uncertain noise components. Since then, designing a
sliding controller with constraints from fuzzy rules helps the system move to the
sliding domain faster, minimizing chattering. The stability of the controller is
proven according to Lyapunov standard and verified by simulation by
Matlab/Simulink software. The results demonstrated that the proposed controller
gives better performance in both current and speed for the PMSM drive system.

Keywords: Permanent magnet synchronous motor, Sliding mode control,
fuzzy logic control.
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1.DAT VAN BE

Véi su phat trién nhanh chéng cla cac thiét bi dién t
céng suat, may vi tinh va ly thuyét diéu khién hién dai,
dong co déng bd nam cham vinh clu (PMSM) ngay cang
dugc uva chudng trong nhiéu nganh nhu dét may, robot
cdng nghiép, thiét bi y té, thiét bi gia dung,... [1, 2] nh& ciu
trac don gian, trong lugng nhe, cong suat cao va kha nang
truyén dong manh mé. Tuy nhién, hiéu suat cla viéc diéu
khién vi tri va t8c d6 ctia hé théng PMSM bi dnh hudng 16n
bai tinh phi tuyén cla hé théng, cac thong sé thay déi theo
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thoi gian va nhiéu tai bén ngoai. Trong trudng hop nay,
phuong phap diéu khién tuyén tinh truyén théng thudng
kh6 dam bao hiéu suat ctia hé théng dong co PMSM [4].

Dé khic phuc van dé nay da cé nhiéu cong trinh nghién
clu nhu: diéu khién thich nghi mé hinh tham chiéu, diéu
khién du bao, diéu khién thich nghi t8i uu,.. [3-6]. Tuy
nhién viéc thiét k& cac bo diéu khién nay phu thuéc vao dé
chinh xéac cta cac thong s6 mé hinh hé théng. Ngay nay,
nh& cac bo diéu khién thong minh, chdng han nhu Fuzzy,
Neuron Network khéng can mé hinh toan hoc chinh xac
cla hé théng. Cac yéu cau thiét ké toan hoc don gian va it
chuyén sau hon la uu diém chinh ctia bé diéu khién thong
minh, phu hgp véi hé phi tuyén va khong ré vé mé hinh [7-
8]. Nhung chat lugng diéu khién khéng cao do cac luat dua
ra c6 dinh, cac thong s khong thay déi dugc.

Sau qua trinh nghién ctu xem xét trén nhiéu goc do,
nhém tac gid dé xuat st dung bd diéu khién trugt. Véi uu
diém la cdu tric don gidn, ddm bado d6 chinh xac khi hé
thong c6 tham sé bat dinh va nhiéu bén ngoai [9-10].
Nhung nhugc diém ctia bd diéu khién trugt |a thai gian tién
dén mat trugt lau va hién tuong chattering. D cai thién
van dé nay, nhom tac gia két hop diéu khién trugt véi cac
rang budc cda ludt mo cho phép d6é héi tu nhanh hon,
gidm rung, cai thién dugc chat lugng diéu khién. Ngoai ra,
viéc dua ra cac rang budc theo luadt mad cé thé xac dinh
dugc gidi han cta thanh phan bat dinh va nhiéu tac dong
tU bén ngoai.

2. MO HINH TOAN HE TRUYEN PONG

Xét mot mé hinh hé théng truyén dong dung déng co
PMSM [11-14] nhu hinh 1.

M6 hinh todn hoc ctia hé khi xét dén cac thanh phan bat
dinh nhu sai s6 hé théng, nhiéu tir bén ngoai.
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Hinh 1. Hé thdng truyén dong ding déng co PMSM

Trong d¢, iy iy la dong dién truc dg; ug, u, 1a dién ap truc
dqg tuong Ung; R, L, Y, P, lan lugt thé hién dién tr& cla
stato, do ty cam, tur théng clia nam cham vinh ctu va sé
cap cuc, J, T, B lan lugt la mémen quan tinh, mémen tai va
hé s& ma sat nhét; 6,,, w,, biéu dién goc va t6c d6 goc cla
roto; d 1a cac bién thé cda thong s& bén trong, nhiéu tai
bén ngoai. f,, f, dai dién cho cac thanh phan bat dinh, bao
g6ém 16i m6 hinh hoa, nhiéu bén trong mé hinh. Dat:

X, =0,,X, =W, ,X; =i, X, =iy

R, Py 1
9 ="17% P9 =" -9, =T
B B T

1 2J > Y2 J’ 3

Tu d6 xay dung phuacng trinh trang théi ciia hé théng
truyén dong PMSM véi cac thanh phan phan dinh nhu sau:

0

X1 = X2
X, =0,x; —0,x, -6, +d
X3 = =0 X3 =G, X;X, —g;X, +g,U, +f1

X, =—0,X, +9,X,X; +g,u, +f,

(2)

DPé tao diéu kién thuan lgi cho viéc thiét ké bo diéu
khién, hé théng can dap (ing céc gia dinh sau:
- Gia thiét 1: Nhiéu t6ng hop d c6 gidi han va thay ddi
cham theo thdi gian
Idi<e 5
d~0
Trong d6: € dai dién cho gia tri bién cda d.
- Gia thiét 2: Cac thanh phan bat dinh f,, f, thda man cac
diéu kién sau:

f1<h, "
fih,

Trong d6: h,, h, 1an lugt thé hién cac gia tri bién cda f,, f,.

3. THIET KE BO PIEU KHIEN MO TRUGT CHO HE THONG
PMSM

Pat:
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N

X, =0,x, —6,u, -6, +d

X3 ==0,X; —Q\U,X, —g,X, +9,U, +f, (5)
X, =—0X, +9,U,X; +9,uU, +f,
y= [uq Uy ]T

Xét hé théng sau:

X =Ax+Bu+u,(x,1) (6)

Trong d6, uy(x,t) la cac thanh phan phi tuyén trong hé
thong.
Dinh ly 1: B diéu khién trugt dugc xac dinh nhu sau:

u=-S.Ax—Bsgn(o) (7)
Trén co s& mat truot:
0={x:0=S,=0
g S o, (8)
o=Sx=(B'X B 1BT)C1X=[ 1}{ ‘}
SZ 02

Vi X thdéa man bat dang thic LMI sau day:
I (AX+XA")l<0.X>0lI=[1 0 0 o 9)

Xac dinh ma tran chuyén déi G va mot vector tucng
Ung { nhu sau:

oo ATXini _H
T B™XB)BX | |S

. (10)
(=) |=G
H "
Dé dang thdy rang G™' =[XII,B]va {, = 0.Ta c¢:
(=Gx =GAx+GB(u+uy(x,1))
=GAG '{+GB(u+uy(x,t)) (11

Sau d6, phuang trinh trang thai (6) c6 thé dugc chuyén
déi thanh dang théng thudng sau day:

{| [FAXI FAB X 4 NI . (12)
5| |SAXI SAB|"|o| [I (uru (1)

Theo [15,16, 171 néu 6 =0 =0 ,ta co:

g, = (IMXIITAXIIE, (13)

Lua chon ham Ung vién Lyapunov: V(t)=P, i} VGi
P, =(I"XIl) > 0 ta co:
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V(t)=2P,C, ,
V(t) = 24P, (I XIN~"IITAXIIE,
V(t) = 2CI"AXII< 0

(14)

Diéu nay ching minh rang hé théng én dinh vGi mat
trugt (8).

Dinh ly 2: V&i mat trugt xac dinh nhu (8) va tin hiéu diéu
khién dugc xac dinh nhu (7) thi hé théng sé én dinh trong
thdai gian hitu han.

Mt truot sé tién dén 0 trong thai gian hifu han néu diéu kién
truct o' o < 0 dugc dam bao:

0" 0= 0" [SAX+SB(u+ug(t,%))]
O‘T 0 = OT [SAX + (U + Uy (t>X))]
6" 0=0" [SAX - SAX —Bsgn(0) + ug(t,x)]

o' o=—0" (B;sgn(0) —uy(t,x)))
< [0 @, ~Jualh =< Jo] <0

Theo (15) chiing minh dugc hé théng sé tién dén mat
trugt trong thoi gian hitu han.

Thiét ké bo diéu khién ma& FLC (Fuzzy Logic Control)
chinh dinh théng s6 B dua vao mét trugt s va $ . Khi gia tri
clia s hodc $ 18n thi théng s6 B phai I6n d& nhanh chéng
dua s vé 0. Khi gia tri ciia s va $ nho thi théng s6 B nhé dé
han ché hién tuong chattering. B6 diéu khién st dung méo
hinh m& Tagaki - Sugeno - Kang véi cac tinh chat va luat if
then nhu trong bang 1 va 2.

(15)

Bang 1. Tinh chat ctia bd diéu khién m

Phuong |Phuong| Ham | Téng Qua trinh anh xa tap m¢
phap AND |phap OR hop | thanh tap ro (Defuzzification)
MIN MAX | MIN | MAX Trung binh cdng ¢4 trong so

Bang 2. Luat if-then cdia bd diéu khién

s
N z P
N B M B
S z B S B
P B M B

Cac lam lién thudc cia dau vao va dau ra mé hinh mo
dugc thé hién & hinh 2.

T T T T T RS
1 N z

1 1
08 | 0.8 08
06 06 0.6
04 04 04

02 | 02 02

0 0

P g . A - B .
40 30 20 10 0 10 20 30 40

s s diot

B oy g
20-15 -10 -5 0 5 10 15 20

Hinh 2. Ham lién thudc cia dau vao mé hinh mg
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Gia tri dau ra cia mé hinh mg la: S =1; M = 10; B = 30.
Trong d6, tap con md clia cac bién dau vao va dau ra la {N,
O, P, S, M,B} tuong ung véi cac phan tir dai dién cho
"Negative", "Zero", "Positive", "Small", "Middle", "Big".

4. KET QUA MO PHONG

Trong phan trén, bai bdo da xay dung bod diéu khién
trugt véi nhiing rang budc cla luat mo cho hé théng
PMSM. M6 hinh moé phéng dugc thuc hién trén
Matlab/Simulink. K&t qua cGa b diéu khién truct dua trén
cac rang budc ludt ma cta hé théng dong co PMSM duoc
so sanh véi bo diéu khién diéu khién trugt thong thudng.
Nhom tac gia thuc hién viéc mé phong véi cac théng sé hé
théng nhu bang 3.

Bang 3. Thong s6 hé thdng

Ky hiéu Tham s6 PMSM Gia tri
Py (6ng suat dinh mic 0,75kW
Wy Toc do dinh miic 3000rpm
P, S0 cdp cuc 2
Iy Dién ap dinh miic 53
T, Momen tai 2,39Nm
U Tirthong clia nam cham vinh ctu 0,709Wh
L Dot cdm 0,17mH
R, Dién trd Stator 1,80
J Mdmen quan tinh 2.10%kg.m’
B Hé s6 ma sat nhét 5.10°Nm.s

So d6 cdu tric mé phéng hé théng dugc thé hién trén
hinh 3.

@y
Sliding Mode " g /|
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Controller based on u : 1 SVPWM +—»  Inverter
Fuzzy Logic w

d.fify
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4, h iy - i > k
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[4] ¢
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Hinh 3. So d6 md phdng hé truyén dong dung dong co PMSM
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Hinh 4. Dap ting toc d0 cla dong co khi toc do dat la 300 vong/phat
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Hinh 5. Dép ting mémen ctia dong co véi bd diéu khién trugt mo
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s
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Thoi gian [gidy]

Hinh 6. Dong i,y @ong co PMSM véi b diéu khién trugt ms

Khi t6c d6 dat la 300 vong/phit, moémen tai 30Nm
tac dong tai thai diém 0,04 giay, két qua mé phong nhu
hinh 4 - 6.

Khi dat t6c d6 1000 vong/phut, mémen tai co6 thanh
phan nhiéu ngau nhién 10Nm, két qud mé phéng nhu thé
hién & hinh 7.

1000
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Hinh 7. Dap ting toc do cia dong co khi toc do dat la 1000 vong/phdt, co
momen tai

Nhan xét:

TU cac két qua mé phong thdy rang, bo diéu khién trugt
m& cho chat lugng diéu khién t6t hon, gidm dugc hién
tugng chatering. Tuy nhién thai gian qua do6 tang lén, tinh
tac ddng nhanh gidm, chdm han so véi bd diéu khién trugt
thudng 0,003s, van ddm bao yéu cau diéu khién.

5. KET LUAN

Bai bao da trinh bay két qua téng hap bd diéu khién
trugt vai cac rang budc cta luat ma. Két qua thu dugce cho
thay bo diéu khién dugc dé xuat cho két qua diéu khién tét
hon, gidm han hién tugng nhiéu, chatering cho hé théng
PMSM.
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