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AP DUNG PHUONG PHAP PIEU KHIEN BACKSEPPING VA BQ PIEU KHIEN
PID MO PE PIEU KHIEN VI TRi PONG CO CHAY THANG (TUYEN TINH)
XOAY CHIEU BA PHA KICH THIiCH NAM CHAM VINH CUU

TOM TAT

Cao Xuan Tuyén’, Nguyén Thi Hwong

Truong Pai hoc Ky thudt Cong nghiép - DH Thai Nguyén

Trong bai bao nay, tac gia dé cap dén hé théng diéu khién vi tri sir dung PCCTKTVC . Uu diém
chinh cua giai phap cong ngh¢ dong co tuyén tinh 1a bo qua dugc hé thong co khi chuyen tr
chuyén dong quay sang chuyen dong thang, do d6 nang cao duoc do chinh xdac cua hé thong, nhit
1a trong cac hé thong truyén dong vi tri.Tuy nhién do tinh chat phi tuyen cua BPCCTKTVC da lam
giam d¢ chinh xac cua hé thdng diéu khién, dé khac phuc nhuge diém nay, bai bao dé cap dén viéc
thiét ké bo diéu khién dong dién theo phuong phap diéu khién phi tuyén Backstepplng va thiét ké
b6 diéu khién PID md cho bd diéu khién vi tri. Két qua mo phong da chi ra rang, voi viéc ap dung
hai b diéu khién phi tuyén néu trén, da dat dugc do chinh xdc cao trong diéu khién van toc va vi
tri (sai l&ch vi tri 1a 0.56%, sai 1éch van tdc 12 0. 55%).

Tur khéa: Hé truyén dong vi tri; Pong co chay thing (tuyén tinh) xoay chiéu ba pha kich thich
nam chdam vinh ciu; Phwong phdp diéu khién Backstepping; Tinh phi tuyén ciia dong co; Bé diéu

khién PID mo

KY HIEU

DCCTKTVC- Pong co chay thing (tuyén
tinh) xoay chiéu ba pha kich thich vinh ciru;
irg , Irg — thanh phan déng dién phan dong trén
truc d va q(A); Ly, Lrq — dién cam tryc d,q
ctia phan dong (H); V — van tdc co phan dong
(m/s); S — quang dudng dich chuyén ciia phan
dong dong co (m); T — l1a bude cuc cia dong
co (m); ¥, - Tur thong ciia mot cuc tir (Wb);

U, U, - thanh phan dién ap phan dong trén

truc d,q(V), m — khdi lwong phan dong (kg);
F, Fc — lyc dién tur va lyc can dong co (N);
(d,jq) — hé toa do tua theo cuc tir chuyén dong

. . L
tinh tién theo phan dong [2]; T, :R_fd,

r

T < Y X e . R .
Trq =?q - l1a cac hang so thoi gian dién tu
r

theo tryc d va truc q; R, - dién trd cuén day
phin dong (Q).

DAT VAN BE

Ngdy nay, xu huéng s dung DCCTKTVC
trong cong nghip cang tré nén phd bién ¢
cac nude phat trién, uu diém chinh cua loai
dong co nay la bo qua dugc hé thong co khi
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chuyén tir chuyén dong quay sang chuyén
dong théng, do d6 nang cao duogc do chinh
xac ciia hé thong, nhit 1a trong cac hé thong
truyén dong vi tri. Tuy nhién do tinh phi
tuyén ctia dong co nay da lam giam d6 chinh
xac cia hé théng. P& khic phuc nhugce diém
nay, can lya chon phuong phap thiét ké cac
bo diéu khién dong dién, van tde, vi tri mot
cach phu hop véi tinh chat phi tuyén cia dong
co. Trong bai bao nay, tac gia dé cap dén viéc
su dung phuong phap backstepping dé thiét
ké bo diéu khién phi tuyen cho mach vong
dong dién va thiét ké bo diéu khién PID mo
cho mach vong diéu chinh vi tri. V&i viée sir
dung dong thoi hai by diéu khién phi tuyén &
trén hy vong s& nang cao dwoc chat luong
diéu khién cta hé thong.

MO HINH TOAN HQC

Theo [2], ta c6 hé phuong trinh toan hoc md
tda DPCTT-KTVC nhu sau:

di, 1. (27 \L,. 1
—, =g+t —V rq +—Uy
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Theo [2] lyc dién tor cuia DPCTTKTVC duogc
xac dinh nhu (3.2) va phuong trinh chuyén
dong ctia dong co nhu (3.3)

3 . .
F =7ﬂ(l//plsq +(LSd - qu)lsdlsq) (3.2)

F-F = m3Y (3.3)
dt
CAU TRUC HE THONG DPIEU KHIEN
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Hinh 1. Cdu triic hé thong diéu khién
THIET KE BO PIEU KHIEN DONG DIEN

Ap dung phuong phap Backstepping co bén, ta
thu duoc cac bd diéu chinh cho hai thanh phan
dong i Va irq nhu (5.1a,b).

1 1.

T U T e T

er Trd

1 1. (2n)\Ly. (27 )¢, dig )
L_U“‘__Irq+ —v glrﬂ— —v L—+ & ke

rq rq rq

S :jvdt

2T qu. di’
v+ —k,z
T ]er “od T

(5.1a,b)

Véi bo diéu chinh dong (5.1a,b) khi thuc
nghiém trén hé thong thi nghiém, ta vap phai
sai léch tinh do cac nguyén nhan sau: do cac
tham s6 may dién khéng chinh xéc; do viéc
thuc hién lay mau khi thuc hién trén DSP gay
ra sai s6; do anh hudng caa do chinh xéac cac
thiét bi do. Bé khic phuc sai léch tinh, muc
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dich dit ra 1a phai dwa dwoc thanh phan tich
phén vao thuat toan backstepping co ban.
Thanh phan tich phan duoc thém vao mé hinh
ddi tuong, va sau do trugt vé phia phuong
trinh bo diéu khién.

M6 hinh dong cia PCCTKTVC dugc viét lai
dudi dang sau:

G W =W (5.2a,b)
Trong do
W, = 1i+(2”vj 9§ +—u
-7 ' A P R
' Trd T rd ! rd
sz—[z_ﬂ-VJiisd 1 |r +iur —_ (53a’b)
T L e
rq rq rq
_ Zivjﬁ
T )L,

Thiét ké by diéu khién thanh phéan i 6
thanh phan tich phén.
Xét phuong trinh (5.2a), chuyén sang toan tir
Laplace ta c6:

Siy =W, (5.4)
Véy ham truyén dat sé la:

Gi(s) = 16 _ Xu(®) _iu(s) _ 1 (55)
l Wi(s)  W(s) Wi(s) s -

Ham truyén dat sau khi thém thanh phan tich
phan vao doi tugng s€ 1a

(= n® 16
G, (s)= W, (s).5 2 U, (s) (56)

Phuong trinh (5.6) duoc viét dudi dang cac
phuong trinh trang thai nhu sau:

Yo = Xy ¥y = Xpp i %, = Uy (5.7a,b,c)
trong do: U, (s) =W,(s).s (5.8)
- Budcl: Goi vy, =i, - 1a gia tri dAu ra mong
mudn. Bién sai 1éch thir nhat dugc dinh nghia 1a:

=Y Vi =Xy — Vi =g~y (5.9)
Ham diéu khién Lyapunov thir nhat duoc

chon la:

1
Yy = 2 € (5.10)
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Pao ham (5.10), ta co:

Uy =Enén =€ Xu—Y% =&n X~ % (5.11)
bé v, <0, Xy dugce chon 1a bién diéu khién
40, gia tri mong muon cua no la:
Q= X 4 = —kKyen + W
Trong do, ky; 1a mdt hang s6 duong. Vi cach
chon nhu trén thi:
2

vy =—Kyey < O.
- Budc 2: Vi Xy, 1a bién diéu khién 4o, chua
phai 1a bién di€u khién thyc. Sai Iéch gitra gia
tri thye va mong mudn cia no la:

(5.12)

Ep = Xpp —0yy =X +KyEy — y; (5.13)
Chon ham diéu khién Lyapunov la:

1 1
VlZ = E 5121 + E 6122 (5 14)
Vi: &1 =Xy — &1, —Kyen (5.15)
Nén dao ham z,, s€ la:
Vip = €€y +Engfp
= &y (&1 —Kyyeyy) T (%, + K€y — y;) (5.16)

= *k115121 +ep|1- k121 & K&y U — y: ]
Ta thiy, trong (5.16) xuat hién bién diéu

khién thyc w;. Bé v, <0, ta chon u; nhu sau:

u = k2—1¢,— k,+k, g, +V; (5.17)
Trong do, ki, 1a héng $6 duong.

Thay biéu thiic clia &, va &, vao (5.17), va
chuyén sang toan tir Laplace ta dugc:
U (s) = 14k %Ky, ¥, (8) = Xy, ()]

. . (5.18)
+5. kyy Ky [¥,(8) = Xy (8)] 4 5°Y,(5)

Bay gi0, ta s& trugt thanh phan tich phan vé
bd diéu khién, tir cong thuc (5.8), ta co:

U, (s)

W, (s) = (519)

Vay phuong trinh bo diéu khién thanh phin iy
sé€ la:
W, (s) = Y/ (8) = Xy (5))

Xy, (s)] +5Y,"(s)

1+k, *k,
— (5.20)

+ ki +Kp, [Y; (s)—

Chuyén sang mién toan tir z, bang cach thay
z—1 ) \ N s X ’
s= E véi T la chu ky trich mau, ta co:

14Ky, *k, *T*z*
1-z1

Wl(z) =

V1 (9) =%, (9))]

-1

(5.21)

LT ACE m@hf*ﬂmm

Thiét ké b diéu khién thanh phan i c0
thanh phan tich phdn
Xét phuong trinh (5.2b), chuyén sang toan tir
Laplace ta cé:
Siyg =W, (5.22)
Tuong tu nhu phan thiét‘ké bd didu khién
thanh phan iy c6 thanh phan tich phéan ¢ trén,
ta co:

O
S [Yz (s)— X21(5)}

+ Ky Ky, {Yz* (s)— X, (S)] + S-Yz* (s)

(5.23)

Chuyén sang mién toan tir z, bang cach thay

z—1
s=-—=,taco:
T

1+k, *k,, *T*z*,
wy(2) = — 1Y3(5) = %, (5)]

(5.24)

+ ky +ky, {y;(s) X21(5)] ']I-'* I yz(z)

Chon gia tri cdc diém cuc

Chon céc diém cuc P11, Prot

Véi bo diéu khién thanh phan ig (5.20) hodc
(5.21), ta c6 phuong trinh cac bién sai 1éch
nhu sau:

3 —k 1
?11 T SH — A (5.25)
€12 =1 —ky ||
Trong do :
—k 1
Ay = _il K &= & & !
12
Phuong trinh (5.25) ¢6 thé duoc viét lai thanh:
D,(s).c, =0 (5.26)
Trong do:
s+k;, -1
D,(s)= Is-A,, = 5.27
1( ) 10 1 S+k12 ( )
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Dé tim cac diém cuc, ta tinh dinh thie ctia Dy(S):
S+ky; -1

Det(D, (s)) = |Is-A,| = L otk
12

= s+k,; s+k, +1
=s?+ k11 + klZ S+ k11k12 +1
Néu ta chon ky; Va Ky, 530 cho: Kyky, >> 1, thi:
Det(D,(s)) ~ s+k,; s+k;, (5.28)
T (5.28), ta c6 dugce cac diém cuc 1a:

Py = —Ky, P =Ky,
Véi diéu kién: Ky.kyp >> 1
Chon céc diém cuc py, Py
Tuong tu nhu trén ta chon duoc cac diém
cuc la:  p,, =—k,;, p,, = —K,,, v6i dieu kién:
Ki1.Kip >> 1.
THIET KE MACH VONG DPIEU KHIEN
VAN TOC
Ttr (5.22) va (5.23), ta c6 so d6 khdi mach
vong di€u chinh thanh phan dong i, nhu hinh
2. Tu (3.1),(3.2),(3.3) va so do ’khéi hinh 2, ta
¢6 so d6 khoi mach vong van toc va vi tri nhu
hinh 3.

' e
+ k. Zk :

. —=+kp, AT S
. s S
1
Irq : Irq - +
1

Hinh 2. So d6 khoi mach vong diéu chinh thanh
phan dong dién iy

rm(s® +K,,5+k;, )

R()= 67z, (kpzs+ki2)(l+ 7,9) ¢
Iy .
|rq_> LroLrg g_’ o]+ ¥ )

Rig ‘Pp f+ 7 F
R -V [1/(ms)

+

s F - S |

Hinh 3. So do khé{ mach vong diéu chinh vin ‘térc
va mach vong diéu khién vi trisir dung bg diéu
khién PID mo FLC
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Tir cic so d6 cdu trac hinh 3 va 4,, 4p dung
tiéu chuan mo dun ddi xung, ta tim duoc bo
diéu khién van tdc nhu (6.1)

THIET KE BQ DIEU KHIEN PID MO CHO
MACH VONG DIEU CHINH VI TRI

Xdc dinh cdc bién ngon ngi¥ vao va ra

Véi myc dich chinh cua hé thong diéu khién
1a dat dwoc vi tri yéu ciu voi d6 chinh xac
cao, theo kinh nghiém thuyc té, ta chon céc
bién ngdn ngir vao 1a sai sd vi tri (quéng
dudng) AS va dao ham sai sb vi tri Ae, bién
ngdn ngit dau ra 1a van toc yéu cau v, do do
quan hé ham cua FLC la:

V'(n) = f(Ae(n), AS(n)). Trong d6: Ae(n) =
AS(n) - AS(n-1) 1a dao ham sai s6 vi tri, AS(n)
=S'(n) - S(n) 1a mau hién tai cua sai s vi tri,
AS(n-1) 1a mau qua khtr ctia sai sd vi tri, S(n)
12 mau hién tai cua vi tri thuc, S'(n) 1a miu
hién tai cta vi tri yéu cau, 1 ki hiéu ctia ham
phi tuyén. Cau tric bo diéu khién vi tri kiéu
PID m¢ duoc thé hién nhu hinh 4.

Cac hé sb Ke, K dugc chon sao cho cac gia tri
duoc chuin hoa cua sai sd vi tri AS(n), va dao
ham sai s vi tri Ae(n) bién thién trong
khoang [-1,+1]. Hé s6 Ky duoc chon sao cho
dau ra clia b diéu khién la van toc dinh muc
yéu cau. O day, cac hé s dugc lay 1a: Ks= S
(vi tri dat), K, = 10, Ky = 12,5.

(N + |
::) e Ty
i AS(n-l) FLC KV _E_>
S(n) V*i(n)

Hinh 4. Cau triic bé diéu khién vi tri kiéu PID mo.
Xdc dinh dang cdac ham lién thudc va cdc gid
tri ciia bién ngon ngiy

O day, dé don gian ta lya chon ham lién thudc
dang hinh thang va hinh tam giac, 1a dang
ham lién thudc c6 muirc chuyén doi tuyén tinh.
Dang cac ham lién thudc va gia tri cua céc
bién ngén nglt dau vao va ra dugc chi ra &
hinh 5.
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Hinh 5. Dang cdc ham lién thuéc va gia tri cdc
bién ngon ngit vao — ra

Xay dung cdc lugdt diéu khién “ néu .. thi
Cin ctr vao ban chét vat 1y, sd lidu va kinh
nghi€m, ta chon 7 luat nhu sau:

Luat 1: if SLVT is PH ( duong cao), then V"
is PH (duong cao); Luat 2: if SLVT is PL (
duong thap), then V' is PM (duong trung
binh); Luat 3: if ( SLVT is ZE (bang 0)) and (
VT is PS (dwong)), then V  is PL (duong
thap); Luat 4: if ( SLVT is ZE (bang 0)) and
(VT is NE (4m)), then V" is NC (khdng thay
do6i); Luat 5: if ( SLVT is ZE (bang 0)) and
(VT is ZE (bang 0)), then V' is NC (khdng
thay doi); Luat 6: if SLVT is NL ( am thap),
then V" is NL (am thap); Luat 7: if SLVT is
NH ( am cao), then V" is NH (a4m cao).

Chon ludt hop thanh va gidai mo.

O day, ta chon luat hop thanh max-min va
giai mo theo phuong phap diém trong tam.
KET QUA MO PHONG VA KET LUAN
Két qua md phéng

(@) (b)
Hinh 6. Vi tri thue va vi tri dat (a) va sai léch vi
tri thuc so voi vi tri dat(b)

(@) (b)
Hinh 7. Vén toc thyc va van toc dit (a) va Sai
léch van toc thuc so voi van toc dat (b)

Két luin

Qua két qua mo6 phong, ta thiy vi tri thuc cia
dong co da bam theo vi tri dat véi sai 1éch 1a
0.56%; van toc thuc di bam theo van tdc dat
v6i sai 1éch 1a 0,55%. Nhu vay v6i hé thong
diéu khién vi trf trén, cho phép diéu khién vi
tri rat chinh xac va c6 thé ap dung trong cac
hé thong yéu ciu diéu chinh chinh xac vi tri,
nhu trong cac may CNC, robot.
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SUMMARY

APPLYING THE BACKSTEPPING CONTROL METHOD AND FUZZY PID
CONTROLLER TO CONTROL THE POSITION OF PERMANENT MAGNET
THREE PHASE AC LINEAR MOTORS

Cao Xuan Tuyen”, Nguyen Thi Huong
University of Technology - TNU

In this paper, the position control system using a permanent magnet three phase AC linear motor is
mentioned. The advantage of this system is that, it makes the linear moving without the
mechanical system, that transfer rotating moving to linear moving, therefore the accuracy in
position control of the system is improved. However, the nonlinearity of the motor stil reduces the
accuracy in position control of the system. In order to solve this problem, this paper mentions the
synthsis of the current controller using the backstepping method and applying the fuzzy PID
controller for the closed loop of the position control. The simulation results give out that, the
accuracy in position control has reached the high level with the using two above nonlinear
controllers. The system has the relative position error of 0.56% and the relative velocity error of
0.55%.

Keywords: position control system; a permanent magnet three phase AC linear motor; a Fuzzy
PID controller; the nonlinearity of the motor; the Backstepping method
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