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Tém tit

Bong co tuyén tinh c6 nhiéu wu diém: Cau tric don gian, dich chuyén chinh xéac véi toc do cao, giam ma sat
trong truyen dong, thoi glan dap ung nhanh, thoi gian str dung trung binh kéo dai. Tuy nhién, do ton tai tinh
chat phi tuyén nén viéc thiét ké bo diéu khién cho loai dong co niy con gip nhiéu khé khan. Bai bao dé xuat sir
dung dong thoi hai mach vong dleu chinh: Ung dung phuong phap Backstepping v6i mach vong dong d1en bd
diéu khién PI d6i véi mach vong toc do ctia bo didu khién. Ket qua md phong dic tinh dong dién, van tdc, luc
dién tr ctia dong co da thé hién gia tri cua bd diéu khién dé xuét.

Tir khéa: Phiong phdp Backstepping, diéu khién PID, dong co tuyén tinh.

1. Pit van dé

Theo [1-3] thi nguyén ly dong co tuyén
tinh dugc Charles Wheatstione dua ra vao
nam 1840. So véi giai phap truyén dong co
khi truyén thong st dung dong co quay tron
thong qua cac co cdu trung gian nhu hop
s0, dai truyén, truc vit thi giai phap st dung
dong co tuyén tinh c6 nhiéu vu diém noi bét
nhu dat mic dich chuyén chinh xac véi téc
do cao, giam ma sat trong truyén dong, thoi
gian dap ing nhanh, thoi gian st dung trung
binh kéo dai [4]. Hién nay, ddng co tuyén tinh
la mot giai phap cong nghé méi dugc ting
dung nhiéu trong san xudt cong nghiép, dic
biét 1a trong linh vuc co khi vé6i dich chuyén
cta ban g4, mai khoan, cdc may CNC, cac
robot cong nghiép... Ngoai ra, dong co tuyén
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tinh con xudt hién trong linh vuc giao thong
van tai v6i cac dau may xe dién, tau dém tu
truong toc do cao [4-5].

Bén canh nhiing uu diém, dong co tuyén
tinh véi gia thanh cao, ton tai tinh phi tuyén
va hiéu ting dau cudi nén viéc thiét ké bo
diéu khién con gap khoé khin [6]. Da c6 kha
nhiéu nghién ctu vé thiét ké bo diéu khién.
Trong [7-8] dé xudt phuong an st dung bd
diéu khién Backstepping va Backstepping
thich nghi dung dé€ kiém soat lyc ddy dugc
tao ra. Viéc khong c6 mach vong t6c do, vi tri
dan dén t6c do va vi tri chua duoc kiém soat.
Trong [9] xay dung cdu tric phan hoi trang
thai d€ kiém soat van t6c nhung khong dap
ting dugc 6 vung van téc 16n. Bo diéu khién
trugt, trugt thich nghi kiém sodt van toc dugc
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dua ra trong [1-2]. Tuy nhién, phuong phéap
lai kha phtic tap v6i khoi lugng tinh toan 16n.
Trong [10] da ting dung phuong phap diéu
khién Backstepping va b¢ diéu khién PID
mo trong thiét ké diéu khién. Tuy nhién, do
khong c6 mach vong t6c do nén téc do la dai
lugng khong dugc kiém soat.

Bai bao dé xuat st dung dong thoi hai
mach vong: Ung dung phuong phép diéu
khién Backstepping trong thiét ké bo diéu
khién dong dién va phuong phap diéu
khién PI trong viéc diéu khién t6c d¢ dong
co tuyén tinh d€ nang cao chit lugng cua
bo diéu khién.

2. Phwong phap nghién ctru
2.1. Phuong phdp thiét ké b diéu khién trén
0 s Backstepping

Theo [11], d€ c6 hinh dung dé hiéu vé
phuong phap Backstepping, ta xét hé thong
dugc mo ta bdi hé phuong trinh:

{)'c =cosx—x +¢&
E=u (1.1a,b)

Muc tiéu diéu khién la dua x(t) — 0 khi t
— o0 v6i moi x(0), £(0).

Ta thiy ngay hé c6 diém can bang (§,x) =
(0,-1). Néu coi & la tin hiéu diéu khién, véi
muc dich triét tiéu thanh phan phi tuyén
cos(x) trong phuong trinh (1.1a), ta chon

1
ham Lyapunov V(x) = Exz. Theo tiéu chudn

6n dinh Lyapunov, ta can tim & thda man:
{V(x)<0khi x #0

V(x)=0khix=0 (2)
Ta chon dugc:

Saes = —C1X —COS(X) (3)

Trong d6 ¢, 1a mdt hing s6 duong. Thay
x vao (1.1a) ta dugc x = —clx—x3 <0. Nhu
vay v6i x da chon, (1.1a) 6n dinh tiém cén
toan cuc. Tuy nhién, x khong phai la tin hiéu
diéu khién thuc ma chila mot bién trang thai
va dugc goi la mdt diéu khién do (virtual
control). Budc tiép theo, ta dinh nghia mot
dai lugng sai s6 z la hiéu cta dai lugng thuc
té€ va dai lugng mong muon cta bién diéu
khién do x.

Zzg_gdes (4)
¥=—cx—x+z (5)
z=u+(c —sinx)x ©6)

=u+(c, - sinx)(—clx —x'+ Z)
Tiép tuc chon ham diéu khién Lyapunov
V, (x, Z) .
1

V (x,2)=V(x)+=2"
()= V(2) .
=%x2+%(§4.—c]x+cosx)2

LAy vi phan V,(x,z), két hop vé6i (2) ta
dugc:

V,(x,z)=—cx" -x*
+z[x+u +(¢, —sinx)(—clx—x3 +z)} (8)

Biéu thtc trén cho ta xac dinh luat diéu
khién cho tin hiéu vao u nhu sau:

u=-c,z—x—(¢ —sinx)(—clx—x3 +z) (9)

Trong d6 c, la hang s6 duong. Khi d6, dao
ham ctia V,(x,2) tr& thanh:

V, =—cx’—cz’ —x* (10)
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Ta thay Va la ham xac dinh duong va dao
ham ctiané V, <0 khi x =0, nén diém can
bang (0,0) ctia hé trén hé toa do (x,z) la 6n
dinh tiém c4n toan cuc, do d6 diém cin biang
(0,-1) trén hé toa do (x, x) cling thoa man
diéu kién 6n dinh, va ta dat dugc muc tiéu
cuia viéc thiét ké bo diéu khién.

Tl vi du trén, ta di dén phuong phap
Backstepping dang t6ng quat:

Xét hé thong co6 dang:

V(%)
Ox
Vx#0

[ f(0)+g@a(x) |< W (x)<0

x=f(x)+g(x)¢
(11)

& =h(x.)+u

Trong d6 (x,&)" 1a vector cac bién trang

thai va u 1a dau vao diéu khién. Gia thiét hé
thong con trong (11) la:

x=f(x)+g(x)$

Co moét luat diéu khién phan hoi
E=a(x), a(0)=0 délam cho h¢ én dinh
tiém can toan cuc v6i ham Lyapunov V,(x)
thoa man:

(12)

(13)

Vi gia thiét trén, ta ¢ thé phat biéu nhu sau:

Xét ham xac dinh duong, tron:

V(x,8) =V, (x)+u[E—a®)]

(14)

Trong d6 m>0. Khi d6, dao ham ctia V' (x,¢):

V(z,é)=%i+2ﬂ[§—a(z)]{f—z—ii}

S—W(£)+[§—a(£)](2u{§—z—z4 i

(15)

+a§(£)j

=—W<z>+[§—a<z>][2y[h<z,§>+u—‘Z—j(z(zng(z):)}%]

Nhu vay, néu chon b diéu khién thoa man:

2/J{h(§,§)+u—aa—i!([(i)"‘g(ﬁ)f)]"l‘gl/l

=—[£-a®]
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“[¢-a®] - LV (x)
2u

0
+a—Z(J_‘(§)+g(§)§)

u=

—h(x,5)

(16)

Véi k la s6 nguyén 1¢, ta sé c6 ham xac dinh 4m:

k+1

V(x,E) <-W(x)-[é-a(x)]

Dam bao cho hé 6n dinh toan cuc tai diém
can bang x = 0. Nhu vy, luét diéu khién da
dugc x4y dung va biéu dién bang cong thic
rat tuong minh.

Tl cac phén tich & trén, ta thay ban chat
cua phuong phap la dya trén ham diéu khién
Lyapunov va ky thuat Backstepping d€ thiét
ké bo diéu khién phan hoéi trang thai nham
lam 6n dinh hé thong.

diy 1, (27[ ]qu . 1
_>:__lxd +—V lsq +_usd
dt T, t )L, L,

di, (27; ijd, 1. 1
= —v |2, ——i +—u
dt T L

sq 5q 5q

ds
dt

(17)

2.2. M6 hinh todn hoc dong co tuyén tinh
dong b kich thich vinh ciiu

Theo [5], xudt phat tif phuong trinh dién
ap, ti thong phia rotor va stator ctia dong co,
dung phép chuyén truc toa do, ta thu dugc hé
phuong trinh vi phdn mo6 ta dong co tuyén
tinh dong bo kich thich vinh ctiu (BCTT
DB- KTVC) trén hé toa do dq nhu sau:

(18a,b,¢c)

Luc dién tu va phuong trinh chuyén dong ctia dong co dugc xac dinh:

3 . i i
F :g[wplsq +(Lsd _qu)lsd'lsq]

F—F, :mﬂ
dt

(19)

(20)

Hé phuong trinh trang thai (18a,b) dugc biéu dién duéi dang ma tran nhu sau:

dil .
;S:Afi’,,+Bfuf+Nifv+Sl// \
dt s =s Zs P

(21)
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1
T 0 |: Ma tran hé théng
sd
A7 =
0 L
I,
1 A A 2
7 0 |:Ma tran d4u vao
Bf _ sd
1
0 —
qu
_ 7 Ly, |: Ma tran ghép phi tuyén
_2_”ﬁ 0

T qu

0

S=| 2z 1 |:Ma tran nhiéu
T qu
v
u!

Hinh 1. M6 hinh PCTT DB - KTVC trong khong gian trang thai trén hé tea do dq [5]

Phuong trinh (21) va hinh 1 cho thdy tin
hiéu vao cua hé thong khong chi cé vector
dién 4p uf ma con ¢é ca tdc do v (chinh 1a
tdc do g(’)_c dién @, ). Nhu védy bién trang thai
dong dién khong chi phu thudc vao cac gia
tri dién ap usd, usq ma con phu thudc vao ca
tan s6 dién ap cdp vao dong co. Tinh chat phi
tuyén cua dong co tuyén tinh BB KTVC thé
hién § tich gitia bién trang thai ;/ va bién @,

80

qua thanh phin Ni’v véi yéu t8 quyét dinh
la ma tran N.

2.3. Thiét ké bé diéu khién dong dién

Muc tiéu ctia phén nay la tong hgp, dua ra
cac bo diéu khién dong dién cho DCTT-DB
KTVC dugc thiét ké theo phuong phap phi
tuyén Backtepping.
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33 =0 ==
e S s L p—" t | Pio | g
. it T v | how
— Backstepping | "“a |€ |wp | — [t |2tong[§,

[ svM [

. ooy
‘ L4 Lot DK Thuin - Nguge
V* R " 3 Liyv.w
- Ry g |e"| ip 2 ;
# 2
S oo R, /

Cam hién
van toc

Tinh s = j vt v

Hinh 2. Céu tric diéu khién PCTT PB-KTVC theo phwong phap Backstepping

- Tong hop bd diéu chinh thanh phan isd: Chon ham diéu khién Lyapunov la:

Chon i 1a bién di€u khién, gid tri mong v, = lZl2 . Lay dao ham theo thoi gian, taco:
muén ctia n6 1a i/, dugc ldy tii bo diéu chinh | 2 o di, dz
moOmen thong qua khau t1nh todn gid tri dat =24 . Takichd: 2 =—¢ a dr - Tu (182)
Goi sailéch tinh gitiaisd va i, 1: z, =i, =i}, (5¢4-

%—_Ll‘ + 2_72-‘; ﬁl +Lu
dt T, N 2 L, Y L, N (22)
Do d6
1 [27[ j s 1 di.,
Zy=——1,+| —V Iy, +— Uy —
T, 4 L, L, dt
(23)

1
Chon bién diéu khién la 7 Uy, dé v, =zz <0, thigid tri ciia bién die¢u khién la :
'sd

1 1 2 L, )
e ()l Ly,

sd S S
sd Ty t )L, 4 (24)
V6i k, 1a hang s6 duong. cdng sudt thong qua khau tinh toan gia tri
. Téng hop bé diéu chinh thanh phan i, dat. 'GQI.Sal lech gifia i, va gia tri dat i . la
Z, = iy - igge

Chon i, 1a bién diéu khién, gid tri mong
mudn cta né i dugc ldy ti bo diéu chinh
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Chon ham diéu khién Lyapunovla: v, = 5222 . L4y dao ham theo thdi gian, ta cé: V, = 2,2,

1
Tl . di, di,
3 T — —_——
cTalaico: 2 =— ==—
di, (2z \L,. 1. 1
=—| —V |, e d, Uy —
dt T qu qu qu
Do dé:
. (2 N\L,. 1. 1
Z, == TV L—lsd —T—lsq +L—usq—

sq sq sq

(25)
Zlvjﬁ (26)
L,
Zlvjﬁ_& 27)
L di

5q

Chon bién diéu khién la ——u,,, d€ v, = z,Z, <0, thi gia tri cta bién diéu khién la:

L

Sq

1 2t \L,. 1. (2«
—u, = —Vv [+, +|—
qu T qu qu T
V6i k, la hang s6 duong.

- Tinh 6n dinh ctia cdc bd diéu chinh dong
Backstepping:

Véi cac khau diéu chinh (24) va (28), thay
vao (23) va (27), ta dugc cac phuong trinh
mo td mo6 hinh dong ctia dong co tuyén tinh
DB KTVC trén khong gian cac bién trang
thai méi z, va z, nhu sau:

z, =—kz,

z,=—kyz,
Viét lai hé & dang sau :
diz)| (& 0}z
dilz,) L0 -k )z,
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di’
vjﬁ +—L—k,z,
L
sq

(28)

dt

Hé c6 diém can bang : (z,, z,)T = (0,0)T

Chon ham diéu khién Lyapunov:
v :lzlz +%Z§. Lay dao ham cua v, ta cé:
V=22 +2,%, = —kz —k,z; <0, takét ludn,
hé 6n dinh tai diém can bang (z,, z,)T=(0,0)
T. Bo diéu khién da thiét ké dam béo yéu ciu

K .

o d. ht \ . oK
6n dinh toan cuc va i, — i, i, —> i

2.4. Thiét ké mach vong diéu khién vin téc

Tu cdu truc diéu khién dong co tuyén
tinh, ta thdy rdng tii thong cuc tu la hing
sO (vinh ctiu), lyc dién tu ty 1é thudn truc
ti€p vdi thanh phan dong i,. Dong dién
chay vao day quin dong co c6 nhiém vu
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tao ra luc dién tu, khong c6 nhiém vu tao
ti thong. Do dé khi xay dung hé thong
diéu khién dong co tuyén tinh DB-KTVC
ta sé phai diéu khién sao cho vector dong
is dling vudng goc véi ti thong cuc, vi vay
khong c6 thanh phan dong tli hod iy (i

phén dong tao luc dién tu i, . Ttc 1 cdu
tric mach vong diéu khién bén ngoai cta
dong co tuyén tinh DB-KTVC chi ton tai
mach vong diéu chinh vén t6c va khong
can mach vong diéu chinh tti thong. So do6
khoi cta mach vong diéu chinh vén téc

luén dat bing khong) ma chi c¢6 thanh nhu sau:

iusd > u5d - .i5d_

o 2? - BO PIEU KHIEN DC |
DONG TT >
A »  BACKSTEPPING Usq
—b@-’ R. >
! F Y I F Y v v
*

Hinh 3. So' d6 céu tric diéu khién tc dd dong co tuyén tinh

ll.*gd= ] L v
- Lad —Lsg 3T 1
— PKD- Igd _’.E... -l@-ll - - >
M T
ms
v i*s.q F,
—l@—h R!, DKD-.[uq =N ['j,"b
- Isq

Hinh 4. So' d6 thay thé khi thiét ké b diéu khién téc dd
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Tl so d6 cdu trac hinh 3 va hinh 4, 4p 3. Két qua mé phéng
dung phuong phap t6i uu doi xiing sé ta tim
dugc bé diéu khién van toc: 3.1. S0 d6 mé phong
1 M6 hinh m6 phdng dugc xiy dung trén
= 1+ —— phan mém Matlab-Simulink bao gom céac
3y, 41, ?J%S khoi: Bong co tuyén tinh, mach nghich luu,
cac bo diéu khién.

R_2m 1

L] —
labc

o To Workspace
To Workspaced
To Workepaces

To Workspace 1

Scoped

é Signal 1 P Motor »|motor | linear motor currgnt d |:|
I speed, »
Ale———aTa Labc Scope2 Signal Buildert T @ Conv »{conv. PEeS [near motor Veloci d
e Tem >
ctr
o T Electromagnetic Force
\\}@W—Qﬂh u Ma Mo | g »
c T Mb ACB Wm —1 DC bus voltage
° M js-——————— demux s
diena cope
220V 60Hz Measures °
PM Synchronous Motor Drive
—‘»
To Worlspace2
L——» U
Toup 1 Scoped
é Sonal - To Workspaced
ienap
Signal Builder To Workspace6

Hinh 5. So' 46 mé phéng toan hé thong

Deriative +
+
Ird=
Gain
i
Out1
Iwd Gainl Gain2
{Lm/ird{ZpiE)
v
E
g™
Dediwtivel
+
&
m > Ttz
Gaing
@pie)Fspleg N
.x h L
Product1

{Lrgdedy 2 pife

Hinh 6. So d6 b diéu khién dong Backstepping
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N*
0
gy ’ il .
L)
"H” ] Fumy Logie DO e
(N ) tent) Controller
ralm Lo pass e oz refeence ()
Untelay 1 O
By L N
LA L L * @
7 Tt
_’@ RN : o | @-’cm
D :1‘. Refiwe
o '

Hinh 7. So' 46 m6 phéng bj diéu khién vén toc

3.2. Két qud mé phong

‘ac6_example_04/Signal Builder : Group 1

Hinh 8. Van téc dit va van tdc thuce trong khodng thoi gian tir 0 dén 2 gidy

Van toc da bam sat gia tri dat véi sai s6 dudi 1%, bo diéu khién thuc hién dung yéu cau
dat ra.

Dong dién (A)

g | | L |
0 05 5

1
Thdi gian (s)

Hinh 9. Dong dién pha djng co theo Backstepping
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Két qua moé phong cho thdy trong qua
trinh tang toc do yéu cau luc dién ti 16n nén
bién do dong 16n hon so véi khi van toc 6n

dinh. V€ tan s6 ting dan trong qua trinh tang
toc va 6n dinh khi van t6¢ 6n dinh. Khi dong
co duing thi dong béng 0.

Lyre dién tir (N)

4 |

] 03

1
Thai gian (s)

Hinh 10. Lyc dién tir ctia dong co

Trong giai doan tang toc yéu cau luc dién tu
16n (5N) 16n hon lyc can, trong giai doan 6n
dinh luc dién tii bang luc can, trong giai doan

. dv A pa .
giam toc Z > 0 luc dién tt nho hon luc can.

4. Két luan

Bai bao da trinh bay viéc tng dung
phuong phap Backstepping trong thiét ké
bo diéu khién dong dién, phuong phap

diéu khién PI d6i v6i bo diéu khién van toc
dong co tuyén tinh dong bo kich thich vinh
ctiu. Két qua mo phong dong dién, luc dién
ti, van toc ctia dong co da bam theo gid tri
dat véi sai léch van toc dudi 1%. Day la su
goi mé& cho viéc ting dung ché tao bo diéu
khién va dua vao st dung trong thuc té &
cac hé truyén dong thing yéu cdu do chinh
xac cao st dung dong co tuyén tinh.

Phu luc 1. Bang ky hi¢u viét tit

Ky hiéu Pon vi Y nghia
i, isq A Dong dién phan déng trén truc d, q
Uy, Uy \% Dién ap truc d, q
L, L, H Pién cam truc d, q ciia phan dong
S m Quiéng dudng dich chuyén cua phan dong
v m/s Van toc phan dong
t m Budc cuc cua dong co
A Wb Tur thong mot cuc tr
m kg Khoi lugng phan dong
F, F, N Luc dién tur va lyc can cua dong co
Td _ L, TS _ i Héng sb thoi gian dién tur theo cac truc d, q
“ R ™ R
R, Q Dién tro cudén day phan dong
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DESIGNING THE CONTROLLER FOR THE LINEAR MOTOR
BY APPLICATION OF THE BACKSTEPPING METHOD

Nguyen Van Quyet', Ha Duy Thai'

'Faculty of Engineering and Technology, Hung Vuong University, Phu Tho

Abstract

Linear motors have many advantages: Simple structure, accurate movement at high speed, reduced friction
in transmission, fast response time, prolonged use time. However, due to the nonlinear nature, the design
of the controller for this type of engine still faces many difficulties. The paper proposes the use of two control
loops simultaneously: The application of the Backstepping method with the current loop, the PI controller for
the speed loop of the controller. Simulation results of current characteristics, velocity, electromagnetic force of
the motor have shown the value of the proposed controller.

Keywords: The Backstepping method, PID control, the linear motor.
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