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UNG DUNG PHUONG PHAP E)II“E,U KHIEN BACKSTEPPING
DIEU KHIEN TOC DO DONG CO O TU TU NANG

DESIGN SPEED OF CONTROL OF AXIAL GAP TYPE SELF BEARING MOTOR USING BACKSTEPPING

TOMTAT

Bai bao tim hiéu va nghién ctu phirong phép digu khién Backstepping dé digu
khién t6c dd cho kiéu dong co ty nang. DAng co G tlr tiy nAng duoc digu khién la
doing co dBing bo cd cAu tao khe hi khong khi doc theo truc quay. Vi vay, diéu khién
hao gom hai thanh phan digu khién vi trf doc truc va diéu khién toc d quay. Dua
trén viéc xdc dinh ham diéu khién Lyapunov, két hop vdi md hinh toan hoc clia d6i
tirong, thiét ké mat bd diéu khién dua trén phurong phéap Backstepping 6n dinh toc
d6 dong co. BE kiém chirng phurong phép digu khién da trinh bay, mat md phdng
hé thong dugc thyc hién trén phan mém Matlab Simulink.

Tirkhda: Phuong phap diéu khién Backstepping, dong co 0 tir ty néng.

ABSTRACT

This paper analyse and study Backstepping mode control speed of the axial
gap type self bearing motor. There are the per manent magnetic fluxes in the air
gap and the phase winding to radial bearing in the motor. The stability of the
system is proved by using Lyapunov theory and an mathematical model motor
will be designed from the analyze theoretically of the axial force and motoring
torque. Finally, to demonstrate the presented solution, simulation system are
implement on Matlab Simulink.

Keywords: Backstepping made, axial gap type self bearing motor.
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1.GIOI THIEU

O d& tir la mdt loai 6 truc c6 kha nang nang khong tiép
xUc va gitr cho cac truc chuyén dong lo Iirng nho st dung
Iyc hut, ddy dién tir do tir treong cadc nam cham dién sinh ra
dé nang truc rotor quay trong long 0 (stator), khi nang
khoang cach gitra truc roto va stato rat nhé. Do gilta truc
quay va phan tinh khéng co su tiép xdc, nén 6 d& tir duoc
coi la mot trong nhitng d6i twgng nghién clu quan trong
hién nay, cé tiém nang I6n dem lai cac budc dot pha cho
cac nganh céng nghiép ché tao va san xuat. Béi twong diéu
khién trong bai béo chinh la dong co dugc tich hop trong
cau tric 0 tir d€ sinh ra co nang lam quay phu tai.
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Cac cdu trlc clia dong co duoc tich hgp déd duoc phat
trién trong nhiéu thap ki vira qua nham giam kich thuéc va
giam su phrc tap trong diéu khién [1, 2].

Bai bao nghién ctru mét cu trdc 6 tlr doc truc tich hop
dong co nhu hinh 1. Cau tric nay bao gdm mét roto dang
dia dac gan cd dinh trén truc quay va tir tredng dwoc phan
bé déu hai phia clia roto. Khi dé né nhv mot déng co xoay
chiéu tw nang co tlr khe ha khong khi doc truc, goi la dong
co khe h& doc truc (KHDT).

Pong co KHDT la sw két hop ctia dong co tir trvdng doc
truc véi 6 tir hwéng truc, do giam bdt cdu hinh phan cling
nén don gian hon vé cau tric va diéu khién so véi dong co
0 tlr thong thuwong. Dong co KHDT c¢6 thé 1a dong co khéng
dong bd hodc dong bo. Tuy nhién dong co dong bd duoc
chi y nhigu hon do cé hé s8 cdng suét va hiéu suét cao, dé
ché tao. DE thiét ké bd diéu khién trong bai bao ap dung
phuong phap cubn chiéu Backstepping dua trén nguyén ly
on dinh theo tiéu chuan Lyapunov cho mét 16p cac hé phi
tuyén cé dang truyén nguoc, tir dé co thé xac dinh duwoc
ham diéu khién Lyapunov (ham CLF) clia cac hé con nam
bén trong n6 bang phuong phap truy hoi [3].

b [d

Ot Ot
Ngang doc tryc-
tryc daéng co

B] b

O tu
Ngang
tryc

Hinh 1. CAu triic clia 6 tir doc truc - ddng co

Bai bao nghién ctru xay dwng cau trac diéu khién cho hé
théng theo nguyén ly diéu khién vecto, trong d6 dong doc
truc iy ding dé diéu khién lyc doc truc, con dong ngang
truc i, dung diéu khién momen quay. Két qua thu duoc khi
ti€n hanh mé phéng trén phan mém Matlab Simulink cho
thay ca luc doc truc va momen quay duoc tao ra dong thoi
va giam thiéu tuong tac.
2. MO HINH TOAN HOC

C4u triic ctia dong co KHDT dwoc thé hién trén hinh 2.
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Céc tham s6 trén cac truc x, y, ©,, ©, ctia roto bi chi phoi
bdi cac 6 tir ngang truc. Vi thé, chi quan tam t&i chuyén
déng quay va chuyén dong trén truc z. Nhw vay cé thé coi
dong co gébm 2 bac ty do.

Roto 1a mot dia phang c6 gén nam cham vinh clru &
trong hai mit dia tao thanh roto cuc 16i. Trén mdi stato co
c&c cudn day 3 pha dé tao trir trvong quay trong khe ho
khéng khi. Cac cudn day 3 pha nay sinh ra momen quay T,
va T,, dong thoi sinh ra lwc hat F, va F, gilia roto va stato.
Tong momen quay T la téng cac momen duwoc sinh ra tir
céc cudn day, tdng luc F 1a hiéu cta hai lyc hat thanh phan
[4,5].

Ot ngang
truc 1

Stator 1

Ju —Z
Rotor
Jo +2z

Stator 2

truc 2

Hinh 2. Cau trdc clia dong co KHDT

Dé thanh lap mo hinh toan hoc clia dong co KHDT ta sé
tinh toan momen va luc trén mdi stato. Pong co ddong bo
KHDT dua trén hé toa dd tir thong roto (hay hé truc d, g) dé
biéu dién cac dai lvgng ciia no.

Truc d cung phuong véi tir treong nam cham vinh ctru.
Céc truc u, v, w tvong trng cung phuong véi tir théng do 3
cudn day trén stato sinh ra. Géc Iéch gitra truc u va d goi la
goc dién ©.

Roto la cuc 16i nén do ty cdAm moi pha cua stato phu
thudc vao vi tri goc roto, vi thé dién cdm chiéu trén truc d
va truc g la khac nhau. B0 ti cdm moi pha la ham ctia khe
hé khéng khi g gitra roto va stato. Thwong do tv cam la
ham ti I& nghich véi khe h& khdng khi, nén ta cé cong thirc
Xap xi sau:

L
Lsd :E 0 +le
’ (1)
L
qu :E = +le
29

L'sq0 L'sqo trong (rng la dién cam tir hoa stato trén don vi
dai theo trucd vaq. Ly la dién cdm ro.
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Pé don gian héa, gia thiét tlr tredng vinh clru clia roto
duwoc thay thé bdi mot cudn day duoc cdp dong mot chiéu
khong ddi i, tir thong roto dugc biéu dién trén truc d
nhu sau:

e = Lfif ‘H-misd ()
Véi dién cam roto la:

3L
Li=+ 0 +Lq ©)

Gia thiét sy phan b6 tir trvong tai khe hé khong khi la
sin, h cam gitra tir treng cudn day f va cudn day stato la;
L
Ly =258 @
29
Nhu vay, m6 hinh toan hoc clia déng co dong bé KHDT
biéu dién trén hé truc d, g nhu sau:

. d
usd = Rslsd +Lsd dSd +stq|sq
4
Uy = R - +L T gt — 4wl iy +wA, (5)
)\sd = sd.sd +)\m
Ay =Lyl

Vi A, 12 tr thdng moc vong do tir trudng roto sinh ra
trén stato.

T (1), (2) va (5) ndng lvgng ddng co dugc tinh nhu sau:;

W= 2 i+ A+ M)
1 ©)
W = 2{ iy Ti)” + Lg% |

T (6) tinh dugc lyc hat doc truc bang cach dao ham
nang lvgng W theo bién khe hé khéng khi g nhu sau:
oW 3LSdo

F=— +ig)? o+
ag 4 2 (Sd )

Momen quay gay ra bdi mdi stato dugc tinh nhu sau:
T= P(_)\sdisq + )\sqisd)

3Ptsd0 . 3P(tsd0 _tqu) .. (8)

2g Isqlf + 2g sd’'sq

25q

3Lseo . -
49

T=

Vi P la so doi cuc.

T&r (8) ta thdy momen T clia dong co bao gom thanh
phan momen tac dung sinh ra b&i dong dién trén truc q va
momen tl trd sinh ra do sw chénh léch gia tri dién cam trén
truc d va g. biéu do6 c6 nghia la trong moi ché do hoat
déng, déng co phai sinh ra mot lugng momen thém vao dé
bu momen twr tré.

Khoang cach khe h& khong khi gilta roto va stato &
diém can bang la g,. Thuc té, gia tri khe hd nay sé thay doi
xung quanh diém can bang vai khoang dich chuyén la z.

Vol. 56 - No. 5 (Oct 2020) e Journal of SCIENCE & TECHNOLOGY | 41



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Theo (7) va (8), néu ta thay g = gy + Z, isq = gy, Isa = i1 V@
9 =00-Z isq = s Isa = Igp ta s tinh dugc twong tng Ty, Fy, Ty,
F,. Tl d6, cong thirc tinh tong luc doc truc F va momen
quay T la;
F=F —F
T=T,+T,
Tuyén tinh hoa tai diém céan bang z = 0 rdi khai trién (9)
thanh chudi Maclaurin, gilt lai s6 hang dau tién, ta duoc:

F=Kg {(idz + if)2 = (i + if)z}

©)

. . . . Z
+ KFq ('cz;z - 'fu)‘i‘ 2KFq ('éz + 'fu)g_ (10)

0

. . . . VA
+ 2K {ligp +0)” + (i +1) }—
9o
. . . . Z
T= KT(Iql + qu) +KT(Iq2 - Iql)g_

’ (11)

+ KR (Idllql + |d2|q2) + KR (|d2|q2 - Idllql)g_
o

Véi:
Lo BLeo 1n s vn .
Keg :—Sdzova Keg = “20 la cac hé sé luc hut doc truc
0 gO
3PL ol (Lo — L, T
LRV KF:_(‘“’—“") la cac hé so
29, 29,
momen quay.

3.NGUYEN LY BIEU KHIEN
Momen dugc diéu khién béi dong truc g, con luc hat
dugc diéu khién bdi dong truc d. Gia thiét:

Iql = qu = Iq

g = lgo —lg (12)
gy =lgo g
Trong dé:

i VA ig, tvong ng la thanh phan dong dién doc truc
trén 2 stato sinhraluc hitF, va F,

ig 1a dong offset, cé gia tri rat nhd hoac xap xi khong.

Thay vao (10) va (11), ta dvgc:

.. . . . zZ
F = 4Kegiriq +{4Keo (5 +17) + 4KFq|g}g—

0

(13)

T = 2K, + 2Ky, — (14)
0
Néu su dich chuyén bang khong hoéc rat nhé so voi khe
h& khong khi tai diém can bang gy, thi ta c6 thé rat gon (13)
va (14) thanh:

F = 4K, id,
T = 2K,

(15)
(16)
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Tir (13) va (14) ta thdy rang, mac du lvc hit doc truc van
chiu phu thudc nhé vao thanh phan dong truc g va momen
quay van chiu phu thudc nhé vao thanh phan dong truc d,
nhung cé thé diéu khién lyc hat bai dong iy va momen boi
dong i,

3.1. biéu khién vi tri doc truc

Vi tri ngang truc cda roto dwgc 6n dinh béi 6 tir ngang
truc, do vay sv sai léch doc truc s& doc lap voi sy dich
chuyén ngang truc va dvoc tinh nh sau: F =m? (17

Véi m 1a khéi lvgng clia phan chuyén dong, F la lvc hat
doc truc. Thay (13) vao (17) ta dugc:

MZ = 8K iy +{ 4K (7 +17) + 8K 2} — (18)

g

0

Hay:mz 4K,z =K i (19)
—4{Key if +13)+Kegio }
9o
co va K= 4K, i; [a hé s6 khuéch dai lvc hat. Cong thirc (19)
c6 hé s6 K, 1a &m nén hé khéng 6n dinh. D& hé 6n dinh, hé
diéu khién can chia thanh phan vi phan. Xét néu sir dung
bd diéu khién ti I& vi phan PD thi tin hiéu diéu khién tvong

(rng véi gia tri dong tham chiéu truc d nhu sau:

V6i K, = la do crng cua dong

iy =—K,z-Kp2 (20)
Vi K, 1a hé s6 ti 1é va K, 1a hang s6 vi phan clia bo digu
khién vi tri doc truc. Thay (20) vao (19) ta dugc:
mZ +K K,z+(K, +K K,)z=0 (21)
Hé 6n dinh khi cac hé s6 cla (21) la cling dau. Vi K, >0
nén K, phai théa man:
K, _4{KFd(i$ +i§)+KFqiz}
Ko >—== ;
K Kl 9o
3.2. biéu khién toc do
* Phurong phap cudn chiéu Backstepping thich nghi
Xét hé bat dinh c6 mot tin hiéu vao u véi mo hinh:

dx _
P FX)+F(xX)0+h(x)u

(22)

(23)

Trong do, cac vector f(x), h(x) va ma tran F(x) da
biét, con vector hang s6 © 1a chua biét. Vai:

e O lavector hing s knong biét trudc.

e Hodc 8= ©(t) la ham phu thudc vao thoi gian t
khong biét truéc.

Ap dung phuong phap gia dinh rd [6]:

Gia sir da biét 6, dé hé (23) 6n dinh tiém can tai goc, ta
c6 duvoc ham diéu khién Lyapunov V,(x,0) va bd diéu
khi€n phan hoi trang thai u=r,(x,0) tuong ng la:

100 +F08 + hOor, (x,8)]< -W(x.©)

(24)
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Trong d6, W(x, 8) xac dinh duong (theo X) v&imoi 0.
Do b diéu khién u=r,(x,0) la khong vi 6 chua biét.
Nén ta thay 0 bdng mot vector ham xac dinh §(t) va tim

cach hiéu chinh 6(t) nhr co cau: i = @(x.0) (25)

Sao cho: e=0-6(t)>0

(26)
Nhu vay ta chuyén sang bai toan tim u=r.(x,0) va
u=r,(x,0)dé hé (23), (24) c6:

limx(t)=0; lime(t)=0
t—o0 t—oo

Xét ham xac dinh duong:

V) = Ve B+ eTe

(27)
=V, (X, e)+ L 6) Che 6)
dv PP . A en
PE ¢co E:— W(x,0) xac dinh am, ta c6 dugc bo diéu
khién:
Yov
u=r(x,0)=r.(x,0)- [ < h(_)j aéc o (28)

* Thiét ké b0 diéu khién téc do

Xuat phat diém tir phrrong trinh chuyén déng quay biéu
dién mai lién hé gitta momen dién tir T va momen tai voi
téc dd dong co, ta co:

do
T-T, =J— 29
=i (29)
Két hop voi phwong trinh (24) ta duoc:
T-T,
do_(T-T) 2K +Kig); 2K\ T (30)

dt J J ot Jg0 K

V6i A =i,ijz goilathanh phan bét dinh nh thay ddi
theo thai gian.

Dat sai léch gilra téc do thuc va téc do dat la:;

d,=0-o

Suy ra:

d,=d-d

2(K +KR|dO) 2 p T e
J Jg0 Kl

Hé duoc mo ta béi phuong trinh (30) la mot hé phi tuyén
v6i d; 1a bién trang théi, i, la tin hiéu diéu khién. Theo tiéu
chuén Lyapunov, can ton tai V(d,) xac dinh dwong va thoa

. [V(d3)20 vdy =0

Ta c6 ham CLF:

(31)

dé hé 6n dinh tai gbc toa do:
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V== +—A*+—¢ (32)
1 gl
[A=A-A
Voi: R
e=T -T,

VaK,, g, dvong va dugce lya chon sao cho V(d,) xac dinh
duong.

Taco:
V=dd, -~ AA- ST
Ky %
2(K; +Kglyo) i
J d 1.+ 1
=y e ~ = AA-—¢T
R - K g
+—A——-T - 1 1 33
g, ¢t (33)
2(K; +Kglgo) i
J d 154 1
B S T T A EL
+RA+A)-Z(e+T ~o |
Jg, J

D& thoa mén tiéu chuén Lyapunov ta phai c6 V(d,) <0

xac dinh am.
%da_ig}g & T
Jgo Kl ‘] gl

Do dé ta chon:

Véi ¢, duong va duoc lva chon sao cho V(d3) xac dinh
am.

Tir (33) va (34) ta suy ra dwoc bién diéu khién can tim 1a:

V=—c,dl+ A( (34)

U RN (PO W PR (RS
20K, +Keigo) Jg, J
V@i luat thich nghi dwgce chon 1a;
i 2y
Y% (36)
_9 g

3.3. CAu trac diéu khién

C4u trac diéu khién vecto clia dong co KHDT duwoc thuc
hién bang viéc phan tich dong tirc thoi cla stato thanh
thanh phan sinh lyc hat doc truc iy va mét thanh phan
dong sinh momen quay i, duoc biéu dién trén hinh 3.

Ki hiéu z la vi tri doc truc tinh tir diém can bang duoc
xéac dinh bang cam bién vi tri. Gia tri nay dwoc so sanh voi
gia tri diéu khién z. (gia tri nay luén duoc dit bang khong
dé dam bdo roto & vi tri chinh gitra hai stato). Sai s6 vi tri
doc truc duwgc dua vao bd diéu khién vi tri R,, dau ra sé la
dong tham chiéu trén truc d. Dong tham chiéu nay sé duoc
tach thanh dong iy, Va iz Cho hai stato bang céach Iy gia
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tri dong offset iy, (gia tri ndy c6 thé bang khéng hoic rat
nho xap xi 0) cong hodc trir gia tri iger.

T6c dd roto do dugc tir encoder duoc so sanh véi gia tri
toc do tham chiéu, sau do6 sai léch duwoc dwa vao bo diéu
chinh téc doé R, Pau ra la dong tham chiéu trén truc q,
dong nay c¢0 hai gia tri twong rng véi hai stato.

Dong dién trén hai pha cla stato trén hé toa do of c6
duoc bang viéc do dong trén hai pha thyc. Sau dé cac
thanh phan dong trén hé toa dé dq duoc tinh dwa vao vi tri
rotor do tir encoder. Cac thanh phan truc g duoc diéu khién
bdi céac gia tri tham chiéu lay tir bd diéu khién toc do, con
céc thanh phan truc d dwoc diéu khién béi cac gia tri tham
chiéu Iy tir bd diéu khién vi tri doc truc. Dau ra ctia b6 diéu
khién dong duing dé tinh cac gia tri dién ap tham chiéu. Ta
can st dung khau chuyén hé toa dé quay sang hé tham
chiéu cd dinh ba pha stator. Dong cap truc ti€p cho cac pha
stator cla dong co dugc cdp tir cac bo digéu ché do réng
xung PWM. Hau hét cac bd diéu khién l1a P, chi cé bo diéu
khién vi tri doc truc la PID.

1 Cam bién vi tri

u,
3 ulrr‘
e PWM INVI
2\ |Mwirg

Tinh
o | toin
—¥ dong
tham
chiéu

iuz

2 h2

! U L1 ]
=
U,
el | pwat v
2\ |y,

L

e,

Ru Il,/_v,,]

e Upye

Hinh 3. Cau trdic diéu khién dong co KHDT
4. KET QUA MO PHONG

Dé chirng minh kha nang diéu khién dong co tir treong
doc truc theo cau trdc diéu khién da trinh bay, mé hinh thi
nghiém duwoc xay dwng theo so d6 nguyén ly nhu hinh 3.
Mo hinh dwoc xay dung véi cac sO liéu drgc cho nhu sau:

bién tré stato la 26Q, A, = 00126 Whb.
Ly = 9,6.10°Hm Ly, = 8,2.10°Hm L, =6.10 °H . Khe hd
khong khi g = 1,7mm. Khéi lvgng roto 1a 0,235kg, quan tinh
roto 12 0,000086 kg.m?

Taco:i;= A, /L,

Tl do tinh duoc i = 1,7415.

Hé diéu khién cho dong co KHDT duoc md phong trén
phan mém Matlab/Simulink.

Hinh 5 m6 phoéng dap tng téc do khi hé cé tac dong luc
doc truc tai 0,3s va momen tai tai 0,6s. D06 thi két qua cho
thay sau t6c do bam gia tri ddt va nhanh chéong 6n dinh du
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chiu tac dong cla tai lvc doc truc va momen ngoai tac
dong. Tuy nhién van con ton tai sai léch tinh va thoi gian
qua do khi cé nhiéu.

Scope_udg!

t@ Scope_Us!

o 1A Tomm E
— ot
8
i

52 1 0 g1

Curent
fefrence
omega ‘ celeton
hl S5+
hela Scope_Us?

Igef , a @ o

Scape udg?

Hinh 4. So d6 Simulink md phdng cu tric hé thong

Dap ung toc do quay rotor [rad/s] =
T T T T T T T
1 1 1 1 1 1 1 1
02 03 04 05 06 07 08 09 1
Dong dien dat Iq* S
6Lk L L L L L L L L L E
0 01 02 03 04 05 06 07 08 09 1
Dong dien dat Id* 21

05+ | ! | | |
04} 1 { { !
031 ; : ! : [

0.2

0.1 |
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103 Dap ung sai lech vi tri rotor z [mm] &

0 Of1 012 0?3 0?4 0?5 0..6 ().. 7 0..8 0.19 1
Hinh 5. Bap trng vi tri, tdc d theo phuong phap Backsteppin thich nghi
Hinh 6 md phong khi khi bd diéu khién thém thanh

phan khir nhiéu nhadm nang cao chét lvong dap (ng. D thi

két qua cho thay thoi gian qua do la 0,13s, dd qua diéu
chinh va sai léch tinh t6c d6 gan nhu khéng c6, khdng bi
anh hudng bi tai luvc va momen nhiéu.

Dap ung toc do quay rotor [rad/s] =
- T T T T T
140 |-
120
100
80
60
40
20
[}
I | I I | I I |
0o 01 02 03 04 05 06 07 08 09 1
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Hinh 6. Dap ting tdc 6 Backstepping thém thanh phén khir nhiéu
5. KET LUAN
Bai bao da trinh bay két qua thiét ké va xay dung hé
truyén dong mot hé diéu cho déng co khe hd doc truc
dugc tich hop véi 6 tir, 4p dung phuong phap diéu khién
Backstepping. BOng co lam viéc véi momen quay va lyc hit
doc truc dugc sinh ra tlr cac dong thanh phan trén truc d va
truc g. K&t qua md phong cho thay bé diéu khién truot co
thé diéu khién hé én dinh, bam gia tri d4t nhanh véi do qua
diéu chinh thap va giam thiéu sy tac dong qua lai gitta

Website: https://tapchikhcn.haui.edu.vn

vong diéu khién toc do véi vong diéu khién vi tri doc truc,
tuy nhién con han ché khi chua 4p dung thiét ké bo diéu
khién vi tri theo phuong phéap Backstepping.
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