CONG NGHE

ON DINH TOC DO DONG CODONG BO TU TRUGNG DOC TRUC

SU DUNG PIEU KHIEN TRUOT

SPEED CONTROL OF AXIAL FLUX SYNCHRONOUS MOTOR USING SLIDING MODE CONTROL

TOMTAT

Bai bao tim hiéu va nghién ciru bd digu khién truot cho toc do dong co dong
bo tir truong doc truc. BOng co nay cd tlr trudng khe hé khong khi chay theo
chiéu doc cla truc dong co va day quén dong co ¢6 huéng vudng géc véi truc
dong co. Vi vay, diéu khién bao gom hai thanh phan digu khién vi tri doc truc va
diBu khién toc do quay. Dua trén viéc phan tich md hinh todn hoc va céc lyc
thanh phan, thiét ké mat bo digu khién truot dé 6n dinh tdc do dong co. Sau
cling, dé kiém ching phirong phap diéu khién da trinh bay, mo phdng hé thdng
duoc thuc hién trén phan mém Matlab Simulink.

Tir khda: Bong co tlt thong doc truc, b9 diéu khién truot, 6n dinh tdc do dong
€0, dong co mang tir trudng.

ABSTRACT

This paper analyse and study sliding mode control speed of the axial flux
motor. There are the magnetic fluxes in the air gap and the phase winding to
radial bearing in the motor. An mathematical model motor will be designed
from the analyze theoretically of the axial force and motoring torque. A propose
control in structure is rotor field orientation control using sliding mode control.
Finally, to demonstrate the presented solution, simulation system are
implement on Matlab Simulink.

Keywords: Axial flux mator, sliding mode control, rotor field orientation,
magnetic bearing motor.
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CHU VIET TAT
TTDT T trudng doc truc

1.MG BAU

Trong cac tng dung cho nhiing méi trwvdng dac biét
nhv yéu cau ma sat nho, nhiét dé moi truong lam viéc qua
cao hoac qua thap, yéu cau téc do cao hoac doi héi tinh vo
tring thi dong co tich hop 6 tir dwoc (ng dung ngay cang
nhiéu. Vi vay, viéc ddy manh nghién ctu cai thién chat
lwvong diéu khién cho cac dong co 6 tlr ngay cang réng réi.
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Ng6 Manh Tung

C4u trdc co ban clia déng co 6 tir va cdu tric tich hop 6
tlr ngang truc - ddng co dugc trinh bay trén hinh 1, 2 [2, 3].

b E—B g

[[[1&
i
[dUE)
d b 2 I
= I =
Ot o Ot Ot
Ngang ong co Ngang Doc
tryc tryc tryc
Hinh 1. Cau trlic ctia dong co 0 tir co ban
s I =
d b
@ﬂ El
[EUE]
O twr B tor Ot
Ngang o Doc
oo MNoang tve- (GO0

Hinh 2. Cau triic cdia 6 tlr ngang truc - dong co
Hai 6 tir ngang truc tao ra luc dé nang roto theo huéng
ngang truc, mot bé doc truc tao ra luc gitr doc truc dé co
dinh roto tai vi tri khéng doi voi stato. Cac cau truc nay
thuwong can cé kich thwdc 6 tir I6n va nang, voi hé diéu
khién phtrc tap, gay han ché trong cac (ng dung vai khéng
gian nho [4, 5]. Do d6, dé thu gon céu trdc déng co 6 tir va
don gian trong cau tric diéu khién, mot cau tric duoc phat
trién nhw hinh 3 [6].
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C&u trac nay bao gbm mét roto dang dia dac gan cd
dinh trén truc quay va tir treong duoc phan bd déu hai phia
cla roto. Cau tric nay nhu mot déng co xoay chiéu ty nang
c6 tir khe hé khong khi doc truc, dwoc goi la dong co tir
trwong doc truc. Dong co TTDT la sv két hop clia dong co tir
truong doc truc véi 6 tir hwdng truc, do gidm bat cau hinh
phan cirng nén don gidn hon vé cau trdc va diéu khién so
voi dong co 6 tlr thong thuong. Dong co TTDT co thé la
déng co khéng déng bo hodc dong bd. Tuy nhién dong co
dong bo duwoc chd y nhiéu hon do cé hé s6 cong suat va
hiéu suat cao, dé ché tao.

Phurong phap diéu khién cho dong co TTDT dua trén
diéu khién vector, trong dé dong doc truc iy dung dé diéu
khién luc doc truc, con dong ngang truc i, dung diéu khién
momen quay. Két qua cho thdy ca luc doc truc va momen
quay dugc tao ra dong thoi & dong co nay.

Néu dong co dong bo la cuc 16i, thanh phan dién cdm
trén hai truc d va q la khac nhau, xuat hién momen ti tré
gay kho khan trong diéu khién tach kénh gitra vong diéu
khién vi tri va toc do.

Bai b&o nay nghién ctru xay dwng céu tric diéu khién
cho hé thong theo nguyén ly diéu khién vector, trong do
thié€t ké vong kin diéu khién téc do la bd diéu khién truot.
Két qua duoc thu dugc khi tién hanh mé phoéng trén phan
mém Matlab Simulink.

2. MO HINH TOAN HOC

C4u tric clia dong co TTDT dugc thé hién trén hinh 4.

truc 1

Stator 1
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thor
Jotz
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truc 2

Hinh 4. Cau trdc ca dong co TTDT

Céc tham s6 trén cac trucx, y, ©,, ©, clia roto bi chi phoi
bdi cac 6 tir ngang truc. Vi thé, chi quan tam téi chuyén
déng quay va chuyén dong trén truc z. Nhw vay cd thé coi
dong co gébm hai bac tu do.

Roto 1& mot dia phang c6 g&n nam cham vinh clu &
trong hai mét dia tao thanh roto cuc 16i. Trén mdi stato co
céc cubn day 3 pha dé tao trir trvong quay trong khe ha
khong khi. Cac cudn day 3 pha nay sinh ra momen quay T, va

T,, ddng thai sinh ra lvc hit F, va F, gira roto va stato. Téng
momen quay T la tdng cac momen duwgc sinh ra tlr cac cudn
day, téng Iwc F 1a higu cda hai lic hat thanh phan [7, 8].

Dé thanh 1ap mod hinh toan hoc ctia déng co TTDT ta sé
tinh toan momen va lyc trén mdi stato. Pong co dong bo
TTDT dua trén hé toa do tir thong roto (hay hé truc d,q) dé
biéu dién cac dai lvgng clia no.

Truc d cung phwong voi t treoéng nam cham vinh ctru.,
Céc truc u, v, w tvong tng cung phuong véi tir thdng do 3
cudn day trén stato sinh ra. GAc léch gilra truc u va d goi la
goc dién .

Roto la cuc 16i nén do ty cdm moi pha cua stato phu
thudc vao vi tri goc roto, vi thé dién cdm chiéu trén truc d
va truc g 1a khac nhau. Do tw cdm mdi pha la ham ctia khe
hé khong khi g gitta roto va stato. Thuong do tv cdm la ham
ti 1é nghich véi khe h& khéng khi, nén ta c6 cong thirc xap
Xi sau:

7§|‘VSdO
2

Lsd + LS|

, 1)
|_ _ E quO

sq

+ LS|

L's0r L'sqo t@ng ng la dién cadm tlr hoa stato trén don vi
dai theo truc dvaq. L la dién cam ro.

DE don gidn hda, gia thiét tir tredng vinh clru clia roto
duoc thay thé bdi mét cudn day dwoc cdp dong mot chiéu
khong dai i, tb théng roto duoc biéu dién trén truc d nhu sau:

)\f = Lfif + Lmisd (2)
Véi dién cam roto la:
3L,
L==—%0 4 ©)
29

Gia thiét sy phan b6 tir trvong tai khe hé khong khi la
sin, hd cam gitra tir treng cudn day f va cudn day stato la;

3L,
— =0 @
2 g
Nhu vay, md hinh toan hoc clia dong co déng bod TTDT
biéu dién trén hé truc d,q nhu sau:

m

. d, .
usd = Rslsd + Lsd ﬁ+ (*)qulsq

di .
usq = Rslsq =+ qu d_::+ (*)Lsdlsd + (*))\m (5)
)\Sd = Lsdisd +)\m
A =L

sq°sq

Vai A, la tir thdng méc vong do tr tredng roto sinh ra
trén stato.
T (1), (2) va (5) ndng lvgng ddng co dugc tinh nhu sau:;

1. . .
W= E()\flf + )\sdlsd + )\sqlsq)

(6)
1 . .
W = E{Lsd (If + Isd)2 + qulsq}
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T (6) tinh dugc lwc hat doc truc bang cach dao ham
nang lvgng W theo bién khe hé khéng khi g nhu sau:
oW Lo
S0y 4g
Momen quay gay ra bdi mdi stato dugc tinh nhu sau:
T =P(Agi +Agisa)

SPtst . 3P(tsd0 7l‘ysq0) . (8)

29 Isqlf =+ 29 Isdlsq

F:

2 '5q

3L
(g +ig)* +— 12 (7)
4g

T—

Vi P la s6 doi cuc.

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

Khoang cach khe h& khong khi gilra roto va stato &
diém can bang la g,. Thuc té, gia tri khe hé nay sé thay déi
xung quanh diém can bang véi khoang dich chuyén la z.

Theo (7) va (8), néu tathay g = gy + Z, iy = gy, isg = Iy V@
0=00-Z isq = g Isg = Ig, ta s& tinh dwoc tvong tng T,, F,T,,
F,. Tir d6, cong thirc tinh tGng luc doc truc F va momen
quay T la;

F=F,—F
T=T,+T,

Tuyén tinh hoa tai diém can bang z = 0 rdi khai trién (9)
thanh chudi Maclaurin, gitt lai s6 hang dau tién, ta dugc:

F=Kg {(idz +i )2 —(igy +1g )2}

©)

. . . . Z
Hiq (i —ig0) + 2K (G +i60) — (10)

Y%

. . . . Z
+2Keq {('dz +11)? 4 (i + iy )z}g_
0

. . . . Z
T= KT(Iql +Iq2)+KT(IqZ _Iql)_

Hg (gglgn F1aalgn) + K (golgp — Idllql)g_
0

N Ay, et 1x ot in ot
VoI K, =90 yva K =% |3¢c4c hé s6 luc hat doc truc.
Fd 2 Fq 2
49, 49,

3P e S I
KT:f—SdO'f va KF:—MIa cac hé s6
29, 29,
momen quay.

3.NGUYEN LY BIEU KHIEN
Momen duoc diéu khién béi dong truc g, con lyc hat
duogc diéu khién bai dong truc d. Gia thiét:

Iql = qu = Iq

idl - ido *id (12)
idz - ido Jrid
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Trong dé:

ig1 V& ig, twong ng la thanh phan dong dién doc truc
trén 2 stato sinhra luc httF, vaF,

i l2 dong offset, c6 gia tri rdt nhé hodc xap xi khéng.

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

F = AKegiiy -+ {4Keg @ +i2) + 4K i }gi (13)

0

T = 2Ky, + 2Kyigly — (14)
g

0
Néu su dich chuyén bang khong hoc rat nhé so voi khe
h& khong khi tai diém can bang g, thi ta cé thé rat gon (13)
va (14) thanh:
F= 4K, iy (15)
T = 2K (16)

Tir (13) va (14) ta thdy rang, mac du lyc hat 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 sé doc lap voi sy dich
chuyén ngang truc, va duoc tinh nhu sau:

F=mZ (17

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

M2z = 4K i, + (4K, (G +12) + 4KFqi§}gi (18)
0
Hay:  mi+K,z=K_i, (19)
—A43K ey (iF +i3) +K 2
V6i K, = { T 47 R q} la d6 cting clia dong co

Y
va K= 4K, i 1a hé s6 khuéch dai lyc hat. Cong thirc (19) c6
hé s6 K, la &m nén hé khong 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 nhw sau:

iy = K,z K2 (20)

VGi K, 1a hé s6 ti 1é vaK; la hang sd vi phan clia bo diéu
khién vi tri doc truc. Thay (20) vao (19) ta dugc:
mZ+K, Koz +(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 mén:
K, —4{Kealf +7%) +Keof3 |
K, >—%= :
Km KFdIfgo
3.2. biéu khién toc do
Do léch gilta momen dién tir T va momen tai T, tao nén
gia t6¢c bam theo dac tinh co clia dong co. Ham chuyén
déng quay clia dong co co thé viét nhu sau:

(22)
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dw

T-T =J— 23
L= (23)
T
G o [Ty o] 1]el 1]e
oA S S

Hinh 5. M6 hinh d6i twong bo diéu khién tdc do
Ham truyén gitra i, va téc do w:

w 1
2ok, = 24
i T s (24)

qref

Luc nay muén diéu khién toc do ta sir dung bd diéu
khién treot phan hoi trang thai cho doi twong diéu khién la

khau tich phan kép iz ¢06 dang nhu sau:
s

Xmt+ € u X
%ﬁ P L

Hinh 6. C&u tric digu khién phan hoi trang thai
M® hinh trang thai ctia ddi tugng tich phan kép la;
d—lz{o 1}“{0}] Y =X,Va X = (X, X,)"

dt [0 0|7 |1]' s

DE dat dwoc muc dich dé rala x(t) — x,, (t) thi bo diéu

khién u = r(e) can tao ra dugc e(t) > 0. Ngoai ra, do

dx, A A e Xot |~ 2
E:XZ nén voi tin hiéu dat x = cling phéi cé
m2
quan hé tvong (ng la dx,,/dt =x,,,, dan dén viéc gilra hai
phan t e(t), e,(t) cda vecto sai léch cling c6 mbi quan hé
de,/dt =e,. Xét ham truvot tuyén tinh tham s hang:
de

s(e)=b,e, +e, =b,e, +d_tl

Twong tw nhw bd diéu khién vi tri thi diéu kién & day
cling 1a b, > 0 va bo diéu khién chi can lam cho s(e) —» 0 la

(25)

da,hay:
s$<0<:>$sgn(s(e))<0 (26)

O day ta diéu khién t6c do do do tin hiéu dat x,,, s& la
hang s6 do d6 (26) duoc viét lai thanh:

(b, 5~ W)sgn(s(e)) <0 @7
Tir d6 b6 didu khisn c6 dang I&:
u=b0%+c.sgn(s(e)),VC>O. (28)

Hai gia tri hang s6 b, va C clia bd diéu khién duoc chon
cang lén thi tdc do s(e) — 0 cang nhanh va quy dao trang
thai tv do cang ti€én nhanh vé mat trvgt s(e) = 0. Tuy bd diéu
khién c6 tinh bén vitng cao nhung lai cé dac diém tao ra
hién twvgng rung (chattering) trong hé théng.

Dé vira lam giam hién tgng rung vira lam giam sai léch
quy dao thi ta thay ham Sat bang mdt ham chuyén mach
tich phén - bdo hoa (Sat-Pi) nhu sau:

sgn(s) khi |s]>¢

SatPi(s) = voi k>0 (29)

Sik[ st khi |sie
& t

Thuat toan nay gitp hé diéu khién lam viéc 6n dinh, it
chiu anh huéng cuia tai dan dén chat lugng diéu khién cla
hé duoc cai thién dang ké.

3.3. Cau trac diéu khién

C4u trdc diéu khién vector ctia dong co TTDT dwoc thuc
hién bang viéc phan tich dong tirc thoi clia stato thanh
thanh phan sinh lyc hat doc truc iy va mét thanh phan
dong sinh momen quay i,, duoc biéu dién trén hinh 5.

Ki hiéu z 1a vi tri doc truc tinh tir diém can bang dugc
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 gira 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 iy Cho hai stato bang cach ldy gia
tri dong offset iy, (gia tri nay c6 thé bang khong hodc rat
nho xap xi khong) cong hodc trir gia tri iy

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

Dong dién trén hai pha cla stato trén hé toa do of3 c6
duoc bang viéc do dong trén hai pha thyc. Sau dé cac
thanh phan dong trén hé toa do dq dwgc tinh dya vao vi tri
roto do tlr encoder. Céc thanh phan truc q duwoc diéu khién
bdi cac gia tri tham chiéu lay tir bd diéu khién toc do, con
cac thanh phan truc d dvoc diéu khién bdi cac gia tri tham
chiéu lay tir bo diéu khién vi tri doc truc. Dau ra clia b diéu
khién dong duing dé tinh céac gia tri dién ap tham chiéu. Ta
can st dung khau chuyén hé toa dé quay sang hé tham
chiéu c6 dinh ba pha stato. Dong cap truc ti€ép cho cac pha
stato cla dong co dwgc cdp tlr cac bd diéu ché dod réng
xung PWM. Hau hét cac bd diéu khién l1a PI, chi cé bo diéu

khién vi tri doc truc la PID.
ﬂlm

lu

l Cam bién vi tri
Guirey,

[o: NV

Tinh
io todn

—| dong

tham

i

Try| chigu i i
w’/ - 2 .u)
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Hinh 7. C4u trdic diéu khién dong co TTDT
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4. KET QUA MO PHONG

Dé chirng minh kha nédng diéu khién déng co TTDT theo
céu trdc diéu khién da trinh bay, m6 hinh thi nghiém duwoc
xay dyng theo so d6 nguyén ly nhuv hinh 7. M6 hinh duoc
xay ding véi cac s6 liéu dugc cho nhu sau:

Dién tro stato 12 2,6Q, \,,= 0,0126Wb, L, =9,6.10°Hm,
Lo =8,2.10°Hm,L, =6.10°H. Khe h& khong khi
g = 1,7mm. Khoi lvgng roto la 0,235kg, quan tinh roto la
0,000086 kg.m?.

Ta co: i = A, /L, tr d6 tinh dwoc i;=1,7415.

Hé diéu khién cho dong co TTDT dwgc mé phong trén
phan mém Matlab/Simulink.

Hinh 8 md phong khi chua cé nhiéu do Ivc doc truc va
mo men can tac dong. DO thi két qua cho thdy sau khi 6n
dinh vi tri tai diém can bang, téc do dat gia tri dat 200 rad/s
trong thoi gian 0,15s.

Dap ung vi tri rotor [cm]
T T T

T

| I I L i L L
o] 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Dap ung toc do quay rotor [rad/s]
T T T

T T

200

| | |

ool | | | |

50 - =]

. |

0 Ov(‘)S Ovl1 0.;5 0.12 0,‘25 0,\3 0.;5 0.4
Offset=0

Hinh 8. Dap trng vi tri, tdc do khi khdi dong

Dap ung toc do quay rotor [rad/s]
T T T T T

T T

200 -

150 [~ n

100 [- i T 1

50 | | o

0 ot

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Offset=0
Dap ung vi tri rotor [cm]
T T T T T T T T T
ol
-0.01 .
-0.02 .
-0.03 =
-0.04 |- .
-0.05 [~ .
I | i I I i L | I
0 02 0.4 0.6 08 1 12 14 1.6 18

Offset=0

Hinh 9. Dap ting vi tri va tdc do khi c6 nhiéu téc dong
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Hinh 9 md phéng khi &nh hwéng cta nhiéu do lvc doc
truc tai thoi diém 0,2s va md men can tac dong tai thoi
diém 1s. D6 thi két qua cho thay tai thoi diém 0,2s vi tri bi
dao dong rdi nhanh chong tré vi tri can bang va téc do
khong bi anh hwang béi lvc can doc troc. Tai thoi diém 1s,
tdc do 6n dinh va cé sai s6 khéng dang ké, con vi tri van 6n
dinh tai diém can bang

Hinh 10 m6 phéng khi cé su thay déi téc do dat. Bo diéu
khién treot da nhanh chong dwa toc dd bam vao gia tri dat
m@i va 6n dinh.

Dap ung toc do quay rotor [rad/s]
T T T T T

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Offset=0

Hinh 10. Dap tng toc dd khi thay doi gia tri dat
5. KET LUAN

Bai bao da thiét ké va xay dung hé truyén dong mot hé
diéu cho dong co dong b6 tlr trvdng doc truc st dung bd
diéu khién trugt. Dong co lam viéc véi momen quay va luc
hat doc truc duwge sinh ra tir cac dong thanh phan trén truc
d va truc g. K&t qua mo phong cho thay bo diéu khién truot
¢6 thé diéu khién hé én dinh, bam gia tri ddt nhanh vai do
gué diéu chinh thap va gidm thiéu s tac dong qua lai gitra
vong diéu khién t6c do vai vong diéu khién vi tri doc truc.
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