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Tém tit: Bai bdo thiét ké cac bé diéu khién cho hé truyén dong dong co nam cham vinh
cuu tur truong doc truc. Pady la dong co tich hop 6 do tir, trong do, momen quay va luc doc
truc dwoc sinh ra do tac dong cua tir treong stator voi tir trieong rotor. Dua trén viéc phdn
tich phirong trinh trang thai cia dong co va két hop thudt todn diéu khién mat dong dé
tinh todn bo diéu khién toc do, bg diéu khién vi tri doc truc va bé diéu khién dong dién hé
truyén dong. Két qud mo phong cho thay, hé thong dap ing tinh on dinh, dam bdo rotor &
Vi tri cdn bang va toc dg bam theo gid tri dit yéu cau.

Tu khéa: Pong co S tr; T truong doc truc; biéu khién mat dong; biéu khién truot.
1. PAT VAN PE

DBong co nam cham vinh ctru tir truong doc truc 1a dong co khi lam viée dugc tich hop 6 dd tir
huong tam. Cac dong co tich hop 6 6 dd tir ngay cang dugc tmg dung va nghién ciru rong réi do da
giai quyet dugc mot phan nhuoc diém so v6i cac 6 bi co dién. Pong co dugc trinh bay trong bai
bao c¢6 ciu tao gidng dong co ddng bd vai viée sir dung nam cham vinh ctru & rotor.

Xét diéu kién truc dong co lam viéc on dinh béi cac b didu khién 6 tir ngang truc, thi khi do,
ddng co nam cham vinh ctru tir trudng doc truc ¢ hai bac tu do bao gdm chuyén dong quay va
chuyén dong tinh tién hudng theo truc rotor [1-3]. Néu dong co déng bo 1a cuc 16i, thanh phén
dién cam trén hai truc d va g 13 khac nhau, xuit hién momen tir trd' gdy kho khin trong diéu
khién tach kénh gitra vong diéu khién vi tri va toc do.

Phuong phap diéu khién cho dong co TTDT dya trén nguyén 1y diéu khién vector, trong do,
dong doc truc ig dung dé diéu khién luc doc truc, con dong ngang truc iqg dung diéu khién momen
quay [4]. Pa c6 mot sé cong trinh nghién ctru thiét ké cac bo diéu khién cho dong co nam chdm
vinh ctru tir trudng doc truc. Nhu theo [1, 5, 6] da sir dung thiét ké bo diéu khién PID, trong d6
cling da thanh cong trong vi¢c phan tach dong dién ba pha trén cac cudn day stator thanh hai
thanh phan dong dién trén hé dq, tir d6 diéu chinh luc doc truc va momen quay. Tuy nhién, d6i
tuong dugc thiét ké trén mo hinh tuyén tinh. Ngoai ra, theo [7] st dung phwong phéap diéu khién
trugt cho bo diéu khién vong ngoai ma chua xét dén mach vong dong dién phia trong. Phuong
phap diéu khién mit dong duoc su dung dé thiét ké bo diéu khién cho ddi tuong phi tuyen duoc
sir dung dé diéu khién bam va 6n dinh cho hé thong [8-11]. K¥ thuat cua diéu khién mat dong
(DSC) mang dic diém ki thuat Backstepping va diéu khién da mit trugt (MSS) [12-14]. Tuy
nhién, DSC da dugc bd sung thém b loc béac nhit dé cai thién hién tuong bung nd toan hang.
Ket qua md phong cho thay, phuong an diéu khién duge dé suat cho dap tmg vi tri va dap tmg
tbc do déu bam theo quy dao dat trong thoi gian nhanh. Hé cling bén vitng véi cac tac dong xen
kénh ciia hai mach vong diéu khién.

2. PONG CO NAM CHAM VINH CUU TU TRUONG DQC TRUC

Pong co nam cham vinh ciru tir treong doc truc duge mo ta trong cAu trac nhu hinh 1. Trong
d6, dong co gdm hai stator ¢6 bd tri mot rotor & giita. Rotor c6 hinh dang 1a mét dia phing, phia
trén hai mat dugc khoét ranh dat cac cap nam cham vinh ctiu tao ra tir thong vinh ctru cda rotor.
Hai stator ¢6 cdu tao giéng nhau, gdm c6 cic cuc dé quan cac diy quan ba pha, tao ra tir truong
quay tac dung doc theo truc cta dong co.

Su tuong tac gitia tir thong clia rotor voi tir truong cac cudn day ba pha sinh ra cdc momen T
lam quay truc dong co, dong thoi tao ra cac luc F tac dong day rotor dich chuyén mot cach twong
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ddi voi stator theo hudng doc tryc. Piéu khién tdc d6 6n dinh 1a khi cdc momen T;va T, 1a béng
nhau va cung hudng. Diéu khién rotor ¢ vi tri can bang giira hai stator la khi g; va g, la bang
nhau, hay F;va F;, c6 d6 1on nhu nhau va ngugc chiéu nhau.

Hinh 1. Cdu tric cia dong co nam cham vinh civeu tie truong doc truc.

Mo hinh toan hoc ctia dong co dugce xay dung trén hé toa d tua theo tir thong rotor nhu hinh
2. Trong d0, truc U, v va W trung vaGi vector tir truong twong ing gay boi cac cudn diy ba pha cta
stator. Tryc d tring vdi vector tir truong rotor, truc g c¢6 hudng vudng goc vai truc d. Do 1éch
giita truc d va truc U co gia tri bang goc 6.
d

Khe h&
e @

v' u

£0

2n/3 23 2mi3
Hinh 2. H¢ toa do dgq.
Mo hinh toan hoc ctia dong co dugce xay dung trén hé toa do dg, bao gé)m cac phuong trinh
dién ap va tir thong nhu sau [2 5]:
=R,y +L,di, /dt+ oL i

Sq°sq

usq=R| + L dig, / dt + oL iy, + oA,

j'sd sd sd ﬂ’ - Lsdlsd + I‘mI
Ay = Lyl

Véi gia thiét tir trudong V1nh ctru ctia rotoR dugc thay thé boi mot cudn day f dugc cap dong
mot chleu khong doi i Iy, Lm la hd cam gilra tir truong cudn day f va cudn day trén stator.

Dé tinh momen tong tac dong dén tdc do quay va tinh luc tdng doc truc tac dong t6i vi tri cua
rotor, theo [1, 5] tinh toan sy tic dong ctia mdt phia stator t6i rotor, sau d6 tuyén tinh hoa quanh
diém can bang (z = 0) rdi khai trién theo cong thitc Mac Laurin lay két qua bac nhat, ta c6 cac
phuong trinh sau:

F =K {(laz +10)7 = (s 1))+ K (i, —1) + 2K (i, +15)2/ g

+2K g { (i +17)” + iy +11)°} G
T =K (igg +ig) + Ky (ig; —140) 9o + Kg (gl +ig,ig) + Ke (g5l —igi) 9o 3

M)

)
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V6i: Kpy =3l /495 va K =3l /49, 1a cac h¢ s6 Iyc hat doc tryc;
Ke ==3(Lygo — Ligo) / 29, 1 céc h¢ s6 momen quay; go 1a khe hé & vi tri can bang, z 1a d¢ léch so
vO1 Vi tri can béng; lg1, Iqus la2, Iqz trong mg la dong dién trén tryc d va dong dién trén truc ¢ cua
stator 1 va stator 2. Tu (2) va (3) ta c6 néu qua trinh diéu khién thanh phan dong dién trén hai
truc dq cua hai stator nhu sau:

a =g =1hgy =g =151, =10 +iy (4)
Vi ig 1a dong xac dinh dat trudce thi khi do6 phuong trinh tinh téng Iuvc doc truc va tinh
momen tong nhu sau:

F = 4Ky iy +{4K, (i +i7) + 4K, il 2/ g, (5)
T =2K;i, +2K;iyi,z/ g, (6)
Khi d6 1éch doc truc z rat nhé so véi vi tri can béng 0o ta c6 duoc két qua rut gon:
F=4K i1, =K, @)
T =2K,i, (8)

Tir (7) va (8) ta thiy co thé diéu khién luc doc truc boi dong dién iy va diéu khién momen
quay boi dong dién i
3. THIET KE BQ PIEU KHIEN
3.1. Piéu khién téc do dong co
Phuong trinh ddng hoc cua chuyén dong quay dugc tinh nhu sau:

T-T, =Jdw/dt 9
v6i T 1a momen tong va T, 1a momen tai tac dong, J 1a momen quén tinh.
=X, % = (2K.i, ~T.)/ 3 =Mi, -N
bat i, =X,, theo (8) taco: | %, =(-Ri, —oL,i, —od, +u,) /L, (10)
U, =U Y=o

Dinh nghia mat trugt tha nhat:

Sy =Xy — Oy =0 — @y

. . . . . (11
Sy =Xy — Oy = Mlq -N — Qg
Chon luat diéu khién 4o cho hé con thir nhét:
a, =—C,8, +(N+¢,)/IM (12)

Chon hé sb ¢y, > 0.Tin hiéu diéu khién 4o di qua bd loc bac nhét: 7,,d,,, +a,,, =, VOi T
la he"mg s6 thoi gian cta bg loc. it sai )
Yov = G2ty - O1y (13)

Dinh nghia mat trugt tha hai:

T | | (14)

oy =X, —Cyq, =—RX,, [ L, —(wlyiy + @A) I L, +u, L, —a,y,
Chon luét diéu khién cta hé nhu sau:

U==S, —C,,S,, + RX,, +wlyiy + @A, + L dyy, (hé s6 oy > 0) (15)
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Xét ham diéu khién Lyapunov:
V=s2/2+s512+Yy2 12 (16)
Véi cac luat didu khién trén dé c6 dV/dt < 0 thi cac hé s6 diéu khién phai thoa man:
¢, >1c,, >0,7, <4 (17)
3.2. Piéu khién vi tri doc truc
Phuong trinh ddng hoc cia chuyén dong vi tri doc truc dugc tinh nhu sau:
mZ=F-F (18)

Véi Fla téng luc doc truc, F 1a lyc tai doc truc.

27 M %, = Kyig /m—F_/m=Pi,—Q
=X
Pt | "% theo (7) ta c6 Xs, = (—Ri + oL, +u,)/ L (19)
d — N3z
u, =u y=2

Dinh nghia mit truot thir nhat:

S, =X, — 4y, :Z_Zd(zd :0)

. (20)
S1z = Xlz = X22
Chon tin hiéu diéu khién 4o cho hé con thir nhat:
o, = _Clzslz (21)

Chon hé s6 ¢;, > 0. Tin higu diéu khién 4o di qua bo loc bac nhat: 7,,d,,, +a,, =a,, , V6i 1,
lIa hf?mg $6 thoi gian cta bo loc. Dat sai $6: Y2, = Gof - a1z Pinh nghia mat trugt thir hai:
S,, =X, — &
2 2 2f
o . (22)
Sy =X — Gy = szz _Q_azfz
Chon tin hiéu diéu khién cho hé con thtr hai:

Ay, ==, —C,,S,, +(Q+ ) I P (23)
Chon hé s6 ¢, > 0. Tin hiéu diéu khién o di qua bo loc bac nhat: z,,ds,, +a,, =a,, V6i 15,
la héng $6 thoi gian cta bo loc. Dt sai $6: Y3z = Ozt — Oy
DPinh nghia mat trugt tha ba:

Sy, = XSZ — O3y,

C . : : (24)
$,, =%g, — gy, = (L i, —RX) [ Ly +Uy [ Ly —atyy,
Chon tin hiéu diéu khién: u=-s,, —C,,S;, — (wli, —RX;) + Lydsy, (25)
Vi hé s6 ¢z, > 0. Xét ham diéu khién Lyapunov:
V=(s2 +87, +82, +y2, +Yy2) 12 (26)
V6i cac luat didu khién trén dé c6 dV/dt < 0 thi cac hé s6 diéu khién phai thoa méan:
¢, >1c,, >0,c,, >0,7,, <4,7,, <4 (27)

4.MO PHONG VA KET QUA

Céu tric diéu khién hé truyén dong dong co nam cham vinh ctru tir trudng doc truc dugce trinh
bay trén hinh 3. Vi tri doc truc z dugc phan hoi lam dau vao cua bd diéu khién vi tri va toc do [
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duoc phan hdi 1am dau vao cua bd diéu khién tde do.

Kha nang lam viéc ctia céc bo dieu khién dé xuét dugc chimg minh thong qua céc két qua thu
duoc tir viéc md phong hé thong. Trong do, dong co co6 cac thong so co ban nhu sau: khoi lugng rotor
0,235 kg, momen quan tinh 0,000086 kg.m2; dién trd stator 2,6 Q; tr thong moc vong Ay, = 0,0126
Wh, I_'Sqo =9,6.10°Hm, L, =8,210°Hm, L, =6.10°H , khe hé khong khi g =1,7 mm.

Xét truong hop hé théng khong chiu tdc dong cua tai luc doc truc va momen tai. Hinh 4a mo
phéng dap ung vi tri va tdc do khi tde do dat 1a 2000 v/ph va d¢ 1éch vi tri doc truc ban daula 1,2
mm. D thi két qua cho théy, dap ung vi tri doc truc sau khoang 0,1 s da tré vé vi tri can b?mg,
dong thoi dap tmg toc do bam theo gid tri dit sau khoang 0,3 voi dd qué diéu chinh 2%. Hinh 4b
cho biét dap tmg hai thanh phan dong dién trén hé toa d6 dg. D& dam bao rotor & vi tri can bang,
sau khoang 0,1 s dong dién iy dugc diéu khién 6n dinh tai bang 0. Trong thoi gian qua d6 dong
dién iq dugc diéu chinh duy tri mic 1A sau 0,6 s.

Cam bién vi tri doc
tryc
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Hinh 3. Cau tric hé thong.
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Hinh 4. a, Pdp img vi tri doc truc va téc dg khi khéng co tic dong ciia nhiéu tdi
b, Hai thanh phan dong dién dq.
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Hinh 5 cho két qua dap tng tdc do khi thay doi gia tri dat tir 1000 v/ph 1én 3000 v/ph. D thi
két qua cho thiy, téc do bam theo cac diém gia tri dit sau khoang thoi gian 0,3 s véi do qua didu
chinh nho khong dang ké (gan 2%).
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Hinh 5. Ddp g vi tri doc truc va toc do khi thay doi gia dat toc do.
2000 F 2000 |
=
= 1500 = 1500
=9 —
s B
= 1000 S 1000 |
=]
8 500} & 500 [
< =
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
’é“ —_
E 1 : E 1
=4 ]
g 1
2 05 . w 05
= &
E =
> 0 > 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
tes) t(s)
(a) (b)
Hinh 6. a, Pdp img vi tri doc truc va toc do khi cé6 momen tdi tac dong
b, Dap vng vi tri doc truc va toc do khi co lyc tac dong.
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Hinh 7. a, Sai léch toc do thuec va toc do tham chiéu khi dat moment tdi
b, Sai léch toc do thuc va toc do tham chiéu khi dat luc tai.
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Xet truong hop hé chiu tac dong cua momen tai tai thoi diém 0,6 s. Hinh 6a cho thay, dap ng
vi tri z gan nhu chiu anh hudng bdi momen tai. Toc do dao dong tai thoi diém momen tai xuét
hién voi dé qua diéu chinh 3%, sau 0,4s dap tng tdc do 6n dinh vé gia tri dat ban dau.

Hinh 6b xét trudng hop khi c6 nhiéu tai doc truc tai thoi diém 0,6 s. P thi cho thiy, dap tmg vi
tri z nhanh chong xéc 1ap vi tri cAn bang méi sau khoang thoi gian rat nho c¢& 5x10-3 s, va d6 qué
diéu chinh gan nhu khong c6. Két qua nay cho thdy, dap tng vi tri van chiu anh huong cia ca luc
doc truc, con dap ting tdc do gﬁn nhu khong c6 sy dao dong khi xuét hién nhiéu tai doc truc.

5. KET LUAN

Bai bao da thiét ké bo diéu khién vi tri doc truc va bo diéu khién téc d6 cho dong co nam
cham vinh cuu tr truong doc truc theo thuat toan diéu khién mat dong. Trong do cac bd diéu
khién mach vong dong dién ciing dugc tinh toan nhu 1a cdc hé con bén trong. Thanh phin dong
dién ba pha thong qua hé toa d6 chuyén dbi thanh hai thanh phan dong dién ig va ig, twong ing
sinh ra lyc doc tryc va momen quay cho dong co. Cau trac diéu khién dugc md phong cho thay,
cac dap ung tdc do va vi tri doc truc duoc diéu khién 6n dinh véi thoi gian xac 1ap nhanh. Sy xen
kénh giita hai mach vong diéu khién vong ngoai da dugc giam thiéu nhitng van con ton tai nén
can duoc tiép tuc nghién ctru trong thoi gian toi.

Loi cam on: NQhién ciru nay duoc tai tro boi Truong Pai hoc Bach khoa Ha Noi trong dé tai ma sé
T2021-PC-001.
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ABSTRACT

AN AXIAL FLUX PERMANENT-MAGNET MOTOR CONTROL DESIGN USING
DYNAMIC SURFACE CONTROL ALGORITHM

The paper design controllers for axial magnetic permanent magnet motor drive
systems (AFPM). AFPM is a type of motor with integrated magnetic bearing, in which
torque and axial force are generated by the interaction between the stator magnetic field
and the rotor magnetic field. Based on the analysis of the motor's dynamical equations the
dynamic surface control algorithm is employed to design the speed, axial position, and
current controllers. The simulation results show that the system responds quickly and
stably, ensuring the rotor is in equilibrium position and the speed adhering to the required
set value.

Keywords: Magnetic bearing motor; Dynamic surface control; Sliding mode control.
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