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magnetic bearings
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Toém tat

Truong hop hé thdng truyén dong dién phai dap tmg
doi hoi téc do 1am viéc rat 16n; 1am viéc trong moi
truong chan khong hay c6 nhiét do rt cao hoic rat
thip; lam viéc trong moi truong khong dugc phép
dung dau m& bdi tron 6 truc,..., c6 thé s dung loai
dong co dién cod cAu tric dac biét voi viée tich hop 6
dd tir & hai du truc quay. Do vdy, truc dong co ngoai
chuyén dong quay, s& c6 thém 5 chuyén dich tinh tién
theo cac phuong x, y, z. Khi d6, s& xuit hién hién
tuong Xen kénh gitra hai hé hai truc vuéng goc cua
cac 6 d& tir. Bai bao nay dé xuat giai phap diéu khién
tach kénh dong nham khéc phuc hién tuong nay.

Tir khéa: O dd tir chu dong, Pong co ddng bo tir
thong doc truc kich tir nam cham vinh cuu.

Abstract: In many cases, electric drive systems
have to meet special requirements such as very high
speed, extreme temperature, vacuum working
conditions, working environment without lubricant...
In order to meet these requirements, axial flux
permanent magnet motors can be used in combination
with integrated magnetic bearings at the ends of the
motor sharp. Therefore, apart from rotating motion of
the rotor, there will be five translating displacement
along x, y, z directions. At that time, there will be
interference between two perpendicular coordinate
systems attached to the magnetic bearings. This paper
proposes the application of dynamic decoupling
control to eliminate the interference.
Keywords: active magnetic bearing,
permanent magnet.

axial flux

Chir viét tit
ABM active magnetic bearing

AFPM axial flux permanent magnet
SISO single input — single output
MIMO multi input — multi output

1. Phan mé diu
Trong cac hé¢ théng truyén dong dién thong dung, sir
dung vong bi co khi ¢ hai dau truc véi cac loai dong
co dién xoay chiéu ba pha (dong bo, khong dong bd),
chi c6 mot bac ty do (w) dugc minh hoa nhu trén H.1.
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Véi van tée goc t6i da khi c6 mot doi cuc (n, = 1) 1a
o= 314 (1/s) & tan s6 50Hz. Pong co dién mot bac tu
do cling dugc ché tao dé 1am viée trong mot s6 moi
truong ddc biét nhu phong chay nd hodc ngdm trong
nudc,. ..

Az

H.1 Mt cdt mé hinh dong co dién thong dung mot bdc
tw do (1: Truc; 2: Rotor, 3: Stator va ddy quan; 4:
Vong bi trai; 5: Vong bi phai).

Khi xudt hién céc yéu cAu dic biét cua hé théng
truyén dong dién nhu: doi hoi toc do quay rat 1on
(>10.10° v/ph); phai lam viéc trong méi trudng chin
khong hay co6 nhiét do rat cao hodc rat thép hoac khi
phai lam viéc trong moi truong khong duoc phép
dung dau md boi tron & truc,... Lic d6, néu st dung
dong co thong dung, ta phai tich hop thém cac & tir
nhu trén H.2. Hai dau truc dong co dugc do bﬁng hai
6 tir hudng tam, d6 1a loai vong bi tir khong tiép xitic
véi truc khi quay, cho nén phai ¢6 thém mét b tir doc
truc dé chan chuyén dich doc tryc cua rotor dong co.
Nhu vay, bac tg do cua cta hé 1a sau (@, z, X1, X2, Y1
VA y,), dong thoi ciing 1am cho kich thude dong co tro
nén cdng kénh hon [1, 2, 3, 4].

H.2 Mt cit mé hinh dong co dién thong dung - 6 tir
co sdu @dc tu';do (1: Truc; 2: Rotgr; 3. Stator va
day quan; 4: O tir huong tam; 5: O tir doc truc).

O d& tir chu dong (AMB) 1a loai c¢6 thé diéu chinh
duoc luc dién tir béng dong dién nhu trén H.3, n6 c6
chu tao gidng dong co dién (stator xé ranh va dat day
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quén, rotor lam béng vat li¢u tu tinh dac biét) nhung
nguyén 1y 1am viéc cua né lai gidng nam cham dién
[1,2,3].
Thay vi sinh md men cho truc quay, 6 tir (vong bi tir)
lai sinh ra cac luc nang & ngdng truc. Luc nang tu
truong theo cac phuong X, y lam cho rotor dong co
quay ma khong cé tiép xtic voi phan tinh nhu 6 bi
thong thuong. Cung chinh vi khong c6 tiép xtic nén
truc dong co c6 kha néng chuyén dich doc truc, cho
nén can thém mot 6 tir doc tryc.
Rotor

r

an vOi truc

E | L
s R ==
v“‘ | “:':‘! B
Stator va

H.3  Cdu tgo 6 tir chii dong (AMB) (a: O d& tir hudng
tam; b: O do tir doc truc).
Dé thu gon kich thudc cho dong co va ning cao kha
ning diéu chinh tdc d6 ciing nhu tin dung céc wu
diém cua dong co tir thong doc truc nam cham vinh
ctru (NCVC) nhu: Hiéu suat va hé sb cong suat cao;
Cong suat 16n; Khong co vanh gép — chdi than; Co
kha ning md dun hoa (Iip ghép doc truc tir 1 dén
nhiéu modul) dé ting md men,... Bai bao nay dé xuit
stt dung mot loai dong co co cAu trac dac biét duoc
gioi thiéu trén H.4 [3, 4, 5, 6].

H.4  Mat cat dong co dien dong bo tw thong doc truc
kich tir NCVC c6 tich hop 6 do' tr hai dau truc (1:
Truc; 2, 3: Stator va ddy quan cua dong co phia
phdi va phia trai; 4: Rotor nam cham vinh ciu ciia
dong coy 5,6: Rotor 6 do tir bén trai va bén phat,
7,8: Stator va ddy qudn ciia é do tir bén trdi va
bén phai; zy, §o: Khe ho danh dinh gitta rotor va
stator cua dong co va o tir).
Pong co co hai stator & hai bén va rotor nam cham
vinh ctru kép hinh dia ¢ giita. Véi cdu trac dic biét
nay lam cho dong co vira c6 kha nang sinh mé men
quay trén truc, vira c6 kha ning sinh ra luc day kéo
doc truc nhim gilt cho rotor ludén & vi tri danh dinh
(md hinh toan cua dong co va 6 tir co thé xem trong
[9]). Do khong phai si dung thém o tir doc tryc nhu
dbi voi dong co théng dung c6 tich hop 6 6 tir, cho nén
kich thuéc dong co ciing nhu hé truyén dong ciing
dugc giam di dang ké.
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Pé 13 hon vé sb bac tu do cling nhu cac lyc va mo
men xuét hién trong dong co nay, ta xem xét tiép H.5.
Trude hét, dong co co cau trac dic biét nhu trén vi nd
phai thuc hién hai chtic niang: Chic nang thir nhat 1a
dong co dién déng bd tir thong doc truc rotor nam
chdm vinh ciru sinh ra m6é men quay M; chic ning
thtr hai nhu mét nam cham dién phan cuc kép sinh ra
cac luc day kéo F*va F~ dé giit cho rotor ¢ vi tri danh
dinh (zy) so vdi stator, chédn cac chuyén dich doc truc z
cua rotor.

O d& tir trong qué trinh 1am viéc do bi nhidu (chu yéu
la nhiéu tai) s& c6 hién tuong truc quay (duong mau
d6 trén H.5a,b) chuyén dich song song vdi truc tim
stator (z) trong mat phang Xz va mit phang yz tao ra
cac khoang cach X, va y, so voi truc z. Mat khac, truc
quay ciing c¢6 thé bi nghiéng so véi truc tim stator
trong mdt phang Xz va yz, tng quét truc quay s& tao
nén mét hinh nén xung quanh truc tam stator trong
cic midt phang twong Ung goi 1a chuyén dong hoi
chuyén (gyroscopic effects) . Chinh cac lyc F, va F,
s€ gilt cho rotor ¢ vi tri danh dinh vai khe hd gitra
stator va rotor theo phwong X va y bang go[3, 4, 5, 6].
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H.5 Lyc va mé men tac dong dén rotor cia dong co va
6 do tir (F*, F: Luc doc truc tic dung lén rotor
dong co; M: M6 men quay truc dong co; Fx, F,
Fy1, Fyo: Luc hudng tam tac dung lén rotor cdc 6 do
tr. Cdc kha nang tao nén chuyén dich cia truc
rotor: Tinh tién (a) hodc bi nghiéng (b) theo truc y
do nhiéu, twong tie d6i véi truc x).

Bai bao nay dugc cau triic thanh 4 phan: Phan 2 danh

dé phan tich hién twong xen kénh cua hé c6 hai hé hai
truc vudng goc (X, Y1 VA Xp, Y2); Phan 3 néu giai phap
tach kénh dong cho bai toan MIMO c¢é tac dong xen
kénh; Phin 4 la thiét ké didu khién va kiém chung
bang mé phong cho hé hai G tir tich cue.
2. SU XEN KENH CUA HAI HE 2
TRUC VUONG GOC

Khi chi xét mot 6 dd tir, ta c6 mot hé hai truc vudng
goc la x vay. Cac luc hudng tim dugc sinh ra 1a thang
hang trong hé¢ hai tryc vudng goc nay, c4c truc nay
thuong trung véi cac chuyen vi X va y. Ddi v6i hé
thdng ta dang xét bao gdm hai b6 AMB huéng kinh
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dugc bb tri tai hai dau truc dong co vé phia trai va
phai. B6 AMBI tao ra cac lyc hudng kinh theo truc x;
va y;. B6 AMB2 tao ra cc lyc hudng kinh theo truc
X2 VA Y. Nhu vay, ta c6 hai h¢ hai truc vudng goc. Cac
chuyen dong cua tryc rotor ¢ thé dugc bicu dién
bang chuyén dich tinh t1en va chuyen dich nghiéng.
Trén H.5a m6 ta cu thé vé chuyén dich tinh tién, truc
quay (duong mau do) cua rotor di chuyén song song
v6i truc tdm cd dinh (2) cua stator. Khi do6 ca hai rotor
cta hai b AMB dich chuyén tinh tién mot luong y,
theo hudng truc y (twong tu X, nhu v6i truc X).

Trén H.5b mé ta chuyén dong nghiéng truc, gia sir
truc quay rotor bi xoay di theo phuong y. Rotor phai
va rotor trai dich chuyén di mot lugng twong tng 13 y,
VA - ¥,. Trong chuyén dich nghiéng nay, truc quay
rotor bi xoay di mot goc nhat dinh so véi truc tim cd
dinh cua stator (twong ty X, VA -X, voi truc X) [1, 2].
Chuyén dich hudng kinh cua rotor duoc dién ta boi
céc chuyén dich tinh tién va nghiéng sao cho:

I Xl = Xp + Xr
yl = yp + yr
1
X, = Xp- X
y2 = yp - yr
Céc lyuc tinh tién va cac luc nghiéng cling c6 thé duge
mo ta dya trén cac lyc hudng kinh cia AMB nhu sau:

@)

i Fxp = Fxl + FxZ
F o= F,+F
i yp yl y2 (2)
Fxr = Fxl - I:><2
I:yr = Fyl - Fyz

Cac phuong trinh dong luc hoc dbi voi chuyén dong
tinh tién phai dugc xem xét trén thyc t€ 1a lyc hudng
kinh dugc sinh ra béi ca hai b AMB [1, 2, 8]:

m& = F + 2k X, 3

mg& = F + 2k,y,- mg, )
Luu ¥ rang luc trong truong cua truc rotor co khéi
lugng m dugc dat theo chicu am (-) trén truc y. Cac
bién ffléu vao va dau ra la cac lyc hudng kinh va do
chuyén dich.
Dbi voi chuyén dong nghiéng, cac phuong trinh dong
luc hoc duoc xay dung phirc tap hon rat nhiéu.
Cac phuong trinh dong luc hoc dugc xay dung cho hé
thong hai bac tu do da cho thay rang n€u truc rotor
nghiéng di mot goc bang y, /1, thi né s& c6 mot gia
téc goc bang W&/l . Momen ngoai sinh 14 tong clia
cic thanh phian momen sinh ra tir dong dién diéu
khién va d6 chuyén dich, vi du nhu F I va

yrort
(2kx yr)lrt "

Do vay, cac phuong trinh vi phén cho chuyén dong
nghiéng dugc biéu dien nhu sau [1], [2]:

2k I2 12
rm k 4+ Txrt + rt F
. ) (4)
& - rm k ygL 2kx|r2t Irzt F
J

Trong do, J; va Jk la cac momen quan tinh tuong Uing
quanh céc truc x va z. Trén H.7, mé hinh hoéa cho cac
phuong trinh (1), (2), (3) va (4). Riéng truc z khong bi

anh hudng tic dong xen kénh cua hai h¢ hai truc X, y.

2k

B

1
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+ i
Fé @ 5 Z
ms
+
2y
H.6  Tdc dong xen kénh cua hai hé hai truc vuéng goc
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3. PHUONG PHAP TACH KENH
PONG CHO HE AMB CO BON BAC
TU DO
3.1. Muc dich cua tach kénh dfng
C6 rat nhiéu bo di€u khién duoc ing dung thanh c6ng
lai chi dung cho hé SISO, vi du PID chang han. Vi
mong muén sir dung cic bd diéu khién d6 cho hé
MIMO nguoi ta da nghi dep viéc can thi€p so bd vao
hé MIMO, bién mot hé thong MIMO thanh nhiéu hé
thong SISO véi mdi dau ra y,(t) chi phu thudc vao
mot dau vao W, (t).
Dé tach kénh ta phai xac dinh cac bo diéu khién tién
xtr 1y R va diéu khién phan hoi trang thai M nhu mé ta
trén H.7, sao cho dau ra y, (t) chi phu thugc vao mot
tin hi¢u dau vao w (t) voii =1, 2, ...m. Sy phu thudc
d6 dugc md ta trong mién thoi gian boi phuong trinh
vi phdn bac r; hé sO hang:

0)1.—i

irls-s"—>
N v
M A T : : :
-=p oy == = |
= Vo O = Yn

s

H.7  Muc dich cia diéu khién tich kénh

d'ty, _d'y,
air.-l r.-1I t g rI = b

dt” dt
. d "y Ij)- 1 d k :
U _)rll Ta _ZI = bW

dt k=0 dt

b,a.i=12.,m k=01..r-1lacac
tham s6 tu do dugc lya chon tuy y theo chét 1uqng dé}
trude cua tung kénh. Noi cach khac, nhiém vu tl}iét lfé
dat ra o day 1;‘1 phéiﬂxéc dinh hai bo bd dicu khién tien
xur ly R va diéu khién phan hoi trang thai M dé véi no
h¢ kin c6 ma tran ham truyén dang duong chéo [8]:

G(s) O 0 0 ¥

s it gl 1

Trong do6:

G(s) = g 0 G o 03y (5a)
g 0 0 G(9) 0 l‘:}
§0 0 0 G094
Vi cac phan tir G, (s) la nhitng ham truyén dat:
G(5)= AE—C
8o+ 8,5+ ..+ a, 5"+ s"
Trong do6: b,a,,i=12.,m k=01..5- 1cho

trude twong Gmg v6i chat lugng mong mudn cua tirng
kénh.

3.2. Tach kénh ddng cho hé AMB c6 bén béc tw do
M6 hinh khong gian trang thai cuia AMB 4 bac ty do
nhu sau dugc xuat phat tir hé phuong trinh vi phan (3)
va (4), biéu dién cho cac chuyén dong tinh tién va
chuyen dong nghiéng cua 2 by AMB 4 DOF co the
thé hién dudi dang phuong trinh vi phan ma trén tong
quat nhu sau:

Md& G Dq+ B, F (5¢)
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Trong d6, M, G, D, By 1a cac ma tran hé s6 cua
phuong trinh vi phan ma tran.

g, 0 0 oOu ¢ 0 0 Jw, Oy
g u g o
$ m 0 Oou 0 0 0 oy
M= & UG= € Y,
0 03 oY gyw, 0 0 O
g0 0 0omjy §O0O 0 0 Of
N . N
g% %3 00 03
g= & prf =& 1 2 Ol:]
%0 0 0 17 oy
u
i 00 1y
gyrg §2KS|§ 0 0 04
U U
F=9'Xp3D=SO 2K, 02 03
g”g ¢ 0 0 2KJZ 0 !
§oi 60 0 0 2Ky
Voi F, F, i F,; F, duge tinh theo cong thue (2).

Tur cong thic tinh luc cia AMB [1]:

F (x,i)= Ki, + K.x=m#, két hop véi (2) va (3)
duoc mdi quan hé vector lyc dién tu biéu dién cho 2
b AMB:

F=-Kg+Ki (6)
Trong do
K, = g<SA Ko 0 0 gqb = g(bBE;
o Ka 0 047 G
§0 0 Ky, Kgd &t
go 0 Kia - KiB% ng]lj
K = g<iA Kis 0 0 llii: QXB?)
B T
§0 0 Ky Kgg dep

g, : 1a vector chuyén vi cua rotor trong 2 bo AMB.
i:1a vector dong dién diéu khién cho bén co ciu
dién tir ciia 2 b0 AMB.
Két hop céc thanh phan mé ta cho mé hinh rotor (5)
va phép biéu dién luc ning tuyén tinh hoa (6) ta co
dugc phuong trinh vi phan ma tran cua chuyén dong
cho rotor cung dugc nang bdi cac bd AMB:
M& GG&" Dq + Bf (' qub + Kii) (7)
y=Cq
Trudce khi co thé thiét ké mot luat diéu khién cho (7),
mot van dé gap phai ¢ day lién quan dén lwa chon hé
quy chiéu. D6i véi mo ta chuyén dong cta hé quy
chiéu tam khdi (Center of Gravity - COG) duoc biéu
dién qua vector (. Phép biéu dién nay s& khién cho
cAu triic toan hoc trong cac phuong trinh vi phan vira
xay dung tréd nén don glan hon. Tuy nhién, luc nang
dién tur lai lién quan dén vi tri rotor tai cac 6 d. Do
d6, hé quy chiéu 6 d& g, dugc dung dé biéu din cho

cac 6 d& véi ma tran K, [2].
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Dé co thé khao sat dugc cac thudc tinh cua hé thong
diéu khién vong kin dugc tao ra thi nhat thiét phai
biéu dién chuyén dong cua rotor chi trong mot hé quy
chiéu. Bang cach sir dung ma tran chuyen Vl tuyén
tinh T, ta ¢ thé chuyén d6i hé quy chiéu 6 d& 0,
sang hé quy chiéu COG. Phép bién ddi nay lién quan
dén cac dai luong hinh hoc I, duoc thé hién nhu
trong H 5a [2]

o 10 00
goay ¢ o 1p & ©))
Bet @ 0 o 1§ &

qb= T’ q

Do viy, bang cach thay (8) vao (7), ta thu duogc
phuong trinh vi phan ma tran biéu dién thuan ty
trong hé quy chiéu g nhu sau:

M= G+ (D- B,KT,)q+ B;Kii (9)
ta dat:
. T )
X = & E% U=1y= [XbA Yog Yo XbB] (10)

M6 hinh khong gian trang thai cia toan hé théng
AMB 4 DOF sé la:

} &= AX+BU
1 (11)
}Y = CX+ DU
Trong do:

é 04 4 I4 4 u

A= u
gvl (D- B(KT,) M Gy
¢ 0,

B=¢ C .. o.,}p=0p,.]
M 3 Kif

Bang thong sb cua mot hé thdng AMB 4 DOF cuy thé
duogc st dung trong phén nay [8].
Béng 1. Cac thong s6 cia AMB 4 DOF[19]:

Trong luong rotor (kg) m=124

Khodng cdch tir tam khoi dén rotor ciiallq=1,=1,= 1=l
AMB (m) =021

Momen quan tinh trén truc k (kg.m®) |3 = 6,88.10°
Momen q.tinh trén truc i va j (kg.m®)  |3,= J = 2,22.10"
Toc do cua rotor (v/iph) 10.000

H¢ so luc dién tir - dong dién (N/A) K; =158

Hé 56 lyc d.tir - d6 chuyén dich (N/m) K, =1,58.10°

Gia toc trong truong (kg.m/s°) g=9.81

T day, ta tim ra dugc cac ma tran hé thong A, B, C,

D cho (11).
¢ 0 0 0 0 1 0 0 0
$ o0 0 0 0 0 1 0 o
$ 0 0 0 0 o o 1 o0

asf O 0 0 0 0 00 13
§£18478° 10° 0 938804 0 0  0309.910)
§ 15753 - 75016 0 O 0 0 0 of
§ 0 1.8478 10° - 1.8478" 10° 0- 309.910 0 oﬁ
§ o0 0 0 0 0 0 0 o
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¢ 0000 U
¢ i
¢ 0000 U
& U
¢ 0000 U 4000000 OV
€ u € u
g 0000 ¥ © 100000 0V
B=§ 30 =g U
O 0 20327 -20327y 9 01000 0 0Y
€822 8252 00y 9001000 O
©0.327 - 20327 0 oﬁ
§0 0 8252 8252
D=[o,,]
Theo cong thie: G(s)= C(sl- A) 'B
Hé sé& c6 ma tran ham truyén dat:
éﬁu(s) G,(s) Gy(s) Gu(s)y
G(s) = %321(5) Gy (s) Gy(s) 24(5)U U (12)
g-:’sl(s) G;,(s)  Ggy(s) 34()
B.(s) G,(s) Guls) 44(5)5

Timg phan tir cia G, (S) ciia ma tran G(s) chinh la

ham truyén dat gitra tin hiéu vao u, (t) va tin hiéu ra

y; (t) duoc xéac dinh theo cong thirc sau:
Gu(9)= g g & 1 A

Céc bude tién hanh tinh M, R nhu sau:

Bude I: Xéc dinh bac tdi thiéu cua (11) duge dinh

nghia trong [8] thong qua cong thuc:

Fmin(jlcr A B 0,j= 12K n- 1)
1

(13)

= (14)

jn- L ATB=0",j= 12K ,n

T g y
¢=3000000 0
G AB=[0 0 20327 -20327]' 0"P =2
=9 100000 0y
¢, AB=[8252 8252 0 O] Q'P

g=9o0o10000 0y

=2

¢ AB=[20.327 -20.327 0 O] O"P r,=2
:g) 001000 og

¢/AB=J0 0 8252 8252]' 0'P r,=2

Budc 2:

Chon cac hé¢ s6 b,b,,b,,b,,a,,8,,8,, 8, a;,
a,, 83,8, voi diéu kién dé cho hé khong co sai léch
tinh va ting kénh 6n dinh. Dya vao sb liéu da cho
trong bang 1, cin clr vao tinh ddi xting cac phuong
cia hé & tir bon bac ty do, ta chon:

by="b,=Db,=b,=a,=a,=2a;,=a,= 508

a, = a,= a;= a,= 640
Budc 3: Lap cac ma trén E, L, F va tinh M, R theo [8]:
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HABy gy
e EIAT'BYL EiABY
T3 AV By &; ABY
F.A'BY §1ABY
g’ 0 0 20.327 -20.3273
_ 8252 8.252 0 o Y
20.327 - 20327 0 0
§ 0 0 8.252 8252 §
¢ o 0.06059 0.024598 0
N 0.06059 - 0.024598 0 Y/ygy
£0.024598 0 0 0.06059}
§ 0024508 0 0 0.060594

Nhan xét: ma tran E thu dugc 1a kha nghich, do d6 hé
thong (11) hoan toan c6 thé tach kénh dong dugc
bang phan hdi trang thai.

g’ 0 30.7797 12.4958 0 3
% . -12.
M=E1L=§ 0 30.7797 -12.4958 0 3(16)
512 4958 0 0 30.77973
812 4958 0 0 30.77975
R=E 'F=
¢ 954.47 69.556 - 4517 0 - 76232 0 0 03
_ g 954.47 - 9020.9 4517 0 7.6232 0 0 oy
- g 4517 0 - 954.5 69.557 0 0 7.6232 03
g 4517 0 954.5 69.557 0 0 -7.6232 Oﬁ
17)
4. THIET KE PIEU KHIEN CHO HE
SAU TACH KENH VA KIEM
CHUNG BANG MO PHONG

Thong thudng, sau khi x4c dinh cc bo diéu khién tién
xtr Iy R nhu (17), bo diéu khién phan hoi trang thai M
nhu (16) va xac dinh dugc ham tmyén dat cua tung
kénh doc 1ap nhu (5a) va (5b), thi vin dé thiét ké didu

6 =T =T o =T A2
§O8 0 0 O 3 e431001 +a,C +¢ A E khién cho cac kénh 1a vo cung thuan loi va dé dang. 0
0508 0 0U %zocz + a21c2 CzT AZE day, dat vén dé la thiét ké diéu khién cho dbi tuong
L=§;0 0 508 03 F= %ac +ac TAZU hai 6 d& tir c6 cau tric nhu trén H.6 (b qua tryc z vi
g u 0 3 A 3 2U khong anh huong cua xen kénh), so li¢u doi tuong
§0 0 0 508y % T, +a,C, +C A’} nhu trong bang 1, cac bd diéu khién dugc sir dung 1a
g 184.10° 0 38804 0 0O 030991 03 PID c6 <’:éc thong 56’ Ko, K,, Ky dugce téng hop tlrleo
c - g_ 15753 - 73868 0 0 0 0 O 03 modul toi uu [8]. Cau tric mo phong toan hé thong
§ 0 18410°- 1.8410° 0 309.910 o oj DhutrénHS8.
& Y
§ 0 0 0 1148 0 0 0 O0f
Cand
¢ To Workspacs
=
Aot PID Controlend X
I_IY.I Warkspace!
J| o]
Aadt AD Controdert i -@ 'l'_‘J
Xy To Werkapocel
™ »
Add) D Controlerd E E
A Y™ "—_]—] To Werkspace)
Whatl thal huomg co lach kerh ;I I
And? M0 Controde) oy 2
» g’ 3 k
e ﬁr Clock hes gan
H.8  So d6 mé phong bang Matlab-Simulink (khoi mau hong la mé hinh doi twong va cdc bé diéu khién tién xi 1y R, bo

diéu khién phan héi trang thai M).

VCCA-2015
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H.9  Khai trién khoi mau hong ciia H.8 la mé hinh doi twong (mau xanh) va cdc b diéu khién tién xir Iy R (Mau vang) va

diéu khién phan héi trang thdi M (mau hong).
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H. 10 Khai trién khéi mdu xanh ciia H.9 1a mé hinh d6i twong véi cdc s6 liéu nhir trong bang 1.
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Dap ung theo truc x, y cua o do tu

1.4 x1
yl
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1 y2
0.8
~ 0.6
E Ll
E 04
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* 02
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0 0.1 0.2 0.3 0.4 0.5
i(s)
H. 11 DPdp iing ciia hé thong khi co s6 lidu dau vao: X, =
1,5 mm; y; =1 mm; x, = -0,5 mm; y, = -0,6mm.
Dap ung theo truc x, y cua o do tu

0.8

x1

0.6 yi
\ —x

"I\ )

N

-0.2 /

N
[

-0.8

X,y(mm)

0.1 0.2 0.3 0.4 0.5
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H.12 Pdp img cia hé thong khi co sé lidu dau vio:

x;=0,5 mm; y;=0,8 mm; x,=-0,5 mm; y,= -0,8mm.

5. KET LUAN
Nghién ciru vé hién tugng tac dong xen kénh trong hé
truyén dong st dung dong co dong bo tir thong doc
truc, kich tr nam cham vinh ctru ¢ tich hop 6 do tur
hai dau truc v&i 6 bac tu do, ta nhan théy: Hién tugng
nay da xdy ra chu yéu trong hai 6 d& tir, riéng dbi voi
dong co déng bd tir thong doc truc kich tir nam cham
vinh ciru ¢6 cac chuyén dong quay va tinh tién doc
truc (z) khdng bi anh hudng.
Bing cach sir dung cic cac bd didu khién tién xu Iy R
va diéu khién phan hoi trang thai M dugc tinh toan
nhu trén, tr mot hé MIMO da duoc tach thanh cac hé
SISO doc lap. Trén co s¢ do, tién hanh thiét ké diéu
khién cho cac kénh mot cach dé dang va thuén lgi.
Céac két qua md phong cho thiy sai léch cac truc
chuyén dong nhanh chéng vé khong.
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