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KHAO SAT CAC ANH HUONG DO NHIEU TAC PONG CUA HAI HE LUC
HUONG TAM VUONG GOC TRONG O PO TU

TOM TAT
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Khao sat 6 do tir dudi tac dong ctia lyc hudng tim theo mot phuwong hoan toan twong tu nhu mot
bd treo tir tinh v&i md hinh todn hoc ctia hé diéu khién ty dong co6 mot dau vao va mot dau ra
(SISO), da dugc trinh by tai cac bai bao trude day [5][6]. Nhung trong thyc té, 6 tir ludn chiu tac
dong cua hai hé¢ lyc hudng tdm vudng goc nhau (hai phuong nhung theo 4 hudng ngugce nhau tirng
d6i mot (X va-X; Y va-y)). Khihai lyc huéng tm vudng goc bi 1éch khai truc x va y (do cac
nhiéu tac dong), tirc 1a chung khong thang hang thi s& xuat hién sy giao thoa giira hai hé truc do.
Luc nay khao sat 6 d& tir s& phai sir dung mé hinh nhiéu ddu vao nhiéu dau ra (MIMO).

T kKhéa: liec hiedng tam, mé hinh nhiéu dau vao nhiéu dau ra

*MO HINH TOAN HOC
M6 hinh toan hoc cho hé théng b tr duoc cho
dudi day, [7]:

my = ZF(y, 1)+ F,,,
(1)

m>'('=ZFj(x,I.)+FOX

j=3
O do, y(t),y(t), y(t) bicu dién cho vi tri,
vén téc, gia tdc ciia Roto mdt cach tuong Ung,
doc theo truc y. X(t), X(t), X(t) biéu dién vi
tri, van téc va gia toc cia Roto mdt cach
twong tng doc theo phuong x; m biéu dién
Fj(y, 1,),i=12 va
Fj (%, 1.), ] =3,4 chi cac lyc dugc tao ra boi
=12 va Ij, j=3,4

biéu dién dong trong mdi cudbn diy Stator.

khdi lugng cua Roto,

moi mach dién tu; I, i
Fo, V& Fy, 1a cac lyc nhiéu. M6 hinh cam tmg

tir thong lién két vong cho phép chiing ta tinh
toan mo hinh véi lyc dugc tao ra boi cac pha
dién nhu sau [7]:

0 (i .
Ry, L) =—| AW dli’ =12
(1) ayL (y.1,)dl, i @

0 1 .
F,—(Xyl-)=&jo A;(x1)dl,, j=3,4
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Trong do, A (y,1;) va A,(x,1,)biéu dién
md hinh tir thong lién két vong (cam tmg tir
thong lién két vong). Ngoai ra, mé hinh tur
thong lién ket vong cho phép chung ta tinh
toan cac dong lyc phan hé (hé con) dién cho
cac pha hé dién nhu [7]: 33

LU i +R+ By )Y =ui=12 g

L (x, 1)1, +R1, +B,(x,1,)x=u,, j=34.

V6i U; va u; chi dién 4p dau vao, R va R,
chi dién tr; cac dai luong dién cam L, (y, 1)
va L;(x,1;)ma duogc gid sir 1a cic so duong.
Bi(y, 1)) va B;(x,1;)1a do tir cam, di¢n cam
va do tir cdm duoc tinh nhu sau:

oA (X, L,
L(y,1,) = aﬂ“é{’l'),L.(x,lj):%,
oA
B (y1)= 20 g 1) - AL

Hinh 1 [3] trinh biy mit cit ngang clia mot
dang 6 d& tir thong dung. 8 cuc dugc chia thanh
4 nam cham dién tirc 1la cdc nam cham dién
dugc danh s6 th tir tir 1 dén 4 trén hinh v&.

Véi mot dong dién i; trong mot cudn day,
nam cham 1 sinh ra mét lyc hudng tdm F;

39 http://www.Irc-tnu.edu.vn



Nguyén Thanh Binh

Tap chi KHOA HQC & CONG NGHE

86(10): 39 - 42

theo chiéu x, nhung trai lai nam cham 3 sinh
ra mot lyc hudng tam c6 chieu nguoce lai (—X).
Nam chidm 2 va 4 cling sinh ra 2 lyc hudng
tdm theo phuong y va c6 chiéu nguoc nhau.

Vanh Stator

(Rotor)

Hinh 1. O d& tir chiu tai huéng tim

Trong 6 d& tir, ¢6 2 cap luc hudng tim vuéng
goc 1a cac luc theo phuong x vudng goc voi
cac lyc theo phuong y. Nhu da néi ¢ trén, 4
nam cham lam viéc trong 4 kiéu khac nhau
voi cac cuong do dong dién trong 4 nam
cham duogc diéu chinh mot cach doc 1ap. Nhu
vay can 8 cudn day dé ndi gitra 6 do tir véi 4
bd diéu chinh dong dién.

TAC DPONG TUONG HO CUA HAI HE LUC
HUONG TAM KHONG THANG HANG

Céc lyc huéng tam duge sinh ra mong mudn
1a thang hang trong hé hai truc vudng goc, cac
truc nay thudng trang cac chuyén vi x va y
Tuy nhién, c6 mot vai nguyén nhan gy ra sy
léch truc cua luc hudng tadm tic 1a khi chung
khong thing hang theo hai truc x va y . Gia sur
ré'mg mot nam cham dién cia mot 6 do tur
dugc cau tao v&i mot do léch tai mot goc
tuong (mg v6i cac sensor chuyén vi huéng
tam. Phuong cua luc hudng tdm sinh ra ¢6 mot
sai léch vi tri goc ma dan dén giao thoa cac
phan tir lyc theo phuong x va y. Cac nguyén
nhén c6 thé gy nén giao thoa nhu sau [3]:

a. Tu thong do cac dong dién xoay (dong
dién phuco ) c6 thé sinh ra mot do tré trong
lyc huéng tdm. Tai van van tde quay cao va
v6i mot rotor dic , cac dong xoay phan bo
trén bé mit mot rotor , gy nén cac phan tir
tré pha trong sy phan b song tir théng tuong
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g véi rotor . P tré pha nay trong tir thong
dan dén sai léch hu’bng ddi véi cac luc

hudng tdm sinh ra.

b. Hiéu tng hdi chuyén (hiéu tng con quay) la
biéu hién bang chuyén vi huéng tim ngin lam
viéc voi cac rotor hudng kinh 16n. Hi¢u g
hoi chuyén sinh ra Iyc hudng tim giao thoa.

¢. Trong dong co khong dung 6 , phuong cia
lyc hudng tdm chira cac sai Iéch néu nhu bd
diéu khién c6 céc sai 1éch trong vi tri goc
dugc udc luong hodc tim th?ay duoc cua tur
truong quay. Céc sai léch phuong ciing c6 thé
gy nén boi su thay doi diéu hoa trong khong
gian cua lyc tir dong va sy phan bd d6 dan tur.
Giao thoa gilta cic luc hudng tdm theo
phuong x va y ¢ thé gay ra mot van dé
nghiém trong . Trong phan nay , giao thoa
hudng tdm va anh hudng cua n6 trong hé
thdng 6 d& tir voi didu khién phan hoi se dugc
nghién ctru.

Hinh 2 trinh bay hai truc vuéng goéc x va y
cling nhu cac lyc hudng tdm phan hoi fuesy Va
fursy VOi Vi tri goc bi tré . Roto quay nguoc
chiéu kim dong ho . Sai léch goc hudng dugce
dinh nghia 1a 6, va cac lyc huéng tim giao
thoa c6 thé duoc viét nhu sau:

fdmy:KmX farex
f (4)
dmx=K, fnray
Véi
K,x =—SsIné.

er’

Ky =SIné,
y
fNFBy

Chiéu quay
cua rotor

: fNFBysinE) o X

v iNFEBsinG e tNFBx

Hinh 2. Sai 1&ch vi tri goc

Hinh 3 trinh bay mét so d6 khbi ma bao gom
su giao thoa cua hai hé lyc hudng tdm vuong
goc. Cac dau ra 1a cac vi tri huéng tam va cac
dau vao 1a cac gia tri dit. Cac khdi trén va
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dudi la cic md hinh dong luc hoc theo
phuong x va phuorng y. Su giao thoa dugc
gay ra béi Kk Va Kiny. Luc huéng tam gidm
xuong do cost, dugc bo qua vi G, nho.

—> X

—> y

Hinh 3. Nhiéu trong 6 d& tir theo phuong x va 'y
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Hinh 4. Pap tng chuyén vi voi d6 bién thién
cua h¢ so khuyéch dai

bat gia tri chuyen vi 1a X" va quan sat dap ing
cua chuyen vi X. Hinh 4 trinh bay cac dép ung
chuyén vi ctia hé diéu khién tu dong. Tham so
K duoc dat la K= - Ki Va Ky = K. Quan
sat ta thdy dao dong cua hé ting 1én khi K,
tang 1én. Néu K, 16n hon 0.3, twong ung voi
mdt sai léch chiéu  17°, thi phan ho6i 4m se
kém hiéu qua trong viéc giam chan hé thong .
Dé nhan dugc két qua ciia mo phong sb, phan
tich anh hudng cia su giao thoa cling la quan
trong. Trong hinh 5, tham khao vi tri hudng
tdm X~ dugc so sanh vé6i chuyén vi huéng tim
x, sau d6 duoc khuyéch dai boi bo diéu khién
PID 12 G, va K;. fymx 12 luc nhiéu dugc thém
vao va téng cta cac lyc hudng tam duge dat
1én hé thong o trr Gy, taora chuyen vi huong
tam.Voi truc y cung sur dung cau truc hoan
toan twong tw . Bang cach d6 c6 thé bu duoc
nhiing nguyén nhan gay ra su giao thoa lam
léch goc cua hai hé luc hudng tim vudng goc
trong & tir.
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Gia sir rang dai luong diéu khién vi tri y~
theo phuong y bang 0, gia sir nay hop ly trong
phan 16n cdc truong hop trong thuc té boi vay
so d6 khéi cta nhiéu tir fyegy dén fNFBy dugc
rt gon nhu trén hinh 5. C6 thé thay rang giao
thoa dugc biéu dién boi hai khdi ndi tlep ma
¢6 cac dau vao fyrgy VA fymx. Ham truyen cua
khéi 1a:

fdmx _ K Gch Ksn Ki
™™ 14 GG K, K,

fNFBX
Viéc khdao sat ham truyén cua fymdfnesx 12
quan trong. Ta dinh nghia G; = fymd/furex. Gi 12
ham truyén cua giao thoa. Néu Ky, = 0 va Ky
= Kmy= 0 thi G;= 0, do d6 khong c6 giao thoa.
Phan phan sb Ia phan dang quan tam:
GpGcKsnki 1a ham truyén lip cia 6 d& tir khong
c6 giao thoa bdi vy GpGeksiki 1a cao tai gia
tri tan s6 thap . Ham truyen cua phan s6 gan
bang thanh phan don vi tai tn sb thap.
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Hinh 5. So db khdi theo phuong x va giao thoa

Luc giao thoa famx duoc c6ng thém voi lyc phan
hoi phap tuyen furex MOt cach song song . Cho
nén ham truyen tr fyesx tO1 tong cac luc huéng
tam fum duoc viét nhu sau:

G Gc Ksn I<i
=] (K Ky ) 2
NFBx 1+GchKsnKi
©)
KET LUAN
SUMMARY

Khi c6 giao thoa trong hai hé lyc huéng tam
vudng goc, bang cach tim ham truyén nhiéu
Gi nhu (5) nhu minh hoa trén hinh 5, c6 thé
khao sat 6 tir nhu hé SISO mot cach tién loi
va nhanh choéng.
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STUDY ON THE EFFECTS OF DISTURBANCES TO THE
TWO CENTRIFUGAL FORCE SYSTEMS IN THE MAGNETIC BEARING

Nguyen Thi Thanh Binh”
College of Technology - TNU

The mathematic model of a magnetic bearing with the influence of one direction centrifugal force is the same as
that of an electromagnetic suspension which is presented as a SISO control system. This problem has been
published in [5] and [6]. In fact, a magnetic bearing is always influenced by two pairs of centripetal forces which

are perpendicular to each other (X, -X; Y ,

- Y where the “-* indicates the oposite direction of the force).

Whenever the four centrifugal forces are not on the x and y axis as a consequence of the disturbances, there occur
inferences between the two force systems. In this case, a MIMO model is employed to study the magnatic bearing

system.

Key words: centrifugal force, inferences between the two force systems
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