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Tom tat

Magnetic Levitation la k¥ thuat st dung luc tor do
nam chdm tao ra dé treo (suspension) hoic nang
(levitation) vat. Truéc day, dé don gian ngudi ta
thudng st dung nam cham vinh ciru, tuy nhién, hé su
dung nam cham vinh ctru 1a hé khong thé 6n dinh. Do
véy trong cc ung dung thyc té thuong sir dung nam
cham dién dé tao luc va goi chung 1a hé théng nang
bang tir truong (Magnetic Levitation System — MLS).
MLS dugc tng dung rong rii trong nhidu linh vuc
nhu vong bi tir chi dong (Active Magnetic Bearing —
AMB), tau cao toc dém tir, cac thiét bi cach ly chong
rung ..

Bai bao nay trinh bay viéc Gmg dung phuong phip
diéu khién phi tuyén dua trén nguyén 1y phiang cho hé
nang tir (Magnetic Levitation System - MLS). Cac co
s& 1y thuyét ciing nhu cac bude thiét ké dwoc thuc
hién. Cac mé phong kiém nghiém trén MATLAB cho
thdy cac wu diém cua phuong phap diéu khién nay véi
MLS. Cac mb phong kiém nghiém duoc thue hién voi
chu tric phi tuyén cia hé, bao gdm ca cic phan tur
phai c6 trong mot hé thuc.

Twr khoa: HE thong nang bang tir, O bi tir chu dong,
tuyén tinh hoa, cau trac phi tuyén, twa phiang

Abstract:

Magnetic Levitation is a technique that uses magnetic
force generated by the magnet to hang (suspension) or
raise (levitation) material. In the past, people are often
simple to use permanent magnets, however, the use of
permanent magnet system is not stable. So in practical
applications often used electromagnets to generate
power and collectively improve magnetic system
(Magnetic Levitation System - MLS). MLS is widely
applied in many fields such as bearings from the
initiative (Active Magnetic Bearing - AMB), high-
speed train from the buffer, the vibration isolation
device ...

This paper presents the application of flatness-based
nonlinear control method for Magnetic Levitation
System - MLS. The theoretical basis as well as the
design steps are performed. The simulation tested on
MATLAB shows the advantages of this control
method with MLS. The simulation was performed
with non-linear structure of the system, including the
elements must be in a real system.
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Ky hi¢u

Ky hiéu Pon vi Y nghia

Lo do tir tham tuong dbi
R,R, Q dién tr¢ cudn day
L,L, H dién cam céc cudn day
g m/ s> gia tdc trong trudng
Chir viét tit

MLS Magnetic levitation system

AMB Active magnetic bearing

PD Propotional Derivative

PID Propotional Integrate Derivative
FF Feedforward

FB Feedback

1. PHAN MO DAU

Mot hé nang tu dién hinh nhu Hinh 1 gém hai nam
cham dién dé tao luc dién tr tac dong 1én vat duoc
nang. Pé diéu chinh va gitt 6n dinh vi tri cua vat, cac
luc tir duogc diu khién boi dong dién qua cudn day
hai nam cham dién. Phan diéu khién c6 cac by phan
nhu 13 cam bién do vi tri vat, mach dién cap ngudn
cho nam cham va cac bd diéu chinh ..

Nam cham dién c6 luc tir tac dong lén vat ty 1€ véi
binh phuong dong dién dong thoi ty 1& nghich véi
binh phuong khe hé khong khi tirc 1a vi tri cua vat.
Do d6, co ciu nang tir [a mot hé phi tuyén. Tuy nhién
hé nay van chu yéu duoc didu khién bing bod didu
khién tuyén tinh. Dé tong hop dwoc bd didu khién, hé
duogc tuyén tinh hoa bang cach dua mot dong dién ¢
dinh Iy cung chiéu trong ca hai nam cham dé dich
chuyén diém lam viéc dén vung tuyén tinh [1],[4].
Véi bo didu khién tuyén tinh, hé da dat dugc chat
luong nhit dinh, tuy nhién dai lam viéc bi gidi han
trong ving rat nho quanh diém lam viéc tuyén tinh da
chon. Hon nita, khi c¢6 nhidu tic dong du 16n, hé c6
thé bi day ra ving phi tuyén va mat 6n dinh.

Phuong phap nay con ¢o mot s6 nhuoc diém nhu da
chi trong [1]: dong dién téng qua hai cuén diy luon
gin bang dong cuc dai nén cong suit tiéu thu 16n,
dong dién 1¢ch I tao ra mét tr trwdong khong ddi gay
ton that 1én hon cho chuyén dong quay (khi vét 1a truc
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quay trong h¢ AMB), tr truong nay cing lam dong
Fucd ting theo téc do quay cia truc din dén suy giam
lue tir, tao ma sat dién tir kha 1on.

Trong thyc té, co cau nang tir khong chi hoat dong voi
nguyén tac gilr d6i tuong 6n dinh tai diém cén bang.
Mot s6 hé can co kha nang diéu khién thay d6i vi tri
clia vat dén mot sd dlem hodc trong mot vung kha
rong so voi ving tuyén tinh. Vi du nhu trong dong co
tu nang khe ho doc truc 13 kiéu dong co c6 rotor cd
thé dich chuyén doc truc trong khe ho gilra hai stator.
Kiéu dong co nay ung dung trong cac thiét bi trong d6
ngoai chuyen dong quay, chuyén dong doc tryc cua
rotor ¢6 thé dé tac dong 1én cic co cau khac ma khong
can thém co ciu chép hanh.

Mot phuong phéap diéu khién kha méi gén day dugc
quan tdm ap dung cho cac hé phi tuyén 1a phuong
phap thiét ké trén co so nguyén 1y hé phang. Khai
niém hé phing dwoc d& xuat 1992 boi Flies M.,
Levine J., Martin P., Rouchon P [2]. Trong [2] cling
dé cap dén viéc ap dung nguyén ly phing cho nhiéu
hé phi truyén trong thuc té. So véi cac phuong phap
diéu khién phi tuyén khac, phuong phap thiét ké theo
nguyén 1y phing c6 cac tinh chét ciing nhu vu diém
riéng duoc chi ra trong [2],[7]. Viéc nghién ctru 4p
dung nguyén ly phang cho céc hé truyén dong dién
xoay chiéu hodc truyén dong tuyén tinh ciing di dat
dugc nhiéu két qua tich cuc [3], [6]. Pbi voi hé MLS
cling nhu AMB, phuong phap nay cho thiy c6 nhiéu
trién vong [3].

Trong thyc té, co cAu nang tir khong chi hoat dong voi
nguyén tic gitr ddi twong 6n dinh tai diém can bang.
Mot s6 hé can c6 kha nang didu khién thay doi vi tri
ctia vat dén mot sd diém hodc trong mot vung kha
rong so véi ving tuyén tinh. Vi du nhu trong dong co
ty nang khe ho doc truc 1a kiéu dong co c¢o rotor co
thé dich chuyén doc truc trong khe ho gilra hai stator.
Kiéu dong co nay tmg dung trong cac thiét bi trong d6
ngoai chuyen dong quay, chuyén dong doc tryc cua
rotor c6 thé dé tac dong 1én cac co ciu khac ma khong
can thém co ciu chap hanh.

Mot phuong phéap diéu khién kha méi gén day dugc
quan tdm ap dung cho cac h¢ phi tuyén 1a phuong
phép thiét ké trén co s nguyén ly hé phing. Khai
niém hé phing dwoc d& xudt 1992 boi Flies M.,
Levine J.,, Martin P., Rouchon P [2]. Trong [2] ciing
dé cap dén viée ap dung nguyén ly phing cho nhiéu
hé phi truyen trong thuc té. So véi cac phuong phap
diéu khién phi tuyén khac, phuong phap thiét ké theo
nguyén 1y phang c6 cac tinh chit ciing nhu wu diém
riéng duoc chi ra trong [2],[7]. Viéc nghién clru 4p
dung nguyén ly phang cho cac hé truyén dong dién
xoay chiéu hodc truyén dong tuyén tinh ciing da dat
duoc nhidu két qua tich cuc [3], [6]. Déi véi he MLS
cling nhu AMB, phuong phap nay cho thiy c6 nhiéu
trién vong [3].

2. MO HINH HOA MLS

Ta xem xét hé néng tir theo phuong dimg nhu hinh 1
gdém hai nam cham dién va vat duoc ning. Vit duogc
nang c¢6 thé 13 du tryc rotor cua cac co cdu quay,
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hodc banh da trong hé¢ théng tich trit ning lugng...
Véi cau tric nhu vay, theo [4] va [5], ta c6 luc tic
dong cia cac nam cham dién 1én vat dugc nang nhu
Sau.
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H.1  (a): Vitrican tam; (b): Vi tri léch tam.
H.2  Mb hinh hé thong nang tu

Trong d6, y la do léch gitta tm cua vat va vi tri can
bang 1a vi tri gitra hai nam cham, e la khe hd khong
khi chuén, F, va F, la lyc dién tir duoc tao bdi hai
nam cham trén va dudi, iy va i, 1a dong dién qua hai
cudn day nam cham. A;, 1, 1a hé so cau tao cua mdi
nam cham, phu thugc vao cac thong sb nhu sb vong
day, d6 tir tham, hinh dang va ti€t dién mach tir. Véi
cau truc nhu hinh 1 va coi hai nam cham dién c6 cau
tao gidng nhau, ta c6 N\ =\, = ,.An’.cos o /4.
Céc thong so cau tao va ky hiéu nhu bang 1.
Trong viing |y| <e ta co:

my=F —F,+mg 2
Hai mach dién nam cham c6 phuong trinh:

. di, .d
U1: Rl|l+L1_l+Il_L1

dt
@)
. di dL
U, =R,i, + L, d2 +1i, dt2

v6i Uy, U, 1a dién ap dat 1én cac cudn diy, Ry, Ry 12
dién tré cua cac cudn day, iy, i, 1a dong dién qua céac
cudn day. Céc dién cam duoc xac dinh nhu sau:
A A
L= =
e— e+y

Bién diéu khién c6 thé chon la dién 4p hodc dong
dién. O day ta chon bién diéu khién la dong dién i; va
i, va tir (1), (2) ta c6 cau trac cia MLS nhu hinh 2.
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H.3  Moé hinh todn hoc cua MLS

Bang 1: Thong 50 hé thong.

Thong so Ky hiéu Giatri |Ponvi
Khoi lugng vat m 0,2 kg

S6 vong ddy quan  |n 240 vong
Dién tich cuc tr  |A 3 cm®
Goc mach tir o 25 do
Khe hé chuan e 0,5 mm
Hé s6 cAu tao A 5%x10°

Dién tro day quan |R; R, 2 Q

3. THIET KE PIEU KHIEN THEO
NGUYEN LY PHANG
3.1. Gi6i thiéu nguyén ly phang
Theo [6], hé phi tuyén dx/dt=f X,u vé&i bién dau

vao u€R™va bién trang thai x € R"1a phang néu
thoa méan 3 diéu kién:
e Heé ludn ton tai bien dau ra:
du d'u
y=F[XU— ..~
dt dt
¢ Toan bj cac bién dau vao va bién trang thai cua
hé c6 thé xac dinh tur tdp bién y va dao ham cia
nd. Tirc 1a udén tim duge ham P va Q sao cho:

©)

d dy

[y dt’  dt ] ©
dy d|+ly

Q[ o ] W

e Cac bién dau ra y 1a doc 1ap vi phén, tirc 1a khong
ton tai ham H nao:

dy —d'y)_
[y dt " dt* ]_

Khi théa man ca ba diéu kién thi h¢ 1a phang va bién y
goi la dau ra phang cua hé. Cau trac day du cua hé
phang nhu hinh 3.

H.4  Cdu tric hé diéu khién theo nguyén Iy phing.
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Vi tinh phing thi ¢6 thé tinh dugce quy dao cua dau
vao tir quy dao mong mudn cua dau ra phing ma
khong cén giai cac phuong trinh vi phén.

Vi cac bién trong tap dau ra phang chinh la cac gia tri
can diéu khién chinh nén y nghia vat ly dugc the hién
rd: tin hiu dau ra mong muén dugc dua truc tiép lam
gia tri dat déu vao céu tric diéu khién ma gia tri ra
can diéu khién lai tro thanh dau vao diéu khién, goi 1a
céu trac diédu khién nguoc hay mé hinh nguoc.

3.2. Chon bién phing va chirng minh diéu kién
ph%ng

Vi hé MLS nhu trén, ta chon bién dau ra phing nhu

sau:
i2 >\2
=—2_ /— 8
Y2 ery\m ©)

Trong d6 y; 1a vi tri trong tam ctia vt so véi vi tri can

bang Va Y, ty 1& voi can bac hai cua gia toc gy bai

nam cham dién thtr hai. Trudc hét ta phai chimg minh

céc tinh chét phang dugc thoa man:

e Viy va dong dién i, 1a cac bién doc 1ap, hai bién
ra phang y; Va y, la doc lap vi phan.

e Tu (1), (2)va(5) viét duoc:

i =Y,

y:y1;y:y1

. m

L=Y, e+¥, ,[— )
A

Li=Te-y  Yi-gt Y,

1 )\1 1 1 2

Nhu vay tat ca cac bién trang thai va dié}l khién cua
hé thong (2) c6 thé biéu dién theo cic bién phang va
. Theo [2], [3] va [6] hé

(2)1ahé phéng voi cac dau ra phéng duoc dinh nghia
theo (8) Ta thay rang biéu thirc cua i; chi c6 nghia
néu vé pha1 khong am. Rang bugc nay s€ dugc dua
vao khi thiét lap quy dao phang

3.3. Thiét 1ap quy dao dat voi diéu kié€n“lién két
dong dién”

Quy dao phéng la mét cap quy dao cho hai bién phéng
t— o (y1(t), yo(t) bat dau tir diém (y1(0), y»(0)), véi
(¥,0), ¥,(0)) co thé da biét, va tién toi diém (y,(T),

y2(T)), (T > 0), voi (¥,(T), §,(T)) cling c6 thé da biét.

Quy dao dugc 1ap s& théa man yéu cau khong co cac
dong dién tién tir hoa (premagnetization), tirc 1a khi
mot cudn day lam viéc - dong dién qua cudn day khac
khong - thi dong dién cua cudn con lai bing khong.
Dic tinh nay goi 1a “diéu kién lién két dong dién”. N6
dugc xem nhu la mdt sy rang budc gilra cac dau ra
phing. Theo (8), d& nhan thay rang khi i, =0 thi dan

dén y, =0 va nhu vy i; ton tai néu va chi néu

daO ham cua nd yl’ yly yl’ y2

—g=0. Mit khac, i, =0lam cho
y,—g+ Y, ~=0va nhu vayy,—g<0. Do do,
diéu kién lién két d(‘)ng dién s& la:
;h—920

(10)

Y, =Y g—, =
? ' \/g Y, ;9. —g<0
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Trong d6 Y dugc goi 1a ham lién két. Cac diém thoa
mén diéu kién Y, = g tai do cudn day thu nhét chuyén
tur trang thai lam viéc (c6 dong) sang trang thai nghi
(tat dong) va cudn day thir hai thi nguoc lai goi l1a
diém ngat. ) )

Y1 co thé 1a mot ham theo thoi gian bat ky, it nhat kha
vi bac 2, va sau d6 tinh toan y, theo (10). Cac dong
dién dat duoc tinh toan tr vy, ¥, V;, Y, theo (9). Qua
trinh xay dung quy dao dat can xét dén cac rang budc
sao cho bién d6 ciing nhu téc do bién thién cia cac
dong dién iy, i, phai 1a hiru han.

Trong [1] dd ching minh ring néu quy dao dit y,
duoc chon sao cho gidi han trai tai diém ngét cua Yy,
1 hiru han thi toc d¢ thay di cta cac dong dién i, va
i, tai cac diém ngat ciing 1a hitu han. D4i véi hé (2)
quy dao dat dugc xdy dung v6i muc tiéu di chuyén
vat tr mot diém xac léP nz}y téi diém {(éc lap khac
(rest to rest). Quy dao bat dau tai thoi di€ém t =0, tr
mot vi tri bat kyy 0 ]y 0|<e, véi ¥ 0 =0, va
diém két thac co vi tri bat ky
Y T |y, T|<e,vsiy, T =0.

tién  toi

V6i diéu kién 1a tinh lién tuc va toc do thay doi hiru
han cta dong dién tai cac diém dau va cudi dan tdi:
V, 0=y T =y® 0 =y® T =0. Ngoai ra, tai
diém ngit s& c6 diéu kién la yf’ t =0, v6i moi
te 0,T .

Dang tong quat ciia quy dao y, t v6i0<t<T Ia
k

yt =) at (11)

i=0
v6i bac nho nhét phai 1a 7 dé thoa méan 8 diéu kién
rang budc (4 diéu kién cho diém diu va 4 diéu kién
cho diém cudi). Quy dao dat cho y,i,va i, phai
tudng minh va c6 giéi han trén toan quy dao, bao gdm
cac diém ngat, ddc biét y, phai kha vi lién tuc t6i bac
3. Hon nita, do c6 cac diém ngit va dé thoa min cac
diéu kién rang bugc tai cac diém do thi quy dao thuc
s€ 1a tap hop cua cac doan quy dao gian doan.
Céc diéu kién rang budc cho mdi doan quy dao dugc
thé hién dang véc to nhu sau:
Y=y L %50y,

(12)
Y LT 0T,y T, T,
Khi quy dao dat y, t thoa man diéu kién rang budc
tai diém dau T, ta c6 cac phuong trinh dai s6 nhu sau:
yt =y T
Wt=w%T
yt=%T
yf;) t = yf) T

(13)
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Tuong ty cho diém cudi T, . Gidi hé phuong trinh nay
tim dugc vecto hé sd cua da thic quy dao dit tong
quédt clia bién phang Y, t va tir (5) c6 quy dao dat
tong quat cua bién phing y, t.

Sau khi c6 quy dao tong quét thi can xac dinh cac
diém ngat. Cac diém ngat 1a cac diém coy, t =g ,
va véi didu kién dé dong dién tai diém ngét c6 gidi
han thi yf’ t = 0. Nhu vay tai cac diém ngit s& co:

t? 12a, +20t+30a, t*+42a, t* =g 9y
t 24a, +60a, t+120a, t* 4210a, t* =0 =
Giai hé phuong trinh nay s€ dugc cac nghiém thyc
trong khoang 0 <t <Tla cic diém ngit. Véi cac
diém ngit da xac dinh, can xay dung tap hop cac doan
quy dao gdbm doan quy dao tir diém xudt phat toi diém
ngit dau tién, diém ngit t6i diém ngét ké tiép va diém
ngit cudi t6i diém két thuc. Tat ca cac doan quy dao
nay déu phai thoa min vecto didu kién (13) twong
ung. Giai hé (14) véi cac vecto diéu kién rang budc
(13) cho ting doan quy dao s€ tim dugc da thic cla
tung doan. Quy dao dat thuc s€ 1a td hop ctia cac doan
quy dao roi rac di qua cac diém ngit da xac dinh.

3.4. Thiét ké cac b) diéu khién

3.4.1. B¢ dicu chinh dong dién

i, vai, chila tin hiéu dit nén phai qua by khuyéch
dai cong sudt dé diéu khién cuén day. Tuy nhién, do
cudbn diy nam cham la khiu quan tinh bac nhit va
dién cam cudn day bién thién khi khe ho khong khi
thay ddi nén dé dong dién thuc bam theo dong dién
dat can c6 bo diéu chinh dong dién. O day bo khuyéch
dai cong suit 12 bo bam xung (chopper) c6 chu ky
PWM Ia Ty T, =L, xR va T,, = L, xR, 1a hang s6
thoi gian cac cudn day. Theo tiéu chudn modul t6i wu
tong hop dugc mach vong dong dién cho cac cudn
nam chdm véi bo diéu chinh 1a PI. Mdi cudn day cé
mot mach vong dong dién riéng nhu H.3:

LEk

I —+ Tis+1 Ri  |u, 1Ry it
N —> —>| >
- 2. TS Tox-5+1 Tips+l
RI1 Chopperl Coil 1
kK
2 —+ Tip.s+1 R: U, 1R, i
| —> > >
2. TS Tox-5+1 Tpp.s+1
RI2 Chopper2 Coil 2

. H.5 ) Mac{z vdng dong dién.
3.4.2. B§ diéu khién truyén thang
Sau khi ¢6 cac da thic quy dao dat y; t vay, t ,tu
(6) x&y dung khau tinh todn cic dong dién dat
i, Vai, hay co thé goi 1a bo diéu khién truyén thing
nhu H.4.



(] :
y:l :i _-|'>_ *k
dt X i

VL x
1 —
A
>+ —
»la _> x | kK
=

H.6 B¢ diéu khién truyén thing (tinh toan dong dién
- .

3.4.3. Piéu khién bém quy dao vi tri.

Bd diéu khién truyén thang c6 vai trd xac dinh tin
hiéu diéu khién cin c6 dé hé (2) c6 dau ra bam theo
quy dao mong mudn da dugc thiét 1ap. Tuy nhién néu
hé chi c6 bo diéu khién truyén thing va bo didu chinh
dong dién & vong trong thi van sé& c6 sai léch giita quy
dao dat va vi tri thuc. Theo [1] thi sai 1éch nay la do
mot s6 yéu t6 nhu 1a mo hinh ciia hé 14 khong hoan
toan chinh xéc, hay cac diéu kién kha vi t6i thiéu bac
n khong dat dugc, trong truong hop nay la mé hinh hé
(2) khong hoan toan chinh xac do dién cdm cua cac
cudn day thay doi khi vat thay doi vi tri va mach vong
dong dién chi 1a khau vo sai cdp 1. Boi vy can phai
bu thém & dAu vao mot lwong twong tng véi sai léch &
tin hiéu ra. Véi quy dao dat 1a (y;,y;), can phai thiét
ké mot bo didu khién phan hoi trang thai sao cho sai
léch quy dao y, —y,,y, — Y, tién téi khong. Thuc

té trong hé nay ta can sai léch quy dao cua bién phang
thtr nhét y, t lavitri cua vat thoa man:

Vl—Vl* =k yl_YI —k, SI1_YI (15)
Trong do k, vak, lacéc s6 thuc sao cho da thirc dic
trung bac hai P, s =s*+ks+k, laHurwitz.
Trong [1] dd chimg minh rang néu k, va k, duogc
chon sao cho da thic dic trung bac hai P, cua (12) 1a
Hurwitz thi luat diéu khién la:

. m ..
|1:\/g e—y A v, Yy;i,=0
khiA y,y >0
W= (16)
. . m
i, =0i,= |— ety [-AYY
khiA y,y <0
trong do:
Y,y :_ko Y1_y1* _kl S/1_y1* - g_y:: (17)

Va khi d6 hé dat dwoc: diéu kién lién két dong dién,
sai léch quy dao cuia bién phang y, t Ia tat dan va
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thoa min (12), sai léch quy dao cua bién phing thir
hai y, t tién t&i zero khi t — oo

4. MO PHONG HE THONG
4.1. Thong s0 mé phong
V(’?’i cac thiét ké nhg trén, ta thyc hi¢n moé phong hé
thong hoat dong dé nang vat theo quy dao mong
muén 1a dich chuyén tr y 0 =-0.1mm t6i
y T =04mm véi T =10ms. Cac thong sb hé
thong nhu bang 1.
4.2. Tinh toan cac quy dao dat i
Vi diém dau va di€m cuoi cua dich chuyén mong
mudn nhu vay, diéu kién lién két dong dién va cac
didu kién rang budc vé tin hiéu didu khién duoc thé
hién bing vec to:
Y =(—1x10*,0,0,0,4x10*,0,0,0,0,10x10 %) (18)
Tinh toan (11) theo diéu kién (15) duoc vector hé sb
cua da thirc qu dao dat v, (t) .
Theo (12) x4c dinh dwoc quy dao nay co hai diém
ngét tait, = 0.0008%; t, = 0.00462. t, =
0.00081; t, = 0.00462Nhu vy quy dao dat s& gom
3 doan voi vecto dicu kién cho cac doan:
Y, = (—0.0001,0,0,0,—0.0000993,

(19)
0.00288, g,0,0,0.00081)
Y, = (—0.0001,0,0,0,—0.0000993, (20)
0.00288, g,0,0.00081, 0.00462)
Y, = (—0.0001,0,0,0,—0.0000993,
(21)

0.00288, g,0,0.00462,0.001)
Tinh toan theo (11) vdi cac vecto diéu kién (17), (18),
(19) dugce cac vecto hé so cua 3 doan quy dao.
T6 hop cac doan quy dao trén dugc quy dao dat thuc
ctia bién phing thir nhét y, t diqua céac diém ngit
va theo (5) xac dinh dugc quy dao tuong Gmg cua bién
phangy," t .
4.3. Két qua md phéng.

0.0004f

0.0002~

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Y2

0
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

H.7  Quy dao dat Yir¥o ya V1Y
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0 0.002 0.004 0.006 0.008 0.01 (3)

iz

7\9\ L L L L 1 1 1 L

0 »
0 0.002 0.004 0.006 0.008 001 ©

H.8  Viwriy,, dong dién i,i, khi khong bu trang thdi.
Hinh 7 cho thiy quy dao dat y, t tong quat va quy
dao dat thyc y,” t la tap hop cdc doan quy dao di qua
céc diém ngat. Hai quy dao nay gan nhu tring nhau.
Déi véi bién phing thtr hai y, - ¢6 lién hé truc tiép t6i
dong dién dat i, - quy dao dat tinh toan lai theo yf*
khong c6 tde do tang dot bién tai cac diém ngat nén
dam bao yéu cau vé toc ting dong 14 hiru han.

(mm),

0 0.002 0.004 0.006 0.008 0.01 (5)

[ 0.002 0.004 0.006 0.008 0.01 (s)

H.9  Quy dao dat yf*, quy dao thyc'Y, khi cé bo diéu
khién bii sai léch trang thadi (13) va su thay déi cac
dién cam Ly L, t‘heo Vi tri.
Khi chua c6 bu trang thai, van ton tai sai 1éch vi tri
khi ket thic quy dao dat nhu H.8
Vi bo dieu chinh phan hoi trang thai theo (13), nhu
H8 co thé théy vat da dat dén vi tri mong mudn. Poan
giita quy dao 1a doan tdc d9 ting nhanh nén co sai
léch gitra quy dao thuc va quy dao dat. Sai I¢ch 1a do
dong dién — 1a mét bién trang thai — chua bam hoan
toan theo dong dat. Ngoai ra gia tri cta Kk, va k; trong
(13) cling c6 y nghia quan trong voi kha nang bam
quy dao ciia hé théng. Can c6 cac nghién ciru riéng dé
cai thién diém nay.
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(A)

0.6

0.4

L L L L
0 0.002 0.004 0.006 0.008 0.01 (s)

o L L L L
0 0.002 0.004 0.006 0.008

0.01 (s)

H.10 Cdc dong dién dat i, i, va cdc dong dién thuc
i i

i1V

40, T T T T o

Uy
U
i [\ |
0 V
-20}F -

i i i i t

0 0.002 0.004 0.006 0.008 0.01 (%)

H. 11 BPién ap Uy, U, trén cdac cuén nam cham.

5. KET LUAN
Trong bai bao, phuong phap diéu khién phi tuyén dua
trén nguyén ly phang da duoc xay dung cho MLS. T
qué trinh thiét ké diéu khién c6 thé thdy ring phuong
phap phang voi diéu kién lién két dong dién khi lap
quy dao mong mudn cho phép dung mé hinh phi
tuyén cua MLS chi khong phai mé hinh tuyén tinh
(doan tuyén tinh cta (1)). Két qua cho thdy MLS cé
thé 1am viéc trong toan giai ddc tinh lam viéc cho
phép, |y| < e, chir khong chi 1an can quanh diém cin
y|<e.
Vé6i diéu kién lién két dong dién, hé lam viéc chi véi
mot cudn ddy tai mdi thoi diém va dong dién thuc qua
cudn diy nam chdm ciing chinh 1a dong dién diéu
khién ma khong phai duy tri mot dong dién léch Iy
qua cé hai cudn day. Do d6 giam duoc phat néng cta
cudn day ciing nhu 16i thép, dong thoi giam duoc
dang ké cong suat dicu khién va cho phép thiét ké
mach cong suét c6 thong sb thap hon.
Trong md phong khong han ché dién ap ngudn cap
cho bd khuyéch dai cong suat nhung dién ap thuc té
trén cac cudn day bién thién trong bién d6 dudi 40V
1a phu hop véi mach cong sudt nho, dé& thiét ké, an
toan va co thé ing dung trong nhiéu thiét bi.
Céc két qua trén cho thiy c6 thé phat trién 4p dung
nguyén 1y phing véi quy dao dat theo diéu kién lién
két dong dién cho cac hé nang/kéo bang tir truong nhu
la 6 tir chu dong (active magnetic bearing — AMB),
Pong co 6 tir két hop kiéu khe ho doc truc (Axial Gap
Combined Bearing-Motor — AGBM) ...

bang,
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