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Tém tit. Hién nay, viéc tao ra céc chuyén dong thing hau hét dwge thure hién gidn tiép bing céc
dong co quay, kéo theo nhiéu nhurrge diém. Viéc stt dung céc loai dong co ¢6 kha ning tao chuyén
dong thing tryc tiép (dong co tuyén tinh) cho phép loai trir nhirng nhuge diém trén. Vi tri dinh
cuc 1a mot thong s6 quan trong trong mo hinh dong co tuyén tinh dong bo - kich thich vinh ciru
(PB KTVC) va la mot nhan té gitp xdc dinh cau tric diéu khién tia tir thong cie. Bai bdo néu lén
phirrong phap xdc dinh vi trf dinh cue dua trén ciu tric diéu khién lre ddy st dung bo diéu chinh
dong thich nghi véi su sai léch ctiia mo6 hinh. Céc két qud mo phéng va thi nghiém da chimg minh
tinh ding dan cia phwong phap trén.

Abstract. In recent times, linear motions are often indirectly realized by rotating motors, which
cause some disadvantages. The use of motors which are able to create linear motions directly (linear
motors) can prevent these disadvantages. The pole position are the important parameter of perma-
nent magnet linear synchronous motor and also one of the conditions to obtain the field orientated
control structure. Some simulation and experiment results have solved the ability of this method.

Ky hiéu
Ky hiéu Pon vi Y nghia
Lgq, Ly H bién cdm doc true, ngang truc
m, R (kg, Q) Khéi lrgng, dién trd cia phia so cdp
Ug, 1g Vector dong, 4p phia so cap
v, Ve, We m/s; rad/s  Van tée dién, co, van téc goe dién
lsd, Tsqs Usd, Usq Thanh phan dong dién, dién d4p doc va ngang truc
P, Yy rad/s Vén toc gée stator, van toc gée rotor
xp, 0 m, rad Vi tri dinh cue

Chir viét tit
VDK: Vi diéu khién;
BB KTVC: bong bo - Kich thich vinh ctru.

1. PHAN MO PAU
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Vi trf dinh cuye trong dong co DB KTVC duwogce xdc dinh bdi 6 = —pr v6i z,, 1a khoang
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cach gitra truc tir thong vinh ciru va truc cuon day. N6 phu thude vao vi tri ban dau 6y va
toe do cia dong co. Cho dén nay, cdc nhém nghién ctru trén thé gigi da dwa ra mot s6 hudéng
gidi quyét cho bai todn xdc dinh vi tr{ dinh cire cia dong co DB KTVC nhu sau:

e Trude hét, dwra vao két qua gid tri dién cam & mot i tri bat ky ti 1é nghich v&i khe hé tai
vi trf truc clia day quin (vi du: déi véi dong co cue tir 161 Lgy < Lg(0) < Lgg) nén c6 the
xac dinh dwoc vi tri dich chuyén ctia dong co sao cho truc ctia cuon day tring véi truc cia
cuc tr. Tuy nhién phwrong phédp nay khong phu hop véi nhém dong co cuc tir tron véi dac
diém hau nhu khéng cé sir thay doi ve gid tri dién cdm doc theo bé mat khe hé [1]. Ngoai
ra, phwrong phép nay chi ¢6 kha nang nhan biét dwrge cde vi tri dinh cwe khi truc a tring véi
truc d hoac gq.

e Mot gidi phap ciing hay dwoc sit dung trong thire tién déi véi dong co quay DB KTVC
dé 1a néi truc dong co nay véi mot dong co khac duwge dieu khién & ché do dong co. Khi dé
sé hinh thanh sitc dién dong trén stator cdm tng bdi tir tredomg Nam cham vinh ciru va dira
trén céc stre dién dong nay sé giip ta xac dinh dwoc vi trf dich chuyén Rotor sao cho truc cia
cuon day tring véi truc cia cye tir, dé 1a nhirng diém ma site dién dong dat gid tri cue dai
hodc cure tiéu [2]. Phuwrong phdp nay ¢6 nhwge diém giong nhw phirong phép dira vao gid tri
dién cam 1a chi cho phép xac dinh vi trf dinh cue tai mot s6 diém roi rac.
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Hinh 1. Cau tric diéu khien hyc day dira trén hé truc toa do tinh o

e Viéc st dung bo sung céc co cdu do dé thirc hién nhiém vu néi trén ciing 13 gidi phap dwoc
xét dén va [3] 1a két qua nghién citu tieu bidu véi viee sit dung 2 cAm bién Hall dat léch nhau
459 dién. Phwong phép nay c¢é wu diém xac dinh vi tri dinh cue tai mot diém bat ky véi két
qua khé chinh x4dc nhung nhiroe diém doi hoi thiét bi do bé sung gay ra khé khan trong ghép
néi co khi, tang gid thanh va doi hdi VDK di manh dé thie hién thuat todn phite tap (phan
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tich pho Furie FFT).

e Tiép theo d6 1a nhém cdc phwong phép dira vao cdc dang dién ap dac biét cap cho dong co.
+ Theo [4,5], khi cdp dién ap 1 chiéu vao 2 trong 3 pha thi phan ng sé dich chuyén dén vi
tri xdc dinh 6y = ig. Diéu nay gitip ta c¢é thé diéu khién dong co tir vi tri xdc dinh néi trén.
Tuy vay phuong phap nay chi cho phép dong co van hanh xuat phat tir nhirng vi tri x4dc dinh
va d0 chinh xac khong cao.

+ [6] d& néu lén mot nhém cde ky thuat cidp vao dong co dién dp ¢6 tan s6 cao bién dd nhod
tao ra nhitng ddp ttng vé dong dién, dién cdm, phu thudc vao vi tri dinh circ. Tir @6 bang
nhirng bién phap phan tich cdc dai lrong nay (phan tich pho song hai,) gitip tim ra két qua.
C6 thé néi phwong phép nay cho két qud khé chinh xdc tai moi vi trf va viéc xdc dinh dé
duogce tién hanh khi dong co ding im. Tuy nhién viéc thuwe hién doi hdi kha nang tinh todn
nhanh trong cac VDK va gap khé khan doi véi nhirng dong co cue tir tron.

e Ngoai ra vi tri dinh cire con ¢é thé thu dwgc sau khi gidi quyét bai todn dieu khién lirc day
véi ¥ twdng dwa vao bo dieu khién lwe ddy mot lwong dat 1a chudi xung lwe day tuan hoan
[7]. Khi d6 gid tri vi tri dinh cyc wée lwgng 0 sé hoi tu veé gid tri thue sau mot s6 lwgng chu
ky du 1én. Phwong phap nay doi héi cau tric dieu khién dong dién thich nghi véi sai léch
0 # 0 va [7] chua dé cap dén vin dé nay. Bai bdo sé trinh bay 2 ciu tric dieu khién giai
quyét nhiém vu néi trén (xem Muc 2.1,2.2) . Ngoai ra bai bdo ciing néu bién phap khac phuc
s6 lwgng chu k¥ di 16n [7] bang cdch dwa ra 4 hrgng dat xung lire 101 rac (xem Muc 2.3).

2. NOI DUNG CHINH

2.1. biéu khién lwc ddy dwa trén hé truc of
Theo [4], cdu tric dk hye ddy (Hinh 1) dwge thie hién dya trén hé truc toa do tinh a8
v6i cde bo diéu chinh R,, R duge thiét ké mot cdch riéng ré trén mién lién tuc nhu sau
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Tuy nhién [4] chwa xét dén anh hudng cua tdc dong diéu hoa (2—7rv¢p sin®) trong doi
twong (Hinh 2). Thyc t€ cdc bo diéu chinh R, Rz hoan toan ¢6 kha ;éng khir thanh phan
nay. Pieu nay ding do déi véi nhdnh « (nhénh 8 lam twong tw) ta c6 dép tng i., — Lsinf
(3) thu dwoce qua viée bién doi tirong dwong so do (Hinh 3).

Laic6 i, =i, 4.0 (4) nén két hop véi (3) ta ¢ isq bam theo i), + (2,5 — Lsing.
T (2) ta ¢6 i, bdm theo Lsin@ va i’ , bam theo ¢%,. Vay mdc du c¢6 tdc dong cua

(—Wm,lzp sin6) nhung iz, van bam theo i*, = i.sin@ ké ca khi 6 # 6 mién 1a van dam béo (2).
-
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Hinh 3. Bién doi twong dwong so do Hinh 4.4. M6 ta vi tri giffa cc hé truc toa dé
Véi kha nang lam viéc ciia bo diéu chinh dong néi trén gitip tao ra dong dién chay trong
3 cuon day a, b, ¢ nhu sau

~

A ~ 21 27 T
ip :[Sinﬁ sin(@—?) sin(9+?)] i (5)

-1 ©

Tuy nhién thanh phan thire t€ tao nén lye day lic nay chi con 1a iz, = (—i) cos A9 (Hinh
4). Vay lyce thye t6 duge tao ra véi dong co dong bo cye an (Lsq & L)

F= 377r¢pisq = 3?7rwp(—i. cos(A0)) = F* cos(A0). (7)

2.2. Piéu khién luc ddy dwa trén hé truc dg
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Khi chwra xdc dinh dwoc chinh xdc vi tri dinh cye thi mo hinh PCTT loai PB KTVC
dugc mo ta tira theo hé truc toa do cf(j ¢6 sai khac so véi dg. Do vay mo hinh DCTT loai BB
KTVC lic nay sé ton tai thanh phan bat dinh A# (8)

di - o L U., 2 in(Af

dig _ Ro; 4 2myLay Ua 27, dysin(29)

dt Lgd sd T LSH sd LSAd T LsAd (8)
Gigy _ _&i o (ﬁv)ﬁi L (2_”1))& n (2_771,)%(1 — cos(A0))

dt — Lg ™ T Lg *¢ T " Lg T Ly

Tt (8) két hgp vai heu y:

isd* =0 o
U p s fee (®)
qu* = k_f dt
thu dwoc

dej R .- (2_7rv) 1y sin(A6)

dt L, d T L, 9)

deg R . 21 (1 — cos(AF))

E = —L—SAqZSAq — Uq — (_U) qu

Véi muc tiéu dieu khién lye thye t€ duge tao ra F' = ky|i,| cos(Af) = F* cos(A6), cdu
tritc diéu khién Hinh 5 da dwoc stt dung véi viée thiét ké dwoce tién hanh theo cdc buéce sau:

Bude 1. Xac dinh bo DK cho hé (9) sau khi da loai bd nhirng thanh phan bat dinh.

ded R,
a L,
Gt Ly
[8] da chi ra phwong phap x4c dinh bo dieu khién phan hoi trang thai nhuw sau
USA Rs t 2 LsA .
Uy, R, ! 2 Ly (2 B
T =~ e + 1| eqtr) +egeq + (o) iy + (o) + i

Budc 2. Trd vé v6i hé thong (9) khi ¢6 sy tham gia cia cde thanh phan bat dinh.
Theo [9,10], “Xét hé bt dinh v6i mé hinh
z T
L _ fla) + hi@)(u + ¢ @)000) (*
trong d6 0(¢) 1a vector ham phu thudc vao ¢, ¢6 chuan ||0uo|. Gid sir hé % = f(z) + h(z)v c6
ham dieu khién Lyapunov V(z) ciing nhw bg diéu khién Phan hoi trang thai twong tmg v =
A [N 9 A /e 8V
v(z). Vay thi bo diéu khien Phan hoi trang théi u = u(z) = v(z) — ka—h(g)\go(g)IQ (k>0)
x

N 0] -
sé tao ra cho h¢ (*) mién hap dan D = {z € R"|z < 73_1(%)}”.



46 PAO PHUONG NAM, NGUYEN PHUNG QUANG

Tuy nhién, khi van dung cho hé can lwu y

¢ t3m, . o .
v = / (F'—F.)dr = / (?(¢plsq+(Lsd_qu)stlsq)_Fc)dT = f(isa, Lsq F) = Q(ZsAd’ isq, A0, F).
0 0

Suy ra téc do phu thuoc vao cd thanh phan bat dinh va bién trang théai. Vi vay viéc van
dung sé dura trén dinh 1y trén sau khi ¢6 su bién doi sau day: “Tong hop ca 02 thanh phin
bat dinh va xdc dinh” nhw sau ¢'(t) = fT(Q)Q(t). Liic nay bo dk Phan hoi trang thai la:

u=u(z) = v(@) ~ KoL h(a) (k > 0). (12)
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Hinh 5. Céau tric diéu khién Ire day theo phirong phép thich nghi bu bat dinh
dua trén hé truc dg

0=

~ 217
0, +— | vdl
0 T f

0

bén day viéc van dung sé dugce tién hanh nhu sau: Véi

() = (L) P B
0. (t) = _(27%)%(1 —;;s(Ae))

bi chan do viéc dk lie day chi thuc hién trong 1 khodng thoi gian hiru han. Hé thong (9)

dwoc bién doi thanh:
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Tir (11,12) sé x4c dinh duwrge bo dieu khién Phan hoi trang thai (15), Hinh 5.

( t
U, R 't 2 | Lg Li([5 esdr)e;
sd s sq . d\JO ~d d
:——eA+lA(/ edr)+cie: — (—v)—ig +e; + +——2—2¢
55?1 Iés;i d d Ot d d-d 2,], l{’s}l 5q ;l w(decf/cll{t)
g _ _ s ZA/ d ot () Zsdy . 4 (e T, 15
T Lsaeq+ j( ; eqdr) + cgeq + ( . U)LSAq28d+(T U)qu + LSqu g+ (15)
o l@(fo e@dT)ed
L 1 (deg/dt)

2.3. Xéac dinh vi tri dinh cuc

Str dung nhimg bo diéu chinh dong dwgc thiét ké & trén giip dam bao chit lwong diéu
khién (igq — 3%, =0 v igqg — it, = 0) ké c& khi xudt hién sy sai loch cia géc twa 0 # 6. Liic
nay luc thue t€ dwge tao ra chi con la: F' = ky|i,| cos(Af) = F* cos(A#). Do

dv,

F-F —
¢ = M

1 t
S = E/0 (F — F.)dt. (16)

Nhr vay, vi trf dich chuyén ciia dong co sau khi tdc dong xung lire sé la:

to
P(to) = /0 vyt = P(tg) = Py cos(A8) — f(Fo. to), (18)

& do,

f(Fe, tg) hoan toan phu thudc vao lire can va thoi gian xung e tédc dong, khong phu
thuoc vao géc tira 0.

Pax chinh 1 khodng céch dich chuyén khi lrong dat xung hre 13 F (thoi gian ty) véi gid
thiét lirc can F, khong dang ké va tya ding (d = cZ), (¢g=9).

bén day ta sé tién hanh 2 thir nghiém véi xung lye tde dong cing 1a F' (thoi gian tg)
nhung goéc wée hrgng ban dau dy Tan legt 1 (6) + %) va (6 — Z) Khi d6 ta ¢6 khodng cach

dich chuyén trong tirng thir nghiém la:

P(ty) 7. = Puaxcos(01 + = —0g) — f(Fu.to), (20)
(6o=01+ —) 4
4
P(ty) 7. = Puaxcos(0y — = — o) — f(Fo. to). (21)
(Bo=6, — Z) 4

Tir (20) va (21) suy ra do léch dich chuyén ctia 02 thir nghiém la:

AP(@l) = P(to) . ™, — P(to) R T, = _\/ipmax sin(91 — (90) (22)
(Oo=01+ —) (Oo=01 — —)
4 4
Tiép tuc tién hanh 2 thir nghiém khéc véi xung hre tde dong cung la F (thoi gian tg)
nhung goéc wée lwrong ban dan by Tan leot 13 (03 + %) va (62 — %) Twong tw nhuw trén, ta cé

do léch dich chuyén ctia 02 thir nghiém la:
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AP(0y) = P(t — P(t
(02) ( 0)((%:(92+ %) ( 0)(90:92—

) = —V/2Pax sin(fy — 6p). (23)

™
4

Nhu vay, sau khi thye hién 04 thir nghiém ta thu dugce céc gid tri AP(01), AP(02) véi
01, 05 da biét. Viec tim géc tura ban dau 6y sé dwoc tién hanh bang céch gidi phwong trinh

sin(91 — 90) . AP(Ol)
Sin(ag — 00) N AP(@Q) (24)

2.4. K&t qua mo6 phong va thi nghiém

Hé thong truyén dong dwroc mo phong va thi nghiém véi dong co ¢6 cde thong so dwoc 1ay
tr dong co loai LSE1K 1004/LSM10xx (do Baumueller san xuét):

I dinh mitc 0.8 A
S6 doi cre 2
Budéce cue 72 mm
R cuon day moi pha 8.5
bién cam doc truc 47 mH
bién cadm ngang truc  88%
Tir thong 0.8Wb

2.4.1. Két qud mé phdng

Hé thong diéu khién lye day Hinh 1, Hinh 5 dwoc mé phong dya trén phan mém Matlab
Simulink Plecs thu dwoc két qua Hinh 6. C6 thé thay lwc day thure sy durgce tao ra sé bam
va dao dong quanh F* cos(Af) = 100 cosg = 50(N) Hinh 6. S& di ¢6 dwge diéu nay la do
kha nang lam viéc cia mach vong diéu chinh dong dién theo phuwong phdp cong hudng tan
s6 va thich nghi bu bat dinh (Muc 2.1, Muc 2.2).

2.4.2. Két qud thi nghiém

Céu tric dieu khién lwe day dua trén hé truc dg Hinh 5 da dwoc thi nghiém va thu dwoc
két qua thé hién & Hinh 7. O day, Lwong dat lrc day c¢6 dang hinh thang (dwong mau dd -
fig cot 1, hang 2 Hinh 7) véi gid tri (F* = 50N, ¢; = 0,02s, to = 0,3s, t3 = 0,08s). C6 thé
thdy, nho ¢6 dap tng dong dién i4q (fig cot 2, hang 3 Hinh 7 ) va 44, (fig cot 2, hang 4 Hinh
7) da tao ra lyc day F = F* cos(Af) véi AO = (6 — 1,83) dang can tim. Vi vay dong co da
dich chuyén véi dwong vi tri (dwong mau xanh - fig cot 3, hang 1 Hinh 7 ) va duomg toc do
(dwong mau do - fig cot 3, hang 1 Hinh 7).

Viée xdc dinh vi trf dinh cwe dwoe thiye hién sau bon thi nghiém véi cde thong so, vi tr
dit ban dau hoan toan gidng nhau (chi khéc duy nhat gid tri y wée lwong ban dau). Khi
dé dira theo két qua dich chuyén thu dwrge thong qua cac duromg dac tinh, gidi phwong trinh
(24) két luan duge vi trf dinh cye ban dau 1a 6y = 47 /5.
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Hinh 6. Két qua mé phong déi véi F* = 100N, 6y = 0, 0y = 7/3, A0 = 7/3
(a), (b) Pép ting theo phwong phap thich nghi bu bat dinh

(¢), (d) Pap tmg theo phwong phdp cong hudng tan s
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Gid tri nay da dwoc kiém chitng sau khi van hanh thi nghiém hé truyén dong theo ciu
triic Téach kénh trye tiép [11,12] thu dwogc két qua Hinh 8. C6 thé thiy toc do thure (dwong
mau hong - fig cot 2, hang 1 Hinh 8) da bam theo lwgng dat hinh sin bién thién cia téc do
(dwong blue - fig cot 2, hang 1 Hinh 8). Khi dé dong co sé dich chuyén theo dwong vi tri
(dudmg green - fig ¢ot 2, hang 1 Hinh 8). S& di ¢6 duge két qua nay 1a do ddp ttng dong dién
doc truc (fig cot 2, hang 3 Hinh 8) va dong ngang truc (fig cot 2, hang 4 Hinh 8).
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Hinh 8. Giao dién van hanh thi nghiém diéu khién téc do

str dung cau tric tach kénh true tiép
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Bai bdo da trinh bay phwong phap xdc dinh vi trf dinh cire dua trén cau tric diéu khién
lire day 6 kha nang thich nghi sir sai léch ctia mé hinh. Céc két qua mo phong va thi nghiém
Hinh 6, Hinh 7 chitng t6 kha nang lam viéc cia cac phwong phép trén thong qua chit lrong
ctia bo diéu chinh dong thé hién & cdc dap ng dong dién, gitip tao ra lrc day cé gid tri la
F = F*cos(A#). Vi tri dinh cye dwoe x4c dinh ding sé 1a dieu kién dé dieu khién DCTT
loai PB KTVC theo phwrong phap tua tir thong cye Hinh 8.
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