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PIEU KHIEN TACH KENH CHO PONG CO TUYEN TINH KiCH THiCH

VINH CU'U DANG LOLYSOLENOID

Nguyén Hong Qunng Pao Phuvnlg Nam’, Nguy&n Nhuwr Hién", Nguyén Ngge Liém'

TOM TAT

Trizong Dql hoc Ky l)mar Céng nginep - DH Thds Nguyén
? Truomg Dgi hoc Bdch khoa Ha N1

Hién nay, viée tao ra cic chuyén déng !hing héu hét dugc thue hién gian tiép bing cic déng co
quay, kéo theo nhiéu nhuge didm nhw kée cdu co kl'u phirc tap do tn tar cic phﬁn nr trung glan, dé
chinh xéc va hidu sudt cia hé théng Lhap do sai s tich lily cia cac phan g trong toin hé théng
Bing cich sir dung cio loar dong co c6 khi niing tao chuyén dong thing true tidp (dong co tuyén
tirh) cho phép loai trir nhﬂ‘ng nhuge diém trén Ba béo ndy giét thigu mot g1é1 phip diéu kinén
tach kénh dong co tuyén tinh loai kich thich vinh cim: dang Poiysolcnmd cho ph:p céc dat lwong.
vit Iy bam thee quy dgu cho trege. Toan bd dong dién duge huy ddng dé tao luc ddy cho déng co
ngay c4 khi mo hinh thidu chinh xc v& thong 56 ky thuat hay 4nh hudng b nhudu.

Tir Whéa: Diéu kivén tich kénh, Lim, Polysolenard linear motors, didu ché vector khéng gian ,
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Chi viét it
TTHCX Tuyén tinh ho4 chkinh xdc
DB-KTVC Déng b6 - kich thich vinh ctiu
BCD Pidu chink dong
BC,BK Piéu chinh, didu khién
TKTT Tich kénh fryc uép
PHTT Phin hé1 trang thai
VBK Vi didu kiuén
SVM Bréu ché vecto khéng glan

MIMO Mult input — mult output
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DAT VAN BE

Péng co tuyén tinh kich thich vinh cim dang
Polysolenoid 1am vigc dua trén hién wong
cam vmg dién tir vdi nguyén tic hoat ddng di
dudc trinh by & [1] [21, 131, [41.

Bbi véi he truyén ddng DCTT, tuy loar b
duge co cau co khi trung gla.n nh\mg Khién
cho hé thong tré nén kém bén vimg, rat nhay
déi véi cac tac déng phu nhu lee ma sét, hiéu
img dfu cudi, tai thay dbi, phan b tu théng
khong sm gay anh h\rang dén chit lucmg
diéu khidn Mot b ng}uen ciru tidu bidu di &8
¢lp dén kha ning khic phuc nhing anh
huo'ng néu rén, d6 la. [5] da dua ra phuong
an thiét ké bb dxeu chinh tbe d& theo phuong
phip didu khién PI — Tw chinh két hop vcn
nhiimg ky thuit wéc lvong phu hop & vung tbe
do thap gmp dat duge chit lwong 6t & ving
1am viéc nay. Tuy nhién trong mwng hop tai
bién déng (vi du nhu thay dal khdi lugng vit
nang, ) s€ gly ra sy thay dbi lue ma sat va
cac Iy cdn khae, lic nay bj didu khién PI—
Tu chinh khong con higy qua va phueong phap
didu khién thic‘h nght theo mé hinh mdu dwa
trén 1y thuyét dn dinh Lyapunov da duoc vin
du.ng tmng mxon% hep nay [6]. Phucmg phap
thiét ké cuon chicu Backstepping cung duge
st dung 3¢ khic phuc anh huémg cua ma sat
va hic nay bé dieu khidn duoc thiét k& dwa
trén md hinh woc lugng ma sit Lugre [7].
Tuy vay ma sét la mot anh hucmg phu thuge
nhleu vao diéu kién [am viéc (nhiét do, 48
4m,...) nén nhimg md hinh wéc luong ma sat
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"s& gap sai s trong \mg dung thuc 1. Viéc vin
dung phuong phap dién khién mang no ron «
thich nghi s& gitp Kkhic phyc khé khin nay
[8] Ph\mng phép gidp chinh dinh cac Lhnng
s6 bd diéu khién dya teén nhimg gia dinh va
lugt thich nghi, dim bao két qua hgi tp dén
gid tri thuc. [9] cling trinh bay mét phuong
phip khdc khic phuc anh hudng cva ma sat
nhd vao b) ditn khién me thich ngh,

co tuyén tinh BB - KTVC dang
POLYSOLENOID (hink 1) 1am viéc dwa trén
ién fuong cam Img dign tir. Kh cac cuén diy
drgc cdp ngudn thi dong xoay chidu hai pha
tén ha1 cudn dy S€ tao thanh vecto dong di
chuyen theo phuong ndm ngang vi thinh
phin déng truc q cha nd sé twong tac voi b
théng , cha nam cham vinh <, tao ra lyc
ddy cac wt‘m diy trong bd phin so cdp cia
dnng co tuyén tinh PaIysolenmd Dua trén
céu n'uc clia dong ca tuyén tlnh Polysolenord.
Hé théng didu khién nay cdn o6 khd ning
cich ly hai thanh ghan 120 luc va tir thong.
Giai phap diéu kluen phi tuyén dua trén cau
triic ndi thng va tuyen tinh hoa chinh xdc gitp
thuc hién muc tiéu ndi trén

Hinh 1. Ding co tuyén tink dong b - kich thick
vinh ciwu dang Polysolenod

PHUONG PHAP TTHCX VA AP DUNG

CHO PONG CO TUYEN TINH BB - KTVC

Xét hé phi tuyén MIMO nhu sau

—fx+Hzu=fx+3% 5y
=

m
y=gx
& d6:
. T T
SRR L =g 2 84 2]
u=u,,..u, Hx=h x.h X, 0, x

Néu d8i twong MIMO phi tuyen md ta boi (1)
cd vecto bic twong dbi 8 thidu

Kty 7, thod man:
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r=4+t.tn=n 1)
thi né s& TTHCX dwoc thanh hé tuyén tink;
i=dz+Bw
y=Cz
bing phép d3i truc toa d5 thich hop
z=mx @
Phwong phap TTHCX ¢5 nhigm vy xic digk
dugc chu tric, tham s cia by DK PHTT;
u=—I"xpx+l"xw

B3

@
=gx+Ll"xw )

sa0 cho hé kin phi tuyén tr& thinh tuyén tinh
vao — ra tén khong gian trang thai méi (adwh 2)
vip x =[Lig x g x|
L & ® LI x
Lx= : : (vl
I-.,L';"g,,(s) LI g, (0)

]

L
Hinh 2. Cdu tric ciia d8i twong phi tuyén sau khi
45 TTHCXchuyén toa d6 trang thé)

San khi TTHCX déi tuong phi tuyén (1), bé
kin tuyén tinh s& c6 kha niing tich dwgc thanh
m kénh néng biét. Do 46 bé DK nhu vy con
¢6 tén goi 1a bd PK TKTT.

Xuft phat tir quan hi twong duong vé mit
dién ta c4 thé md ta dbi twong théng qua cée

phuong trinh co ban sau:
w, =2 )
d*
=Rl +—= 19
- di

F=222(y (L= L )t O
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F-p=02 12
o (12)

Mb hinh déng co tuyén tink BB KTVC o

dic diém phi tayén mang tinh cAu triic nhu sau:

di 1 2

Sl — LTy -

o ]MI,,+ 3 w”+Ln,u’

di 2 noou, 2
=y, W Z P13
@ L, v,
o

*_,

ot

V6i viéc ohin nhan bién tang tha I3
T i
x=[i,y i, =] vain higu diéu khién la

u —[us s My, v]T
Kiém tra va thyc hién TTHCX hé (13) theo
cac didu kign (1) = (4) thu duge bd DK PHTT
b dang (14) véi w, va w, cé thi nguyén vat
ly la [A/s]; w; cb thir nguyén [m/s]. Vata
nhin duoc md hinh tuyén tinh méi c6 kha
ning tach duge thanh 3 kénh riéng biét thong
qua cAu tnic PK PHTT (Rinh 3) dat & vong
didu chinh trong ciing cua hé théng.

Ly

FaRl I R R
[ - W,

. . | e
= H 0 L, — L+, lw,
S A F 1 *

Thay (14) vao trong hé (13) ta thu dugc hé mai.

oy, (15)

dt
Bén dy, hé nhidu vao ra (13) dugc chuyén
thanh hé (15) tach kcnh Vlec tach kénh sé&
khién cho viéc thiét Jé bo diéu khlen vong trong
dé dang Ta c6 nhiéu giai phap de gid tri bién
trang thai kN bam glam dat. Co thé t}uet ké mt
Khau trayén thing va bix sar léch bang khau PI
hay sit dung bé dleu khién tragt. 0 day, ta s
du.ng b3 didu khién don gidn thiét ké theo ly
thuyét Lyapunov.

Mach vong ditu chinh dong dién

Viét lai he (15) thanh;
" a9
di,
—=w,
dt

Nhur d2 bit, hé théng DK cin dam bao vecte i,
cb lhzdng vudng goc véi vectd tr thdng cuc, do
d6 khong tdn tar thanh phin dong tir hoa i,
(tudn dugc dit 14 0) mi chi cd thinh phin tao
luc ddy i, Didu d6 ¢6 nghia 13 cn tric mach
vong DC bén ngoai chi thn tar mach vong BC
téc dd va khdng cAn mach vong BC tir thong,
Vi dong 7, duge it 14 0 nén ta chon luat didu
khién nhy sau dé dam bio 1,
W ==k, in

ta chon Iudt didu khién

héituvE 0:

D2 1, bam luong dat £,

nhu sau
i’
_d
= ki, iS') (18)
Ven lujt diéu khuén (17) va (18) di chon ta duoc
di

—d‘ti+k3im =0

de A
E(lw—l,q)+k4(lm—[m)=0
V6i k,, k, dwoe chon la céc hing sé duong thi
hé (19) én dinh, do d6 ta co i,—>0 va

(19)

[

0 cu tric DK TKTT (hink 3) con €6 thanh
phin SVM 6 thé duge xem nhur dong var trd
ciia mét khdu truyén dat 1/1 theo nghia: dau
lugng déu ra dim bio trung thanh vdi dai lwong
dhu vio ci vé module, tin 6, pha Do 6, khi
thng hop hé ¢6 thé bd qua khdu nay trong so db
cu tric. Tuy nhién, kin mé phong hg théng, dé
dam bao sw phit hop gifra md hinh md phang va
hé théng thwe té thi cin phai dua khau nay véi
thudt toan [10], [11] vio trong md hinh

Mach ving didu chinh vi tri
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Mo hinh ;
F-F,
[dz m( )

F-Z Flvia+(ta-L, Jda] @0

=y
dt

& day ta cling tach thanh 2 vong didu khle[l
mach vang bén trong coi nhr v 1a diu ra cin
bam theo v, con mach vong bén ngodi coi nhu
mach vong bén trong 14 tuyét &bt dwara v, dévi
tri x bam g tri dit x, . Ta lya chon ludt didu
hidn nbur sau ;

v, =% —k(x-x)

1:'=+E\'1c —ky(v—v,)
b

27”[”’; +(L“, _L:q)isd]

O diy £, 1a tai duoc ude lugng béi khiu ude
luong tai nhi sau

@1

_
I‘q—

- 27 . m
Ft:T[Wplw (L.-L, )m]]—;v @
Xem nhu  F = F, va tir it didu khidn (21)
cing v&1 md hinh (20)ta cd:

L (x-x )i by (x-3)=0
d 22)
E(v—v‘]fki(v—v‘)—o

Véi k,,k, chon 1a cic hing s diomg ta o6 he
(22) 1 én dioh, do &6 co duoc vV,
Vax o x,.
\Ihu viy ta di chimg minh duoc cac b6 didn
khién dua ra lam cho cac hé con &n dinh, do
d6taco vitri x bam gid ti x, mong mudn,
KI¥M CHUNG BANG MO PHONG
Cée tham s& cua ddng co duoc ldy tr loai
dong co LinMot PO1_48x240/390x540_C.
‘s 8o dé1cuc 4
»  Budce cuc
" Khéi luong roto

60 rum
15Kg
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* Diéncimdoctryc  2.182mH
= Pién cam ngang truc 2.182 mH
Tir thdng 931W
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Hinh 3. Cdu triic DX ding co tuyén inh DB -
KITC Polysolenaid
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Diénap u,,
Hinh 4: Két qua mé phong trong truong hap quy
dao datla x(f) = 0.1

o5

1‘5
Tima [3)
Quy dao va sai léch quy dao

Da'pﬁngvéntécvésailéchvﬁntéc
WUTE L by 4

Dong i, va Ty
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Hinh 5. Két gués mé phong trong trwomg hop quy

dao dgit dang hink s : X(t) = 0 5sin (2¢)

Nhén xét: )
Cac két qua dap u-ng vé cac dai ligng: Vi tri,
Tée do va ap dat vao dong co dd cho thay kha
ning lam viéc clia cdu tric nay Véi yéu ciu
dong co lam vige & ché do chuyen dong thing
déu x(t) = 0.1t hoic dao déng didu hoa x(t) =
05:1»(2/) dap vmg & hinh 4 va hinh 5 cho
thay chat Iwong cua bd diéu khién, Vi tri va
van téc ddng co bam tin Kidu dit rAt nhanh,
ga.n nhu ngay ldp tirc Dién ép pha a v& pha b
c6 dang dao dong, léch pha nhau 90° dign.
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Nher ¢ bd DK ma ding o« phat huy duge kha
ning lam viée cua nd thé hign & gid tri 4,
nhanh chéng tién dén 0 Pidu 46 co nghla la
toan bé vecta dong 7, dwoc huy dong & tao
luc day cho ddng co.

KET LUAN

Qua nhimg kct qua md phong trén, ta cé thé
khing dinh cdu t.ruc DK TKTT la phu hop
voi deng co tuyén tioh DB - KTVC. Ngoa
ra, cung cin nhan thdy rang cac by BC aam
treng chu tric DK cha hé thong: B$ DC dong
R4 R,, hay bd DC téc 46 d8u c6 thé duge
gian doan hoa nén cho phép chuyén né: dun,
caa ch\'mg vao trong VDK. Khéng nhimg the,
viéc chuycn thuit todn SVM vao VDK hoan
(oan 6 thé thue hién dwgc. Mot lan nita ciing
can lou y rang, bd didu khién TTHCX ciing
hoén toén ¢6 kha nang duac dwa vio VEK do
wiéce thye hién ching chi bing cac phép todn
dai s6 (céng, trir, nhan, chia)
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DECOUPLING CONTROL FOR STRUCTURE FOR
POLYSOLENOID PERMANENT STIMULATION LINEAR MOTORS

Nguyen Hong Quang’ Dac Phuang Nam®, Nguyen Nhu Hien'", Nguyen Ngoc Liem'

’Umvmny of Technology - TNU,

*Hanor Untversity of Science and Technology

Nowadays, lmear motlons are almost mduectly realized by rotational motors, which cause several
wnherent X h as h 1 o due to ntermediate modules, low accuracy
and performance because of ‘ errors of all el 1 the systems. Using motors sble
to create directly linear movements 1s eapable of removing the above limitations. This paper
presents a conirsl sclution for Polysolenoid permanent-simulation linear motors according to the
decaupling control that enable physical outputs to follow reference inputs All of currents are
mabilized to make the propulsion force of the linear motors even when there is lack of the model’s
parameters or under effects of disturbances

Keywords: decoupling control, Lim, Polysolenoid hinear motors, SI'M, two-phase tverter
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