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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. Because of the nonlinear structure of the process model, the
motor control needs to be designed by using one of the nonlinear control methods. This paper presents
two nonlinear control solutions for permanent magnet excited synchronous linear motors based on the
flatness of the process model, which is able to minimize stationary errors, and on the state coordinate
transformation (the so-called exact linearization) with the demand of decoupling between the process
of the moving force generation and the flux axis. The use of these solutions enables to control the
physical quantities following their reference trajectories exactly, and the total current on the primary
side only serves to generate the moving force. The simulation results are based on MATLAB/Simulink
and PLECS clarifies the good characteristic, advantages and also disadvantages of the two control
solutions.

Tém tat. Hién nay, viéc tao ra cdc chuyén dong thing hau hét duwoc thire hién gidn tiép bang céc
dong co quay, kéo theo nhiéu nhurge diém. Viéc stt dung céc loai dong co c¢6 khad ning tao chuyén
dong thang truc tiép (dong co tuyén tinh) cho phép loai trir nhirng nhwge diém trén. Véi dic diém
cau tric phi tuyén cia mé hinh dong co, viéc dieu khién chiing can st dung phirong phap thuéc vé
nhém cdc phurong phap diéu khién phi tuyén. Bai bdo nay gidi thiéu hai gidi phap diéu khién dong
co tuyén tinh loai dong bo - kich thich vinh ciru (PB-KTVC) dura trén ciu tric twa phang véi kha
niang gidm thiéu sai léch tinh va ciu tric c¢6 chuyén hé toa do trang théi (con durge goi 1a tuyén tinh
héa chinh x4c) ddp tng doi hdi vé tinh phan ly gitra qud trinh tao lirc ddy va truc tir thong. Viéc
van dung cic gidi phap dé cho phép diéu khién céc dai lrgng vat 1y bam chinh x4c theo quy dao cho
trirge va toan bo dong dién & phia so cap chi duwgc huy dong dé tao lie day. Két qud mo phdng trén
nén MATLAB/Simulink vd PLECS da cho thdy kha ning lam viéc tdt, cling nhw wu nhurge diém
cda hai gidi phdp diéu khién trén.

1. MO PAU

bong co tuyén tinh DPB-KTVC lam viéc dira trén hién twong cdm ting dién tir véi nguyén
tac hoat dong da dwge trinh bay & [1,2, 3]. Dira vao cau tric dong co, mot hé truc toa do da
dwoc dwa ra phan danh hoat dong, maéi lién hé gitra cdc dai lwong vat ly trong dong co tuyén
tinh nay (Hinh 1). V&i ban chat phi tuyén cau tric cua loai dong co nay, cdc giai phdp diéu
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khién khi cai dat trong céc hé thong diéu khién s6 déu dura trén moé hinh trang thai gidan doan
tuyén tinh - hé s6 ham [6], cho phép sit dung mdt céch thuan lgi cdc phwong phdp thiét ké
danh cho déi twgng tuyén tinh. Cach gidi quyét nhu trén duge goi la phwong phap tuyén
tinh héa trong pham vi moét chu ky trich mau va da dem lai két qua t6t trong thue tién. Tuy
nhién, céc ché dd van hanh phi tuyén (khi hodc ca dong va dp di vao giéi han hoac chi ¢6
dién 4p bi gigi han & dai téc do cao, ) da boc 16 16 mot s6 nhwrge diém cia phwong phap trén.
Bai béo gi¢i thiéu phwong phap diéu khién tira phang va phan tich, so sanh véi cau tric dieu
khién phi tuyén stt dung phwrong phép tuyén tinh héa chinh xéc [2, 3].
Kij hiéu va chit viét tat trong bai:

Lgq, Lsg: dién cam doc, ngang truc;

xp, 0: vi tri dinh cyc;

m, Rs: khoi lwong, dién trd phia so cap;

DB-KTVC: dong b - kich thich vinh ctru;

u,,1s: vector dong, ap phia so cap;

BCTT: dong co tuyén tinh;

v, Ve, We: van téc dién, co, van téc géc dién;

DKPHTT: diéu khién phan hdi trang thai (thwe chat 1a khau chuyén hé toa do trang
thai);

Gsdy Lsq, Usds Usq: thanh phan dong dién, dién dp doc va ngang truc;

TKTT: tach kénh true tiép (1 cAu tric diéu khién thu dwge nhe phwong phap TTHCX);

P, gp: 86 doi cue, vector tir thong cuc;

TTHCX: tuyén tinh héa chinh x4c.

2. PHUONG PHAP TUA PHANG VA UNG DUNG
TRONG PONG CO TUYEN TINH BB - KTVC

Theo [4, 5], khdi niém hé phang dwgce dira ra ndm 1992 béi Flies M., Levine J., Martin P.
d
va Rouchon P. (xem [7]) nhu sau: Xét hé phi tuyén d—f = f(z,u) v6i z € R™ 1a bién trang
thai, u € R™ la bién dau vao. Heé nay dwoc goi 1a hé phang néu ton tai bién y = (y1,y2, ..., Ym)
thda man 3 diéu kién (1), (2), (3) sau

+ Ton tai ham F sao cho

y = F(x, /d—qu—u\ g € N hiru han. (1)
YT G g ' Y
+ Ton tai ham P, @ sao cho
x = P(y, %, . %), re Nva u=Q(y, %, - %), r € N htru han. (2)
+ Bién y = (y1,v2, ..., ym) 12 doc 1ap vi phan titc 1a khong ton tai ham H nao théa man
H(y, @, - dk_u) =0, k da 16n, htru han. (3)
dt dtk :

Khi dé bién y = (y1, 92, ..., Ym) drge goi 1a dau ra phing.
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Hinh 1. Biéu dién cac dai lwong vat 1y qua hé truc toa do

Theo [4, 5], ta ¢6 m6 hinh dong co tuyén tinh BPB-KTVC duge mo td qua (5) va théa man
tinh chdt cida hé phang v4i bién phang dwgce dé nghi 1a y = (0, igq, F.) nhu trong phwong

trinh (4).
isa = g1(y2)
mr . d%0
. Grlaz + Fe '
isq = 3 — = 92(y1, Y3, §2)
T( P + (Lsd - qu)zsd)
0 = g3(y1)
di i 2y Ly, . . NN 4
Usg = Log(—2 4+ 52 = igg) = galisa, isq, V) = 9a(y2, 92(y1, Y3, §2), 1) (4)
dt Tsa 7 Lgg
7 df (1)
V= —— =
2m dt 952 , P di P
) v v ) 7 . v .
Usqg = Rszsq + —¢p + —Lggisq + quﬂ = ng2(y1, Y3, y2) + —¢p95(y1)+
2 ’ ’ d*0 d?0 d dat dF, ’
e’ Y2 c
—L —_— —, == —).
L - Sdgl(yQ) +96(y2; dt37 dt27 dt s Ley dt )

Tuy nhién viéc mo6 ta toan bo dong co tuyén tinh DPB-KTVC véi cde gid tri dau vao tir
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bién dau ra phang (4) 1a phitc tap, gay khé khan cho viéc thiét ké cau tric dieu khién [5].
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Hinh 2. Cau tric diéu khién dong co tuyén tinh DPB-KTVC st dung phwong phap twra phang

Pé gidm bét nhirng khé khin nay, ta cé thé thiét ké cdu tric diéu khién dua trén viec
tach mo6 hinh BCTT loai PB-KTVC thanh 3 hé con (vi trf, téc do, dong dién) ma moi hé con
sé thda man tinh chit cia hé phang [5]. Viéc tdch dé van ddm bdo chit lrong diéu khién
bdi gitra cdc hé con nay ton tai méi lién hé rang budc theo (5). O day vi tri 6 phu thudc vao
toc do v va téc do v sé phu thuoc vao lre day F (dwgce tao nén bdi iy, isq) MO ta trong cong
thirc (5). Khi d6, mot cau tric dieu khién chi tiét da dwge dwa ra (Hinh 2) sit dung 3 vong
diéu chinh dong dién R;, t6c do Ry, vi trf R, véi nhitng tinh todn cu thé da dwoc trinh bay
& 5]

fdisd__Rst +(27T_V)ﬁz +U—Sd
At L T "Lea ' _ L
disq :_iﬂ_(Zﬂ'V)Lst’ _(27”/)& Usq
dt qu T qu ! qu qu (5)
3T Y
F'= —(tp + (Lsa — Lsq)isa)isq
dv mT d*6
F—Fo=m—=_——5.
L m dt 21 dt?

3. PHAN TiCH, SO SANH 2 PHUONG PHAP PIEU KHIEN PHI TUYEN

C6 thé thay rang sur khéc nhau chi yéu gitta phwong phép diéu khién TTHCX (véi ban
chat 14 chuyén hé toa do trang thai) va phwong phap twa phiang thé hién & mach vong diéu
chinh dong dién bdi theo [2, 3] viéc thwre hién phwong dn tach kénh true tiép dwoc van dung
véi “hé con i”. C6 nhieu phwong 4n dieu khién cho mach vong t6c do, vi tri & bén ngoai va
[2, 3] néu phwong an thiét ké PI dira theo tiéu chuan t6i wru module.

Tuy nhién dé thuan loi cho viéc so sanh gitra hai phirong phap diéu khién phi tuyén nay,
déi véi cau tric dieu khién dwa theo phwong phdp TTHCX thi mach vong téc do va vi tri
van sé dugc tién hanh gidng nhw da thyc hién d6i véi phirong phap twa phang (Hinh 3).
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Ngoai ra, trong ca 2 phwong phép, tir (5) ta ¢é lre can dwge wée lwgng theo (6)

dv
I (6)

Viéc phan tich, so sanh hai phwong phap diéu khién nay sé dira trén hai noi dung: Xik Iy sai

N 3 Vi
F. = T(wp + (Lsa — Lsq)isa)isg —m

léch dong dién va xir 1y khi dién dp cédp vao bo phén so cap (usqd, usq) di vao ving giéi han,
tire 1a khi bo diéu khién chuyén sang ché do van hanh phi tuyén.

W,
i =0 f———»0O—»{ R, L Uy, 3
-1 bK i o ; >
i w, PHTT Pl |
—»(O——» pc® L » R, — > T, N
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——— ) ) A A A
Tée do dat ba [l |V p)
i iy 0
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v /
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—— /e
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Hinh 3, cdu tric diéu khién dong co tuyén tinh PB-KTVC st dung phwong phap TTHCX
(c6 téch kénh truc tiép).
a) Xu Uy sai léch dong dién

b6i v6i phueong phap TTHCX, theo [2, 3] khau PKPHTT dwgc thye hién chi thong qua
céc phép todn s6 hoc (7).

Lsd 21
U %}d T Lsd 0 ) —7L5q$2 wy
vz = . x2 + 0 qu _F(Lsdxl + wp) w21 (7)
U3 qu T w3
0 0 0 1

Tuy nhién khau nay rat nhay véi sy sai léch cia cdc thong s6 trong dong co (Lsq, Lsq, Rs, ¥p).

Vi vay sé gay ra nhing anh hwdng khong t6t doi véi hai khau diéu chinh dong Rjsq, Risq. Vé
van dé nay phwong phdp twa phang da cé nhing xir Iy (Hinh 2) sau day. Vé co ban khau
tinh (uj,, us,) da ddm bao xu hudéng dong dién (is4,isq) bam theo lwong dat (iyy, i5;). Khi
van con ton tai sai léch do thong s6 dong co khong chinh xac hay anh hwdng bdi nhiéu thi
khau “xir Iy sai léch” sé thue hién nhiém vu bu sai léch theo phwong thite bu xudi feedforward
(Hinh 4) ¢6 kha nang khir xen kénh trong déi twong v6i R,q, Riq dwgc thiét ké theo PI dam
bdo is bam i%* theo quan hé ty 1é quén tinh bac 1 nhw cong thire (8).
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1 kok .
mzsm(s) = isd,q(85)- (8)
Ngoai ra, ciing can lru ¥ rang khau xir 1y sai léch nay c¢é thé ciing dwoc thuc hién bang
phwong phap TTHCX.

1 Ai]
R +L,s =
2mv
—L,
2T L,
T
1 Ai,
R + st

Hinh 4. Thiét ké xir 1y sai léch dong
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Viéc xtr Iy truong hop dién dp cap & phia so cap (usq, usq) di vao viing gidi han da duge
de cap dén trong tai liéu [6]. D&i véi cdu tric dieu khién tira phang, lic nay can bién doi
lrong dat thanh dé khau han ché ngirng téc dung. Khi dé ta thu dwoc két qua sau (9), (10)
(xem cdu triic dieu khién tai Hinh 2).

{usdruf) = tsa(k) — Susa(K); wsqr(k) = tag(k) — Gtisg(k) o)
isdr(k) = Z'sd(k) - &sd(k); isqr(k) = isq(k) - 5i8q(k)v
( (LT'°"1 - Ry)Susa(k) + 2 0(k) Lgdusy ()
Oisa(k) = —p———7 T

(G + B (- + Ra) + () (k) (LoaLsg) .

(szd + Ry)Susy (k) + 2 u(k) Logdusa(k) o

Oisq(k) = —p—== Lo Tzw '
\ (zfs +Rs)(T55+Rs)+ (T-)**(k)(LsaLsq)

Cing véi ¥ twdng trén viée xir Iy d6i véi treomg hop cdu tric dieu khién TKTT (xem
Hinh 3) sé duwgc thye hién dira trén hiéu chinh sai léch dong nham muc dich ngimg khau tich
phan trong (Rjsq, Ri,,). Piéu nay da dwoc thuce hién theo [3] véi khau PI s6 ¢6 hiéu chinh

nguoc (antireset windup).
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Hinh 5, phwong phép twra phang: a) Pap ting vi trf; b) Pap timg téc do; ¢) Pap timg dong;
d) Uéc luwgng luce can.
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Hinh 6, phwong phap TTHCX: a) Pdp ting vi tri; b) Pdp ting téc do; ¢) Pép ting dong;
d) Uéc lwgng luc can.

4. KIEM CHUNG BANG MO PHONG

Toan bd hé thong sé dwge mo phong theo cd hai phwong phép dya trén cau tric (Hinh 2,
Hinh 3) trén nén MATLAB-Simulink va PLECS véi chu ky trich mau Ts = 100us va lwgng
dat vi tri la quy dao

xp = 0, 5(cos(mt) — 1)(m). (11)

Tir (5), (6), (11) va (Hinh 2) ta c6

3 kk

v* = =0, 5msin(nt); uk; = —iqui:;, (12)
T
™ dv* .

L P 13
sq 37Twp( dt + 0)7 ( )

. dity | 2m0F
wly = Ly diq + Ryl + Uy (14)

Mé hinh m6 phéng sét véi thue té€ nho:
+ Strd

ung thwr vién inverter, motor cia PLECS. D6 1a ph 1ép MO p :
dién /dién tir ghép tryc tiép véi cau tric diéu khién xay dung trén néen MATLAB va Simulink.

S

Viéc dieu khién déng mé céc van ban dan trong mach nghich liru dwoc thire hién béi thuat
toan SVM (xem [6]) viét dudi dang C-mex file chay trén MATLAB.
+ bong co mé phong la LSE1K 1004/LSM10xx (Cong ty Baumueller, CHLB Pritc):

I dinh mite: 0,8A;

S6 doi cue: 2;

Buéce cue: 72mm;

R cuon day moi pha: 8,5Q;

bién cam doc truc: 47mH;

bién cam ngang truc: 88% dién cam doc truc;

Tt thong: 0,8Wh.

TT NT

< ~
Wwnm T A
L1 LUAIN

5. K

Céc két qua ddp tmg ddi vaéi vi tri, tée do, wée lwong lwe can, dong dién (Hinh 5, 6) da
cho thay kha nang lam viéc cia cd 2 cdu tric nay. Cing can lwu y trong ddp ting dong dién,
bén canh dong do dwgc i.q4zom) bdm theo i:;,q
i%,q POl anh hudmg ctia nghich luu [6]. C6 thé thay dap 1ng dong cia cau tric dieu khién

thi dong thuc té isq4 s¢ dao dong quanh

tra phang tot hon khi sit dung cau tric tuyén tinh héa chinh xéc bdi hiéu qua cia khau xir
ly sai léch dong (Hinh 2) va khé nang xir 1y tdch kénh cia dong co (Hinh 4). Tuy nhién cau
triic diéu khien TTHCX c6 wu diém 13 loai bd dwge phép tinh dao ham (7). Tréi lai, vi sit
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dung phép tinh dao ham trong phwong phép twa phang (13), (14) nén dan dén dé ddm bdo

chat lirong dieu khién thi chu ky trich mau phai dd nho. Diéu nay dan dén thue té trién khai

doi hoi phai lra chon stt dung vi diéu khién phi hop.
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