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DIEU KHIEN PHAN TAN CHO HE TRUYEN DONG
NHIEU DONG €O TREN CG SO DIEU KHIEN TRUGT FTSM

VA BO QUAN SAT HGO

DISTRIBUTED CONTROL FOR MULTI-MOTOR DRIVES

BASED ON FTSM SLIDING MODE CONTROL AND HGO OBSERVER
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TOM TAT

Hé truyén ddng bang vét liéu nhiéu dong ca la hé phi tuyén, nhiéu dau vao,
dau ra. Bai bdo trinh bay két qua tong hop b quan sét HGO va bé diéu khién truot
cho hé 16 dan dong ctia hé truyén ddng quan bang vat liu dan hoi. Cac két qua
dugc khdo sat danh gia bang md phong trén phan mém Matlab-Simulink cho thay
bo diéu khién nay ddm bdo dugc cic yéu cau chat lugng clia hé trong viéc giir dugc
luc cdng va duy tri toc do dai cla bang vat liéu.

Tir khoa: Hé truyén déng nhiéu dong ca, diéu khién truot ddu cudi nhanh, bo
quan sdt.

ABSTRACT

The multi-motor material belt drive system is a nonlinear system with multiple
inputs and outputs. This article presents the results of synthesizing the HGO observer
and sliding controller for the drive system of an elastic material tape-wrapped drive
system. The results evaluated by simulation on Matlab-Simulink software show that
this controller ensures the quality requirements of the system in maintaining tension
and maintaining the length of the material belt.

Keywords: Multi-motor drive system, fast terminal sliding controller, observer.
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1.DPAT VAN BE

Hé truyén déng (HTD) nhiéu déng co van chuyén bang
vat liéu dan héi la hé phi tuyén, phuc tap c6 nhiéu dau vao
va dau ra. B diéu khién (BDK) cho HTD nay da dugc nhiéu
nha khoa hoc quan tam phat trién nhu: BDK ma [1, 2]; diéu
khién bén vimng [3]; diéu khién thich nghi [4]; diéu khién
trugt [5], va diéu khién bu thich nghi dung mang na ron [6].
HTD nay c6 yéu cau cong nghé la déng toc dé dai tur dau dén
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cu6i day chuyén, déng thai stic cang cla bang vat liéu can
dugc gitt khéng déi gilta cac 16 cda day chuyén. D& dam bao
doéng toc do va gilr stic cang khong déi, day chuyén sé co
mot lugng dat téc d6 chung, khi mat dong bé téc do dai gitia
cac 16, stic cang trén bang vat liéu gitia cac 16 thay déi, luc
nay c6 mach vong diéu chinh stic cang gilra cac 16 c6 tac
dung hiéu chinh lugng dat t6c d6 cac 16 dé€ dua hé vé dong
b6 t6c d6. PE cdi thién nang suat, chat lugng va phuang
phap diéu khién, bai bao dé xudt phuong phap diéu khién
phan tan, s dung bo diéu khién trugt dau cudi nhanh FTSM
trén co s& bd quan sat luc cang HGO. Piéu khién phan tan
cho tiing 16 gitp bd diéu khién don gidn haon; diéu khién
trugt FTSM bén viing vdéi nhiéu, c6 thsi gian héi tu nhanh
gilip nang cao hiéu qua diéu khién.

2. XAY DUNG MO HINH CO HE

Xét mo6 hinh hé c6 N dong co truyén dong cho N 16, trong
do 16 dau 1a 16 thao cudn, 16 cudi 1a 16 cudn lai, 16 tha 2 13 16
Master dat téc do dai cho toan hé, tir 16 thi 3 dén 16 N-11a16
dan nhu trong hinh 1. Xét phuang trinh déng hoc ctia 16 dan
thi k.

Xay dung phuong trinh luc cang gila 16 dan tha k va
k-1c6:

Do béng vat liéu c6 dac tinh bién dang tuyén tinh trong
vuing bién dang dan héi nén cé thé ap dung dugc dinh luat
Hooke cho bién dang vat liéu, dinh luat Coulomb dé xac dinh
su tuong tac 1an nhau gitta 16 va bang vat liéu tao nén ma sat
trong qua trinh dich chuyén, dinh luat bao toan khdi lugng
dé xét su thay déi vé luc cang va bién dang clia ban than vat
liéu trong qua trinh di chuyén.

- Theo dinh luat Hooke luc cang ctia dai bang vat liéu ti lé
vGi d0 bién dang cta vat liéu

F=ESs=ESL_L°

(1)

0

Trong d6: F(N) la luc cdng xudat hién trén doan vat liéu, E
(N/m?) la hé s6 dan hoi, S (N/m?) la dién tich mat cat ngang,
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e la d6 bién dang dai tuang d6i, L (m) 1a chiéu dai sau bién
dang, Lo (m) chiéu dai doan vat liéu trudc bién dang.

L thdo cudn
¥

16 dan thi k
Vi

Hinh 1. M hinh truyén dong bang vét liéu dan héi N dong co

- Theo dinh luat Coulomb, (ing suat kéo cang gitia hai 16
phu thudc vao ma sat gira bang vat liéu va cung tiép xic vai
16. Xét su bién déi luc cang tai cung ti€p xudc gitia bang vt
liéu va 16 thui k-1 nhu trén hinh 2.

Hinh 2. M6 hinh tinh lyc cang theo dinh lugt Coulomb

Trén toan bo chiéu dai cung tiép xuc x chia thanh 2 cung
a1 Va cung by, luc cang clia dai bang la khéng déi trén ving
dinh (chiéu dai cung ax1) va thay déi trén vuing truot (chiéu dai
cung by.), Vi, vk lan lugt la t6c d6 dai cda 16 cudn thia k-1 va
thi k. D6i vai cac 16 dan, vi ban kinh clia 16 khéng d6i, luc cing
ban dau clia bang vét liéu da dugc diéu chinh gan bang gia tri
dat, t6c do van chuyén khong 16n vi vay ¢é thé coi chiéu dai
cung 6m clia bang vat liéu vdi 16 khéng thay ddi trong qua
trinh lam viéc. Chiéu dai cung by dugc tinh:
= % (2)

180

Do bién dang cua vat liéu tur diém ti€p xdc dau tién
dén diém ti€p xuc cubi ciing clia bang vat liéu véi 16 dugc
cho bai:

k-1

g (1) khix<a,,
g(xt)=1g.(t)e"™ khia_ <x<a_+b,, 3)
g (1) khia, ,+b, , <x<L,
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Trong d6, p la hé s6é ma sat; L, =a_,+b,, +L,, L« la
khoang céach gilta hai 16 thi k-1 va 16 tha k. Theo [4] cé:

i bk—1 — Vk—1 _ Vk (4)
dt\ 1+g(b_,t) ) 1+g. T+g,

Vig  <<lvag <<1; g(b_,t)~¢g

N 1
nén co: =1-

g ., ——~1-¢;
+e “ 1y, K
by
—-zb 1-¢
1+g(b, 1) e (1-8)
Do d6 tu (4) cé phuaong trinh luc cang:
. ES 1 1
ok =—(v,~v,)+—V F,——VF (5)
k-1 bk—1 bk—1
Theo [1] c6 phuong trinh t6éc d6 dai 16 dan thu k:
. B R R2
Vi ==V M +—(F, =) (6)

Jk Jk Jk
G day, Mia, M 1a moémen dong co clia 16 dan thi k-1 va
thi k; w1, wk 1a t6c d6 goc truc 16 dan; Fy la luc cang cda dai
vat liéu; vy la téc do dai cua dai vat liéu chay qua. Vi 16 dan
thurk cé hai luc cang Fy, Fii tdc ddng nén hé phuaong trinh trang
thai ciia hé 16 dan thi k nhu sau:

. ES ES 1
Fo=—Vi——Vvi,+—F. v, Fevi
bk 1 bk—1 bk 1 k-1 (7)
2
Vie = _B_kvk +R_kMk +R_k(Fk+1 _Fk)

Trong doé: By la hé s6 ma sat nhét; My, wy lan lugt la mé
men, t6c dd goc cda rulo thu k; J, =i, +Jo 5 Jok 12 Mo
men quan tinh 16 dan tha k; ix la ty s6 truyén gilia truc dong
cova truc6; Jomk la mé men quan tinh clia tat ca cac bdé phan
quay phia dong co.

3. TONG HOP BO PIEU KHIEN CHO LO DAN

* Bd diéu khién luc cang

TU phuong trinh (5) c6:

X, =X,

(8)

. 1 E
X, =———X,V, +—SuF +d, (1)
k-1 bk—1 *

Trong dé: X, =x, =F, ;u, =v, —v,, la lugng sai léch téc
d6 dai gitra hai 16 thur k va k-1; di(t) dugc coi la phan nhiéu hé
théng, cac thanh phan bat dinh nay do su thay d&i ctia hé s
ma sat nhét & bé mat vat liéu, hé s6 dan hoi, sai s6 va nhiéu
cla cac thiét bi do.

Dua mé hinh cta hé vé dang:

x=Ax+Bu, +d,(t) 9)
Trong do:
0
A
x=[x, x]'; A:{A1E§))} B=| &S i
e b,
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q B 0
g (t)= AA(t) + AB(t)u,

1 1
VGi A (x)=X,; A, (x)=——Fv, +—F v,
k-1 k-1
Sai léch dau vao:
=X X (10)

Chon mét trugt cho sai léch nhu sau:
S(Q):e +)\ eqk/pk
Véi Ay /Py EN ks Px la sé 1é; (o} <pk, )\ ER e, Frefk Fk

Sau khi hé ndm trén mat trugt sé hoi tu vé 0 trong thoi
gian h{ru han t..

Ching minh:
Chon ham Uing vién Lyapunov:
1

Vi (g):Eeﬁ

Lay dao ham (12) c6

\71 (9) = ezéz

Theo (11) khis=0 co:
=_)\2e1qm’k

DPao ham hai vé (14) co

Tk 4 G4
e, =-\ e & =-\"Fe e (15)
k k
Thay (15) vao (13) c6

(16)

. ~1 -1
V(e)=e,| -\, P epk e, |=-\, Io"e"k €2
i Ak
Vi q.,p, €N’; qi pk 12 s6 1&; nén qx - px 1a s8 chén, suy ra
QP )

e, ™ >0v6i Ve ,do d6 V(e)<0 vGi Ve. Vay hé (8) sé 6n
dinh va hoi tu vé 0.

Tién hanh téng hop luat diéu khién nhu sau:

Ur (t)=—l[A (e,)+\, Py eaj e, +d, sgn(s)} (17)

k
Trong dé: d_kZ (dk (t))max
ES

di(t); B'=—
b,

Chung minh: V&i luat diéu khién da chi ra hé théng sé
ti€n vé mat trugt (11) va nam trén dé trong thai gian hiu
han.

la giad tri chan trén cda ham

Chon ham Lyapunov, xét ham xac dinh duong sau:
1
Va(s(e))=s"(e)

Ldy dao ham cta V, (s(e)):
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V,(s(e))=s(e)s(e)

Theo (11) co:

() =6, 40 Peep e, (20)
k

Tu (8) co:

é,=A,(e,)+B'u,+d,(t)

Thay (17) va (21) vao (20) c6

S(e)=A,(e,)+B, +dy (1) 43, Prep e,

A

S
=A2<ez)+sc{—§{Az<e2>+xk&efk +asgn<s>}
q

k

+d, (t)+A, Iokepk e

2

Ak
==\ P ea_1 e, —dsgn(s)+d, (t)+A, it e"ikq.e2
e A
—[asgn(s)—dk(t) (22)
Thay két qua & (22) vao (19) co:
¥ (s(e)) = -(e)[Asan(s) -0, (1] -
~[dls(e)-s(e)d. (1)]

Vi dkz(dk(t))max nén a|s(g)|—s(g)dk(t)20 suy ra

V,(s(e))<0.Nhuvay hé 6n dinh theo ham Lyapunov va hi
tu vé 0 trong thai gian hitu han.

* B diéu khién tc do dai:

Theo (6) c6 hé phuaong trinh trang thai:
=x,

X, :_B_kx4 +R—kqu +d, (t) 24)

k k

Trong d6: x, =x, =v,; u, la mé men M dt cho dong

R? . X
col6 dan thirk; d, (t) ZJ_k(F"” —F, ) dugc coi la phan nhiéu
k

hé théng.
Dua mé hinh cta hé vé dang:

x=Ax+Bu, +d, (t) (25)
0 1 0
Trong do: x =[x, x4]T; A= 0 -8B, [iB=|R, |;
Jk Jk
0
SO, )
+1
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Chon mat truot cho sai léch nhu sau:
UG

s(e) =&, +(vi +9.)e, +\el

V6i q;.p, eN'; ay,p; lasd 1&g, <pj; N eR’;
1

g :Ig[ej +—]; 0<g <1; €, =V —V, +U
&

Sau khi hé nam trén mat trugt sé hoi tu vé 0 trong thoi

gian hiru han t; va t6c d6 hoi tu nhanh hon mat truot (11).
Chung minh:
Chon ham Uing vién Lyapunov nhu sau:

1
Vi(e) =Eei 27)
Lay dao ham (27) co6
V,(e)=e,é, (28)
Theo (26) khis =0 co:
A

=—(Vi +9i)e, —Nef (29)
Thay (29) vao (28) c6:
. q—kﬂ
Vi(es)=—(vi+g,)e; ~Nel 50

e +Pi
=—(v; +g,)el —Ne,™
Vi qi,p, eN’; q;.p;lasd1&nén g +p; 1aséchdn,suyra
GiHPi

e, >0vsi Ve, dodd V(e)<0 vdi Ve,.Vay hé (24) s&5n
dinh va hoi tu vé 0.

Thanh phan tham s6 g= Ig(ej +lj sé gilp hé hoi tu vé
3

0 nhanh hon.
Theo (15) co:

Theo (29) cé:
i

=—(Vi+90)e, — el

a
= —[yL + Ig[ef1 +%ﬂe4 —Nek

Xét ham Jacobian ctia hai ham sai s6 trong (31) va (32) ¢6

LN P (33)
Xi = k -
de, pk Pe =0
e1
oe, , ., q 1 2e?

Xo ==V NS —Ig(e + j (34)
664 P eT (ei"'ljlmo €

Sosanh gilta haiham x, va x, cho thdy x,,x, sé cuingtiénra
-0 khi e — 0. Tuy nhién ham ¥, sé tién ra -co nhanh hon, phu
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thudc vao viéc chon gid tri e. Nhu vay, vong diéu khién téc do
dai sé héi tu nhanh hon vong diéu khién luc cang.
Tién hanh t6ng hop luat diéu khién nhu sau:

u, (t)=8" [g- Ae-5(e)—os(e) —asgn(s(e))]

Véi 6 1a cac hing s6 duong; d = (dVk (t)) la gia tri chan

(35)

trén ciaham d, (t).

Chung minh: Vi luat diéu khién da chi ra hé théng sé
ti€n vé mat trugt (26) va nam trén dé trong thai gian hiu
han.

Chon ham Lyapunov, xét ham xac dinh ducng sau:

V,(s(e) =55 (e) (36)
Lay dao ham clia V, (s(g)) :
V,(s(e))=s(e)s(e) (37)

Thay (35) vao (25) c6:
B[e-Ae-5(e)]
e=A.e+B _
-B” [os(g) + dsgn(s(g))}

é=Ae +d, (t) (38)
Tu (38) rat ra duagc:

é(eF):—os(g)—asgn(s(g))+dvk(t) (39)
Thay (39) vao (37) c6
V,(s(e))=s [ (e)~dsgn(s(e))+d, (1)]
-0os (e)—s(g)[asgn(s e))-d, (t)} (40)

Vi az(dvk (t))ma la gi tri chan trén ctia ham d, (t) nén

ta cé:a|s(e) s(e).d, (t)=0

Suy ra:

V,(S(e))= —os’ [d|s | (g).dvk(t)]so

Nhu vay theo (41) cho thdy hé ludn &n dinh theo ham
Lyapunov va sai léch diéu khién sé tién dén 0 trong thai gian
hu han.

* Bo quan sat luc cang
Tu (7) dat: x =[x, x,]" =[F.
dang ma tran cé:

(41)

v ] iU, =M, va dua he vé

LI = T - I
|:X1:| bki] 17%2 bk1 2 bk71 k-1 bki] k=1"k-1 e
x| R B R R 42
2 Tty e, |
k k k k
y=[1 0]x
Theo [5] co:
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LY BV -
);\(_ . 142 bk_1 2 . k=1 bk_1 k=1Yk-1
- R.. B, .R :

——K =%, U+
L Jk k Jk Jk
C36l, Dx
R, B, R R
TS e
C;ez k k . k k DX
L X,

Tu (43) co:

LIS S RV
- . M k . k1Vk
1 bk—1 i bk—1 ? bk—1 1 k-1 1 ]
R RZ. B . R R? B, .
X, ==X, ——%%, +—*u, +—~F , -0° X,
‘Jk Jk Jk ‘Jk ‘Jk

TU (44) c6 bd quan sat luc cang:

. ) : B . R RZ . B, -
F =—‘;[—vk -5V +—*u, +-*F -0’ _kaJ
Rk Jk k Jk Jk
Jo» B. 1 - , By =
=——=V, ——V, +—u, +F, ,—0"=F
Re © R R "R

(45)

Trén ca s& BDK trugt da tinh toan, thay bién trang thai x bai
cac gia tri udc lugng X clia bd HGO, sé thu dugc BDK phan héi
dau ra nhu hinh 3. Trong d6 vi la t6c d6 dai cta 16 dan dong
phia truéc, dugc do bang cam bién, Fi., F dugc udc lugng

bang bé quan sat HGO.

Vi By Via

|

v
Fyx R ki BDK lyc cing | /7 :i J’j bc a0 dai | " ién ta
of ~ u g e BDK toc do dai x Bien tan,
_ (17) 9 (35) dong co
_ P
F,
B‘-’Cgt‘:;';;ég““ : R ]« k L6 dan thir k
Hinh 3. Mé hinh diéu khién 16 dan dong
LG DAN DONG

artacs Spaall] »| Surtaoe Spaad iTiz|

Radss 2

Inm2
oTCE

Surieos Spesd U
Fliocref}

st
BOEKLO ZANEGNG

i
2

Losdorquefp——————————————

=

4. MO PHONG VA PANH GIA KET QUA

4.1. Tham sé mé phéng
Bang 1. Tham s6 md phong

Ky hiéu Théng so Gia tri [don vi]
w DG rong bang vat liéu 2m
h D0 day bang vat liéu 0,0005m
E Hé 56 dan hdi bang vat liéu 2,5.10°N/m?
k Hé s6 cudn chat 16 cudn lai 1
p Khai lugng riéng bang vat liéu 300kg/m’
Frnax Luc cang [6n nhat 40N
Vinax Toc do dai lon nhat 7m/s
R Ban kinh ban dau 0,05m
K M6 men quan tinh ban dau 3,125Kgm?
By Hé s6 ma sat nht 0,0002Nms
O GAc 6m gitia bang vat liéu va lo n/2rad
ik Ti s truyén 1:10

4.2, Két qua mé phéng

Luc cang trén bang vat liéu la 10N, t6c dod dai 2m/s, két
quéd mé phéng thé hién trén hinh 5 - 8.

Lwe cang [N]

0 5 10 15
Thai gian [s]

Hinh 5. Ddp ting luc cang trén bang vat liéu

20 25 30

ol s

Hinh 4. M6 hinh mé phong hé 16 dan dong
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Rl Radus 2 [

A aterkal Mass (kg

S
—i

Zer lestia (Kgm'2)

¥

race azead
frunizce Spaed (s =

Wizer Epzed redisec)

Tod V zlznis Length [ mif-

—
—

Power (V|

Waterial Tension (M| ——

Hom Torzue [iersd (M. m)

FuresSoesdl
m2
Suitacy
mad
el
w2

n
n
= e

-E ZANE0NG
. i urwli

Baa'E

L] Rt

peadly
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Tée d6 dai [m/s]
T

050 il

Il Il Il Il Il
0 5 10 15 20 25 30
Thoi gian [s]

Téc a6 goc [radis]
n
o

~=-Téc dd goc 16 cudn lai
-==Téc dd géc 16 thdo cudn
—Tbc d6 goc 16 dan
5 L I I | |
0 5 10 15 20 25 30
Thoi gian [s]

Hinh 7. Dap ting toc do g6 6 dan, 16 thao cudn va 16 cudn lai

@ =]
=
—
I

Luc cang [N]

Il Il Il Il Il
0 5 10 15 20 25 30
Thoi gian [s]

Hinh 8. Dap ting luc cing khi thay déi luc cing dat

Nhan xét:

BDK dé xuat da dap Ung t6t yéu cdu cong nghé cla day
chuyén van chuyén bing vat liéu. Téc d6 dai va luc cang clia
bang vat liéu dap ung nhanh, én dinh trong qua trinh lam
viéc, sai s6 nho 0,3%, khéng c6 dd qua chinh.

5. KET LUAN

Bai bao da trinh bay két qua téng hop bo diéu khién
FTSM va bd quan sat luc cang HGO cho hé co dién nhiéu
dong co chuyén déng bang vat liéu dan héi. Phan trinh bay
dé xuat phuong phap diéu khién phan tan, xdy dung mé
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hinh co hé, xay dung bd quan sat luc cang HGO, luat diéu
khién trugt, chiing minh tinh 8n dinh ca hé, xay dung mé
hinh mé phéng, kifm nghiém bang phan mém Matlab-
Simulink. Qua két qua mé phong cho thdy BDK da dap ung
dugc yéu cau cong nghé cta hé théng, nang cao dugc chat
lugng diéu khién, c6 thé nghién ctiu (ing dung vao thuc té.
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