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XAY DUNG THUAT TOAN BIEU KHIEN T6I UU
CHO HE TRUYEN DONG BANG VAT LIEU NHIEU DONG CG

BUILD OPTIMAL CONTROL ALGORITHM FOR MULTI-MOTOR WINDING SYSTEMS
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TOM TAT

Bai bdo trinh bay két qué tong hop bd diéu khién ti uu cho hé truyén dong
van chuyén bang vat liéu. Cac két qua duoc khdo sat danh gid bang md phong trén
phan mém Matlab-Simulink cho thy bé diéu khién nay dam béo dugc cacyéu cau
chdt lugng ngay ca khi hé théng chiu anh hudng cta nhiéu ngau nhién dau vao va
thdng s6 md hinh bién doi.

Tir khéa: Hé truyén déng bdng vat liéu, diéu khién t6i uu, luc cdng, déng bo
téc do.

ABSTRACT

This article presents the results of synthesizing an optimal controller for the
material conveyor belt transmission system. The results evaluated by simulation
on Matlab-Simulink software show that this controller ensures quality
requirements even when the system is affected by random input noise and model
parameters. change.
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1.PAT VAN BE

Hé truyén déng (HTD) nhiéu dong co dién, van chuyén
bang vat liéu c6 vai trd dac biét quan trong trong rat nhiéu t§
hagp thiét bi ki thuat thudc cac linh vuc cdng nghiép va qudc
phong Day la hé dong luc hoc phi tuyén, chia cac lién hé
chéo; cdc méilién hé nay lam cho mé hinh ctia d6i tugng diéu
khién tré nén phi tuyén. Trong diéu khié€n HTD nay viéc kiém
soat luc cang trén bang vat liéu la mét van dé khé. Dac biét
VGi hé truyén dong co su thay déi vé tham s6 mé hinh nhu:
Mémen quan tinh, ban kinh 16 quan. Cac bo diéu khién (BDK)
HTD nay lién tuc dugc nghién clu phat trién nhu: BBK ma
[1, 2]; diéu khién bén ving [3]; diéu khién thich nghi [4]; diéu
khién truot [5]. Tuy nhién dé tdng nang suat, caithién vé chat
lugng sdn pham van can &p dung ly thuyét diéu khién hién
dai vao diéu khién. Nhom téc gia xay dung BBEK tdi uu cho
tung truc cudn, dang diéu khién phan tan, nham don gian
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héa bai toan. Thuat toan da gop phan nang cao dugc chat
luong cta hé, han ché dugc cac tdc dong cda nhiéu va sy
bién déi ctia tham s6 mé hinh.
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Hinh 1. Cdu tric tong quat cia mot hé truyén ddong bang vat liéu
2. XAY DUNG MO HINH CO HE
Xét mai lién hé cla hai déng cao dan déng lién ké nhu
hinh 1. Muc tiéu cGa hé la duy tri t6c dé dai ciia bang khong
déi va kiém soat luc cang trén bang.
-/:r a)J .js a_)g ,fb -
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motorl motor2

Hinh 2. Mé hinh truyén dong van chuyén bang tai giia hai truc lién ké
M6 hinh déng luc hoc cla hai déng co lién ké trong hé
truyén dong cé dang:
dw

T =39 (ot 1

1 1 dt 1( a) ( )
dw

T2:J2d_t2+r2(f_fb) (2)
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Trong d6, T, T> la mébmen (N.m) do déng ca 1, 2 sinh
ra; w', w? la téc d6 goc clia hai 6 d6; Ji, J; 1a mé men quan
tinh quy d6i vé hai trug; f 1a luc cang bang tai gitia hai 6 d&;
fa fo 1a luc cdng clia bang tai gidra hai truc lién ké phia truéc
va phia sau; ri, 1, 13 ban kinh & d6.

Luc cang f xac dinh nhu sau:

f:s_i_LC(noo1 —Lw,) (3)

Vi K, Cla hdng s6; s la toan tir Laplace. Hé c6 cac tham s6
r, 12, 1, J, 6 thé thay déi (khdng phai la hdng s6). Van dé dat
ra & day la can thiét 1ap thuat toan diéu khién téc d6 quay w;
sao cho t6c d6 dai tai 6 d& 2 6n dinh xung quanh gia tri
mong muén. Thay (3) vao (2) co:

dw K

T, :sz_t2+r2 S_i__c(n“% _rzwz)_fb
dw, Krnw, Krw
- 2 ot TR f 4

*dt S+C Ss+C P @
Téc do dai ctia bang truyén trén & d& 2 cé gia tri:
V=r.Ww, (5)
Tu (5) cé:
T, = J, dv + Krhw,  Knv )

—hly
r,dt  S+C S+C
Can 6n dinh t6c d6 dai v chia bang tai xung quanh gia tri
Vo (do yéu cau cdng nghé). bat:
y=Vv-—V, (7)
Tu (6) va (8) co:
_J,dy Kry

r,dt  S+E

Krhw,  Knv, Ly

T
2 S+E S+E °*°

Suy ra:

dy  Kry LR Krnw, Ky,

= - - 9)
dt  J,(S+E) J, J(S+E S+E *°

Khi nay bai todn én dinh gia tri v xung quanh gia tri vo
tuong duong bai toan 6n dinh y quanh gia tri 0. Mémen T,
phu thudc dién ap cap vao dong cd 2, nén cé thé coi quan
hé gilita dién 4p diéu khién u véi mémen la mét khau quan
tinh:

dT,

—=4+KT, =K,.u
dt i'2 u

Cac hé s6 K;, K, la hang s6 hé truyén déng.

(10)

_ Krnw, Ky,

Pbat: x,=y;x, =T,;z= —r
5 1 y 2 2 S+E S+E 2'b
TU cac phuong trinh (9) va (10) c6 hé:
Kr? r,
=—2 x +2ix,—2
" (S+E) T amn

x, =—K,.x, +K,.u
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Dua (11) vé dang ma tréan:

X =AX+BU+Cz (12)

Trong do:
. Kr; n
A=" "TI=|),(S+E) I, |;
a, a
21 22 O —Ki
b, 0 ol |1
b,| |K, c,| |0

Hé (12) la hé tuyén tinh khéng diing vi hai phan tira;; va
a2 phu thudc vao ry, 1, Jy, day 1a cac tham sé bién déi theo
thai gian.

3. TONG HOP BO DIEU KHIEN TOI UU

Can xac dinh luat diéu khién t&i uu cho hé tuyén tinh (12)

sao cho cuc tiéu héa phién ham:
te
_l T 7

J_z!(x QX—U'RU)dt (13)

p

Trong dé: Q=
g Q 00

;R=(r) véip, rla cac s6 tuy chon

Ap dung diéu kién t8i uu cha nguyén ly cuc dai
Pontryagin, xay dung ham Haminton:

H:\IJTAX+\IITBU+\I/TCz—i—%(XTQX—i—UTRU) (14)

Trong d6, ¥ la vec ta lién hgp, thda man phuong trinh
sau:

\if:—@z—AT\p—Qx

OX

V§i diéu kien: W(t) =0

Trong trudng hgp khéng cé han ché déi véi bién diéu
khién u thi diéu khién t6i uu dugc xac dinh ti diéu kién:

OH

I U'B+Ru=0
ou

(15)

(16)
TU day co:
U (t)=—RB"U (1)

Dai vé6i hé tuyén tinh c6 thé tim W(t) dudi dang sau:

(t) =KX +K,(t) (18)
Vay:

T(t) =K X+KX+K, (19)
TU (15), (18) va (19) c6:

K X +K X+K, =—AT (K X+K,(t)) — QX (20)

Qua bién déi co:
K, X-+K, [AX—BR'B" (KX +K, (1)) + Cz] +K,
= —ATK X —ATK, () — QX
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Hoac
(K, +K,A+AK, —BR'B'K, +Q)X

. (22)
+(K, —K,BRBK, () + A'K, (1) + Cz) =0

DPé phuong trinh (22) théa man véi moi trang théi cta X
thi ma tran K va vec to K; phai thda méan hai phuong trinh
sau:

K, +KA+A'K —BRB'K, +Q=0 (23)
K, —K BR'B'K,(t) + AK,(t) + Cz=0 24)
Tu do rat ra:

u'(t)=—RB"¥(t)=-RB'K X—RB'K,(t) (25)

Qua biéu thuc (25) xac dinh luat diéu khién t6i uu bdo
dam cho t6c d6 bang tai 6n dinh & gia tri dat trudc.

- Xac dinh ma tran K, théng qua phuong trinh Riccati:

KA+AK, —BRB'K, +Q=0 (26)

Do ma tran A phu thudc vao cac tham sé bién d8i J,, i, 1z
nén tién hanh chia khoang thai gian diéu khién (t- to) thanh

. t —
N khodng nhé déu nhau, AT=-"—2

gian [iAT,(i4+1)AT] coi cac tham s6 clia ma tran A la hang
$6. Ap dung céc thuat toan da co xac dinh cac ma tran K,(i),
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Hinh 4. Dap ting luc cdng clia hé

Trudng hop 2: Dap Ung luc cing khi thay d6i tai tai thai
diém 4 giay va 7 giay.

xac dinh K;(iAT), tu d6 xac dinh luat diéu khién theo biéu 12 1
thuc (25). 10 7 A
4. MO PHONG VA PANH GIA KET QUA = s 1
4.1. Tham s6 mé phéng g ° |
Xét hai dong ca c6 cac tham s6 giéng nhau: Cong sudt = :
Psm = 4kW; Ln = 0,1958(H); Ly = 0,202(H) ; L, = 0,2065;
Re = 1,275(Q); R, =1,663(Q) ; p = 2; nam = 1400v/p; ° ‘ ‘ | —Luccang dat ||
Jw = 7,47.10°Kgm? J. = 8,258.10%; ban kinh truc quan 6 2 i g [ o] 8 10
rn =, = 0,1m; chiéu dai dai bang vat liéu | = 1m; dién tich Hinh 5. D tng Iuc cing cia hé khi . hav d6i
ngang clia bang vat lidu S = 2.10°m?. inh 5. Ddp (ing luc cing clia hé khi tai thay doi
Dy S
Momen tai1 —t M ocdo deTTai1as ) _||
TU1 ai) wmt [—w{ [F e dlwiie _ [ ) P || Tocdo DC1QS
] = Wm1 (Motor) - = e 1 ) < \
I . w Tt (otr) # @‘ ) o ~/ ¥ toodrEria /] l[
e + bangtai T @ il THA (Motor) f—{[C - H || - |
N ot ket E) ’
DONG CO-KHOP NOI-TAI do del
A1 n‘ gﬂenta? z - - Wm2 (Wotor) [« = i ’I_’; 77|| ) |‘
TLGm} Wmz — @ = Tocdo dc1-2 )
I . b TMZ (W otor) e @ il THZ (Motor) 4 -il—’} || / l}
KHARUIED KHIENQ Saturation3 . R\ @ D — Tocdo tait-tai2 :"%*.;.-5
| "”"‘"9‘“‘ Tehaf200 |- ) s P i| > |’
4‘ “‘é ' :I DONG COKHOP NOITAIZ —{outt ) = £ e ‘:‘;"VT.; ' :
WL2 y ) | |‘

Hinh 3. M@ hinh md phdng hé truyén dong 2 dong co lién ké
4.2. Két qua mé phéng
Trudng hop 1: Luc cang dat la 10N, khong nhiéu

Vol. 60 - No. 4 (Apr 2024)

LIEN KET BANG VAT LIEU GIFAHA BONG CO

Trudng hop 3: Dat luc cang la 30N; t6c d6 dai dat bang
3m/s, thay déi tai cac thoi diém 0 gidy, 3 giay, 27 giay va 30
giay; khéng c6 nhiéu tac dong.
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Hinh 6. Dap ting luc cing va toc do dai clia hé
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Hinh 7. Dép ting luc cang trén bang vat liéu
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Hinh 8. Dap ting toc dai

Nhén xét: Toc do dai va luc cang cla bang vat liéu dat
gia tri dat sau thoi gian ngan, véi sai s6 va dé qua chinh nho,
dam béo dugc 6n dinh, gitp nang cao chat lugng hoat déng
cla hé théng.
5. KET LUAN

Bai bao da trinh bay két qua téng hop bo diéu khién t6i
uu cho hé ca dién van chuyén bang vat liéu nhiéu dong ca.
No6i dung nghién ctu dugc bat dau tir viéc xady dung mo
hinh co hé, luat diéu khién t6i uu, xdy dung mé hinh mé
phoéng, kiEm nghiém bang phan mém Matlab-Simulink.
Qua kiém tra cho thdy, BDK da nang cao dugc chat luong
cla hé théng so véi két qua cac cong trinh [1-3], cing nhu
thong qua cac tiéu chi danh gia, do la: tinh tac d6ng nhanh,
dd qua diéu chinh, sai s6 tinh, dm bao chinh xac téc dé dai,
luc cang clia bang vat liéu.
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