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BU NHIEU TONG CHO HE PIEN CO BANG PIEU KHIEN HUAN LUYEN

TRUYEN THANG

TOM TAT
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2Trieong Pai hoc K7 thudt Cong nghiép - PH Thai Nguyén

Bai bao dé xuat phuwong phap xac dinh nhiu tong cho h¢ dién co dua trén khai trién chudi Taylor
va bl nhiéu tong bang phuong phap huan luyén truyén thang. Két qua nghién ctu dugc &p dung
vao hé théng Twin Rotor Multi-Input Multi-Output System (TRMS). TRMS 1a hé thong phi tuyén
v6i su xen kénh dang ké, ¢6 hai dau vao va hai dau ra. Bo diéu khién thiét ké cho TRMS c6 hai
vong diéu khién: vong diéu khién feedback va vong diéu khién huan luyén truyén thang. Nhidu
tong cua hé théng dugc bl bang phuong phap huan luyén truyén thang dua trén MRAS con nhiing
thanh phan nhé khong dugc dugc bu cung véi cac nhidu (¢ bén trong va bén ngoai) s& duoc bo
diéu khién PID thuc hién. Cac két qua md phong cho hé TRMS cho thay kha niang wng dung cua

phuong phép trong thyc té.

Tiur khoa: Nhiéu tong; Chudi Taylor; Piéu khién hudn luyén truyén thang; MRAS; PID; TRMS

DAT VAN BE

Bai toan xac dinh nhiéu va bu nhiéu cho doi
tuong tu lau da dugc cac nha khoa hoc quan
tdm nghién ctu. Trong bai bao nay, nhiéu
téng cua dbi tuong dugc xac dinh dua trén
khai trién chudi Taylor va dugc bu bing bd
diéu khién truyén thang. Cac nghién ciru duoc
thir nghiém bang mé phong s6 cho hé thong
TRMS. Sy két hop gitra hai bo diéu khién: bo
diéu khién phan hoi dau ra va bo diéu khién
truyén thang bu nhidu tong cho thdy chat
luong diéu khién duoc cai thién dang ké.
XAC DPINH NHIEU TONG CUA HE
THONG DUA TREN KHAI TRIEN
TAYLOR BAC HAI

Mot hé théng bét ky biéu dién duéi dang ham
nhidu bién c6 thé xdp xi duoc xung quanh
diém 1am viéc dya vao khai trién chudi Taylor
[1], x4p xi bac hai cho ham nhiéu bién c6
dang tong quat:

f(xT}’ ""xn) = f(fl, ey
+fo]. Xy, s X)) (5 — %) +
j=1

Xn) +
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+Z?=1 k=1 ijxk(fp ---;fn)(xj - J?j) (xx —
Xk 7 1)
Trong do: (Xy,..,%,) la diém xac dinh va
viéc xdp xi chinh xic néu khoang cach
|x; — %;| dam bao dunhe, véij =1,...,

Khi chuyén f(#,, ..., %,) sang vé phai:

f(xl, v Xp) — f (X, o, X)) =

fo] Xy, o, %) (x5 — %) +

Z frjre (R oo E) (% — &) (o — %)

k=1

7 4 (2)
Nhu vay néu moét hé thong duoc mo ta boi
ham f(x), tai diém lam viéec x =% Voi
x = [xq,..,x,]7, ¥=[%,...,%,]" thi nhidu
tong d cua hé théng dugc xac dinh:

d =nf(x) - f(%)
= fo] (fl' -"'xn)(xf - 551') +

=1

+Z Z ijxk(fp ---'fn)(xj - Jzj) (xx — %)

j=1k=1
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Cong thirc (3) 1a cong thirc téng quat xac dinh
nhiéu tong cho h¢ thong, trong truong hop khi
hé thdng dat f(x) = f(%) thi nhicud =0,
c6 nghia nhiéu tong bi triét tidu.
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Viéc xac dinh duoc nhidu téng d s& gitp cho
viéc thiét ké mot bo diéu phu hop dé khur
nhidu hé théng nhim nang cao chét luong
diéu khién.

THIET KE BO DIEU KHIEN FEEDBACK
VOI FEEDFORWARD DUA TREN MRAS
CHO TRMS

Trén co s& nhan duoc nhiéu téng d trong
truong hop téng quat ddi véi cac hé thong
chuyén dong dién co, ching ti ap dung két
qua nay vao TRMS - mét hé théng MIMO phi
tuyén va xen kénh manh dé tim nhiéu tong.
M& hinh toan TRMS

TRMS 1a mot hé phi tuyén c6 hai ddu vao hai
dau ra, co6 tinh phi tuyén xen kénh manh [2],
nhu Hinh 1.

NS Digukhién

Poludng

Hinh 1. H¢ thong Twin Rotor MIMO

Mo hinh todn cia TRMS duogc st dung la mo

hinh toan chinh xac dua theo phuong trinh

Euler_Lagrange [3].

[jlcosza,, + J,sin?a,, + h? (mT1+mT2) +]3]02'h

+h(me, Iy, cosa, + my, Iy sina,, )i

+2dpdy(J2 — J1)sinaycosa, = X My, (4)

(1 +J2)d, + h(me, Iy, sina, —

my, lr, cosa,)dy + @i (Jy — J2)sina, cosa,

+g(mT1lTlcosa,, + mTlezsina,,) =Y My
(5)

Trong do:

ay,, ap, - Lan luot 1a cac goc chao doc va goc

dao lai cua canh tay don TRMS vo6i mat

phang ngang va mit phang diung.

¥ M;;,: Tong cac md men tac dung trong

chuyén dong ngang, duoc tinh:
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XMy, = Mprop.h — Mfrich — Mcable +
k, W, cosay,
Mprop.n = lFp(wp)cos(a,): MO men clia
luc day cua canh quat dudi
Mgric p: MO men ma sat ctia chuyén dong
trong chuyén dong ngang
Mgricp = kyrnQn + kepnsign(Qy) +
kspp  khi Qp =07
+4—kspn  khi Qp =07
0 trBBng hBEp khac
M qpie: MO men cua cap det
M _ (kcnpan nBu ap =0
cable = {kchnah nfu a, <0
3 M,: Téng clia cac md men trong chuyén
dong dung , duoc tinh :
ZiMiv = Mprop.v - Mfric.v + kt(‘jh + ngro
Myrop.v = LinFy () MO men cia lyc day do
canh quat chinh
Mgyro = kgF,02pcos a,: M6 men con quay
hdi chuyén
Fy, F,: Luc sinh ra boi canh quat dudi va canh
quat chinh
kfhpa)hla)hl khi Wp >0
Fh B {kfhna)hla)hl khi op < 0
F, = {kf,,pa)vla)vl khi @, >0
kfon@y|@,| khi @, <0
% Xdc dinh nhiéu tong trong hé¢ TRMS
Twr cac phuong trinh (4) va (5), thuc hién
cac phép bién ddi toan hoc, nhan duoc:
[Jicos?a, + J,sin*a, + h?(my, +my,) + Js|dy
+h(mTllTlsinav —mg,lr, cosocl,)d'v
+h(my, Iy, cosa, + my, Iy, sina,, )
+2d,d,(J, — J1)sina,cosa, + (J1 + o) d,
+h(mT1lTlsina,, —mg,lr, cosa,,)d'h
+ a?(J, — J)sina,cosa,
+g(my, Iy, cosa, + my, Ly, sina,)—Mproph
+Mfric,h + Mcable - km(’deOSO(v
_Mprop.v + Mfric.v — kiwp — ngro =0 (6)
biat: f(a) = vé trai phuong trinh (6) va thyuc
hién khai trién ham f(a) theo chudi Taylor
bac hai tai diém lam viéc:
a = ag Voi a = [ay, dy, dp, @y, &y, d,]7 va
ap = [ahlir ARy ARy Ay, Gy, Apr]”
Khi d6 nhiéu d duoc x4c dinh:
d=f(a)—f(ag) =
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{kchp(ah - ahR) nfua, =0
) kepn (ap — apg) nBu ap <0
+[2ayr (2 — J1)sinayrcosayg
+2apg(J1 — Jo)sina,gcosa,g](dn — dpg)
+[Jicos?ayg + Jpsinta,g + hz(mT1+mT2)
+/3 + h(mTllTlsinavR —my,ly, CosavR)] X
X (dp = dnr)
+[20z = J1)dngrsinayrcosayg
+h(me, Ly, cosayg + my, Ly, sinayg ) dypr
. Y
_h(mTllnSln%R —mr,lr, cosayg )dig
+2anpayr(J2 — J1)(cos?ayg — sin®ayg)
+h(me, Ly, cosayg + my, Ly, sinayg ) g
+ a(J; — J2)(cos®ayg — sin®ayg)
—g(mrllrlsina,,R - mTlezcosa,,R)
+l Fycosayp + Ky wycosa,g
+ kg Fy2pcos ayr](ay, — ayg)
+[2h(my, Iy, cosayg + my, Ly, sina,g ) dyg
+2apr(J, — J1)sinaygcosa,g](d, — dyr)
+[h(mT1lT15inavR - mTlez COSCZVR)
+/ +]2](dv — dyg)
+[2(J; — Jp)sinaygcosaygl(d, — dpg)?

+[2(J2 — J1)dnr(cos?ayg — sin®ayg)
—h(mTllTlsina,,R — mTlezcosa,,R)&,,R
—4aprayr(J, — J1)sinaypcosa,g
—h(my, Iy, sina,g — mr, Ly, cOSQyR ) dng
—4 a2r(Jy — Jp)sina,gcosa,g
—g(my, Ly, cosayg + my, Ly, sinay,g)
+kmwycosa,g + kg F,02pc0s ayg] X

X (C(,, - avR)Z
_h(mTllTlsinaVR —mp,lr, COSO[vR)(?ZhR
—4 a2 (J; — Jo)sina,gcosa,g
_g(mT1171 cosa,g + mTlezsina,,R)
+kmycosayg + kg F,02pcos ayg] X

X (ay — avR)Z
+[2h(my, Iy, cosayg + my, Iy, sinayg )| %

X (dv - dvR)Z
+[4ayr(2 — J1)(cos?ayg — sin®a,g)
+aapr(; — J2)(cos®ayg — sin®ayg)]

X (& — app)(@y — ayg)
+[4Uz — J1)sinaygcosayg] X
X (ap — apg)(dy — dyR)
- [4h(mT1 lT1 sinayg — mr, sz COS“VR)dvR
—4dpg(J, — J1)(cos?ayp — sin*a,g)] X
X (C(,, - a’vR)(dv - dvR)
+[4(J, — J1)sinaygcosayg +
+2h(mq, Iy, cosayg) + my, Ly, sina,g] X
X (&p — dpp)(@y — ayg)

a, % % / +[2h(mT1lT1cosavR + mTlezsinavR)] X
O G & . .
WR Oy Ar — TRMS X ((IU - a,,R)(Olv - avR) (7)
I
I
I
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Hinh 2. Cdu triic diéu khién PID PSO két hop LFFC dya trén MRAS
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Nh@n xét: Tir phuong trinh (7), nhiéu d gdom
mudi bon thanh phan phu thude vao cac bién
trang thai [ayp, dy, dp, @y, dy, d,,] . DE khir
nhiéu tong d cia TRMS, dung bo diéu khién
feedback két hop véi feedforward dya trén
MRAS. Bo diéu khién feedback dung dé on
dinh hé thdng con bo diéu khién feedforward
dya trén MRAS dung dé khir nhidu téng d dé
nang cao do chinh xéac cua hé thong.

% Thiét ké by diéu khién feedback két hop
feedforward dua trén MRAS

CAu trac bo diéu khién dé& xuit nhu Hinh 2,
trong do:

SVF: B6 loc bién trang: o = 50 (rad/s), z=0.7
LFFC 1, 2: Cac bd diéu khién truyén thing
tao ra nhiéu tong d X&p i voi nhidu tong d
cua hé théng’ nhc‘; luat thich nghi, dung de diéu
chinh cﬁc bién hang, dugc thiét 1ap dua vao ly
thuyet on dinh Lyapunov [4, 5]. Luét thich nghi
nay duoc thiet 1ap dya trén viéc tim ma tran P tir
phuong trinh: AT P + PA,, = —Q (8)
Trong do: Q la ma tran xac dinh duong, 4, la
ma tran mau h¢ thong.

PSO: Thuat toan ti uu bay dan duoc sir dung
dé tim bo thong $6 Kpy, Kin, Kar, Kpa, Kz,
Kg2 cua hai bo diéu khién PID; va PID..

% Mo phong

Dé kiém chung chat luong cua ciu tric dé
xuat, tién hanh mé phong trén phan mém
Matlab_Simulink trong trueong hop tin hiéu
dat 12 ham sin tong:

ay,r = 0.55in0.1256t (rad)

apr = 0.35in0.0628t + 0.7sin0.1256t (rad)
Diéu khién feedback 1a hai bo diéu khién
PID, va PID, cho goc chao doc a,, va goc dao
lai a, trong ung c6 gia tri tim dugc nho thuat
toan PSO. Ham t6i vu duoc xac dinh dua theo
tiéu chuan chat lugng ISE:

Fitness;sg = fooo[elzv +eZy] dt > min  (9)

V6i ey, e1,: Lan luot |4 c4c sai léch goc chao
doc a, va goc dao lai ay,

Bo théng sb PID; c6 gia tri tim duoc:
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Ky, = 22.3063; K;; = 33.9276 ;

Ky = 25.475

B6 thong sb PID, c6 gia tri tim duoc:

Kpy = 4.8790; K; = 3.8867; K = 5.194
Céc phan tor cila ma tran P tim duoc:

P21v = 8 P22y = 8, P21h = 2; P22n = 2
(céc phan tir cua ma tran P).
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Hinh 3. Pdp 1ing goc a,, va a;, cung cac sai léch
khi dung PID_PSO
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MRAS
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Hinh 5. Nhiéu téng hé thong va tin hiéu bu teo ra
nho LFFC
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So sanh két qua moé phong khi dung bo diéu
khién PID két hop LFFC dya trén MRAS
(Hinh 4) va bo diéu khién PID sir dung thuat
toan PSO (Hinh 3): bo diéu khién dé xuat cai
thién chét lugng diéu khién goc chao doc a,,
va goc dao lai aj da nhanh chéng bam theo
quy dao dat, sai léch vao/ra giam dang ké.
KET LUAN

Bai bao nay da dua ra dugc phuong phap Xac
dinh nhiéu tong cua hé théng dién co dya trén
khai trién chudi Taylor 1an can diém lam viéc,
qua d6 thuc hién bu nhiu tong bang phuong
phap huan luyén truyén thang nham nang cao
chat lugng diu khién. Két qua nghién ctu da
duoc kiém chuang cho déi twong TRMS
thong qua cau trac diéu khién feedback két
hop véi diéu khién huan luyén truyén thang.
Céc két qua md phong cho thiy chit lwong hé
thong duoc nang cao dang ké va kha ning

SUMMARY

g dung giai thuat duoc dé xuat cho céac hé
dién co.
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COMPENSATING THE TOTAL DISTURBANCE FOR MECHANICAL
AND ELECTRICAL SYSTEMS USING THE LEARNING FEEDFORWARD

CONTROL METHOD

Dam Bao Loc", Nguyen Duy Cuong?

Thai Nguyen Industrial College, 2University of Technology - TNU

The paper proposes a method to determine total disturbance in electromechanical systems basing
on the Taylor’s series expansion. In addition, the learning feed-forward control method is also
used to compensate total noise disturbance. The research results are applied in the Twin Rotor
Multi-Input Multi-Output System (TRMS) that is a nonlinear system and has the influence of
interleaved channels with two inputs and two outputs. The designed controller for TRMS has two
control loops which is combined by a feedback control loop and a learning feed-forward control
loop. The total noise disturbance of the system is compensated by using the learning feed-forward
method that is based on MRAS and small uncompensated disturbance (internal and external
disturbance) is compensated by the classical PID controller. The simulation results for the TRMS
system show the practical applicability of the proposed method.

Keywords: Total disturbance; Taylor series; Learning feedforward control; MRAS; PID; TRMS.
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