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TOM TAT

Hé truyén dong dday mém cé wu diém nhe, linh hoat va an toan, nén dwoc g dung rong
rai trong robot va thiét bi tir dong héa. Tuy nhién, ddc tinh phi tuyén manh va tré én cia ddy mém
khién viéc mé hinh héa va diéu khién tré nén phitc tap. Bai bdo nay trinh bay mét phirong phdp diéu
khién trieot diea trén mé hinh mé-men xodn phi tuyén dwoc xdp xi bang chudi Fourier, nham diéu
khién géc quay tdi bam theo quy dao mong muon théng qua day mém. M6 hinh dwoc xdy dung tir
di liéu thire nghiém, c6 xét dén anh hwdng ciia ban kinh uon ddy. Két qua mé phong trén MATLAB
cho thdy bé diéu khién truot duy tri do bam theo chinh xdc va on dinh ngay ca khi hé chiu nhiéu va
phi tuyén, dong thoi vieot tréi hon b diéu khién PID truyén thong trong cdac kich ban thir nghiém.

Tir khéa: Hé truyén dong day mém; M6 hinh phi tuyén; Diéu khién truot; PID.
ABSTRACT

Flexible shaft transmissions offer advantages in terms of lightweight design, flexibility, and
safety, making them widely used in robotics and automation. However, their strong nonlinearities
and significant time delays make modeling and control challenging. This paper presents a sliding
mode control approach based on a nonlinear torque model approximated by a Fourier series to
control the load angle to track a desired trajectory through a flexible shaft. The model is identified
from experimental data, with additional compensation for the shaft’s bending radius. MATLAB
simulations demonstrate that the proposed sliding mode controller achieves accurate and stable
tracking performance even under disturbances and nonlinearities, outperforming a conventional
PID controller in various test scenarios.

Keywords: Flexible shaft transmission; Nonlinear modeling, Sliding mode control; PID. &
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1. TONG QUAN

Hé truyén dong didy mém 1a co céu
truyén chuyén dong quay gitra hai phan tir co
khi thong qua mot truc hodc day c6 kha nang
chiu mé-men xoan, thay vi st dung lién két
clng truc tiép gitra dong co va tai [1]. Cau trac
nay mang lai nhiéu wu diém ndi bat nhu khbi
lugng nhe, kha nang b tri linh hoat va an toan
hon khi tuong tac voi con nguoi, nén dugc ung
dung rong rii trong cac hé thong robot va thiét
bi tu dong hoa [2].

Trong robot tay méy, didy mém cho
phép dit dong co & vi tri ¢d dinh trén khung
hodc chan dé, giam khdi lugng va quan tinh tai
cac khau chuyén dong, tir 6 nang cao hiéu suit
va kha nang diéu khién chinh xac [2]. O robot
di dong phuc vu tim kiém va ctu ho, truyén
dong didy mém gitp loai bé dong co va pin &
bd phan chdp hanh, giam kich thudc va trong
luong tong thé [3]. Trong thiét bi hd tro phuc
hdi chirc ning, ddy mém cho phép truyén mé-
men xoan tur dong co dat ¢ lung bénh nhan dén
cac khép chi dudi, hd tro van dong mot cach
an toan va thoai mai [4]. Ngoai ra, cac nghién
clru gan day con khai thac ddy mém trong robot
deo ngudi va robot y té, noi tinh dan hoi va kha
nang b tri linh hoat déng vai trd quan trong

(81, [91, [14].

Tuy nhién, viéc tich hop ddy mém vao
hé truyén dong ciing dit ra nhiing thach thirc
16n vé md hinh héa va diéu khién. Dic tinh dan
hoi xodn, dao dong va tré phi tuyén cua day
mém khién mé hinh dong luc hoc trd nén phirc
tap va kho xac dinh chinh xac [5]. Cac mé hinh
tuyén tinh don gian nhu 10 xo xo0én véi do ctng
hang s [6], [7] thuong khong phan anh day
da hanh vi dong luc hoc thuc té. Do d6, nhidu
nghién ctru da dé xuat sir dung cac mo hinh phi
tuyén dua trén ditr li€u thuc nghiém dé mo ta

chinh xac hon quan h¢ gilta géc xodn va mo-
men xoan [2], [8].

Nhitng ddc tinh phi tuyén va bat dinh
nay doi hoi cac chién luoc diéu khién tién tién
nham dam bao d6 chinh xac va do bén viing cua
hé thong. Trong d6, diéu khién truot (Sliding
Mode Control) dugc xem la tmg vién phu hop
nho kha nang khir nhidu va d6i phé véi bat dinh
tham sd [5], [6], [13]. Trén co s& d6, bai bao
nay dé xuat mot thuat toan diéu khién truot dua
trén mo hinh mé-men xodn phi tuyén xap xi
bang chudi Fourier, nhim nang cao chat lwong
bam quy dao va kha ning chéng nhidu cia hé
truyén dong day mém.

2. MO HINH PONG LUC HQC

Hé truyén dong diy mém duoc minh
hoa ¢ Hinh 1, trong d6 dong co tao ra chuyén
dong quay tai dau vao, lam day mém bi xoan.
Do 1éch goc gitta dau vao va dau ra (goc xodn)
sinh ra md-men xoin truyén dén tai, tao ra
chuyén dong quay tai ddu ra. Hai encoder duoc
bb tri & hai dau dé do goc quay dau vao va dau
ra, tir 46 xac dinh goc xoan va toc do xoan cua
day mém [2], [8], [14].

Hinh 1. Mé hinh truyén déng tir dong co dén
tdi thong qua day mém.

M6 hinh dong luc hoc cua hé truyén
dong day mém c6 thé duoc bicu dién bai
phuong trinh:
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I8, = T.(48,A8) (1)

V6i: - J: M6-men quan tinh cua tai;

- 81 Gia téc gdc cua tai;

- TE(ﬁEI,ﬁEI): Moé-men xoan sinh ra tir
day mém, phu thudc vao goc xoan A6 =6_— 0,
va toc do xoan A6 =6, — 6,. Trong do, 6_la
gbc quay dau vao cta day mém (cling chinh la
goc quay cua dong co), con 6, 1a goc quay dau
ra, noi voi tai cua ddy mém.

Do quan hé giita gbc xoan va mod-men
xoan trong didy mém mang tinh phi tuyén va
khong thé mo hinh hoa chinh xac bang d¢ cling
hang sb [6], [7], nghién ctru [8] da dé xuat xap
xi mé-men xoan bang chudi Fourier:

T.(A8,A8) = £,,(A6) + cAb

a cns{nﬂﬂw}) 3)

fu (80) = 2p + 22, (+h sin(nABw)

Véi: - a; ,a, ,b : Cac h¢ s6 Fourier;

-W: Tan so co ban

- n: Béc cua chudi;

- ¢: Hé sb phan anh anh hudng cta van
tdc xodn.

Céc hé sb nay duge xac dinh offline tir
dir liéu thuc nghiém thong qua phuong phap
binh phuong t6i thiéu [8], [12].

Ngoai ra, d& xét dén anh huodng cua
ban kinh udn R, mé-men xoin dugc hiéu chinh
theo:

T.(46,A8,R) = p(R, sign(A8)) x T,(A6,48) (4)
voi, i la hé s0 hiéu chinh dugc x4c dinh tir
sai s6 giita md hinh udc tinh va dit lidu thyc nghiém.

Quy trinh thu thap va xu ly dir liéu
dé xac dinh h¢ s6 Fourier trong phuong trinh
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(2) va (3) duoc thyc hlen nhu sau: Dir lidu vé
mo-men xo0dn va goc xodn cua diy mém dugc
thu thap tor m6 hinh thyc nghi€ém minh hoa ¢
Hinh 2. Pau ra ctia ddy mém dugc gin véi cam
bién do moé-men xoan, voi cam bién duoc gitr
¢ dinh. Pong co diéu khién dau vao cua day
mém theo quy dao tham chiéu dang da sin, voi
nhiéu tan sb va bién do khac nhau. Géc xodn
duoc xac dinh thong qua encoder do gbc quay
dau vao, két hop véi diéu kién c¢b dinh & dau
ra. Déng thoi, cam bién mo-men xoan ghi nhan
mo-men xoan truyén qua dy mém.

Ha1 tap dir liéu nay dugc xu ly dé xac
dlnh mdi quan h¢ gitta mo- -men X04n va goc
xoan. Chudi Fourier dugc xap xi bang cong cu
ndi suy dudng cong do phan mém MATLAB
cung cap. Bac cta chudi Fourier dugc lua chon
offline thong qua qua trinh thuc nghiém, dua
trén tiéu chi ti thiéu hoa sai s binh phuong,
nham dam bao d6 khép tbi wu gitta mo hinh va
dir liéu thyc nghi¢m.

(Dong co ) ((Encoder ) (Diy mém)
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Hinh 2. M6 hinh thuc nghiém dung dé nhan dién
ddc tinh mo-men xoan phi tuyén ciua day mém.

3. THUAT TOAN PIEU KHIEN TRUQT

T phuong trinh (1), hé truyén dong
day mém c6 thé dugc viét lai dudi dang phuong
trinh trang thai:

Ry =X,
. 1
%, :,E £, (48) + C(ueq =9 G

= 0y, x, = 0 12 trang thai cua

Véi, X1
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h¢; Ueq = O 14 tin hiéu diéu khién.

Dit sai s6 bam theo 1a e = 6] — x4, véi
B11a quy dao mong mudn cua tai. Mt trugt
duoc chon dudi dang:

s=é+ e ©6)
v6i, A 1a hang s6 duong.

Luat diéu khién truot dugc thiét ké
nham dam bao hé on dinh tiém can theo tiéu
chuan Lyapunov:

1 o
Ueq =~ [—£u(46) +]; X (+?L(9f “x)+ ksgn(s))l +x,(7)

vo1, k> 0 1a hé so diéu khién, dam bao tinh bén
virng va khir nhiéu.

Pé giam hién tugng chattering, trong
thuc té sgn(s) thuong duoc thay thé bang ham
bao hoa sat(s/@) voi @ > 0 1a vung bién cua 16p
ranh truot [6].

4. KET QUA VA THAO LUAN

Cac md phong dugc thyc hién trong
MATLAB/Simulink dé dénh gia hiéu qua cua
b¢ diéu khién truot so véi bo diéu khién PID
truyén thong. M6 hinh h¢ truyén dong day mém
stt dung cac thong s cua day MasterFlex08
dugc tham khao tir [8], trong d6 cac tham s
quan tinh, d6 ciing x0dn va hé s can duoc xac
dinh cho hai truong hop thir nghiém:

*Truong hop 1, A6 > 0:
a,=4.20200; a, =-4.20100;a,=0;a,=0;b,
= 0.16220; b, = 0; b, = 0; ¢ = 0.00003; w =
0.03322.

* Truong hop 2, AG <0:

a, = -3.10700; a, = 2.33500; a, = 0.74840; a,
= 0.02559; b, = —1.48700; b, = 0.36180; b,

0.19760; ¢ = 0.00003; w = 0.04357.

Day mém dugc gia thiét 1 thang. Thong
s6 diéu khién cua thuat toan diéu khién truot: A
= 5; k = 2. Thong s6 diéu khién cta thuat toan
PID: kp =700; k, = 600; k, = 4, dugc tinh chinh
theo phuong phép Ziegler-Nichols.

Két qua mo phong cho thiy:

« V& dap ing bam quy dao: Ca hai bo
diéu khién déu bam sat quy dao mong mudn
trong diéu kién 1y twong (Hinh 3a). Tuy nhién,
v6i nhiéu va phi tuyén ctia ddy mém, bo PID
xuat hién sai sd xac 1ap dang ké, v6i bién do
dao dong 16n nhét khoang 0.2 rad (Hinh 3b),
trong khi bo didu khién truot duy tri sai s6 thip
hon 16 rét, véi bién do dao dong ti da khoang
0.015 rad (Hinh 4b).

« Vé tinh bén ving: B diéu khién trugt
duy tri 6n dinh trong toan bo dai thir nghiém
ngay ca khi thong s hé thay do6i hodc c6 nhidu
xung tac dong, diéu nay phi hop véi cac nghién
ctru 1y thuyét vé kha nang khang nhiéu cua diéu
khién truot [5], [13].

* V& d6 tré va dao dong: PID nhay voi
d6 tré cia diy mém, d& gay dao dong khi ting
hé s6 khuéch dai, trong khi diéu khién truot
it bi anh huong do co ché rang budc quy dao
trong khong gian trang thai. Két qua trong Hinh
4b cho thay, khi ting cac thong sé diéu khién
len A =10; k=4 vaL=25; k=10, sai s6 giam
dang ké, v6i bién do dao dong lan lugt 13 0.01
rad va 0.005 rad. Piéu nay chimg minh viéc
tang thong s6 diéu khién gitp cai thién kha
ning bam theo va ting do6 khang nhiéu cta hé
thong. Tuy nhién, néu cac thong s nay vuot
qua ngudng phu hop, hé thdng c6 thé mat 6n
dinh.
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Két qua nay khang dinh wu diém cta
diéu khién truot ddi voi hé truyén dong day
mém c6 dic tinh phi tuyén va tré 16n, dic biét
trong moi truong thuc té noi thong sd hé va tai
c6 thé thay ddi bat dinh.

B (rad}
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a) Quy dao mong muon va thuc té
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Hinh 3. Piéu khién bam theo quy dao mong muon
st dung thudt toan PID
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b) Sai s6 bam theo véi cdc théng sé diéu khién
khac nhau
Hinh 4. Piéu khién bam theo quy dao mong muon
sk dung thudt toan diéu khién truot
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