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ABSTRACT

In this paper, a terminal sliding control based on a new quasi-sliding mode
function is designed to control a liquid level in two tanks interacting system
with external disturbance and uncertainty. This system is always in great
demand in the chemical industry, petrochemical refining, water treatment,
power generation, construction material production, food processing,
automatic liquid dispensing and replenishment devices. The terminal sliding
mode control (TSMC) schemes not only ensure that the system states arrive
at the equilibrium point in a finite time but also offer some attractive
properties, such as their fast response and higher precision than traditional
sliding mode control. The new quasi-sliding mode function will eliminate
high frequency oscillations phenomenon around a sliding surface (also
known as chattering) of the sliding mode control. This phenomenon causes
instability in the system, the power driver circuits are susceptible to
overheating, resulting in damage. Simulation results in MATLAB/Simulink
show that the proposed method is suitable to control the liquid level’s
position of the two tanks interacting system with without the percent
overshoot, the steady state error is eliminated, the settling time is 0.8518(s),
the rising time achieves 0.4054(s), and the chattering phenomenon is
eliminated.
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TOM TAT

Trong bai bao nay, bo diéu khién truot dau cudi dua vao ham truot Quasi méi
dugc thiét ké dé didu khién murc chét 1ong hé thdng bon doi twong tac véi
nhiéu ngoai khong chéc chin. Pay 1a hé thong luén c6 nhu cau 16n trong cong
nghiép hoa chét, loc hoa dau, xu Iy nude, phat dién, san xuét vat liéu xay
dung, ché bién thuc pham, thiét bi phan phdi va bd sung chit long tu dong.
Phuong phap diéu khién truot dau cubi khong chi dam bao trang thai cia hé
thong dén diém can bang trong thoi _gian hiru han ma con cung cap dap tng
nhanh va do chinh x4c cao hon diéu khién truot truyen théng. Ham truot
Quasi méi s€ loai bé hién tugng dao dong voi tan sb cao quanh mat trugt (con
duoc goi la chattering) cta diéu khién truot. Hién trong niy gay ra sy bat 6n
trong hé théng, cac mach cong suét d& bi qua nhiét dﬁn dén hu hong. Cac két
qua md phong véi MATLAB/Simulink cho thiy rang phuong phap dé xuat
phtt hop dé diéu khién vi tri mirc chét 16ng trong hé thong bon déi twong tac
voi thoi gian tang dat 0.4054(s), thoi gian xdc 1ap 1a 0.8518(s), khong c6 do
vot 10, sai s6 xac 1ap hoi tu vé 0 va loai b dwoc hién tugng chattering.
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1. Gioi thiéu

Diéu khién trugt (SMC) 1 phuong phap diéu khién rat phé bién do sy don gian va bén ving cua no,
dugc nghién clru rong rai trong hon 60 ndm va nhén dugc nhiéu tmg dung [1 - 2]. Nén tang On dinh cua
diéu khién trugt dugc xay dung trén nguyén tac clia ly thuyet Lyapunov xac dinh su 6n dinh tiém can.
Trong diéu khién truot, chuyen mach don cuc, d§ tré thoi gian nho trong viéc lay mau va do tré truyén
tin hi¢u trong h¢ thong diéu khién duoc ndi mang tao ra hién tugng dao dong tan s6 cao (con duoc goi
1a chattering). Hién tuong nay gy ra su bat 6n trong hé thdng, cic mach cong suat dé bi qua nhiét dan
dén hu hong [3], d6 chinh xdc diéu khién thﬁp, gy ra mai mon cao cac bd phan chuyén dong co khi va
c6 thé 1am hong bo truyén dong [4]. D¢ khic _phuc hién tuong nay, cac phuong phap phd bién nhét 1a
thay thé ham signum trong diéu khlen chuyen mach bang ham bdo hoa hodc ky thuat 16p bién [4].
Phuong phap 16p bién da dugc dé xuat dé loai bo chattering bang cach xac dinh mot 16p bién xung quanh
mit truot va sau d6 xap xi diéu khién khong lién tuc bang ham lién tuc trong 16p bién nay. Két qua la
hién tugng chattering bi loai bo. Tuy nhién, sy danh doi gitia viéc loai bd chattering va hiéu qua bam
xay ra; mot 16p bién day hon c6 thé loai bo hién tugng chattering nhung sai sé bam s& tang 1én. Mot vai
nghién ctru di kiém ching tng dung cta diéu khién truot bic cao hodc phuwong phap luét tiép can [5].
Tuy nhién, hé théng hoi tu thoi gian hiru han dua trén diéu khién truot bac cao co thé lam tang anh
huong chattermg manh hon so v6i hé thong hoi tu tiém cén. Phuong phap luét tiép can duoc dé xuat dé
loai bo hogc giam chattering bang cach diéu khién cac thong s ciia luat tiép can. Bo loc thong thap cling
dugc sir dung dé khéc phuc chattering [6]. Phuong phép nay dugc thyc hién bang cach diéu khién cac
gi4 tri cia bd loc bac mot. Gan ddy, ham truot Quasi méi dugc phat trién dé tranh hién tugng chattering
trong diéu khién trugt [7]. Trong phuong phap nay, ham signum khong lién tuc duoc thay thé bang ham
tanh lién tuc. Noi cach khac, ham tanh duge s dung nhu ham xap xi ham signum. Do dbc ctia ham tanh
xéc dinh cach ham tanh c6 thé x4p xi ham signum.

Diéu khién truot dau cubi 1a phuong phéap diéu khién sir dung mit trugt phi tuyén thay vi sir dung
mat truot tuyén tinh, n6 ¢6 nhiéu vu diém nhu hoi tu trong thoi gian hitu han va dé chinh xac cao hon
[1 - 2], [8]. Bang cach thém phan phi tuyén, quy dao ctia hé thong hoi tu dén mit truot trong thoi gian
hiru han va tao ra dong hoc trugt trén mat trugt. Hon nira, diéu khién truot diu cudi c6 tinh bén viing
dbi véi su khong chic chan cta hé thong [5].

Nghién ctru nay dé xuét b didu khién truot diu cudi dira vao ham truot Quasi méi dé didu khién
murc chat 1ong trong hé thong bon doi tuong tac. Uu diém cia phuong phap dé xuat 1a dap tmg hoi tu
nhanh trong thoi gian hiru han, loai bo chattering va dam bao tinh bén vitng voi nhidu ngoai chua biét
va khong chic chan. Diéu khién mirc chét 10ng lubén c6 nhu cau 16n trong cong nghiép hoa chét, loc hoa
dau, xtr Iy nudc, phat dién va san xuét vat liéu xay dung, ché bién thuc ph?lrn va bd sung chét long tu
dong [9 - 10]. Trong cac quy trinh cong nghé nay, chit 16ng dugc bom, luu trit trong bon va sau d6 dugc
bom sang bon khac [9], [11]. Chét 16ng dugc xir Iy bang phan Gmg hoa hoc hoidc/va tac dong trong bon
noi mirc chat 1ong duoc diéu khién. Cac hé thdng bon ghép ndi twong tac thudng dugc sir dung trong
céc nganh cong nghiép va dugc cac nha khoa hoc quan tdm nghién ciru, tiéu biéu nhu trong nghién ciru
[9] bd diéu khién PID mo dugc thue hién, nghién ctru [10] dé str dung bo diéu khién truot voi cac diéu
kién tich phan, trong [11] da tién hanh so sanh diéu khién truot bac mot va bac hai cho uéc lugng mirc
chat 16ng trong ciu trac bon doi, bo didu khién trugt [12 — 14] va PID [12], [15] hé thdng bon doi da
duoc thuc hién; bd diéu khién truot bac hai duge thuc hién trong [16].

Trong nghién ctru nay, bo diéu khién trugt ddu cudi dua vao ham trugt Quasi méi diéu khién muc
chat 1ong hé thdng bon d6i twong tac dugce thiét ké dé dam bao vi tri mic chit long thuc té bam theo vi
tri mong mudn trong thdi gian hitu han, déng thoi hién twong chattering b loai bo. Céc két qua mo
phong voi MATLAB/Simulink cta bd diéu khién dé xuat duge so sanh véi diéu khién trugt truyén théng
va diéu khién truot v6i didu kién tich phan. Tinh bén vimng cta né duge khao sat véi sy thay doi cac
thong s ciing nhu trudng hop nhidu tac dong vao hé théng.

Bai bao dugc t6 chirc gdm 4 phan: phan 2 trinh bay phwong phéap thiét ké bo diéu khién trugt dau
cubi dwa vao ham truot Quasi méi (TSMC Quasi) mirc chit 10ng hé théng bdn dbi twong tac; két qua
md phong va danh gia dugc trinh bay trong phan 3 va két luan 1a phan 4.
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2. Thiét ké b diéu khién trwet TSMC_Quasi mirc chit l6ng hé théng bon déi twong tac
2.1 M@ hinh todn hoc hé théng bon doi twong tic

Mb hinh h¢ thong bon dbi twong tic dugc trinh bay nhu Hinh 1 [13]. Chiéu cao clia mc chat long
la hy (cm) trong bon 1 va hz (cm) trong bon 2. Luu lugng the tich vao bon 1 1a gin (cm®min), toc do thé
tich dong chay tir bon 1 1a ga (cm®/min) va toc do thé tich dong chay tir bon 2 1a go (cm®/min). Dién tich
cua bon 1 1a A; (cm?) va bon 2 1a A, (cm?).

o]

R i R,
h - -
—_—
> ql —> l
4 4
R R q,
Bon 1 Bon 2

Hinh 1. M6 hinh hé théng bon déi twong tac
Phuong trinh toan hoc ctia hé théng bon déi twong tac nhu (1), (2) va (3) [13]:

%(1)=>(t) (1)

XAQ:f(@+%uUﬁd@) )

y(t)=x(t) ®

Véi ()= (0)-2x (1) @

d(t) bao ham nhiéu ngoai va cc yéu t6 bat dinh khac, d(t)<D, T, = AR, la hang s thdi gian cua
bon 1 va T, = AR, 1a hang sé thoi gian ciia bon 2.
a=R,;b=TT,;c=T,+T,+AR,

Mo ta toan hoc cua hé thong bon d6i tuong tac duoc viét dudi dang khong gian trang thai nhu (5):

%(t)= Ax(t) + Bu(t) +d (t)
-0 ?
Trong do:
0 1 0
A= 1 cl,B=|a ,CZ[l 0]
b b b

x(t) :[:2 g:ﬂ ,¥(t)=h,(t)1a ngd ra— muc chit 1éng thuc t& va u(t)=q, (t) 1a ngd vao.
7

2.2. Thiét ké bé diéu khién trwot diu cuodi

Piéu khién trugt dau cubi thém cac ham phi tuyén vao thiét ké trugt mat ph:fmg trén. Vi thé, mat truot
dau cuoi dugc xay dung va sai sO bam trén mat trugt hdi tu vé 0 trong thoi gian hiru han.

2.2.1. Thiét ké mdt chuyén mach

Dé céc trang thai hoi tu dén quy dao mong mudn trong thdi gian hitu han, bién trugt dugce dé xuit
nhu (6) [17]:
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o=Q(E- P) (6)

Trong do: Q :[q 1], >0 phai Hurwitz , E =[e é]T , P =[p(t) p(t)]T , hyy 14 vi tri mong

muon, e=h, —h,, la sai so bam.

Luat thiét ké ciia p(t) la:cho T >0, p(t) gi6i han trong khoang [0,T]. Dé dam bao o(0)=0 thi
E(0)=P(0), hay néi cach khic p(0)=e(0),p(0)=¢(0) tai cung thoi gian, lic nay lam cho
p(T)=0,p(T)=0,p(T)=

Cin ctr theo cac didu kién trén va dua theo [18], p (t) duoc thiét ké nhu (7):

2 1 ( +3
(kZEei Z[ZTj 1+3 | ]tj ]O<t<T (7)

j=0\_1=0

0 t>T

Trong d6, i=n—-1 (n 1a bic clia hé thong). @ 1a hing sb va c6 thé tim duoc tir céc diéu kién tong
quat sau [18]:

Véi i=12,...,m, p, (t): R">R, p (t)eC” (0,00) N pi(") el”, sy hd trg cia P, (t) la
khoang giéi han [0,T] véi T>0, p;(0)=e(0),p;(0)=¢(0), ..., p| (O) e n)( ), v6i C”[O,oo)
dai dién cho tap tit ca cac ham kha vi bac n duogc dinh nghia trén [0,00) )

2.2.2. Thiét ké b¢ diéu khién truot dau cudi

Tt phuong trinh (6), ta co (8):

c=Q(E-P)=Q[e ¢]'-C[p p] =q(e-p)+(¢-p) (8)
Hay o‘-=q(e—p)+f(x)+%u(t)—h'2d—r) (9)
Ham Lyapunov dugc chon nhu (10):
= %0'2 (10)
Vi luat tiép can toc do hing, bo diéu khién duoc thiét ké nhu (12):
6 =-nsign(c), 7>0 (11)
Hay
b . .
Urgwe (1) = a( q(e—p)+ f(x) —hy — p+775|gn(a)) (12)
Vi thé, ta c6 (13):
V :Ga':a(—ﬂsign(a)+d(t))=—77|a|+d(t)a£0 (13)

Véi 7>D thi V <0. Do d6, hé thong 6n dinh theo Lyapunov.
Do p(0)=e(0) va p(0)=¢(0), tir (6) ta c6 (14):
(0)=Q(E(0)-P(0))=0 (14)

Vi thé, & trang thai dau cua hé théng trén mat truot, viée khoi tao diéu kién dau caa mat truot tré nén
de dang va tinh bén viing toan cuc ctia hé kin dugc dam bao.
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Vi tinh bén vitng toan cuc c6 thé duoc dam béo, nghia 1a G(t) =0,E (t) =P (t) . Bing cach chon mit
truot P (T) =0, ta co thé tim dugc E (T ) =0. Theo d6, sai s6 bam hoi tu v& 0 trong thoi gian hiru han
T.

< , 4 e - N T T T ~

Can ctt (6), néu o —0 trongthdigian T thi E=[e ¢] — P =[p(T) p(T)] =[0 0] ,nghia
la e=h, —h,, -0 va &0 trong thoi gian T . Vi thé, h, > h,, va h, > h,, .

2.2.3. Bé diéu khién truot dau cuéi dwa vao ham trueot Quasi moi

Sy khong lién tyc ciia ham signum trong luét diéu k}lién (12) c6 thé gay ra hién tuong chattering. Vi
theé, ham Signum khong lién tyc trong (12) dugc thay thé bang ham tanh lién tuc dé€ khac phuc hién tugng
nay. B doc ctia ham tanh xac dinh cach ham tanh c6 thé xap xi ham signum [7]. Ham tanh dugc mo ta
nhu (15) [7].

S S

tanh(ijz e (15)
¢/ eiqec

Trong do: >0, d6 dbc cua ham tanh dugc xac dinh bai giatri ¢.
Hinh 2 trinh bay tin hiéu ham signum va ham tanh [19]. Tir Hinh 2 ta thiy rang ham tanh bang phing
hon ham signum vi ham tanh la ham kha vi lién tuc.

— Ham signum)

— Ham tanh

o -5 0 50 5 10 15 =N
5

Hinh 2. Tin hiéu ham signum va ham tanh
Thay ham signum trong luat diéu khién (12) boi ham tanh, ta dugc b didu khién truot dau cudi dua
vao ché dd trugt Quasi moi nhu (16):

b .
Ursve o (t):—atq(e— p)+ f(x)—hy — pwﬁanh(%)j (16)
Luat diéu khién (14) dam bao h,(t) >hy (t),e(t) >0 khi t—o0 va loai bo dugc hién tuong
chattering.
2.3 Nghi¢m ciia p(t)
Vi hé théng bdn doi tuong téc 12 hé thong SISO bac 2 nén i=1va j=2, ham p(t) va cic dao
ham ctia né nhu (17), (18) va (19):
p(1)=e(0)+¢(0)t+ Le(0)r +[%e(o)+%e(o)+ﬂe~(o)}3

T3 T2 T
(17)

[0/ (04 (2/PR (04 04 ay, .
+(T_{§)e(o)+T—1;e(0)+T—1§e(0)jt“ +(T—2§e(0)+T—§le(0)+T—2§e(0)jt5
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p(t)=e(o)+e-(o)t+3(%e(o)+%e(o)+%e-(o)jt2

(18)
+4[_|_—4e(0)+ % (0) + e(O)jt +5(T5 o(0) + % ¢(0)+ 25 e(O)jt
(0146 %2 6(0)+ T 6(0) 1 T & %o 01+ Fra(0) + B2 6(0) I
p(t)=e(0)+6(Fe(O)+T2 6(0)+% e(O)jt+12(T4 e(o)+T3e(o)+T2e(o))t .

+20(%e(0)+%é(0)+%é(0))t3

Vi p(T)=0 nén ta c (20):
D(T) = (L g + g + g )e(O) (Lt + +a21)é(0)T+(%+a02 va, +a22jé(O)T2 ~0(20)

Do d6, didu kién p(T)=0 nhu (21):
l+ay +oyy+0,y =0
l+ay+oy +a, =0 (21)
0.5+ay, +a, +a,, =0
Tai cung thoi gian, p(T)=0 p(T)=0, tacd (22) va (23):
3oty + 40y, +5a,, =0
1+3ay, + 40y, +50,, =0 (22)

1+3e,, + 4, +5a,, =0

60, +12c, + 200, =0
6a,, +12¢,, +20c,, =0 (23)
1+6¢,, +120, + 20cr,, =0
Tt cac phuong trinh (21), (22) va (23), ta c6 (24), (25) va (26):
Oy + 0+ 0ty =—1
3y, +4ay, +50a,, =0 (24)
6oy, +120, +20a,, =0
Oy +oy +ay, =-1
3oy, +4ay; +5a,, =—1 (25)
6ay, +12c; +20a,, =0
Oy, + 0, + 0ty =—0.5
3o, +4a,, +50, =—1 (26)
6a,, +12¢, + 20c,, =1
Céc phuong trinh (24), (25) va (26) c6 thé duoc viét lai nhu sau (27), (28) va (29):

11 1 -1
Ax =B, A=3 4 5 |B=0 (27)
6 12 20 0
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11 1 -1
Ax,=B, A, =|3 4 5 |B,=-1 (28)
6 12 20 0
11 1 —0.5
Ax,=B,A,=|3 4 5|B,=| -1 (29)
6 12 20 -1

Nghiém cuia (27), (28) va (29) twong Gng nhu (30):
oo =—-10 |y, =-6 |o,=-15
o,=15 ; <o, =8 ; S, =15 (30)

oy, =—6 0y =-3 |0,=-05

Vi thé, p(t) duoc viét lai nhu (31):

-fusofer (Bt oo (fuofurdnf o
(e e ta e ostet
0 t>T

T phuong trinh (31), ta c6 p(0)=€(0), p(0)=¢(0).
3. Két qua md phong va danh gia

S0 d6 md phong bé diéu khién trugt dau cudi dya vao ham trugt Quasi méi (TSMC_Quasi) dé dicu
khién bam muc chat 16ng hé thong bon do6i tuong tac trong MATLAB/Simulink dugc trinh bay nhu
Hinh 3 sau:

4|>'° TSMC_QUASIH»{Bon_doi_tuong_tac

A 4

Au
At

Hinh 3. So @6 mé phong TSMC_Quasi trong MATLAB/Simulink

Céc thong s ctia hé théng bon déi twong tac va bo didu khién truot dau cudi dua vao ham truot Quasi
méi duge st dung trong md phong dugc trinh bay nhu Bang 1. Pap (mg nic va sai sb ctia bo diéu khién
TSMC v6i ham signum va ham Quasi méi duge trinh bay nhu Hinh 4. Quan sét dép tng trén Hinh 4, ta
thiy rang dap g cua bo diéu khién TSMC véi ham signum va ham Quasi méi déu dwa vi tri mirc chat
l6ng thyc t& hoi tu v& vi tri tham chleu trong thoi gian hitu han. Tuy nhién, dap ing voi ham Quasi méi
dat duogc cac chi tiéu chat luong t6t hon dap tng véi ham signum véi thoi gian tang 1a 0.4054(s), thoi
gian xac 1ap 1a 0.8518(s), khong c6 hién tugng vot 16 va sai sd xac lap tién vé 0, trong khi d6 thoi gian
tang, thoi gian xac 1ap, do vot 16 trén va do vot 16 dudi cua dap umg voi ham signum tuong tng la
0.4993(s), 0.8734(s), 0.0311(%) va 3.8699(%). Céc chi tiéu chat lugng ciia bo diéu khién TSMC véi
ham signum va ham Quasi méi v6i ham nac duge trinh bay nhu Bang 2 va dugc so sanh véi diéu khién
trugt voi didu kién tich phan [11] va diéu khién truot [13 — 15]. Trong do, t; 1a thoi gian ting, POT 1a do
vot 16, ess 12 sai sb xéac 1ap va tss 1a thoi gian xac lap.
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Dap ung nac cua TSMC voi ham signum va Quasi moi Tin hieu dieu khien cua TSMC voi ham signum
oL
7 o
_04f 7 1 €
£ /1 @ 0f
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c 02y ) o 2[
O /1 °
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O~ — — —y-sign m
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Sai so dap ung nac cua TSMC voi ham signum va Quasi moi Tin hieu dieu khien cua TSMC voi ham Quasi moi
T : : T : : : : : : T T T T T
— — —e-sign 4
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S0z | &
c o
2 °
m c - 4
o
0 o
0 05 1 15 2 25 3 35 4 45 5 "20 0.5 1 15 2 25 3 35 4 4.5 5
Thoi gian (s) Thoi gian (s)
Hinh 4. Dap iing nac va sai s6 ciia bg dieu khién Hinh 5. Tin hiéu diéu khién cia bé diéu khién
TSMC vdi ham signum va Quasi moi TSMC voi ham signum va Quasi moi

Bang 1. Cac thdng sé cia hé thang bon déi twong tic va TSMC_ Quasi

Théng sb A A R, R, T q n
Gia tri 0.0145 0.0145 1478.57 642.86 1 15 17
Don vi m? m? sec/m? sec/m?

Bang 2. Cdc chi tiéu chat lwong ciia by TSMC véi ham signum va Quasi méi véi ham ndc.

B9 dieu khién tr (S) POT (%) €ss tss (S)
TSMC_Quasi 0.4054 0 0 0.8518
Didu khién truot [12 - 14] i 0 - 7.6
Diéu khién truot voi diéu kién tich phan [10] 87.184 1.6 - 330
Dap ung xung cua TSMC voi ham signum va Quasi moi Dap ung since cua TSMC
= I T yd T T T T
! .’/ i — — —y-sign
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Sai so dap ung xung cua TSMC voi ham signum va Quasi moi 02 Sai so dap ung since cua TSMC
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Thoi gian (s) Thoi gian (s)
Hinh 6. Ddp vng xung va sai so ciia by diéu khién Hinh 7. Ddp iing xung sin va sai so cia bg dieu
TSMC voi ham signum va Quasi moi khién TSMC voi ham Quasi moi

Daép g xung vudng va sin cung voi sai s6 cua phuong phap diéu khién dé xuit duoc trinh bay nhu
Hinh 6 va 7. Qua dap tmg va sai s0 thé hién trén Hinh 6 va 7 cho thy rang vi tri mirc chat long thyc té
ctia hé thong van hoi tu vé vi tri mong muon trong thoi gian hiru han v6i sai sO xac lap tién vé 0, dong
thoi dép Gmg cua phuong phap dé xuét van tot hon bd diéu khién SMC véi ham signum.
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Dap ung nac cua TSMC voi ham signum va Quasi moi khi tang A1
T T T T T T T T T

Toc do bam cua dap ung since TSMC
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Sai so toc do bam cua dap ung since TSMC Dap ung xung cua TSMC voi ham signum va Quasi moi khi tang A1
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Hinh 8. Van téc bam va sai so cia bo diéu khién Hinh 9. Ddp itng nac va xung ciia bg dl?“ khién
TSMC véi ham Quasi moi TSMC voi ham signum va Quasi moi khi A =5A

Vian toc va sai s6 bam v6i ngd vao xung sin ctia bd diéu khién TSMC v6i ham Quasi méi dugc trinh
bay trén Hinh 8. Van toc bam ¢ Hinh 8 hoi tu vé van téc mong mudn trong khoang thoi gian 0.85(s) va
sai s x4c 1ap tién v& 0. Hinh 9 trinh bay d4p tmg nic va xung cua bo diéu khién TSMC véi ham signum
va ham Quasi méi khi A duogc ting 5 1dn so véi gia tri ban dau. Dap tmg thuc té ciia hé thong trong
truong hop nay van tién vé vi tri tham chiéu voi thoi gian ting 1a 0.4028(s), thoi gian xac 1ap 14 0.8512(s).

Bén canh do, bo diéu khién TSMC Quasi dugc kiém chirng kha nang bén vitng voi nhiéu tac dong
& ngd ra cta hé théng (nhidu tring). Pap ing nic va xung caa bd diéu khién TSMC véi ham signum va
ham Quasi méi khi c6 nhiéu tic dong & ngd ra dugc trinh bay nhu Hinh 10. Qua dap tmg ¢ Hinh 10
cang khéng dinh thém hiéu qua cta bo diéu khién dé xuét so v6i bo diéu khién SMC vé6i ham signum.

Dap ung nac cua TSMC voi ham signum va Quasi moi co nhieu
T : T T
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m yd
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Dap ung xung cua TSMC voi ham signum va Quasi moi co nhieu
T T a

1 — — —y-sign
P N I/ A & ' Rl -Quasi-moi
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]
205
K]
3]

(0]

Thoi gian (s)

Hinh 10. Ddp img ndc va xung ciia bé diéu khién TSMC véi ham signum va Quasi méi khi ¢6 nhiéu tac dong ¢
ngd ra
Qua cac dap ung dugc thé hién tir Hinh 4 dén Hinh 10 di cho thdy hiéu qua cia bo diéu khién
TSMC_Quasi trong (mg dung diéu khién vi tri murc chat 16ng hé thong bon doi twong tac. Tinh bén viing
ctia phuong phap diéu khién dé xuét duoc kiém ching khi tang dién tich ciia bon 1 1én 5 1dn va c6 su
tac dong cia nhidu & ngd ra cta hé thong.

4. Két luan

Nghién ctru nay da thiét ké bo diéu khién trugt ddu cubi dira vao ham truot Quasi méi dé didu khién
vi tri mrc chat 1ong hé thong bon doi tuong tac. Cac dap tng cuia phuong phap di€u khién dé xuat dam
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bao vi tri mirc chat 16ng thyc té bam theo vi tri mong mudn trong thoi gia hitu han, dong thoi hién tugng
chattering bi loai bo. Céc két qua mo phong voi MATLAB/Simulink cho thdy hiéu qua, sy pht hop va
tinh bén vimng cua phuong phap diéu khién dé xuét trong diéu khién bam vi tri mirc chat 1ong hé thong
bon dé6i tuong tac vdi thoi gian tdng dat 0.4054 (s), thoi gian xac 1ap 1a 0.8518 (s), khong c6 d6 vot 16,
sai s6 xac 14p hoi tu vé 0 va loai bo dugc hién tugng chattering. Kiém nghiém v6i mé hinh thyc té va
phat trién cac giai thuat lai s& duoc nghién ctru thyc hién trong thoi gian téi.
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