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Sliding mode control (SMC) is an effective control method with the
robust stability, quickly response even under conditions of
disturbance and changing of object’s parameters. However, the
discontinuity of the signum function in the SMC law can cause the
chattering in the control signal. Improving quality of the SMC has
been interested and published by many researchers. However, the
overall evaluation of the SMC's effectiveness and comparison with
other modern control techniques is still limited. This paper presents
testing results of the Quasi-sliding mode — based SMC and compares
the effectiveness of that method with the back-stepping controller,
multi-objective genetic algorithm tuned PID and traditional PID. That
testing method is applied to control the position of the mass spring
damper system. The simulation results in MATLAB/Simulink show that
the testing method is efficient. The quality indicators achieved by the
Quasi-sliding mode — based SMC are better than other control techniques.
The position response of the mass spring damper system in simulation
model converges to reach the reference without overshoot, the setting
time is about 0.26 (s), and the steady-state error is eliminated.
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biéu khién truot
Chattering

Hé giam xoc - vat - 10 xo
Ché do truot Quasi
MATLAB/Simulink

Diéu khién truot 1a mot phuong phap diéu khién hiéu qua voi kha
nang dap ung nhanh va bén viing, ngay ca khi hé théng bi nhiéu hozic
thong so cua ddi twong thay ddi theo thoi gian. Tuy nhién, su gian
doan trong ham d4u (signum) cua luét truot s& gay ra hién tuong dao
dong véi tan sb cao (goi 1a chattering) cua tin hiéu diéu khién. Viéc
nghién cau cai thién chat lwong bo didu khién truot dugc nhidu nha
khoa hoc quan tdm, cong bd. Tuy nhién, danh gi4 tong thé hiéu qua
cua bo didu khién truot va so sanh voi mot sb ky thuat diéu khién
hién dai khéc van con han ché. Bai bao nay trinh bay két qua kiém
nghiém kg thuat diéu khién truot dwa vao ché do truot Quasi va so
sanh mot s6 chi tiéu chét lwong caa b diéu khién nay vai k§y thuat
didu khién cuén chiéu, giai thuat di truyén da muc tiéu didu chinh
PID tuyén tinh va diéu khién PID truyén thong. Phuong phap kiém
nghiém duoc &p dung trén md hinh hé thdng giam xéc — vat — 16 xo.
Két qua md phong tren MATLAB/Simulink chiing minh hiéu qua
ctia phuong phap kiém nghiém. Céc chi tiéu chat luong dat dwoc cua
phuong phap kiém nghiém vuot troi hon so véi cac kiéu diéu khién
khac. Bap tng vi tri caa hé giam xoéc — vat — 10 xo trong mé hinh mo
phong hoi tu vé vi tri tham chiéu vai thoi gian xac 1ap khoang 0,26
(s), sai s& xéc lap b triét tiéu va khong xay ra vot 16.
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1. Giéi thiéu

Diéu khién truot 14 mot trong cac phuong phap diéu khién bén viing hé thong [1]. Cau trdc
thay do6i cua diéu khién truot 1am cho bo dicu khlen nay co kha ning chuyén doi gitra cac luat
diéu khién khac nhau [2]. Diéu khién truot cung cap su on dinh bén vitng cho cac hé thdng thong
qua diéu khién do loi cao véi hoat dong chuyén mach nhanh vé han. So do diéu khién truot thuong
khéng lién tuc va ngd vao diéu khién hdi tiép can chuyén mach véi tan s6 cao. Hoat dong chuyén
mach tdc do cao gay ra hién tuong dao dong véi tan s6 cao (duoc goi la chattering). Hién tuong nay
¢6 thé kich thich dong hoc bac cao trong mé hinh, din dén sy bét 6n trong hé théng [3].

D¢ khac phuc hién twong dao dong véi tan s6 cao, nhiéu nghién ctru da dwoc trién khai, trong
do, ung dung ché do truot Quasi da dugc thiét lap. Day la giai phap khic phuc nhitng han ché cua
diéu khién truot ma van gitr duoc nhitng wu diém von cé cia né [4]. Miac du, viéc nghién cuu cai
thién chét lugng bo diéu khién truot duoc nhiéu nha khoa hoc quan tam, cong bd. Tuy nhién,
danh gia tong thé hiéu qua cua bo diéu khién truot va so sanh vai mot s ky thuat didu khién hién
dai khéc van con han ché. Nghién ctru nay hudng dén viéc kiém chang k¥ thuat diéu khién truot
dira vao ché do truot Quasi va so sanh mot sb chi tiéu chét luong cua bo didu khién nay véi mot
ky thuat diéu khién théng dung khac. Giai phap kiém nghiém duoc trién khai trén hé thong giam
x0c — vat — 10 xo0. Day 1a hé thong dong vai tro quan trong trong viéc dam bao kha nang phuc vy
va an toan ctia md hinh trong cac trng dung tu dong hoa va co dién tur [5].

Gan day, hé thong giam x6c — vét — 16 xo dugc nhiéu nha khoa hoc quan tam va nghién ctu,
chang han nhu: Panh gia hiéu qua cia bo diéu khién vi phan ty I¢ (PD: Proportional-Derivate) va
bo diéu khién bac hai tuyén tinh (LQR: Linear Quadratic Regulator) dé diéu khién hé thong giam
X6C — vat — 10 xo d6i dwoc nghién ctru trong [5]. Trong [6] da sir dung phuong phap diéu khién
cubn chiéu (backstepping) dé diéu khién hé thong giam xoc — vat — 10 xo va dugc so sanh véi bo
diéu khién vi tich phan ty ¢ (PID: Proportional-Derivative—Integral). Trong [7], cac tac gia da
nghién ctu sy tao ra entropy cua mot hé thong co khi vat - 10 x0 - van diéu tiét, theo dinh nghia
toan tir phan sb phu hop. Trong [8], [9], hé thdng giam xdc — vat — 10 xo duogc diéu khién boi bo
diéu khién vi tich phan ty 1&. Giai thuat di truyén da muc tiéu (MOGA: Multi-Objective Genetic
Algorithm) va giai thuat téi wu bay dan thich nghi (APSO: Adaptive Particle Swarm
Optimization) duoc st dung trong nghién ciu [10] dé xac dinh cac thdng sé ti uu cua bo didu
khién PID tuyén tinh va phi tuyén. Str dung bo diéu khién P, PI, PD va logic PID dé thiét ké va so
sanh hiéu qua diéu khién hé théng giam xéc — vat — 10 xo duoc nghién ctu trong [11].

Noi dung cua bai bao nay duoc thuc hién nhu sau: Thir nhét 1a thiét ké bo diéu khién truot véi
luat tiép can lity thira dé diéu khién bam vi tri hé théng giam xdc — vét — 10 xo; md phong két qua
diéu khién véi MATLAB/SIMULINK va danh gia hiéu qua ciia bo diéu khién thdng qua cac chi
tiéu chit luong. Thir hai 1a wng dung phuong phap didu khién truot véi ché do truot Quasi dé
khic phuc hién tugng dao dong vai tan sé cao quanh quy dao pha cua mét trugt. Thir ba la tién
hanh so séanh hiéu qua cua b diéu khién dwoc ung dung dé kiém nghiém trong nghién ctu nay
V6i cac phuong phap diéu khlen hé thong giam x6c — vat — 16 xo di cong bd.

Bai bao dugc to chirc gdm 4 phan: Gigi thiéu duoc trinh bay & phan 1; phan 2 trinh bay
phuong phép diéu khién truot dua vao ché do truot Quasi; diéu khién hé thong giam xdc — vat —
10 X0 véi b diéu khién truot dwa vao ché do truot Quasi duoc trinh bay trong phan 3 va phan 4 1a
ket luan.

2. Piéu khién trwgt dua vao ché d truet Quasi
Xét ddi twong dugc md ta bai (1) [12]:
X(t)=f(xt)+bu(t)+d(t) (1)
Trong d6: f(x,t), bda biét, d(t) Ianhiéu chua biét, d(t)<D
Mit truot duoc thiét ké nhu sau:
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s(t)=ce(t)+é(t) )
Vé6i ¢ >0 phai thoa man didu kién 6n dinh Hurwitz.
Sai s6 bam va dao ham cua sai s6 nhu (3):

e(t) =% (t)—x(t)
&(t) =%, (t)-%(t)

Trong d6: % (t)=x(t), X, (t) 1atin hicu mong muén.

()

Tu (2), ta thiy rang, néu s(t)=0 thi ce(t)+€(t)=0 va ching ta c6 nghiém Ila
e(t)=e(0)e™ . Nghia la, khi t —oothi e(t) — 0 véi giatricua c.
Thé (3) vao (2), ta duoc (4):
(1) = ce(t) +&(1)=c(%, (1)~ (1) + (%, ()~ K(1))

=c (%, (1) =% (1)) +(%, (1) f (x.t)—bu(t)-d(t))
Ap dung luat tiép can lity thira, ta c6 (5):

$(t) =—nsign(s(t))—ks(t), 7>0,k>0 (5)
Tu (4) va (5), ta cé (6):

c( %y (1) =% (t))+(%, ()= f (x,;t)—bu(t)—d(t))=—nsign(s(t))—ks(t) (6)
Dé dam bao s(t)$(t) <0, bo diéu khién trugt dugc thiét ké nhu (7):
u(t) =%[c(>’<d () =% (1)) + % (t) = f (x,t)=d (t)+psign(s(t)) +ks(t) | @)
Dé chirng minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhu (8):
V() =550 ©
t) nhu sau: V(t)=s(t)s(t)

t [c (%, (t)— )+(x‘d (t)- (x,t)—bu(t)—d(t))]

(4)

Pao ham cua V

(
)

=s(t)| -nsign(s(t)) ks t)} =—n|s(t)[—ks?(t) <0
Néu K>0 v (t)— 0 vsi gid trj cua K.
Trong luat diéu khién (7), thanh phan chuyén mach #sign(s(t)) duoc sir dung dé vuot qua

d(t). Tuy nhién, gia tri I6n cua 7 s& gay ra hién twong dao dong voi tan s6 cao (chattering) cua

tin hiéu diéu khién. Hién tugng nay gay ra cac hi¢u tng khong mong muén nhu sau [13]:
Phat sinh sai s6 diéu khién.
Lam phat ndng mach dién tir.
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- Mai mon céac bo phan co khi.

- Kich d6ng cac mode tan sb cao khéng mé hinh hoa lam giam chét lugng didu khién hoic
mat on dinh.

Dé khic phyc hién tuong chattering, nghién ciu st dung phuong phap diéu khién truot véi ché do
truot Quasi dé kiém nghiém hiéu qua ciia phuong phap nay va duoc thuc hién nhu sau [12]:

- Thay ham signum bing ham b&o hoa (Saturation)

Phuong trinh toan hoc cua ham bao hoa dugc mo ta nhu (9):

1 s(t)>A
sat(s(t)) ={xs(t) [s(t) <A Kzi ©
-1 s(t)<-A

A0

Trong d6: A dugc goi 1a “16p bién”. Tin hiéu ham bdo hoa dugc trinh bay nhu Hinh 1.

4 sat(f‘%’) 10 - Luc tac dong
/ l (v
! 05/
i Vi tri
s » s(t) -1 -5 I." 5 10 m 1 y(t)
e .fl -05
e
o 1
Hinh 1. Tin hiéu ham béo hoa Hinh 2. Tin hiéu ham tanh Hinh 3. M6 hinh hé thong giam

. X6c — vat — 10 xo
- Thay ham signum bang ham relay

o(s(t)) = —_ (10)

Trong d6: & 1a hing sé duong rat nho

- Thay ham signum bang ham tanh

Phuong trinh toan hoc ciia ham tanh dugc moé ta nhu (11):
s() - s(y)

tanh(s(t)}z € —¢e” (11)

& stt) st
eé +e¢

Vé6i £>0, do dbc ciia ham tanh duoc xac dinh bai gié tri cua « .

Tin hiéu ham tanh dugc trinh bay nhu Hinh 2.
3. Pidu khién hé théng giam xdc — vat — 10 xo véi b diéu khién truot dua vao ché d¢ tret Quasi
3.1. M6 hinh toan hec ciia hé thong gi@gm xoc — védt — 10 xo

M6 hinh hé théng giam x6c — vat — 16 xo gém vat c6 khdi lugng m; hé sé giam xdc d va 1o xo
v6i do cung k dugc trinh bay nhu Hinh 3 [14]:

Tong cac luc theo moi phuong bang 0, ta c6 (12):

Y'F,=0 (12)
f(t)—my(t)—ky(t)—dy(t)=0
= f(t)=my(t)+dy(t)+ky(t)
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d K 1
SY(t)+—y(t)+—y(t)=—1(t (14)
| TORSTORTOREYD
V6i: m la khoi lugng cua vat (kg); d 1a hé so giam xoc (Ns/m) va k 1a d¢ cting 10 xo (N/m).
bat bien trang thai theo cac qui tac [6], ta duogc (15), (16) va (17):

X (t)=y(t) (15)
% (1) =% (1) =¥ (1) @9
=%, (1) =% (1)= (1) an
T (17) va (14), ta dugc (18):
% (0)=9(0) =1 ()-Sy(0)-Sy(0) 1®)

Khong gian trang thai cta hé théng giam xdc — vat — 10 xo nhu (19) va (20):

; 0 1 0
{Xl(t)}_ C {Xl(t)}+ 1 lu) -

i (1) TOINE

y(t)=x(t) =L o]&((?)}wu(t) @)

Trong d6: f (t) = u(t) 1a tin hiéu ngd vao; y(t) la tin hi¢u ngd ra — vi tri ctia vat.
3.2. Thiét ké bg diéu khién trwet duwra vao ché dé triret Quasi cho hé thong
“Trong phan nay, nghién ciu s& thiét ké bo diéu khien truot dya vao ché d¢ truot Quasi cho h¢
thong giam X0c — vat — 10 xo0. Bo diéu khién truot bao gom luat dieu khién dang tri va diéu khién
chuyén mach nhu (21):
Ugye (1) = Ugy (1) +Ug, (1) (22)
Trong do: U, (t) 1a luat diéu khién dang tri va u, (t) la luat diéu khién chuyén mach.
Mat truot dugc mo ta nhu (22):

m m

s(t)=é(t)+ce(t) (22)
Véi ¢ >0 lathdng sb hiéu qua dam bao hé théng on dinh.
Sai s6 va dao ham sai s6 nhu (23) va (24):

e(t) =y, (t)-y(t) (23)
é(t) =Y, (t)-y(t) (24)
Trong d6: Y, (t) 1avi tri tham chiéu va y(t) 1a vi tri thuc té ctia hé thong giam xoc — vat — 10 xo.
L4y dao ham cua (22), ta duoc (25):
$(t)=8(t)+cé(t)=cé(t)+ Y, (t)—-¥(t) (25)
Thé (14) vao (25), ta duoc (26):

$(t)=cé(t)+ 9, (t)+%x1(t)+%x2 (t)

1
-=f(t) (26)
Trén mit truot: s(t)=0—>3$(t)=0
Luat diéu khién déng tri dugc tim nhu (27):
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: . . k d 1
$(t)=cé(t)+Yy, (t)+ax1(t)+ax2 (t)—E f(t)=0
Uy, (t) = meé(t) +my, (t)+kx, (t)+dx, (t) (27)
Luat diéu khién chuyén mach lity thira dugc mo ta nhu (28):
u, (t)=mign(s(t))+ Bs(t) (28)

Trong d6: 7>0;3>0. Gia tri ciia ;7 cang 16n thi quy dao s& hoi tu dén mit trugt nhanh hon.
Két hop (27) va (28), ta c6 luat diéu khién truot dugc mo ta nhu (29):
Ugyc (t) =meé(t)+my, (t)+kx, (t)+dx, (t)+nsign(s(t))+ Bs(t) (29

Dé chirng minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhu (30)

v(t) :%Sz(t) (30)
Dao ham cua V ('[) nhu sau:
V(t)=s(t)s(t)
=Sl0] 6045 0 0 o)1 Ty (<tt)>f2§?g(§i§<§3(ﬁks<t>

= s(t)(-rsign(s(t)) - A5(1))= s (1) Bs(t) <0

Luat didu khién truot (29) dam bao vi tri thyc té cua hé thong giam xoc — vat — 16 xo bam theo
vi tri tham chiéu. Tuy nhién, luat diéu khién (29) s& gay ra hién dao dong vai tan s6 cao & tin hiéu
diéu khién quanh quy dao pha. Bé khic phuc hién twong nay, nghién ciru sir dung phuong phap
diéu khién truot véi ché do truot Quasi va kiém nghiém hiéu qua cia phuong phap nay trong
diéu khién vi tri hé thdng giam xoc — vat — 10 xo, cu thé nhu sau:
- Thay ham signum bang ham b&o hoa
Luat diéu khién truot véi ham bio hoa nhu (31):
Ugyc (t) =mMeeé (t)+my, (t)+kx, (t)+dx, (t) +rsat(s(t))+ Bs(t) (31)
- Thay ham signum bang ham relay
Luat diéu khién truot vai ham relay nhu (32):

Ugye (1) = mCé(t)+my, (t)+kx, (t)+dx, (t )+77‘ (Sg‘t) + fs(t) (32)

- Thay ham signum béng ham tanh
Luat dieu khién trwegt vai ham tanh nhw (33):

Ugye () =meé(t)+my, (t)+kx (t)+dx, (t )+77tanh( ( )j+ﬁs( ) (33)
Luat dleu khién (31), (32) va (33) dam bao diéu khlen hé thdng giam xoc — vat — 10 xo véi sai s6
bam hdi tu vé 0, giam dang ké hién tuong dao dong vai tin sé cao quanh quy dao pha caa mat truot.
3.3. Két qud mo phéng

So d6 md phong bo didu khién truot hé théng giam xéc — vat — 10 xo dua vao ché do truot
Quasi dugc trinh bay nhu Hinh 4:
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u
| -0
-

a *2 x2

—* MASS_SPRING_DAMPER_SYSTEM |9
Ao 7]

i I {smc_cuasi MoDE

D* (-]

+

I =

uwvafn

v

EI"

Hinh 4. So @6 mo phang bé diéu khién trueot hé thang giam xdc — vat — 10 xo dyra vao ché dé trirot Quasi

Céc thong sb cua hé thong giam x6c — vat — 10 xo duoc trinh bay nhu Bang 1:
Bang 1. C4c thdng so cua hé thang giam xoc — vat — 10 xo

Thong sé Y nghia Gia tri Pon vi
m Khdi lwong cua vat 2 kg
k Do cing 16 xo 3 N/m
d Hé s giam x6c 5 Ns/m

Céc thong sb cua bo diéu khién trugt dwa vao ché do truot Quasi duge trinh bay nhu Bang 2:
Bang 2. Cac thong so cua bg diéu khién truot dua vao ché dg trurot Quasi
Thong sé c n B¢ o A
Giatri 12 05 3 0,2 025 0,75

Dap (g nac va tin hiéu diéu khién truot hé thong giam xdc — vat — 10 xo véi luat tiép can liy
thira duoc trinh bay nhu Hinh 5. Quan sat dap tng trén Hinh 5 ta thdy rang, vi tri thuc té cua hé
thdng bam theo vj tri tham chiéu voi thoi gian ting 1a 0,263 + 0,001 (s), thoi gian xac lap 1a
0,3969 + 0,0001 (s), do vot 16 12 0,0109 + 0,0001 (%) va sai s6 xac 1ap hoi tu vé 0. Céc chi tiéu
chat lugng cua bo diéu khién truot h¢ thong giam xdoc — vat — 10 xo vai luat tiép cn liy thira
dugc trinh bay trong Bang 3. Tuy nhién, tin hi¢u diéu khién trugt trong truong hop nay xuat hién
dao dong véi tan sb cao (duoc goi la chattering). Dé kiém nghiém giai phép khic phuc hién
tuong ndy, nghién cau tién hanh diéu khién truot voi ché do truot Quasi va dat duoc két qua nhu

Hinh 5, 6, 7 va 8:

Dap ung nac cua dieu khien truot voi luat tiep can luy thua Dap ung nac cua dieu khien truot voi ham Sat
T T T T T T T T T T T T T T T T

]
l; p— [—

!/ - - !/ = = =ysmc
I I I I I I ysme I I I I ! L I Y

0 : . 0
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian (s)
Tin hieu dieu khien truot voi ham Sat
T T T T T T

Thoi gian (s)
Tin hieu dieu khien truot voi luat tiep can luy thua

50

Bien do
Bien do

o
T

-50

0 Of2 074 UTG O.lB ’; 1f2 1{4 176 1.‘8 2 0 0.‘2 0.‘4 0?6 0.‘8 1 1.‘2 1?4 1.6 1.8 2
Thoi gian (s) Thoi gian (s)
Hinh 5. Bdp ing ndc va tin hiéu diéu khién trwot ~ Hinh 6. Ddp g ndc va tin hiéu diéu khién triot
hé thang giam xoc¢ — vt — 10 xo véi lugt tiép can hé thang giam xéc¢ — vt — 10 xo véi ham b&o hoa
liy thira
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Bang 3. Cac chi tiéu chdt hieong bé diéu khién trueot véi ludt tiép can liy thira

Chi tiéu chit lwong Gia tri Pon vi
Do vot 16 0,0109 + 0,0001 %
Thoi gian ting 0,2630 = 0,001 S
Thoi gian xac lap 0,3969 + 0,0001 S
Sai s6 xac lap 0 m

Dap tng nac va tin hiéu diéu khién truot hé thong giam xdc — vat — 10 xo véi ham b&o hoa,
ham relay va ham tanh duoc trinh bay nhu Hinh 6, Hinh 7 va Hinh 8 tuong &ng. Vi tri thyuc té cua
hé thong bam theo vi tri tham chiéu véi thoi gian ting 1a 0,2629 + 0,0001 (s), thoi gian xéac lap la
0,4104 + 0,0001 (s), khong co do vot 16 va sai s6 xac 1ap tién vé& 0 v6i ham bao hoa; 0,2666 +
0,0001 (s), 0,4123 + 0,0001 (s), khong c6 d6 vot 16 va sai s6 xac lap tién vé 0 vai ham realy va
0,263 + 0,0001 (s), 0,395 + 0,001 (s), khong c6 do vot 16 va triét tiéu sai s6 xac 1ap vai ham tanh.
Céc chi tiéu chat lugng ciia bo didu khlen truot voi ché do truot Quasi hé théng giam xo6c — vat —
10 xo0 duogc so sanh véi bo diéu khién cudn chiéu [6], giai thuat di truyén da muc tiéu diéu chinh
PID tuyén tinh [10] va bo diéu khién PID [11] trinh bay trong Bang 4. Quan sat Bang 4 ta thiy
rang, cac chi tiéu chat luong cta phuong phap kiém nghiém vuot troi hon so vei [6], [10] va [11].
Tin hiéu diéu khién truot cua phuong phap kiém nghiém hoi tu vé 0 va it dao dong.

Dap ung nac cua dieu khien truot voi ham tanh
T T T T T T T

Dap ung nac cua dieu khien truot voi ham Relay
T T T T T T T

1 ~ 1 -
. . .
E ’ B ¢
z ’ = ’
Sos- ¢ Zos5r 4
Sos ) = ,
7
,I —vd ’ —yd
0 L L L L L I L L= = Tysme 0 L . I | . L | — T Tysme
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian (s) Thoi gian (s)
150 Tin hieu dieu khien truot voi ham Relay 150 Tin hieu dieu khien truot voi ham tanh
T T T T T T T T T T T

100 - 100 -
o o
o e .
< 50 - .S 50
a oL @ ot

-50 -50 [

. L L L L L | L | L . . . . L . . .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian (s) Thoi gian (s)

Hinh 7. Pdp dng ndc va tin hi¢u dieu khién truot
hé thong giam xdc — vdt — 10 xo voi ham relay

Hinh 8. Ddp iing ndc va tin hiéu diéu khién truot
hé thong giam x4c — vdt — 10 xo vgi ham tanh

Bang 4. Bang so sanh cac chi tidu chdt lwong cua ché do trueot Quasi véi [6], [10] va [11]

Chi tiw Ché 9 trugt Quasi biéukhién  Giai thuat di truyénda  Diéu
chét lwon Ham bé&o Ham Ham cuon chiéu muc tiéu dieu chinh khién
ong hoa relay  tanh [6] PID tuyén tinh [10]  PID [11]
Do vot 16
) 0 0 0 ; 0,7628 9,15
Thoigian 02629+ 02666+ 0,2630
tang (s) 00001 00001 +0001 0286488 - 1,25
Thoigian 04104+ 04123+  0,3950
xiclap(s) 00001 00001 0001 0”32 0,4012 418
Sai 50 xdc 0 0 0 0 0,0021 0
lap (m)

Tin higu diéu khién cua ché d¢ truot Quasi khi c6 nhiéu (nhiéu tring) véi cong suét 0,001 (w)
tac dong ¢ ngd ra cua hé thong duogc trinh bay nhu Hinh 9 va 10. .
Qua két qua mo phong duoc trinh bay ¢ Hinh 6, 7, 8 da chirng minh hiéu qua cua b6 diéu

khién truot voi ché do truet Quasi trong tng dung diéu khién hé thong giam x6c — vat — 10 xo.
Hién tugng dao dong vei tan s cao da dugc khac phuc va hoi tu vé 0. Tinh bén viing cua bo diéu
khién dé xuat dugc kiém chimng vai nhiéu tring thé hién & Hinh 9 va 10.
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o Tin hieu dieu khien truot voi luat tiep can luy thua khi nhieu tac dong Tin hieu dieu khien truot voi ham Relay khi nhieu tac dong
T T T T T T T T T T T T T T

500

ok

Bien do

-500

Bien do

-500 -

-1000 - -1000 -

-1500 L L L L L L L L L -1500 L L L L L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Thoi gian (s) Thoi gian (s)
Tin hieu dieu khien truot voi ham Sat khi nhieu tac dong Tin hieu dieu khien truot voi ham tanh khi nhieu tac dong
T T T T T T T T T T T T T T

500 500

A i
]

-500

or

Bien do

-500

Bien do

1000 F 1 1000 |

-15000 0‘.2 O.‘4 0.‘6 0.‘8 1‘ 1.‘2 1.‘4 1.‘6 ‘ITS 2 715000 0_‘2 0_‘4 076 0.‘8 1‘ 1.‘2 1}4 116 1.‘8 2
. Thoi gi?n (s) , Thoi gian (s)

Hinh 9. Tin higu diéu khién truot hé thong giam Hinh 10. Tin hiéu diéu khién trieot hé thong giam
x0c — vat — 10 xo véi lugt tiep cdn liy thirava ham  xéc — vat — 10 xo véi ham relay va ham tanh khi c6
b&o hoa khi ¢6 nhiéu (nhiéu trang) véi cong suat nhiéu (nhiéu trdng) véi cong sudt 0,001 (w) tac

0,001 (w) tac dong dong

4. Két luan

Trong bai béo nay, bo diéu khién truot dya vao ché d6 truot Quasi dugc thiét ké va kiém
nghiém tinh hiéu qua trong diéu khién vi tri hé thong giam xoc — vat — 10 xo. Cac két qua md
phong dat duoc trong MATLAB/Simulink cho thiy hiéu qua caa phwong phap kiém nghiém, dap
rng vi tri thuc té cua hé théng bam theo vi tri tham chiéu trong thoi gian hitu han. Céc chi tiéu
chat lugng dat duoc ciia phuong phap kiém nghiém tét hon bo diéu khién cudn chiéu, giai thuat
di truyén da muc tiéu diéu chinh PID tuyén tinh, bo diéu khién PID va tin hiéu diéu khién da khéc
phuc hiéu qua hién twong dao dong véi tan sé cao. Céc bo diéu khién két hop s& duoc nghién
ctru, phat trién va ung dung dé diéu khién hé thdng giam x6c — vat — 10 xo dat cac chi tiéu chat
lugng tét hon.
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