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TOM TAT

B¢ diéu khién trueot véi mat truot PI dwa vao bo loc thong thcfp cho hé Zhéng giam xoc —

vét — 10 xo dwoc dé xudt trong bai bao nay. Hé th(fng gidm xoc — vdt — 1o xo la hé théng duwoc s

dung rong rdi trong cdc linh vuc ky thudt, ddc biét la trong cac linh vuc Ty dong hoa va Co

dién tir. BY diéu khién truot v&i mat truot PI da vao bé loc thong thd}? duwoc thiét ké d@é dam

bdo vi tri thuc té cia hé théng héi tu vé vi tri tham chiéu trong thoi gian hitu han va giam hién

tuwong chattering quanh mat truot. Tinh én dinh ciia bo diéu khién dé xudt dwoc chung minh

théng qua phan tich on dinh Lyapunov. Cdc két qua mé phong véi MATLAB/Simulink cho thdy

rc%ng bé diéu khién dé xuat la phu hop dé diéu khién hé lhéng. B¢ diéu khién d@é xudt cho hiéu

qud 1t hon bé diéu khién PID va ky thuat cuén chiéu véi sai sé xdc ldp hoi tu vé 0, khong co do
vot 16, thoi gian xdc lap la 0.2696 (s) va thoi gian tang la 0.1494 (s).

Tir khéa: Diéu khién truot; PI; hé thong giam xéc — vit — 1o xo; loc thong thdp;
MATLAB/Simulink.

ABSTRACT

Sliding mode controller with PI sliding surface based on low pass filter (PISMC LPF) for
the mass spring damper system is proposed in this paper. The mass spring damper system is
widely used in different areas of engineering field applications, especially in automation and
mechatronics applications. The PISMC LPF is designed to ensure the actual position of the
system follows the reference position in finite time and reduce the chattering around the sliding
surface. The robust stability of the PISMC _LPF is proved through a Lyapunov stability analysis.
The simulation results in MATLAB/Simulink demonstrate that the proposed controller is
appropriates to control the mass spring damper system. It provides the better performance the
PID controller and backstepping technique without the percent overshoot, the steady state error
converges to zero, the settling time is 0.2696 (s) and the rise time is 0.1494 (s).

Keywords: Sliding mode control; PI; mass spring damper system; low pass filter,

MATLAB/Simulink.

thiét ké mat truot thich hop [1]. Tuy nhién, 601

1. GIOITHIEU voi bién dd cua ludt diéu khién truot néu

Piéu khién truot 1a mot trong nhiing ky
thuat diéu khién bén viing, bat bién ddi voi su
khong chéc chin cua tham sb va 6n dinh dbi
v6i nhidu. Sw 6n dinh cua diéu khién trugt co
thé dugc dam bao bang cac diéu kién 6n dinh.
Ngoai ra, hi€u Sudt mong mudn cta diéu khién
truot co thé dat duoc béng cach lya chon va

Doi: https://doi.org/10.54644/jte.65.2021.143

khong duogc lya chon phu hop s gay ra hién
tuong dao dong véi tan s6 cao quanh mit trugt
(goi 1a chattering). Hién tugng chattering do su
khong hoan hdo va cham tré thoi gian trong
chuyén mach, do thiét bi truyén dong hang s6
thoi gian nhé [2]. Khi xdy ra hién tugng
chattering & tin higu didu khién, cac mach
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cong suat dé bi qua nhiét dan dén hu hong,
tiéu thu nhidu ning luong va nhiét cho cac bo
phan co khi, hao mon chuyén dong cua cac bo
phén co khi [2]. bé giam hién tugng chattering,
nghién ctru d& xuit thiét ké bo diéu khién truot
véi mat truot PI dua vao bo loc thong thép.
Pay 1a bo didu khién két hop gitra bo dicu
khién truot ty 18, diéu khién truot tich phan va
b6 loc théng thip. Hiéu qua ctia b diéu khién
dé xut duoc kiém chung voi hé thdng giam
x0c — vat — 10 xo.

Trong nhitng nim gan day, hé thong
giam x6¢ — vat — 10 xo dugc st dung rong rai
trong cac linh vua k¥ thuat [3], dac biét 1a
trong cac ung dung: diéu khién tay may robot,
hé thdng treo xe bus va cac tmg dung trong
diéu khién vi tri [4, 5]. Hé giam x6c — vat —
16 xo dugc nhiéu nha khoa hoc quan tim va
nghién ciru, dién hinh nhu:  trong nghién ctru
[3] da str dung k¥ thuat cubn chiéu, trong [4]
da tién hanh danh gia hiéu qua cua bo diéu
khién PID va LQR, trong [5] dé thyuc hién mo
phong v6i Simulink, Simelectronics va diéu
khién PD, nghién ctru [6] dd xac dinh cac
thong sd t6i uu cia bo diéu khién PID tuyén
tinh va phi tuyén, cac bo diéu khién P, PI, PD
va PID da duoc thiét ké trong [7], trong [8]
da phan tich sy san sinh entropi va dap tng
dong st dung toan tir phan s6 phu hop.

Trong bai bao nay, trude hét, bd dicu khién
PISMC_LPF s& duoc thiét ké dé diéu khién vi
tri thuc t& ctia hé thong giam xéc — vat — 10 xo
bam theo vi tri tham chiéu trong thoi gian hitu
han. Tht hai, cdc chi tiéu chit lugng cua bo
diéu khién dé xuit s& dugc so sanh véi bo dicu
khién PID va k¥ thuat cudn chiéu.

) Béi’ bao nay du'(_)rcq t6 chirc gdm 4 phan:
thiét ké bo diéu khién PISMC_LPF dugc
trinh bay ¢ phan 2, phan 3 trinh bay két qua
mo phong va danh gia va phan 4 1a ket luan.
2. THIET KE BQ PIEU KHIEN TRUQT

VOI MAT TRUQT PI DUA VAO BQ
LQC THONG THAP (PISMC_LPF)
2.1 Mb hinh toin hoc ciia hé théng giam
x0c — vat —10 xo
Mo hinh hé théng giam x6c — vat — 10 xo
g0m vat c6 khdi lwong m; hé s6 giam xoc d

va 16 xo voi 4o cing k dugc trinh bay nhu
Hinh 1 [9]:

Lirc téc déng

l f(H

Vi tri
l y(t)
m

——
——
k== d

Hinh 1. M6 hinh hé théng giam xéc — vt — [0 xo

Phuong trinh khong gian trang thai m6 ta
hé thong giam xo6c — vat — 1o xo nhu (1), (2)
va (3) [9]:

% (1)=x(1) (1
(=K (- 1
X, (1) = mxl(t) mxz(t)erf(t) (2)
Va ngo ra:
(1)=x(t) (3)
0 1 0
Trongdo: A=| k 4|, B=|1
mom m
Cc=[1 0]

Vé6i: m 1a khéi luong cia vat (kg); d 1a hé s6
giam xoc (Ns/m) va k 1a @6 cung 10 xo (N/m).

Trong d6: f(¢) 1a tin hiéu ngd vao; y(¢) 1a tin
hi€u ngo ra — vi tri cua vat.

2.2 Thiét ké by diéu khién PISMC_LPF

So dd cau tric by didu khién
PISMC_LPF dugc trinh bay nhu Hinh 2 sau:

val) B& ﬁ_iéu Al Bs Bi&: | pa |20
khien — | chuyen — P
N PISMC dol T

Hinh 2. So do céu tric bé diéu khién
PISMC LPF

Trong Hinh 2, £(7) 1a tin hiéu diéu khién
40, f(f) 1a tin thiéu diéu khién thuc t&. Bo
chuyén doi (dugc goi 1a Driver) dugc su
dung dé thuc hién chirc ning chuyén doi tin
hi€u dién & ngd ra cua b diéu khién sang tin
hiéu luc cung cép cho ngd vio cta hé giam
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x6c — vat — 10 xo. Dé gjém hién tuong
chattering, bd loc thong thap duoc thiét ke
nhu (4) sau [10]:

__B .
Q(S)_S+ﬂ,ﬂ>0 (4)
Tu Hinh 2, ta ¢6 (5):
F()+Bf(1)=51,(1) (5)
Tu (1) va (2), ta c6 (6):

5 (1) = —%xl (t)—%xz(t)Jr% OG0

Thé (3) vao (6), ta dugc (7):

)= x () s (e () O

Thé (7) vao (5), ta duoc (8):
myi (1) + ke, (1) +di, (1)

+ B m3 (1) +kx, (1) +dx, (¢) |= 81, (1) ®)
Va
'y"(t)=§ﬁ(t)—%xl(t)_%x2(t)
)

. k d
A=A ()= ()
Sai s6 bam duoc dinh nghia nhu (10)
e(1)=,(1)=»(1) (10)

Trong do: y, (t) 14 vi trf tham chiéu, y (t) la vi
tri thuc té cia hé théng giam xoc — vat — 10 xo.
Mit trugt dugc dinh nghia nhu (11) [11]:

S(t)=S(2)+5,(t) 1)
Trong do:
S,(¢) 1a mit trugt ty 1¢:
dZ
S, (t)z(?+/1je(t) (12)

S, (t) la mat truot vi phan:

Sz(t)=(i+aj2 & (1); é(r)=je(r)dr (13)

di )
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Thé (12) va (13) vao (11), ta dugc (14):
S(t)=5,(1)+S,(1)

:(j—;+ﬁ]e(t)+(%+ajz & (1)
:é(t)+é(t)+(/1+2a)e(t)+a2.:[e(r)dr

(14)
Pao ham 2 vé cua (14) theo thoi gian, ta
duoc (15):

$(1)=(0)+ (1) + (A+2a)e(t)+ e 1)
_y, (z)+£>‘cl (z)+(%+ ﬂjfcz(t)

N ,B%xl (1) + ﬂ%xz(t)

(15)

Vi luat tiép can tdc do héng nhu (16):
S(t)=-wsign(S(t)), W >0 (16)
Luat diéu khiér} truot voi mat trugt PI dua
vao bd loc thong thap dugc xac dinh nhu (17):

k .
Upisvc Lpr = %yd (t) +Exl (t)

+(%+msz (£)+Fex, (1) +dx, (1)
m(é(z)+(/1+2a)é(t) J

+_
B\ +a’e(t)+ Wsign(S(t))

7)
~ Luat diéu khién (17) dam béo vi tri thuc
t€ cua hé thong giam xoc — vat — 10 xo bam
theo vi tri tham chi€u trong thoi gian hitu han.
Pé chimg minh tinh 6n dinh, ham

Lyapunov dugc dinh nghia nhu (18):

1

V(z)zgsz(z)

Thé (15) va (17) vao dao ham (18), ta
duoc (19):

(18)
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V(t)=S(t)S(t)

=S ()| Wsign(S (1)) |=-m|S ()| <0 1

Trong d6, W >0. Thém vao do, sai s e(?)
s& hoi ty vé 0 dén theo S(¢) - Okhi 7 — oo.
Vi thé, e(t),é(t) >0 khi ¢ — .

3. KET QUA MO PHONG

Céc thong sb ctia hé théng giam xoc — vat
—10 x0 dugc trinh bay nhu Bang 1 [9]:

Bing 1. Cdc théng s6 ciia hé théng giam xoc

—vat—lo xo
Th‘}“g Y nghia Gl.a DPon vi
0] tri :
m thl lugmg 2 kg
cua vat
g | Pocimglo | g N/m
X0
d He S0 glam 5 Ns/m
x0cC

Gia tri cac thong s6 cia bo diéu khién
PISMC_LPF dugc trinh bay nhu Bang 2:
Bing 2. Cdc thong sé ciia bé diéu khién

PISMC LPF
B) diéu khién | Thongsé | Gida tri
a 25
y) 10
PISMC_LPF
- w 1.5
yij 25

So d6 mod phong bo didu khién
PISMC_LPF duogc trinh bay nhu Hinh 4:

ﬁ Y @
I as beta . .
PISMC Data Convert u < x1
s + beta
Driver =2
Mass Spring Damper

Hinh 4. So do mé6 phong bé diéu khién
PISMC LPF
i Ké"g qua dap ing nic va sai s6 ctia bo dicu
khién dé xuat dugc trinh bay nhu Hinh 5. Qua
dap ung ¢ Hinh 5 cho thay rang vi tri thuc t&

ctia hé thong bam theo vi tri tham chiéu trong
thot gian khoang 0.2696 (s), khong c6 vot 16
va sai s xac 1ap hoi tu vé 0. Cac chi tiéu chat
lugng cua bd diéu khién PISMC _LPF duoc
trinh bay ¢ Bang 3.

1 [ —
0.5 /

Dap ung nac cua PISMC-LPF

Bien do (m)

- = =yd

0 yPISMC-LPF
0 02 04 06 08 1 12 14 186 1.8 2
Sai so cua PISMC-LPF
1
E
Sos
c
0
a \
0 S ——

0 0.2 0.4 06 08 1 1.2 14 16 1.8 2
Thoi gian (s)

Hinh 5. Dap ing ndc va sai s6 ciia bé diéu
khién PISMC LPF

Bing 3. Cdc chi tiéu chat lwong ciia bo diéu
khién PISMC LPF

Cac ch,i
tiéu chat
luwong

POT éx1

tr (S) (%) tx1 (S) (m)

PISMC

LPF 0.1494 0

0.2696 0

PID[7] | 125 |9.15| 418 | -

Back -
stepping
[3]

0.286 - 0.5265 0

Céc gia tri & Bang 3 cho thiy rang cac
chi tiéu chat lugng ciia bo didu khién dé xuat
vuot trdi hon céc chi tiéu cua b diéu khien
PID [7] va k¥ thuét cudn chiéu [3] véi thoi
gian tang (%) 1a 0.1494 (s), thoi gian xac lap
(tx1) 12 0.2696 (s), triét tiéu do vot 16 (POT)
va sai sO xéac 14p (ex). Hinh 6 trinh bay dap
{mg tin hiéu diéu khién 4o fi(¢) (trudc bo loc
thong thap) va tin thiéu didu khién thuc té £{r)
(sau bo loc thong thap) Qua dap tmg ¢ Hinh
6 cho thay rang bo diéu khién dé xuit da triét
tiéu dugc hién tuong chattering quanh mat
trugt va tin hiéu diéu khién thuc t& f(7) co
bién d¢ khoang 381.57 (N), bién do nay nhd
hon khoang 11 14n so véi bién do cua tin hiéu
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diéu khién 4o £,(r) 1a 4160 (N). Pidu nay di van bam theo vi tri tham chiéu trong thoi

chting minh hiéu qua cta bd loc thong thip  gian hiru han.

trong bo diéu khién két hop duoc d& xuat
trong nghién cuu nay.

Tin hieu dieu khien cua PISMC

4000

3000

do

2000

en

B

1000

Q 02 04 06 08 1 12 14 16 18 2

Tin hieu dieu khien cua PISMC-LPF

T
Q 0.2 04 06 0.8 1 12 14 16 1.8 2
Thoi gian (s)

Hi(zh 6. pdp ung tin hiéu diéu khién ciia bo
diéu khién PISMC LPF trucdc va sau bg loc

Két qua dap g xung since va sai sd ciia
bd diéu khién dé xuat dugc trinh bay nhu
Hinh 7. Qua dap tmg ¢ Hinh 7 cho thiy ring
vi tri thuc té cua hé théng van bam theo vi tri
tham chiéu trong thoi gian hiru han véi sai s6
bam héi tu vé 0.

Dap ung since cua PISMC-LPF

| A N\
~ 05 /
E N\ / \
S o A
5 /
2 \ /
205
\ / - myq
. \J YPISMC-LPF
0 1 2 3 4 5 6 7 8 9 10
«107 Sai so cua PISMC-LPF
2
€1
g, e ——
5 r_’
@
K
-2
0 1 2 3 4 5 6 7 8 9 10

Thoi gian (s)

Hinh 7. Ddp vng xung since va sai $6 clia bo
diéu khién PISMC LPF

Bo diéu khién dé xuat duoc khao sat voi
truong hop nhiéu tac dong vao ngd ra ciia hé
thng voi dép tmg dugce trinh bay ¢ Hinh 8.
Qua két qua thé hién & Hinh 8, dap ung vi tri
thuc té cua hé théng giam x6c — vat — 10 xo

Dap ung nac cua PISMC-LPF voi nhieu

.J 1
- ‘qmw"' ,;'h"?f‘v‘fb' {‘6 yﬁMWW

-F

o
o

Bien do (m)

} —d
/ — — —yPISMCLPF

0 02 04 06 08 1 12 14 16 18 2

N

— — —yPISMC-LPF
6 7 8 9 10

Dap ung since cua PISMC-LPF voi nhieu

Bien do (m)
o o

Thoi gian (s)

Hinh 8. Dap vng ndc va since cua bo diéu
khién PISMC LPF voi nhiéu

Qua cac dap ung dugc trinh bay ¢ Hinh
5,7, 8 va tin hi¢u diéu khién & Hinh 6 d cho
thiy bo diéu khién dé xuat phu hop dé diéu
khién hé théng giam xoc — vat — 10 xo.

4. KET LUAN

Bai bdo da thiét ké duoc bo didu khién
trugt véi mat truot PI dua vao bd loc thong
thap diéu khién bam vi tri hé thong giam xoc
— vt — 10 xo0. Cac két qua md phong voi
MATLAB/Simulink cho thay hiéu quéa cua bo
diéu khién dé xuat voi cc chi tiéu chat luong
dat duogc tt hon so véi bo diéu khién PID
truyén thong va ky thuat cudn chiéu, dong
thoi triét ti€u dugc hién tugng chattering cua
tin hiéu diéu khién. Tinh bén viig cta bo
diéu khién dé xuit dugc khao sat voi su thay
ddi cua tin hiéu tham chiéu va su tac dong
ctia nhiéu. Trong thdi gian téi, nghién ciu s&
thuc hién mo hinh thyc nghiém véi bd diéu
khién dé xut, trong d6 solenoid hodc cam
bién luc (chéng han nhu Model No. CI-6537
cua PASCO) s€ dugc su dung dé két nbi tin
hiéu diu ra cta bo diéu khién va tin hiéu dau
vao cua hé giam xdc — vat — 10 xo. Ngoai ra,
nhom nghién ciru s& tiép tuc phat trién va
thyc hién cac bo diéu khién lai dé diéu khién
hé thdng nay dat hidu qua tét hon.
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