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TOM TAT

Trong bai béo nay trinh bay bd didu khién PID cho van dé diéu khién vi tri co khi nén
tao (PAM) két hop bo diéu khién PI cho ap sudt vao/ra PAM. M6 hinh thyc nghiém duoc
thiét 1ap nham chtng minh tinh kha thi ctia bo diéu khién. Thuat toan diéu khién duoc
thuc hién trén phan mém MATLAB/Simulink thong qua mach diéu khién nhing thoi gian
thuc TI C2000 dé diéu khién ap sudt khong khi vao/ra co nhan tao khi nén, tir d6 kiém soat
vi tri co. Két qua nghién ciru cho thiy kha ning kiém soat vi tri ctia bo diéu khién PID-PI
v6i cac hé s6 tim duge bang phwong phép thir sai 1 kha tét voi sai sd gan bang 1.5%, gan
nhu khong ¢6 vot 16 va thoi gian xac 14p 14 1 gidy. Ngoai ra con ¢o thé thay duoc sy anh
huong cua tai treo dbi voi dap ting cta hé qua két qua ctia bo diéu khién ap suét.

Tir khéa: Co nhan tao, b diéu khién PID, thiét bi truyén dong.

ABSTRACT

In this paper, a PID controller is proposed for the position control of the pneumatic
artificial muscle (PAM) combined with the PI controller for the air pressure in/out of the
PAM. An experimental model was set up to demonstrate the feasibility of the controller.
The control algorithm was implemented on the MATLAB/Simulink sofiware through the
TT C2000 real-time embedded control circuit to control the air pressure in/out of the
pneumatic artificial muscle, thereby controlling the muscle position. The results show
that the ability to control the position of the PID-PI controller with the coefficients found
by trial and error is quite good, with an error of close to 1.5%, and there is almost no
overshoot, and the set time is one second. In addition, the effect of the suspension load on
the system response is observed through the results of the pressure controller.

Keywords: artificial muscle, PID controller, transmission equipment.

1. GIOI THIEU luong cao [4]-[6]. PAM gom ba thanh phan
Thiét bi truyén dong co nhan tao khi chinh: sgi bén bén ?goéi, bong cao su bc?n
nén (PAM) cho thiy tiém nang to 16n trong ~ trong, nap day va cong nap/xa khi. Khi cap
linh vie nguoi mdy [1] va thiét bi phuc héi ~ khi vao PAM thi PAM s€ co lai, duong kinh
chtc nang [2], [3] do su ndi bat vé ddc tinh  tdng 1én va chidu dai giam xudng tir d6 sinh
ti 18 luc/khoi lugng va momen xoan/khdi  ra luc kéo doc truc. Nguoc lai, khi khi nén
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duoc x4, PAM s& dan ra va dan tro lai trang
thai ban dau. Lyc co va chiéu dai PAM phu
thudc vao ap sudt cAp vao bén trong PAM
[7]-[9]. Mic du c6 nhiéu dic tinh c6 loi,
nhung tinh phi tuyén cao [10]-[13] va hién
tuong tré [14]-[16] khién viéc kiém soat
PAM gap nhiéu khé khan, c6 nghién ctru da
cha y dén van dé phirc tap nay [17]. Nghién
cuu nay dé xuit bo diéu khién PID cho viéc
kiém sodt vi tri PAM va bo diéu khién PI
& vong trong cho viéc kiém soat ap sut
trong PAM, ddy 1a bo diéu khién don gian,
khong doi hoi thiét bi diéu khién manh nén
dé dang st trong cac ung dung dan dung va
cong nghiép. Phan con lai cua bai bao duoc
sap xép nhu sau. Phan 2 cung cap ndi dung
clia nghién ciru bao gom (1) phuong phép
nghién ctru, trong d6 gidi thiéu vé thiét bi
thuc nghiém va thuat toan diéu khién. (2)
trinh bay cac két qua thir nghiém va thao
luan. Cubi cung, phﬁn 3 1a két luén.

2. NOI DUNG

2.1. Phwong phap nghién ctiru

2.1.1. Thiét bi thwe nghiém

Viéc thuc nghiém duoc tién hanh trén

ISSN 2615-9945

PAM cua hang FESTO (loai MAS-20-
200N), c6 duong kinh 20 mm va chiéu dai
200 mm khi ¢ trang thai ban dau. Dya trén
datasheet dugc cung cip tir FESTO, PAM
c6 thé co tdi da 25% so voi chiéu dai ban
dau & ap suat 6 bar. B¢ dich chuyén duoc
do bang cam bién khoang cach KTC cua
hang AccuracyTM c6 khoang do tir 0-100
mm va ap sudt bén trong PAM dugc do
bang cam bién 4p suat SR13002A co diy
do tir 0-10 bar cua hang Georgin. Khi nén
dugc cung cép thong qua van ti 1& didu
huéng 5/3 (FESTO loai MPYE-5-1/8-HF-
101B). Tét ca dit liéu I/O déu dugc nhap va
xudt bai bd vi diéu khién C2000 cta hing
Texas Instruments (loai TMS320F28379D
LaunchPAD), dugc nhung vao may tinh
thoi gian thyc. Cac thudt toan diéu khién
va do ludong dugc thyc hién dua trén phan
mém MATLAB/Simulink. Tat ca dit li¢u
1/0 duoc truyén bai bo vi diéu khién Texas
Instruments C2000 (loai TMS320F28379D
LaunchPAD). Bé thu dugc cac két qua trinh
bay trong nghién ctru, md hinh tong quat va
mo hinh thyc nghiém dugc trién khai theo
hinh la, b.

Tin hiéu DAC
ook Van khi nén .
Khi nén_|seunusng e g;;mavm tin hiéu ADC
TIC2000 = —
y I TMS320F28379 e |
| At P
‘ - Tin hiéu ADC
o Cam bién

dich chuyé

Tai

a)

Hinh 1. a) Mé hinh téng qudt; b) Mé hinh thuc nghiém

2.1.2. Bj diéu khién

Céu trac bo dicu khién cia hé thong
duoc trinh bay trong hinh 2, vdi hai vong
diéu khién. Trong d6, vong diéu khién bén
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trong st dung b diéu khién PI cho viéc
kiém soat 4p suat, diéu nay dam bao cho
viéc kiém soét vi tri PAM bang bo diéu
khién PID vong diéu khién bén ngoai.

TAP CHi KHOR HOC | rsno 25025



Joupnal ol[ Science - V L U T E

ISSN 2615-9945

m— PID PI 2 4l
Diéu khién [ Kiém soatsp epp|  VaRdicu PAM ol
diéu khién vi tif sult huéng ti 1é PAM

Cam bién
vi tri

Hinh 2. Cdu tric B6 diéu khién PID-PI

B diéu khién PI: Bo diéu khién ti 1¢ P
1a da cho viéc kiém soat hé bac nhat nhu ap
sudt. Tuy nhién, 4p suét trong PAM khong
chi phu thudc vao tinh phi tuyén cua luu
luong khi di qua van diéu huéng ma con
phu thudc vao su thay d6i thé tich, nhiét
dd khong khi va su ro ri khong khi qua
van. Do d6, thanh ph?ln [ dugc thém vao dé
loai bo cac trang thai khong 6n dinh. Bing
cach thir sai, thong sb ctua b diéu khién PI
dugc xac dinh lan luot, Kp 14 0.9 va Ki 1a

e | g

e%x

65% L

PID

P ref
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Cam bién vj tri Cam bién ap suat

6.01666. Bo diéu khién PI cho viéc kiém
soat 4p suat dugc gitr khong doi trong tat ca
cac thyc nghiém cta nghién ctru.

B diéu khién PID: Bo diéu khién PID
0 vong ngoai dugc xay dung cho muc dich
kiém soat vi tri PAM thong qua pham mém
MATLAB/simulink dwgc thé hién trong
hinh 3. Vi cac hé s Kp, Ki, Kd tim dugc
tir phuong phap thir sai 1an luot 1a 0.116,
1.103, 0.009.

Van khi nén diéu huéng ti 18

Hinh 3. Chuong trinh diéu khién trén phdn mém MATLAB/Simulink

2.2. Két qua va thio luin

Trong qua trinh nghién ciru b diéu
khién vi tri cho PAM, st dung tin hi¢u vao
12 ham nic va treo vat c6 tai trong 25 kg di
thu duoc nhitng két qua nhu sau:

2.2.1. Pap g ap suit ciia van khi nén

Nghién ctru tién hanh thyc nghiém
v6i hai tin hiéu dau vao khac nhau 1a ham
nac (hinh 4) va xung vudng co tan s6 0.1
Hz (hinh 5) trong viéc danh gid kha nang
kiém soat ap suat ctia bo diéu khién PI. C6
thé nhan thay rang thoi gian qua do cua tin
hiéu 1a 1.5 gidy, c6 d6 vot 16 1a 0.3 bar 1a
du tot dé tién hanh xay dung bo diéu khién
vi tri & vong ngoai. Bén canh do, dap Gng
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canh xudng chdm hon dap tmg canh 1én
12 do PAM Ila thiét bi hut khi mét chiéu,
nén dap Gmg canh xudng phuy thudc vao tai
trong cua vat treo. Tai trong cua vat treo
ning hon thi dép tng cua canh xudng s&
nhanh hon.
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Hinh 4. Bdp (ing cda dp sudt véi ddu vao la Step sau
khi tinh chinh.
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Hinh 5. Ddp tng dp sudt véi ddu vao la xung vuéng
sau khi tinh chinh
2.2.2.Pap ung cia bd diéu khién
PID véi cac hé so dwge tim bang phwong
phap Ziegler-Nichlos (Z-N)

Thuc nghi¢m trén mo hinh thu dugc h¢ s0
Kgh = 6 va Tgh = 0.204 giay. Tur d6 xéc dinh
cac hé sé Kp =3.6, Ki = 35.29 va Kd = 0.09.
Khi sir dung bo diéu khién PID véi nhiing
thong s di tim duoc, két qua duoc thé hién &
hinh 6: sai s6 ciia dap tmg vi tri 13 £4%, thoi
gian qua d6 1a 1.5 gidy, do vot 16 1a 35%.

Dap ung Vi Tri (%)
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Khoang cach dich chuyén (%)
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Hinh 6. Ddp ing vi tri véi ddu vao Step
2.2.3. Pap ung caa bd diu khién
PID véi cac hé s6 dwgc tim bang phwong
phap thir sai

Thyc hién thir nghi¢m tim thong s6 bo
diéu khién vi tri bang phuong phap thr sai,
v6i cac hé sd Kp = 0.116, Ki=1.103 va Kd
=6.0166, két qua duoc trinh bay trong hinh
6 nhu sau: thoi gian qua do cua tin hi¢u la
1 gidy, voi sai s6 1 £1.5%, gin nhu khong
¢ vot 16.
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Hinh 6. Bdp iing vi tri véi ddu vao la Step.

3. KET LUAN

Trong nghién ctu nay, hé thdng thuc
nghiém bao gdm PAM va van khi nén tuyén
tinh diéu khién luu lugng khi qua van. Do
d6 can co bo diéu khién kiém soat ap sut
vao/ra PAM thi méi c6 thé diéu khién t6t
vi tri cia PAM. Bén canh d6 viéc ap dung
phuong phap Z-N cho bo diéu khién hai
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tang chua that su tot. Cac hé sé tim duoc
tor phuong phap Z-N duogc dung lam co s&
cho phuong phép thir sai, sau khi tinh chinh
cac thong sd PI kiém soat ap suat va PID
kiém soat vi tri thi két qua dugc cai thién
1 rét, cu thé 1a sai sd giam 25%, thoi gian
xéc lap giam 0.1 gidy va gan nhu khong co
vot 13.
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