JOUPI’ICII ol( Science - \/ L U T E ISSN 261 5-9945

ANH HUONG CUA TAI TRONG DEN VIEC
PIEU KHIEN VI TRI CO NHAN TAO KHi NEN

EFFECT OF PAYLOAD ON POSITION CONTROL
PNEUMATIC ARTIFICIAL MUSCLE

TRAN VINH PHUC"#, NGO HIEU NGHIA', NGUYEN MINH KHAT'
I Trueong Pai hoc Su pham Ky thudt Vinh Long
“Tac gia lién hé: phuctv@vlute.edu.vn

Nhdn bai(Received):31/5/2023; Phdn bi¢n (Reviewed):3/6/2023 ; Chd'p nhdn(Accepted):7/10/2023

TOM TAT

B0 truyén dong co nhan tao khi nén (PAM) 1a mét loai bo truyén dong mé phong sinh
hoc, dang duogc st dung rong rii trong Gmg dung robot mé phong sinh hoc va cac thiét b
phu tro y té. Tuy nhién, cac hé théng PAM thudng c6 d6 phi tuyén tinh cao, dd khong dam
bao va cac dic tinh thay doi theo thoi gian, dic biét 1a anh huong cua khdi luong tai. Dé
danh gia sy anh hudng cua tai trong trong viéc diéu khién vi tri co nhén tao khi nén, trong
bai bao nay, vi tri PAM duoc diéu khién boi bo didu khién vi tich phan ti 1& (PID) trong
nhiéu truong hop tai trong khac nhau. Két qua cho thay sai s6 trung binh binh phuong
(RMSE) ¢6 xu huéng ting dan tir 2.2 mm dén 4.8 mm, khi vi tri dit khac nhau tai 10 mm
va 30 mm vdi cung khéi lugng tai 1a 20 kg. Bén canh do, két qua thuc nghiém tai vi tri
dat 10 mm va thay doi 1an lugt khdi lugng tai 1a 10kg va 25 kg cho thay hé s& 6n dinh hon
khi tai trong tang.

Tir khoa: Co nhén tao, bd diéu khién PID c6 dién, thiét bi truyén dong thong minh,
khi nén, hai vong diéu khién

ABSTRACT

Pneumatic artificial muscles (PAMs) are a type of biomimicry actuators, which are
being widely used in the application of bio-simulation robots and medical auxiliary devices.
However, PAM systems often have high non-linearity, uncertainty, and characteristics
that change over time, especially the effect of load volume. To assess the effect of load
on pneumatic artificial mechanical position control, in this paper, the PAM position is
controlled by a proportional-integral-derivative controller (PID) in various load cases.
The results showed that the root mean squared error (RMSE) tended to gradually increase
from 2.2 mm to 4.8 mm when the placement was different at 10 mm and 30 mm with the
same load volume of 20 kg. In addition, the experimental results at the 10 mm placement
and the change in load mass of 10 kg and 25 kg respectively show that the system will be
more stable as the load increases.

Keywords: artificial muscle, classic PID controller, transmission equipment

1. GIOI THIEU yéu cau hon vé hiéu suét tir cac bd truyén

V6i sy phat trién nhanh chong cia dong va hé thong co dién tir khac nhau
cong nghé ché tao robot, nd mang lai nhiéu  [1]-[3]. La mot thiét bi truyén dong phong
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sinh hoc mdi, co nhan tao khi nén (PAM)
bao gém mot 6ng cao su hinh tru duogc bao
quanh bén ngoai boi mot 16p soi va hai dau
cia PAM dugc bit kin bang nat kim loai.
Khi khi nén dugc bom vao béng cao su bén
trong PAM, “’co” s& ngén lai va tao ra luc
co doc truc; khi giam ap suét, no sé gian ra
va trd lai chiéu dai ban dau [4], [5]. Do do,
PAM chi ¢6 thé cung cép luc co mot chidu
va chiéu dai ctia n6 s& khong bao gio vuot
qué chiéu dai ban d4u khi n6 hoat dong. So
v6i cac bo truyén dong truyén thong (vi du:
dong co va bo truyén dong thay luc), PAM
gidng vai cac co sinh hoc vé hinh dang va
hanh vi. Do d6, PAM dang duoc coi 1a mot
loai thiét bi truyén dong véi nhiéu wu diém
nhu: an toan, sach s¢€, trong luong nhe, ty 1¢
luc/khéi lugng cao, v.v. [6]. Tir nhitg nim
1950, PAM lan dau tién dugc ap dung cho
thiét bi chinh hinh y t& boi nha vat 1y J. L.
McKibben. Ngay nay, PAM, con dugc goi
la co McKibben, né ngay cang dong vai tro
quan trong hon trong nhiéu linh vuc [7],
dac biét 1a trong cac tng dung cua robot
phong sinh hoc, by xuong ngoai va robot
phuc hdi chire nang. Tuy nhién, do ciu trac
hinh hoc phuc tap cua 16p soi bén, do dan
hoi ctia bong cao su, kha ning nén khong
khi cao, ma sat nhot, v.v., hé théng PAM
thuong chiu tic dong cta d6 phi tuyén cao
(vi du: do tré va do rdo), su khong chic
chén, va dic diém thay ddi theo thoi gian.
Do d6, day 1a mot cha dé nghién ctru day
trién vong va day thach thuc dé co duoc
cac mo hinh dong luc chinh xac cta cac hé
thong PAM ciing nhur thiét ké cac bo diéu
khién kiém soat.

Pé dat duoc cac muc tiéu diéu khién
6n dinh vi tri, mot s6 phwong phap diéu
khién duoc trinh bay [8]. BO diéu khién
dao ham-tich phan-ty 18 (PID) va mot sb
bd didu khién PID mé rong thuong duogc
ap dung cho cac hé thong PAM [9]. Mic
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du cac phuong phap PID duoc stra d6i nay
tang cuong tinh manh mé cua phuong phap
PID théng thuong ¢ mot mic do nao do,
nhung hiéu sudt kiém soat cta ching co
thé bj han ché trong mot sé trudng hop do
céc hé théng PAM thudng c6 do phi tuyén
tinh cao, d§ khong dam bdo va cac dac tinh
thay doi theo thoi gian. Do d6, mot sd so
dd diéu khién dua trén mo hinh toan hoc
duoc dé xudt [10]. Mic du da c6 rat nhidu
nd lyc c¢6 ¥ nghia, nhung d6i voi cac hé
thong PAM van con ton tai nhiéu van dé
can nghién ctru. Trong d6 c¢6 sy anh hudng
cua tai trong trong qua trinh diéu khién vi
tri PAM. Dé 1am rd van dé nay, bai bao dé
xudt phuong phap diéu PID kinh dién, d&
dang 4p dung vao viéc diéu khién cac hé
thong khong yéu cau qua khat khe vé vot
16 va thoi gian qua do. Pau tién tién hanh
thuc nghiém cung mot tai trong véi cac vi
tri dat khac nhau. Sau d6 thuc hi¢n thay
ddi cac muc tai khac nhau tai cung mat vi
tri dat. Phan con lai cta bai bao nay duoc
t6 chirc nhu sau. Phan 2 trinh bay phuong
phap nghién ctru, két qua va thao luan. Két
luan dugc trinh bay trong phan thu 3.

2. NOI DUNG
2.1. Phwong phap nghién ciru
2.1.1. Thiét bi thwe nghiém

Viéc thuc nghiém duoc tién hanh trén
PAM cua hang FESTO (loai MAS-20-
200N), c6 dudng kinh 20 mm va chiéu dai
200 mm khi ¢ trang thai ban dau. Thuc
nghiém cho thay PAM dich chuyén 37 mm
& 4p sudt 6 bar véi tai trong 20 kg. Do dich
chuyén duoc do bang cam bién khoang cach
KTC ctia hang Accuracy™ c¢6 khoang do tir
0-100 mm va ap suat bén trong PAM duogc
do bang cam bién 4p sudt SR13002A co
day do tir 0-10 bar cta hang Georgin. Khi
nén duoc cung cap thong qua van ti 1& diéu
hudéng 5/3 (FESTO loai MPYE-5-1/8-HF-
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101B). Tét ca dit liéu I/O déu duoc nhap va
xuat boi bo vi diéu khién C2000 cua hing
Texas Instruments (loai TMS320F28379D
LaunchPAD), dugc nhing vao may tinh
thoi gian thyc. Cac thuét toan diéu khién
va do luong dugc thuc hién dua trén phén
mém MATLAB/Simulink. Tat c4 dit li¢u
1/0 dugc truyén boi bo vi diéu khién Texas
Instruments C2000 (loai TMS320F28379D
LaunchPAD). Pé thu duoc cic két qua
trinh bay trong nghién ctru, mo hinh thuc
nghi¢ém duogc trién khai theo ciu truc &
hinh 1a va mo hinh thyc nghiém dugc thiét
lap ¢ hinh 1b.

Tin hiéu DAC

b ap st in_hiéu ADC
|

Van khi nén
AIr gy hwongy 1e

T1 C2000
TMS320F28379
Launchpad

MATLAB/Simulink
Computer

Tin hiéu ADC

Hinh 1b. Mé hinh thuc nghiém
2.1.2. B diéu khién

CAu trac bo diéu khién ciia hé thong
dugc trinh bay trong hinh 2, v6i hai vong
diéu khién. Trong do6, vong diéu khién
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bén trong sir dung bo didu khién PI cho
viée kiém soat ap suét, diéu nay dam bao
cho viéc kiém soat vi tri PAM béng bo
diéu khién PID & vong diéu khién bén
ngoai.

PID

1yl -
Diiukiién [ Kiémsoitap (=] h\“,“d'?‘l', PAM
it st gt
Cambidn |

dpsuit |
Cambicn |,
dogic |

Vitrican
diéu khién

Hinh 2. Cdu tric B diéu khién PID-PI

Str dung phuong phap chinh dinh dua
trén dép ung cta hé nhu sau:

- Pat Ki =Kd = 0. Tang Kp dén khi hé
thong dao dong tuan hoan.

- Pit thoi gian tich phan Ti bang chu
ky dao dong dé xac dinh hé sb Ki

- Piéu chinh lai gia tri Kp cho phi hop.

- Néu c6 dao dong thi diéu chinh gia
tri Kd.

B¢ diéu khién PI: Bo diéu khién ti
1& P 1a du cho viéc kiém soat hé bac nhat
nhu 4p suét. Tuy nhién ap suit trong PAM
khong chi phu thudc vao tinh phi tuyén cta
luu lwong khi di qua van diéu huéng ma con
phu thudc vao su thay doi thé tich, nhiét do
khong khi va su ro ri khong khi qua van. Do
d6, thanh phan I dugc thém vao dé loai bo
cac trang thai khong 6n dinh. Thong sb cua
b diéu khién PI dugc xac dinh 1an luot, Kp
1a 1.45 va Ki 1a 3.87. B9 diéu khién PI cho
viéc kiém soat ap suét duoc giir khong doi
trong tat ca cac thuc nghiém ciia nghién ctru.

B¢ diéu khién PID: Bo diéu khién
PID ¢ vong ngoai dugc xay dung cho muc
dich kiém soat vi tri PAM thong qua pham
mém MATLAB/simulink. Véi cac h¢ sb
Kp, Ki, Kd tim dugc tir phuong phap chinh
dinh dwa vao dap ing cua hé théng 1an luot
1a0.2,1,0.01.
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& céc vi tri dat khac nhau cta bo diéu khién
PID cb dién d6i v6i PAM la kha thi. RMSE
lan luot 12 2.2 mm va 4.8 mm tai vi tri dat
10 mm va 30 mm. Trong khi d6, do vot 16
O tri tri 10 mm cao gép doi vi tri 30 mm la
2.8% va 1.2%. Thoi gian qua do déu vao

khoang 4 giay.

2.2. Két qua va thao luin

Sai s6 xéac 1ap ¢ 2% duoc sir dung 1am
tiéu chuan danh gia cac két qua vé do vot
16 POT va thoi gian qua do trong nghién
ctru. Thir nghiém tha nhit duoc trién khai
v6i cling tai trong 20 kg, két qua dugc trinh
bay ¢ hinh 3 cho thdy kha ning kiém soat
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Hinh 3. Ddp ung ctia hé tai vi tri ddt 10 mm va 30 mm véi tdi trong 20 kg
tiéu chuan sai so xac lap ¢ 2%, gan nhu

Thir nghiém tht hai dwogc trién khai
voi1 cung vi tri dat1a 15 mm va khdi lugng
tai thay d6i lan luot 1a 15 kg, 20 kg va
25 kg. D) thi tai hinh 4 cho thiy bo diéu
khién PID van t6 ra hiéu qua v6i RMSE

khoéng c6 vot 16 & ca 3 trudng hop. Tir do,
thoi gian xac 1ap duoc xac dinh lan luot
1a 2.3 gidy, 2.6 gidy va 2.7 gidy. Diéu nay
cho thay voi tai trong ning hon thi thoi
gian x4c 16n hon.
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3. KET LUAN

Trong nghién ciru ndy, bo diéu khién
PID kinh dién duoc st dung cho viéc diéu
khién vi tri PAM véi cac diéu kién vao
khac nhau. Két qua cho thiy véi tai trong
cang 16n thi thoi gian xac 1ap cang tang, tuy
nhién v6i chénh léch chi 0.4 gidy dbi voi
cac hé thong thuc té 1a co thé chap nhan
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dugc va sai sb xac 1ap gan bang 0 ¢ tiéu
chuan 2%. Pép tng tir cac thir nghiém thay
d6i tai trong c6 thé thy rang khi sir dung
b6 diéu khién PID cho viéc diéu khién vi
tri PAM ¢ tai thép thi do vot 16 cao hon va
tai cang cao thi thoi gian xac 1ap cang cao,
tuy nhién bo diéu khién van to ra hiéu qua
trong viéc kiém soat vi tri PAM.
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