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A . ABSTRACT
Thong tin chung:
Ngay nhdn bai: 31/10/2022 This paper presents the potential of using a classical PID controller for
Ngay nhgn bai sira: 16/11/2022 the position control of a pneumatic artificial muscle (PAM). An
Ngay duyét dang: 28/11/2022 experimental model was developed to demonstrate the feasibility of the
proposed controller. The control algorithm was implemented on the
Title: MATLAB/Simulink software through the TI C2000 real-time embedded
Position control of a control circuit to control the inlet/outlet air pressure of the pneumatic
pneumatic artificial muscle artificial muscle, thereby controlling the muscle position. Experiments
using a PID controller with a position reference command of about 65% of the maximal PAM
contraction under a 25-kg payload showed acceptable transient response
Tir khoa: . with a steady-state error of about £0.35 mm (i.e., £1.5% reference input),
Co nhan tao khi nén, b dieu insignificant overshoot, and a settling time of 1 s. Therefore, the classical
khién PID PID controller can be implemented for position control of a PAM if no
strict requirements are expected for the transient response. These
Keywords: preliminary results also show the potential of future studies in improving
Pneumatic artificial muscle, the controller’s performance, particularly the settling time.
PID controller . .
TOM TAT

Bai bdo nay trinh bay khd ndng sir dung bg diéu khién kinh dién PID dé
diéu khién Vi tri co nhan tao khi nén (PAM). M6 hinh thyc nghiém duoc
thiét lgp nham chirng minh tinh kha thi ciia bo diéu khién dé xudt. Thudt
todn diéu khién dwoc thyc hién trén phd‘n mém MATLAB/Simulink thong
Qua mach diéu khién nhing thoi gian thue TI C2000 dé diéu khién dp sudt
khong khi vao/ra co nhan tao khi nén véi bo diéu khién PI, tir d6 diéu
khién vi tri PAM véi bé diéu khién PID. Thuc nghiém diéu khién vi tri ciia
bé diéu khién PID véi gid tri dat la 65%, khoang dich chuyén 16i da cia
PAM khi s dung vat nang co khoi lwong 25 kg cho két qua khd tot véi sai
50 £0,35 mm (twong vmg +1,5% gid tri dat), do vot o khong dang ké va
thoi gian xac lap la 1 gidy. Nhu vay, bo diéu khzen kinh dién PID ¢ thé
diing dé diéu khién vi tri PAM khi khong c6 yéu cdau khdc khe vé dap img
qua d¢. Két qua ban dau ciing cho thdy kha ndng cdi thién chat lwong diéu
khién, ddc biét doi véi chi tiéu vé thoi gian xdc ldp trong cdc nghién civu
tiép theo.
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1. GIOI THIEU

Thiét bi truyén dong co nhan tao khi nén (PAM)
cho thdy tiém nang to 16n trong linh vuc nguoi may
(Robinson et al., 2015) va thiét bi phuc hoi chuc
nang (Hussain et al., 2017; Merola et al., 2018) do
su ndi bat vé dac tinh ti 18 lyc/khdi lugng va momen
x0an/khbi luong cao (Hunter et al., 1991; Hannaford
et al., 1995; Plettenburg, 2005). PAM gom ba thanh
phan chinh: soi bén bén ngoai, bong cao su bén
trong, nap day va cong nap/xa khi. Khi cép khi vao
PAM thi PAM s€ co lai, duong kinh tang 1én va
chiéu dai giam xuéng tir d6 sinh ra luc kéo doc truc.
Nguoc lai, khi khi nén dugc xa, PAM sé dan ra va
dan tro lai trang thai ban dau. Luc co va chiéu dai
PAM phu thudc vao ap sut cap vao bén trong PAM
(Sarosi et al., 2015; Felt et al., 2016; Doumit &
Pardoel, 2017).

Mic du c6 nhiéu dic tinh c6 loi, nhung PAM co6
d6 phi tuyén cao (Ching-Ping Chou & Hannaford,
1996; Klute & Hannaford, 2000; Bertrand Tondu &
Lopez, 2000; B. Tondu et al., 2005) va c6 hién tuong
tré (S. L. Xie et al., 2020; Shakiba et al., 2021; Al
Saaideh & Al Janaideh, 2022) nén diéu khién vj tri
PAM gap nhiéu khé khin. Nhidu cong trinh nghién
clru da dé xuat giai phap cho van d& kiém soat vi tri
PAM. Mét trong nhitng giai phap chinh 14 bu dép
dong lec thong qua bu ap suit tac dong 1én PAM dé
giam thiéu anh huong cua hién tuong tré. Cac két
qua mo phong va chirng minh boi 1y thuyét dua trén
Lyapunov dugc trinh bay trong mot so nghién da
cho thay tinh kha thi cia nhom giai phap nay (Liu et
al., 2017; S.L. Xie et al., 2018; Ai et al., 2019). Tuy
nhién, viéc xac dinh chinh xac luc tré can bu tao
thém van dé khac cin nghién ciru. Mot giai phap kha
thi khac 1a tap trung thiét ké bo diéu khién du kha
nang thich tng véi hién twong phi tuyén cua hé
PAM. Véi kha nang dap tmg nhanh va c6 tinh bén
viing, bo didu khién khién truot da duoc thiét ké dé
diéu khién hé PAM (Zhao et al., 2019; Lin et al.,
2021). Tuy nhién, phat trién bo dleu khién nay cling
can c¢6 mo hinh toan cua hé thong. Gan day, bo diéu
khién dua trén mang than kinh nhan tao ciing duoc
phat trién va cho thay c6 kha nang cai thién thoi gian
qué d9 va dg chinh xac cao (Chavoshian etal., 2020;
Zhang etal., 2021) nhung doi hoi phan cing c6 nang
lyc tinh toan cao dé c¢6 thé trién khai bo dleu khién
trong diéu kién thoi gian thuc. Co thé thy ring cac
nghién ctru trude ddy da phan yéu ciu mé hinh toan
ctia hé PAM hoic hién tugng tré, gay kho khin trong
viéc trién khai cac hé théng thuc té vai cac thiét lap
da dang va nhiéu yéu t6 anh huong khac nhau.
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Nghién ciru nay dé xuét sir dung bo didu khién
kinh dién PID dé kiém soat vi tri PAM nham danh
gid kha nang tng dung PAM trong céc trueong hop
khong yéu cau khic khe vé dap tmg qua do. Két qua
nghién ctru ciing 12 nén tang so sanh cho cac bo diéu
khién c6 do phirc tap cao hon khi c6 xem xét dén
tinh bén viing hay thich nghi ctia b diéu khién. Vi
thé, bo diéu khién PID duoc thiét ké dé kiém soat vi
tri cia PAM va mot bo diéu khién PI duoc st dung
dé kiém soat 4p suét trong PAM. Phan con lai cua
bai bao duoc sap xép nhu sau. Phan 2 mé ta phwong
phap nghién ciru dwoc mé ta. Phan 3 trinh bay két
qua nghién ctru va thao luan. Két luan cia nghién
ctru duoc trinh bay & phan 4.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bj thuc nghiém

Viéc thuc nghiém duoc tién hanh trén PAM cua
hing FESTO (loai MAS-20-200N), ¢6 dwong kinh
20 mm va chiéu dai 200 mm khi & trang thai ban
dau. Dua trén datasheet duoc cung cap tir FESTO,
PAM c6 thé co d6i da 25% so véi chiéu dai ban dau
& &p suét 6 bar (Festo, 2007). Thuc nghiém cho thay
PAM di chuyén t6i da 36 mm (twong duong 100%
khoang cach dich chuyén) ¢ ap suat 6 bar khi treo
tai 25 kg. P9 dich chuyén duoc do bang cam bién
khoang cach KTC cua hing Accuracy™ c6 khoang
do tir 0-100 mm va &p suét bén trong PAM duoc do
bang cam bién ap suat SR13002A c6 day do tir 0-10
bar ciia hing Georgin. Khi nén dugc cung cp thong
qua van ti I& diéu huéng 5/3 (FESTO loai MPYE-5-
1/8-HF-101B). Céc thuit toan diéu khién va do
luong duoc thyc hién dwa trén phian mém
MATLAB/Simulink. By vi diéu khién Texas
Instruments  C2000 (loai TMS320F28379D
LaunchPAD) giao tiép véi may tinh sir dung giao
thirc UART thong qua két ni USB dé truyén nhan
céc dit liéu I/0. Mo hinh téng quat va mé hinh thuc
nghiém duoc trién khai duoc mé ta & Hinh 1.

2.2. B diéu khién

Hinh 2 trinh bay so d6 khdi cua hé diéu khién
V6i hai vong diéu khién. Vong diéu khién bén trong
su dung bo diéu khién PI dé kiém soat ap suat, dam
bao cho viéc kiém soat vi tri PAM bang bo diéu
khién PID & vong diéu khién bén ngoai. Tin hiéu ra
cua bo diéu khién vi tri 1a khoang cach dich chuyén
(%) s& duoc chuyén dbi thanh tin hiéu vao cia bd
diéu khién ap suét thong qua khéi @6 loi Ked =
6/100. Piéu nay c6 nghia la véi tin hiéu ra cua bo
didu khién vi tri 1a 100% thi ap suit cung cap cho
PAM 1a 6 bar.
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2.2.1. B¢ diéu khién PI cho dp sudt

Trong truong hop dbi tuong diéu khién 1a tuyén
tinh, thiét ké bo dieu khién ti 16 P cho van diéu
huéng co thé du dé kiém soat ap suat cho PAM. Tuy
nhién, 4p suat trong PAM khéng chi phu thuge vao
tinh phi tuyén cta luu lugng khi di qua van diéu
huéng ma con phu thuge vao sy thay doi thé tich,
nhiét do khong khi va su ro ri khong khi qua van.
Do d6, thanh phan I duoc thém vao dé loai bo cac
trang thai khong 6n dinh. Bang cach thi sai, thong
s6 cua bo diéu khién PI duoc xac dinh 1a Kp= 0,9 va
Ki = 6,0. By diéu khién PI thiét ké dé kiém soat ap
suit duoc gitt khong dbi trong tit ca cac thuc
nghiém cua nghién cuu.

Tin hiéu DAC

o [ vanwinen | ) R
Air ik hudmg t & S tin hiéu ADC
1 . .
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/
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puter
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o N
\_dich chuyén
Tai

nghiém

PAM

Hinh 2. So d6 khoi hé diéu khién
2.2.2. B¢ diéu khién PID

Bo diéu khién PID & vong ngoai dugc thiét ké
cho muc dich kiém soat vi tri PAM thong qua phan
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mém MATLAB/Simulink. C4c hé s6 Kp, K, Kp cta
b6 diéu khién dugc tim voi phuong phap Ziegler—
Nichols va phuong phap thir sai.

3. KET QUA VA THAO LUAN

Thi nghiém diéu khién vi tri PAM dugc thuc
hién véi tin hiéu vao 1a ham nic véi vi tri dat 13 65%
khoang dich chuyén t6i da cia PAM (twong tng véi
khoang cach 23 mm), vt nang dugc sir dung c6 khdi
luong 25 kg.

3.1. Pap tng ap suit ciia van khi nén

Pé danh gia kha niang kiém soat ap suét cua bo
diéu khién PI, dap ung ap suét cua van khi nén vdi
hai tin hiéu dau vao khac nhau 1a ham nac (Hinh 3)
va xung vudng co tan s6 0,1 Hz (Hinh 4) dugc khao
sat. Bién d6 ham nic va gi tri trung binh cua xung
vudng duoc chon 1a 3,5 bar 1a gia tri trung binh cua
khoang ap suat hiéu dung (tir 1-6 bar) cua ddi tuong
PAM duoc chon. Két qua thuc nghiém cho thay thoi
gian xac lap (tiéu chuan 2%) ddi véi tin hiéu diéu
khién 12 ham nic va xung vudng lan luot vao khoang
0,5 va 1,5 gidy, do vot 16 khoang 0,3 bar. Két qua
nay c6 thé chip nhan dugc dé tién hanh xay dung bo
diéu khién vi tri & vong ngoai. Bén canh d6, dap ting
canh xubng cham hon dap ung canh 1én 1a do phu
thudc vao tac dong cua tai trong vat treo. Vat treo co
tai trong lon hon thi dép @ng cia canh xudng s&
nhanh hon.
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Hinh 3. P4p tng ap suit véi tin higu diéu khién
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Hinh 4. Pap Gng ap suét véi tin higu diéu khién
l1a xung vudng
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3.2. DPap tng cia bd diéu khién vi tri

Dé khing dinh sy can thiét cua viéc diéu khién
4p sut qua van khi nén béi diéu khién PI duoc trinh
bay ¢ muc 3.1, nghién ctru da thuc hién khao sat diéu
khién vi tri véi bo diéu khién PID khi khong ap dung
bo diéu khién PI kiém soat ap suat van khi nén. Ap
dung phuong phéap Ziegler—Nichols, tir hé sé thuc
nghiém véi dap ung vong kin Kgh= 6 va Tgn = 0,204,
gia tri d6 loi cua bo diéu khién PID tim dugc 1a Kp
= 3,6; K;=35,39 va Kp= 0,09. Bap ttng vi tri cia
PAM véi tin higu diéu khién 1a 65% khoang cach
dich chuyén téi da cuia PAM khéng 6n dinh khi
khong diéu khién 4p suit qua van khi nén (Hinh 5).
Diéu d6 cho thiy sy can thiét cua viéc diéu khién 4ap
Suit qua van khi nén.

~100 = -8
X —Vnndam
= | .
€ 80| pe hién dp sud) | ¢
= =
S g
5 60 £
g 4
S 400 7
Q i o
bS] - 2~<
220
g B
S é: i
B LU LN RINI S

0 5 10 15

Thoi gian (gidy)

Hinh 5. Pp ng vi tri ciia b diéu khién PID
khi khong dieu khién ap suat qua van khi nén

Hinh 6 trinh bay dap tng vi tri cia PAM khi co
diu khién ap sut qua van khi nén sir dung bo diéu
Kkhién vi tri PID ¢6 d6 loi 1a Kp = 3,6; K= 35,39 va
Kp = 0,09. Két qua cho thiy sai s xac 1ap cua dap
ung vi tri la £4% gia tri dat (twong ung la +0,92
mm), thoi gian xac lap 1a 2 gidy, d vot 16 1én dén
53,8%.
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Hinh 6. DP4p tng diéu khién vi tri véi cac d9 lgi
ciia bg diéu khién PID tim bang phwong phap
Ziegler-Nichols

Thyec hién thir nghiém tim thong s6 bo diéu khién
vi tri bang phuong phap thir sai, cac thong sé do lgi
phu hop tim dugc la Kp = 0,12; K, = 1,10 va Kp =
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6,0. Bap ung nic vai vi tri dit 1 65% khoang cach
dich chuyén téi da ciia PAM dugc trinh bay & Hinh
7 cho thay thoi gian xac 1ap coa tin hiéu 1a 1 gidy,
sai s xac 1ap £1,5% gia tri dit (tvong tng 1a £0,35
mm) va do vot 16 khong dang ké. Dap tmg ciing cho
thy h¢ thong bi tré, tuy nhién hé thong khong bi vot
16 va thoi gian xac 1ap ngén hon 1 gidy so véi truong
hop d6 loi cia bo diéu khién dugc xac dinh bang
phuong phap Ziegler—Nichols.
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Hinh 7. Dap g diéu khién vi tri véi cac d§ lgi
cua bg dieu khien PID tim bang phwong phap
thir sai

4. KET LUAN

Nghién ctru da thuc hién thanh cong didu khién
vi tri co nhan tao khi nén sir dung bg diéu khién PID
1 bo diéu khién thong dung trong cong nghiép. Két
qua thyc nghiém cho thiy bo diéu khién PI cho van
khi nén dé kiém soét ap suét cap cho PAM can dugc
ap dung dong thoi véi bo didu khién vi tri PID. Cac
gia tri do loi cua bo diéu khién vi tri tim béang
phuong phap thir sai cho két qua tot hon phuong
phap Ziegler—Nichols. Pap tmg cua hé thong véi tin
hiéu dit bing 65% kha ning dich chuyén cua PAM
¢6 thoi gian xac lap chi 1 gidy, sai s6 £0,35 mm
(twong Ung +1,5% gia tri dat) va do vot 16 khong
dang ké. Nhu vay, bo didu khién kinh dién PID c6
thé duoc st dung hiéu qua dé kiém soét vi tri PAM
trong cac tng dung PAM ma khong c¢6 yéu cau khic
khe vé& dap tmg qua do. Két qua nghién ciru ciing
cho thay kha ning tng dung hoic két hop cac bd
diéu khién thong minh dé cai thién dap tng cua hé
thdng, dong thoi 1a co s ddi sanh chat luong didu
khién cho cac nghién ctru twong lai khi c6 xem xét
dén tinh bén ving hay thich nghi cta bg diéu khién.
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