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Abstract. Piezoelectric actuators (PEA) are gaining increasing attention due to their broad
potential applications in fields such as micro-robots, micro-electromechanical systems, and
biomedical engineering. However, designing effective control and data acquisition circuits
for PEA, along with implementing feedback control algorithms to ensure accurate operation,
remains a significant challenge. This paper focuses on the experimental research aspect,
presenting a design solution for the control and data acquisition circuit of the PZS001
piezoelectric actuator. The hardware circuit consists of the main functional blocks: a boost
converter, a buck converter, signal processing for feedback from the integrated Wheatstone
bridge in the PZS001, and a control signal amplifier. The design process involves theoretical
calculations, schematic design, component selection, simulation, and practical measurements
to evaluate the circuit's performance and reliability. Then, a PID controller is applied to
accurately control the displacement position of the PEA system. Experimental control results
demonstrate the efficiency and stability of the system, opening up broad application prospects
in precision control systems.
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Tom tit. Thiét bi truyén dong ap dién (PEA) dang nhan duoc Sy quan tim ngay cang ting
nho tiém nang Gng dung rong rii trong cac linh vic nhu robot siéu nho, hé thong vi co dién
tir va k¥ thuat y sinh. Tuy nhién, viéc thiét ké mach diéu khién va thu thap dit liéu hiéu qua
cho PEA, ddng thoi trién khai thuat toan diéu khién phan hoi dé dam bao hoat dong chinh
X&c van 1a mot thach thic dang ké. Bai bao nay tap trung vao khia canh nghién ciu thuc
nghiém gom trinh bay mot giai phap thiét ké mach diéu khién va thu thap dix liéu cho thiét bi
truyén dong ap dién PZS001. Mach phan ciing bao gém céc khdi chirc ning chinh 1a nang
ap, ha ap, xu ly tin hiéu hoi tiép tir cau Wheatstone tich hop trong PZS001 va khuéch dai tin
hiéu diéu khién. Qué trinh thiét ké gdom tinh toan ly thuyét, thiét ké mach nguyén ly va lua
chon linh kién, md phong va do kiém thyc té dé danh gia vé kha ning hoat dong, tinh tin cay
ctia mach. Sau d6, bo diéu khién PID duoc ap dung dé didu khién vi tri dich chuyén cua hé
PEA. Két qua diéu khién thuc nghiém da chitng minh hiéu qua va d6 6n dinh cua hé théng,
mé ra trién vong tng dung rong réi trong cac hé thong didu khién chinh xac.

Tir khoa: Thiét bi truyén dong ap dién, Bo bién d6i DC-DC, Khuéch dai va xir ly tin hiéu,
Thiét bi PZS001, TI TMS320F28379D.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN DE

Céc thuoc tinh cua vat liéu Piezoelectric dugc tim ra nam 1980 [1]. Viéc phéat hién céac
thudc tinh nay dén tir thi nghiém do dién tich trén mét 16p tinh thé khi cac tinh thé nay chiu mot
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lyc vé co hoc. Véi su thay d6i ap suét, hiéu tmg ap dién xuat hién ngay khi &p mét luc co hoc
Ién bé mat vat thé. Nguoc lai, khi cung cap dién ap vao cau tric tinh thé, cac té bao trong mang
tinh thé nay s& bi thay d6i vé kich thudc gay ra stc cing trén bé mit vat thé. Cac tng dung
chinh cua vat liéu nay d6 1a cam bién ap dién [2], [3], va thiét bi truyén dong ap dién PEA
(Piezoelectric Actuators) [4].

Thiét bi truyén dong 4p dién PEA di va dang nhan duoc nhiéu quan tdm to 16n, do cé nhiéu
ung dung rong rai trong linh vuc micro robot [5], [6], [7], hé vi co dién tir [8], [9] va k¥ thuat y
sinh [10] va nhiéu tng dung cdng nghiép khac [11]. Do do, van dé xay dung md hinh thuc
nghiém di tir tinh toén 1y thuyét, thiét ké so 6 nguyén Iy dén thiét ké bo mach, kiém thir va ap
dung diéu khién thiét bi truyén dong ap dién 1a van dé thuc tién, con nhiéu thach thic.

Pé thiét ké bo mach diéu khién va thu thap dit liéu cho thiét bi PEA, céc khéi chic ning
chinh bao gom bo bién d6i DC-DC, khéi xir Iy tin hiéu tir cAu Wheatstone tich hop trong PEA,
khdi khuéch dai tin hiéu diéu khién. Cac nghién cau lién quan dén trién khai mot bo bién doi
nang ap [12], [13], [14] va ha &p [15] diéu khién thiét bi truyén dong PEA. Céc nghién ciru [16],
[17] trinh bay thiét ké mach xir ly tin hiéu cam bién, loc nhiu dung dién tro, tu dién ciing nhu
khuéch dai tin hiéu diéu khién ding OpAmp.

Dé diéu khién dich chuyén thiét bi truyén dong ap dién PEA, c4c nghién ctiu tap trung vao
khia canh diéu khién hé ha va diéu khién hé kin. Véi diéu khién hé ho, dau tién can phai nhan
dang dic tinh phi tuyén va dac tinh tré cua thiét bi PEA. Sau d6, mé hinh nguoc duoc sir dung
dé thiét ké bo didu khién hé ho [18]. Nhuoc diém cia phuong phap nay d6 1a khi tin hiéu tham
chiéu thay d6i, hodc duéi tic dong cua nhiéu thi sai s6 diéu khién bam sé& 16n. Bé khic phuc
han ché nay, cach tiép can diéu khién hé kin c6 phan hoi dugc dé xuit. Cac bo diéu khién phan
hoi thuong duoc stir dung dé kiém soat dich chuyén hé truyén dong ap dién nhu PID [19], diéu
khién tuyén tinh [20], diéu khién truot (sliding mode control) [21], diéu khién no ron thich nghi
[22], diéu khién mo thich nghi [23]. Trong bai bao nay, bo diéu khién PID duoc sir dung dé
kiém soat do dich chuyén cua thiét bi truyén dong PEA vi don gian, giam chi phi tinh toan va
pht hop dé kiém chang bo mach phan cing.

T6m lai, bai béo tap trung vao khia canh nghién ctu thyc nghiém bao gom hai noi dung
chinh d6 1a dé xuét giai phap thiét ké mach diéu khién va thu thap di liéu cho thiét bj truyén
dong ap dién PZS001 cua cong ty ThorLabs. Bo mach bao gom cac khéi nang ép, ha ap, xu ly
tin hiéu hoi tlep tir cau Wheatstone tich hop trong PZS001 va khuéch dai tin hiéu diéu khién.
Qua trinh thiét ké mach bao gém tinh toan Iy thuyét, lua chon linh kién, thiét ké so d6 nguyén
1y dén thiét ké bo mach in, do kiém thir dé kiém tra hiéu suat. Sau d6, bo mach da thiét ké s&
két hop véi bo xir Iy TMS320F28379D dé cai dat hé truyén dong ap dién PEA. Thuat toan PID
duoc lap trinh nhing dé diéu khién thiét bi PEA. Cac két qua do kiém bo mach, thuc nghiém
diéu khién thiét bi truyén dong PEA da chirng minh hiéu qua va dé 6n dinh cua bo mach.

2. THIET KE MACH THU THAP DU LIEU VA PIEU KHIEN THIET BI PEA

2.1. Thiét bi truyén dong ap dién PEA (Piezo-electric Actuator)

Trong phan nay, thiét b truyén dong ap dién PZS001 md ta & hinh 1 dwoc sir dung dé trién
khai nghién ciru. PZS001 1a mot bo truyén dong ap dién tich hop mot cau do bién dang duoc
sir dung dé do dich chuyén. Nho thoi gian dap (g nhanh caa cau do lam cho thiét bi PZS001
tré nén phi hop cho céc tng dung doi hoi dich chuyén chinh xac micro mét. Cac thong sé ky
thuat cua PZS001 dugc mo ta ¢ bang 1.
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Vi tri cam bién do
do gian no

Hinh 1. Hinh dang thuc té cua thiét bi piezo PZS001 (nguén ThorLabs).

Bang 1. CAc thdng s6 ky thuat thiét bi PZS001 (ngudn ThorLabs).

STT Thiét bi Thong s6 ky thuat

Dién ap cap nguon: 0-150 VDC

Do dich chuyén téi da: 17,4pum +2pm
Dién tro cau do: 350Q

Gauge Factor: 2 £2%

Piezo Capacitance: 1,4uF

Dién 4p ngd ra khi cau can bang: 6mV

1 PZS001

Do gidn ciia mot vat thé dudi tc dung cua luc dugce tinh bang cong thuc:
Strain (€) = i—L (um/um) Q)
0
Trong d6: AL la d¢ léch chiéu dai cua thiét bj PZS001 (um); Lo a chiu dai ban du cia
vat (mm). Cong thuc tinh d6 nhay cua phép do dugc bicu dien bsi hé so phép do GF (gauge
factor), la ti so gitta tré khang vai chiéu dai, dugc tinh nhu sau:

o[-

Hinh 2. Cac chan két ndi cAu Wheatstone.

Trong d6: AR 1a d6 thay doi gid tri dién tro, R 1a dién tré cua vat. Theo thong s6 nha san
Xuat dua ra thi hé sé GF cua PZS001 1a gan bang 2. Dé do thong s6 vé sy dich chuyén caa
piezo, ta st dung cau do Wheastone nhu mé ta & hinh 2, bang cach cap mot dién ap Vex vao
cau do, ap dung dinh luat Ohm ta c6 gia trj dién ap ngd ra Vo dugc tinh nhu sau:

_[ R R
Vo = Ri+R; R3+R4] Vex 3)
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Trong cdng thic trén ta thiy rang khi R1/R2 = Ra/Ra4 thi gia tri dién ap ngd ra s& bang khang,
tie 1 10c ndy cau do dang dugc can bang. Khi cé bat ky su thay doi tré khang cua thanh phan
nao thi dién ap ngd ra s& thay d6i theo. Vi mé hinh cau do ctia PZS001 thi Rz va Rs 13 hai dién
trg gia, con R va Rq 1a gid tri tré khang ciia cam bién do. Ta c6 cong thirc tinh d6 chénh léch
tro khang caa cam bién nhu sau:

AR = RzGpE (4)

Trong d6: AR: Do chénh léch tré khang cua cam bién. R;: Tro khang thong thuong cua
cam bién. Khi do véi d6 chénh léch tré khang AR thi cong thirc (4) duoc viét lai nhu sau:

&:[ (Ri+AR) R3 ] )
VEx (R1+AR)+R;  R3+(R4+AR)

Gia sir rang R2=R4=R1=R3—RG va thé Cﬁng thac (4) vao (5) ta dugc nhu sau:

[R6+AR _ ] [ ] [ RGGFE ] (6)
2Rg+AR 2R6+AR 2Rg+AR 2RG+RgGFE
2Vy
= €= ——— 7
Gr(VEx — Vo) ()

Véi gia tri GF=2 da cho boi nha san xuit, Vex da biét, nhu vay voi gi tri Vo do duoc ta
hoan toan tinh dugc d6 gidn cua PZS001.
2.2. Tinh toan, thiét ké va md phéng mach

Mach diéu khién va thu thap dit ligu thiét bi PZS001 gdm 4 phan chinh: Khéi nang &p; khéi
ha ap; khoi xu ly tin hiéu cho tin hiéu hoi tiep tir cau Wheatstone; khoi khuéch dai tin hi¢u dé
cap tin hi¢u dieu khien PZS001. V1 ly do cdng suat tiéu thu cua PZS001 va cac linh ki¢n khac
thap, nén viéc stir dung nguon +24VDC la hop ly va phu hgp véi nguon dién hién co.
2.2.1.Mach nang ap

~ Dua vao thong s6 ky thuat thiét bi PZS001 & bang 1, mach nang ép dugc thiét ké dé cung
cap tin hiéu diéu khién thiét bi truyén dong ap dién PZS001 cé céac yéu cau thiet ké duoc trinh
bay ¢ bang 2.
Bang 2. Bang thong s thiét ké ciia mach nang ap.

STT Théng sb Ky hiéu Gia tri Pon vi
1 Diénapngdra Vout 200 V
2  Dong dién ngd ra lout 100 mA
3 Tan s6 nho nhat Fmin 50 kHz
4 Pién ap vao nho nhat Vin(min) 23 Vv
5  Dién ép vao Vin 24 V
6 Do gon séng ngd ra Vripple(p-p) 1 (0,5% Vout) \Y
7 Dién ép trén diode Ve 1,3 \Y
8  Dién ép bao hoa Mosfet Vsat 0,5 \Y

Trong d6: Vsat: Dién ap bdo hoa cia Mosfet; Ve: Dién ap dan cua diode chinh luu ngd ra;
Vin(min): Bién ap ngd vao nho nhét; Vout: Dién ap ngd ra; lout: Dong dién ngo ra; f: Tan sb
chuyén mach, dugc chon theo gia tri ciia Vin va Iout; Vripple(pp): Dién ap nhip nho dinh-dinh
cta ngd ra.

Véi cac yéu cau thiét ké trén, IC MC34063A duoc lya chon véi tinh ning dé sir dung, IC
da c¢6 mach nang ap bén trong va do chinh xac dién ap ngd ra 1a 2%. Thém vao do, IC nay co
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thém nhitng chirc nang khac nhu han ché qua nhiét, bo so sanh dién ap, bo dao dong, va bo diéu
khién PWM dugc gidi han dong tai ngo ra. So d6 nguyén li mach nang ap dugc mo ta ¢ hinh 3.

24V
200V

D3
A N K
FR107 R2 ¢
159k3

0,168R

1C1

24V 8 1 e
6§ lvcc  Tcap 2 18UF 2910R
VFE 5 4

:
= \
[$;]

IN GND
MC34063 680pF 3 VR2 £
—| —|_ gR24 1OOR% |
100nF

Hinh 3. So d nguyén ly mach nang ép.

@
zZ
W)

Qua trinh tinh toan thiét ké mach bao gém céc budc:
Budc 1: Tinh toén ti s6 chuyén mach ton/toff

—VFB

tt:_fnf V?/t::n::(zn) 2002;_15;23 = 7,924 (8)
Budc 2: Tinh toén chu trinh thoi gian cho mach LC (ton(max)+toff)
ton(max) + torr = 7= = 570 = 20 (us/cycle) 9)
Budc 3: Tinh toan thoi gian ton va toff dugc suy ra tir bude 1 va budc 2
tors = % = 2241 (ps) (10)
ton = 20us — 2,241pus = 17,759  (us) (12)
Budc 4: Tinh toédn gié tri tu dién Ct cho b dao dong
Cr =4 X 1075t,, =4 x 1075(17,759 x 107%) =710 (pF) (12)
Chon gia tri tu dién phu hop 1a tu 680 pF.
Budc 5: Tinh toan dong tbi da trén Mosfet
Lok(switen) = 2lout (:—f"f + 1) =2(100x 1073)(7,924 + 1) = 1,785 (4) (13)
Budc 6: Tinh toan gia tri nho nhat cia cuon cam duya trén ton(max) va Lok (switcn)
Loin = (%) Ly = (213 05) 17,759 x 1076 = 223,87 (uH) (14)
Chon gia tri cuon cam phd hop thyc té 1a 270 pH.
Budc 7: Tinh toan gia tri dién tré han dong Rsc
Rgc = kai'iich) = 1‘?'73835 =0,168 (Q) (15)

Budc 8: Tinh toan gia tri tu loc ngd ra
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C. = _loutton  _ (100 x 1073 x 17,759 X106

1 )=16 (uF) (16)

" Vripplep)
Chon gia tri tu 16n hon va gan nhit 1a 18 pF.

Budc 9: Tinh toan cau phan ap, hoi tiép ap ngd ra 200V, chon R1=1000 Q, tinh gia tri Rz
theo cbng thirc nhu sau:
Ry 1000

R, = = 200 =159 (kQ) 17)
Gz=D Gz D
Dién 4p ngd ra
250
200
S N\
& Vout (33,126 mS; 200,019 V)
f§'100
)
50
0
0 5 10 15 20 25 30 35 40 45 50
Thoi gian (mS)
Hinh 4. Bién &p ngd ra ctia mach nang ap +200 VDC.
200,25 200,25
200,20 200,2
200,15 . 200,15
: g
g 200,10 :g 2001
a [
200,05 200,05
200
200,00
199,95
199,95 64.2 65,2 66.2 67.2 68.2
70 72 74 76 78 80 .
Thoi gian (mS) Thai gian (mS)
(a) Khi dong tai ImA (b) Khi dong tai 20mA

Hinh 5. B gon song dién ap ngd ra cia mach nang ap.
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"
a4

—
[=]

—
[=)}

[y
I

—
3]

Dong dién (A)

—_

S
o

=
o

29,7 29,75 29,8 29,85 29.9 29,95 30
Thoi gian (mS)
Hinh 6. Dong dién qua cuon day L1.

Két qua md phong mach nang &p tir +24V 1én +200V nhu mé ta & hinh 4. Tir két qua mo
phong ta thay dién ap ngd ra dat t&i muc +200V trong khoang thoi gian tir 33ms dén 64ms phu
thugc vao dong tai ngd ra tuong ung tr ImA dén 20mA. Hinh 5 cho thay véi do gon song ngd
ra trong khoang 0,3V, (a) biéu thj khi dong tai 1mA thi d6 gon séng ngd ra dao dong trong
khoang tir 199,95V dén 200,25 V. (b) biéu thi khi dong tai 20mA thi d6 gon séng ngd ra dao
dong trong khoang tir 199,95V dén 200,25 V. Hinh 6 cho thay dong dién qua cuon day Ipeak
t6i da khoang 1,75A.

2.2.2.Mach ha ap

Mach ha 4p duoc thiét ké dé dién ap + 24V giam xudng thanh cac dién ap +12V véi dong
tai ngo ra lout(max)=500mA. So do mach nguyén ly dugc trinh bay & hinh 7. Trong d6, IC 6n
ap LM2596 véi dai dién ap ngd vao rong tir 5-40V, dong dién toi da 3A, tan so xung chuyen
mach 150kHz giup cho d§ 6n ap ngd ra dugc tot hon.

24v u2 LM2596-12
1 Vin Feedback 4
&
a O Lo 12V I1C3 AMSI1117-5V 5V IC4 AMSI1117-3V3 3,3V
z |2 2 1L A2 T3 4 3 4
G IS output IN  OUT — IN  OUT (—
150uH GND [ GND [~
o) [Te)
tcis - —
“T"100uF
ilDN15821 Lecao Lecar Leco
T 100uF/25v [~ 10uF/16V [~ 10uF/16V

GND

Hinh 7. So d nguyén ly mach ha ép.

Duya vao datasheet mé ta vé cach chon théng sb cudn cam loc ngd ra, voi dién &p ngd vao
Vin=24V, dong tai ngd ra lout(max)=500mA, gia tri cuon cam tuong tng la 150uH. Tuong
ung vai gia tri cudon cam, gia tri tu dién ngo ra la 82uF (hoac 100uF) véi gia tri dién ap cua tu
theo khuyén nghi 1a gap 1,5 lan gia trj dién ap ngd ra. Tiép theo, chon gia tri diode schottkey
cho mach ha ép, gia tri dong dién trén diode gip 1,3 lan gi4 tri dong tai I6n nhat (lout_max),
chon diode 1N5821 14 phu hop. Ngd ra +12V caa IC LM2596 s& dugc giam xubng thanh cac
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dién ap +5V va +3,3V thong qua IC 6n 4p AMS1117.
2.2.3.Khéi xir Iy tin hiéu sir dung cAu Wheatstone

Mach do dién p vi sai tir cau Wheastone cua PZS001 sir dung op-amp INA128. Dic diém
cua op-amp la tiéu thu cong suat thap, cung cap do lei tir 1 den 10000, véi do hoat dong chinh
Xac cao it bi anh hudong boi nhigt do (0,5 PV/°C). So do nguyén Ii mach xt ly tin hi¢u duoc mod
ta & hinh 8, va so do cac chan két ndi cua cau Wheatstone hinh 2.

-15Vv

+15V

R28
100R

c24 =
. A
10UF/25V =
GNDA
TLO82
- ors v SIG_OUT
;
$ o |G INAIZBUA ™

+15V =
27 GNDA
.

10uF/25V

R34
100R

-15v =
GNDA

TLO082

Hinh 8. So @5 mach khdi xt ly tin hiéu st dung cau Wheatstone.

T
5 Vout

——V _Signal
4.5 ——V_REF
35
- 3
-
25
&
R 15
0,5
0 AN NI
-
05 0 0,05 0.1 0,15 0,2

Thot gian (mS)
Hinh 9. Tin hiéu dién &p ngd ra ciia mach khi PZS001 cho gi tri tdi da.

2311



Tap chi Khoa hoc Giao thong van tai, Tap 75, S6 09 (12/2024), 2303-2317

Trong hinh 2, cac chan S+ va S- 1a cac tin hiéu hdi tiép tir cu Wheatstone, cac chan B+ va
B- & c4c chan ngudn +3,3V. PZS001 cho dién &p ngd ra 6mV — 33mV, nhu vy véi dién ap
ngudn +3,3V thi s& cho ra dién &p ngd ra Vo 1a 33mV. Dién &p Vo s& duoc dua vao bo khuéch
dai, sir dung OP3 dé khuéch dai tin hiéu 1&n 50 lan. Sau do, tin hiéu nay duoc dua dén bo dém
OP2A dé tang tro khang ngd ra. Op-amp OP2B duoc st dung dé diéu chinh offset cho op-amp
OP3. bong thoi dé giam thanh phan nhidu dién trong méi truong, mot bo loc thdng thap boi
céc linh kién: R29, R32, C25, C26 va C28 dé loai bo nhidu tan s6 cao anh hudng dén tin hiéu.
Véi céc gia tri: R=1kQ, C=220pF, thi tan s6 cit f, = 1/2nRC = 723 kHz. Két qua md phong
mach da thiét ké duoc trinh bay & hinh 9 cho thdy do chinh xac mach thiét ké.
2.2.4.Khéi khuéch dai tin hiéu diéu khién

Khi nhan dugc tin hiéu diéu khién tir bo vi xu Iy, tin hiéu ndy kha nho can dugc khuéch
dai. So d6 nguyén Iy mach khuéch dai tin hiéu duoc trinh bay & hinh 10. Trong d6, Op-amp
OP1A hoat dong nhu mét bo so sanh va nhan tin hiéu diéu khién tir bo vi xur ly véi dién ap thay
ddi tir Ov dén 10 V, dong thoi ngd ra OP1A sé& c6 dang séng xung tam giac tai tan sé 1kHz.

R1 R2
499k 499K 200V
200V
c1 R3
11 16,5k
11 10pF
Cc2
11 R4
] 16,5k 2
10pF 1 Q1
12v
R5 3 D1

16,5k o
” ] ' R
GND |—| |—< V_SIG>
Il 001 - 49,9 R7
100 “|_|l 12v D2 2 2680k
® Hl Q2 1|’J}Q3
'—

dao¢s801L

SIG_Ip—2c] + h | RS 3 I:. ADC2
2 - 3 LR9
o - >
OP1A :’10k C4
= I 100nF

GND GND

Hinh 10. So @6 mach khdi khuéch dai tin hiéu diéu khién.

Pién ap ngd ra cia mach V_SIG duogc di qua cau phan 4p Ri1, Rz va Rio/R11/R12 dé chia
dién &p 150V xudng thanh 10V, 5V va 3V, dién ap nay dugc dua vao OP1A va dugc so sanh
Véi tin hiéu input+ (SIG_IN). Véi dién ap ngo ra cua OP1A la 0V va +10V, cip cho Mosfet Q2
tao ra mot ngudn &p 6n dinh dé Cap cho khoi khuéch dai dién ap +200V bai hai Mosfet Q1 va
Q3. Tai ngd ra ciia mach duoc két ndi boi 2 diode D; va D gitp bao vé mach khi Xay ra truong
hop ngin mach. Pién ap diéu khién PZS001 cao nhat 1a +150V va dong diéu khién kha nho,
dong dién nay phai du nap va xa cho tu dién cua piezo la 1,4puF. Gia tri dién tich nap/xa cho tu
dién nay duoc tinh bai céng thire sau:

Q=IxXt=CXxXV (18)

Trong d6: I: dong nap/xa. t: thoi gian nap. C: gia tri tu dién. V: dién ap. Véi t=1ms, va cac
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thdng sb cua piezo PZS001: C=1,4pF va V=150V ta tinh dwoc dong dién nhu sau:

[ = OXV _ 14uF x150/1ms _ 210mA (19)
t 1ms

2.3. Két qua thwe nghiém

Dua trén két qua tinh toan ly thuyét, thiét ké mach nguyén ly va lya chon linh kién & trén,
bo mach thu thap dir liéu va diéu khién thiét bi truyén dong ap dién PEA sau thi cong nhu hinh
11. Céc két qua do kiém thyc té dang song cia mach nang ap, dang song giita ngd ra va ngd
vao ciia mach md ta & hinh 12. Trong hinh 12 (a) 1a dang séng do duoc tai chan sb 3 cua IC1 ¢
hinh 2 — mach nang ap. Véi dang song do duoc 1a xung tam giéc, vai bién do dién &p dinh-dinh
cua xung 1a 704mV, véi tan sé dao dong la 28,44 KHz theo dung yéu cau cua thiét ké. Dao
dong tan sé nay chinh 12 tan s6 cap cho IC1 dé diéu khién dién &p ngd ra, tan sé nay rat quan
trong, né anh huang tryc tiép dén théng sb céc linh kién trong mach nang &p va anh hudng dén
dién &p ngd ra caa mach.

Khéi nang
ap, ha ap

Khéi cau
heatstone

Khéi khuéch
dai tin hiéu

MCU AND LCD

Khéi két ndi voi
Kit TMS320F28379D
vaLCD

PIEZO MEASUREMENT BOARD

HCMUT 06-2018 u

Hinh 11. Hinh anh bo mach da thiét ké.

Két qua do duoc trong hinh 12 (b) 1a két qua thé hién médi twong quan giira ngd vao va ngd
ra ciia bo mach diéu khién. D& kiém tra mach, tin hiéu ngd vao la dang séng vudng véi bién do
dién ap te OV den 10V, tan sé 1kHz; dugc biéu thi bang kénh 1 cua ossilocope, dién ap nay da
dugc thu nho xudng 1/10 so véi thuc té dé hién thi dugce trén ossilocope. Dién ap ngd ra dé diéu
khién Piezo, duoc do tai kénh 2 caa ossilocope, trong hinh 12 (b) thé hién dién ap dinh dinh cua
kénh 2 1a 15V twong (g 1a 150V voi thuc té vi da duoc thu nho xudng vaéi ti 18 1/10. Két qua
cho thay, mach diéu khién cho Piezo da hoat dong theo diing thiét ké, tirc 1a khi cho mat tin
hiéu diéu khién c6 dién ap tir OV dén 10 V thi ngd ra cia mach s& dwa ra mot dién ap tuong ng
0V dén 150V dé diéu khién muc do co gian cua thiét bi Piezo.

T6m lai, chiing t6i da thiét ké mach diéu khién nang ap tir 0 dén 150VDC va mach thu thap
dir liéu tir Piezo voi muc d6 nhiéu thap. Mach nang é&p tir 24VDC 1én 150VDC véi dong dién
tai gan 20mA véi dién ap nhip nhd thap dudi 5%. Mach khuéch dai nhidu thip sir dung Op-
amp c6 d6 khuéch dai véi do nhidu thap, loai bo duoc nhidu phat sinh trong qua trinh do dac,
dé co duoc dit liéu chinh xac. Cac dit liéu do dac trén mé hinh thuc té dwgc so sanh véi nhitng
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thong sé trong md phong dé danh gia vé kha ning hoat dong, tinh tin cay cua mach.

19

=1l
a="5

(@) (b)

Hinh 12. Dang séng do mach nang &p (a) va do dugc gitra ngd vao ngo ra (b).

3. PIEU KHIEN PID BQ TRUYEN PONG AP PIEN

3.1. Cai dat mé hinh thuc nghiém

Hé truyén dong ap dién PEA duoc cai dat bao gom cac khbi nhu mo ta hinh 13 gom thiét
bi PZS001, mach diéu khién va thu thap di liéu, bo vi xu Iy TI TMS320F28379D, may tinh cai
dat Matlab/Simulink dé thiét ké chuong trinh nhiing.

T T — _=E=sNW -
Ngudn DC +24V >
\ ——

Hinh 13. Hinh anh mé hinh thuc nghiém hé truyén dong PEA.

3.2. Két qua diéu khién thyc nghiém

Trong phan nay, thuat toan PID dugc sir dung dé didu khién do dich chuyén cua thiét bi
truyén dong PEA. Chét luong cua bo diéu khién duoc danh gia qua 2 tiéu chi sai s6 trung binh
binh phwong MSE (mean squared error) nhu mé ta cdng thirc (20) va do Iéch chuan sai sb trung
binh NMSE (normalized mean squared error) nhu mé ta cong thirc (21).

MSE (¥5,¥) =+ 3" (¥s -y’ (20)
MSE (Y, Y)
NMSE = VEE(yL0) (21)
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Trong d6, n 14 s6 mAu, y la gid trj dich chuyén cua PZS001, ya la gia tri mong muon. Cac
tham s6 PID duoc lya chon bang phuong phép thirsai K, = 2,K; = 5va Ky = 0.

Céc tin hiéu tham chiéu duoc sir dung dé danh gia gom tin hiéu dang nic co bién do thay
ddi (TH1), tin hiéu dang sin bién d¢ thay doi tan s6 0,628 rad/s (TH2) va tan sé 1,256 rad/s
(TH3). Hinh 14 va hinh 15 mé ta chat luong diéu khién bam theo tin hiéu tham chiéu hé PEA
trong cac truong hop TH1, TH2 va TH3. Bang 3 dinh luong sai s6 diéu khién bam theo cac tiéu
chi MSE va NMSE.

3
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Hinh 14. Chat lugng diéu khién bam trong TH1 (a) va TH2 (b).
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Hinh 15. Chat lugng diéu khién bam trong TH3.
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Bang 3. Sai s6 diéu khién bam trong 3 truong hop.

BDK PID
STT MSE NMSE
TH1 0,0014 2,47e-04
TH?2 0,0094 0,0017
TH3 0,0068 0,0012
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Két qua trén cho thay bo diéu khién PID da diéu khién vi tri d6 dich chuyén cia thiét bi
truyén dong ap dién PEA. Trong TH 1, tin hiéu do bam tt tin hiéu dit dang nic véi bién do
thay ddi, va dat trang thai xac 1ap sau khoang 3 gidy, sai $6 trung binh MSE dat 0,0014, NMSE
dat 2,47e-04. Trong TH2, tin hi¢u do bam sat tin hiéu dat voi sai s6 dao dong trong khoang
(-0,16 dén 0,13), sai sb trung binh MSE dat 0,0094 va NMSE dat 0,0017. Trong TH3 khi tang
tan s tin hiéu tham chiéu thi sai s6 dao dong 16n hon trong khoang (-0,2 dén 0,18), sai sd trung
binh MSE dat 0,0068 va NMSE dat 0,0012. Gia tri MSE va NMSE dat duoc kha nho, diéu dé
ching to bo diéu khién PID cho chét luong tdt va c6 d6 6n dinh cao.

4. KET LUAN

Bai bao da trinh bay cac budc tur tinh toan ly thuyét lya chon linh kién, thiét ké so db
nguyén 1y va kiém chimg thyc té bo mach dleu khién va thu thap dir liéu cho thiét bi truyen
dong ap dién PZS001. Cac khdi chic nang g0m nang ap, ha ap, xtr Iy tin hidu hoi tiép tir cau
Wheatstone tich hop trong PZS001 va khuéch dai tin hiéu diéu khién duoc thiét ké hoan chinh,
c6 chat lugng dam bao. Sau d6, bo mach da thiét ké két hop véi bo xir Iy TI TMS320F28379D
duge sir dung dé cai dat hé truyén dong ap dién PEA thyc té. Thuat toan diéu khién phan hoi
PID duoc 1ap trinh nhung dé diéu khién dich chuyén thiét bi truyén dong PEA. Céc két qua thuc
nghiém do kiém bo mach, thuc nghiém diéu khién dich chuyén thiét bi truyén dong PEA da
ching minh hi¢u qua va do on dinh cta hé théng, mé ra trién vong Ung dung rong rai trong cac
hé théng diéu khién chinh xAc.

LOI CAM ON

Nghién ctru nay duoc tai trg boi Quy Phat trién khoa hoc va cong nghé Quéc gia (NAFOSTED)
trong dé tai ma s6 107.01-2021.92.

TAI LIEU THAM KHAO

[1]. K. Uchino, The development of piezoelectric materials and the new perspective, Advanced
Piezoelectric Materials, Woodhead Publishing, (2017) 1-92. https://doi.org/10.1016/B978-0-08-
102135-4.00001-1

[2]. Thien, Duong Quang, Nguyen Thi Hai Van, Bond-Graph based simulation of sensors and
piezoelectric beams’ ranges in the energy recovery circuit, VNUHCM Journal of Engineering and
Technology, (2019) SI22-S127. https://doi.org/10.32508/stdjet.v3iS11.718

[3]. Pao Thanh Toan, Thiét bi thu thap dir liéu khdng day sir dung cam bién ap dién (ng dung trong do
dao dong két ciu cau, Tap chi Khoa hoc Giao thong van tai, 71 (2020) 135-144.
https://doi.org/10.25073/tcsj.71.2.8

[4]. L.T. Truyen, N.T. Tai, Modeling and controlling a rotary piezo actuator, Sensors and Actuators A:
Physical, 364 (2023) 114761. https://doi.org/10.1016/j.sna.2023.114761

[5]. J. Shen et al., Piezoelectric Planar Parallel Microrobot With High Bandwidth and Precision for
Micromanipulation, IEEE Transactions on Automation Science and Engineering, (2024) 1-9.
https://doi.org/10.1109/TASE.2024.3405347

[6]. G. Wu, Z. Wang, J. Zhao, F. Cui, X. Cai, A piezoelectrically driven microrobot using a novel
monolithic spatial parallel mechanism as its hip joint, J Bionic Eng, 21.2 (2024) 803-820.
https://doi.org/10.1007/s42235-024-00484-9

[7]. J. Guan et al., Development of a Monopod Piezoelectric Robot for Small Parasitic Displacement
and Planar Cross-Scale Locomotion, IEEE Transactions on Industrial Electronics, 71 (2024) 14653 —
14662. https://doi.org/10.1109/T1E.2024.3379637

2316


https://doi.org/10.1016/B978-0-08-102135-4.00001-1
https://doi.org/10.1016/B978-0-08-102135-4.00001-1
https://doi.org/10.32508/stdjet.v3iSI1.718
https://doi.org/10.25073/tcsj.71.2.8
https://doi.org/10.1016/j.sna.2023.114761
https://doi.org/10.1109/TASE.2024.3405347
https://doi.org/10.1007/s42235-024-00484-9
https://doi.org/10.1109/TIE.2024.3379637

Transport and Communications Science Journal, Vol 75, Issue 09 (12/2024), 2303-2317

[8]. S.M.R, Rasid, A. Michael, H.R Pota, Dynamic modeling of a piezoelectric micro-lens actuator with
experimental  validation, Sensors and Actuators A: Physical, 356 (2023) 114344,
https://doi.org/10.1016/j.sna.2023.114344

[9]. Q. Su, J. Sun, J. Deng, Y. Liu, S. Zhang, Su, Qi, Implementation of cross-scale plane micro-
scratching process driven by hybrid piezoelectric actuation, Smart Materials and Structures, 32(9)
(2023) 095007. https://doi.org/10.1088/1361-665X/ace814

[10].Y. Wang, J. Deng, H. Li, X. Tian, W. Chen, Y. Liu, A resonant-type thin plate piezoelectric actuator
inspired by koala’s locomotion, IEEE Transactions on Industrial Electronics, 70 (2023) 8235-8243.
https://doi.org/10.1109/TIE.2023.3237874

[11]. X. Ma, J. Liu, S. Zhang, J. Deng, Y. Liu, Recent trends in bionic stepping piezoelectric actuators
for precision positioning: a review, Sens Actuators A Phys, 364 (2023) 114830.
https://doi.org/10.1016/j.sna.2023.114830

[12]. M. Edla, Y. Y. Lim, D. Mikio, R. V. Padilla, A single-stage rectifier-less boost converter circuit
for piezoelectric energy harvesting systems, IEEE Transactions on Energy Conversion, 37(1) (2021)
505-514. https://doi.org/10.1109/TEC.2021.3103879

[13].Y. Jiang, C. Hu, H. Wu, Y. Lu, X. Liu, J. Jiang, A Battery to 70-V Hybrid Boost Converter
Achieving 14-to-20 VCR for Piezoelectric Actuators, IEEE Transactions on Circuits and Systems II:
Express Briefs, 70 (2023) 3857-3861. https://doi.org/10.1109/TCSI1.2023.3289910

[14]. S. Han, H. Jiang, J. Ma, X. Wu, T. Ren, Ultrahigh step-up coupled-inductor DC-DC converter
with soft-switching for driving piezoelectric actuators, IEEE Transactions on Circuits and Systems II:
Express Briefs, 68 (2021) 2902-2906. https://doi.org/10.1109/TCSI1.2021.3072206

[15]. L. Wang, K. Sun, R. Burgos, Planar piezoelectric transformer-based high step-down voltage-ratio
DC-DC  converter, IEEE  Trans  Power  Electron, 37 (2022) 10833-10848.
https://doi.org/10.1109/TPEL.2022.3163427

[16]. H. Dong, T. Li, Z. Wang, Y. Ning, Design and experiment of a piezoelectric actuator based on
inchworm  working  principle, Sens  Actuators A  Phys, 306 (2020) 111950.
https://doi.org/10.1016/j.sna.2020.111950

[17]. L. Wang, J. Jin, H. Zhang, F. Wang, Z. Jiang, Theoretical analysis and experimental investigation
on a novel self-moving linear piezoelectric stepping actuator, Mech Syst Signal Process, 135 (2020)
106183. https://doi.org/10.1016/j.ymssp.2019.06.001

[18]. D. V Sabarianand, P. Karthikeyan, T. Muthuramalingam, A review on control strategies for
compensation of hysteresis and creep on piezoelectric actuators based micro systems, Mech Syst Signal
Process, 140 (2020) 106634. https://doi.org/10.1016/j.ymssp.2020.106634

[19]. J. Y. Peng, X. B. Chen, Integrated PID-based sliding mode state estimation and control for
piezoelectric actuators, IEEE/ASME Transactions On Mechatronics, 19 (2012) 88-99.
https://doi.org/10.1109/TMECH.2012.2222428

[20]. K. R. Kumar, S. Narayanan, Active vibration control of beams with optimal placement of
piezoelectric sensor/actuator pairs, Smart Mater Struct, 17 (2008) 055008. https://doi.org/10.1088/0964-
1726/17/5/055008

[21]. S. Zhang, Z. Li, H. Wang, T. Xiong, Fractional order sliding mode control based on single
parameter adaptive law for nano-positioning of piezoelectric actuators, IET Control Theory &
Applications, 15 (2021) 1422-1437. https://doi.org/10.1049/cth2.12132

[22]. J. Ma, M. Xie, P. Chen, S. Yu, H. Zhou, Motion tracking of a piezo-driven cell puncture
mechanism using enhanced sliding mode control with neural network, Control Eng Pract, 134 (2023)
105487. https://doi.org/10.1016/j.conengprac.2023.105487

[23]. C. Napole, O. Barambones, M. Derbeli, I. Calvo, Design and experimental validation of a

piezoelectric actuator tracking control based on fuzzy logic and neural compensation, Fuzzy Sets Syst,
464 (2023) 108449. https://doi.org/10.1016/j.fss.2022.12.005

2317


https://doi.org/10.1016/j.sna.2023.114344
https://doi.org/10.1088/1361-665X/ace814
https://doi.org/10.1109/TIE.2023.3237874
https://doi.org/10.1016/j.sna.2023.114830
https://doi.org/10.1109/TEC.2021.3103879
https://doi.org/10.1109/TCSII.2023.3289910
https://doi.org/10.1109/TCSII.2021.3072206
https://doi.org/10.1109/TPEL.2022.3163427
https://doi.org/10.1016/j.sna.2020.111950
https://doi.org/10.1016/j.ymssp.2019.06.001
https://doi.org/10.1016/j.ymssp.2020.106634
https://doi.org/10.1109/TMECH.2012.2222428
https://doi.org/10.1088/0964-1726/17/5/055008
https://doi.org/10.1088/0964-1726/17/5/055008
https://doi.org/10.1049/cth2.12132
https://doi.org/10.1016/j.conengprac.2023.105487
https://doi.org/10.1016/j.fss.2022.12.005

