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THIET KE VA CHE TAO CO CAU TAO VI CHUYEN DONG
THANG

DESIGN AND FABRICATION OF MICRO LINEAR ACTUATOR

Pham Huy Hoang
Truong Pai hoc Cong nghiép Thuc pham TP. H6 Chi Minh

TOM TAT

Co cdu tao vi chuyén dong thcfng dwoc s dung cho nhiéu linh viee chinh xac nhw dinh vi
chinh xdc, gia cong chinh xdc, quang khdc. Viéc thiét ké co cau tao chuyén dong thang cap micro
mét dwoe trinh bay trong bai bdo nay. Co cau vi chuyén dong thang bao gém mdt piezo nhiéu I6p
va mét co cau dan hoi khuéch dai vi sai. Viéc mé phong sy lam viéc cua co cau duoc thuc hién qua
mo hinh phcfn tir hitu han trudce khi ché tao. Hai van dé, tié,p xtic va lién két bién dang-dién, duwoc
phan tich dwa trén mo hinh ANSYS dé cé dwoc moi quan hé gitra do dich chuyén, dién ap diéu khién
v@ td‘i tdc’dung Ién co cdu. Viéc ché tao va cac thi nghiém ban dau dwoc thuc hién dé xdac minh thiét
ke dé xuat.

Tw khéa: Co cau dan hoi; Co cau khdu cing twong dirong.
ABSTRACT

Micro linear actuators are applied to many precision fields such as ultra-precise positioning,
precision manufacturing, optics, etc. The design of a micro-linear actuator is presented in this
paper. The micro linear actuator includes a stacked piezo and a flexure-based differential amplifier
mechanism. The simulation of the designed actuator is also performed before fabrication. Two
problems, contact and strain-electricity coupling, are analyzed based on the ANSYS model to get
the relation between the displacement, the controlled voltage and the load applied on the actuator.
The fabrication and the initial experiments are performed to verify the proposed design.

Keywords: Flexure mechanism, Pseudo rigid body mechanism.

1. GIOI THIEU

Co ciu tao vi chuyén dong thing
(CCVCPT) c6 thé dugc tmg dung cho céc linh
vuc nhu gia cong chinh xac, két ndi cap quang,
quang khéc, cong ngh¢ sinh hoc, v.v. Gan day,
CCVCDT duoc phat trién dya trén cic nguyén
tac sdu do (Inchworm) [1, 2], dinh-truot (Stick-
Slip) [3], nam cham hut nha [4] hodc su két

hop gitra dinh-trugt va vit si€u chinh xac
(Micro screw) [5], dong co dac biét hodc bo
truyén dong dién tr véi co cAu khuéch dai [6,
8]. CCVCDT duoc phat trién c6 tai trong nho
(loai dinh-trugt) hoac pham vi hoat dong nho
(loai sau do hodc loai co cdu chap hanh ding
vat lidu ap dién - piezo) hodc do phan giai thip
va do ctng thap (loai nam cham hut nha). Khép
dan hoi c6 vu diém la khéng ma sat va khong
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¢ khe hé nén co cau khuéch dai duge thiét ké
dwa trén co cau dan hoi. Gan day, Hwee Choo
Liaw st dung co cau bon khau ban 1& dan hdi
dugc kich hoat bang ap dién nhu mot thiét bi
dinh vi phu [9]. Hau hét CCVCDT duoc thiét
ké dua trén mot co cau chip hanh ap dién két
hop co cdu khuéch dai dan hoi [10-12]. Co ciu
chap hanh 4p dién c6 pham vi gi6i han (dudi
200 um). Do d6, dé c6 duoc hanh trinh dai (500
— 1000 pm), cac CCVCDT gan day duoc thiét
ké v6i mot hé thong don bay lién tiép dua trén
céc khop ban 1& dan héi. Ti s khuéch dai 16n
s& can nhiéu don bay giy ra leh thudce 1on. Co
rat nhidu cai tién cuia co cdu khuéch dai dan
hoi dé co kich thude nho hon va hanh trinh dai
hon. Bai béo nay, trinh bay thiét ké cua mot
CCVCDT dya trén co cdu chap hanh 4p dién
nhiéu 16p va co cau khuéch dai vi sai kiéu dan
hoi dé co ty 1¢ khuéch dai t6t hon. Sau phan
thiét ké mo hinh, trong phan 2, phan tich do
cung va ung dung cua n6 dugc trinh bay trong
phan 3. Phan 4 trinh biay mé phong hoat dong
cia CCVCDT bang ANSYS. Cudi ciung, phan
5 cho thdy qua trinh ché tao va thir nghiém.

2.THIET KE MO HINH
2.1. Co ciu khau cirng twong dwong

Co ciu tao vi chuyén dong thang dua
trén co céu ap dién nhiéu 16p co tai trong cao
(lén dén 10 KN) va pham vi hoat dong ngin
(<100 pm). Chuyén dong cua dau ra s& duoc
khuéch dai bang don bay vi sai. Thong thuong,
mot don bay (Hinh 1-a) ¢6 dau ra:

E (1

Trong d6 o, i: Chuyén dong dau ra va
dau vao va m, n l1a kich thudc cua don bay.

Dé tang do phong dai cua don bay, diém

tua dugc cung cAp mot chuyén dong nhé b nhu
trong Hinh 1-b va dau ra la:
m+n n

0= b+—i, (2)

m m

Co ciu khau cung khuéch dai vi sai
dugc tong hop dua trén y tudng trén. Co cau
bao gom mot don bay duy nhat va mot don bay
bd sung cung cép chuyén dong cho diém twa
ctia don bay dau tién (Hinh.2). Pau ra dugc tinh
1y tudng la:

_2m+4n .

L 3)

i n
(b)
Hinh 1: a) Pon bdy don va b) Pon bdy vi sai.

2.2. Co ciu khuéch dai vi sai dan hoi

Céc khép truyén thong khong phu hop
v6i chuyén dong siéu nhé do c6 khe ho sé
dugc thay boi cac khop ban 1& dan hoi (flexure
pivot). Khép dan hoi co hinh dang nhu Hinh
3 lam viéc nho su bién dang dan hoi tai vi tri
manh/hep ciia két cau vat liéu chtr khong phai
tir cac su truot hay xoay nhu & cac khop truyén
théng. Co cdu khau cimg trong Hinh 2 duoc
thay d6i bang co cau dan héi nhu trong Hinh 4.
Co ché trong ciu triic nguyén khbi khuéch dai
bién dang cua piezo nhiéu ngan thanh chuyén
d6ng pham vi 16n hon cta lién két dan dong.

Co cAu dan hdi duoc thiét ké theo hai
budc:
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« Tbi wu hoa d6 cung sir dung co ciu
khau cung tuong duong véi rang budc do
khuéch dai 10 1an;

« T6i wu hoa d6 khuéch dai voi rang
budc d6 bén S =S, (S, Ung suit Von Mises
16n nhat, S,: Ung suat chay déo - yield stress).

Hinh 3. Khép ban [1é dan hoi.

driven link differential

amplification

Hinh 4. Co cau khuéch dai vi sai kieu dan hoi.

Hop kim nhom 6061-T6 (E = 68900 N/
mm> hé s6 Poisson o = 0,35 va tmg suét chay
déo Sy = 500 MPa) dugc chon lam vat li¢u cua

co cau dan hodi khi mo phong va ché tao vi n6
c6 ty 18 S /E cao (bén va déo dai) va gid thanh
thap so véi thép khong gi va titan.

3. MO PHONG

Trong md phoéng, mot co cip ap dién
(piezo) nhiéu 16p (chiéu dai L =90 mm, 400 16p
hinh chir nhat, kich thudc 16p: canh - 20 mm
va do day — 0,225 mm) duoc stir dung dan dong
CCVCDT. Vit liéu 4p dién Zirconate Titanate
5HA4E c6 hang s bién dang dan hoi E = 5x10'°
N/m?, hang s6 dién moi K, = 3800, hing s6
ap dién d,, = 650x10"* m/V va d, = -320x10"
m/V va ty trong 7800 Kg/m?. Su bién dang cta
16p duoc gia dinh 1a theo hudng doc truc va phu
thudc vao dién ap chur khong theo do day. Mo
phong dugc thuc hién dya trén mo6 hinh ANSY'S
v6i hai bai toan: (1) Sy ghép nbi (coupling) giita
dién 4p va bién dang cua piezo; (2) Su tiép xuc
(contact) giira piezo va khau dan cta co ciu
khuéch dai.

Do dich chuyén ctia phan bi dan cua co
cau dan hoi 1a 898 um, do d6, do khuech dai
khong tai udc tinh ciia co ciu la:

o 898 _

=% _g53, 6
933 ©)

~
—

16.667  s0 83 .838 116 .667

MICRO LINEAR ACTUATOR

Hinh 5: M6 phong bién dang so véi dién dp.
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Co tai

huyén vi (pm)
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bién éap (x 85 V)
Hinh 6: Chuyén vi ¢6 tdi hodc khéng tdi.

Su dich chuyén cua phan bi din va
piezo nhiéu 16p ting theo dién ap & hai dau cua
piezo (Hinh 5 va 6). Hinh 6 ciing cho thay két
qua mo phong khi c6 va khong co tai ap dung
cho phan dau ra cia CCVCDT.

Sy bién dang “ky sinh” tai cac khép
udn 13 nguyén nhan tao ra sy khac biét giita 6
khuéch dai thyc t& va do khuéch dai 1y tuong
dat dugc trong co cdu khau cung. Hoat dong
ctia piezo nhiéu 16p do phan giai dudi 50 nm,
do do, hoat dong cua CCVCDT co thé duoc
xem 14 co cdu vi chuyén dong (50 nm x 10 =
500 nm = 0.5 pm).

4. CHE TAO VA LAP RAP

Hinh 7, thé hién so d6 lip rap va
CCVCDT duge dan dong boi bo truyén dong
ap dién PAS100 cua Thorlabs (hanh trinh 85
um). CCVCDT duge trang bj cam bién tiép
xtc GT2 -71CN (Keyence) vdi do phan gidi 0,1
pum.

CCVCPT duoc diéu khién bang
chuong trinh viét bang Visual Basic (Hinh 8).
Thir nghiém budc dau cho thdy CCVCBT duoc
thiét ké c6 do phan giai 0,4 pm va hanh trinh
1050 pm.

Lockers kep cnat
Piezo nhidu I6p ' LS

Multistack piezo ’
actuator

Flexure mechanism
— amplifier

Bé d&

Displacement

sensor
Cam biéh do chuyén vi

So do ldp
Assembly schema

Hinh 7: So do ldp rdp CCVCDT da thiét ké.

S "' L \\

Hinh 8: CCVCDT véi nguon va chiong trinh diéu
khién.

5. KET LUAN

Thiét ké, mo phong va ché tao co cu tao
vi chuyén dong thang dya trén co cdu khuéch
dai vi sai kiéu dan hoi va pieso nhiéu 16p da
duoc trinh bay. Thiét ké bao gdm ba budc: (1)
Thiét ké mau — dé xuét bo khuéch dai vi sai — co
cAu khau cimg va chuyén doi co cu khau climg
thanh co cdu dan hoi; (2) Thiét ké tdi wu cho
d6 cimg va do khuéch dai. (3) Viéc mé phong
duoc thuc hién trong 101 gidi cua hai bai toan:
(1) “Ghép ndi” dién ap va bién dang; (2) Tiép
xuc gifta piezo va co cdu dan hoi. Mo phong
cho phép, ngudi ta nhin thiy cac dic diém cia
co cau tao vi chuyén dong thang trude khi ché
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tao no. Cac thi nghiém budc dau cho théy hiéu
qua qua trinh thiét ké. Cac thi nghiém sau hon
dé danh gia do chinh xac, do phan giai s& dugc
tién hanh trong tuong lai.

Loi cam on:

Cam on sy hd trg vé tinh than, trang
thiet bi nghién cuu va thoi gian lam viée tu
Truong Pai hoc Cong nghi¢p Thuc pham thanh
pho HO Chi Minh. <
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