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TOM TAT: Céc co cdu tac dong cho chuyén dong cé do phan giai micro dwoc g ding
trong nhiéu linh vuc chinh xdc nhw la dinh vi chinh xdc, gia céng chinh xde, quang hoc, ...
Viéc thiét ké y twong va hinh ddng ciia mét co cdu cdu tac dong cho chuyén dong cé dé phdn
gidi micro duwgc trinh bay trong bai bdo ndy. Y twéng cia thiét ké dira trén hoat déng ciia
thanh piezo gom nhiéu lop va co cau khuéch dai vi phan. Bdi bdo ciing trinh bay viéc mo
phong hoat dong cua co cau nho vao ANSYS. Viéc mé phong la két qua cia viéc két hop hai
bai todn: tiép xiic va sw két hop giita bién dang va dién.

1. GIOI THIEU

Céc co cau dan dong c6 do phan giai micro rat can thiét cho cac lanh vic nghién ciu mii
nhon nhu: gia cong chinh xéac, cap quang, cong ngh¢ sinh hoc, cong nghé y sinh hoc,... Hién
nay mot s dang co ciu tao chuyén dong véi do phan giai micro da duoc ché tao theo cac
nguyén 1y “Sau do”-Inchworm [1], “Dinh-trugt”- Stick-Slip [2], tir trudng - magnet [3], két
hop Stick-slip va visme vi phan [4], din n& cua thank piezo nhiéu 16p (multi-stack piezo) va
bo khuéch dai co [5 — 8]. Cac co cdu trén thuong c6 kha nang tai nho (dang Stick-slip) hay
khoang di chuyén nho (dang Inchworm hay dung bd khuéch dai co) hay do phan giai va ctng
virng thip (dang tir trudng).

Bai bao nay trinh bay viéc thiét ké mot co cdu tac dong cho chuyén dong thing c6 do phan
giai micro c6 kha ning tai va khoang di chuyén 16n dya trén két hop thanh piezo nhiéu 16p va
bd phan khuéch dai vi phan. Day 1a mot phan két qua cuia dé tai Nghién ctru co ban NCCB-
300506 dugc tai trg bai B Khoa Hoc va Cong nghé Méi Truong Viét Nam. Cac van dé dugc
trinh bay gom thiét ké ¥ tuong va hinh dang cho co ciu — phén 2, thiét ké co cau theo do clng
vitng — phan 3, phan 4 trinh bay viéc mé phong hoat dong cia co cdu dung ANSYS.

2. THIET KE Y TUONG VA HINH DANG CO CAU

2.1. Nguyén 1y Khuéch dai vi sai

Co cau dugc thiét ké bao gom b6 khuéch dai co véi piezo lam nguon phat dong chuyen
dong, c6 sir dung khép mém dé ndi cac khau thay cho cac khdp ban 18 théng thuong. Co ciu
duoc dan dong boi thanh piezo nhiéu 16p s& co kha ning tai 16n (t6i 10 KN), tuy nhién khoang
di chuyén rat nhé (dudi 100 um — néu khong dung bo khuéch dai hodc dudi 300 pm néu co bd
khuéch dai). Nhuge diém dang nay 1a bo khuéch dai 1a mot day lién tiép cac don bay, ma sb
don bay han ché va do khuéch dai ciia mdi don bay ciing khong 16n (1,5 - 2). Khuyét diém
dang co cu nay s& dugc khic phuc khi diy nhitng don bay lién tiép duoc thay thé boi co ciu
khuéch dai vi sai. Binh thuong don bay don (Hinh 1-a) cho dau ra:
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pé tang d6 khuéch dai cua don béy don, diém tyua c6 di chuyén nho nhu Hinh v€ 1-b va
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dau ra cta co cau moi la:

m+n n .
= b+—i
m m

()
Tt y tudng trén, co cdu khuéch dai vi sai dugc téng hop tir mdt don béy don va mot don
bay c6 bo sung d¢ di chuyén cua di€m tya nhu trén Hinh 2 v6i dau ra o dugce xac dinh theo dau
vao i mot cach ly tuong:
2m+4n
o=——I
m

3

Hinh 1. Don by don va dang vi sai. Hinh 2. Co c4u khuéch dai vi sai.

2.2. Thiét ké hinh dang co ciu dung khép dan héi

Vi yéu cau do phan giai um, céc 6 binh thuong khong c6 kha nang dap tmg vi ton tai khe
h¢ va sai 0, viée str dung khdp ban 1€ dan hoi (flexure hinge) cho phép khac phuc sai so trén.
Khép ban 1€ dan hoi 1a mot dai dugc cat khoet di cho phép xoay xung quanh moét truc (Hinh
3).

Hinh 3. Khép ban 18 dan hdi.
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Co céu khau cing & Hinh 2 dugc chuyén dbi sang dang co cdu dan hoi dugc dién ta trén
Hinh 4. Co cau dan hoi c6 dang lién khoi, bao gom thanh piezo nhiéu l6p, phan dan, bd
khuéch dai vi sai va phan bi dan.

driven link differential

amplification

Hinh 4. Co cAu dan hdi

3. THIET KE CO CAU THEO PQ CUNG VUNG

Do phan giai 1a chuyén dong nhé nhat co thé diéu khién dugc ctia co cAu. Thong sé nay
phu thudc vao ba yéu t§ chinh: (1) d6 phén giai cua thanh piezo nhiéu 16p, (2) tan s riéng cua
co cau, va (3) kha ning truyén dong chinh xac tir phan dan dong dén phan bi dan cua co céu.
Vé6i d6 phan giai thiét ké 1a um, thi yéu t6 (1) théa man vi truyén dong ciia thanh piezo nhiéu
16p c6 d6 phan giai ¢& nm. Yéu t6 (3) duoc dap tmg nhd sir dung co cdu dan hdi khong co khe
ho tai cac khép. Yéu t6 (2) phu thude chi yéu vao d6 cing viing ctia co cau. Vi co cau ¢ dang
lién khdi, bai toan thiét ké co cdu theo do clg viing s& duogc giai quyét theo hai budc:

- Budc 1 — Khao sat: Thiét 1ap ma tran d6 cing bang giai tich theo cac kich thudc dong
ctia co cdu khau cing, khao sat su thay doi ciia do cung theo cac kich thuéc dong trén, chon
lya cac kich thuéc dong lam an.

- Budc 2 — Tinh ti wu: Xay dyng mé hinh phan tir hitu han ctia co cu theo cac kich thudc
& dang tham s, giai bai toan t6i uu.

3.1. Khio sat

Ma tran d6 clmg cia co cdu dan hdi duoc xac dinh bang cach ghép ndi cac ma tran do
cling cia cac thanh phan dan hdi cdu tao nén co ciu theo cac dang song song hay nbi tiép [9].
Céch ghép ndi nhu sau:

* Két ciu ghép néi tiép

Goi J; 1a ma tran Jacdbi cia thanh ph?m dan hdi tht i véi ma tran mém C;, ma tran do cung
ctia két cau ndi tiép 1a:
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Trang 32



TAP CHI PHAT TRIEN KH&CN, TAP 11, SO 03 - 2008

* Keét cau ghép song song:
Goi Ai va AFi 1a cac ma tran chuyén doi bién dang va lyc tir chan thi i ¢6 ma tran d6 cing
Ki vé tam khao sat, ma tran d clrng cia két cau song song la:

n
K= Y ApKAT!
i=1 )
. Ma gréln mém hay cting cta cac thanh phﬁn duoc xac dinh theo ma trAn mém cua khop ban
1€ dan hoi [10]:

Ci1 O 0
Cr=1 0 Cxn (3
0 (3 C33 (6)
Voi:
1/2
5/2
iy :;[;{:] —2.57} Cn _%(rj
» -
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1/2
97r
€33 = 5/2

2Eet (rad/Nmm)

2 3/2
t O
=6 ‘\/1‘(26) [T
2Eet (mm/Nmm)

Trong d6 : r (mm) - ban kinh ving khoet, t (mm) - phan con lai sau khi khoet, e (mm) -
chiéu day khép dan hoi va E (MPa) - modun dan hoi cua vat li€u.
Ma tran 46 cung cua co cAu duoc xdc dinh 1a ham cua cac kich thudc

rtlg, Ipsle, g 4, X, Y, Z,T, va U cho trén Hinh 5.

*‘Anh hudng cua t va r: Aqh huong cua ti sO 1/t 1én do cung cla co cau co thé t}léy trén
cac do thi Hinh 6. Trong vung gan 4.4, d0 mém tang vot, nhung vugt qua 4.6 thi d0 mém giam
nhiéu.

% A , . la,lpslesld. i , L, ooan Ay dp e g 1an 4a

Anh hudng cua : Anh hudng cta cac kich thuéc dong “@*0-*¢c*d [én do
cling ciia co cu c6 thé thiy trén cac do thi Hinh 7 va 8. Kich thudc lblela tang s& lam d¢
mém tang/d ctng giam. Trong khi do, la lai r4t it anh huong. Ngoai ra b phu thudc vao
ledg
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Hinh 7.D4 thi d6 mém Cxx theo ¢/ 4
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Hinh 8. D0 thi d
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A XY, Z2,T.U
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Hinh 9. BJ thi mém Cxx theo A, X, Y, Z, T, U

A e

—0.00326

—0.003265

—0.00327

—0.003275

—0.00328
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* Anh hudng cia A, X, Y, Z, T, U: Hinh 9 cho théy cac kich thudc ngang cang nho thi d
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- Kich thuéc chudn: ‘@=17 mm va A = 13.5 mm.

- Chon kich thuée X, Y, Z, T, U, Ip.le.ld lam bién thiét ké trong bai téan téi vu do cimg
0 budce chinh xac.

3.2 Tinh t6i wu

Vit lidu cua co cau dugc gia dinh 1a hop kim nhém (6061-T6) c6 h¢ s6 Poisson 0. 35,
modun dan hdi 68900 N/mm2, va gidi han chay 255 MPa. M6 hinh co cau theo cac tham so
kich thqorc guqc thiét lap & dang ma lsznh cua ANSYS. Qat lucF=1N }en p}lan bi dan, ¢b
dinh phan dan, tim chuyén vi phan bi dan (Hinh 10). Chuyén vi nay dugc toi thi€u hoa véi:

- Bién thiét ké:

XY, Z,T,UW,Q W=I.11,0=lg/l,)

S <S . s .
max ==y (Smax : mg suat 16n nhat xuat hién bén trong thé tich cua

- Bién trang thai:
co cau).

- Bién d6i twong can tdi vu:

XMAX (XMAX: chuyén vi ngang ctia phan bi dan).

Keét qua bai téan nhu sau:

Tén bién Loai bién Loi giai Thong s6 that
X Thiét ké 0.90645 12.24 mm
Y Thiét ké 1.1628 15.7 mm
7 Thiét ké 0.92492 12.49 mm
T Thiét ké 0.49421 6.67 mm
U Thiét ké 1.0820 14.61 mm
W Thiét ké 0.51818 8.81 mm
0 Thiét ké 0.7735333 13.15 mm
SMAX Trang thai 0.18311 0.18311 Mpa
XMAX Dbi tugng 0.57 0.57 mm/N
1N

b4

Hinh 10. M6 hinh co ciu dung ANSYS

D4 thi biéu dién sy hoi tu cta bai toan dwoc minh hoa trong Hinh 11.
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Hinh 11. Gi4 tri XMAX theo s6 14n lip

4. MO PHONG HQOAT PONG CUA CO CAU

Mb hinh co cdu duge thiét ké & phan truée duge xdy dung bang ANSYS nhu Hinh 12.

4.1 Bién dang ciia thanh piezo theo dién ap

Piezo duoc stI dung cho co cAu c6 chiéu dai L =‘75mm duogc tao thanh tir 500 16p piezo co
dang hinh dia, moi 16p ¢6 duong kinh 20mm va chi€u day 0.15mm. Vit liéu piezo la PIC 151
véi cac thudc tinh: hang so dan hoi CE33 = 8.9.1010 N/m2, hang so6 Piezo d33 = 635.10-12
m/V, hing sb dién moi eT33 = 5440.€0, trong luong riéng 7800 Kg/m3. Gia thiét bién dang
clia piezo chu yéu chi theo phuong doc tryc va bién dang ctia mdi 16p piezo dang hinh dia chi
phu thudc vao dién thé cung cip ma khong phu thudc vao chidu day 16p. Su m6 phong bién
dang ctia mot 16p piezo theo dién ap dit vao co thé thdy & Hinh 13. D6 thi 14 dién ta sy bién
dang cua mét 16p piezo khi dién ap thay doi trong khoang 1+300 V. Véi dién thé twong tac cuc
dai va cuc tidu trong gidi han khao sat s& cho bién dang:

- Pién 4p V = 300 V gay bién dang 0.191 pm cho mdi 16p va tao chuyén vi 95.5 um
(500x0.191) cho thanh piezo.

- Pién ap V = 1 V gay bién dang 0.635 nm cho mdi I16p va tao chuyén vi 317.5 nm
(500x0.635) cho thanh piezo.

Hinh 12. M6 hinh co ciu
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4.2 Sy tiép xic giira thanh piezo va co ciu

Su d?lq dong cua thanh piezo nhiéu 16p cho co céu khuéch,dai vi sai dugc md phong trong
bai toan ti€p xuc gilta thanh piezo va phan dan dong cua co cau. Nhan xét khi d€ thanh piezo
chuyén vi khong tai (chua tiép xtic phan dan) thi chuyén vi Ung voi dién ap 300V la 95,5 um
nhu Hinh v& 15. Tuy nhién khi cho thanh piezo cé tai (tiép xtic phan dan - Hinh 16), thi
chuyén vi chi con 93,3 um.

Nhu vay, hiéu suit ctia co cAu 1a :

93,3
= 95’5 .100% =97.7%
? (7)
Ngoai ra, chuyén vi & khau dan ciia co cau 1a 93.3 pm, trong khi d6 chuyén vi khau bi dan
12 898 um, vay do khuéch dai thuc té cua co cau la:

K= @ =9.53
93.3 (8)
Su bién dang “ky sinh” tai cac khop chinh 1a nguyén nhén gy ra su khac biét cua do
khuéch dai so v6i phong doan ban dau theo md hinh khéu cing.
Céc thanh piezo nhiéu 16p thuc t& thuong c6 d6 phan giai ¢& 50 nm. V&i do khuéch dai
nhu trén, thi d6 phan giai cho toan co cAu c6 thé dat duoc 13: 0.5 - 1 pm.

n

. lO0sE-0& - 143E-0& -191E-0&

_4ZEE-07
_Z13E-07 07
[

_1Z3E-06 . 170E-0&

Hinh 13.Bién dang ciia mot 16p piezo
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ANSYS

TUN 8 zond
=] 0F*-F zarEl; 0

2
1.3

piezo deflection (i)
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[ N = I A =
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4n 0 120 160 2pp 240 gep 320
electrode voltage (V)

Hinh 14. Bién dang mét 16p theo dién ap

Hinh 15. Chuyén vi khong tai. Hinh 16. Chuyén vi c6 tai.

5. KET LUAN

Bai bao nay trinh bay mot thiét k& hoan toan mdi ciia co cdu din dong thing voi do phan
giai micron dugc tao thanh tr mét co cAu dan hoi khuéceh dai bién dang cua thanh piezo nhiéu
16p thanh chuyén vi thing. Thiét ké bao gdm ba budc: (1) Thiét ké y twdng — hinh dang thong
qua viéc tim ra co ciu khuéch dai vi sai khau cung va chuyén d6i vé co cau dan hoi; (2) Phan
tich d6 cing vimg co céu theo cac bién s kich thudc bang giai tich; (3) Thiét ké co céu dung
cong cu thiét ké t6i wu cua ANSYS. Trong do6 y tuong khuech dai vi sai 14 uu diém cia co cdu
dugc thiét ké so véi cac co cau da phat trién trudc day. Co cu dugc thiét ké duge mo phong
dung ANSYS bang viéc giai quyét hai bai téan: (1) “Pha tron” hai méi truong dién trudng va
bién dang co; (2) Tiép xtic giita hai bé mit truyén Iuc. Cac ndi dung trén cho phép phong doan
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trude cac dic tinh cia co cau trude khi ché tao. Cac van dé con ton tai trong viéc phat trién co
cau nay la: Viéc danh gid anh huong cuia sai so ché tao va lap rap dén cac dic tinh hoat dong va
vi€c khao sat dap ung dong luc hoc cuia co cau dé danh gia chinh xac vé d6 phan giai.

THE CONCEPTUAL DESIGN AND PERFORMANCE SIMULATION OF
MICRO-LINEAR ACTUATORS

Pham Huy Hoang(l), Tran Van Thuy(z)
(1)University of Technology, VNU-HCM
(2) Pham Van Dong University

ABSTRACT: Micro linear actuators are applied to many precision fields such as ultra-
precise positioning, precision manufacturing, optics, etc. The conceptual design of a micro-
linear actuator is presented in this paper. The concept is based on a stacked piezo and a
flexure-based differential amplifier mechanism. The paper also presents the simulation of the
designed actuator using ANSYS. The simulation is performed by combining two problems:
contact problem and a strain-electricity coupling
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