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CAU TRUC XOAN CHO CO' CAU CHUYEN DONG MICRO DUA
TREN CO CAU TUAN THU

ATWIST STRUCTURE FOR MICRO-ACTUATOR BASED ON FLEXURE MECHANISMS

Tran Quang Phudéc
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh

TOM TAT

Cdc co cdu chap hanh dich chuyén micro dwoc tao ra bang cdch sir dung tinh chdt uén cong
cia cdc thanh phan dé dat dwoce chuyén dong mong muon. Loi ich cia co cau linh hoat bao gom
chuyén dong chinh xdc va dé chinh xdc cao, cdu triic nhe, khong ma sat va nho gon. Nghién cu“u
nay s dung deO’ng cong néi suy spline dé cdu hinh hlnh hoc khép néi linh hoat cua cdu triic xodn,
chuyén doi chuyén dong quay thanh chuyén déng tuyen tinh. M6 hinh dwoc dé xudt da dwoc danh
gid va mé phéng bang cdch sit dung phwong phdp phan twe hitu han. Hon nita, phwong phap tiép
cdn toi wu héa thudt todn lai Taguchi-Grey da dwoc két hop dé thu dwoc dau ra dich chuyén 1ém va
phan lyc lon. Ma tran truc giao cua Taguchi duoc sw dung dé thiét ké ma trén thi nghiém. Phan
tich quan hé xam dwoc phdt trién dé xdac dinh gid tri phit hop cho dau ra dich chuyén va phdn lyc.
Phurong phdp entropy dwoc sir dung dé tinh trong so twong doi ciia moi muc tiéu phan g va cdi
thién dg chinh xdc danh gid. Hon nita, phwong phdp phdn tich héi quy dwoc siv dung dé thiét lip
quan hé rang budc phi tuyén tinh ciia moi bién dau vao véi bic quan hé xam. Két qua cho thdy bdc
quan hé xam cao hon voi cac muc két hop moi. Mo phong xdc thuc va thi nghiém da dwoc thyc hién
dé danh gia tac dong ciia phirong phap.

Tir khoa: Co cdu tudn thi; BY dich chinh micro; Co cdu mém.

ABSTRACT

Compliant micro-positioning actuators are created by utilizing the bending properties of
compliant members to achieve desired motions. The advantages of flexure mechanisms include
precise motion and high accuracy, lightweight structure, frictionless operation, and compact size.
This research utilizes spline interpolation curves to configure the compliant joint geometry of a
helical structure, converting rotational motion into linear motion. The proposed design is evaluated
and simulated using the finite element method. Moreover, a Taguchi-Grey relational analysis-based
optimization approach is incorporated to obtain large displacement output and high reaction force.
The Taguchi orthogonal array is used to design the experimental matrix. Grey relational analysis
is carried out to determine the suitable values for displacement output and reaction force. The
entropy method is employed to calculate the relative weight of each response objective and improve
the accuracy of evaluation. Furthermore, regression analysis is utilized to establish the nonlinear
relationship of each input variable with the grey relational grade. The results reveal a higher grey
relational grade with the new levels of combination. Validation simulations and experiments are
conducted to evaluate the effectiveness of the proposed method.

Keywords: Compliant mechanism; Micro-positioning stage, Flexure mechanism.
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1. GIOI THIEU

Co cau linh hoat dugc ché tao bang
cach sir dung tinh chat uén cong cua vat liéu
dé tao ra cac chuyén dong mong muén [1]. Dé
tao ra chuyén dong voi nhiéu bac tu do, cac
ciu trac dong phang voi hai bac ty do da duoc
phat trién, thé hién do phan giai vai nanomet
[2] va hanh trinh déng ké [3]. Ly thuyét v& bo
khuéch dai da cip da duoc dé xuat voi khép
ndi chit Z, dat duoc ty 1¢ khuéch dai gép 13 lan
[4]. Dé kiém soat tot hon chét lugng, ning suit
va chi phi ctia quy trinh, tdi vu hoa 1a mot cach
tiép cAn manh mé& dé nang cao chét lugng san
pham vé&i chi phi thip hon mét cach thoa dang.
Phan tich quan hé xam [5] 1a mot trong nhung
phu’ong phép hiéu qua va hiru ich nhat dé giai
quyét cac bai toan tdi uvu hoa da muc tiéu.

Nghién ctru da gidi thi¢u mot khai niém
méi vé viée st dung cac dudng cong ndi suy
spline dé thiét ké hinh dang khép nbi linh hoat
clia ciu tric xoan oc¢ hinh try c¢é thé truc tiép
chuyén doi chuyén dong quay thanh chuyén
dong tuyén tinh. M6 hinh dugc dé xuat di duoc
phan tich va mo6 phong bang phuong phap phan
tu hitu han (FEM) va ching t61 da st dung
phuong phép tiép can toi wu héa lai két hop
thuat toan Taguchi, xam (TGrey) dé dat duoc
cong suat dau ra dich chuyén va phan luc t6i
da.

2. CO CAU CHAP HANH TUYEN TiNH

Trong nghién ctru ndy, mot co cdu chap
hanh tuyén tinh tudn thii méi da dugc phét trién
dé bién doi truc tiép chuyén dong quay thanh
chuyén dong tinh tién tuyén tinh.

Mot duong cong ndi suy spline, nhu
duoc hién thi trong Hinh 1b, da dugc su dung
dé thiét ke hinh dang cua cau truc xoan. Nghién

ctru cling phan tich anh huong cua cac thong
s6 hinh hoc cua cu trac, bao gdm do day cua
dudng cong ndi suy spline (t), chiéu cao cia
duong cong ndi suy spline (h) va vi tri cua hai
diém cua duong cong ndi suy spline (B, C),
chang han nhu khoang cach (a) va khoang cach
(b), trén phan luc va dich chuyén dau ra.
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a) Mo hinh va nguyén ly lam viéc
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Hinh 1. Cau truc co cau

3. PHUONG PHAP LUAN

*Phuong phap Taguchl La mot cong cu
manh mé trong viéc thiét ké tham sb, dam bao
ciu trac thiét ké hop ly va hiéu qua, tiét klem
thoi glan va chi phi, dong thoi giai quyét van dé
v6i 86 lan thir nghlem t6i thiéu. Tuy thudc vao
muc ti€u cua phan hoi hiéu suét, no duge hién
thi nhu:

Cang thap cang t6t duoc chon khi yéu
cau cua dau ra phan hoi cang thap cang tot.

S/N = —1nlc.g( xm.ed)
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Cang cao cang tot dugc chon khi yéu
cau cua dau ra phan hoi cang cao cang tot.

S;’N=—1Dlug[ 2 1 Z )

Danh nghia la tdt nhat duoc chon khi
yéu cau cua hé thong can giam bién.

g)) O

Trong do, g, 1a phan ing chit luong, i 1a
sO thi nghiém, m 14 s6 thi nghiém va g, la gia tri
muc tiéu ctia phan hoi.

S/N = —10log(-X2,(g; —

Trong nghién ctru nay, chung t61 da quan
sat thay rang ty 16 S/N cang cao thi phan hoi chit
luong cang tt. Muc tiéu cua tham so thiét ké
1a cang cao cang tot vi do dich chuyen 16n va
phan lyc cao s¢ tang kha nang cua co cau chap
hanh tuyén tinh tuén thu. Ung suét cua két cau
cling 14 mot yéu td quan trong; cang thap cang
t6t 1a muyc tiéu mong mudn cia yéu té tmg suét.
Tuy nhién, dé dat duoc pham vi tot hon vé gia
tri dich chuyén va phan luc, can giam thiéu cac
diéu kién bién dong thoi dam bao ring gia tri
{mg suit van ndm trong gidi han cho phép, didu
niy c¢6 nghia la nho hon mg sut gioi han cia
vat li¢u. Ngoai ra, dya trén phan tich phuong sai
(ANOVA), tac dong ctia moi tham s6 dén phan
hoi dau ra da dugc so sanh va danh gia. Sau do,
phan tich quan hé xam dugc st dung dé tai tao
cac phan hoi tir ddu ra dich chuyén va phan luc
thanh mot muc tiéu duy nhét bang cach st dung
quan h¢ xam.

*Phan tich quan hé xam (GRA): Nghién
ctru hién tai tap trung vao viéc toi uwu hoa cac
tham s6 thiét ké hinh hoc ctia SIC dé téi da hoa
hiéu suat phan hdi, bao gdm dau ra dich chuyén
va phan liuc. Cac tham s thiét ké dugc phan tich
1a d6 day (t), chidu cao (h), khoang cach (a) va
khoang céch (b). Céac budc sau day da dugc thuc
hién dé dat dugc muc tiéu nay [5]:

Budc 1: Budc dau tién cua phuong
phap lién quan dén xtr 1y dit liéu trude, trong
d6 cac gia tri dau ra dich chuyén va phan luc
duoc chuan hoa. Nghién ctru nhim muc dich
t6i da hoa hiéu sudt ctia cac gia tri ndy, véi muc
tiéu “cang cao cang tot”.

x{ (g)-minxf (g)
maxx; (g)-minx? (g)

% (g) = (4)
Budc 2: Viée tinh toan hé sb quan hé
xam (GRC) lién quan dén viéc chuan hoa dir
liéu d4u ra dich chuyén va phan lyc, dugc thuc
hién trong budc xu 1y trudc dir lieu. Trong
nghién ctru nay, muc tiéu la dat dugc gia tri cao
hon cho ca ddu ra dich chuyén va phan lyc.

[ ) i min + Eﬂmax (5)
C "ﬁﬂl( ) + Eﬂmax

Budce 3: Bac quan hé xam (GRG) thu
dugc bang cach lay trung binh cong cac GRC
twong tng véi hai dac trung.

1 n
Vi= =) wehi(®) (6)
g=1

Trong do, W, thé hién tam quan trong
tuong ddi cta hé so g trong leh ban thuc te
N6 duoc st dung dé gan trong s6 cho cac yéu
td khac nhau dya trén mutc do quan trong cua
chung.

Tiép theo, anh hudng cta cac yéu t6 dau
vao dén phan hdi dau ra da duoc danh gia va
so sanh bang ANOVA. Phan tich nay cung cap
thong tin vé ty 1¢ phan trim déng gop ctia mdi
yéu t6, cling nhu thng ké twong tmg (F) va xac
suét (P). Dé cai thién d6 chinh xac va do tin
cdy cua két qua, phén tich trong sb cua dau ra
phan hoi da dugc thuc hién bang cach sir dung
phuong phap entropy. Khong giéng nhu nhidu
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nghién clru trudc day, phuorng phép nay duoc
str dung dé xac dinh trong s6 ctia cac phan hoi
dau ra.

Budc 4: Trong sb entropy.

Phuong phép entropy la mot phuong
phap dua trén 1y thuyét xac suat dugc sir dung
dé giai quyét cac van dé mo hd. N6 duogc biét
dén v&i d6 chinh xac va do tin cay trong viéc
xéac dinh trong s6 cho cac phan hoi dau ra [5].
Gié tri entropy (Eg) dugc tinh bang cong thic
sau:

E. = — E!}J:i Pwg ln{ngj

g In(h) ’ 7

w{1,2..h}. g€ {1,2..k}

Muc do 1éch (d ) cua dir liéu goc duoc
cho bdi tuong quan véi xép hang gan trén diém
tham chiéu pug co thé duoc biéu thi 1a:

d=1-E,g{12..k (8)

Gia tri cua d biéu thi cu0’ng do tuong
phan ban dau cta p, va trong s6 entropy c6 thé
dugc tinh nhu sau:

d
wg:ﬁyg{lrz--'k} ©)

4. KET QUA VA THAO LUAN

Nghién ctu st dung mang truc giao
L27 dé thiét ké ma tran thi nghiém, bao gém
bon yéu t6 va mdi yéu t6 co ba muc, dya trén
cac thong sb duoc liét ké trong Bang 1.

Pau ra dich chuyén va phan lyc duogc
phan tich bang Phuong phap phan tir hitu han
(FEM) trong phan mém ANSYS véi dau vao
quay 1 do.

Trong hinh 2, ty 1& SN cao nhit ciia mdi
yéu t cho dau ra dich chuyén dugc quan sat &
t0.5h21al1b8, va do 1éch cao nhat 1a 2.846.

Bang 1. Cac murc gia tri bién dau vao

£ X . Mirc do
Yeéu to Don vi :
1 2 3
Do day (1) mm 0.5 1 1.5
Chiéu cao (h) mm 21 | 22 | 23
Khoang cach (a) mm 7 9 11
Khoang cach (b) mm 8 9 10

Ml F ierts Pl e % raiion.
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Hinh 2. Biéu d6 anh huéng chinh cia ty sé SN doi
voi dau ra dich chuyén

Két qua cia GRC va GRG bang cach
su dung (4) va (8), gia tri trong s6 duoc tinh
bang (12). Két qua mo phong cho truong hop
thir 19 cho thay gia tri GRG cao nhat, cho thay
thtr hang vuot trdi cua nd. Muc két hop tdi wu
ctia mdi yéu t6 duoc xac dinh 1a t1.5h21a7b8 tir
hinh 3, v6i @9 léch cao nhét 1a 1.548.
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Hinh 3. Biéu d6 anh hwéng chinh ciia ty s6 SN doi
voi GRG
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Tir két qua phan tich ANOVA, hinh
4 minh hoa moi twong quan gitra két qua mo
phong va phuong trinh ham héi quy cua GRG.
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Hinh 4. M6 phong va phicong trinh hoi quy
cua GRG

5. KET LUAN

Trong nghién ctru ndy, bang cach sir
dung dudng cong ndi suy spline dé thiét ké ban
1¢ udn ctia ciu trac xodn dc, chuyén dong quay
dugc chuyén doi truc tiép thanh chuyén dong
tuyén tinh, mang lai hiéu qua tich cuc.

Két qua cho thay, phuong phap co céu
uén dich chuyén va quay khong gian, két hop
v6i phuong phép t6i uru hoa lai ¢6 thé nang cao
dang ké quy trinh thiét ké cho b vi thao tac va
cac ung dung khac. <
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