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Thiét ké t6i uvu va mo phong co cau dan hoi
dung lam b khuéch dai
clia co cau tao vi chuyén dong

Nguyén Vin Khién, Ngé Nam Phuong, Pham Huy Hoang, Pham Huy Tuén

Tém tit—Bai bao nay trinh bay viéce thiét ké
co cAu dan hdi dung lam bd khuéch dai cho co
cau tac dong tao vi chuyen dong. Thiét ké bao
gom viéc xay dung co cau khau c1rng tuong
dwong, sau dé chuyen débi sang co' cau dan héi,
chon loc va tham s6 héa cac kich thuéce cia co
cAu dan hoi va t6i wu hoa thiét ké sir dung cong
cu tdi wu ciia ANSYS. Ngoai ra, bai bio con sir
dung cong cu ResponseSurface ciia ANSYS
Workbench dé danh gia anh huéng ciia cic bién
thiét ké dén bai toan t6i wu nhim muc dich khao
sat thém d9 nhay ciia cdc bién thiét ké anh
hwéng téi ham muc tiéu cia co cAu. Thiét ké
nay dwoc 1ap mé hinh phén tit hiru han va mo
phong hoat dong nham ching minh kha nang
khuech dai cia co cAu. Két qué chi ra rang co
ciu c¢6 d9 khuéch dai 16n hon 10.

Tir khoi—Co cAu dan hdi, co' cAu khau cirng, thiét
Kké t6i wu

1 GIOI THIEU

Cor céu dan hoi dang duoc nghién ciru rong rai
trén thé gidi trong nhimg nim gan day nham
tao ra chuyén dong nho c¢& micron va c6 do chinh
xac dudi micron, tham chi ‘nano nhung chiu tai lon.
Viéc sir dung rong rii co cdu dan hoi 1a do rat nhiéu
wu diém cua né so véi co céu truyén thong nhu:
giam d¢ mai mon, tleng on, do rung va nhu cau boi
tron, trong lugng nhe, d§ chinh xac ting 1én vi ma
sat duogc loai bo, do d6 dé dang thu nho thiét bi [1].
Hién nay cac nghién ctru tuong tu chua c6 nhiéu &
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Khéng quén

trong nudc, cac nghién ciru gan day tap trung vao
co cdu dinh vi chinh x4c ding trong quang hoc, co
cu dan dong v6i do phan giai micro [2], tay kep
vt kich thudc nho micron [3], tay may cho chuyén
dong c6 do phan giai dén micron [4], co cAu dan
hoi trong truyén dong chinh xac [5, 6]. Mot sé ting
dung co cdu dan hdi song 6n dinh nhu: co ciu khoa
micro ing dung trong quang hoc [7], co cau dung
dia CD [8], gia téc ké dang khéa (latching
accelerometer) [9], relay dién [10].

V& mit 1y thuyét, c6 ba phuong phéap tiép can
tong hop thiét ké khac nhau cho co cau dan hoi: (1)
cac phuong phap tiép can dya trén dong hoc, (2)
cac cach tiép can cac khbi cdu truc va (3) phuong
phap tiép can dua trén co s¢ tdi wu hoa hinh hoc,
t6i wu hoa kich thudc, thuét toan di truyén (GA)
[11-14]. Cac nghién clru trudc day vé co cdu dan
hoi thong thuong nghién ciu & chuyén vi dau ra
nho hodc v&i hé sd khuéch dai nho. Bai bao trinh
bay viéc thiét ké t&i vu va mé phong co ciu dan hdi
dung lam bo khuéch dai cua co clu tao vi chuyén
dong voi cac chi tiéu thiét ké: Co ciu co6 hé sb
khuéch dai 16n hon 10, ¢o gi61 han kich thude (100
mm x 100 mm x 8 mm), chuyén vi dau ra 16n hon 1
mm dugc t6i vu hoa theo dd cimg viing (chuyén vi
ki sinh nho nhét). Dé tao chuyén dong dau vao cho
co céu tac gia dung co cdu 4p dién c6 do chinh xac
cao nhu PZT. Hién nay cong nghé ché tao piezo véi
cac 16p piezo mong duge xép chdng 1én nhau, mdi
16p piezo khi duge cung cip dién ap thi dan né tir
0,001 dén 0,1 pum. Vi vay cin phai ¢6 co cau
khuéch dai dé tao ra cac vi chuyén dong co dich
chuyén 16n hon.

2 THIETKE

2.1 Thiét ké co cdu khdu ciing

Viéc phén tich va tong hop co cau dan hoi duge
xay dyng dua trén moé hinh co cau khau cung sé
gitp cac nha thiét ké nhanh chéng thu duoc phuong
an ban dau voi cac bién thiét ké da duoc danh gia
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s0 bd va loai bo cac bién thiét ké it anh hudng nhét.
Viéc su dung khau ciing to ra hiéu qua trong vigc
phan tich dong hoc ciia co cu. Dya trén mo hinh
nay ta ciing thu dugc mot thiét ké co bién thiét ké
so b phu hop véi viéc xay dung md hinh, phén
tich phan tir hiru han, t5i uu hoa, ché tao va thir
nghiém. Trong giai doan thiét ké ban dau, mo hinh
khau ciing rat linh hoat. N6 c6 thé dugc xem nhu 1a
mdt phuong phap phuc vu cho viéc danh gia nhiéu
mau thiét ké thir nghiém khac nhau mot cach nhanh
chong va hiéu qua. M6 hinh khau cing cung cép
nhanh cho mau thiét k& ban dau, thur nghiém cac
mau thiét ké va phan tich chuyén dong, dong hoc.
Su phat trién ciia cic phuong phap thiét ké bang
cach str dung cac mé hinh khau ctirng 1a mét vu tién
cua nghién ctru.

Ung dung mé hinh khau ctng cho giai doan thiét
ké ban dau 1a can thiét. Tuy nhién, khi chuyén sang
md hinh co cdu dan hoi, khép mém sé bién dang
theo ca ba hudng (xoay do ubn, kéo/nén va vong do
uén), khép mém khong dam bao chinh xac ty 1&
khuéch dai nhu ¢ 1y thuyét khau cting. Nén xiy
dung phuong trinh mdi quan hé giita cac bién thiét
ké co cdu khau ctng khi chuyén co cdu nay sang co
chu dan hoi thi mbi quan hé toan hoc nay khong
con chinh xac. Thém vao do, toan bd co cdu khi bi
bién dang phai dam bao diéu kién bén, do d6, cin
xac dinh duogc tmg suit 16n nhét phat sinh trong co
céu khi lam viéc. Viéc lam nay s€ duoc thuc hién
v6i co cdu dan hodi twong tmg co cdu khau cimg
trén va gia tri img sudt nay s& dugc dua vao rang
budc cua bai toan tdi vu.

Tu_tp_ut
t

Chuyén vi ki sinh

|
input
Hinh 1. Co c4u khau cting

Y tuéng thiét ké cua co cdu khuéch dai 1a su két
hop giita co cau bon khau ban 1& va co cau don bay.
Trong thiét ké nay co cau don bay duoc sir dung
hai 1an v6i muc dich khuéch dai, co ciu bén khau

ban 1& vira 1am nhiém vu ting thém dg cang vimng,
giam chuyén dong theo cua co ciu va cung ¢ thé
dugc dung 1am bd phan khuéch dai co cdu nhu
trong Hinh 1.
2.2 Thiét ké co cdu dan héi

Co ciu dan hoi 1a co chu trong d6 c6 mot hodc
vai chuyén dong dugc thyc hién nho su bién dang
ctia cac khop dan hoi thay thé cho cac khép thuong
ding. Co cau dan hoéi duoc thiét ké dya trén 2 dang
(1) khép ban 1& dan hdi va (2) thanh manh. Khép
ban 1& dan hoi dd duoc nghién ciru dau tién tir
nhitng ndam 1960. Co cdu khau cimg nhu & Hinh 1
sau khi dugc chuyén ddi thanh co cau dan hoi s& co
dang nhu & Hinh 2. Trong d6, cac khop ban 1& c6
thé dugc chuyén doi thanh cac khép dan hoi voi
cac bién dang khac nhau nhu hinh tron, ellipse,
parabolic hay hyperbolic [15, 16]. Trong bai béo
nay, tac gia sir dung khép dan hoi dang ban nguyét
v6i cac wu diém nhu giam tng sudt tap trung, don
gian d& ché tao [17]

-

Hinh 2. Co cdu dan héi

Co cau dan hdi duoc 1am bang vat lidu hop kim
nhém (7075 - T6) véi cac thong sb clia vat liéu nhu
sau: modul dan hdi E = 71,7 (GPa), hé sb Poisson
1a 0,33, gi6i han dan hdi 1a 500 (MPa) va khéi
lugng riéng p = 2810 kg/md. Khi cho dau vao
(input) chuyén vi mét khoang so véi vi tri ban dau
Din, co cAu dan hdi bi dich chuyén, cac khép dan
hoi bi bién dang, nho cac co cdu don bay va co ciu
bdén khau ban 18, chuyén vi dau ra (output) duoc
khuéch dai nhu mong mubn.

2.3 T6i uu héa thiét ké
2.3.1Cdc bién thiét ké

Bai toan t6i wu hoa hinh dang va kich thuéc
duoc thyc hién béng cach st dung phé“m mém
ANSYS. Cac bién thiét ké gom: bién hinh dang
(R1+R5; T1+T5) va bién kich thuée (X1+X4; Y1+Y5)
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duoc thé hién trén Hinh 3. Gidi han cua cac bién
thit ké dugc cho chi tiét trong Bang 1.

output

Y1

input

Hinh 3. So dd céc bién thiét ké co cdu dan hoi

Béng 1. Gi6i han cila cac bién thiét ké

Bién Gigi han Gigi han
tIStkS | i (mm) trén (mm)
Y1 10 20
Y2 20 40

Y3, Ya 1 15

Ys 10 30
R1+Rs 2 8
T1+Ts 0,4
X1, X4 5 10
X2, X3 2 10

2.3.2Cdc rang buég cdg bai toan téi wu
Khong gian thiét ké ctia co cau cd kich thudc
gi6i han 100x100mm
HxW<100x100 (mm) 1)
Rang budc chiéu cao Y=100
Rang budc chiéu rong:
LW:2(R1+R2+2R3+R4+R5+L+T3)+X1
+Xo+X3+X4<100 (2)
Rang budc kich thudc dé lip ghép co ciu tac
dong PZT (Piezo Actuator):

L1=Y2-2(R2+R4+R3-R1)-T2-T4-Y4+T122 (3)
Rang budc vé d6 khuéch dai cua co cdu: a>10

[<

ouput max (U,
a=—P ,‘ l 210

mput 1
(4)

V6i chuyén vi dau vao 16n nhit i =0.1 mm rang
budc nay tuwong duong véi yéu cau vé chuyén vi
dau ra theo truc X:

max |U,|>1

®)
Véi max|Uy 14 tri tuyét d6i chuyén vi dau ra theo
truc X
Rang budc vé vat lidu:
o <[o,]=500(MPa) ©6)

2.3.3Hdm muc tiéu cia bdi todn t6i uu

Ham muc tiéu: chuyén vi ki sinh nho nhat hay
chuyén vi dau ra ctia co cau theo truc Y max|Uy]|
nho nhat.

min(max |U\_

: (7)
Qua trinh tinh todn md phong dugc thyc hién
trén phin mém ANSYS. St dung cong cu
Response Surface ciia ANSYS Workbench dé danh
gi4 anh hudng cua cac bién thiét ké dén bai toan tdi
ru. Do yéu ciu cua bai toan thiét ké (kich thudec,
chuyén vi, 46 khuéch dai) & day viéc danh gia do
nhay ctia cac bién thiét ké theo 3 thong sé la img
suat ciia co cau (dugc thé hién ¢ Hinh 4a), chuyén
vi theo truc X cua ddu ra (dugc thé hién ¢ Hinh 4b
va chuyén vi theo truc Y (duogc thé hién & Hinh 4c).
Do bai toan thiét ké co tmg suat sat voi gisi han
dan hdi cua vat lidu va do nhay cua cac bién thiét
ké nén viéc khao sat toan b cac bién thiét ké 1a rat
can thiét.
2.3.4Két qua 10i uwu

Gia tri téi wu cua cacbién thiét ké va ham muc
tiéu dugc thé hién trong Bang 2 va Bang 3.

Phan tich d6 nhay cta cac bién thiét ké cho phép
loai bocac bién it anh huong dén thiét ké va mo
rong ving hoat dong (gidi han) cua bién thiét ké
anh huong 16n nhat dén ham muc tiéu mong mudn
cua thiét ké. Ngoai ra, phan tich do nhay cta cac
bién thiét ké, lam tang kha nang hodi ty cia ham
muc tiéu va lam giam dung luong b nhd may tinh,
giam thoi gian xir 1y bai toan. Tir két qua phan tich
d6 nhay Hinh 4, cac bién thiét ké anh huong dén
ham muc tiéu mong mudn nhu chuyén vi, tng suit
clia thiét ké. Hinh 4a, cho thdy, cac bién thiét ké X,
Y1, T1, Ry, Ts1a tham sé dAu vao quan trong nh'?it,
sau do lan luot dén cac tham sb sau Ry, T4, To, Ry,
Ys, Y2, Ya, R3, Xa, X3, Rs, X2, Y3, T, cac bién nay
¢6 anh huong dén tng suit cia co cau. Hinh 4b
trinh bay cac bién thiét ké X1, Ry, Y1, X4, Ry 12
tham s6 dau vao quan trong nhét, sau d6 lan luot
dén cac bién thiét ké X3, Yz, Rz, Rs, Ts, T4, Rs, Y3,
X2, Ys, Ya, T3, T1, Ta, cac bién niay c6 anh huong
dén chuyén vi du ra Doy, theo phuong X cta co
céu. Hinh 4c cho két qua cac bién Y1, X1, Ry, Xq, T1
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1a tham sb dau vao quan trong nhét, sau d6 1an luot X, T3, T4, Y2, Rs, Y3, cac bién nay cé anh hudng
dén céc bien thiét kéTo, Ys, Ry, Ya, X3, Rs, Rs, Ts,  d€n, chuyén vi dau ra theo phuong Y cia co cau.

11 RA._ s
] 'y Q—
105

R3 s

Y3

0.95 o]

0.9 x3

R1

0.85 =
0.8 Y5  s—
R2 s

075 Y2
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TS
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0.6 LER
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X2 w—
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b)

c)

Hinh 4. D6 nhay cta cac bién thiét ké déi véi img sut cua co cdu (a), chuyén vi theo truc X (b), chuyén vi theo truc Y (c)

Bang 2. Két qua tbi wu cac bién trang thai va ham muc tiéu

Tén bién Két qua t6i uu (don vi)
Max|Ux| 1,005 (mm)
Max|Uy| 0,163 (mm)

Gmax 429,690 (MPa)

Lw 97,910 (mm)

3 MO PHONG HOAT DONG CUA CO CAU

St dung phin mém ANSYS dé mé phong
chuyén vi, ng suat ctia co cdu. Thong qua két qua
md phong ta c6 thé danh gia kha ning lam viéc cua
co cAu. M6 hinh phén tir dang mat dugc st dung dé
kiém tra lai két qua tmg suét cho thiét ké sau cling.
¢} day phé‘m tor dang mat PLANE 82 dugc chon dé
phan tich va mo phong bai toan thiét ké, cac két
qua md phong dugc thé hién qua Hinh 5, Hinh 6 va
Hinh 7.

V6i chuyén vi dau vao 16n nhat 0,1 mm chuyén
vi dAu ra cua co cdu 1a 1,005 mm twong tng v&i do
khuéch dai cta co cau la a=10,05 va chuyén vi ki
sinh 0,1627 mm. Ung suit 16n nhit cia co ciu
Omax=429,69 MPa thoa mén diéu kién rang budc vé
dd bén cua vat liéu co ciu.

D4 thi Hinh 8 m ta mdi quan hé giita chuyén vi
dau vao va chuyén vi dau ra ctia co cdu la mot ham

tuyén tinh. Khi cho chuyén vi dau vao cua co ciu
mot khoang chuyén vi tir 0,01 mm dén 0,1 mm, thi
qua co cu khuéch dai nay, nd tao duoc chuyén vi
dAu ra c6 hé s6 khuéch dai 1a 10,05.

ANSYS

ron R15.0
e et 01t

Hinh 5. Chuyén vi theo truc X ctia co ciu
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Hinh 7. Ung suat cia co ciu
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Hinh 8. Db thi mdi quan hé giita chuyén vi diu vao va diu ra

cua co cau

Bang 3. Két qua tbi uu cua ctia bién thiét ké

Bién thiét | Gi4 tri tbi Bién | Giatri
ke wu (mm) thiet ke toi uu
(mm)
Y: 14,21 T 0,67
Y, 35,14 T 0,47
Ys 8,50 T 095
\Z 9,39 T, 071
Ys 10,05 Ts 0,40
Ri 2,02 X 10,10
R 7,60 X, 19,92
Rs 3,90 Xs 10,08
Rq 2,02 Xq 5,01
Rs 2,01
4 KET LUAN

Trong nghién ciru nay tac gia dé xudt mot thiét
ké ctia co cau khuéch dai ding co cdu dan hoi dé
truyén chuyén dong thiang véi d6 phan giai micron
c6 d6 khuéch dai 10,05. Thiét ké nay dua trén co so
t6i wu hoa theo do ctng. Co cdu khuéch dai dung
co céu dan hoi duoc ciu tao dua trén cac thanh
ctng ké hop véi cac khép dan hodi thong qua cac co
cdu don bay va co cdu bdn khau ban 1& dé tao
khuéch dai chuyén vi dau ra nhu mong mudnvéi
pham vi hoat dong 6n dinh 0,1 dén 1mm cua co cdu
voi d6 khuéch dai 1a 10,05 voi khoang chuyén vi
dAu vao tir 0,01 dén 0,1 mm. Co ciu sir dung vét
liu hop kim nhém c6 cac thong sb thiét ké tbi vu
nhu Bang 2 va Bang 3.
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Optimal design and simulation of compliant
mechanism used as amplifier
of micro linear actuator

Nguyen Van Khien, Ngo Nam Phuong, Pham Huy Hoang, Pham Huy Tuan

Abstract—This paper presents the design of a
compliant mechanism that can be used as an
amplifier mechanism of the micro linear
actuator. The design includes the synthesis of
pseudo rigid-body mechanism, the converting
rigid mechanism to a compliant mechanism, the
parameterization of dimensions of compliant
mechanism, design variables' choice and the
optimal design using ANSYS optimization tool.
In addition, the paper also describes the use of
response surface analysis tool of ANSYS
Workbench to evaluate the effect of design

variables on the optimization so that to
investigate the sensitivity of those design
variables on the objective function. The finite
element model of the designed mechanism is
established and used to simulate the compliant
mechanism and to evaluate the amplification
ability. The results show that the amplification
ratio is higher than 10.

Keywords—Compliant mechanism, pseudo rigid-body
mechanism, optimal design.



