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1. GIOI THIEU

Két cdu khung, dam véi kich thuéc micro
duogc sir dung rong rdi trong cac hé thong vi
co dién to¢ (Micro Electro Mechanical
Systems, viét tit 13 MEMS) [1]. Do kich
thudc nho va phdi chiu cac tai trong phirc
tap khi 1am viéc, cac két ciu nay thuong co
ti 1€ d6 vong so véi kich thudce cua ching la
kha 16n, nén yéu t6 phi tuyén hinh hoc can
duoc dua vao tinh toan trong bai toan phan
tich khung, dam kich thuéc micro. Trong
cac nghién ctru ban ddu, cc tic gia da si
dung cac 1y thuyét dam c6 dién dé mo hinh
hoéa két cau khung, dam micro, tuy nhién anh
huong cua hiéu ung kich thudc nho da bi bd
qua [2, 3].

Bai toan udn phi tuyén cia ddm micro ké
dén kich thudc nho chiu tai trong phan bd va
tai trong tap trung dugc nghién ctru ¢ day. Ly
thuyét dam Timoshenko va phuong phap
phan tir hiru han (PTHH) duogc s dung két
hop voi phuong phap 1ap Newton-Raphson.
Nham tranh hién tuong “shear-locking”, cac
ham noi suy la cac da thirc bac ba va bac hai
phu thudc 1an nhau duoc sir dung cho cac
chuyén vi ngang va goc quay ciia mit cét
ngang tuong mg trong phan tir theo cac gia
tri tai nat phan tir [4]. Ly thuyét ing suat cip
sira d6i (Modified Couple Stress Theory-
MCST) dugc sir dung dé tinh téi hiéu ung
kich thude nho [5].
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2. PHUONG PHAP NGHIEN CUU

Xét mot dAm micro déng nhét c6 mat cét
ngang hinh chir nhét, chiéu dai L, chiéu rong
b, va chiéu day . Chon hé toa do (x,y,z) sao
cho goc O tring véi dau dim bén trai, truc
Ox tring véi tryc dam, mit phang Oxy nim
ngang va tring v6i mit phang trung hoa ciia
dam. Chuyén vi doc truc u(x,z) va chuyén vi
ngang w(x,z) tai mot diém co toa do (x,z) bét
ky trén dam duoc xac dinh nhu sau [4]:

u(x,z) =u,(x)—z0(x) (1)
w(x,z) = w,(x)
trong do, u(x), va wy(x) la chuyén vi doc truc
va chuyén vi ngang cua diém trén mit phiang
trung hoa cia ddm va co toa do x; Ax) 1a goc
xo0ay mat cit tai toa do x.

Duya theo gia thiét phi tuyén von Karman,
bién dang doc tryc va bién dang cit dugc suy
ra tir cong thirc (1) nhu sau:

Eg =y, — 20, +1W§,x =&~ 20, )
Ve =Wox— 0
‘Déu phay chi s6 dudi bicu thi dao ham riéng
doi voi bién theo sau, vi du w, , = 0w, /0x.
Gia thiét quan hé ing sudt-bién dang la
tuyén tinh, ta c6 Ung suat doc truc va ing
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v6i E va G = E/2(1+v) 1a md dun dan hdi va
mo dun cit; v 1a hé sb Poisson cua vat lidu
dam; 13 hing sb, bang 5/6 véi dam co mat
cit chir nhat.
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Ly thuyét MCST dugc sir dung két hop 1y
thuyét dam Timoshenko dé€ tinh nang lugng
bién dang cua dam nhu sau [5]:

U=lh (Ot + 7oy +2m, 7, )dddx  (4)
20A

& day: A = bxh 1a dién tich mit cat ngang ciia
d?im my, 1a thanh phan léch cua ten so g
suét cip va X tuong ng la thanh phin cua
ten so dbi xing cong. Cac biéu thic cia
chung nhu sau:

1
_Z(Wo,xx +0, )’

v6i /¢ 1a tham s6 ti 16 chiéu dai vat liéu [5].
Cong cua ngoai luc tic dung 1én dam
micro dugc cho boi:

Y

= 20w+ J w(x)g(x)dx

Xy = m,=2Gly, (5

(6)

o day g(x) 1a luc phan bo doc theo chiéu dai
dam; Oi(xy) la lyc tap trung tai diém co toa do
x;; no 12 so luc tap trung tc dung lén dam.

Hé phuong trinh can bang phi tuyén cho
didm micro c6 thé nhan dugc tir nguyén ly
cong 4o nhu sau:

oU—-oW, =0 @)

Cong thuc (7) dua dén mot hé phuong trinh
Vl phéan ph1 tuyen v6i ba 4n 14 ug, wo, va Ova
rat kho dé giai bang phuong phép giai tich.
Phuong phap PTHH, cong cu hi€u qua giai
quyét cac bai toan phi tuyén, s& dugc sir dung.

Chia dim thanh NE phan tir, mdi phan tu
¢0 hai nat. Véc to bac tu do ph'?ln tir nhu sau:

d ={u A} @®)

& day: u va A, 1a cac véc to chuyén vi nit
phan tir duoc xac dinh nhu sau:
T
u= {”01: ”02} 5 Ae = {Wov 61’ Woz» 92} )

véi u,, w,,va 61a cac chuyén vi doc truc,

T

chuyén vi ngang va goc xoay mit cét tai nit i
ctia phan tir (i = 1, 2).

St dung cac ham ndi suy tuyén tinh va cac
ham ndi suy cua Kosmatka dé ndi suy cho uy,
va wy ciing nhu @theo cic chuyén vi nut phan
t& nhu trong [4]:
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H A, 6=H,A,

u,=Nu, w,=H A, (10)
o day N, H,,, va Hy la cac ham dang da thirc
tuyén tinh, bic ba va bac hai nhu trong [4].

Pao ham uy, wy va @ trong cong thiac (10,
thay vao (7) thu dugc hé phuong trinh can
béng phi tuyén cta phan tir. Lip ghep tung
phan tir vao cac bac tu do tong the duogc hé
phwong trinh cin bang phi tuyén téng thé:

R(D,F,)=F,-F,(D)=0 (i)
voi D, Fy, F;, va R 1a véc to téng thé cta cac
bac tu do, ngoai lyc, ndi luc va luc du.

Ma trdn d6 clng tiép tuyén tong thé thu
duogc bang cach thay doi gia s6 ndi luc tong
thé:

F, (D) 12
oD

Ma tran d6 cimg tiép tuyén tong thé duoc
sir dung trong phuong trinh cén bang phi
tuyén nhu sau:

K,(D)6D=R(D.F,)=F, -F,(D) (13)

Phuong trinh nay dugc giai cho vecto téng
thé D bang phuong phap lap Newton-Raphson.
Chi tiét vé phuong phéap va cach tién hanh
nhu trong [6]. O day, mot tiéu chudn hoi tu
dya trén chuan O-clit dugc st dung cho qua
trinh 1dp nhu sau:

voi € la dung sai, dugc chon bé‘mg 10,

K,(D)=

(14)

3. KET QUA NGHIEN CcUU

Dam micro lam bfmg vat li€u silicon voi
céc hang s6 vat lidu E = 169MPa, v = 0.06,
cac doan dam co chiéu dai L = 250pum, chiéu
rong b = 50pum va chidu day 7 = 3um. Dé
tién cho thao ludn, cac tham sd khong thi
nguyén sau day dugc su dung'

€*=£ w —100—
h’

max

(15)

Piéu kién bién cua dam micro xét & déy:
1) Ngam-Ngam (CC): u,,w,,0 tai hai dau
dam bang khong. 2) Ngam-Ban 1é (CP):
u,,w,,0 tai dau trai bang khong, u,,w, tai dau
phai bing khong. 3) Ban 1&-Ban 1& (PP):
u,, w, tai hai dau dam bang khong.
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Tru6e khi khao sat sb, mo hinh phan tu
dam & day dugc dung dé tinh va so sanh voi
két qua trong tai liéu tham khao [7]. Sai sd
thu dugc nho hon 0.5%. S6 phan tir dAm can
thiét dé két qua hoi ty 1a bdén. Do vay, mod
hinh phan tir dam thiét 1ap & day 1a tin cay va
bbn phan ti/ddm dugc st dung trong tat ca
cac khao sat duoi day.

Céac duong cong w'-g, ciia ddm micro PP
chiu tai phan bd déu trong Hinh 1 thé hién dbi
v6i cac gia tri khac nhau cua tham sé ¢°. Co
thé thiy, bat ké mirc tai, d6 vong w dam déu
giam manh theo sy gia ting cua ¢*. Piéu nay
1a do hiéu (g kich thude (da duoc tinh dén &
day) lam tang nang luong bién dang, do clng
ubn va cit cia cac dim micro, c6 thé thiy rd
tr cong thirc (4). Do d6, hi¢u tng kich thudc
nhd ¢o anh huéng quan trong dén viéc du
doan dap tmg phi tuyén cta cac dam micro.

9o ( N/um)

Hinh 1. Puong cong w' - g, ciia dam micro
hai dau ban 1é véi cdc gid tri |”

DPé thé hién tac dong cua cac diéu kién
bién 1én dap tmg phi tuyén cua cac dam
micro dudi tai trong co hoc, Hinh 2 thé hién
cac duong cong w' - Qy clia cac dﬁm CC, CP
va PP cho tai trong tap trung. C6 thé thiy tur
Hinh 2 ring, cic diéu kién bién dong vai tro
quan trong 1én dap Gng phi tuyén cua dim
micro. Khong chi bién do w', ma ca muc do
phi tuyén ciing bi chi phdi béi cac didu kién
bién. O mot tai trong nhat dinh, ca do vong
w" va mirc d6 phi tuyén cua dam PP déu 16n
nhét, trong khi ddm CC thi nh6 nhat.
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Hinh 2. Duong cong w - O, ciia dam micro
duwoi luc tac dung tdp trung va [ =0.35

4. KET LUAN

Bai toan phan tich uén phi tuyén cua dam
Timoshenko kich thudc micro chiu tai trong
phan b6 va tai trong tap trung dwoc nghién
clru ¢ ddy bang phuong phap PTHH két hop
v6i phuong phap 1dp Newton-Raphson. Cac
ham noi suy do Kosmatka thiét lap duoc sir
dung cho cac chuyen vi ngang va goc quay
clia mat cit ngang dé tranh hién tuong “shear-
locking”. Ly thuyét MCST dugc st dung dé
tinh t6i hiéu tmg kich thudc nho. Cac két qua
chi ra rang, tham s§ ¢ va diéu kién bién co
anh huong rat 16n toi két qua tinh toén.
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