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1. GIOI THIEU

Dam va khung véi kich thudc micro
duoc ap dung rong rai trong cac hé vi co
dién tir (micro-electro-mechanical systems
- MEMS) [1]. Trong d¢ ti 1€ kich thuéc cua
ching din dén cac dam va khung véi kich
thudc micro thuong chiu d§ vong 16n. Do
vdy, yéu td phi tuyén hinh hoc 1a mot yéu
td quan trong can phai duoc dua vao tinh
toan trong bai toan phan tich dim va khung
kich thudc micro.

Céc cong trinh nghién ciru vé mat 6n dinh
va mg X phi tuyén ciia dam va khung kich
thudc micro da duoc liét ké trong mot sb tai
li¢u tham khdo. Trong nhitng cong trinh ban
dau nhu [2], cac 1y thuyét dam cb dién duogc
cac tac gia ap dung, két hop voi 1y thuyét phi
tuyén von Karman dé mé hinh hoa bai toan
ubn phi tuyén hinh hoc, nhung anh hudng
cua kich thudc nho bi bo qua.

Pé mod hinh héa anh hudng cia kich thudc
nho, cac 1y thuyét lién tuc bac cao khic nhau
nhu 1y thuyét dan hoi gradient bién dang
(strain gradient elasticity theory - SGET), 1y
thuyét (mg suat cip d6i da sira d6i (modified
couple stress theory - MCST) da dugc phat
trién cung véi tham sb ti 18 kich thudc dé mo
hinh héa tng xir co hoc cua cic két cau
micro. Asghari va cong sy [3] da dung ly
thuyét MCST va SGET dé tinh bai toan ubn
phi tuyén ctia ddm Timoshenko kich thudc
micro v&1 anh hudng cua kich thudc nho.
Tuy nhién, cac cong trinh nghién ctru nhu [3]
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déu dung lai & bai toan phi tuyén voi do vong
vira phai (moderate deflections).

Bai toan udn phi tuyén véi d6 vong 16n cia
dam va khung phang véi do vong 16n da duoc
nhiéu tac gia nghién ciru, nhu [4, 5]. Tuy nhién,
chua c6 nghién ctru vé phi tuyén d6 vong 16n
ctia dim va khung kich véi thudce micro.

Do vay, anh hudéng cua kich thudc 1é€n trng
xtr phi tuyén véi d6 vong 16n cia dam va
khung kich thudc micro dugc nghién cuu
trong bao cao nay.

2. PHUONG PHAP NGHIEN cUU

Cac phuong phap sb, dic biét 1a phuong
phap phan tir hiru han véi tinh linh hoat
trong ro1 rac hda cac két cau, 1a mot cong
cu hitu hiéu dé phan tich chuyén vi 16n cua
cac két cau. Pé phan tich két cdu khung va
dam chiu chuyén vi lon bang phuong phap
phan ta hu:u han, can thiét 14p mot phan tu
dam phi tuyén c6 thé mo hinh hoa chinh xéc
mg xir phi tuyén cua két ciu. Cac phan tir
dam phi tuyén khac nhau dé phan tich céu
tric khung va dam phang dugc trinh bay chi
tiét trong tai li€u [4]. Theo cach lga chon
cu hinh tham chiéu, cac phan tir dim phi
tuyén c6 thé duoc phan chia thanh 3 loai:
cong thirc Lagrange tong (total Lagrangian
formulation), cong thirc Lagrange cdp nhat
(updated Lagrangian formulation) va cong
thic dong hanh (corotational formulation).
Trong cong thire déng hanh dugc thao luan
¢ day, cac tham sb dong hoc dugc mod ta
trong mot hé toa d0 dia phuong gén cung
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v6i phan tor Hinh 1. Cong thtc phan tir hitu
han truéc hét duoc xay dung trong hé toa
do dia phu:(mg va sau d6 duoc chuyén vé hé
toa do tong quat voi su hd trg cua ma tran
chuyen hé toa do.
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: Cau hinh ban dau
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Hinh 1. Phan ti dam phang dong hanh
va cac tham so dong hoc cua no

Trong bao cio nay, cong thirc dong hanh
dugc sir dung cho phan tir dam Timoshenko,
két hop vé6i Iy thuyét ung sudt cap sira ddi
(Modified couple stress theory - MCST) dé
giai quyét bai toan phi tuyén do vdng 16n cua
dam va khung kich thudc micro. Trong phan tir
dam Timoshenko s dung & ddy, ham tuyén
tinh cho chuyén vi doc truc ctia dim, va cac
ham dang chinh xac do Kosmatka suy ra [6]
duoc sir dung cho chuyén vi ngang va quay.

Sau khi ldp ghép véc to noi luc tai niit phan
tir va ma tran do cung tiép tuyén cta phan tir
vao hé théng véc to noi luc tai cac nat téng thé
cling nhu ma tran d6 cimg tiép tuyén tong thé,
can phai xdy dung phuong trinh can bang nhu
dugc trinh bay trong [4].

g(p.4)=q,(P)-4q, =0 (1)

O day p va q;, trong ung 1a cac véc to tong
thé ctia chuyén vi nut Vél véc to ndi lyc nut;
Qef la Vec to ngoai luc ¢b dinh; A 1a mot tham
s0 hé s6 cua véc to ngoai luc.

Phuong trinh (1) chtta  chuyén vi nit chua
biét, 1a thanh phan cua véc to p. Dé xur Iy vai
nhing tmg xtr phtrc tap nhu cac diém gidi han,
cac diém snap-through, snap-back, phuong
phap chiéu dai day cung (arc-length method)
dugc dé xuat boi Crisfield [4] s& duoc 4p dung
trong bao cao nay.

3. KET QUA NGHIEN CU'U

Ung xir phi tuyén chuyén vi 16n ctia mot
dam cong xo6n chiu mot luc ngang ludn vudng
goc voi dau tu do ctia dim va mot khung
William chiu lyc nén ¢ gitra s€ dugc quan tam
¢ bao cao nay. Pé thuan tién cho thao luan va
trinh bay két qua, mot s6 tham s6 khong thir
nguyén sau day s€ duogc str dung:

U*ZE’W*:EW:FGA,P*:PE @)
L L EI EI

Trong cong thirc trén, u va w 1a chuyén vi
doc truc va chuyen vi ngang cua dam; E va G
14 modun dan hdi va mo dun cat cta vat liéu
ché tao dam, 4 va I 1a dién tich mat cét ngang
cia ddm va mdé men quan tinh ctia mit cat
ngang cta dam; / 1a tham s6 ti 1¢ chiéu dai vat
liéu (dac trung cho anh hudng cua kich thudc
micro trong két cau); L 1a chiéu dai ctia dim
cong xo6n (trong khung William c6 ghi chu
riéng trén Hinh 4).

Trude hét ta xét mot cong xon co chidu dai
L, chidu day &, chiéu rong b. Mot lyc P tac
dung tai dau tu do cta dam va duogc diéu chinh
dé ludn vudng goéc véi dau cua dam khi dim
vong dudi tac dung cua luc nay. Hinh 2 minh
hoa cac cau hinh bién dang cua dam tai nhiing
murc Iyc khac nhau. Trén Hinh 2 ta ciing thay
1 g xtr chuyén vi 16n ctia dam.

Hinh 2. Dam céng-xén chiu lec ngang & dau
tw do voi n = 0.1 tai cac mirc lyc khdac nhau
Trén Hinh 3, tmg xir phi tuyén duoc thé hién 16
qua duong cong luc-dd vong doc/ngang truc va
anh hudng cua kich thude micro 1én img xir phi
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tuyén ndy thong qua gia tri ctia 7. Khi 7 =0
twong tmg voi dam kich thude macro. Khi gié tri
cua 77 tang 1én twong tmg va4i1 sy tang 1én ctia anh
huéng kich thudc micro, va chuyén vi ngang
ciing nhu doc truc ctia dam nhé di & cting mot gia
tri luc so voi truong hop gia tri 77nho hon.
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Hinh 3. Duong cong lic-do vong ngang/doc
truc ciia cén-xon chiu luc ngang dau dam
Két qua khao sat ddi v6i khung phang

William duoc biéu dién trén Hinh 4. Ung xu

phi tuyén va anh huong cua kich thude micro

1én tmg xtr phi tuyén nay ciing dugc thé hién

16 rang nhu véi dam cong xon chiu luc da xét.
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Hinh 4. Duong cong luc - do vong ngang
tqi diem dat luc cua khung William

4. KET LUAN

Ung xur phi tuyén chuyén vi 16n ctiia dam va
khung phang kich thudc micro da duoc nghién
ctru trong bao cao ndy bang cach str dung phan
tir dAm hai nt dong hanh theo 1y thuyét dam
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Timoshenko vé1 cac ham ndi suy chinh xac do
Kosmatka thiét 1ap. Pé dua vao tinh dnh hudng
ctia kich thudc micro, Iy thuyét MCST da dugc
su dung nhim suy ra véc to ndi lyc va ma tran
do ctng tiép tuyén cua phan tir ddm. Phuong
phap day cung trén co s¢ phuong phap lap
Newton-Raphson duoc st dung dé giai hé
phuong trinh phi tuyén va dé theo ddi duong
cong luc - chuyén vi. Mot dam cong x6n va
mot khung William véi kich thudc micro da
duogc phan tich d&& minh hoa Ung xut ph1 tuyen
trong mién chuyen vi 16n cua két cau
dam/khung phang kich thuéc micro. Két qua
sO da cho théy, cac chuyén vi dugc danh gia
cao hon khi bé qua anh hudng cua kich thuoc
micro & ciing mot gia tri luc. Anh hudng cta
kich thudc micro 1én ting xir phi tuyén chuyén
vi 16n cling da dugc khao sat va lam sang to.
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