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Tém tit
Bai béo tién hanh khao sat xac dinh céc thong sé dong luc hoc didc trung cua hai dam kich
thudc micro duge tmg dung phd bién trong cac thiét bi vi co dién tir khi thay dbi cac thong
s6 két cau cua dam. Két qua nghién ciru cho thy cac thong s kich thude cua dam c6 anh
huéng truc tiép dén gia tri 6 clng twrong dwong va khdi lugng quy déi ciia dam va quyét
dinh dén dic trung dong luc hoc cua h¢ dao dong trong cac thiét bi vi co dién tir. Chiéu
rong dam c6 mirc 6 anh huéng manh mé& dén cac thong sé dong luc hoc theo hudng thudn,
khi ting chiéu rong 1én 40%, do cimg twong duong va khéi lugng quy doi ting l1an luot 1a
162,15% va 33,58% voi dam gap; 166,44% va 40% véi dam chit V. Trong khi d6, khi
chiéu dai tang 40%, khdi lugng quy doi cia dAm gap va dam chit V ting lan luot 1a 34% va
40%, nhung d6 cimg twong duong thay ddi theo chiéu hudng giam, 62,84% va 62,96% lan
luot cho dam gap va dam chir V. Két qua nay cho phép ngudi thiét ké dua ra nhiing thay
d6i can thiét vé kich thuéc dam theo hudng thiét ké mong mudn.

Tir khéa: Pj cirng twong dieong; khoi lwong quy doi; dam gap; dam chix V; hé thong MEMS.

1. Pit van dé

Hé thdng vi co dién tir (Micro-Electro-Mechanical System - MEMS) la mot t6 hop
bao gom céc hé thong co khi va hé théng dién tir c6 kich thudc ¢ micro két hop véi
nhau. C4c thiét bi duoc ché tao trén co s& cdng nghé quang khic ¢ kich ¢& micro, thuc
hién céc chic ning ctia hé co khi va dién tir déu c6 thé duoc xem 1a MEMS [1]. Chlng
duoc ché tao hang loat bang ky thuat xir Iy mach tich hop (Integrated Circuit - 1C) va c6
kich thuéc tir vai micromet dén vai milimet. Céc thiét bi nay cd kha ning cam nhan, diéu
khién va hoat dong & quy mé vi mo, dong thoi tao ra cac tac dong & mic vi mo. Véi kich
thudc nho, muc tiéu thy nang lwong thap, san xuat hang loat, chi phi thap va dé tich hop,
cac thiét bi MEMS dang duoc tng dung rong réi trong moi linh vuc nhu cong nghiép ché
tao 0 t6, thiét bi dién tur, y té, truyén thdng, giao thdng van tai va tham chi ca quan sy voi
nhimg vii khi tim xa c6 d6 chinh xéc cao.

Trong céc thiét bi MEMS, cac cau trac co hoc thudng duoc thiét ké nham dam bao
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chuyén dong cho cac khéi quéan tinh nho cac loai dam dan hoéi don gian hoac phuc tap.
TUy vao muc dich thiét ké khac nhau ma c6 thé sir dung cac dim dan hdi véi hinh dang va
kich thudc khac nhau. Phé bién nhit hién nay 1a cac dam don [2-4] véi cdu trac don gian
gom mot doan dam don; dam kiéu cang cua [4-6] gém hai doan dam vuéng goc tai dau
dam; dam gap (Folder Microbeam) [5-6] gom hai hoic nhiéu doan dam ndi song song véi
nhau; dam chix V [7];... Cac dam nay déu c6 mot dau cb dinh, dau con lai dugc lién két
v6i phan tir quan tinh. Dudi tAc dung caa ngoai luc kich thich, nho tinh dan hdi coa cac
dam treo, cac phan tir quéan tinh s& chuyén dong theo muc dich cia nguoi thiét ké. Pic
trung chuyén dong cua cac cau trac co hoc duoc quyét dinh bai do cing twong dwong cua
c4c dam dan hoi. Céc thong sé hinh hoc ciia dam nhu chiéu dai, chiéu rong hay sé doan
dam c6 anh huong l6n dén do cimg twong duong va khdi luong quy d6i cia ca hé dao
dong, do d6 anh hudng dén tan sb 1am viéc cia co hé trong cac thiét bi MEMS [7].

Trong bai bao nay, mé hinh dam gap va dam chit V ¢6 cau triic phic tap hon duoc
lya chon dé phan tich nham xac dinh cac gia tri théng sé dic trung vé dong luc hoc cho
cac hé dao dong cd sir dung cac md hinh nay. Bai béo ciing tién hanh khao séat su anh
hudng cua céc thong sé két cau nhu chiéu dai, chiéu rong, goc chir V cua cac md hinh
dam ké trén dén cac thdng sé dong luc hoc dic trung cua dam. Két qua phan tich 13 co so
quan trong cho qua trinh tinh toan va thiét ké cac cau trac co hoc, cac kich thudc dam can
duogc xac dinh nham t6i wu hoa cho cac thong sé hinh hoc.

2. M6 hinh tinh toan

Dam gap va dam kiéu chix V 1a hai kiéu dam c6 nhiéu wu diém nhu kha ning tao
ra chuyén vi phang véi d6 dich chuyén Ién, tin s hoat dong c6 thé dugc diéu chinh
trong pham vi rong, kich thugc tong thé cua linh kién MEMS c¢6 thé duoc thu nho [6].

Dbi vaoi dam gap, cac kich thuéc chinh cua két cdu bao gom chiéu dai dam L,
chiéu dai phan két ndi L~ giira hai thanh chinh, chiéu day t, chiéu rong w va chiéu rong
phan két ndi w’ (Hinh 1a). Chon céac thdng s6 ban dau nhu sau: L = 300 pm;
L' =70 um; w =10 pm; w’" =25 pm; t = 30 pum.

béi vai dam kiéu chixr V, cac kich thudce co ban cia dam duoc md ta nhu trén
hinh 1b gdm chiéu dai dam L, chiéu rong phan két ndi giira hai thanh Ia w’, chiéu day t,
chiéu rong w, goc a, véi gia tri thong sb thiét ké ban dau: L = 300 pm; w = 10 um;
w’ =25 um; a =5°%t=30 um.

Mot dau cua ca hai ciu trdc dam nay duoc ngam cb dinh, dau con lai duoc dinh
huéng chuyén vi theo phuong y va chiu tac dung ciia ngoai luc F nhu so d6 hinh 1.

Vit liéu cia cac ciu tric dam trong céc thiét bi MEMS néi chung thudng dugc
chon la silicon véi cac dac trung co ban nhu trong bang 1.
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Hinh 1. Cdu trdc dam gdp (a) va dam chiz V (b).

Bang 1. Pdc trung vat liéu silicon

Dic trung Gia tri Pon vi
Khéi luong riéng 2330 kg/m?®
Hé s Poisson 0,28 -
Mb dun dan hdi 1,69 x 101 Pa

Tur md hinh ban vé 2D tién hanh xay dung md hinh 3D trong phan mém ANSYS
Véi cac kich thudce da duoc xac dinh nhu trén. M6 hinh duoc thé hién trong hinh 2.

Hinh 2. M6 hinh 3D cia dam gdp (a) va dam chiz V (b) xay dung trong ANSYS.
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3. Khéi lwong quy doi caa dam
3.1. Dam gdp

Dé thuan tién cho viéc tinh toan, gia thiét ring van tdc cua cac phan té mat cit dam
ti 16 thuan véi chuyén vi caa ching va khéi lwong phan bb déu doc chiéu dai dim. Khi d6
khéi luong quy ddi cua dam duoc xac dinh dua trén nguyén tic: Khdi luong quy ddi cua
dong ning bang tong dong ning cua toan bo cac bo phan chuyén dong trén dam [8].
Hinh 3 1a so dd téng quat tinh toan khéi luong quy d6i cho vi dam.

Y L
X dx
R~ X
i \‘\\\ — — — g
L] T T~ T~ y(X) F
T TN Y y(L)
~— N ~
~ %&
~ q R >
S

Hinh 3. So do téng quat tinh toan khai liwong quy doi.
Cong thirc xac dinh khéi luong quy ddi vé phan tir di dong cho mot doan dam don
dugc xac dinh nhu sau [8]:
nm Yy (x) ’
M:Z—ixj(?’i ]dx 1)
i=1 I—i 0 yi(Li)
trong d6: M 1a khdi lugng quy d6i cua vi dam; x 1a toa d6 mat cit trén doan dam thi i;
m; la khéi lugng ctia doan dam thi i; Li 1a chiéu dai ctia doan dam tha i; y,(L) 1a van

téc ciia mat cat dam tai vi tri x = L trén doan thr i; y,(x) 1a van toc ciia mat cat dam tai
vi tri ¢6 toa do6 x.
Theo gia thiét trén, ta co:
RIS L) @
vi(k) (L)
Két cdu cua dam gap bao gom ba doan 1, 2 va 3 (Hinh 1a). Khéi lugng quy doi
ctia dam sé& bang tong khdi lugng quy doi cua timg doan quy Vé vi tri dau cua doan do.
Ham chuyén vi cia doan dam 1 s& dugc xac dinh dya trén ly thuyét sic bén vat
liéu va co hoc ly thuyét theo biéu thirc dudi dy (3):
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FxLx(L'%xJp +LxJ )xx? 3 Fxx®
2xExJ.x(L'xJ, +2xLxJ.) 6xExJ,

Yo (X) = (3)

txw"

tx s A e : s A .
trong do: J. = & m6 men quén tinh ctia doan 1, 3; J. = la md men quan

tinh ciia doan 2; E 1a m6 dun dan hdi cua vat liéu.
Xeét tai mat cit dau dam, tic tai x = L thi cong thie (3) tré thanh:
FxL¥x(L'xJ. +LxJ.) FxL®

L) = _
(b 2xExJ-ox(L'xJ.+2xLxJ.) 6xExJ.

(4)

Tur biéu thie (2), (3), (4) khdi lugng quy ddi cua doan 1 duoc xac dinh nhu sau:

33 665xL*xJ.*+1120xLxL'xJ. xJ,
Mg, =m,, x + 2
140 4900x (2xL'xJ. +LxJ;)

()

vé6i ma 12 khéi lugng caa doan 1.
Xét doan 2, ham chuyén vi trén doan 2 duoc xac dinh nhu sau:
Fxx

ExA

trong d6, A. =txw' la di¢n tich mit cat ngang doan 2.

y,(X) = (6)

Xét tai mat cat giira hai doan 2 va 3, tuc tai x = L’ thi biéu thic (6) tro thanh:
FxL
ExA

Tir biéu thic (1), (2), (6), (7) xac dinh duoc khdi lugng quy doi ciia doan s6 2 theo
biéu thirc sau:

y,(L)= ()

mf 2
3
trong d6 me, 1a khdi luong doan 2.

MFZZ

(8)

Tinh toan tuong tu, biéu thie xac dinh khéi luong quy dbi cho doan sé 3 nhu sau:

2,12 ' -
M, =m,,x 1+56><L xJg 35><L><L><|J§><JF )
7 245x (L'xJ-. —LxJ;)
trong do, ms3 1a khéi luong doan 3.
Nhu vay, khdi luong quy doi ciia dam gap s& duoc xac dinh nhu sau:
Mg =M + M, + M, (10)
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3.2. Dam chiv V

Chia dam chit V thanh hai doan 1 va 2 (Hinh 1b). St dung phwong phap tuong tu
nhu d6i v6i dam gap va tham khao tai liéu [7], biéu thirc xac dinh khéi luong quy doi
ctia dam chit V nhu sau:

M, =2xm, x . 2 2
5040 J; x(sin(a/2))” +35x A7 x L' x(cos (a/2))

txw® e
la mé men quan tinh cua doan

trong d6: my1 1 khéi lugng ciia doan dam; J, =
dam; A, =txw la dién tich mat cat ngang cta doan dam.

3.3. Anh huwéng ciia thong sé kich thudc dén khoi lwong quy déi ciia dam
Dua vao céc biéu thic (10) va (11), khdi luong quy d6i cua cac dam thay doi theo
cac thdng s kich thudc ctia dam duoc thé hién nhu trén hinh 4 va 5.
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Hinh 4. Méi quan hé gizza chiéu réng va khéi lieong quy doi cia dam.

Theo két qua trén céc hinh vé& thiy rang, khéi luong quy doi cua cac dam cd quan
hé tuyén tinh ting theo cac kich thuéc chiéu rong va chiéu dai cua ching. Khi ting
chiéu dai va chiéu rong cac doan dam Ién 40%, khdi luong quy ddi ting 1an luot 34% va
40% cho dam gap; 33,58% va 40% cho dam chir V. Mit khac, vai cing tiét dién mat cét
thi khdi luong quy ddi ciia dam chix V ludn nho hon khéi lugng quy doi ciia dam gap.
Diéu nay I do trong két ciu cia dam gép c6 thém doan dam két ndi 2 dit tai dau cua
doan dam 1, ning lwong do doan diam nay giy ra cho dong ning toan hé s& co gia tri
l6n. Do d6, nang luong duoc tao ra thdng qua két cdu dam gap s& 16n hon va can duogc
chd y t6i trong qué trinh tinh toan thiét ké vé tan s6 1am viéc cho céac thiét bi MEMS.
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Hinh 5. Méi quan hé gizza chiéu dai va khoi lieong quy déi cua dam.
4. Do cieng twong dwong ciia dam
4.1. Phén tich két cdu
Do cung tuong duong ciia dam gap co thé duoc xac dinh bang giai tich trén co so
phuong phap niang lwong [8]. V&i cau triic dam trén hinh 1a, d§ cung twong dwong cua
dam theo phuong y cd thé duoc xac dinh theo cong thuc [8, 9]:

1 3 1
KF:ExtX(ﬂ 5 L'xy+2xL (12)
4 L 2xL'xy+L

trong d6: Kr 1a d6 clmg twong duong ctia dim géap theo phuong y; E 1a mé dun dan hoi
3
: WY L .
cuavat liéu; y = (—j Ia hé so hinh dang dam.
w

P clng twong duong ctia dam chir V theo phuong y (Hinh 1b) c6 thé dugc xéac
dinh theo cong thic sau [9]:

K, = : S : (13)
2><L><\/L X(COS(aZZ)) +(sm(a2/2))
144x ]2 A’

trong do, Kv 1a ky hi¢u cho do cting theo phuong y cho dam chit V.

Trong trudng hop coi tng xur ctia dam va vat liéu 1a tuyén tinh, cé thé xac dinh
duoc d6 cung twong duong cua dam theo phwong y bing cong thic:

K= F (14)
Yinax

trong d6: K 1a d6 cing twong dwong cuia dam theo phuong y; Ymax 12 chuyén vi I6n nhat
tai vi tri dat luc theo phuong y dugc xac dinh bang mé phong.
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Chuyén vi ctua dau dam dat luc c6 thé duoc xac dinh bang md phong qua phan
mém ANSYS véi tng dung phan tir hitu han FEM. Khi d6, phwong trinh mé ta chuyén
dong cua hé dam dugce xem nhu mot hé dao dong theo dang:

[M1{u} +[Cl{u} +[K]{u} ={P,} (15)

trong d6: [M] - ma tran khdi luong; [C] - ma tran can; [K] - ma tran d6 cing;
{u} - vecto chuyén vi; {Pex} - vecto ngoai luc.

Trong cac thiét bi MEMS, d6 can nhét caa khdng khi gitra cac khdi dam di dong
va dé duogc xét dén. Cac hé sé can duge xac dinh theo ham Rayleigh [10]:

[C] = a[M] + BIK] (16)
trong d6, a va 8 1a cac hé sb tat dan Rayleigh va duoc dinh nghia 1a cac hang sé.

Trong qué trinh khao sat chia ludi cho két cdu véi kich thuée phan tir ludi thay
d6i tir 2 um - 12 pm, nhan thay rang khi kich thudc phan tir ludi cang tang thi mic thay
d6i caa chuyén vi dau dam ciing tang dan, diéu nay s& lam giam di do chinh xéc cua bai
toan moé phong. Theo két qua phan tich trén hinh 6, ¢& dam bao do chinh xac trong mé
phong, kich thudc cac phan tir trong mo hinh chia lugi cua cau trdc nén chon dudi 8
um. Cin ctr vao cau hinh may tinh va mtc do don gian cua cau tric dam nghién ciu,
trong bai bao nay, kich thugc phan tir duoc chon 13 2 pm.

Két cau ciia dam bao gom céc phan tir dang khi 1ap phuong nén phan tir dwoc sir
dung dé chia ludi c6 dang Hexa20. Day 1a phan tir luéi khong gian ba chiéu 3D c6 dang
da gidc sau mat véi 20 node. Uu diém cua phan tir nay 1a dam bao cho két qua mo
phong c6 @6 chinh xé&c cao va sb luong phan tir 1a it nhat (do d6 c6 thé lam giam thoi
gian tinh toén) [5, 7]. Véi kich thudc phan tir da chon, sé phan tir cua dam gap 1a 31770
VvGi 149868 node va 24450 phan tir véi 117902 node cho dam chir V.
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Kich thwée phan i hedi (um)
Hinh 6. Sai khac chuyén vi theo kich thuéc phan ti ludi.
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Trong phan Setup tién hanh thiét lap cac diéu kién cua bai toan. Vi dam mot dau
dugc ngam cb dinh véi 1énh Fixed Support. Dé sat véi thuc té chuyén dong caa vi dim
trong céc thiét bi MEMS thi dau con lai dugc dinh hudng chuyén dong theo phuong y
véi Iénh Displacement. Tai dau dao dong nay, dat luc don vi F =1 uN trén phuong y.

Trong phan Solution, két qua can thiét cho qua trinh thiét ké duoc lya chon, théng
s6 can thiét o day 1a do bién dang cia dau dam theo phuwong y dugc lya chon trong muc
Directional Deformation. Lua chon két qua gia tri bién dang ti da lam tham sb dé
thiét ké.

EL] 15050

Hinh 7. Ap diéu kién bién va bién dgng cua dam sau dat luc.

Tién hanh thay doi cac tham sé theo ¥ dinh thiét ké trong muc Parameters. Cac
théng s6 duoc khao sat ¢ day bao gom: chiéu dai dam L thay d6i tir 300 pm - 500 um;
chiéu rong dam w thay doi tir 10 pm - 22 pm. Gié tri ngoai luc F = 1 uN duoc giir
nguyén, thdng sé dau ra duoc xac dinh 1a d6 ciing twong duong cua dam.

4.2. Anh hwéng ciia théng sé két ciu dén dé cirng ciia dam

Két qua tinh do cung tuong duong cuia dam gap bang md phong va tinh toan giai
tich theo thong s kich thuéc ctia dam duoc thé hién trén hinh 8 va 9.

Két qua khao sét cho thiy, khi ting chiéu rong caa cac doan dam, do cing tuong
duong ctia dam ting 1én (Hinh 8). Bén canh d6, do cung twong duong cuia dam giam
xubng khi chiéu dai doan dam ting 1én (Hinh 9). Két qua nay hoan toan phu hop véi
thuc té d6i véi cac dam dan hoi o kich thudc vi méd trong ving gidi han dan hdi cua

vat liéu. Gia tri do cang tai mdi kich thudc tinh theo hai phuong phap c6 su sai khac.
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Chénh léch 16n nhét gitra két qua mé phong va giai tich 1a 4,5%. Sai s6 giita 2 phuong
phap 1a thap, do dé co thé str dung céng cu md phong dé tinh toan do ciing cho ciu
trdc dam gap noi riéng va dac biét 1a cac cu tric c6 két cau phuc tap kho dua ra 1oi
giai bang phuong phap tinh toan giai tich.

O00 - ittt ettt Sttt

—&— [=300um_Mo phong — ® — 1= SOOpm Giai tich | : :
800 1 R P

—— 1= iitltlpm Mb phonﬁ = 4 — L=500um_Giai tich .
T00 e
600 ' : ! ] ] ' ' ' ' !
500
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0 . . : ! .‘ ‘. ‘. ‘. ‘. .‘ .‘ .‘
10 11 12 13 14 15 16 17 18 9 20 21 22
Chiéu rong w (um)

D¢ ciing Kz (N/m)

Hinh 8. Méi quan hé giita do cirng theo chiéu réng cia dam gap.
900 7 R TR I ;
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Hinh 9. Méi quan hé giiza do ciing theo chiéu dai cia dam gdp.

Hinh 10 va 11 biéu dién méi quan hé giira cac thong sé kich thudce dén do cing
tuong duong cua dam chir V. Twong ty nhu ddm gap, khi chiéu rong va chiéu dai ting
1én thi d6 cimg ciing lan luot ting va giam. Do cing twong duong Gng véi moi gia tri
kich thudc tinh theo hai phuong phép c6 su sai khac. Sai léch I6n nhat giira két qua mo
phong va giai tich 1a 12,63%. Diéu nay cd thé giai thich nhu sau: Qué trinh xay dung
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cong thuc giai tich tinh d6 cing twong duwong, két cau dam chir V di duoc don gian hoa
cho qué trinh phan tich lec, do d6 di bé qua doan dam lién két gira hai nhanh chix V
cua dam (chiéu rong phan két ndi w’ = 25 um). Mat khac, kich thudc cua phan tir udi
két hop voi anh huong cia khdi lugng ban than ciia dam trong qué trinh mé phong ciing
s& 1am cho d9 cimg twong duong ctia dam cé su sai khac so voi két qua giai tich.

Sy phu thudc caa thdng sé dau ra (46 cimg twong duong) dén cac tham sé dau vao
la chiéu dai va chiéu rong dam dwoc thé hién trong cac do thi dang mat va dang cot nhu
thé hién dudi day.
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Hinh 10. Méi quan hé giita dé cieng theo chiéu réng cuia dam cha V.
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Hinh 11. Méi quan hé giiza dé cing theo chiéu dai cia dam chi V.
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Str dung md dun Response Surface dé phan tich dap wng bé mat cua cac thong sd
kich thuéc hinh hoc cho két ciu. Thay rang, ca hai thdng s6 hinh hoc la chiéu dai L va
chiéu rong w déu anh huong rat 16n dén do cing cua két cau. Trong d6, mdi quan hé
gitta chiéu dai L va do ciing cua két ciu 1a twong quan nghich bién, tic chiéu dai cang
tang thi do cing cang giam va nguoc lai. Trong khi chiéu rong w va do cimg dam c6
mdi quan hé twong quan ddng bién, d6 cung ting theo chidu ting cua chiéu rong. Quan
hé theo dép (g bé mit giita 6 cing twong duong va hai théng sb kich thuéc dam dugc
thé hién trén hinh 12.
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Hinh 12. Pdp 1mg bé mar dé cing cua dam.
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Hinh 13. Phdn tich dg nhay cuc bé cac tham sé hinh hoc cia dam.
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Pé danh gia mirc 46 anh huéng cua cac thdng sb kich thude dén do cing twong
duong cua cac dam, bai bao tién hanh xac dinh gia tri d6 nhay cuc bo cua hai thong sb
kich thude dugce xac dinh trong phén Local Sensitivity (Hinh 13). Gia tri d6 nhay cuc bo
cua mot thdng sb 1a gradient hodc dao ham riéng cua cac ham déu ra (46 cing tuong
duong cua dam) véi tirng bién dau vao (cac théng sé kich thudc caa dam). Dbi voi dam
g4p, d6 nhay cuc bo cua chiéu rong dam 1a +2,0163, chiéu dai dam 1 -1,497. Déi véi dam
chir V, d6 nhay cuc bo ciia chiéu rong dam l1a +1,9411, chiéu dai dam l1a -1,5224. Cac do
nhay mang gia tri duong thé hién sy anh huong tich cuc ciia thong sé do dén két qua dau
ra va nguoc lai. Theo d9, gia tri 6 nhay cua kich thuéc chiéu rong la duong, nén no6 anh
hudng tich cuc dén do cing cua dam (chiéu rong dam cang 16n thi do cting cang ting).
Con d6 gié tri 6 nhay cua kich thudc chiéu dai 12 am, nén né s& anh hudng nghich bién
dén do cing cua dam (chiéu dai dam cang Ién thi d6 cang cang giam). Diéu nay hoan
toan phl hop véi thuc té hoat dong cia cac vi dam. Nhu vay, ddu “+” hay “-” cho phép
x4c dinh hudng tac dong cua cac thdng sé dau vao so véi thong sé dau ra la thuan hay
nghich. Con gid tri caa ching cho phép xac dinh mirc 46 anh huong cua cac thdng sé dén
d6 cimg twong duong cua dam. Thong sé ndo cd gia tri dd nhay cuc bo cang cao thi muc
d6 anh huong dén théng sé dau ra cang 16n. Theo d6, gia tri d6 nhay cuc bo caa chiéu
rong dam 12 16n hon nén né s& anh huong dén do ciing manh hon so véi chiéu dai dam.

Hinh 14 va 15 thé hién mic d6 anh huong cua hai théng s6 kich thuéc dam dén
d6 cimg twong duong ciia dam trén phuong y. Két qua trén hinh 14 cho thay rang:

- Khi giir nguyén chiéu dai dam Ia L = 400 um va thay doi chiéu rong w tir 10 um -
22 pm, thay rang khi chiéu rong tang 40% thi d6 cung thay doi 162,15% theo chiéu tang.

- Giir nguyén chiéu rong dam la w = 16 pm, thay doi chiéu dai L tir 300 pm - 500 pm,
thay rang khi chiéu dai ting 40% thi d6 cing thay d6i 62,84% theo chiéu giam.
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Bién thién kich thudc
Hinh 14. Mitc thay doi dé cirng tirong dwong theo kich thuéc cia dam gdp.
28



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

90% T --------- i j=———-- Te---=- r 400%
—#— Chiéu daiL — @ - Chicu rong w ! ! ® .
 80% 4 ----- a------ r----- a------ Te==-== =—=-=- == 350% o
o — 1 1 1 1 1 —
‘< 1 1 1 1 1 Bt
T T0% o mmm e e p e o e
R ] A ; . . [ 300%
2 60% J----- LR [ (R S e
g 1 1 1 1 1 F 250% ;
8 500 J---o- S o S S S g
= ! ! ! b F 200% ¥
) 40% $----- Py o ] - ————— e | == =
on : : LT L 150% &
g 30% 4+ ----- - e R R e fat
) 1 Fla)
S agos b L S B S S - 100% 2
= <D
Q) . =
= o T e e ] F 50% =
— 10% F e 1 1 ’ _(5
= 1 1 =
0% : i 0% m
k- 0% 10% 20% 30% 40% 50% 60% 70%

Bién thién kich thudc
Hinh 15. Mizc thay doi dé cirng tiong dwong theo kich thwéc cia dam chi V.

Két qua thu duoc trén hinh 15 cho thay:

- Khi gitr nguyén chiéu dai dam la L = 400 pm va thay doi chiéu rong w tir 10 um
- 22 pm, thay rang khi chiéu rong ting 40% thi do cung thay doi 166,44% theo chiéu
tang. Ngoai ra, khi chiéu rong ting 70% thi do cing ting 1én hon 350%.

- Giit nguyén chiéu rong dam la w = 16 um, tién hanh khao sét chiéu dai L trong
khoang kich thuéc tir 300 um - 500 um, thay rang khi chiéu dai ting 40% lan thi do
cting thay d6i 62,96% theo chiéu giam.

Dua trén gia tri d6 nhay cua céc thdng sb dau vao, trong qué trinh tinh toén, thiét
ké céc cu truc dé dam bao thong s6 dau ra, can quan tm mot s6 dic diém sau:

- Thir nhat, ca hai théng sb chiéu dai va chiéu rong dam déu anh huéng nhiéu dén
d6 cung cua két cau, do d6 co thé coi day 1a hai tham sé thiét yéu dé phuc vu cho bai
toan toi uu hoa thong s hinh hoc.

- Thtr hai, tham s6 chiéu rong cua dam anh huong manh nhat dén do cang cua
dam, do vay trong qué trinh thiét ké can quan tdm dén tham sé hinh hoc nay nhiéu hon
cac tham s khac dé xac dinh duge do cing theo ¥ dinh thiét ké mot cach nhanh nhat va
t6i uu nhat. Mudn thay doi nhanh chong do ciing dam, c6 thé tac dong thong qua gia tri
chiéu rong cua dam. Viéc thay doi chiéu dai dam duoc thuc hién khi muén thay d6i do
cting dam khong qua nhiéu.

5. Két luin

Bai bao da trinh bay phuong phap x&c dinh cac dai lugng dong luc hoc dac trung
cho hai loai dam micro c6 két cau phuc tap; phan tich mirc d6 anh huéng cua céc thdng
s6 hinh hoc 1a chiéu dai L va chiéu rong w cua két cau dam dén thong sb khéi luong quy

29



Journal of Science and Technique - ISSN 1859-0209

d6i va do cimg twong dwong cua dam gap va dam dang chir V duoc sir dung phd bién
trong céc thiét bi MEMS. Thdng qua cong cu phan tich caa phan mém ANSYS da xac
dinh duoc kich thudc quan trong va c6 anh huéng lén nhat dén d6 cimg tuong duong
ctiia dam. Chiéu rong cua cac dam cé mirc do anh hudng Ion nhat dén cac thong sé dong
luc hoc dac trung cua dam, khi tang chiéu rong 1én 40%, do cung tuong duong va khdi
luong quy dbi ting lan luot 1a 162,15% va 33,58% véi dam gap; 166,44% va 40% Vi
dam chit V. Hé sé do nhay cuc b tinh cho cac thdng sé chiéu rong cua dam gap va dam
chir V lan luot 12 +2,0163 va +1,9411, trong khi hé sé d6 nhay cuc bo cho chiéu dai lan
luot 1 -1,497 va -1,5224. Két qua cua bai bao 1a co s¢ cho cac phan tich vai cac cau tric
phtic tap hon va 1 co s cho bai toan téi uu hda két cau nham giam thoi gian khao sat,
tinh toén cho cac cau trac dao dong co hoc trong cac thiét bi MEMS.
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STUDYING THE INFLUENCE OF STRUCTURAL
PARAMETERS ON THE DYNAMIC CHARACTERISTICS
OF COMPLEX GEOMETRY MICRO-BEAMS

Abstract: This article conducts a survey to determine the characteristic dynamic
parameters of two micro beams commonly used in micro-electro-mechanical devices by varying
the structural parameters of the beams. The results show that the geometrical parameters of the
beams directly affect the equivalent stiffness and the effective mass of the beams and change the
dynamic characteristics of the vibratory system in the micro-electro-mechanical devices. The
width of beams strongly affects the dynamic parameters, when the width is increased by 40%, the
equivalent stiffness and the converted mass increase by 162.15% and 33.58% respectively with the
folded beam; 166.44% and 40% for V-shaped beams. While, when the length is increased by 40%,
the converted mass of the folded beam and V-shaped beam increases by 34% and 40%
respectively, but the equivalent stiffness changes in the decreasing direction, 62.84% and 62.96%
respectively for folded and V-shaped beams. These obtained results allow the designer to make
necessary changes the geometrical parameters in purpose.

Keywords: Equivalent stiffness coefficient; effective mass; folded beam; V-shaped
beam; MEMS devices.
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