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MO DAU

Ly do chon dé tai: Céc két cau dang vo mong c6 hai dd cong ngay cang
duoc sir dung pho bién nho cac tinh ning vuot tréi nhu kha ning chiu luc, tinh
linh hoat hinh hoc cao va khéi lugng nhe [1]. Khi kich thudc cua két cau thu
nho dén cap do micro, cac hiéu tng kich thudc (size-dependent effects) bat
dau dong vai tro quan trong va khong thé bo qua. Nhiing hiéu tmg nay doi hoi
su hiéu chinh cac mé hinh co hoc ¢6 dién bang céc ly thuyét tién tién nhu 1y
thuyét gradient ang sut, Iy thuyét ang suat cap hodc cac mo hinh da truong.
Xuat phat tir thuc tién va nhu cau khoa hoc néu trén, nghién ciru dé tai “Phan
tich tinh, dong két cdu vé Kich cé micro hai dé cong cé co tinh bién doi” 1
can thiét va mang y nghia khoa hoc cling nhu (ing dung cao.

Muc tiéu nghién ciru: Cu thé véi cdc muc tiéu nhu sau: Xay dyung
mo hinh vé FGM micro hai d6 cong trén co sé cac Iy thuyét bac nhat va
co dién, ly thuyét gradient tng suat hoic cap tng suat.

Poi twong nghién ciru: Vo hai do cong (hinh chiéu bang dang chit nhat
hodc ellip) kich thudc micro.

Pham vi nghién cuu:

- Phan tich tuyén tinh c4c bai toan: ubn tinh va dao dong riéng, on
dinh tinh, on dinh dong va bai toan dao dong cudng buc.

- M6 hinh vat liéu co tinh bién thién theo hai phwong st dung quy
luat ham so luy thira va xét dén anh huong cua 16 rong.

- Xét anh huong caa hiéu tng kich thudc théng qua ly thuyét cap ang
suat stra d6i (modified couple stress theory).

- Céc 16p vat lieu gan chat nhau, khdng bi bong tach, két cau chiu tac
dung cua tai trong nho, khéng gay ra cac hién tuong bién dang.

Phwong phap nghién ciru:

-Ly thuyét: Xay dung mo hinh toan hoc dya trén ly thuyét bién dang cat
bac nhat va Iy thuyét bién dang cat c6 dién két hop véi Iy thuyét kich thudc
nhu 1y thuyét cip tGng suat cai tién (MCST).

- Phuong phap: Str dung phuong phap phén tich dang hinh hoc (IGA).

Y nghia khoa hoc va thye tién:

- Vé khoa hoc: Luin an gop phan hoan thién ly thuyet phan tich két cau
micro 1am tir vat liéu c6 co tinh bién d6i theo hai chiéu.

- Vé thue tién: Cac két qua nghién ctu, tinh todn c6 thé ap dung trong
thiét ké va toi wu cac bod phan, linh kién k¥ thuat co6 két cau dang v micro.

B6 cuc ciia luin an: Luan an duoc trinh bay thanh 04 chuong, ngoai
phén 161 m& dau, két luan va kién nghi, danh muc tai li¢u tham khao:
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Chuong 1: Téng quan nghién ctru vo kich ¢& micro hai do cong ¢6 co tinh
bién d6i. Chuong 2. Xay dung bai toan tng xtr co hoc ciia vo kich c&
micro hai d§ cong c6 co tinh bién d6i bang phuong phap phan tich dang
hinh hoc. Chuong 3. Panh gia anh huéng cia cac tham sb déi voi dap tmg
tinh cua vo kich ¢ micro hai d6 cong co tinh bién d6i. Chuong 4. Panh
gi4 anh huang cac tham sé doi Vo1 dap tmg dong cua vo kich cd micro hai
d6 cong co tinh bién d6i trén nén dan hoi.
CHUONG 1.TONG QUAN NGHIEN CUU VO KiCH CO
MICRO HAI PO CONG CO CO TiNH BIEN POI

1.1. Tong quan vé nghién ciru
1.1.1 Nghién ciru vé vo kich co’ micro hai do cong

Qua cac cdng trinh nghién ciru da phan tich & trén co thé nhan thay
phan I6n cac nghién ciru déu tap trung vao: V6 déng nhat hoac composite
nhiéu 16p. Khong xét hiéu tng kich thudc khi vo thu nho dén cap
micro/nano. Chi xét vat liéu bién thién mot chicu (1D-FGM).
1.1.2 Nghién ciiu vé vat liéu FGM

Hinh 1.21 mé ta s6 luong céac cong bo khoa hoc lién quan d:én tur khoa
"FGM material" trong 39 ndm gan déy nhat. Dit li¢u duoc tong hop tur
nén tang hoc thuat Google Scholar (tinh téi thang 8 nam 2024) [3].
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Hinh 0.1. Sé lwong cac cdng bé khoa hoc lién quan dén tir khoa
"FGM material” trong 39 nam gan ddy nhat



1.1.3 Nghién ciru vé hiéu iing kich thuve

Péi voi cac cau tric micro/nano, Iy thuyét co dién khong con da chinh
xac vi bo qua cac hiéu tng kich thudc, luc tuong tac gitra cac hat vat liéu
va gradient tng suat. Mot so ly thuyét tién tién nhu: Ly thuyét tng suat
cap co dién (CST); Ly thuyét Gng suat cap cai bién (MCST); Ly thuyét
gradient (ng suat (SGT); Ly thuyét strain gradient theory (SGT) hoic
nonlocal elasticity. o
1.1.4 Nghién curu toi uu hoa két cau FGM

Qua phan tich ta co thé nhan thay mot s6 hudéng nhghién ctru da de cap
dén toi wu hoa phan bé FGM dé: Giam khéi lwong cau tric; Tang tan s6

dao dong riéng; Giam ng suat tap trung.
1.1.5 Dinh huong ung dung két qua nghién ciiu ciia dé tai

Két qua nghién ctru cua luén an khong chi dong gop vao viéc hoan
thién ly thuyét phan tich két cau micro ma con c6 kha nang ang dung truc

tiép trong cac linh vuc trong diém cua ki thuat co khi.
116 Ketlugm chuong 1

Chuong 1 d3 trinh bay tong quan co so khoa hoc, tinh hinh nghién
clru trong va ngoai nudc lién quan dén két cau vo hai do cong, vt liéu co
co tinh bién d6i (FGM), cac ly thuyet co xet higu tmg kich thudc, cling
nhu cac hudng tiép can t6i vu hoa két cau.

- Vé d6i tuong nghién ctru: Phan 16n cac nghién ciru hién nay tap
trung vao dam, tim hodc v don gian (vo try, vo cau) & kich thudc thong
thuong (macro), chua co nhiéu cong trinh khao sat toan dién vo hai do
cong ¢ kich thudc micro.

- Luan 4n dinh hudng giai quyét bai toan phan tich tinh, dong va tdi
wu hoa két ciu vo micro hai do cong lam tur vat liéu co co tinh bién thién
hai chiéu, co xét dén céc hiéu tng kich thudc théng qua cac ly thuyét tién
tién, st dung phuong phap phan tich dang hinh hoc két hop véi cac thuat
toan toi uu hién dai. Két qua ky vong s& dong gop vao viéc hoan thién mo
hinh 1y thuyét, nang cao do chinh x4c dy bao ing xu co hoc cua két cau,
dong tho1 mo rong kha nang tmg dung trong thiét ké va ché tao cac hé
théng k¥ thuat vi mé tién tién.
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CHUONG 2. XAY DUNG BAIl TOAN UNG XU CO HQC CUA
VO KICH CO MICRO HAI PQ CONG CO CO TINH BIEN DOI
BANG PHUONG PHAP PHAN TICH PANG HINH HQC
2.1. M0 hinh bai toan vé kich ¢& micro hai @9 cong co tinh bién doi
va cac gia thiét
Xem xét mot két cau vo micromet ¢ hai dd cong 6 hinh chiéu bang
dang hinh chit nhat tua trén nén dan hoi Pasternak véi cac thong sé hinh
hoc nhu thé hién trén Hinh 0.1.

Luc nhiét VO micro

Lép Winkler: Ky,

Nén dan hdi Pasternak

Céc quy luat phan bd 15 rdng

déu Khéng déu Tuyén tinh

Hinh 0.1. M6 hinh vé micro hai dé cong twa trén nén dan hoi
D01 vo1 vo micromet hai do cong c6 dang hinh ellip vé1 cac ban kinh
cua hinh ellip 1an luot 1a R, R, ndé dugc mo ta nhu Hinh 0.2 dudi day:
Z

Hinh 0.2. M0 hinh vat ly cua vo kich cé micro hai dé cong
véi hinh chiéu dang hinh elip
2.2. Mo hinh vat liéu vé micro hai d¢ cong
- B6i véi vo micro ¢6 hinh chiéu bang dang hinh chit nhat:

E(x,z) = Ey + (E; — Epp) G + %) Z (g)ax (2.1a)
- 19(Ec + Em)



p(x,2z) = pm + (Pc — Pm) (% + %) (g)ax (2.1b)
—9(pc + pm) ) ]

a(x,z) = apy + (@ — &) (E + %) (g) ' (2.1c)
— (@, + @)

v(x,z) = vy + (Ve — V) (% + %) (g)“x (2.1d)
— 9w, + vy)

- Boi véi vo micromet ¢d hinh chiéu bang dang hinh ellip, co tinh
vat li¢u sé thay doi tir tdm cua hinh di ra ngoai cac ban kinh theo quy luét:

1 z7\% (|x|\™
E(x,z) = E;, + (E. —E;) (E + E) <R_1> (2.2a)
- 7-9(Ec + Em)
1 7\% =
p(x,2) = pm + (P — Pm) <§ + %) (lRill) (2.1b)
— 19(106 + pm)
_ _ 1 %= x\*
ax,z) =a, + @.—a,) (E + E) (R_1> (2.1c)
- 1-9(C_L'c + C_Zm)
1 7\% =
v(x,2) = vy + (W, — vy,) <§ + %) (%) (2.10)
— ﬁ(vc + vm)

Bang 0.1. Mgt so théng sé thugc tinh cua vat lidu [4]
Thudc tinh vat liéu

vatlieu E p v a (K1) I
(GPa)  (kg/md) (%H,0)~ !
Al 70 2707 0.3 23x10° 0.44

AlL,O, 380 3800 03  7x10° 0.001
2.3. Truong chuyén vi va bién dang ciia vé kich co micro

Trén co sd ly thuyét bién dang cat co dién cua Kirchhoff-Love [5],
ta c6 truong chuyén vi:
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Z
= (1 + R—) U (%, y,t) — zwox(x, ¥, t)
X

A

z
U, = (1 + R_> vo(x,y,t) — zwp (X, Y, 1)
y

\ u, = wy(x,y,t)
Truong bién dang viét lai ¢ dang véc to nhu sau:

gxx ng
_ b. _ eb
{gyy} =[1 z z%J¢ ;{gyz} =[1 z]e5e” =

Exy
b s
ght;es = {Si};
5 ?

2.4. Moi quan he giira irng suit va bién dang
24.1. Ly thuyét cdp iing suit cii tién.

(2.3)

(2.4)

Dua trén |y thuyét cap tng suat cai tién, méi quan hé gitta tng suat

va bién dang ctia vé micromet dugc md ta nhu sau [6]:

0;j = A&y bij + 2ke;; — AT a(x, z)6;; (2.5a)
1/)L] = ZKIHL] (2.5b)
2.4.2. Dang khai trién ciia moi quan hé iing suat va bién dang
(Oxx) C11 Ci2 O 0 0 7 [(Exx)
Oyy C12 C22 0 0 0 Eyy
0=<0xyr=|0 0 C¢ O 0 |<&xyp—
O-xz 0 0 0 C55 0 ng
\Tyz ) . 0 0 0 0  Cyql \Eyz) (2.6)
(1)
_ Ll 1Q, 07(eb
ATa(x,z){0¢ = ]{ } ATa(x, z)et™;
0 Q
0/

2.5. Cac thanh phan nang lwgng va cac dang yeu
Thé nang bién dang cta vo micro co tinh bién thién U duoc Xac

dinh nhu sau:



h/2
SU = j j {0j6€ij +;;60;;} dzdxdy
Se’/—h/2 (2.7)

= j (658 + P50)dxdy
Se

2.6. Phwong phap giai
2.6.1. Phuong phip ding hinh hoc

Luan an trlnh bay tom tat noi dung cua phu’O’ng ‘Ehap IGA nhu sau:

il '.___a._::___'. g P Bl il il T
a) Mo h1nh coO dang hmh ch1eu b) M6 hinh vo cé hinh chiéu
dang chit nhat dang hinh tron

Hinh 0.3. M6 hinh diém diéu khién ciia vé theo phwong phdp ding hinh hoc
~ Phuong trinh vi phan mo ta trang thai dao dong cua vo co thé dugc
bieu thi dudi dang nhé gon nhu sau [7]:
Mg+ Cq+ K, q=F(t) (2.8)
2.6.2. Diéu ki¢n bién
Cac diéu kién bién sir dung trong luan an: CCCC, SSSS.
2.6.3. CHc bai todn co bdn
a. Bai toan uén finh
Kq=F (2.9)
b. Bai todn dao dong riéng

‘, K — wkMIq = 0 (2.10)
c. Bai toan on dinh dong
Mg+ |K+ Kf+ Ky — P (B + Yeos(wt))Kg]g =0 (2.11)
d. Bai todn dao dong cwong bic
Mg+ Cq+ K, q=F(t) (2.12)



2.7. Két luan chwong 2

Trong chuong nay da xay dung duoc cac bai toan img xtr o ban quan
trong cua két cau bao gdm: bai toan uon tinh, bai toan dao dong riéng, bai
toan 6n dinh dong va bai toan dong luc hoc.

Mot s6 dong gop méi dang chii y cua ludn an trong chuong 2:

- M6 hinh hoa vo micromet hai do cong lam bang vat li¢u co tinh bién
thién theo hai phuong trén co so ly thuyét cap ung suét stra doi.

- Xem xét hé so ty 1& chiéu dai thay d6i nhu cac thudc tinh co hoc
khac cua vat li¢u.

- Phuong phap dang hinh hoc dugc két hop véi phuong phap Botion
va Newmark dé dua ra cac cong thic xac dinh cac bai toan 6n dinh dong,
dao dong riéng va cudng buc.

- Xay dung céc bai toan co ban cua két cAu vé micromet co tinh bién
do6i theo hai phuong va so d6 khoi giai cac bai toan tuong tmg cua ching
phuc vu cho viéc 1ap trinh tinh todn trén phan mém Matlab 2018a. '

CHUONG 3. PANH GIA ANH HUONG CUA CAC THAM SO
POl VOI PAP UNG TINH CUA VO KiCH CO MICRO HAI PO
CONG CO TiNH BIEN DOI
3.1. Thiét 1ap cac tham so dau vao

3.1.1. Dinh gid dp tin ciy cua phwong phap
Bang 0.2. So sanh tan sé dao dong riéng Q; cua tam micromet co tinh
bien thién theo chiéu day

a, =0 a, =1 a, =10
a/h 1l/h [8] Luanan [8] Luanan [8] Luan
an

20 0.2 6.4027 6.4424 49568 4.9834 4.0323 4.0657
04 7.67/08 7.7081 6.07/56 6.1016 4.7488 4.7755
0.8 11.4108 11.4478 9.2887 9.317/1 6.9013 6.9216
1 13.5545 13.5934 11.1042 11.1352 8.1494 8.1691
100 0.2 6.4534 6.4551 4.9922 49940 4.0725 4.0751
04 7.7217 7.7233 6.1126 6.1146 4./840 4.7866
0.8 11.4689 11.4704 9.3344 9.3370 6.9345 6.9375
1 13.6186 13.6202 11.1560 11.1589 8.1846 8.1880
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3.2. Danh gia anh hudng cia cac tham s0 diu vao.
3.2.1. Anh huong ciia hé so thé tich vat liéu
Bang 0.3. Két qud tan sé thiz nhat khong thiz nguyén 2, cuia vo
micro c6 hinh chiéu bang dang hinh chi# nhdt va phu thugc vao hé sé thé
tich vdt liéu va ty 1¢ chiéu dai (CCCC)
A, =0, =«

Dang Lb

N I,
V( ron 0 0.5 1 2 5 10
0] ong /h
0 4.6354 2.3974 2.0116 1.7929 1.6866 1.6681

E 05 59442 2.7776 2.2593 1.9691 1.8257 1.7987

;g: 1 8.7633 3.6768 2.8673 2.4173 2.1890 2.1420
micro 0 4.4274 2.4030 2.0319 1.8186 1.7137 1.6952
0.5 5.7732 2.8257 2.3149 2.0256 1.8808 1.8527

1 8.6273 3.8091 2.9982 2.5428 2.3086 2.2588

0 43139 2.21/5 1.8575 1.6535 1.5535 1.5356

E 0.5 5.6960 2.6239 2.1233 1.8430 1.7032 1.6762

Vo try 1 8.5972 3.5620 2.7615 2.3156 2.0876 2.0398
micro 0 4.1199 22231 1.8765 1.6769 1.5778 1.5599

U 0.5 55398 2.6741 2.17/97 1.8993 1.7575 1.7294

1 8.4732 3.6979 2.8950 2.4432 2.2090 2.1584

0 4.0688 2.0787 1.7388 1.5468 1.4511 1.4332

Vo E 0.5 55128 2.5089 2.0209 1.7479 1.6102 1.5827
yén 1 8.4777 3.4793 2.6843 2.2408 2.0123 1.9636
ngua 0 3.8854 2.0838 1.7564 1.5685 1.4736 1.4554
micro U 0.5 53678 2.5606 2.0778 1.8043 1.6644 1.6356
1 8.3625 3.6177 2.8198 2.3702 2.1355 2.0839

0 3.6136 1.8195 1.5156 1.3443 1.2572 1.2398

E 0.5 51857 2.2995 1.8334 1.5721 1.4380 1.4099

Tam 1 8.2696 3.3322 2.5470 2.1072 1.87/5 1.8271
micro 0 3.4499 18243 1.5311 1.3625 1.2754 1.25/8
U 0.5 5.0612 2.3549 1.8920 1.6289 1.4918 1.4624

1 8.1701 3.4758 2.6866 2.2401 2.0041 1.9508
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3.2.2. Anh huong ciia hé s ty I¢ chiéu dai vt liéu

4.8
4.6 SP microshell
4.4 Type U
=3
4.2 Type E
4
3.8

I./h

C¥ ricroshell
3.7
Type 1T
3.4
31
2.8

2.5

0.6

0.4 0.4

I./h

02
L/ b 0 0

0.2

= 24

HPF microzshell

Twpe 1T

Twvpe E

i1./h

33
microplate

T iu)
27 e

21
1.8
1.5

0.6

0.4 0.4

02

0.2
Lo/h o o

I./h

Hinh 0.4. Anh hwéng cua hé sé ty 1é chiéu dai vdt liéu I, L,,, dén tan

s6 2, cua vé micro cé hinh chiéu bang dang hinh ché nhat
(SSSSAT = 0)

3.2.3. Anh huong ciia bdn kinh cong

4.3 BCs 8389
Type U
37
31
28

25

R] f’a

BCs: SFSF 4
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Hinh 0.5. Anh hwéng Ciia ban kinh cong dén tan sé 24 cia vé micro co
hinh chiéu bang dang hinh chi# nhdt (AT = 0)

3.2.4. Anh hudéng cia sur chénh léch nhiét dé, 16 rong va nén dan hoéi

35

—A— 5588 SFEFSF
——CCCC —0—CSCS

IS 24 I )
15} .
N

1 L

03

0 100 200 300 400 500 0 0.1 0.2 03 0.4 0.3 0.6
AT (K) Porosity parameter : £

ke ——— s L 3.5

—A—SSSS SFSF|
—o—CCCC —0—CSCS

2.5 ;_o__o_o__o___o_o__o__o—o——-cl
C
—A— 5555 SFSF 2.5
_ —p—CCCC —0—CSCS
~ 2+

S_A_&_&__A__A.——A——A—'A—A'_‘L 2
£

1.5¢

10 20 4I0 6::) SIO 100 16 i 4 é 8 10
K, K,
Hinh 0.6. Anh hwéng cua sw chénh léch nhiér @6 AT, hé so 16
réng, va dé cing nén dan hoi dén tan sé riéng thi nhdt cuia vo
9 micro hinh cau c6 dgng ché nhdt (Type E)
3.2.5. Anh huong ciia diéu kién bién khic nhau

Bang 0.4. Tan s¢ khong thir nguyén dau tién 2, cia vé micro cd hinh
chiéu bang dang hinh chiz nhdt véi s thay doi cia diéu kién bién va hé
s6 16 réng

|:5 § SSSS CCCC SFSF CSCS SFSS CFCF
rong
Vo Hoan 0 4.4458 5.6553 2.7432 5.0717 3.3398 3.5927
cau  hao
micro E 0.1 4.2412 5.2504 2.6297 4.7607 3.2869 3.3444
0.2 3.9832 4.7886 2.4618 4.3958 3.2284 3.0455
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L5 & SSSS

CCCC

SFSF CSCS SFESS

CFCF

U 0.1 43601

5.4890

2.6954 49440 3.3184

3.4927

0.2 4.2739

5.3335

2.6414 4.8227 3.2991

3.3961

Vo Hoan 0 3.8243

5.2571

2.5812 4.5802 3.0619

3.5013

ngua E 0.1 3.6197

4.8512

2.4828 4.2565 2.9778

3.2583

micro 0.2 3.3830

4.4042

2.3400 3.8913 2.87/88

2.9703

U 0.1 3.7385

5.0914

2.5406 4.4478 3.0271

3.4043

0.2 3.6560

4.9403

2.4955 4.3250 2.9931

3.3121

Votru Hoan 0 3.4597
micro hao

5.0181

2.4877 4.2564 2.0436

3.4124

E 0.1 3.2572

4.6012

2.3862 3.9282 1.9514

3.1668

0.2 3.0236

4.1416

2.2365 3.5599 1.8529

2.8765

U 01 3.3752

4.8480

2.4457 4.1228 2.0060

3.3144

0.2 3.2947

4.6929

2.3986 3.9997 1.9716

3.2214

Tam Hoan 0 2.6430
micro hao

4.5554

1.2610 3.6962 1.5662

2.7606

E 01 24314

4.1262

1.1824 3.3535 1.4677

2.5040

0.2 2.2184

3.6687

1.1052 2.9873 1.3761

2.2236

U 0.1 2.5562

4.3818

1.2322 3.5586 1.5279

2.6613

0.2 2.4804

4.2280

1.2082 3.4370 1.4964

2.5737

3.2.6. Cic dang dao déng ciia vé kich cémicro hai d cong co tinh bién déi

72, = 5.2919

7, = 8.5655

0, = 8.6814



Q¢ = 15.0596

a2, = 12.6223

0, = 18.8632 g = 19.1771 0o = 21.8793
Hinh 0.7. Chin dang dao déng dau tién cua vé cau micro co hinh chiéu
bang dang hinh ché nhdt (CCCC)

3.3. Téi wu héa hinh hec két cdu vé micro chju tdi trong uén tinh
3.3.1 Mo hinh vo va vt liéu tirong g
3.3.1.1 M0 hinh vat li¢u

M6 hinh vé micro hai d6 cong duoc chi ra nhu trong Hinh 3.11, dé
thuan tién cho viéc thanh lap cac cong thurc tinh toan, hé truc Oxyz duoc
dat 1én vo, vo co hai ban kinh cong 1a Ry va Ry, véi cac hinh chiéu tuong
ung la avab.

V6 sandwich

Lép 16i t6 ong

Hinh 0.8. V6 micro hai dg cong véi 16p 18i c6 cau tric té ong
3.3.1.2 Cac bién thiét ké, dieéu kién bién va rang buéc
Hai I6p bé mat 1am bang vt liéu c6 16 rong va cé chiéu day nhu nhau
hs = 2o-71 = 24-23, 16p 18i 6 cau tric auxetic va co chiéu day 1a he, vo micro
c6 chiéu day tong cong 1a 1a h = 2hs+he. Ty 16 chiéu day ba 6p cua vo ky
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hiéu 13 hs:hehs, néu ky hiéu 1a 1-1-1 c6 nghia 1a chiéu day ba 16p nhu
nhau, néu ky hiéu 1a 1-2-1 thi c6 nghia 1a chiéu day 16p giira gap hai lan
chiéu day 16p vo, néu ky hiéu 1a 1-8-1 thi c6 nghia l1a chiéu day 16p gitra
gap 8 lan chiéu day 16p vo, cac ky hiéu khac duogc hiéu tuong tu.
3.3.1.3 Xay dwng ham muc tiéu

CAu trlic caa mét 6 kich thudc cua 16p 16i dugc chi ra nhu trén Hinh
3.12, kich thuéc tong thé cia mot 6 kich thudc 12 hee, chiéu day cua 6
kich thuéc 1a teen, goc léch dic trung ctia mdi 6 kich thuéc la @. Co tinh
caa 16p 161 sé phu thude vao cac kich thuac hinh hoc cling nhu co tinh ctia
vat liéu tao thanh cac 0 kich thuac.

Y

hceli ?
X l‘ hcell ’I

a. Kich thudc hinh hoc cua mot 6 kich thudc

i . I ]
1 E /
core
0 5 p’core

=]

{

Wwe -

@ e N
=
®
*

(
\

b(degree)
_]20 40 60 80 100 120




15

b. Su bién doi cua cac dic trung vat liéu phu thudc vao goc e,
. E Ccore

core :ucore core* __ ij

*
core = E ] ILlCOI'e = ] ij - core
( core )max (ILlCOre)maX (Cu )max

Hinh 0.9. Cdc dac trung hinh hoc va dac trung co tinh cua mot 6 kich
thuoc trong lop 10i

Hai tham s6 co tinh cua I8i t6 ong 1a hé s6 Poisson va mé dun dan
hoi dugc xac dinh theo cong thirc sau [88]:

w_d
ILICOTE = I(j]e" 2
cell
EceII\NceII (3.5)
Ecore = h— (C4ld1 + C42d2 + C43ds + C44)

cell

trong d6 Ecen 14 md dun dan hoi cua vat liéu caa thanh két cau trong mdi
0 kich thudc, cac hé so di-ds va C41-Ca4 dugc tinh theo:

1

dl Ch, Cp Gy —Cy
d 2(=[Ca Cp Cy —Cyy
d3 C31 C32 C33 —Cyy (3 6)

S . 1 .
Cy = %—blz cos@sin®; ¢, = E{(—SCB +hby, )cos@sin @ +hb,, cos P cos D |

Cis = (Ses — by, ) COSDsin@; ¢, = %{SCB sin’ @ +1y, cos @ +hy, cos D sin @

véi céc tham sb ci1-Ca4 dugc tinh theo cong thuc
Cy =(Ser —by, )COS@SIND; ), = %{SCF sin’ @ +b,, cos® @ +b,, cos @sin (D}

Cps :Sf—b12 cosdsind; ¢, =%{(—SCF +h,,)cos @sin @ +h,, cos  cos P |

. . 1 . .
C, =h,sin@sin®; ¢, = E{SCB cos’ @+, sin’ @+, cos dsin @}
(3.7)

S . 1 . . .
Cys =%+SGB cos’ @ +b, sin’ @; ¢, = E{(sCB b, )cos @sin @ —b,, sin @sin @}

Cy :%+SCF cos’ @ +b,, sin* @; c,, :%{(sCF —~b,,)cos@sin® b, sin @sin @}

. 1 . .
C,; =h, cos@sin®; ¢, = E{SCF cos® @ +b,, sin* @ +h,, cos@sin (D}

con c4c tham s Sas, Ser, Sca, Scr dugc xac dinh theo cong thic

Lo . Lo . Loenr . Lo .
Sag = Ice »Ser = Ice 1Scg = Ice » Scr ZICL’ (38)
AB EF cB CF

trong do
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| _ | _ hceII +ch|| COt@ | _ _ Wcell .
AB ED — 4 1 'CD CB 4Sin @ 1 (3 9)
| | Wcell + hcell COt @ | — — hcell '
AT 4 PR T T Asing
3.4 Khio s4t bién thiét ké va két qui tinh to4n téi uru dat cure tri vé chuyén
o o o ‘y

Vi

Phan nay chi ra céc sé liéu tinh toan s6 doi voi bai toan uén tinh cua
vo micro hai d0 cong, va dac biét la chi ra gia tri cuc tri cia d6 vong cua
vé micro, day chinh 13 tai liéu tham khao gia tri dé phuc vu hitu ich cho
viéc lua chon céc tham s6 hinh hoc caa vo dé vo ¢ kha nang chiu tai 16n
nhat. Vé micro c6 cac thong s6 hinh hoc a = 10 um, a/b=1, Ry, Ry, va
chiéu day cua vo h co thé thay doi tly thudc vao timg truong hop tinh
toan cu thé. Hai 16p skin 1am tir hai loai vat liéu gém va kim loai c6 cac
thong sb vat liéu E; =380 GP, En= 70 GPa, 4 =u, =03, ty 18 thé tich 15
rdng cua vat lidu 1a g va chi s mii thé tich vat liéu k co gia tri khac nhau
& ting trudng hop tinh toan. Lap 16i ¢d cau trdc to ong 1am tir vat liéu c6
c6 co tinh gidng kim loai caa hai 16p skin, hen = h, chiéu day caa 6 kich
thudc 13 teen = 0.1heen. DO vONg 16N nhat tai gitta vo micro duoc tinh theo
cong thuc:

F.a’ 22
VGi F,, 1a bién d6 cua tai trong phan bd déu.

Trén céac Hinh 3.13-Hinh 3.14 thé hién d6 vdng cua diém giira vo phu
thudc vao goc @ véi cac gia tri khac nhau caa ty & ban kinh Ry/Ry. Di
Véi truong hop vo yén ngua micro, khi tang ty 1€ Ry/Rx thi gia tri cuc tieu
cua d¢ vong giam xudng, nhung doi voi truong hop vo cau micro thi gla
tri cuc tiéu ciia do vong lai tang 1én khi tang gia trj cua ty 1é Ry/Rx. Pong
thoi, do véng cuc tiéu cua V6i vo yén ngua micro dat duoc khi goc @ I6n
hon 90°, nhung d6i voi vo cau micro thi gia tri cuc tiéu cua do vong dat
duoc khi goc @ nho hon 84. 50 Thém vao d6, do vbng caa vo cau micro
lubn 16n hon d6 vong cta vo cau micro, dang diéu duong cong phu thudc
vao goc @ dbi véi ba trudng hop vo micro ciing khac nhau. Diéu nay
duoc giai thich nhu sau: khi goc » ting 1én thi gid tri ciia cac tham sé co
tinh cua 16p gitra cua vo micro ciing thay d6i (nhu mé ta trén Hinh 3.13),
va ton tai giatrigéco dé cac thdng SOk, ¢, ceedat gia tri cuc dai. Ngoai

core !

ra nang luong cua vé micro con phu thuoc va gia tri cua cac ban kinh R,

K, =10° Enl_\, [E,Ej; (3.10)
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Ry, do vay do cirng cta vo micro ciing dat cuc dai voi moi bo thong sb
cua goc @ va cac ban kinh Ry, Ry.

11.5 10
11 \\\\\ R 2R
)
FY RN =
2 ol —R=2R, [\ \\\ R, =R,
—R=13R, \ \\
9.5 — R =-4R, | .
° — 7R @ |(Degree) @ (Degree)
20 40 60 , 380 100 90 95 ) 100 105
a. PO vOng tai diém gitta voO  b. Gia tri cuc ti€u cua do vong
phu thudc vao ty 1€ Ry/Ry ctua v6 phu thude vao ty 1€
Ry/Rx

Hinh 0.10. P vdng cuia diém giira ciia vé Yen ngwa micro Véi Cac gid tri
khac nhau cuaty l¢ Ry/Rx,’ Ry =44, a/h=100, I.=h, I, = h/2,
l6 rong phén bo deup=0.1, k=2, 1-8-1.
7 : : .

8.5 T
8 \\ 6
7.5 =~ ™ //~ 5
= AE
2 7 \ \/ // %""4
6.51 —R =2R, / 3k
—R=3R ~_" /|
61 y X / 2
R =4R /
5.5 X N 1
—— R =5R
y " x| @(Degree) 0 ] (Degree)
%0 40 60 ) 80 100 83 83.5 §4 84.5 85
a. PO vOng tai diém gitta vo  b. Gia tri cuc tieu cua do vong
micro phu thudc vao ty 1€ cua vo micro phu thudc vao ty
Ry/Rx 1€ Ry/Ry

Hinh 0.11. PJ vdng cuia diém giira ciia Vé Cau micro Vdi Cac gid tri
khac nhau cua ty 16 Ry/Ry, Ry =4a, a’h=100, I.= h, I, = h/2, 16 réng phan
bé déup=0.1, k=2, 1-8-1.

Su phu thudc cta d6 vong cua vo micro d6i vai s6 mii thé tich k duoc
thé hién nhu trén cac Hinh 3.15-Hinh 3.18, mot s6 két luan duoc chi ra
nhu sau:

+ Khi chi s6 mii thé tich k ting 1én thi d6 véng cta vo micro ciing
tang 1én, diéu nay 1a do ty 1& kim loai trong vo ting 1én, do d6 vo mém
hon.

+ Chi s6 mii thé tich k tiang 1én thi gi4 tri cia goc @ ciing ting 1én dé
d6 vdng caa vo dat gid tri cuc tiéu.
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+ Trong ba trudng hop vo ¢6 16 rdng phan bb déu, gia tri cuc tiéu cua
d6 vong ddi vai SP microshell 12 nhé nhat, va gia tri cuc tiéu caa do vang
d6i véi vo yén ngua 1a 16n nhat.

+ Truong hop 16 rong phan bb déu va phan bé déu thi d6 vdng nho
nhé‘t cua vo c6 khac nhau, nhung su sai khac gitra hai trrong hop la khong
nhigu.

16 : : . . 12

| — k=0 — k=1 — k=2 — k=5 I k=0
=2
12 ~—_ ] L[S
=
10 E
5 6l
Mws <
D — 4+
6
4 2H
@ (Degree) 0
%0 40 60 80 100 85.5 86.5 87

a. PO vOng tai diém gitavo  b. Gia tri cu:c tiéu cua do vong
phu thudc vao s6 mii thé tich k ctia vo phu thudc vao s6 mil thé
tich k
Hinh 0.12. D¢ vdng cuia diém gida cua vo try micro vdi cac gia tri khac
nhau cua so mii thé tich k, Ry ==, Ry =4a, a/h=100, I.=h, ln = h/2, Io
rong phan bo @eus=0.1, 1-8-1.
5 T

~ I k=0

P — O\\ // k=1

- K= 47 k=2

|—k=1 N S B k=5 _—
il — ~ i
3 ——
1 L
2 —_——eee |
@ (Degree) @ (Deg

50

a. Do vong tai diém gitra vo

nhau cua so mi thé tich k, Ry = Rx =4a, a/h=100, |.=
phan bo déus=0.1, 1-8-1.

40

60

80

100

82

82.5

83

83.5

b. Gia tri cuc tiéu caa do vong
phu thudc vao s6 mii thé tich k  ctia vo phu thudc vao sé mil thé
tich k
Hinh 0.13. P vdng ciia diém giira Vo cau micro véi cac gia tri khac

h, In = h/2, 16 réng
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20 i " I <=0

12/ Il k=1
k=2
10 I k=5

8r

6
5 4
2
0 @ (Degree) 0 @ (Degree)

20 40 60 , 80 100 91.5 92 5 93 93.5
a. Do vong tai diém gita vo  b. Gia tr1 cuc tiéu cla do vong

phu thudc vao s6 mii thé tich  cua vo phu thudc vao s6 mii thé
k tich k
Hinh 0.14. Bé vbng ciia diém giza cia Vo Yen ngwa micro Vdi Cac gia tri
khac nhau cua so mii thé tich k, Ry =-4Rx, Rx =4a, a/h=100, l:= h, In =
h/2, 16 réng phan bo déu 3=0. 1 1- 8 1.

15

~ x X =~
111

— 01 N~ O

(Kd)min

16 :
—k=0 \ - k= 0
14} — =1 12| I k=1
k=2 \\_../ k=2
12 B 10 I k=5
—k=5 -
10 i 8
= £
X8 — ~Z6
—\\ %
6 4r
4 2r
@ (Degree) 0 @ (Deg ree)
%0 40 60 80 100 91 91.5 92.5 93 93.5

a. Do vong tai diém gitavo  b. Giatrl cu:c tleu cua do vong
phu thudc vao s6 mii thé tich k ctia vo phu thudc vao sd mii thé
tich k
Hinh 0.15. P vdng cuia diém giira cia vé Yn ngwa micro Vdi cac gia tri
khac nhau cia sé mii thé tich k, Ry =-4Ry, Ry =4a, a/h=100, I.=h, I, =
h/2, 16 réng phan bé déu 3=0.1, 1-8-1.

Trén cac Hinh 3.19-Hinh 3.21 thé hién su bién d6i caa do vong tai
gitra vo phu thudc vao goc « va ty Ié chiéu day céac 16p vat liéu, luan an
thay rang

+ Khi ting chiéu day 16p 16i, anh huong cua 16p 16i cang thé hién rd
rét hon, do vay duong cong d6 véng phu thudc vao géc @ cang thé hién
ro rét.

+ Trong ba truong hop vo, khi chiéu day 16p 16 thay doi, gié tri cua
goc @ dé do vong dat cuc tiéu dbi véi vo yén ngua micro 1a 16n nhat, va
dbi véi vo cau micro thi goc @ 1a nho nhat. Nhu vay, ngudi ta c6 thé thay
rang tly thuoc vao ty 1 chiéu day cac lop va céc thdng sé hinh hoc cua
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vo, ngudi ta can lya chon goc @ phu hop dé d6 cang cua vo 1a 16n nhit,
va do vong cua vo la nho nhat.

10 8 . .
— l (2-1-2)
— (2-1-2) i -1-1)
81 __ (1-1-1) — =6 [ [ @-2-1)
1-2-1 E B (1-8-1)
(1-2-1) ~
6l — (1-8-1) S
=
2
4 2
@ (Degree) 0 ) @ (Degree) |
220 40 60 80 100 84.5 85 85.5 86 86.5

a. D0 voOng tai diém gitavo  b. Gia tri cuc tiéu ctia do vong
phu thudc vao ty 18 chiéu day cta vo phu thude vao ty 1¢ chiéu
cac 16p day cac lop
Hinh 0.16. Pg vdng cuia diém giira cua Vo tru micro véi cac gia tri khac
nhau cua ty 1¢ chiéu day cac lop, Ry =«», R =4a, a/h=100, l.= h, I =
h/2, 16 réng phan bé déu 5=0.1, k=2.
10 : : .

12
10 — sl B (2-1-2)
— @12 T ] 5 8;3
gl — 1D 6 I (1-8-1)
(-2-1) P
M ||~ (@-8-1) ~
6 4
4 2k
@ (Degree) 0 . @ (Degree), .
%0 40 60 ) 80 100 90.5 91 91.5 . 92 925 93
a. PO vOng tai diém gitta vo  b. Gia tri cuc tieu cua do vong
phu thudc vao ty 1€ chiéu day cua vo phu thudc vao ty 1€
cac lop chi€u day cac lop

Hinh 0.17. B¢ vong cua g?‘iém gizra cua Vo yén ngua micro voi cac gia tri
khac nhau cua ty I¢é chiéu day cac lép, Ry = -4Ry, Ry =4a, a/h=100, I.=
h,
lm = h/2, 16 réng phan bo déu =0.1, k=2.

8 —~—
7 A o1 12
—(2-1-2) _/ 5k I (1-1-1)
6 — (1-1-1) T (1-2-1)
(1-2-1) _4f I (1-8-1)
51— (1-8-1) £
) <
4
2 |
3 1
S-{Degree) @ (Degree)

F\EFLYTVY] 0 c
50 40 60 80 100 82.5 83 83.5 84 84.5
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a. PO vOng tai diém gitavo  b. Gia tri cuc tiéu cta do vong
phu thudc vao ty 18 chiéu day ctia vo phu thudc vao ty 1é chiéu
cac 1op day céc 16p
Hinh 0.18. Dg vdng Cua diém giira cua Vé cau micro véi cac gia tri khac
nhau cua ty 1é chiéu day cac lop, Ry =4Ry, R« =4a, a/h=100, lc=h, In =
h/2, 16 rong phan bo deUﬁ O 1, k= 2

10

—a/h=40 - alh=40
—a/h=50 [ I a/h=50
8| — am=s0 o B an=co
—a/h=100 < | ME=a/h=100
: E
6 ‘ ~
Vi L4
4
25
2
0 @ (Degree) 0 J I @ (Degree)
20 40 60 80 100 84 84 5 85.5 86 86.5

a. PO vOng tai diém gitavo  b. Gia tri cuc tleu cua do vong
phu thudc vao ty 18 chiéu day ctia vo phu thudc vao ty 1é chiéu
cac 1op day cac lop
Hinh 0.19. P vdng cuia diém giira cua Vo tru micro véi cac gia tri khac
nhau cua ty 1é a/h, Ry =«, Ry =4a, a/h=100, I.= h, I, = h/2, 16 réng
phanbod‘eUﬂ 01 1-8-1, k 2

12

— alh=40 -a/h 40
10 — a/h=50 ol Il 2/h=50
a/h=80 \\.—-—/ l:la/hZBO
sl a/h=100 [ a/h=100
= | 6r
26 E
o
4 =
2 2
0 @ (Degree) 0—.‘. @ (Degree) |

20 40 60 80 100 84 86 88 90 92 94

a. PO vOng tai diém gitavo  b. Gia tri cuc tiéu ctia do vong
phu thudc vao ty 1€ chiéu day cua vo phu thudc vao ty 1€
cac lop chi€u day cac 1op

Hinh 0.20. P vdng cuia diém giira ciia vé Yn ngwa micro Vdi cac gia tri
khac nhau cua ty I¢ alh, Ry =-4Ry, R« =4a, a/h=100, .= h, In = h/2, 16
rong phan bo deus=0.1, 1-8-1, k=2.
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—a/h=40 B /=40
~~ / —
—_—a/h= 6! I a/h=50
e =
51 M a/h=100
I a/h=100
- =4 ]
4 _E
23
2 2r
1 .
0 @ |(Degree) @ (Degree)

20 40 60 80 100 803.4 83.6 83.8 84 84.2
a. PO vOng tai diém gitavo  b. Gia tri cuc tiéu ctia do vong
phu thudc vao ty 16 chiéu ddy ~ cua vo phu thudc vao ty 1é
cac lop chiéu day cac 16p
Hinh 0.21. Bé vbng cuia diém giza cia Vo Yen ngwa micro Vai Cac gia tri
khac nhau cua ty 16 alh, Ry =4Ry, Ry =4a, a/h=100, I.=h, I, = h/2, 16
rong phan bo déu 3=0.1, 1-8-1, k=2.

Su bién doi cua do véng tai diém giira vo micro doi véi chiéu day vo
duoc thé hién trén cac Hinh 3.22-Hinh 3.24, mot s6 nhan xét tir cac két
qua tinh toan nhu sau:

+ Khi giam chiéu day cua vé micro, vo tré nén mém hon, do dé do
vOng cua vo micro tang 1én.

+ Trong ba truong hop cua vo, khi chiéu day caa vé thay doi thi gia
tri cuia goc @ dé do vong dat cuc tiéu doi véi vo yén ngua micro 1a 16n
nhat, va d6i Vi vo cau micro thi goc @ 1a nho nhat. Nhu vay, ngudi ta co
thé thay rang tly thugc vao chicu day cua vo va cac thong so ban kinh cua
Vo micro, gia tri cua goc @ can duoc lya chon phi hop dé kha nang chiu
tai ubn caa voé micro 1a Ion nhat, tie 13 do véng caa vo 1a nho nhat.

3.5 Két luan chwong 3

Trong Chuong 3, ludn an di trinh bay so do thuat toan va st dung
phan mém Matlab 2020b dé xay dung b chuwong trinh tinh toan uén tinh,
dao dong riéng va 6n dinh tinh ctia vé micro hai do cong tua trén nén dan
hoi Pasternak.

- Khi hé s6 thé tich vat liu %% ting 1én s& lam cho thanh phan kim
loai c6 co tinh mém hon trong két cau vo tang 1én, do do do cung két cAu
vo s& giam xudng va tir ¢6 1am giam gi4 tri tan s6 dao dong riéng va luc
on dinh tinh cta vo micro.

- Do véi két cau micro, hé s6 ty 1é chiéu dai ¢ vai tro ting cing cho
két cAu vi n6 1am tang nang luong bién dang, do do6 cac gia tri tan s dao
dong riéng va luc 6n dinh s& ting 1én.
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- Nén dan hoi c6 tac dung tuong hd va lam tang d6 ciing cua két cau,
trong khi d6 su xuat hién cua 15 rdng s& lam giam co tinh va khoi luong
vét ligu cua két cau, tuy nhién do sy tuong tac cua do cing va khoi luong
c6 thé 1am cho tan s6 dao dong riéng tang 1én hodc giam di, nhung gia tri
d6 vong va luc on dinh chac chan giam xuéng.

- Trong moi trueong nhiét dg, su chénh I&ch nhiét do gitra I6p trén
cung va dudi cung s€ gay ra ma tran do cuing nhiét va lam giam do cung
cua két cau micro, tir 6 no lam giam cac gia tri dau ra cua két cau.

CHUONG 4. PANH GIA ANH HUONG CAC THAM SO POl
VOI PAP UNG PONG CUA VO KiCH CO MICRO HAI PO
CONG CO TINH BIEN DOI TREN NEN DAN HOI

4.1. M0 hinh tai trong dong
ax,y.t) a(x, y,t)

 a(x,y.1)

t/2
0 b

—Q 0 t (ns)
c) d)

Hinh 0.1. M0 hinh tdi trong dong a) tai xung hinh chiz nhat (b) tai xung

hinh sine (c) tai xung hinh tam giac va (d) tgi xung né (séng xung kich)
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4.2. So d0 thuit toan va thiét 1ap cac tham so diu vao

Ly

Tinh toin ban dau
K, M, At,a,7,...

sy o 1 = 2
o!'¥o?'™o! At

Tinh:

qt+At ! qt+At

No: j<n

Yes:j=n

Y

Két qua /
q.9.9.

Hinh 0.2. Sor d6 thudt toan gidi bai todn dao déng curong birc

4.3. Bai toan danh gia tinh chinh xac ciia phwong phap

4.3.1. Bii todn vé bai todn én dinh dong

T T 2

Present : 6 =0 l
Present: 6 =0.5 1.8
| o Hanet.al (2015): §=0 1.6
1.4

o Han etal (2015): § =05 o —

Dimensionless pulsation frequency, Q)

0 0.5 1

Dimenstonless pulsation frequency, ()

1.5 2

Dynamic load factor,

a)

Present: § =0
Present : § =0.5
o Han et.al (2015): 6 =10

o Han et.al (2015): ¢ = 0.5’/’0—-""_

0.4 0.8 12
Dynamic load factor,

b)

1.6 2

Hinh 0.3. Anh hwéng cua hé sé luc tinh B dén viing mat én dinh
cua tam S-FGM
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4.3.2. Bii todn kiém chiing cho bai todn déng lirc hoc

09~
-10 +
=20t
3
-30 —
Present,a, =0 o Kiani,a, =0
Present,a, =0.2 o Kiani,a, =0.2
- — - Present,a, = 2 ¢ Kiani,a, =2
-40 : : ‘ : :

0 2.5 5 7.5 10 12.5 15
Ly

Hinh 0.4. Bdp ing dg léch cua tam hinh vudng duwdi tac dung
cua tai hinh chiz nhat theo thoi gian

4.4. Cac két qua ciia bai toan on dinh dong
4.4.1. Anh huong ciia hé so ty Ié chiéu dai vat liéu

1 1
= 0.8 = 0.8
= -
=] =]
i g
Sos <os
s ~
5 S
= <
<04 £ 04F :
5 S |[=a—=l/h=0
g —o—I./h=102 g —o—I./h=0.2
R0z —4—I./h =0.5 Ro02f-—<—I./h=035
—o—1./h =07 —o—1./h = 0.7
SF microshell _Q_{(_ff;,_ =1 —0—1, I,’h, =1 HF microshell
0 0 ,
1.5 2 25 3 3.5 4 4.5 5_ 5.5 1 1.5 2 2.5 3 3.5 4 4.5
Dimensionless pulsation frequency, () Dimensionless pulsation frequency, ()
1 T i T T I- 1 <10 - r [ 4—0
= 0.8 : An 2 0.8
< <
§ §
<06 : <06
= =
3 3
= =]
= CY¥ microshell | -~
204 : 204
S —A—1./h=0 S —A—I./h=10
£ ||l—o—i/h=02 S |l——l/h=02
Ro2{—a—I./h=105 Qo2 ff—a—1./h=05 1
—o—I./h=0.7 —o—I./h=0.7
——Il./h=1 ——I./h=1 microplate
0 ' : : 0 : ' —Af
0.5 1 1.5 2 25 3 3.5_ 4 0 0.5 1 1.5 2 2.5 3 3.5
Dimensionless pulsation frequency, Dimensionless pulsation frequency, ()l

Hinh 0.5. Anh hirong ciia hé so ty I¢ chiéu dai vt liéu L. /h dén
vung mdt on dinh ctia vo tru micro co hinh chiéu bang dang hinh
chit nhgt (SSSS, Type E)
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4.4.2. Anh hudng ciia sw chénh Iéch nhiét dg

1 T 1
0.8 0.8
0.6 0.6

HP microshell

—A—AT = 50K
——AT = 150K
—a— AT = 250K
—0— AT = 350K
—O0— AT = 450K

SPF microshel

—A— AT = H0K
—o0— AT = 150K
—<— AT = 250K
—0— AT = 350K
—0— AT = 450K

=
.
=
.

Dynamic load factor,
Dynamic load factor, i)

=
e
=
b

o 0 . ‘ .
1.5 2 25 3 35 4 4. O 2 25 3 35 4 45 5 55 6 65 7
Dimensionless pulsation frequency, {4 Dimensionless pulsation frequency, (4

1 1
_‘;}— 0.8 D 0.8
3 5
3 S
= 0.6 =~ 0.6
3 ~
IS 3
= CY microshell | < |m|cro late
< 04 204 i
S [—AT=50K §  [[2—AT =50K
g —o— AT = 150K g —o— AT = 150K
Q02— AT = 250K Q02 f—<— AT = 250K
—0— AT = 350K —0— AT = 350K
—O— AT = 450K —O— AT = 450K
0 . 0 - : 4
1 1.5 2 25 3 35 4 45 5 55 6 65 7 1 15 2 25 3 35 4 45 5 55 6 65 7
Dimensionless pulsation frequency, Dimensionless pulsation frequency,

Hinh 0.6. Anh huéng cua sw chénh léch nhiér do AT (K) dén viing mdt
on dinh ciia vo tru micro ¢é hinh chiéu bcing dang hinh chir nhat
(CCCC, Type E)
4.4.3. Anh hudng ciia hé s6 16 réng va hé s6 én dinh tinh B

1 T T 1 T

=
£
=
o

=
o
-

0.6

HF microshel

—A— Pefect

SP microshel

—&— Pefect
—o—Type E. £ =0.2 —o—Type E, & = 0.2
—<—Type U, § = 0.2 ——Type U £ =02
—o—Type E. £ =04 —o—Type E,£ = 0.4
—0—Type U,§ =04 —0—Type U.£ =04

1 2 3 4 - 5 .5 1 1.5 2 2.5 3 3.5 4 45
Dimensionless pulsation frequency, () Dimensionless pulsation frequency, €1

=
i
=
i

Dynamic load factor,y
Dynamic load factor,

=
[
=
[

o=
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1 1
0.8 0.8
06 0.6

microplate

—A— Pe fect
—o—Type E, £ = 0.2
—<—Type U, & =0.2

Cy microshell |

—A&— Pefect
—o—Type E, £ =0.2
——Type U, =0.2

=
=
=
i

Dynamic load factor,

=
b

Dynamie load factor,y
e
b2

—o—Type E £ =04 —o—Type E. £ =04
o —0—Type U, £ =04 ——Type U, & =04
0 T T I
0 1 2 3 4 _ 0 0.5 1 1.5 2 2.5 3 3.5
Dimensionless pulsation frequency, () Dimensionless pulsation frequenecy,

Hinh 0.7. Anh hwong cua hé sé 16 rong & dén viing mdt 6n dinh
ciia vé tru micro c¢é hinh chiéu bang dang hinh chit nhdt (SSSS)
4.4.4. Anh huong ciia hé sé thé tich vat liéu

1 1
= 0.8 = 0.8
Iy 5
3 3
S 3
= 0.6 = 0.6
= =
8 g
204 2 04
g S
g g
g g —o—p. = 0.5
Qo2 Rz —4—p. = 1.0H
—O0—p. = 2.0
—O—p. = 10
0 [ :
0 0.5 1 1.5 2 1 1.5 2 25 3

Dimensionless pulsation frequency,(h Dimensionless pulsation frequency,$,

A

I

ta
<
o0

e
o
:
e
o

+p_,- = 0
—o—p, = 0.5

e

—A—p, =0
——p, = 0.5

=
=
]
b
=

Dynamaic load factor
Dynamic load factor, ¢

0.2+ —d—p,. = 1.0} 0.2 —d—p, = 1.0
—0—p, = 2.0 —O0—p, = 2.0
——p. =10 ——p, =10
0 o0t O—<l
0.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4 4.5

Dimensionless pulsation [requency, € Dimensionless pulsation frequency,
Hinh 0.8. Anh huong cua hé so thé tich vat liéu (p,, p,) den vung mat on

dinh cia vé cau micro c6 hinh chiéu bang dang hinh tron
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4.5. Két qua dap ing dao dong cudng birc
4.5.1. Anh hudng ciia hé sé diéu khién thé tich vit liéu

1.5

1Ff

Hinh 0.9. Anh hwéng cua h¢ s¢ mii thé tich theo phuwong z dén dap 1vng
dé léch cua vé cau duwdi tac dung cua tdi hinh sin (SSSS)
4.5.2. Anh hudng ciia hé s ty I¢ chiéu dai

0

0 0.2 0.4 0.0 0.8 1
t/tnaa

Hinh 0.10. Anh huwéng cua hé so ty 1¢ chiéu dai cia vat ligu gom dén dap
ung do léch cua vo tru duoi tac dung cua tai hinh chiz nhat (SSSS)
4.5.3. Anh huong ciia hé s6 I6 rong
1

0 0.2 0.4 0.6 0.8 1
t,"lff?nrr.r

Hinh 0.11. Anh huong cia hé so 16 rong den ddap vmg dg léch cua vo yén
nQua duoi tac dung cua tai no (SSSS)
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4.6 Pinh hwéng wng dung két qua nghién ciru cia dé tai

Két qua nghién cau caa luan an dugc (tng dung rong réi trong nhiéu
hudng cua ki thuat co khi hién dai, dac biét trong boi canh cac hé thong
va linh Kién co khi ngay cang dugc thu nho vé kich thuéc, yéu cau do
chinh xac cao va phai lam viéc trong moi truong o tai trong phuec tap.
Trudc hét, cac mo hinh dao dong riéng, on dinh dong va dap tng cudng
birc dugc phat trién trong luan &n c6 thé tng dung truc tiép trong thiét ké
cam bién va bd truyén dong cua cac hé théng vi co dién tu
(MEMS/NEMS). Bang viéc md ta chinh xac anh huong caa hiéu ¢ng kich
thudc theo Iy thuyét cap ing suat sira doi, md hinh cua luan &n cho phép
du doan (rng xur dao dong cua mang cam bién, dia cong hudng va cac phan
ter Vi CAu tric von rat nhay véi sai léch mo hinh ¢ thang micro. Diéu nay
dac biét quan trong trong téi vu hoa tan sb riéng, nang cao do nhay va
giam nhiéu rung cho cac linh kién vi co

Google Solar: (NG DUNG CUA VO MICRO HAI D) CONG CHO CAC CHI TIET CU THE

theo google solar

1) QUANG VOLTAIC (PV)

CHI TIET: BE MRT.TE BAOPV mcivuict /— ' \
&~ N & ® ~

c'ﬁgn;c%u phﬁn’\qv
Mt cat vo mang ca & @ %

TANG HIEU SUAT V61 CAU TRUC VO MANG CAU

. - -« L«
Qi ‘h’\ \0xt \
NN a*.\
2 CAU TRUC VO KEP TU'LAM

SACH VA THU HOACH DA GOC

KET CAU TiCH HOP TOA NHA (BIPV) °'?EL"L“" CAI THIEN THU QUANG & QUAN LY NHIET

" 2) QUANG NHIET (CSP)

Dai guong
cong micro /2}*

- He THONG CSP HIEU SUAT CAO
WITH MICRO-CONCENTRATOR SHELLS

.
LIGHTTRAPPING SHELL "y

THERMAL DISSIPATION SHELL

~ Hinh 4.18 Binh huéng ung dung Vo micro hai do cong € co tinh bién
doi
Hién nay, bai toan cung cap nang luong dé duy tri hoat dong cac thiét
bi kham pha khong gian dang 1a mot thach thuc rat l6n ddi vai cac nha
khoa hoc. Cac thiét bi bay khong nguoi lai kham pha khong gian dang
ngay cang hién dai nhung ching s& khong hoat dong duoc néu khong co
nang luong dé duy tri. Trong luan an nghién cau sinh da xay dung mo
hinh vo micro hai dong cong, phan tich anh huong caa hé sé 16 rong vat
liéu, hiéu tng kich thuéc caa vo kich thudce micro hai d§ cong, tinh toan
t6i ru hoa hinh hoc dé dat dugc cuc tri vé chuyén bi trong bai toan udn
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tinh. Két qua nghién ctu caa luan an dugc (ting dung truc tiép trong cac
bai toan vé thiét ké cac bé mit té bao Quang Von ta ich nham ting hiéu
suat cau trdc vé mang cau; Hay thiét bi quang nhiét nham tang ty & hap
thu nhiét; Thiét bi thu ning lugng mit troi tich hop cau tric vom; Thiét
bi nham cai thién thu quang va quan ly nhiét duoc thé hién trong hinh 4.18
nham hiéu xuat va kha nang thu ning luong quang nhiét duoc tét nhat cho
cac hé thong Micro cell trong twong lai.

4.7 Kétluan chuong 4

Trong chuong ndy trinh bay két qua bai toan 6n dinh dong va dao
dong cudng birc cuia vo micro hai d6 cong khi chiu tac dung cua cac dang
tai trong dong khac nhau dat trén nén dan hoi c6 xét dén hiéu ung Kich
thudce nho.

Dang dao dong bac thap thé hién su tham gia chu yéu cua khoi luong
va do cing tong thé, quyét dinh phan tmg co ban cua két cau dudi tai
trong dong.

Dang dao dong bac cao phan anh su bién dang cuc b, lam tang Gng
suat tap trung tai cac vi tri thay doi do cong.

Hai d6 cong nguoc chiéu tao ra hiéu ung X04n va cat ngang, lam giam
dang ké tan so riéng so vdi du doan 1y thuyét don gian.

Do cong cung chiéu ting cudng do cing udn, gitp két cau phan phoi
lai noi lyc va han ché bién d6 dao dong cong huong.

Sy két hop hinh hoc lam thay do6i phan bo kh01 lugng va d6 ctng theo
khong gian, anh huong truc tiép dén mién tan sé cong hudong va hé sb can
cua toan hé.

So sanh két qua tinh - dong: Trong khi phan tich tinh chi phan anh sy
phan b6 do vong, noi lyc theo trang thai can bang, phén tich dong da chi
ra rang cac tham s6 hinh hoc (ban kinh cong, ty 1é chleu day) anh huong
manh dén mién cong hudng va dang thirc pha huy tiém an - diéu ma két
qua tinh khong thé du bao dugc.

KET LUAN VA KIEN NGHI
1. Nhirng dong gop moi cia lugn an
Luan an da tlen hanh mo hinh hoa va phan tich cac dap img udn tinh,
dao dong riéng, 6n dinh tinh va 6n dinh dong va dao dong cudng burc cua
vo micro hai d§ cong lam béng vat liéu co tinh bién thién theo hai phuong
tua trén nén dan hoi. Sau day 1a mot s6 dong gop chinh cua ludn an:



31

- M6 hinh vé micro hai dd cong dugc xay dung tir vat li€u co tinh
bién thién theo ca chiéu dai va chiéu day vo, dong thoi ké dén anh hudng
cua hiéu ing phu thudc kich thudc nho.

- Hé s6 hé s ty 18 chiéu dai thay d6i nhu cac thudc tinh co hoc khéc
cua vat licu

- Lu@n an da trinh bay ly thuyet bién dang cit co dlen ly thuyét bién
dang cat bac nhat két hop ly thuyet cap ung suat cai tién dé phan tich day
du cac tmg xur co hoc cua két cau vo micro nhu cac bai toan udn tinh, dao
dong riéng, 6n dinh va dao dong cudng bic.

- Xay dung céac bai toan co ban ctia két cau vo micro va so dd khoi
tuong (mg cta chung phuc vu cho viéc lap trinh tinh toan trén phan mém
Matlab.

- Budc dau sir dung cac kién thuc toi vu dé tim duoc nhimng bo gia tri
phu hop, gitip rat gon thoi gian tinh toan trong cac nghién cttu thuc te.

- Két qua nghién ctru 13 tai liéu tham khao trong tinh toan, thiét ké két
cau nano chiu tai trong tinh va dong thudng gip trong cac thiét bi dién tir
nhu cam bién, chip dién tur.

2. Nhan xét va kién nghi

Trén co s& két qua dat dugc cua luan an, mot s6 huong nghién ctru
tiép theo co thé phat trién nhu sau:

- Nghién ctru cac dap tng tinh va dong ctia két cau vé micro co ké
dén anh hudng cta cac yéu t6 phi tuyén hinh hoc, phi tuyén vat liéu, tai
trong phtrc tap.

- Xem xét dén cac yéu td dan nhét cia vat liéu va moi trudng trong
tinh toan cac két ciu micromet

- Phat trién céc phuong phap sO nhur phan tur hiru han, dang hinh hoc,
phuong phap khong luéi de phan tich cac két cau vo MICTO .

- Tinh toan bai toan toi wu hinh dang va bai toan tdi wu vat liéu cho
vO micro.
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