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LOI CAM DOAN
Toi 1a Nguyén Ngoc Thuy xin cam doan day 1a cong trinh nghién ctru
ctia riéng t6i. Céc sb liéu, két qua trong ludn 4n 13 trung thuc va chua dugc ai

cong bd trong bat ky cong trinh nao.

Tac gia

Nguyén Ngoc Thiiy



LOT CAM O

Tde gid lugn dn xin bay to long bict on chin thanh déi véi GS.TS
Nguyén Thii Chung da tin tinh huéag din, giip dé va eho nhiéu chi din
khoa hoe éd gid tei gitp cho tde gid hoan thanh lugn dn nay. Tie gid tran
trong su déng vien, khuyén khich va nhing kién thie khoa hoe cing nha
chuyén mén ma Thday hudng dan da chia sé cho tie gida trong nhing nam
qua, giip cho tic gid ning cao nding lue chuyén mén va phuong phip
nghién edu.

Tde gid tran trong edm on Lanh dao Fboe vién Xy thudt Qudn s, tip
thé Bé mén Co hoe vit rin, Xhoa Co khi, Phong Sau dai hoe - Fboe vién
Kij thugt quan sii, Phong thi nghiém Trong diém Quie gia/ Dai hoe Bich
khoa/Pai hoe Quée gia TP F66 Chi Minh da tao moi diéu kién thudn loi,
hop tie trong qud trinh nghién caiu. Tde gid xin trin trong edm on
GS.TS.NGHD Fboang Huin Luvng - Tboe vien Kij thudit Quan s,
GS.TSKT6.NGHD Pao Fouy Bich - Pai hoe quée gia Toa Wéi, GS.TS
Trdn ich Thinh - Pai hoe Bach khoa Tba Wpi da eung eip eho tie gid nhiéu
tai lieu qug hiém, ede kién thie khoa hoe hién dai va nhiéu 16i khuyén bé ich,

Cuéi cing, tie gid xin bay to long edm on Thit trudng Tong eue Cong
nghiép Quée phong, Thit trudng Cue Quin lj Cong nghé/Tong eue ONQP
va ede dong nghiép, cang véi nhitng nguoi than trong gia dinh da thong
cim, dpng vién va chia sé nhing khé khin véi tie gid trong suét thoi gian
nghién edu dé hoan thanh ludn dn.

Nguyén Ngoe Thay
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DANH MUC CAC KY HIEU, CHU VIET TAT

1. Danh muc cac ky hi¢u

1.1. Céc ky hiéu bang chit La tinh

[A] Ma tran d6 clirng mang ctia tam composite ¢ 16p ap dién
[A]° Ma tran d6 clirmg mang cua tam composite

A° Cong ngoai luc clia phan tir

A Dién tich phan tir

[B] Ma trin d6 cimg mang - udn - xoan clia tim composite ¢o 16p ap dién

B]° Ma tran do cirng mang - uon - Xxoan cuia tam composite

BY] Ma tréin quan hé bién dang tuyén tinh — chuyén vi ntt phan tir

[
[
[BN] Ma tran quan h¢ bién dang phi tuyén — chuyén vi nut phén tr
[Bs] Ma tran tinh dién truong

[

Cl, [C’] Ma tran cac héng sb6 do cung cua tAm composite trong h¢ toa
do1,2,3vax, y z
Cp Hé sb ap luc khi dong
(_3} Ma tran hé s6 d cung cia vat liéu 4p dién
Ma tran can ap dién téng thé.
Ma tran can ap dién phan tr

CR] Ma tran can két cdu tong thé

Ma tran can két cau cua phan tu

CZir] Ma tran can khi dong ctia phan tir

[D]° Ma tran dg cting uon cua tam composite

[D] Ma tran do ctmg udn ctia tim composite c¢6 16p ap dién



D}
{D"}
{D%}
[d]
Ei, E
{E}
[e]
)
{F
{Faj

{f)

viii

Véc to dién tich cam ing

Véc to dién tich cam Umg do bién dang co hoc

Véc to dién tich cam tng do dién truong tac dung

Ma tran hé sd bién dang &p dién

M6 dun Young doc, m6 dun Young ngang cua lop vat li€u
Véc to cuong do dién truong

Ma tran hé sd ung suét ap dién

Véc to tai trong co hoc

Véc to tai trong co hoc tong thé

Véc to lyc khi dong

Véc to luc khi dong cua phan tir

{f;’}, {f:}, {ff } Véc to luc khéi, véc to luc bé mit, véc to luc tap

trung phan ti.

G Mb dun dan hoi bién dang truot cua vat liéu

Gy, G4 Hé s hoi tiép tbc dd, hé s hoi tiép chuyén dich
H. Ham tac dung Hamilton

hy, h;  Toa do mat trén va duoi cua 16p vat li¢u thir k
J| Dinh thtrc Jacobi

[K+] Ma tran d6 cing hiéu qua

[Kai] Ma tran do cting khi dong

Ma tran do ctrng hinh hoc
Ma tran do ctrng hinh hoc cua phan tir tim
Ma tran d6 climg phan tir tam CPS ap dién

Ma tran d6 clmg tong thé



1X

(K, ] [ K | [KS | [K§e | Ma tran do cang co hoc, ma tran do

cung tuong tac co hoc - dién, ma tran do cung twong tac dién — co hoc,
ma tran do cung dién moi cia phan tu;

[M] Ma tran khoi luong tong thé
[Miu} Ma tran khoi luong cta phan tir

{M} Véc to md men udn va xodn cia tam composite co lop ap dién

{M}®  Véc to m6 men udn va xoan cua tam composite
_N] Ma tran cac ham dang

NM] Ma tran ham dang chuyén vi

N‘q Ma tran ham dang dién thé

{N} Véc to lyc mang clia tAm composite c¢6 16p ap dién
{N}° Véc to luc mang clia tAm composite

[p] Ma tran hé s6 dién moi

{p}e Véc to lyc mit ciia phan tir

[Q],[Q] Matran dd cimg cua lép tAm composite trong h¢ toadd 1,2,3 vax, y, z
{Q} Véc to luc cat cuia tAm composite ¢ 16p ap dién

{Q:} Véc to ngoai tai dién tong thé
{Qi} Véc to ngoai tai dién phan tir
{q°} Véc to mat do dién tich bé mat phan tr

M M M r A . A A . A ’ 5 A 5
{qe } 5 {qe } N {qe } Véc to chuyén vi, van toc, gia tc nit co hoc ciia phan tir
{qt}. {a?}. {d¢} Ve to dien thé, van the dien thé, gia téc dién thé nat
cua phén tu;

{R+} Véc to tai trong hi€u qua.



{R} Véc to tai trong tong thé.

(r,8) H¢ toa dg dia phuong cua phﬁn tr

Se Dién tich phan tir
T, Pong nang ctia phan tir
T Pong nang ctia phan tir gan

[T ][ T ] Ma tran chuyén déi c6 tinh dén do lech giita dudng

trung binh ciia gin va mit trung binh cta tam.

U Van toc dong khi.

U, Thé ning bién dang dan hoi ctia phan tir tam

UlevI Thé nang bién dang dan hoi co hoc ciia phan tir tAm
Uf Thé nang bién dang dan hoi dién ciia phan tir tAm
Us Thé ning bién dang dan hoi dién ctia phan tir gan

u, v, w Cac thanh phﬁn chuyén vi theo cac phuong x, y, z
Uo, Vo, Wo Cac thanh phan chuyén vi theo cic phuong X, y, z clia mit

trung binh két cau tm.

Ve Thé tich phan tir tam composite 16p ap dién

V, Thé tich phan tir 16p ap dién

(x,y,z) H¢tructoadd téng thé hodc hé toa do chung cua tAm composite 16p
W, Cong gy ra boi ngoai luc va dién tich ngoai cua phan tir
WeM Cong gy ra boi luc co hoc cua phan tir

WeE Cong gy ra boi lyc dién trudng cua phan tir

1.2. Cdc ky hiéu bang chit Hy Lap
oy, PBr Cac hang sb can Rayleigh

Oy, Oy, Cac thanh phan chuyén vi goc quanh céc truc X, y



X1

Exs €y, & Cac thanh phﬁn bién dang dai theo cac phuong x, y, z

0o .0 .0 , N A e \ ) = 3
€80V Cac thanh phan bién dang mang cua mat trung binh

Y(;Z , Ygz Cac thanh phﬁn bién dang cit cua mat trung binh

{ehy, {eN} Véc to bién dang tuyén tinh va phi tuyén

{x} Véc to do cong udn va xoan

Ky Ky, Ky Céc thanh phan do cong theo cac phuong

Yxy> Yyzo Vxz Céc thanh phan bién dang goc trong mat phang xy, yz, xz
Gx> Oy, Txys Tyz Txz  Cac thanh phﬁn ung suat trong h¢ toa dd x, y, z

0 Go6c phuong soi cua 16p vat liéu so voi phuong x

o;, O Tan s6 dao dong riéng

& Ty s6 can

\Y% Hé s Poatxong

p Khéi luong riéng tuong duong cua vat liéu phan tir
Pa Mat do khong khi.

Vécto ing suat trong 16p composite

Vécto tng suat co hoc trong 16p ap dién
Vécto ing suat dién trudng trong 16p ap dién
Vécto ung suét trong 16p ap dién

Véc to img suat phang

Véc to ing suit cit

At Buoc thot gian.
2. Danh muc cac chir viét tit
a Actuator (kich thich).
L Tuyén tinh
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N Phi tuyén

PTHH  Phan tir hitu han

S Sensor (cam bién)

THI Truong hop 1

TH2 Truong hop 2

TH3 Truong hop 3

SMART STIFFENED PLATE 2018 (SSP_2018) Chuong  trinh
phan tich dong luc hoc tuyén tinh va phi tuyén cta tAm composite ap

dién c6 gan gia cuong chiu tac dung cua tai trong khi dong.
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MO PAU

Trong vai thap ky gan ddy, trong cic linh vuc k¥ thuat nhu: xay dung,
giao thong, co dién tir, cong nghiép qubc phong, hang khong vil tru, v.v..
da su dung vat li¢u composite dé ché tao cac két ciu dang tam, dam, vo do
loai vat li€u nay co nhiéu uvu diém so véi vat liéu thong thuong vé d6 beén,
tudi tho, khéi lugng,v.v. Ngoai nhitng vu viét vé tinh chat co 1y tinh cua
vat liéu composite, mgt trong nhitng dac diém noi bat cua loai két ciu
composite p dién 1a su linh hoat trong diéu khién tmg xtr co hoc (chuyén
vi, bién dang, dao dong va 6n dinh) ctia két cau do su gbp mat cua vat liéu
ap dién dudi cac dang khac nhau. Viéc nghién ctru tinh toan cac két cau nhur:
dam, tim, v6 c6 sy tham gia cua vat liéu ap dién (miéng, tam, so1) da duoc
cac nha khoa hoc trong nude va thé gidi quan tim va da dat duoc nhirng két
qua dang ké, trong d6 c6 nhitng két qua nghién ctru da duoc dua vao Gng
dung hi¢u qua trong cac linh vuc k¥ thuat nhu: y hoc, k¥ thuat dién tu, vii
khi cong ngh¢ cao, thiét bi bay, v.v..Viéc phan tich két cau dam, tim, vo
composite ap dién da c6 nhiéu két qua cong bd vé tinh toan bén, dao dong tir
do va 6n dinh. Déi véi két ciu dang tAm composite ap dién tuy c6 kha nhiéu
két qua cong bd, song chii yéu méi tip trung vao giai quyét bai toan voi
phan tich tinh, con vé phan tich dong va diéu khién dao dong mdi chi 1a dao
dong tu do, dao dong tuyén tinh, khong xét can va chiu tai trong don gian.
bac biét 1a nghién ctu phan tich dong luc hoc va 6n dinh d6i véi két cAu
dang tAm, v6 composite ap dién co cac bién phap gia cuong nhu: gan gia
cuong, lwon séng, gap nép con nhiéu van dé phai tap trung nghién ctru, trong
d6 can phai xdy dung thuat toan, chuong trinh tinh va lam chi trong tinh

todn dé lya chon cac giai phap to1 uvu.



Do d6, van dé “Phdn tich déng lwc hoc tim composite dp dién cé
gdn gia cwong chiu tdi trong khi dpng” ma luan an sé tip trung giai quyét
cling khong ngoai muc dich trén.

Muc tiéu nghién ciru cia ludn an:

1, Str dung phuong phap PTHH dé xay dung thuét toan va chuong
trinh tinh nham phan tich phi tuyén dong luc hoc va o6n dinh cua tim
composite ap di€n c6 bién phap gia cuong dang gan gia cudng chiu tac
dung cua lyc khi dong dudi Mach theo mo hinh lyc khi dong ctia Scanlan.

2, Xay dung chuong trinh va phuong phap tinh dé khao sat sé ddi voi
cac bai toan co cac thong sb két ciu, vat lidu, tinh chat ap dién, tinh chét
can, tai trong thay d6i dé lwa chon cac thong s6 hop 1y nhim giam dao
dong va tang kha nang on dinh cua két cdu tim composite ap dién c6 gan
gia cuong nham dinh hudng ung dung vao thuc té k¥ thuat.

3, Xay dung mién 6n dinh cho két cu tAm composite ap dién duoi tac
dung cua luc khi dong voi cac cip thong sb thay doi.

4, Nghién ctu thyc nghiém vé phan ung dong cua két ciu tam
composite ap dién c6 gan gia cudng chiu tac dung cta luc khi dong do ong
thoi khi dong sinh ra dé kiém chtng do tin ciy cta chuong trinh tinh da lap.
Poi twong va pham vi nghién ciru ciia ludn an:

* Déi twong nghién civu ciia ludn dn:

- Vé két cdu: TAm composite c6 gan gia cuong dugc gan cac 1op hoic
cac miéng ap dién (goi chung 13 tAim composites ap dién co gan gia cudng),
trong d6 mdi 16p composite 1a vat liéu dong phuong.

- Vé tdi trong: Tai trong khi dong do dong khi chuyén dong gay ra.

* Pham vi nghién ciru ciia ludn dn: Dong luc hoc phi tuyén va 6n

dinh cua két cau tam composite ap dién c6 gan gia cuong.



* Phwong phap nghién ciru:

Két hop phuong phap nghién ctu 1y thuyét va thyc nghiém. Vé ly
thuyét, str dung 1y thuyét tim mong Mindlin va phuong phap PTHH, lap
trinh trong moi truong ANSY'S dé giai bai todn dat ra. Vé thue nghi¢m, xay
dung mo hinh va tién hanh thi nghiém do dap Gmg dong ctia tAm composite
ap dién c6 gan gia cuong chiu tai trong khi dong trong 6ng thoi.

Cau tric ciia luin an:

Ludn an duoc ciu trac gém: Mé dau, 4 chuong, phén két luan va kién
nghi, tai li¢u tham khdo va phu luc.

Mé dau: Trinh bay tinh cap thiét ctia van dé nghién ctru

Chuwong 1. Téng quan vé van dé nghién ctru

Trén co s& phan tich céc tai li¢u, cong trinh nghién ctru cia céc tac gia
trong nudc va nudc ngodi vé linh vuc luan 4n quan tdm, rat ra nhitng van
dé da duogc tap trung nghién ctu, nhimg van dé can tiép tuc nghién ctu
theo hudng cua dé tai luan an. D& xuit nhiém vu nghién ctru cua luan an.

Chuong 2. Phan tich phi tuyén dong luc hoc tim composite ap dién
co gan gia cuong chiu tac dung cua luc khi dong

Trinh bay mo hinh, cac gia thiét ciia bai toan. Xay dung phuong trinh
vi phan mo ta dao dong phi tuyén cta tAm composite ap dién co gan gia
cuong, tir d6 xay dung thuat toan PTHH va chuong trinh may tinh giai hé
phuong trinh vi phan phi tuyén dong luc hoc cua hé. Kiém tra mac do tin
cdy cua chuong trinh tinh trén co s& tinh toan sd so sanh két qua véi bai
toan trong cong trinh cong bd clia cac tac gia khac va tinh toan so sanh voi
két qua thuc nghiém. Két qua chinh cua chuong nay duoc phan anh trong

céc cong trinh d3 cong bd [17], [3] va [4] cua tac gia.



Chuwong 3. Khao sat s6 va thao luan

Trén co s¢ thuat toan va chuong trinh tinh da dugc 1ap ¢ chuong 2 va
nhimg yéu cau thuc tién, trong chuwong ndy tac gia tién hanh khao sat sd voi
cac bai toan cu thé dé xem xét anh huong cua cac yéu td nhu: tai trong, két
cau, vat liéu, tinh chat ap dién, tinh chat ctia gan gia cuong, ... dén dap tng
dong luc hoc va on dinh cta két cdu tdm composite ap dién co6 gan gia
cuong chiu tac dung cua lyc khi dong. Cac nhan xét, khuyén cao k¥ thuat
cling duoc dua ra tir két qua cac khao sat sb. Két qua chinh cua chuong nay
dugc phan anh trong cac cong trinh d cong bd [2], [5] cua tac gia.

Chwong 4. Nghién ctru thuc nghi¢m

Trinh bay mé hinh, thiét bi, phuong phap to chirc trién khai thuc hién va
két qua thi nghiém xac dinh cac dic trung phan Gng dong cta két cau tAm
composite ap dién co gan gia cuong chiu tac dung cua luc khi dong trong éng
thoi khi dong gay ra. So sanh két qua thi nghiém véi két qua tinh toan 1y
thuyét bang chuong trinh tinh d 1ap trong chuong 2 cta luan an dé lam co s
danh gia mc do tin cdy cta thuat toan va chuong trinh. Két qua chinh cta
chuong nay duoc phan 4nh trong cac cong trinh da cong bd [6] cua tac gia.

Két ludn va kién nghi: Trinh bay nhiing két qua méi cia luan an va
cac kién nghi cua tac gia rut ra tir ndi dung nghién ciru.

Tai liéu tham khao

Phu luc



CHUONG 1
TONG QUAN VAN PE NGHIEN CUU

1.1. So lwgc vé hién twong ap dién va ing dung trong ky thuat

Hién tuong ap dién (piezoelectric phenomena) xay ra trong loai vat
chat co tinh thuan - nghich vé co hoc va dién. Theo d6, khi ap dat vao khoi
vat chit ndy mot truong dién thi nd bién d6i hinh dang, tic 1a ¢ sy bién
dang xay ra dbi v&i khoi vat chat va nguoc lai, khi tdc dung mét luc co hoc
vao khoi vat chat 1am cho né bién dang thi trong khoi vat chat d6 xuét hién
dong dién. Piéu nay twong tu nhu nguyén 1y ctia may bién doi ning luong
dién sang nang lugng co hoc va tir nang lugng co hoc sang nang luong
dién. V& ban chat, hiéu ung thuan - nghich cua vat li€u ap dién do la: su
xuat hién cac dién tich (va do d6 1am xuat hién dién truong) khi két cau ap
dién bi bién dang do tac dong co hoc dan dén hiéu ung thudn, con hi€u ung
nghich 13 hién twong khi két ciu ap dién dit trong dién trudng bén ngoai thi

n6 xuat hién bién dang (Hinh 1.1) [47].

Ap din nghich

L L B ———
=
- : :
T

a) Hiéu ung dp dién thudn b) Hiéu ung ap dién nghich

Hinh 1.1. Hién tuong hiéu tng ap di€n thuan va nghich
Véi nhitng tinh chat dic biét nhu trén, ngdy nay cac chi tiét, két cau ap
dién da va dang duogc img dung rong rai trong cac linh vuc k¥ thuat, dac

biét 1a trong cac linh vuc k¥ thuat cong nghé cao nhu: cac loai cam bién



(do luc, ap suét, van toc, gia téc), cam bién siéu Am, cam bién dia chan,
may thu 4m, v.v.. Mot thiét bi quan trong trong nhdém cac thiét bi ap dién 1a
cac may phat siéu am ap dién, chiing khac so véi cac kiéu may phat ma sat
tor va cac loai may khéc 1a chung dam bao phat si€u am hiéu qua hon véi
cong suat va tan s6 duoc kiém soat. Siéu 4m trong cac mdy phat nay dugc
tao ra nho st dung hi¢u ung ap dién nghich. Lan dau tién hiéu ung ap di¢n
d3 dugc tng dung thuc té trong may phat siéu 4m ap dién thach anh cua
tram kich hoat thuy luc dung dé phat hién ra cac tdu ngam trong chién tranh
Thé gi6i thir nhat. Tir d6 viée tng dung ndy di san sinh ra mot loat tng dung
rong rii cac phuong phap phat hién nhitng khuyét tat (tap chat) trong céc
moi truong khac nhau. My phat hién khuyét tat siéu am duogc ung dung dé
nghién ctru mot phd rong rdi nhitng vat liéu va két cau, bao gom cac ong va
cac duong dng khac nhau. Ngoai ra, ing dung quan trong ctia vat liu ap
dién con phai ké dén 1a dong co piezo cling nhu ap dung vat liéu ap dién dé
diéu khién dao dong co hoc dbi véi cac két cau nhu: tAm, vo, v.v..

Thuc té cho théy, vat li¢u ap dién thong thuong ton tai dudi 2 dang co
ban, d6 1a: dang khdi ceramic (gém) va dang phién mong (tim, miéng
mong), chiing da va s& gop phan quan trong vao ciu tao cac chi tiét, thiét bi
va két cAu quan trong trong cac linh vuc k¥ thuat nhu: hang khong vii tru,
cong nghiép qudc phong, co dién tir, k§ thuat hat nhan, y hoc, v.v.. ting
budc gop phan dua khoa hoc ki thuat phat trién 1én mot tam cao moi.

1.2. Tong quan vé két cau tam composite ap dién

Két cau tAm composite ap dién thuong ton tai dudi hai dang, d6 1a: két
cau tam composite co cac 16p ap dién, day la loai két cau tAm duoc ciu tao
tr mot s6 16p composite lién két bam dinh tuyét d6i voi mot sd 16p vat licu

ap dién; dang thtr hai 1a két cau tam composite, trong do6 trén bé mat tam co



gin cac miéng bang vt lidu ap dién. Dé don gian, c6 thé goi chung hai loai
két cau nay 1a tAm composite ap dién.

Véi sy phat trién cua cong nghé ché tao va nhu cau thuc tién, ngoai
két cdu tAm composite 4p dién dang tron (Hinh 1.2), hién nay con c6 két
cAu tAm composite 4p dién c cac bién phap gia cudng (Hinh 1.3). Khi tao
thanh két cdu tong thé, cac 16p hodc cac miéng vat liéu ap dién dong vai tro
kich thich (actuator) va vai trd cam bién (sensor), chung cé tac dung “diéu
khién” ung XU cua két cAu dudi tac dung cua cac loai tai trong co hoc,

trong do co su can thi€p cuia con nguoi.

. w
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¥ Lopkich thich va

“1ép cam bién
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a, Tam composite co lop dp dién
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b, Tam composite gan miéng ap dién

Hinh 1.2. Két cu tAm composite ap dién dang tron



Miéng &p dién Gan gia cuong

/ Miéng ap dién

a) Tam CPS dp dién c6 gin gia cwong a) Tam CPS dp dién leon song

Hinh 1.3. Két cu tAm composite ap dién c bién phap gia cudng

bé phuc vu cho viéc chon mo hinh tai trong khi dong tac dung lén
tam, tiép sau day tac gia trinh bay mot s6 md hinh luc khi dong thuong
dung dé tinh toan két ciu.
1.3. Cac md hinh lwc khi dong sir dung tinh toan két cau
1.3.1. M6 hinh lwc khi dong thuwc nghiém

Ung dung khi dong luc hoc rat phirc tap, chiu anh hudng cta nhiéu
yéu t0. Nghién ciru dé dua ra duoc mé hinh luc khi dong phu hop voi tat ca
cac diéu kién 1a diéu hét stc khé khan, dén nay tuy vao cac diéu kién cu
thé, mot s mo hinh luc khi dong dugc st dung dé tinh toan két ciu, cu thé:
1.3.1.1. M6 hinh lyc khi dong tuyén tinh theo ham Theodorsen [35],[36] :

Véi mo hinh nay, luc ndng va md men xoan phan bd doc theo chiéu

dai cua két cau duoc xac dinh bai:

T -, |(h BO Bh BO
l, ==p,UB|| =—+—+0 |C(k)+ +—
h =7 Pa KU 4U j (k) }

4U%  4U )
. . 2.. . °
mezzan22B £+B—6+6 C(k) |- B 62 _BY
2 U 4U 32U0° 4U

trong do: k :%- tan sb dan xuat; C(k)=F(k)+ jG(k)- ham Theodorsen

dugc xac dinh bang thuc nghi€ém, /, - lyc nang phan bd, mg - mé men xoan

phan bd, p,- khdi luong riéng cia khong khi, U- van téc dong khi, B -



chiéu rong cua mit cat ngang két cau, h - chuyén vi thang dimg cta mit cat
ngang, O - goc xoay clia mat cit ngang quanh truc két cdu so v4i hudng
dong khi, o - tan s6 dao dong cua két cau.
1.3.1.2. Mé hinh lyc khi déng tuyén tinh Scanlan [35],[36],[92] :
I = lpauzl{kHj‘(k)E +kH, (k)B—e +k°H, (k)e}

2 U U
. . (1.2)
m, :%ansz {kAT(k)%+ kA (k)%e+ K*A; (k)e}

v6i: Hi,A; (i=1+3) - cac hé s6 dan xuét, duoc xac dinh bang thuc nghiém
trong 6ng thoi, chung phy thudc vao dang mat cat két cau va ti s6 Bi
®

1.3.2. M6 hinh lwc khi dpng thwe nghi¢m phi tuyén

Mo hinh lyc khi dong thuc nghiém phi tuyén dugc trinh bay trong nhu
trong cac tai li¢u [35],[36]:

1, B ho h 2h
I, =—p,U’B|H,——+H, —+H,—
h =5 Pa { 1 U2 6 2 3R }

o ’ (1.3)
B2 B oh }

o T AR

1
mgy = gansz {Al

trong do: Hf,A}f (i=1+3,j=1+4) - cac hé so khi dong, ching dugc xac
dinh béng thuc nghiém.

1.3.3. M6 hinh lwc khi dpng theo ly thuyét Piston

1.3.3.1. Mé hinh lyc khi déng theo Iy thuyét Piston tuyén tinh [35]:

2 2
pa(x,y,t) - P.Us, GW(X,y,t) N 1 Mo; ) ‘ GW(X,y,t)
M2 -1 X U, M2-1 ot

, (1.4)

trong do: p,- luc khi dong trén mdt don vi dién tich (ap suat khi dong),
U, - van téc dong khi chua bi nhidu dong, M_, - s6 Mach, w - chuyén vi dai

theo phuong z (d0 vong).
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1.3.3.2. Mé hinh lyc khi déng theo Iy thuyét Piston phi tuyén [36] :
Trong truong hop ndy, ty sb giita ap suit khi dong tac dung 1én mit

ngoai cua vat thé va ap suat tinh ctia dong khi chua bi nhiéu dong duoc xac

dinh theo biéu thuc:
2y
—_ -1
£:(1+.Y_1.V_n](y ) (1.5)
pOO aOO

v6i: v, - van toc cua vat theo phuong phép tuyén véi bé mat, dugc xac dinh:
ow(x,y,t) ow(x,y,t
(13, ov(x30
v - ty s6 nhiét dung cta chat khi (chi s6 mii doan nhiét).
1.3.3.3. Mé hinh lyc khi dong theo Iy thuyét tuyén tinh dong cé thé [35]:
Theo 1y thuyét nay, dong c6 thé va khong nhét cho bai biéu thic:

v, =U_ (1.6)

2
v%-%[gww%} b =0. (1.7)

Tt phuong trinh (1.7) cho ta dai luong ¢.;; theo diéu kién ctia bé mat.
Déi voi trudng hop tAm phang, ta co:

a(1)air

0z

2
=[Q+Umi} W (1.8)
.0 Lot Ox

trong d6: d,; - ham thé van toc, a,, - van téc am thanh, U,- van toc dong
khi, w - chuyén vi ctia dong khi theo phuong phap tuyén (phuong truc z).

Theo d6, moi quan hé gitra ap suat va ham thé van nhu sau:

Ox
vo1: Ap - d§ chénh ap suét khi dong, phu thude chuyén dich cta vat thé.

2
0 0
Ap:pk l:a+Uoo_:| (I)air’ (19)

Mobi mé hinh luc khi dong thuong phi hop voi nhitng diéu kién nhat
dinh, trong d6 c6 thé thay:
- Mo hinh lyc khi dong thuc nghiém Theodorsen va mo6 hinh luc khi
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dong thuc nghiém Scanlan phu hop tinh toan cac cong trinh ¢6 mat cat ngang
chiu tic dung cua luc khi dong, trong d6 van toc dong khi dudi am (M <1).

- D6i v6i md hinh luc khi dong theo 1y thuyét dong bi bién dang phu
hop véi dong can am hoac dong vuot am c6 M < V2.

- M6 hinh lyc khi dong theo 1y thuyét Piston phi hop véi dong vuot
am co M >+/2, trong d6 1y thuyét Piston phi tuyén da xét dén quan hé phi
tuyén giira lyc khi dong tac dung 1én két cau va chuyén vi ciia két cau.

- M6 hinh lyc khi dong theo 1y thuyét tuyén tinh hoa dong cé thé phu
hop véi dong can am hoac dong vuot am véi M < 5.

Véi dinh huong nghién clru, tac gia luan an lga chon mé hinh lyc khi
dong thuc nghiém Scanlan két hop v6i mo hinh ap luc gi6 1én tdm dé tinh
toan dong luc hoc két cau tAm composite 4p dién c6 gan gia cudng.

1.4. Tong quan vé tinh hinh nghién ciru vé két cau tim composite ap dién
1.4.1. Vé tinh hinh nghién ciru trén Thé gidi:

Nghién ctru tinh toan két ciu composite 4p dién dé ap dung trong cac
nganh k¥ thuat dugc nhiéu nha khoa hoc trén thé gidi quan tdm va da c6
kha nhiéu cong trinh nghién ciru dugc cong bd.

Vé nghién ctru tng xir co hoc ddi cac két cau composite ap dién da dugc
nhiéu nha khoa hoc trén thé gi6i quan tam. Tac gia Dipak Kumar Maiti [31]
nghién ctru tmg xt ubén va 6n dinh tinh dan hoéi ctia tim composite ap dién
chiu tac dung cua tai trong co va nhiét do bang phuong phap PTHH. Két qua
tinh toan sd cho thay anh huéng cia dién thé ap dat vao 16p ap dién, nhiét do,
cach bé tri 16p vat liu composite dén chuyén vi va 6n dinh cta tim 1 déng
ké. Téc gia Dipak Kumar Maiti va cdng su [32], Dimitris Varelis va cong su
[33] da thiét 1ap quan hé tmg xr 6n dinh phi tuyén va nghién ctru sau 6n dinh

ctia tam composite ap dién chiu tac dung cuia tai trong tinh va nhiét 6. Téc
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gia Hui-Shen Shen [42] nghién ctru Gng xir sau 6n dinh clia tAim composite ap
dién trong diéu kién ddy du tai trong dién - co - nhiét. Két qua khao st s6 cho
thdy anh huong ciia mot sé yéu t6 nhu nhiét do, dién thé va kich thude hinh
hoc ctia tAm dén luc t6i han. Trong nghién ctru cia minh, [.LK.Oh va cac cong
su [44] da c6 dugc cac dac trung dao dong phi tuyén va sau on dinh ctia tAm
composite ap dién chiu tac dung cua tai trong nhi¢t d§ va dién. Téac gia Jin
Zhang va cac cong su [48] da tap trung nghién ctru anh hudng cua 16p bé mat
trong két cdu tam 16p sandwich c6 cac 16p ap dién va kich thudc tim bé, trong
d6 1y thuyét chuyén vi bac nhat dugc tac gia st dung. Cac khao sat s6 di xem
xét duoc anh hudng cua tinh chat co 1y 16p bé mit va dién ap ap dat 1én cac
16p ap dién dén gia tri toi han cua tim. Tac gia Jose M. Simoes Moita va cac
cong su [50], M. Yaqoob Yasin va cac cOng su [58] da st dung phuong
phap phan tir hitu han (PTHH) dé nghién ctru tinh toan diéu khién dao dong
ty do clia tim, vo composite bang ap dién. Bang phuong phap thuc
nghiém, Miroslav M. Jovanovi¢ va cac cong su [55] budc dau da c6 nhiing
nghién ctru nham diéu khién dao dong cta tim dang conson, két qua cho
thay hiéu qua cua hé diéu khién dén dao dong ctia tm, trong d6 cac miéng
ap dién dong vai tro quan trong. Téac gia S. Jafari Mehrabadi va cac cong su
[86] dd co duge mot s6 két qua khi nghién ctru vé tinh chat dao dong tu do
ctia tiam FGM hinh tron c6 gan céc 16p 4p dién. David N. Betts va cac cong
su [30], Zdzislaw Mieszczak va cac cong sy [102] da sir dung phuong phap
PTHH thiét 1ap cac quan hé img xtr tinh va dao dong d6i véi tAm composite
c6 cac 16p ap dién, cac khao sat sé cho thay kha ning diéu khién chuyén vi
tinh va giam dao dong cho tam doi voi tinh chét cua cac 16p vat lidu ap
dién gan lén tam. Tac gia Abhishek Gupta [13] sir dung phan tir tim 9 diém

nut thiét 1ap thuat toan va chuong trinh phan tich phi tuyén bai todn udn tim
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composite ap dién trong moi truong nhiét do. Két qua nghién ciru cho thay
anh hudng cua tinh chét ap dién va nhiét do dén dao dong cua tam. Tac gia
Aziz Lebied [21], Shiuh-Chuan Her va cong su [85], R.M. Kanasogi va cong
su [81], Rudiger Schmidt va cong sy [100] thiét lap thuat toan, chuong trinh
tinh phén tich tuyén tinh va phi tuyén hinh hoc dong luc hoc tim composite
c¢6 cac miéng hodc 10p ap dién dudi tac dung ciia tai trong tinh phan bo déu,
két qua khao st s6 cho thdy anh huong dang ké caa hé sb hoi tiép, vi tri b tri
va sb luong cac miéng ap dién dén tinh chat dao dong cta tAm.

Céc tac gia A. Mukherjee va cac cong su [18], Chennappa H. Korishettiva
cong su [27], G. R. Liu va cac cong su [38], Kapil Narwal va cong su [51], S.
Y. Wang va céc cong su [88], Zhang Shunqi va cac cong sy [103] da st dung
phuong phap PTHH véi loai phan tir 9 diém nit dé mo hinh hod bai toan dao
dong ciia tim composite c6 cac 16p hoic miéng ap dién va thuét toan diéu
khién dao dong cua cac két cau dang nay. Két qua khao sat sé cho thdy hiéu
qua 0 rét cua vat liéu ap dién trong vigc diéu khién dao dong cho két cau tim
v6i cac diéu kién lién két khac nhau. Tac gia Jingiang Li va cac cong su [46]
xdy dung thudt toan va tinh toan sé nham diéu khién dao dong ngau nhién cua
tAm composite ap dién bang viéc ap dung nguyén 1y Hamilton va phwong phap
Rayleigh - Ritz, anh hudng cta vat li¢u ap dién da dugc xem xét trong cac tinh
toan so0. Tac gia Shungi Zhang [91] str dung phan tir phi tuyén trong viéc thiét
lap thuat toan diéu khién dao dong cua két cdu thanh mong béng vat liéu
composite ap dién va da co nhitng két qua khao sat sé cho thdy anh huong cua
tinh chat dién 4p ciing nhu cic thong sé hinh hoc dén dao dong ciia tim. Jose
Simoes Moita va cac cong su [49] sir dung phuong phap PTHH dé mo hinh
hoa va diéu khién dao dong két cau tam 19p ap dién. Tac gia A. Ghorbanpour

Arani va cong su [14] nghién ctru 6n dinh cua tdm hinh vanh khuyén c6 céac
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day gia cuong va céc lop ap dién chiu tdc dung cua tai trong co va nhiét. Cac
tac gia Alfredo R. de Faria va cong su [15], Priyanka Jadhav va cong su [71],
P. Wluke va cdng su [76], Rajan L. Wankhade va cong su [77] st dung ly
thuyét chuyén vi bac nhat va tim c6 cac miéng ap dién véi ing suat trude dé
phan tich 6n dinh d6i v6i tim composite. Phat trién hudng nghién ciru nay,
Alfredo R. de Faria [16] nghién ctru t6i uvu On dinh va sau 6n dinh cho tim
composite ¢ cac miéng ap dién v6i cach bd tri khac nhau. Tac gia Vahid
Monfared [97] str dung phuong phép giai tich dé phan tich hién twong 6n dinh
tuyén tinh ctia tAm hinh tron va hinh chit nhat dudi tac dung cua cac loai tai
trong khac nhau nhu: phan b6 déu, phan bo nira hinh sin theo canh tam. Tac gia
N.S. Viliani va cac cong sy [62] da phan tich 6n dinh cua tam br?mg vat liéu
FGM c6 gan cac miéng ap dién hinh chir nhat & mat trén va dudi tim. Tac gia
F. Ebrahimi va cong su [37] d4 nghién ctru diéu khién dao dong tu do cua tAm
FGM hinh vanh khuyén bang vat liéu ap dién theo 1y thuyét tim c6 dién va
thuat toan PTHH. Tac gid Panupan Jommalai va cong su [64] st dung phuong
phap Kantorovich dé nghién ctru dao dong va 6n dinh cia tim composite chiu
tac dung cua tai trong nén tinh.

Bén cach viéc str dung Iy thuyét bién dang bac nhit dé tinh toan, cac nha
khoa hoc ciing da sir dung 1y thuyét bién dang cat bac ba va phuong phap giai
tich dé nghién ciru vé Umg xr co hoc ciia két cau composite ap dién. Céc tac
gia P.Veera Sanjeeva Kumar va cac cong su [73,74,75] da xem xét bai toan
ubn va dao déng cua tim composite ap dién bang 1y thuyét chuyén vi bac cao
v6i cac diéu kién bién don gian, chiu tai trong co-dién phan bd déu trén bé
mit tim. Cac tic gia K. Chandrashekhara va cong su [53], Piotr Kedziora va
cong su [66], Piotr Wluka va cong su [67] str dung phuong phap PTHH thiét

lap thuat toan diéu khién, phan tich 6n dinh tinh ddi voi tAm composite &p



15

dién chiu tai trong co - dién. Tac gia P. Ravikanth Raju va cac cong su [72],
Rajan L. Wankhade va cong su [78] st dung 1y thuyét chuyén vi bac 3 va
phuong phap Navier dé thiét lap thuat toan va giai bai toan tim composite
ap dién. Cac nghién ciru d3 xem xét anh huéng ctia cac yéu td hinh hoc,
tinh chét ap dién dén luc toi han (d0 bén) cua tim, nghién ctru cling cho
théy hi€u qua cua vat liéu 4p di¢n trong viéc diéu khién kha nang 6n dinh
cho cac két cdu co do cung bé nhu dang tim. Tac gia Victor M.Franco
Correia va cac cong sy [99] di nghién ctru t6i wu 6n dinh cua két cAu tim
composite ap dién chiu tic dung cua tai trong nén tinh, trong d6 1y thuyét
chuyén vi bac 3 di duoc tic gia stir dung. Tac gia M. Shariyat [57] ciing sir
dung 1y thuyét chuyén vi bac 3 dé nghién ctru 6n dinh dong cua tim
composite ap di¢n khong hoan hdo chiu tic dung cua nhiét do - dién - co,
trong d6 tai trong diéu hoa tac dung dugc xem xét. Tac gia da tinh toan s6 voi
cac truong hop lién két cua tim khac nhau. Viéc sir dung 1y thuyét bién dang
cat bac cao dé tinh toan s& cho két qua chinh xac hon, tuy nhién khéi luong
tinh toan s& nhiéu va phtrc tap hon so véi 1y thuyét bién dang cat bac nhét.

Vé nghién ctru cac két cau composite ap dién co bién phap gia cuong
nhu: gan, luon song, gép nép, v.v.. la dbi tuong bit dau duoc cac khoa hoc
quan tdm nghién ciu dudi cac hinh thic khac nhau. Theo do, V.
Balamurugan va cdng sy [98] phan tich bai toan dao dong cua tdm
composite ap dién co gan gia cuong chiu tac dung cua tai trong diéu hoa
bang phuong phap PTHH, trong d6 da chi ra su khac biét vé dap tng
chuyén vi cta tdm giita truong hop khong co diéu khién va co diéu khién
dao dong bang ap dién. Tac gia Atanu Sahu va cac cong sy [19] phén tich
bai toan dao dong va diéu khién dao dong cia tim composite duoc ting

cung bdi cac soi vat liu ap dién, cac tac gia da tinh toan cho mdt s6 truong
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hop tang ctimg khac nhau ctia tim. Tac gia A.H. Akbarzadeh va cic cong
su [20] da str dung phuong phap ban giai tich dé nghién ctiru dap ing dong
luc hoc cua tAm 16p ¢ bién phap gia cuong dit trén nén dan hoi. Trong
nghién ctru ctia minh, Hadi Ghashochi-Bargh va cong su [40] da thiét lap
phuong trinh va tinh toan s6 doi véi bai toan tim composite c6 cac miéng
ap dién chiu tic dung ciia song xung kich do n6 giy nén. Cac tac gia da
tinh toan, so sanh véi bai toan cua céac tac gia khac cho thay su phu hop va
tinh chinh x4c ciia phuong phap dé xuat. Tac gia Srinivasan Sridharan va
cong su [87] nghién ctru dua ra thuat toan diéu khién 6n dinh dbi véi két cau
tam bang vat liéu dang hudng co gan gia cudng, trong d6 st dung cac 16p ap
dién dé 1am nhan t6 diéu khién,

V& nghién ctru anh hudéng cua tai trong khi dong d6i voi két cau
composite ap dién, cac tac gia Chang-Yull Lee va cong su [26], Chonghui
Shao va cac cong su [28, 29], T. V. R. Chowdary va cac cong su [96] da su
dung phuong phap PTHH dé thiét lap thuat toan, chuwong trinh may tinh va
tinh toan s6 ddi voi bai toan dao dong, 6n dinh Flutter ctia tim composite,
trong d6 tai trong khi dong duogc xac dinh theo 1y thuyét piston. Cac tac gia
Shih-Yao Kuo [90], Xiaosui Ouyang va cong su [101] nghién ctru dao
dong va on dinh Flutter ctia tim véi cac phuong an soi gia cuong khac
nhau trong diéu kién van téc dong khi vuot am. Tac gia Seok-Hyeon Kang
va cOng su [83] nghién ctru ung x1r khi dong luc hoc cua két cau ap dién
mong trong moi trudng nhiét do, chiu tdc dung ctia dong khi vuot am va da co
duoc mot s6 két qua dang ké. Tac gia Kanjuro Makihara va cac cong su [52]
nghién ctru dao dong va 6n dinh Flutter ctia tim composite ap dién ngam mot
canh dang conson. Téac gia M.K. Singha va cdng su [56] da nghién ctiu dao

dong cua tAm composite nhiéu 16p hinh try thodi chiu tai trong nhiét co hoc do
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van toc dong khi dong gay ra, trong d6 cho thay anh hudng cta ap suat khi
dong va hudng cua dong khi dén dao dong cua tAim composite tru thoai.
Nghién ctru diéu khién dao dong cta két ciu canh may bay dang tim va két
cAu thm béng vat liéu composite dudi tac dung cua luc khi dong, st dung két
cau ap dién dang soi dugc thé hién trong cic cong trinh nghién ctru cia
Seung-Man Yang va cac cdng su [82], Tahereh Mirmohammadi Ghoojdi
[92]. Céc tac gid Guo Yao va cong su [39], R.C Batra va cong su [79], S.
Pradyumnava cong su [84], S.Y.Wang va céc cong su [89] da thanh cong
trong viéc thiét 1ap thuat toan, chuong trinh may tinh phan tich phi tuyén dong
luc hoc va 6n dinh cia tim, vo tru thoai composite ap dién. Tac gid H.
Afshari va cong sy [43] nghién ctru xac dinh cac théng s6 dao dong va 6n
dinh Flutter cta tAm 16p vat lidu bién doi chirc ning, trong d6 lién két ctia tim
1a ngam mdt canh. Bang cac tinh toan s cac tac gia dd dwa ra dugc nhitng
khuyén cao c6 gia tri vé mat k¥ thuat nham giam dao dong, ting kha ning 6n
dinh cho cac loai két ciu trén.

1.4.2. Vé tinh hinh nghién civu trong nwéc:

O Viét Nam, viée nghién ctru tinh toan tng dung két cAu dang tam, vo
bang vt liéu composite noi chung va composite ap dién ndi riéng dé lam co
s0 ung dung vao céc linh vuc ky thuat cling da duoc nhiéu nha khoa hoc
quan tdm nghién ctru.

Céc tac gid Dao Huy Bich va cac cong su [23, 24], BPao Van Diing va
cong su [34], Nguyén Dinh Puc va cac cong su [59, 60] d3 st dung
phuong phap giai tich dé nghién ctru dap tng co hoc cua két cau FGM co
gan gia cudng, voi gia thiét gan gia cudng b tri phai mau, vat liéu gan
dong nhat v6i tim FGM va két cau c¢6 dang thanh mong (bo qua khoang

cach gitta mat trung hoa va mat trung binh). Céc tac gia dya trén 1y thuyét
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tam cb dién va 1y thuyét san déu tic dung gan cua Lekhnitsky véi nhimng
diéu kién bién don gian dé giai bai toan. Tuy nhién, trong thuc té cac két
cdu FGM c6 thé c6 dang da lién két va chi can b tri gan tai nhimg vi tri
xung yéu (s6 luong gan it) thi viéc sir dung phuong phap giai tich dé tinh
van gap han ché va chua giai quyét triét dé.

Tac gid Phung Van Phuc va cac cong su [68, 69] da thiét 1ap cac quan hé
g xtr phi tuyén ctia tim composite ap dién 1am co s cho viéc diéu khién dao
dong ctia két cau loai nay va da co nhiing vi du s véi cac truong hop cu thé.
Céc tac gia Nguyén Tran Chan [2], Phung Van Phuc va cac cong su [70] six
dung phuong phap PTHH mo hinh ho4 bai toan cdp d6i co - dién va kiém
ching bang mot sb thi nghiém d6i véi vat liéu ap dién, cing vé6i cac nghién
ctru khac, cac két qua nay c6 tac dung tot cho viéc 1am thong sb tinh toan
d6i v6i cac két cau ap dién. Bang phuwong phap PTHH tron, nghién ctru
diéu khién dao dong tu do cua tAm composite ap dién da dugc Phan DPao
Hoang Hiép va cong sy [65] da phan tich tmg x{r co hoc ciia tim composite
16p voi cac 16p ap dién. Tac gia Lé Kim Ngoc [7] da phan tich kha k§ vé
tmg xtr co — dién cua loai vat liéu ap dién va két cdu composite co 16p ap
dién. Tac gia da tién hanh tinh toan tinh va dao dong (dac biét phan tich k¥
vé dao dong tu do) ctia két cau tim composite c6 16p ap dién hinh chir nhat
bang phuong phap PTHH. Mic du két qua méi dimg lai ¢ trudng hop tai
trong tinh va dao dong tu do cua két céu, song day la co s khoa hoc kha hiru
ich cho viéc phat trién tiép theo, khi nghién ctru két cau tim composite c6 16p
ap dién chiu tai trong dong bat ky, trong d6 hinh dang cta két cau va lién két
phirc tap hon. Phan tich tinh va dong ciia tim composite ap dién, trong d6 bai
toan dao dong tu do ¢ can dugc tap trung giai quyét 1a van dé dugc cac tac
gia Tran ich Thinh va cong su [93] thuc hién, qua do cho théy tdc dong cua

cac miéng ap dién dén dic trung dao dong tu do cua tim. Ngoai ra, nhdm tac
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gia ndy [54] da nghién ctru anh hudng cua chiéu day va vi tri ciia miéng ap
dién dén diéu khién dao dong clia tim composite ap dién dang conson thong
qua su thay doi cta cac gia tri hoi tiép, két qua cho thdy sy nhay cam cta kich
thudc chiéu day, vi tri cia miéng ap dién dén kha ning dao dong tu do cia hé,
cling nhu tinh linh hoat trong viéc diéu khién dao dong ctia tAim composite khi
c6 sy tham gia ctia cac 16p hodc miéng ap dién.

Theo phuong phap nghién ctru 1y thuyét két hop véi thuc nghiém dé
kiém chimg viéc diéu khién dao dong cta tim composite ap dién duoc cac
tac gia Tran fch Thinh va cong su [94] st dung loai phan tir tim c6 gan gia
cuong dé mo phong bai toan, két qua cho thdy anh hudng dang ké cia gan
gia cuong va tinh chit cua cac 16p ap dién dén dic trung dao dong tu do
ctia tam. Tac gia Tran Hitu Qudc va cac cong su [95] dd nghién ctu toi vu
hoa cac phuong an sip xép vi tri cac cip miéng 4p dién (cam bién va kich
thich) nham diéu khién dao dong cho tdm composite ap dién, trong d6 da
chi ra dugc mot sb phuong an tdi uu cho cac truong hop cu thé cua bai
toan. Bang phuong phap PTHH, tac gia Tran Thé Van [11] da thiét lap
thuat toan, chuong trinh tinh va tinh toan s6 d6i voi bai toan dao dong, on
dinh Flutter cia tAm composite 16p, chiu tac dong dong thoi cia tai trong
khi dong theo 1y thuyét piston va nhiét do.

Céc tac gia Nguyén Thai Chung va cac cong su [61], Truong Thi Huong
Huyén [6], Nguyén Thi Thanh Xuan [12] d4 nghién ctu thiét lap thuat ton
va chuong trinh tinh phan tich phi tuyén dong luc hoc va 6n dinh ciia tim, vo
tru thoai composite ap dién. Qua tinh toan sb cac tac gid da dua ra duoc
nhimg khuyén céo c6 gia tri vé mat k§ thuat nham giam dao dong, ting kha
nang 6n dinh cho cac loai két cAu trén. Tac gia Lé Thuc Pinh [5] da tap trung
nghién clru bai todn dao dong va 6n dinh cua két cAu tim, vo béng vat liéu co
tinh bién thién chiu tac dung cua luc khi dong theo md hinh Scanlan theo

phuong bat ky, trong d6 c6 xét dén tinh chét can ciia két cau va can khi dong.
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Tir cac két qua cong bd cuia cac tac gia trong va ngodi nudc, ¢o thé nhan
thdy trong khoang hon 10 nim trd lai day, viéc nghién ctru tinh toan cc két
cAu nhu: dam, tim, vo c6 su tham gia cua vat liéu &p dién (miéng, tAm, soi) da
dugc cac nha khoa hoc trong nudc va nude ngoai quan tdm dac bi¢t va da dat
duoc nhitng két qua dang keé, trong d6 c6 nhimg két qua nghién ctru da dugc
dua vao ung dung hi€u qua trong cac linh vuc ky thuat nhu: y hoc, k¥ thuat
dién ttr, vii khi cong nghé cao, thiét bi bay, v.v..Viéc phan tich két cau tim, vo
composite ap dién da co kha nhiéu két qua cong bd vé tinh toan bén, dao dong
tw do va 6n dinh cua vé composite ap dién. Pbi véi két ciu dang thm
composite ap dién tuy c6 kha nhiéu két qua cong b, song chil yéu méi tap
trung vao giai quyét bai toan véi phan tich tinh, con vé phan tich dong va diéu
khién dao dong mai chi 1a dao dong tu do, dao dong tuyén tinh, khong xét can
va chiu tai trong don gian. Pac biét, viéc phan tich dong luc hoc cua thm
composite ap dién véi tai trong dong bat ky, co bién phap gia cudong, co xét
day du can két cau, can ap dién cho dén nay con rat it cong trinh cong bo.

1.5. Cac két qua dat dwoc tir cac cong trinh di cong bo

- B3 c6 nhiing nghién ciru vé vat liéu ap dién va kha niang ung dung
ctia vat lidu ap dién vao mot sb linh vuc ky thuat. Cac quan h¢ img xir co
hoc - dién d3 duoc thiét 1ap du dé tinh toan tng xu dbi véi cac két cau co
su tham gia cua vat li¢u ap dién.

- C6 10 giai ca giai tich va phuong phap s6 (PTHH) cho bai toan tim
FGM, tAm composite ¢ miéng hodc 16p ap dién, chiu tic dung cia tai trong
dién, co — dién, trong do tai trong co (tinh hodac dong), bai toan tuyén tinh
hodc phi tuyén da duoc nghién ciru trong d6. Di véi phuong phép giai tich,
diéu kién lién két 1a don gian, tim composite chii yéu 13 hinh chir nhat, vuéng
hoic tron. P6i véi phuong phap PTHH cac tac gia da giai quyét duge cac bai

toan voi diéu kién tai trong, lién két va hinh dang tim phtc tap.
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- Bai toan on dinh tinh va dong ctia tim composite ap dién di c6 mot
s6 cong trinh nghién ctru dé cap, song tap trung chu yéu & dang on dinh
tuyén tinh, tai trong phan bo déu, doi xtng. Bén canh d6, mot sd nghién
ctru vé On dinh Flutter ctia tAm composite, tAm composite ap di¢n vdi van
tdc dong khi can am va vugt am cling da dugc dé cap.

- Mot sb it nghién ctru vé két cdu tAm composite 4p dién c6 bién phap
gia cuong chiu tai trong tinh, chu yéu st dung phuong phap PTHH, song
két qua cong bd chua nhiéu.

- Bén canh nghién cuu ly thuyét, mot sd nghién ctru thyc nghiém xem
xét tng xU tinh va dong két cau tim composite ¢ gan cac miéng ap dién
bang thuc nghiém da dugc cac nhom nghién ctru trong nudc va ngoai nude
thue hién, bude dau cé nhitng két qua kha quan gdp phan kiém chimg viéc
nghién ctru tinh toan 1y thuyét.

1.6. Cac van dé can dwoe tiép tuc nghién ctru

- Nghién ctru tinh toan dao ddong, on dinh cua két cdu tam, vo
composite, FGM 4p dién cé cac bién phdp gia cuong nhu: gan gia cuong,
két cAu luon song, gap nép chiu tac dung cua tai trong co, nhiét, khi dong
luc hoc, v.v..Trong d6 can di sau nghién ctru xay dung mo hinh, thuat toan
va chuong trinh may tinh dé tinh toan, lya chon cac théng sd hop 1y hoic
t61 uu két cdu dang nay voi cac diéu kién khac nhau dé dinh hudng tmg
dung vao cac linh vuc k¥ thuat.

- Nghién ctru, tinh toan két cAu tAm, vo composite, FGM &p di¢n, trong d6
stt dung cac loai vat li€u ap dién khac nhau nhu: vat li¢u ap dién déng hudng,
di hudng, thay doi tinh chat theo nhiét do; két cdu dang tm, miéng, soi chiu tac
dung déng thoi cla cac dang tai trong: co, nhiét, luc khi dong, v.v..

- Nghién ctru Gng xir tinh, dong va on dinh cac két cau tim, vo
composite, FGM véi su tham gia cua cac 16p hodc cac miéng ap dién co

hoic khong ¢ cac bién phap gia cuong bang phuong phap thuc nghiém
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trén mo hinh trong phong thi nghiém.
1.7. Két ludn riit ra tir tong quan

Cho dén nay, cac két cAu 1am béng vat liéu composite, FGM cé cac
miéng hodc cac 16p ap dién 1a cac loai két cau duge quan tAm nghién ctu,
trong d6 da xem xét ing xur co hoc trude tac dong cuia cac dang tai trong
khéac nhau vé1 muc dich dinh hudng ing dung vao cac linh vuc ky thuat, dac
biét trong linh vuc k¥ thuat cong nghé cao, trong d6 cac két ciu tim, vo
composite, FGM c6 su tham gia cia vat li€u ap di¢n 1a cac doi tuong duoc
quan tAm nhiéu nhat.

Vé dao dong (tu do, cudng buc), ddi voi két cau tAm composite ap
dién da co nhiéu cong trinh cong bd. i véi tam composite ap dién,
nghién ctru vé on dinh tinh, dong da c6 nhiéu cong trinh cong bo va két qua
c6 duogc kha phong phi. Ngoai tai trong dién - co, cac nghién ciru budce dau
da dé cap dén tai trong khi dong, chu yéu nghién ctru dao dong va on dinh
ctia tim dang Flutter.

Doi véi két cau tAm, vo composite ap dién c6 gan gia cuong 1a loai két
cau hoi tu dugc hai yéu to noi bat, d6 1a tinh chat diéu khién cua vat liéu ap
dién va sy tang cing cua cac bién phap gia cuong, tuy nhién lai phic tap
va kho trong tinh toan. Ngay nay do cong nghé ché tao phat trién manh nén
cac loai két cAu nay twong dbi phd bién, do d6 nhu cau tinh toan lya chon
cac thong sé hop 1y cho két cdu dang ndy la 16n nén can phai dugc tap
trung nghién ctru ca 1y thuyét va thuc nghiém.

Vi vay, van dé “Phdn tich dpng luc hoc tim composite dp di¢n cé gin
gia cuong chiu tdi trong khi dong” ma luan an tap trung nghién ctru dugc thuc
hién trén co s& ké thira, phat trién céc nghién clru trudc, nham c6 duoc cac két
quéa nghién ctru dan dép Gng nhu cau thuc té trong mot sd linh vuc ki thuat

nhu: co dién tir, hang khong vil try, thiét bj bay, cong nghiép quoc phong, v.v..
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CHUONG 2

PHAN TiCH PHI TUYEN PONG LUC HQC CUA TAM
COMPOSITE AP PIEN CO GAN GIA CUONG
CHIU TAI TRONG KHi PONG

2.1. Pit van dé

Nhu di néu trong chuong tong quan, dé 1am cong cu cho viéc tinh
toan s6 d6i vaoi bai toan két cAu tAim composite ap dién c6 gan gia cudng
chiu tic dung cua tai trong khi dong nham dinh hudéng tng dung vao cac
linh vuc k¥ thuat, trong chuong nay tac gia luan an tap trung xay dung mo
hinh, cac quan h¢ irng xur co - di¢n, thuat toan phé‘m tor hitu han (PTHH) va
chuong trinh tinh dé giai quyét bai toan dat ra. Tac gia luan an su dung ly
thuyét bién dang truot bac nhat ctia Mindlin va quan hé phi tuyén gitra bién
dang - chuyén vi dé thiét lap thuat toan diéu khién dao dong cua tAm
composite ap dién c6 gan gia cuong trén co s ap dung tinh chit thuan
nghich ctia vat li¢u ap dién dudi tac dung cua tai trong khi dong.

2.2. M6 hinh bai todn va céc gia thiét

s

B /
A o —— —"
K — S
Mat trung bi -~} |h, Cam bién
Gan gia cudn b,

Hinh 2.1. Mo hinh tdm composite ap dién c6 gan gia cuong

chiu tai trong khi dong
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Xét tAm composite 4p dién c6 gan gia cudng chiu tai trong khi dong
do dong khi di chuyén véi van toc U hop voi mat phang xoy cta tim mot
gbc o (Hinh 2.1).

Cdc gid thiét ciia bai todn nhw sau:

- Tam va gan lién két bam dinh tuyét ddi, truong hop tong quat xét
tam thoa man diéu kién 1y thuyét bién dang truot bac nhat, bé qua bién
dang phap tuyén &,, Vat lidu cua tdm, gan va ap dién lam viéc trong gidi
han dan héi. Mdi 16p cua tAm va gan 1a vat liéu composite ddng phuong.

- Pién thé 13 hang sb trén mat 16p ap dién va bién thién tuyén tinh
theo chiéu day cua l6p ap dién. Céac hé s6 dan hoi, hé sb tuong tac ap dién
va cac hé s6 dién moi khong thay doi trong qué trinh tdm bién dang.

- B6 qua hiéu tng réi ciia dong khi va chdp nhan phuong phap doc
1ap, cong tdc dung cua tai trong.

Luc nay, dudi tac dung cua tai trong co hoc thong thuong, dién va luc
khi dong dong, phuong trinh dao ddng cua tim co6 dang:
[M]{d}+[C]{q} +[K]{a} ={R}, trong d6 [M] 1a ma tran khdi lugng; [C] la
ma tran biéu thi tong can két cau, ap dién va khi dong; [K] 1a ma tran biéu thi
tong do cting két cau, trong tac két ciu - ap dién va khi dong; {R} 1a véc to
tai trong dong co hoc thong thuong.

2.3. Quan hé g xir co hoc ciia tim composite 16p ¢6 gin gia cwong
2.3.1. Quan h¢ irng xir co hoc ciia tém composite l6p:

Xét tim composite co6 n 16p composite nam trong hé truc toa do téng
thé (x,y,z), mit phang (xoy) tring v&i mit phang trung binh ciia tim. TAm
c¢6 cac phuong chinh (1,2,3), mit phang (1,2) trung véi mat phang cua 16p
vat li¢u, trong d6 phuong 1 trung vo1 phuong soi, phuong 2 vudng géc voi

phuong soi (Hinh 2.2).
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y / 6=0"
4 / ="
/ = 7e= 90°

5 1

L
I

a) Cau truc cua tam composite 10p

y i=3.z

b) H¢ truc chinh (1,2,3) va hé truc téng thé (x,y,z) cua lop vat liéu

Hinh 2.2. TAm composite 16p va h¢ truc toa do cua lop vat li¢u

Tac gia luan an st dung 1y thuyét bién dang truot bac nhat cua Mindlin
dé xdy dung cac quan hé g xir co hoc ddi véi thm composite 16p.
2.3.1.1. Quan hé bién dang va chuyén vi:
Truong chuyén vi tai mot diém bat ky thudc tAm, c6 toa do (X,y,2),
tai thoi diém t dugc biéu dién nhu sau [80]:
u(x,y, z,t) =u, (X,y,t) + zey (x,y,t),
V(X,y,z,t)zVo(x,y,t)-zex(x,y,t), (2.1)
W(X,y,z,t) =W, (x,y,t),
véi: u, v, w tuong tng 1a chuyén vi dai doc theo céc truc X,y va z tai diém
thudc tim c6 toa do (X,y,2); ug, Vo, Wo tuong ung la chuyén vi dai doc theo

cac truc x, y, z tai diém trén mat trung binh ctua phﬁn tor tém; 0x,0y lan luot
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1a gbc xoay ctia phap tuyén tim quanh cic truc x va y.

Viét lai truong chuyén vi (2.1) dudi dang ma tran nhu sau:

U
u 1000 z||v,
ve=[010-z0]{w,¢ (2.2)
w 001000,
Oy
hay: {u} =[L]{a}, (2.3)
trong do: {u}={u v W}T,
1000 z
[L]: 010-z0]{.
00100

Quan hé phi tuyén giita chuyén vi va bién dang 16n theo 1y thuyét

Von-Karman tai mot diém bat ky thude tam (2.1) nhu sau:

8u l(asz GuO 663’ 1 avVO i 6110 1 aVVO i
g =—+— =—4z—+— =—+zx +—| —2 |,
~ ox 2lox ) ax  ox 2l ox ox X ox
ov 1(5@2 ov, 0 1[(9WOJ2 o, 1(@WOT
g =—+— =——z7—%4— =—LtzKk +—| —2 |,
Yooy 2\ 0y oy @y 2 Oy oy Y oy
(& av), 69y 00 | ow, ow
+ (2.4)
@y 5X 5Y Ox ox Oy
du, v, ow, awo
= 2+ |+z +—2.—O
oy 0Ox ¥ooo0x oy
ow ow
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Viét lai 3 phuong trinh dau cua (2.4) dudi dang véc to nhu sau:

Hay:

trong do:

el

% O o

)=

cong udn va xoan,

m

- m
k<2:k<z><2:

Q[ |

Wy, (2.5)

(2.6)

T
y} 1a véc to do

ﬁ 0 0 ﬁ % 0
ox ox X
_l o L%l 9 Ly M
9y | Vo ay 2 oy
08 9 _0 9 OWg 0wy
Oy Ox | Oy ox | | Oy  Ox
( - 3 N\
ey . €y
=4 g% Lazdw, LedeN
= gy Z y 8y
N
\ygy, ) Ty
2
ox
B 0 ||u, ,
= 0 5 vy la véc to bién dang mat trung binh,
9 9
| Oy  OX |
T |08, 00, 00
{KX Ky KXy} = - ——
Ox oy  0x
_5W0 -
x  |[e
1 6W0 6X 4 . X
:5 0 oy o (Wo la vee to bién dang phi tuyén.
ow, Ow, |lOy
| Oy 0x |
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dat:
9 0o 2
Ox 3 5 Ox
D.|=| 0 — |, |D |=z|-—— 0 |,
[ 8] 5}] [ K] z ay
9 9 0 @
| Oy Ox | | 0x Oy |
_% -
OX 0 i
Oow OX
[an)]-| 0 2l o= T
owy  dw, %
| 0y Ox |

Do vay, ba phuong trinh dau cta (2.4) viét duéi dang véc to nhu sau:

Y SOOI i B PN BN N

={¢g,} +Z{K}+{8N} :{slg} +{8N} ={g,}.

Hai phuong trinh bién dang cit cta (2.4) viét dudi dang véc to nhu sau:

v ai 0 1]|W W,
XZ X w
{'Y } N 0 ex - |:{D } _[IS]:| ex - {Ss}a (28)
e — —1 0| 0
| Oy JvY y
trong do:

-3 =5 o)
ay
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Két hop (2.7) va (2.8) ta c6 biéu thirc quan hé bién dang - chuyén vi:

1 ~
ool =feb}+ e} <[ [D5 )+ 2[00 ] o)
{e.f=[D,{u} (2.10)

trong do:

{St% } :{80} +Zz {K} 1a véc to bién dang tuyén tinh,

{SN} la véc to bién dang phi tuyén,
D] 0 [0
DL _ 3x1 3x2
P o 0 )
3x2 3x1
0] [A,(w)](Dy} 0]
[DN ]: 3x2 3x2 ,
Mo @ o
3x2 3x1 3x2

[D,]= [[0] {D"} —[IS]}

——
2x2

{up= {uo Vo Wo U« qy}’

chi s6 “L” ky hiéu tuyén tinh va chi s6 “N” ky hiéu phi tuyén.

Luc nay biéu thirc (2.4) dugc viét lai dudi dang véc to nhu sau:

e
(e} = ' | _ {_8_‘)2 _ {E%H{EN}
o= ;"Z el TR 2.11)
yz
'™




30

2.3.1.2. Quan hé vmg sudt va bién dang:

Gia thiét bo qua tng sudt phap vudng goc véi mat trung binh cua
tam (o, = 0), biéu thirc quan hé (mg suét - bién dang trong 16p composite
thu k dugc xac dinh dudi dang nhu sau [10], [17], [45]:

c — —

X Q, Q, Q10 0] 5

o, Q, Q, Q.1 0 0]]&
foh =10 = Qe Qi 0 01 @i

T 0 0 0 1iC, C, v,

T ) L o 0 0 iC45 655_1( Y xz )

trong d6: Cac thanh phan ung sut (cy, Gy, T,y) va bién dang (&, &, Yxy)
tuong Gng véi trang thai ung suit phang; cac thanh phan (_)ij ) (_3ij dugc xac
dinh nhu sau:

Q)2 =(Q); +Qy —Qg6)sin” Ocos” 0+Q;, (0054 0-+sin® 9),

Q16 =(Qi; —Qip —2Qgs )sinBcos’ 0 +(Qy, —Qy, +2Qg ) sin’ Ocos, (2.13)

Qy, =Q,;sin* 0+Q,, cos* 0+ 2(Q12+2Qg) sincos? 0,

Qu6 =(Q); Q1 —2Qgs )sin’ OcosB+(Q, —Qy, +2Qg4 )sinOcos’ 6,

Qs Z([QH +Qy —2(Q12 + Q66)})sin2 Ocos” 0+ Qg (cos4 0+sin” 6),

C 1 2 - 20 ~ 1 ) 2

Cys = (C66 —%(sz —C23))sin60056,

vo1 0 1a goc 1éch truc ctia phuong soi so véi truc x cua phan tir; cdc hang so6

do cting Q;; va Cy; duoc xac dinh theo cac mo dun ky thuit:
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E, E v,,E

Qn—l— sz—l—z,lez%,Q%:Glz,

—V12V21 V12V21 — V12V

1—v;,Vv Vor + VoV
Con = 13V23 ¢ Y TVaVis ¢ _G .
22 —E1E3 A 23 —E1E2 A 66 13 (2.14)
A= 1=Vi5Vy = VaaVap = Vi3V31 —2V5 V3Vi3 .

EE,E;

2.3.1.3. Cac thanh phdn noi lyc:

Dudi tac dung cia tai trong, trong phan tr xuat hién lyc mang,
mdmen udn, mémen xodn va cic thanh phﬁn luc cét, ching dugc xac
dinh nhu sau [17], [80]:

a. Lyc mang:

N, ) . he | Oy )
(N o) =N =Ny F =D [ o, f e (2.15)
ny k=l p,_, Ty,

trong do: Ny, Ny, Ny, lan luot 1 lyc mang phan bo theo phuong x, y.

b. M6 men uon va xoan:

C C

M, a h | Oy
{Mc(x,y,t)} = {MC} =M, ¢+ = Z j zyo, ¢ dz, (2.16)

MXy k=l hy Ty )

vo1 My, My va M, tuong tng la mé men ubn phan bd theo chiéu dai va mé

men xoan phan bd theo chiéu dai.

c. Luc cdt:

. i Ay Ay [V
{Q o Y,t)} ) _{ } ;hj { } {A% Asj {sz}, _—

trong do Qy, Qy la cac thanh phan luc cit phan bé theo chiéu dai.
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n

Ay=) [ Cy|(hy=h, ), i,j=4.5, (2.18)

ij

k=1

Mindlin d& dé xuit bd sung ham hi¢u chinh lyc cat A dé co duoc cac

thanh phan Umg suat cat trong tinh toan dat do chinh xac cao hon so voéi 10

giai ctia 1y thuyét dan hoi. Lic ndy, tir (2.17) cac thanh phan luc cat duoc
tinh boi hé thac [80]:

Qy _ 7\4|:K44 K45} Ve

— — J 2.19
Q. Ass Ass ||y, (2-19)

trong do:

n

A, =%Z[cﬁ}{hk -h,_ -g(hi hil)}ﬂ =45 o
k=1
Hé s6 hiéu chinh cit dugc chon tuy thudc vao tung loai vat li€u va

tung quan diém, dbi vé6i vat lidu composite chua ¢6 ham hi€u chinh tudong
minh. Trong cac nghién ciru cua minh, Reissner chon h¢ s6 hiéu chinh
bang 5/6 dé tinh toan cho két ciu dong nhat va truc hudng [80]. Do vay,
tac gia cling str dung gia tri nay dé tinh toan trong luan an.

2.3.1.4. Cdc quan hé ing xir co hoc ciia tam composite 16p:

: T T
Ky hiéu: {G}bZ{GX o, rxy} ,{G}SZ{’EYZ ’EXZ} twong Ung 1a véc to Uing
suit phang va cit. Tir (2.12) cac dai lugng nay trong 16p composite thir &

duoc xac dinh:

(o} =[Qy ], {{so} rz{i}+ {SN}}, ii=12,6. 2.21)

{o.), = Ci ], &) ij=4,5 (2.22)
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Thay (2.21) vao (2.15), (2.16) va thay (2.22) vao (2.17) dan dén:

Sin-nfa], 13-t [a)

ﬁ;}}}cg,‘(hz “h [ Q] ;,(tﬁ -0 ‘U | {{80}{;}@}}’ .

L k=l k—l

(Q) =[0]({e"} +{e"}) +[0]{x} th ~h,)[Cy] e} 224)

nY

Viét téng hop lai dudi dang ma tran:

{Mjr =|[B] [D] [0]]y {x} (2.25)
{Qt] LIo] [o] [F] &)
trong do:
[A]= Z —hy_) > 1,j=1,2,6 - ma trén d¢ cimg mang,

[B]:%Zn:(hﬁ b7, )[ Q] 1i=1.2,6 - ma tran d¢ cimg twong tac
k=1

mang-udn-xoan,

[D]= %Zn:(hi - hi_l)[(_)ij]k, i,j=1,2,6- ma tran do ctng uébn,
k=1

F|= Z:f(hk —hk_l)[éij]k, i,j=4,5 v6i f=5/6 - ma tran do cting cat.

Truong hop tim d6i xtmg thi ma tran do cung tuong tic mang-udn-

xodn triét tiéu, nghia 1a [B]=0.
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2.3.2. Quan hé wng xwr co hoc cua gan gia cwong
Xét gan gia cudng 1a loai dam 3 chiéu gdm n 16p composite, b tri
song song vo1 cac canh cua tdm va dé phu hop va1 hé toa do cuc bd cua
tAm, ta gén hé toa do cuc bd oxyz cho dam véi truc ox trung vaéi truc dam,
truc oz tring véi phuong phap tuyén ctia tim, dong thoi bé qua chuyén vi
xodn quanh truc z (0, = 0). Sau khi c6 dugc cac ma tran phan ttr, st dung
ma tran chuyén dé phu hop véi phuong ciia gan: song song voi canh ngan
hay canh dai cua tAm. Do vdy, trong truong hop tong quét, cac quan hé Gmg
xUr cua gan dugc xac dinh nhu sau:
2.3.2.1. Truong chuyén vi:
Céc thanh phan chuyén vi dai u, v va w ctia mot diém thudc phan tir dam
doc theo cac truc toa dd cuc bd oxyz duoc biéu dién béi [3], [63], [105]:
u=u(x,y,zt)=ug (X,t)—zey(x,t),
V:V(X,y,z,t)zvo (X,t)-l—zex (X,t), (2.26)
W=w(X,y,z,t)=wg(x,t)—-y0, (x,t),
trong do: ug(x,t), vo(x,t) va wo(x,t) tuong Gmg 1a chuyén vi dai theo phuong
0x, oy va oz cua diém giao giira mit cit ngang qua diém tinh va truc dam;
0x(x,1), By(x,t) twong tmg la goc xoay mat cat ngang ctia dam quanh truc x, y.
2.3.2.2. Truong bién dang:
Bién dang phi tuyéh tai mot diém thudc dam duoc xac dinh [63], [105]:

du l(ﬁwf 1(8Vj2
g =—+—|— | +=| =—| >
ox 2\ ox 2\ ox

ou Ow
=t —, 2.27
Ve =5 o0 (2.27)

B ou ov

Ty <o e

Thay (2.26) vao (2.27), ta co:
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*ox ox 2\ ox 2\ ox 2 Ox
2
+ly2(anJ _y@wo 86X+28V0 00,

00 2 2 2
€ :%_Z_y+l(a\)v_0j +l(%j _,_lzz(aex] n

b

27 ax ox ox  ox ox (2.28)
oW 00
=0, +—L_y—X,
Tz Y ox Y ox
v, 00,

Ty = Ox Zg'
Str dung hé s6 hiéu chinh cit A, biéu thirc (2.28) trd thanh [63], [80]:
00 2 2 2
8X=%—Z—y+l % +l % +122 aeX +
Ox ox 2\ ox 2 ox 27 ox
2
+ly2(aex] 0w 00, vy 90,

27 Uax ) UTax x| T ex ox (2.29)
Txz =\/xa;;0 —ya;;‘ -0,
o =G
Viét dudi dang véc to:
AN
e} ={e"}+{eM ) =1rm iV 1 (2.30)
vy (T

trong do: {SL} 1a véc to bién dang tuyén tinh va {SNL} 1a véc to bién dang

phi tuyén. Cac thanh phan cua biéu thirc (2.30) nhu sau:

00
el = g, Py
ox  oOx
ow, o0
v =dn aXO —y a; -8, (2.31)
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2 2 2
i 2 ()

* 5l ) T2lx ) T2
2
N 2(66XJ Y Y 032
7Y ox ox ox Cox ox

NL NL
Vxz =0, Vxy =0,

2.3.2.3. Truong ieng sudt:
Quan h¢ tng suét - bién dang tai diém thudc dam duoc xac dinh [80]:

{o}=[Q]{e} =[Q]{e"} +[Q]{e" |, (2.33)

Hay:
¢NL

Gx (:211 ?12 §16 (:211 ?12 ?16 X
T 0= Qu Qu Qe 175 (+|Qa Q. Que |{7iy (- (2:34)
O O O 0O O 0O NL

Q6 Q26 Qg6 WI’ZY Q6 Qa6 Qe Vxy

L
€x
L
XZ

T Xy

2.4. Quan hé ng xir co hoc cita tAim composite ¢6 16p ap dién

Tam composite ap di¢n gom n 16p composite va m 16p vat li¢u ap dién

nhu hinh 2.3.
Lép kich thich
) v
P ) hd
I
2L B R TR T .Z.k;l.z._
g [k lgk ( g
| h \ \ |
—L”—_+_ —

Lép cam bién

a) Tdam composite ¢ 6p dp dién b) Céu triic I6p ciia tam composite dp dién

Hinh 2.3. M6 hinh tim composite c6 16p ap dién
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L6p ap dién gom 16p kich thich va 16p cam bién, chung duoc két n6i
v6i hé thong diéu khién trd thanh hé khép kin. Lic nay, nhiing 16p 4p dién
vira dong vai trd 16p vat lidu trong tAm composite, vira dong vai tro 1p
kich thich hodc 16p cam bién. Vi vay, khi chiu tic dong (co hoc hoic dién),
tam composite ap dién vira c6 tmg xir co hoc, vira ¢6 tng xtr dién hay noi
cach khac trong tAm luc ndy xuat hién cac tmg xir co - dién dong thoi.
2.4.1. Ung xir co hoc ciia lop dp dién

Quan h¢ ung suat - bién dang va h¢ thuc biéu dién sy can béng dién

tich trong 16p ap dién thir k dugc xac dinh nhu sau [9],[47]:
{ofi =[C ], (e, ~[el (B}, (2:35)
(D}, =[e], {e}, +[p], (B}, (2.36)

trong do: {o}; = {cﬁ y Ty Ty riz} - véc to ing suat,

{e}, = {SX € Vay Vyz Vo }I— véc to bién dang,

[(_3} - ma trn hé so do cing cua vat liéu ap dién,
k

{E}x - véc to cuong do dién trudng,
{D} - véc to chuyén dich dién tich (véc to dién tich cam tng),
[e]x - ma trdn hé sd ung suét ap dién,
[p]k - ma tran hang s6 dién moi.
Khi 4p dat dién thé tinh ¢ trén bé mit 16p ap dién thi trong 16p ap dién

s¢€ sinh ra dién truong E dugc xac dinh béi:

E* =0, EY =0, E” = E? :—T—k. (2.37)
(Bl ={E E E =0 0 Ei}T—-{O 0 %} (2.38)
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trong do: ¢y 1a dién thé tinh ap dat 1én 16p ap dién thu k; t, 13 chiéu day 16p

ap dién tht k. Lac nay trong 16p ap dién thir k, tmg suit {G}E gbém hai

thanh phan: Ung suét do bién dang boi cac luc co hoc tac dung (ky hiéu

{c}") va tmg suat do dién truong gdy nén (ky hiéu—{c}, ), nghia la:

p
k

o}y ={oly ~{o}

E
k 5

r.e s A M 7 . 0 e
v6i: Ung suat co hoc {c} ~ dugc xac dinh boi:

\(b
Cy Cp 0
[C]: 612 622 0 1,
0 0 Cg

-

(2.39)
G, o 040 0] s,
Cp Cp 0 i 0 0| |&
}= 0 0 Gl 0 0| typ (240)
0 0 05‘44 0| |y
(0 0 0]0 Gy Ux
Cy O

|

0 Css

= l-vy3vyy = l-vi3vy = = =
Cn:El%aczz:Ez%aCM:GzyC%:Glz’Css:G13»

= Vo1 —VasV
_ 21 = V23Vl 4 _
Cp, =E —A s A=1=V5Vy1 = V3V3y = Vi3V3 =2V, V3oVys.

E

Ung suat dién {o},

bang biéu thuc:

trong do: [f,]is = [(:J]U

5x3 5x5 5x3

gy ra boi dién truong ap dit, duoc biéu dién

E
Ty, T

e}

(2.41)

1l
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0 0 dy
0 0 ds
voi [d]k =| 0 0 dy | -Matrdnh¢ s6 bién dang cta vat liéu ap dién.
dig dyy 0
dis dys 0 |,

Do vdy, biéu thitc (2.41) viét lai nhu sau: {c}+ = ([E][d]{E})k. (2.42)

2.4.2. Ung xir ciia tdm n l6p composite va m 16p dp dién

Noi luc trong tAm composite ap dién 1a to hop ndi luc trong n 16p vat
liéu composite va ndi lyc trong m 16p vat li¢u ap dién. Tich phan theo
chiéu day cac biéu thirc (2.25) va (2.36), ta c6 phuong trinh (mg xi co hoc

cua tam goém n 16p composite va m 16p ap dién nhu sau:

I'EEr e

< _ B| [D| |0] |e < {x}

QT[] [o] [F] @] ed [ o
{ov}| Lle] [e] [&] [pl)| =g}

Trong dé: {N},{M},{Q} la cac thanh phan noi luc twong Gmg véi tmg
sudt co hoc cua cac 16p vat liéu composite, 16p ap dién va Gng suit giy ra

boi dién truong ap dat va duoc xac dinh nhu sau:

k=1 k=1
[B1= D (02 -0y, D (282G . i=ts
k=1 k=1
[D]_li(hi—hi_l)[éu] +%i(hi—hi 1)[6015 i,j=1,2,6



[F]:Zn:f(hk—hkl +if hk—hkl[ } i,j=4,5,f=5/6
k=1

1 I &
[e]ZZ(hk -y, k’ I:e:l EZ( hi 1) e]k’
1 <5 k=l vy
1N . 0
el v el -
k=1 ?X’; ?>,<_2J 0 €25 |y
]=> (hy-h)
k=1
pyp O 0
VOl [p]k =/ 0 py O | 13 ma trin hing sé dién méi.
0 0 py .

Biéu thirc (2.43) cho ta thdy trong tim composite ap dién co tinh
tuong tac co - dién va dién - co mot cach rd rang. Trong do, ndi luc co hoc
(N,M,Q) khong chi gay ra bién dang co hoc ma con giy ra dién truong (E)
va nguoc lai, dién tich (D) khong chi gy ra dién truong ma con gy ra cac
bién dang co hoc (&’ +¢&V, k, &)

2.5. Thiét 1ap phwong trinh vi phan phi tuyén mé ti dao dong ciia phin
tir tim composite ap dién c6 gin gia cwong chiu tai trong khi dong
2.5.1. Phan tir tim composite cé l6p dp dién:

Véi tim composite ap dién c6 gan gia cudng, tuy thudc vao sb luong,
cach bd tri gan va cach chia phan tir, md hinh PTHH cta tAm lac nay co thé
gdm cac phan tor tdm composite c6 10p ap dién va cac phan tir tim
composite ap dién cd gan gia cuong, trong d6 vdoi cach chia lugi PTHH
nhu trong ludn an, nat ctia tAm va gin gia cudng trung nhau.

Xét tAm composite co 16p ap dién dugc ro1 rac hoa boi hiru han cac

phan tor dang tham s6 9 di€ém nut, moi nut cua phan tir c¢6 5 bac ty do co
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hoc va 1 bac tu do dién thé. M6 hinh hinh hoc va béc tu do phan tir thé hién
nhu trén hinh 2.4.

4 AS
1
sd_
-1 1!
0 -
1
-1
a) Trong hé toa dé tong thé b) Trong hé toa dé tham chiéu

Hinh 2.4. Thr tuy nat, hé toa do téng thé, hé toa d6 tham chiéu
ctia phan tir dang tham s6 9 diém nut
Cac ma tran va véc to phan tir trong hé toa do téng thé duoc thiét lap
tir két qua tinh theo h¢ toa d§ tham chiéu phén tor va phép bién d6i toa do.
Hé toa do tham chiéu ors cho phén to déng tham s6 9 diém nat 1a hé toa do
ma cac truc r va s di qua cac diém giita cua cac cip canh dbi dién nhau.
Céc canh nay duoc xac dinh bdi phuong trinh r=+1 va s=+1. Khi d6 diém
bat ky thudc phan tir trong hé toa do tong thé (x,y) sé c6 toa do (r,s) trong
hé toa d6 tham chiéu, cac toa do nay la khong thr nguyén va c6 gia tri
trong khoang —1 dén + 1.
Déi vai cac phan tir khong co 16p ap dién, ching chi chira cac bac tu
do co, véc to chuyén vi nat duge biéu dién nhu sau [1], [3], [8], [63]:
T
{qe} = {qlew} = {u1 vV, W, Oxl 6y1 e Uy Vg W 9X9 6y9} (2.44)

Doi véi cac phan tir tim ¢ 10p ap dién, véc to chuyén vi nat gom ca
bac tu do co va dién [6], [7], [12], [27]:
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=fu v, W 00 v, W, 0,000, 0]

T

, (2.45)

trong d6 k=1,m. Céc toa dd tdng thé (x,y) dugc duge xac dinh thong qua

toa do tham chiéu (r,s) nhu sau:

(2.46)

trong d6: (x,y;) 12 toa d6 ctia nut i trong hé toa do tong thé (voi i =1,_9),

N; la cac ham ndi suy dugc xac dinh nhu sau:

Ny = s 1)(s-1),
N, :%rs(r+1)(s+l),
N, :%s(l—rz)(s—l),
N, :%s(l—rz)(s+1),

N, =(1-17)(1-5%).

N,

Ng =

Ng =

N, :%rs(r+1)(s—1),

:%rs(r—l)(s+l),

%r(r+1)(1—sz),

1

5r(r—l)(l—sz),

(2.47)

Viéc tinh dao ham cua cac ham dang theo bién tham chiéu r,s duoc

thuc hién thong qua phép tinh dao ham theo cac bién tong thé x,y nhu sau:

oN.| [ox ay][oN,

or | _|or ar|) ox 0
ON; ox 0Oy || ON;

0s | 6s as]| Oy )
oN; ON;

[8).4 -1 or

ON, =1l oN, [’

oy s

[0
ON.

1

oy |

, (2.48)

(2.49)
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trong d6 [J] 12 ma tran Jacobi cia phép bién d6i toa do, [J]"

la nghich dao
cua [J]. Vata co:
< N, N, |
o ' o0 J 7
(1= N { " ”}. (2.50)
GNiX ZaNi Jo I
S os T T os YI_
Nghich déo cua [J] c6 dang:
Lo 1[Iy nLon
[J]1:_|: 2 12}: 11 iz ’ 2.51)
|J| Ja Iy I I

vOi: |J| = det[J] =J,1J, —J,1J, #0 14 dinh thirc cia ma trén Jacobi.

Luc nay (2.49) tr¢ thanh:

N o] =[T {aN aN} o {% aNi}T (2.52)
ox oy 0s o |la a0

22

Cac thanh phan chuyén vi ciia diém bat ky thudc phan tir biéu dién
theo ham dang va chuyén vi nat phan tr nhu sau [3], [8], [63]:
9 9 9
u, :ZNi(r,S)ui, Vo :ZNi(r,s)Vi, W :ZNi(r,s)W
i=1 i=1 i=1 (2.53)

Z (r,s XI,G—ZN rse

i=1 i=1

Biéu dién dudi dang ma tran:

{ﬁe(r,s)} :[NM]{qi\d}. (2.54)

Do vay, truong chuyén vi cua tam dugc biéu dién theo ham dang va

véc to chuyén vi nat cua phan tir trén mat trung binh nhu sau:

{u} =[L}{u} =[L]{u. (rs)} = [L] NY J{ad'}. (2.55)
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trong do: [NM]:[NI[I] N,[1] - Ng[1] N9[I]], la ma trén ham dang

chuyén vi véi [1] 1a ma tran don vi cap 5.

Ttr (2.9) va (2.10) dan dén trudng bién dang biéu nhu sau:

(o) [D%]+%[DN(W)J {ﬁ}:([BL]_i_[BN]){qg/I}, (2.56)

[Ds]

trong do: [BL} va [BN} turong tng 12 ma tran tinh bién dang tuyén tinh va

L], 1N
ohiayén, vaie 5] T8 ]| LOF 721D ()] )

Trudng hop tong quat, dién thé phan tir duoc biéu dién theo ham dang

va dién thé nat cta phan tir [48] nhu sau:
(b (rs) =[N [al ], k=Lm (2.57)

Ma tran ham dang dién thé [Nﬂduqc biéu dién dudi dang:

[N*]=[N¢ NS NEONY (2.58)

Thay (2.59) vao (2.40), véc to dién truong duoc xac dinh:

=0 0 LAvlfet){m et} e

k
Vo1 [Bd) ] goi la ma tran tinh dién truong.

Vi dac tinh cua vat li¢u ap dién la duoi tdc dong cua luc co hoc, vat
thé bién dang lam xuat hién dién tich trong vat liéu ap dién, do vay, dién thé
sinh ra twong tng véi bién dang (chuyén vi) cta vat thé. Vi gia thiét vé su
bam dinh tuyét d6i gitra 16p vat liéu ap dién va 16p composite, nén ham dang
ndi suy truong dién thé cua phan tr chinh 1a ham dang ndi suy trudong

chuyén vi cua phﬁn tu, do do (2.58) duoc xac dinh béi: [N‘q = [NM]
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Ung suét trong 16p composite thir k:
(5 R R [ ) (P S
Céc thanh phan tng suét trong 16p ap dién tht k nhu sau:
(O B B [ S S AT
{o}y =[] la], {E}, =[] [d], [B, {at] (2.62)
Do vay, biéu thuc (2.39) trd thanh:

folt =[], (3 e[ Dt} (€] fel [ Jfer}- o

Dién tich cam tng trong 16p ap dién gdm 2 thanh phan: dién tich cam
ung sinh ra do bién dang co hoc va dién tich cam Ung sinh ra do di¢n

truong tac dong. Do do, biéu thire (2.36) duoc viét lai nhu sau:
{D}, ={D"}+{D"}. (2.64)
trong d :
(D) =le] fed= (e ({e"}+{e}):
{D"}=[p]{E}.

VOl : {DM} - véc to dién tich cam tng sinh ra do bién dang co hoc,

(2.65)

{D"} - véc to dién tich cam tng sinh ra do dién trudong tac dong.
Véc to dién tich cam tGng sinh ra do bién dang co hoc dugc biéu dién

thong qua véc to chuyén vi nat phan tr nhu sau:
T
{D"}={D}} DY DY} =[e]' ([BL]+[BN]){q§4}. (2.66)
Va véc to dién tich cdm tng sinh ra do dién truong tac dong duoc biéu

dién thong qua véc to dién thé nut phan tu:

{DE} - {DFI sz D§3}T =[p][B¢]{qi’}. (2.67)

Ap dung nguyén 1y Hamilton cho phan tt, ta c6 [64], [105]:
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t
SH, = SJ(Te ~Ug+ W, + W, )dt =0, (2.68)
to
trong do: H=T, U, +W,+ W, =H,({al'}.{a}'}.{a}.t) 1a ham tac
dung Hamilton, T, 1a dong ning cta phan tir, U, la thé niang bién dang dan
hdi ctia phan tir, W, 13 cong gy ra boi ngoai luc va dién tich ngoai tac
dong, W. 1a cong cua luc dién truong.
Xét truong hop khong ké dén luc can va bo qua luc quan tinh dién, tir

phuong trinh (2.68) dan dén hé phuong trinh sau:

d| oH, | oH, _
ar|ofe] | ofary
oH, ’

o{q!} =10

Pong ning ciia phan tir, dugc xac dinh theo biéu thuc:
T.- j p{ue}T{ue}dvz%{qy}T( j o[ N L [L][NM]dVJ{qQA},

50 OB @) e

voi: [n]=[L]' [L]

(2.69)

Thé nang bién dang dan hoi cua phén tr, duoc xac dinh boi:

1
U= [{e}" {o}av=1} + UL, @2.71)
V

€

r.* M \ /( ~ . /( \ )\ . ? /‘\ 2 4 r
véi: U, la thé nang bién dang dan hoi co hoc cua phan t&r cd n 16p

. \ 14 A A /4 A E \ /( e . f( \ )\ . A
composite va m 16p vat liéu ap dién, U, 1a thé nang bién dang dan hoi dién
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ctia m 16p vat liéu ap dién. Goi U va U® tuong Gmg 13 thé niang bién dang
dan hoi cua n 16p composite va m 16p ap dién, nén USA =U; +UP,
Thay (2.56), (2.60) va (2.61) vao biéu thirc thé nang (2.71) dan dén:
B [Q][BY]+[B] [Q][BN ]+
U :%{qlev[}TJ‘ - ] [_][ J [ ]T[ _]__ J dV{qM
w\[BY ][] Bt J+[B" [ [Q][B"]
]

s (BT
ot vj :BN]T[EJ[BL +[BN]TF_[BN]

T hai biéu thire trén ta c6:
L Tl L
UEA :_{qe } J[

2 V.

trong do: [ﬁ] = [6] + EJ
Thay (2.56), (2.62) vao biéu thirc thé ning (2.71) dan dén:

ol [l Tl 0

Ve Ve

Ttr cac biéu thire (2.72), (2.73) thay vao (2.71) ta cé:

0, =g [BLT[HJ[BLJ{BLHHJ[BN%}W -

e [[BNHHJ[BLHBNT[HJ[BNJ R
St ([T (BT e Javiat)

Ve
Ve

Cong gay ra bdi ngoai luc va dién tich ngoai tac dong bicu dién nhu sau:
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(2.75)

Cong cua luc dién truong biéu dién nhu sau:
g1 T 1 Tp 4T 1 T B
WE = 18" (0Jov =3 (18" [e] flov S (5] [p) v =

Ve

5l V{[B“’JT[e]T([BL]{BN])dVJ{q?}— (2.76)
_%{QZ’}T J‘[Bq)}T[p][Bq)}dA}{qg}.

Ae

Thay (2.70), (2.74), (2.75) va (2.76) vao biéu thirc ham tic dung
Haminton (2.68), dan dén:

He=§{q¥}{jp[NMT[hJ[NM]dVeJ{q?‘}—

‘%{qff}{ Af [BdT[p][Bd)]dA]{qi’}, 277
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Tu day ta co:
d| OH., | [ase T(uM
aH e M e M
] = —[ K et f =[5 Natf+ (R 2.78)
oH . c M e
@ﬁKw]{qi’}—[Kw]{qe f+iach
trong do:
- Ma tran khéi luong phén tir:| M, ] = [ p [NM]T [h][ NM]av, (2.79)

Ve

- Ma tran d6 cung co hoc phan tir:
| [ e ] [ s
S e T
- Ma tran dg cing tuong tac co hoc — dién cua ph?m tu:

[ ]= [T +[8%T Jrelm, Jav. @81a)

Ve

dv, (2.80a)

- Ma tran d6 cimg tuong tac dién - co hoc cta phan tir:

K- J [B,] [e]" ([ B" ]+[ BN ]Jav. (2.82a)
- Ma tran dg cing di¢én moi cua phén tu:
K5, )= [[Bs] [p][By oA, (2.83a)
Ae

- Véc to tai trong co hoc:

{Fy}:vje{fb}d\u [{ts}da+isel, (2.84a)

- Véc to ngoai tai dién: { C} =— I {qe}dA, (2.85a)
A
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trong do: p - khéi lugng riéng twong duong cua vt liéu phan tr [10], [17],
[45] ; A, - dién tich phan tir, V- thé tich phan tir ; V,- thé tich phan tar m 16p ap

dién ; {ftf} ~véc to luc khéi phan tir ; {f:} - véc to lyc bé mat phan tir ; {fce} -
véc to luc tap trung phan tir ; {qe} - véc to mat do dién tich bé mit phan t.

Céc biéu thirc (2.79a) dén (2.85a) dugc tinh theo phuwong phép tich
phan sb v6i 2 diém tinh cua phép cau phuong Gauss [1], [3], [8], [63]:

[Miu]:ii:NM]T(Elpk[h]j[N ] wiiw 5[], (2.79b)

o, o [B ][]t ]+ [m ] [H][m" ]+
=R [N [ s e [ ] [1]BY]
J= 3[BT o3 T e ITmo vl (281b)

> By ] [e"] ([ ] [BY ])wiow | (2.82b)

Jwiiwjj |J|, (2.80b)

g
_ I
M-

._.
=
I
—
—.
—
Il
—

gl
‘l “ |
M-

._.
=
Il
—
JE——
—
Il
—_

B¢]T [B] By |wiw ]3] (2.83b)

gl
1 I-e- |

. Il
M- 20

.Mw

._
=
Il
—_
[

)

{fg} W W D[NM] 3]+ ZZ{f@} W W JJ[NM] 3]+ {} (2.84b)

ii=1 jj=l1

._.
Il
—_

ii=

i

{q }wuwﬂ[ ¢JT ! (2.85b)

=1

=

A
T

||:[\|4w
M

=

ii=1]

__[[a][B] [0] [€]
trong do: [H] =|[B] [D] [0] |, [e*] - {[e]] , Wiiva wj 1a trong s6 tuong
] €]

g diém Gauss thu ii, jj.
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Thay (2.78) vao (2.69), ta ¢c6 hé phuong trinh vi phan phi tuyén mo ta

dao dong ctia phan tir tim composite ap dién nhu sau:

M (K e+ [ Jlal) =R}, (2:86)

[0]{d¢}+[ K5, [{al - K, [{al} ={Q:}, (2.87)
trong do:

fgM}, {al'}. {al'} twong émg 14 véc to chuyén vi, van téc, gia
tdc nit co hoc ctia phan tu;

{q¢}. {g!}. {d!} twong tng 12 véc to dien thé, van tc dién thé,

gia toc dién thé niit cta phan ti;

Tur (2.87), ta co:

fary =g ] s J{ad =[x, ] ek .88
Thay (2.88) vao (2.86), ta c6 phuong trinh vi phan moé ta dao dong co

hoc khong can ctia phan tir tim composite ¢6 16p ap dién nhu sau:
RN AR A EAREAI TN
= (e[ ke ek

Truong hop xét dén can ciia phan tir, gia thiét rang luc can ty 1& véi

(2.89)

van tbc chuyén dich, tir (2.89) ta c6 phuong trinh vi phan mé ta dao dong

ctia phan tir tim composite c¢6 16p ap dién nhu sau:
[ Jfa e fen e o{ e Jofs T T e -
B (2.90)
R RE AR

trong do : [Cﬁ] 12 ma tran can két ciu (Rayleigh).
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Khi xem anh hudng ctia tuong tic co hoc - dién dén can két cau 14 bé, thi:
[CE] =q, [M%U] +B, [K%U] , v6i o va B 1 cac hang s6 can Rayleigh [104].
V& nguyén 1y diéu khién hoat dong cua két ciu ap dién néi chung
thuong c6 hai dang: Dang thtr nhat 13 c6 sir dung mach hoi tiép va dang tht
hai 13 khong str dung mach hoi tiép. Theo d6, khi khong c6 mach hoi tiép
(giita cac tAm hodc miéng ap dién khong c6 lién hé dién tich véi nhau) va
khong c6 dién tich ngoai tac dung thi khong ton tai ngoai tai dién. Trudng
hop c6 mach héi tiép, lac nay trong tim composite ap dién co it nhat hai
16p hodc hai miéng ap dién thi mot 16p hay miéng ap dién nay dong vai tro
kich thich (actuator), con mot 16p hay miéng ap dién con lai dong vai tro
cam bién (sensor), khi tAm bién dang, dién tich s& xuat hién trong cac 16p
hay miéng ap dién. Sau ddy tac gia trinh bay phuong trinh ¢mg xtr cia phan
t{r tim composite ap dién cho hai truong hop nay:

a, Truong hop khong c6 mach hoi tiép va khong cé dién tich ngoai tac
dung, véc to ngoai tai dién triét tiéu { Q¢ | = {0}, bidu thirc (2.90) tr& thanh:

[ e a ) [ Je fre s ] TraJ) e} =2 oom

Trudng hop khong xét dén can, biéu thuc (2.91) dugc viét lai:
Mg, J{al ([K} + [KEJ[KEJI [ch]){qM} ={r"}. (2.92)
Tu (2.91) va (2.92), khi {Fév[} =0, xuat hién 2 dang bai toan:

- Bai toan dao dong tu do c¢o can:

[, Jfat} o s Jfalth o[ o s s T [ )} =tok - @99

- Bai toan dao dong tu do khong can:

M, Jla )+ ([K} +[K3¢][K$¢T [Kiu]){qﬁd b ={o}. (2.94)
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b, Khi ¢6 mach hoi tiép thi voi thiét bi chuyén dung, dién tich thu
duoc tir 16p ap dién nay (cam bién - sensor) s& chuyén thanh dién thé roi
khuéch dai, tic dong vao 16p ap dién kia (kich thich - actuator). Lic nay,
x€t cho truong hop khong co dién tich ngoai dua thém vao ({Qi} ={0}),
tam bién dang 1am cho 16p hodc miéng 4p dién cung bién dang theo, khi do
trong cac 16p ap dién xuét hién dién tich.

Tt (2.88), dién thé duoc sinh ra boi 16p cam bién duoc xac dinh boi:

lat}={a} = [Kicbl_l kA C (2.95)

trong d6 chi s “s” 1a chi cam bién (sensor).
Do d6, dién tich xuét hién do bién dang dugc xac dinh nhu sau:
e e M
ocf, =[x ] {ar'} (296)
Pién thé trong 16p hay miéng ap dién kich thich luc nay duoc xéac dinh
baoi biéu thuc [6], [7], [12], 45], [61]:

latf, = Gafaty, + G {de)

vGi: “a” 1a chi sb kich thich (actuator) ; Gy, Gy lan luot 12 hé s hdi tiép

g (2.97)
chuyén dich va hé s6 hoi tiép tbc do.
Luc nay theo (2.87), dién tich sinh ra trong 16p kich thich do chinh nd

bién dang dugc xac dinh nhu sau:

(Qc), =[x ] da), - [xa ] dat), =

. " . . (2.98)
=k ] e}, (K5 ] (Gofal] +aifat) )
Thay biéu thic (2.95) vao (2.98), ta co:
{od), =[x ] o'}, - L i ] s o) -
(2.99)

-6, [k, ] [, ] [ ] )
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Thay bidu thirc (2.99) vao (2.90), din dén:

(oo Jfa Lo (o) (s e T ] T I} -
={r ) s T, (), -
Gk ks T TRa (ke ] [ka o) - &
AL ESARESARL S T K| fa)

Do gia thuyét lién két 1y tuong (bam dinh tuyét d6i) gilta cac 16p ap

dién vai cac 16p composite ciia tim nén ta co:

o'}, ={ary, =l (ke ] =[x ] =[] i ] =[x ] =[x5 ).
Vi véy, phuong trinh (2.100) duoc viét lai nhu sau:

[ Jfat} (e o[ I T i ] 3], T ] e+

+([ .|+ [K ¢][K¢¢]_l[K$¢L[K$¢r[Kzul){qu}:{FeM}' (2.101)

Pit: [C;]=GV[K;][KM]_][Kj,d,]a[Kgd,r[Kgu]sla ma trin h¢ sb

can ap dién chu dong cua phan tir va:

(ki = [Ka Jr ok ks [ ] k5] [x5 ] ama

tran do cting chu dong cua phﬁn tur.
Phuong trinh mo ta dao dong cua phan tir tAm composite ap dién, co

ké dén can duoc viét nhu sau:

s )+ (Lo J+ [on Iar b [ J{al} = {2 102)

Tir cac biéu thire (2.80b), (2.81b) va (2.82b) ta thay, cac ma tran do cimg
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K, |5 | KGs | va | K§, | phu thude vao véc to chuyén vi nat q?f , do vay cac
[KG ] [K3y ] va [ o'

ma trin |:K§/IE ] , [CeA ] va [Ci ] ciing phu thudc véc to chuyén vi nit {qﬁd} .

Do vay, phuong trinh (2.102) 1a phuong trinh vi phan phi tuyén hinh hoc.
2.5.2. Phan tir tim composite 4p dién cé gin gia cuong

Xét phan tir tAim composite ap dién c6 gan gia cudng, trong d6 phan tr
tam 1a dang tham s6 9 nat, phan tr gan gia cudng ba chiéu, 3 diém nat. Mo

hinh hinh hoc nhu hinh 2.5.

R . Gan // s?
Gan // véi truc oxA Y Gén // v4i tryc oy véi truc oy > o <«
7 6 5 A . 6 5
Gan // voi .7 ®
truc ox

»!

|
|
|
I
|
2 3 X Y e o -

1

a) Phan tir dang tham sé 9 mit c6 gan b) Phan tir tham chiéu
Hinh 2.5. Phan tir tim CPS c6 gan gia cuong va phan tir tham chiéu
Nhu d3 dat vin dé & muc 2.3.2 dé dam bao tuong thich vai phan tir
tam, tac gia sir dung phan tir gan gia cudng dang dam ba chiéu, 3 diém nut,

mdi nat c6 5 bac ty do gom: u,v,w,,0,,0, (Hinh 2.6).

U o, 2 U0, 3 Us ~Ox
Hinh 2.6. Phan tir gn gia cudng va cac bac tu do

Véc to chuyén vi tai nut thir i ciia phan tir gan xac dinh nhu sau:

{qf}:{ui v. w, 0, E)yi}T, 1=12,3. (2.103)
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Véc to chuyén vi niit ciia phan tir gan:

foc}={lar) o) e}

15x1

(2.104)

Chuyén vi tai mot diém bat ky trong phan tir gan duoc xac dinh theo
chuyén vi niit va ma tran ham dang phan tu:

)= i

—
5x1 3x15 15x1

(2.105)

trong d6: [N#] 1a ma trdn cac ham dang ctia phan tr dam, c6 dang sau [63]:

[N.]

[0]

[0]
[N.]

[0]
[0]

[0]
[0]

[0] ]
[0]

INe]=| (01 [0] [NG] [0] o]
[0] 0] [0] [Ny ] [0]
0] o] o] [0] [N, ]|

v6i [Nu], [Ny], [Ny], [Nox], [Ney] 1a cac ma tran hang cap (1x3) biéu thi cac

ham dang tuong img chuyén viiu, v, w, Oy, 0y.

Do gia thiét lién két giira tAm va gan 1a Iy tuong nén chuyén vi tai mit

dudi cia tam dong nhat voi chuyén vi tai mat trén ctia gan. Xét truong hop

gan song song v4i truc ox va nam phia dudi mat tam, lac nay ta co:

u
p z==hy/2

z:—hp/2

W
p

X

X

S «
z=hgy /2 P

2
z:hgX /2

Z:—hp/Z

X

2
Z:hgX /2

(2.106)

Tir d6 rat ra quan hé gitta chuyén vi tai vi tri ntt chung thi i giita phan

t0r gAn va phan tir tam:

Yogi | |1 0 —0,5(h+hy) 0 0ffY
Vogxi 0 0 0 0 0| Vi
Womi (=|0 0 1 0 0[yWo (2.107)
d)gxi 00 0 1 0 d)xi
dgi | 1O O 0 0 0] dy; |
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hay: {a¥}=[T,){a;} (2.108)
10 0 -05(h+h,) 0]
00 0 0 0

véi: [T]=]0 o 1 0 0 (2.109)
00 0 1 0
0 0 0 0 0

Quan h¢ gitra chuyén vi nut cua phan tir gan song song voi1 truc ox voi

phan tir tAm c6 cung chung ndit ¢6 dang:

{qu}:[Tgx]{ e} (2.110)
'T 0 0 0 0 0 0 0 O]
O T 0 0 0 0 0 0 O
0O 0T 0 0 0 0 0 O
O 0 0T 0 0 0 0 O
trong do: I:Tgx]z 0 0 0 0 T 0 0 0 0 (2.111)
O 0 0 0 0T 0 0 O
O 0 0 0 00T 0 O
O 000 00 0T O
0 0 0 0 0 0 0 0 T|

12 ma tran chuyén ddi c6 tinh dén d¢ 1éch giira dudng trung binh ctia gan va
mit trung binh ctia tim va {q} 1a véc to chuyén vi nat ctia phan tir tim co
chtra phan tir gan.

Tuong ty nhu dbi v4i gan song song véi truc ox, biéu thic quan hé
giita chuyén vi nit gitta phan tir gin song song v&i truc oy v6i phan tir tim

c6 cung chung nut ¢6 dang:

{a}=[1* ]{a.} 2.112)

trong do:
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[Tgy ] = [Ty } diag(9,9)

VO1: |:Ty ]

0
0
0
0

0

S O O = O

S = O O

0

S O O O O

(2.113)

(2.114)

Véi quan h¢ (2.30) va (2.34), ap dung (2.70), (2.71) ta c6 dong nang

T? va thé ning dan hoi U cua phan tir gan nhu sau:

T =%{<1§}T[M§}{"1§}’

Uz =) [xeJfaz),

(2.115)

(2.116)

trong do : [Mi] , [Kﬁ] tuong (mg 1a ma tran khoi luong va ma tran do climg

phan tir gan, ching c6 dang:

[M], [o] [o] [o] [o]
0] [M], f[o] [o] [o]
LMQ ={ [0] [o] [M], [o] [o] |, 2.117)
15%15 :(): [()] [0] [M]44 _0_
| [o] [o] [o] [o] [M]]
(K=K ] +[Ke(fa) ]+ RE({a)) |+ KE({a)) ],» @.118)

trong do: [Kf l 12 ma tran d6 cimg tuyén tinh ctia phan tir gan.



59

[Kf({q})}z , [Kf({q})l , [Kf ({q})Llé cac ma trAn do cing phi

tuyén cua phan tir gan.

Céac ma tran nay c6 dang nhu sau:

KI' [o] o] [o]

o] [K]" [o] [0
ke =[] [o] [ [o)
sl fo] [ [o] [K]
0] (KF) [0 [o]

o] [KI7 [k

o] [o] [KT
[Ke(fab)], =|[0] [K] o]
= (o] [o] (o]
0] [0] [KI

[K:({a})], =2[K:({a})],-

o] [o] o]

o] K[ [o]
Ke(la)],=| 01 D] KL
S o) (IKE) (I
[o] o]  [o]

K
K

:K

o

14
134

14
144
Ia

[0]

lollollollollol

0
0
o

0

0]

(2.119)

(2.120)

(2.121)

P (2.122)

Cac thanh phin trong (2.117), (2.119), (2.120), (2.121) va (2.122)

dugc chi ra trong Phu luc 1.
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Luc nay tir biéu thirc (2.102), ta ¢6 phuong trinh mo ta dao dong cia

phan tir tim composite ap dién c6 gan gia cudong nhu sau:
(vt Jo [ J)fa = ([es ][ fart +
#{[ K5 ]+ [xe J)far} = {1},
Day 1a phuong trinh vi phan phi tuyén.

a: [ M ] =[ My, [+ [ M2 . [ = [Kie ][]

Phuong trinh m6 ta dao dong phi tuyén ctia phan tir tim composite ap

(2.123)

dién c6 gan gia cuong dugc viét lai nhu sau:

Pz (s o ke Y - 1)
O déy tic gia dwa ma tran can phan tir [Cf{’g} vao phuong trinh dé thé

hién c6 su tham gia cua can, song thuc té, viéc tinh todn ma trn can cia cac
phan tir dé tir d6 tap hop thanh ma tran can tong thé ctia két cau 1a hét sirc kho
khan va hau nhu khong thuc hién dugce do khong xéac dinh dugc ty sO can vt
liéu. Do do, ma tran can téng thé cua két cdu duoc xac dinh thong qua ma tran
khdi luong va ma tran d cig cua hé s€ dugc trinh bay & phan sau.
2.5.3, Phan tii tam composite 4p dién cé gan gia cuong chiu ti trong khi dpng
Gia thiét rang kich thuéc hinh hoc cua gan gia cuong 14 rat nho so véi
kich thuéc tim, nén anh huong cua luc khi dong tac dung 1én gan c6 thé bo
qua. Lic nay, dudi tac dung ctia dong khi, mdi phan tr tim composite ap
dién c6 gin gia cuong chiu tac dung cia lyc ning phan bd /,, va md men
udn phan bd my, chiing duoc xem 1a luc khi dong tac dung 1én phan tir tam.
Str dung mo6 hinh Scanlan, phuong trinh mo ta lyc khi dong tac dung lén

phan tir tim nhu sau [5], [35], [36]:
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L, = %anzB{KHT(K)% +KH;, (K)%e +K’H; (K)e}
(2.125)

m, = %ansz {KAT(K)% + KA} (K)%e + KA (K)G}

trong do6: p, - mat do khong khi; U - vén tdc dong khi, B - bé rong phén tr theo
phuong gi6 tac dung; 0,0 tuong Ung 1a goc xoay va vén tde goc xoay dudng

thang vudng goc voi mit phang tim quanh tryc x, y; K 13 tan sé thu gon:

K = Bu®F (2.126)
U
Céc hamAf(K),Hf(K) voi1=1 =+ 3, dugc xac dinh boi [36]:
H (K) =~ F(K), Ho(K) =2 14 (k) + 200)
: kK P 4k k |
Hy(K) =———| F(k) ——— |, A{(K) =—F(k), (2.127)
1091 k(94 | a2t
. n 2G(k) | = n |k kG(k)
A (K) =——1-F(k) - | AYK) =— | — +F(k)———
002 1) 28 -2 g -
voi k = K/2; cac ham F(k), G(k) dugc xac dinh béi:
F(K) - 0,500502k> +0,512607k* +0,2104k +0,021573
k> +1,035378k* +0,251293k +0,021508 (2.128)
G (k)= £ 0,000146k° +0,122397k2 +0,327214k +0,001995
k> +2,481481k* +0,93453k +0,089318

Trudng hop tong quat, véi phuong dong khi hop véi phap tuyén cia
tam mot goc a (Hinh 2.1), lyc khi dong tic dung 1én phan tir tAm 1a to hop
cia hai thanh phan: ap luc khi dong phan bd dugc tinh theo moé hinh
Scanlan va ap luc khi dong phan bé tinh theo 4p luc gid phan bd vudng goc

v6i mot dién tich tim, c6 dang [5], [36]:
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KH; (K)—

+
Ucosa

B L4 %Cppal (Usin (x)2 :

W

1 2 *
l. =—p.(Ucosa) B| +KH, (K
2pa( ) 2( )Ucosoc

+K?H;(K)0, (2.129)

ES A * Bé
1 2 2| KA(K) = + KA, (K) -
my =—p, (Ucosa) B Ucosa Ucosa
2

+K?A3(K)0,

+

voi C, lahé sO ap luc dong khi.

Pay c6 thé goi 1a md hinh luc khi dong Scanlan mo rong. Trudng hop
dic biét, khi phuong cua dong khi song song v6i mit phang tim (a=0)
phuong trinh (2.129) tré thanh phuong trinh (2.125) 1a phuong trinh luc
khi dong chuan ctia Scanlan.

Véc to luc khi dong duoc xac dinh nhu sau [5], [35]:

ON oy
OX

T
{5y == [ [N, I"1,,dA - j{ } mgdA, (2.130)
A

A

(S €

Thay (2.129) vao (2.130), sau khi bién doi dan dén:
{Fy ) =—Kg 1"} = [Coie Q") + ) (2.131)
trong do:

H(K)[N,, I [N ]+

[Ksir1=p, (Ucos oc)2 BK? _[

air dA  (2.132)
A

(4

. JoNg, T
+BA;(K) o [Nox ]

la ma tran d¢ cung khi dong cua phan tir.
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H(K)[N, ] [N, ]+

| +

+BH; (K)[N,, ' [N, JdA

oNg, 1"
|: gir:|=pa(UCOSOL)BK BAT(K){ aey:| [Nw]+ (2.133)
X

. JoNg, T
‘ +B2A2(K){ a;ﬂ [No, ]dA

la ma tran can khi dong cua phan tu.

1 . 2
o= [ IN,I"Cpp, (Usina)™dA (2.134)
Ae
la véc to luc khi dong cua phan tir, voi:
[N,J=[0 0 N, 0 0 -~ 0 0 N, 0 0] (2.135)
43x1
[Nee]=[0 0 0 N, 0 - 0 0 0 N, 0] (2.136)
3
[Ney]=[0 0 0 0 N, -~ 0 0 0 0 N (2.137)
251

Thay (2.131) vao (2.124), ta c6 phuong trinh m6 ta dao dong phi
tuyén ctia phan tir tim composite ap dién c6 gan gia cudng chiu tac dung

e (e o D 0 )i

trong do: {féfn} = {Fy} + {f:n }

2.5.4. X4y dung ma trin tong thé ciia két ciu tir cdc ma tran phin tir

(). (2.138)

Tir cac ma tran, véc to tai trong phan tir, bang phuong phap ma tran chi
s6 va so d6 Skyline, tac gia xy dung ma tran tong thé, véc to tai trong tong

thé va c6 dugc phuong trinh mé ta dao dong phi tuyén ciia tim composite ap
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dién c6 gan gia cuong chiu tdc dung cua tai trong khi dong va tai trong co
hoc khac, cu thé nhu sau:
2.5.4.1. Ma trin tong thé:

Vi¢e ghép ndi ma tran phén tir thanh ma tran téng thé duoc thuc hién

theo so do sau:

[§
ki; ij
[§ [§
kji kjj

KC

S T (2139)
U

]i o e kytkE Kk
J . . kji—i-kje-i kjj+k;?j

nn

Céc budc cu thé dugc thé hién trong ham assem() do tac gia xay dung
trong chuong trinh, theo d6 ham ghép ma tran phan tir vao ma tran tong thé

ctia hé theo ma trén béc tu do phan tir edof (hay ma tran chi s).

Trong do, ma tran bac tu do phan tir c6 cau trac nhu sau:

edof=[el dof; dof; ... dofi], (2.140)

trong do: cot dau tién chua s thi tu cla ph?m tir, tir cOt thr 2 dén cot tha

(ned + 1) chtra bac ty do ctia phan tir twong tng (ned 1a s6 bac tu do).
Truong hop xac dinh cho mdt $6 phﬁn tu thi viéc ghép ma tran dugc

thuc hién déng thoi, theo d6, modi hang trong ma tran edof xac dinh cho

mot phan tir:

" el, dof, dof, .. dof

ned

edof = el, dof, dof, .. dof , (2.141)

dof, dof, .. dof

el

nel
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Chinh béng thuat toan nay, tac gia tap hop dugc cac ma tran khoi
lwong tong thé [M] va ma tran can ap dién tong thé [Ca] cua két cAu tir ma
trdn phan tir. Ham tip hop ma tran tong thé dugc xdy dung trong chuong
trinh c6 tén 1a matrix_tot.text. D61 vi ma tran can két ciu tong thé [Cg]
nhan dugc bang phép t6 hop tuyén tinh tir ma tran do cimg téng thé [Kyg]
va ma tran khoi lugng tong thé [M] cta hé theo hé sé can Rayleigh.
2.5.4.2. Véc to tdi trong tong thé:

Véc to tai trong tong thé duoc xay dung theo theo so dd sau:

£

fZ
£ 2.142
fle - | f +£° (2.142)
Ll fj+fje
fe
i=dof.;
j=dof1j R _J

f

Tac gia luan 4n thiét 1ap ham insert(.) trong chuong trinh ¢ tén
force vecto.text nham xdy dung véc to tai trong nit cua két cau tam.
2.5.4.3. Phuong trinh mo ta dao dong cua hé:

Tir (2.138), sau khi tip hop cac ma trén, véc to tai trong tong thé nhu da
trinh bay & trén, ta cO phuong trinh md ta dao dong phi tuyén cua tAm

composite ap di€n cé gan gia cuong chiu tai trong khi dong va luc co hoc khéc:
[M]{a}+([Cr]+[Ca ]+ [Car D} + ([ K |+ [Kar]{a} = (R} 2.143)
trong do: [Ci]=0, [M] +B, [KME ] - ma tran can két ciu voi cac hang sd

can Rayleigh o, B, duoc xac dinh thong qua ty s6 can va tan s6 dao dong

riéng cua két cau tam [63], [104], [105]:
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B, = 25 ;0L = 25 0,0, =B,0,0,, (2.144)
O, + O, O, + O,

& day: o), @, 14 hai tan s6 dao dong riéng dau tién cua tam, va & 1a ty sb can,
duoc xac dinh béng thuc nghi¢m (thong thuong & € [0,02 + 0,06]) [105] ;
Pit: [Craa|=[Cr]+[Cal+[Cur]. [Knra] =[Kue ]+ [Kair]. biu
thire (2.143) duoc viét gon lai :
[MI{d} +[Craa ]} +[Knea J{a) = {R. (2.145)
Pay 1a phuong trinh vi phan phi tuyén hinh hoc ¢6 hé sé phu thudc
tinh chat dong khi va tinh chét ap dién.
2.6. Thuat toan PTHH giai phwong trinh dao dong ciia tAm composite
ap dién co6 gan gia cwong chiju tadi trong khi dong
2.6.1. Bai todn dao dong tw do:
e Dao dong tu do tuyén tinh, dugc mo ta béi phuong trinh:

[M]{d}+| Ky [{a} = {0}, (2.146)

trong do: [KhE] - ma trin do cung tuyén tinh trong ma tran [KME ]
Nhi¢m vu bai toan Iuc nay 1a xac dinh cac tan sb riéng va cac dang
riéng cua h¢, theo do tan sb riéng dugc xac dinh boi:
L 2
‘[KME |- [M]‘ -0, (2.147)
v6i o 12 tan s riéng cua vo.
Nghiém (2.147) cho ta cac gia tri o;, tuong Gmg voi cac tan s riéng

w;, cac véc to riéng {g;} cua hé luc nay dugc xac dinh boi phuong trinh:

([Kkﬂ]_‘”z [M])‘{qi} =1{0}. (2.148)

Diéu nay duogc tac gia thuc hi¢n dé giai bai toan dao dong riéng cua luan an.

e Dao dong tu do phi tuyén, duge mé ta boi phuong trinh:
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. N
[M]{d}+| Kie [{a}={0}. (2.149)
Nhiém vu bai toan 1a xac dinh mbi quan hé tin sb - bién d6 va duoc
thue hién bang phuong phap giai lap.
2.6.2. Bai todan dao dong cuwong birc:

e Dao dong cudng buc tuyén tinh c6 can, dugc mo ta boi phuong trinh:
[M]{} +[ Chaa J{a} +| Kiiea |{a} = {R}. (2.150)

’ \ L ’ \ A A s \ A
trong do: [K&Ea] va [CRAa] tuong ung la ma tran d§ cung va ma tran

can tuyén tinh trong ma tran [KMEa] va [CRAa] cua hé.

Muc dich bai toan la xac dinh dap img dong luc hoc myén tinh cua hé
theo thoi gian. Pé giai phuong trinh (2.150) c¢6 kha nhiéu phuong phap,
mot trong nhitng phuong phap hi¢u qua thuong duoc st dung 1a phuong
phap tich phan truc tiép ctia Newmark.

e Dao dong cudng buc phi tuyén, dugc mod ta boéi phuong trinh
(2.145), phuong phép tich phan truc tiép Newmark két hop lip Newton-
Raphson 1a phuong phap thuong dugce sir dung va cé hiéu qua. Do vay, tac
gia chon phuong phap nay dé giai bai toan trong luan an. Cu thé: Nghiém
ctia phuong trinh (2.145) tai budc lip thtr i ¢ thoi diém tinh t+At duoc xé4c
dinh boi [22], [63], [105]:

[M]{éj”m}(i) + [CE@I ({q})](i_l) {aHAt }(i) N [KHEA; ({q})](i—l) {qt+At}(i) _

{Rt+At} {Pt+At}(l) 2.151)
{ t+At}( { t+At}(1_1) +{aq)?, (2.152)
VOl { ”At} - véc to ndi luc quy nat cta hé tai budc 1ap i (chi s6 i chi tha

tu bude lap), {Aq}(i) - véc to s6 gia chuyén vi nat tai budc 1ap thi i.
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Vian tdc va gia toc nut tai thoi diém t + At ctia bude 1ap thir i la:

{qt+At}(i) k! ({QHN}@_D + {AQ}(D - {qt}j —ay {qt} —as {qt}a (2.153)
{qwm}(i) _ aO({qu}(i—l) +{aq)" _{qt}j_az{qt} o i), @159)

cac hé so a; (1=0+5) duogc xac dinh nhu sau:

a——1 'a——g' a —1' a—L—l'
O a2’ N aat” P aAtT P 20

a,=2-1 ag=2tC-2),
o 2 o

(2.155)

¢ day cac tham s6 & va a duoc chon: §>0.5 ; o> 0,25 (0,5+ 8)2.
Diéu kién dau cho mdi cép tai:
0 0 0
) = R i) () @150
Thay (2.152), (2.153), (2.154) vao biéu thuc (2.151), dan dén:
i-1 : i-1 i
[Kimt](‘ ){Aq}(l) _ {Ri+At}( ) _{Pt+At}( ) , (2.157)

iy (-1 A g s £ X 1n \ -D_ .
vOl: [KL’LNJ la ma tran d§ cting ti€p tuyén hi€u qua, {R,t,fm} la véc

to tai trong hi€u qud, chung duoc xac dinh nhu sau:

T =Ty T ey [M]+a g T, (2.158)

(2.159)
+ G [afa) +a,{a) +as{d ) |

Tiéu chuin dimg cta phép lap 13 sy hoi tu cta chuyén vi nat nhu sau:
(1)
Jiaq)
(i)
H{qHAt} - {qt}

trong do: €., 1a d0 chinh xac yéu cau theo chuyén vi.

(2.160)

— Yerr?
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So do cua thuét toan thé hién nhu hinh 2.7 sau:

Tich phan Newmark

/ Nhip s6 lidu diu vao

Tinh toan ban dau: [M], [KL]‘,aO,al,az,a3,’a4,a5
giai phuong trinh DD riéng dé xac dinh [C]

|

J=1..n

!

Lap Newton - Raphson

Budc tich phan thirj:  tj=t;; + At

!

biéu kién dau: {Qt+m}(0) {ack
s

B {Prua” =R} [k =[K!]

l

Y

Thuyc hién budc 1ap thi i, tinh:
[M], [Cyia ], [Kiea AR

Tinh: {Pﬁm}(i_l) AQuat? [Kt]

!

Tinh: {AQ}(D’ {qt+At}() {qt+At}() {qt+At}(i)’8q

/Xuét két qua dap tng chuyén vi, van tdc, /
gia t0c,.v.v

Hinh 2.7. So d6 thuat toan giai bai toan
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2.7. Phan tich on dinh ciia tAim composite ap dién c6 gin gia cuong
chiu tac dung cia lue khi dong

Tir két qua giai phuong trinh dong luc hoc phi tuyén hinh hoc (2.145),
can ctr vao dap tng chuyén vi, van tbc, gia tdc, ndi lyc theo thoi gian, st dung
tiéu chuan 6n dinh dong cua Budiansky - Roth [25] c6 thé xem xét dugc kha
nang 6n dinh va mat 6n dinh cuia tim composite ap dién c6 gan gia cudng.
2.7.1. Tiéu chudn on dinh dpng ciia Budiansky — Roth [25]

Theo Budiansky — Roth [25], viéc gidi phuong trinh dao dong ting vé1
cac diéu kién khac nhau ctia hé co hoc s& co két qua dap ung dong khac
nhau. Trong mdt diéu kién nao do, bién do chuyén vi cua hé tang theo thoi
gian va c6 budc nhdy dot ngot, h¢ thuc hién dao dong quanh vi tri can béng
moéi khac xa voi vi tri can béng ban dau thi két cdu dugc xem 13 mét 6n dinh,
tai trong twong tng dé xay ra hién twong nay dugc goi 1a luc t6i han (Hinh
2.8). Thoi diém 1an can quanh vi tri xuét hién budc nhay dot ngdt cua
chuyén vi trong biéu d6 dap tng chuyén vi theo thoi gian dugc goi 1a thoi
diém két cAu méat 6n dinh. Hodc dudi tac dung cuia tai trong, chuyén Vi cua
két cau tang khong ngimg theo thoi gian, két ciu s& mat 6n dinh va cac gia

tr1 tuong ung lam xuét hién hién tuong nay duoc goi la cac gia tri to1 han.

P/P_=0.997

PP = 1.0

Nodal Polnt V-INaplscement

aaaaaaaaaaaa

Til
e e Mo 413

Hinh 2.8. Biéu d6 d4u hiéu mat 6n dinh dong theo Budiansky - Roth
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2.7.2. Phdn tich on dinh ciia tim composite dp di¢n cé gin gia cwong
chiu tdi trong khi dong

Ung vé6i diéu kién cu thé ciia mdi bai toan, bang thuat toan di xay
dung, sau khi giai phuong trinh (2.145) ta ¢6 duogc do thi quan hé chuyén
vi cua tim theo thoi gian. Dya vao hinh dang va tinh chit ctia do thi theo
tiéu chuan 6n dinh Budiansky — Roth [25] ta c¢6 thé két luan vé kha nang on
dinh cta tim theo cac diu hiéu, cu thé nhu sau:

- Dao dong cua tim c6 bién do chuyén vi cta hé tang theo thoi gian va
c6 budc nhady dot ngot, dao dong quanh vi tri can béng moi khac xa véi vi tri

can bang ban dau: Tam mat 6n dinh.

| AN haana.
v Wy TV

) b) )
Hinh 2.9. Cac dang dap ung dao dong theo thoi gian

- Néu dap tng cua tdm 1a dao dong voi bién do tit dan theo thoi gian
(Hinh 2.9a): Tam 6n dinh.

- Néu dap g cta tdm 13 dao dong ¢ bién do ting dan theo thoi gian
(Hinh 2.9b) hoac c6 su dot bién: TAm mét 6n dinh.

- Néu dap tng cua tam la dao dong co bién do khong doi theo thoi
gian (Hinh 2.9¢): TAm & trang thai toi han.
2.8. Gi6i thiéu chwong trinh va kiém tra mirc d9 tin cay
2.8.1. Gidi thiéu chwong trinh tinh

Trén co so thudt toan da trinh bay trong muc 2.6, tac gia da tién hanh

lap trinh trong mdi truong ANSYS 13.5 dé giai hé phuong trinh (2.145),
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trong d6 co sy két hop véi phan mém MATLAB, chuong trinh tinh c6 tén
SMART STIFFENED PLATE 2018 (SSP_2018). Chuong trinh c6 kha
nang phan tich dong lyc hoc tuyén tinh va phi tuyén cia tim composite ap
dién c6 gan gia cuong chiu tac dung cua tai trong khi dong va tai trong co
hoc thong thuong. Cu tric ctia chuong trinh SSP 2018 gom cac mo dun
chinh nhu sau:

M6 dun nhap s6 liéu: data.text;

M6 dun xay dung mo hinh hinh hoc: model.text;

M6 dun phan tich dao dong riéng: free vibration analysis.text,

M6 dun phan tich dong luc hoc: dynamic_analysis.text;

M6 dun xuat so liéu: results.text;

2.8.2. Kiém tra dé tin cdy ciia chwong trinh

Chuong trinh tinh SMART STIFFENED PLATE 2018 dugc tac gia
luan 4n kiém tra do tin cdy bang hai cach: So sanh két qua tinh v&i bai toan
trong cong trinh nghién ctru cta tac gia khac va so sanh véi két qua nghién
ctru thyc nghiém. Dé so sanh véi két qua tinh véi cong trinh cong bd khac,
tac gia giai bai todn nhu trong cong trinh cong bd cua V. Balamurugan va
cong su [98], trong d6 tAim composite 4 16p, hinh vudng co kich thudce 1a
508mmx508mmx2mm. Hai gan léch tam véi 20 16p, ¢é kich thudc mat cit
ngang Smmx10mm (rongxcao), bd tri vudng goc véi canh ngam, cach
duong chia d6i tAm vé hai phia 152.4mm. Hai 16p ap dién PZT-G1195 ¢6
chiéu day 0,25mm dén 1én mat trén va mat dudi cia tam duogc s dung dé
diéu khién dao dong cua két cau tim. TAm va gan dugc lam tir composite
16p graphite/epoxy (AS4/3501), véi quy luat bd tri 16p (0°/90°),. Vat lidu

tam, gan va PZT c6 cac dic trung nhu bang 2.1 va 2.2.
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Bang 2.1. Pic trung vat liéu tam va gan

‘ Dac trung AS4/3501
Mo dun dan hoi E11 = E33; Ezz [GPa] 144,8, 9,67
M6 dun bién dang cat (G,=Gy3); Gos [GPa] 4,14; 3,45
Hé s6 Poisson Ve 0,3
Khéi lugng riéng p. [keg/m’] 1389,0

Bang 2.2. Dac trung vat liéu ap dién
Dac trung PZT

Mo dun dan hdi (E;;=Es; = E,,) [GPa] 63,0
Mo dun bién dang cit (G,=Gs;, = G,3) [GPa] 24,2
Hé s6 Poisson Vs 0,3
Khéi lugng riéng pe.r [kg/m’] 7600
Hang s6 ap dién (ds; = d3») [m/V] 256x107"
Hé s6 dién méi [F/m] 1,15%107

Tam chiu tac dung cua luc tip trung P = 10sin(5nt)N theo phuong
dung tai diém giita cia canh d6i dién v6i canh ngam. Thoi gian tai tac dung
14 0,5s, thoi diém bat dau diéu khién 14 sau gidy tht 2 (£ = 0.0, G, = 0.0, G4
= 15), tong thoi gian tinh toan dap Gng dong cua tdm 1a 3s. Cac tac gia
trong [98] str dung phuong phap PTHH, song bai toan 1a tuyén tinh. Hinh

2.10 13 két qua so sanh dap Gmg chuyén vi tai diém dat luc cua tac gia va

cua tac gia V. Balamurugan va cong su [98].

= |
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-

| — [98]
— Tac gia

2s

Hinh 2.10. Pap ung chuyén vi ctia tam CPS ap dién c6 gan gia cuong
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Chuyén vi 16n nhat cua tim do tac gia V. Balamurugan va cong su
tinh 1a 0,766mm, do tac gia ludn an tinh 1a 0,778 mm, sai $6 1,57%.

Nhan xét: Dang dap tng chuyén vi clia tim composite ap dién co gan
gia cuong do tic gia luan an tinh toan trong truong hop tuyén tinh bang
chuong trinh SSP_ 2018 twong ddi dong dang véi dang dap tmg chuyén vi
ctia tAm do tac gia V. Balamurugan va cong sy di tinh toan. Ngoai ra, sai
s6 chuyén vi 16n nhat cua 2 phuong phap 1a 1,57% cho thay thuat toan,
chuong trinh tinh SMART STIFFENED PLATE 2018 do tic gia ludn an
da xay dung 1a c6 co so tin cdy.

2.9. Két luan chwong 2

Mot s6 két qua chinh dat duogc:

- M hinh hoéa dugc két cau tim composite ap dién c6 gan gia cudng
chiu tdc dung cua luc khi dong va tai trong co hoc thong thuong.

- Xay dung dugc hé phuong trinh vi phan tong thé mé ta dao dong
phi tuyén cta tAm composite ap dién co gan gia cudng chiu tac dung cua lyc
khi dong theo m6 hinh Scanlan m& rOng va tai trong co hoc thong thuong,
trong d6 di ké dén tinh chat can ctia két ciu va can ap dién.

- Xay dung duogc thuat toan PTHH giai h¢ phuong trinh vi phan mo
ta dao dong phi tuyén ciia két cdu tdm composite 4p dién c6 gan gia
cudng chiu tac dung cua luc khi dong bang phwong phap tich phan truc
tiép Newmark va 1ip Newton-Raphson. Thiét 1ap chuong trinh mdy tinh
trong moi truong ANSYS 13.5 ¢6 su két hop véi phan mém MATLAB cu
thé hoa thuat toan da xay dung, chuong trinh tinh da duoc kiém ching va
cO co sO tin cay.

Két qua dat dugc & chuong nay 13 co s& va cong cu cho viéc tinh
toan so & chuong 3 tiép theo ctia luan an, dong thoi cling 14 co sé cho viée
lwa chon cac théng s6 hop 1y cho két cau va nhiing khuyén cdo ki thuat

d6i v6i dang két cau trén khi ap dung vao thyc tién.
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CHUONG 3
KHAO SAT SO VA THAO LUAN

3.1. Pit van dé

Vi thuat toan va chuong trinh da 1ap ¢ chuong 2, trong chuong nay
tac gia tap trung nghién ctru anh hudng ctia mot s6 yéu to nhu: tinh chat
cua ap di¢n, tinh chit can, dic trung tai trong, kich thudc hinh hoc, vat li¢u,
diéu kién lién két dén kha ning dao dong va 6n dinh ciia tAm composite ap
dién c6 gan gia cuong chiu tic dung cta luc khi dong do dong khi chuyén
dong gy nén bang khao sat s6. Cac nhan xét, khuyén cao ky thuat s& dugc
dua ra trén co sé cac két qua nghién ciru sd voi timg bai toan cu thé xét
trong luan an.
3.2. Bai toan xuat phat

Théng sé két cau: Tam composite co 16p ap dién, véi kich thudc
0,5mx0,4mx0,00335m (LxWxh). Tam duoc cdu tao gdm 4 16p composite
Graphite/Epoxy T300/976, mdi 16p day 0,8mm va hai 16p vat liéu ap dién
PZT-5A bb tri theo quy ludt [p/-6/6/6/-8/p], mdi 16p day 0,075mm, ky hiéu “p”
chi 16p ap dién, “0” chi goc cdt cua 16p composite (0 = 45°). Tam duoc gia
cuong boi 10 gan bang vat liéu composite cling loai v6i tam, trong d6 5 gin
doc canh dai va 5 gan doc canh ngin, khoang cach giita cac gan theo mdi chiéu
bang nhau. C4c gan c6 mit cat ngang chir nhat 0,003mx0,0048m (byxh,).

Théng sé vit ligu: Graphite/Epoxy T300/976 c6 E;; =150x10° N/em?;
Ex = B33 = 9x10° N/em®; Gy = Gi3 = 7,1x10° N/em®; Gos = 2,5%10° N/em’;
Vi2 = Va3 = V33 = 0,3; pge = 1600 kg/m’ va vt liéu PZT-5A ¢6 E,, = 63x10°
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N/em?; Gy = 24,2x10° N/em?; vy, = 0.3, ppu = 7600 kg/m’; ds; = ds; =
2.54x10"°m/V; p11 = par = p33 = 15x10” F/m.
Diéu kién lién két: Tam bi ngam 1 canh ngén, 3 canh con lai tu do.
Thong sé tdi trong: Tam chiu dién ap ap dat V va dong khi co van toc
U tac dung trong mit phang tao véi mit phang tim mot goc o, song song
v6i mit phang xoz, trong d6 V = 50v, U = 20mv/s, a = 30° (Hinh 3.1).
Diém xudt két qud: Diém A (giita canh ngan tu do) va diém B (gitta

canh ngam).

U
Lép kich thich ////é o

>
\ L&p cam bién

Hinh 3.1. Mo hinh bai toan xuat phat

Str dung chuong trinh SMART STIFFENED PLATE 2018 da lap ¢
chuong 2, tién hanh phan tich dap ung déng cua tim. Két qua:

Bai todan dao dong riéng: Giai bai toan dao dong riéng, tac gid nhan
duoc cac tan sb riéng va dang dao dong riéng, trong d6 08 tan sb riéng dau
tién co gia tri: f;=1881Hz, f,=52,96Hz;, f;=117,07Hz; f,=185,80Hz;
fs=277,02Hz; fs=329,33Hz; ,=398,70Hz; fs=408,79Hz tuong ung vdi tam
dang dao dong riéng thé hién nhu trén hinh 3.2.
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Dang riéng 7 (f, = 398,70Hz) Dang rieng 8 (fs = 408,79Hz)

Hinh 3.2. Tam dang dao dong riéng dau tién ctia tim

Tom tat két qua 8 tn sb riéng dau tién trong bai toan xudt phat cho truong

hop co dién ap (V = 50v) va khong c6 dién ap (V = Ov) nhu trong Bang 3.1.
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Bang 3.1. Tam tan s6 riéng dau tién cua tam

TT | Tén sé riéng f[Hz] 50v (co6 ap dién) Ov (khong co ap dién)
1 Ji 18,81 17,32
2 1o 52,96 49,66
3 /3 117,07 115,27
4 f4 185,80 178,92
5 fs 277,02 261,33
6 fs 329,33 316,27
7 f7 398,70 384,96
8 Js 408,79 388,48

Bai todn déng lwc hoc: Két qua dap tmg do vong w, van tbe w, gia

tbc W tai diém A va dap Gmg ung suat phap, bién dang ty d6i theo phuong

oy tai diém B nhu trén hinh 3.3, 3.4, 3.5 va 3.6, 3.7.
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x 10

Chuyen vi phuong dung tai A [m]
o N
T
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Hinh 3.3. Pap tng d6 vong w” theo thoi gian
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Bang 3.2. Gia tr1 l6n nhét cua céc dai lugng tinh

Chuyén vi | Vin toc Gia tbc | Ung suit | Bién dang
Tham s6 A 107 v 107 c,.10"
w.10 w10 \'VA[m/sz] y ) gy
[m] [m/s] [N/m’]
Gia tri LN 6,923 31,970 36,832 16,991 8,317.10°

Nhan xét: Két qua khao sat cho thay gia tri ciia cac dap tng chuyén

vi, van tdc, gia toc va ung suat déu co6 xu hudng gidm dan theo thoi gian.

Diéu nay cho thdy véan téc dong khi sinh ra luc khi dong tac dong 1én tim

nam trong pham vi cho phép nén tam lam vi¢c 6n dinh.

3.3. Anh huéng ciia mot sé yéu to dén dao dong va on dinh ciia tim

composite ap di€n coé gan gia cwong chiu tai trong khi dong

3.3.1. Anh hwéng ciia vn toc dong khi

Phén tich bai toan véi van téc dong khi bién thién tir 15m/s (54km/h),
dén 28m/s (100,8km/h). Két qua dap tmg d6 vong, van tdc, gia tdc va tng
suét, bién dang tai cac diém tinh nhu trén hinh 3.8, 3.9, 3.10, 3.11 va 3.12.
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Hinh 3.8. Anh hudng cta van toc dong khi dén dap Gmg d6 vong w
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Hinh 3.10. Anh huéng cua van toc dong khi dén dap ung gia téc W
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Bang 3.3. Gi4 tri 10n nhét cua cac dai luong tinh khi thay d6i U

U Chuyénvi | Van toc Giatoc | Ung suft Bién dang
m/s] | w.103[m] | w.10%[m/s] | W [m/s?] | Y '12 g,.10°
[N/m~]
15 5,321 25,458 33,116 13,336 6,644
20 6,923 31,970 36,832 16,991 8,317
25 16,904 96,806 90,117 40,121 17,481
28 Dép tng ting dan theo thoi gian

Nhan xét: Anh hudng cta van téc U ciia dong khi téi dao dong cia

tam 1a kha 10n, cu thé: Khi U = 15m/s, dao dong clia tdm c6 xu hudng tat
dan, chuyén vi 16n nhat Wy, = 5,321.10° m. Khi U = 25m/s, dao dong cua
tam binh 6n (bién do khong d6i) va chuyén vi w = 16,904.10° m. Tiép tuc

tang van tdc U voi AU = lm/s, nhan théy khi van Uy, = 28m/s, d0 vong cua

diém tinh tang theo thoi gian, c¢6 thé xem tdm bi mat 6n dinh.

3.3.2. Anh hwéng ciia lép dp dién

Khao sat tam composite cd gan gia cudong chiu tdc dung cua luc khi

dong khi co 16p ap dién va khong c6 16p ap dién. Két qua dap tmg do vong,

van toc, gia toc va ung suat, bién dang tai cac diém tinh nhu trén hinh 3.13,
3.14,3.15,3.16 va 3.17.
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Nhan xét: T két qua khao sat cho thay, véi truong hop c6 16p 4p
dién (CAD) thi tim composite c6 gin gia cudng duoc on dinh dén van toc
dong khi 13 28 mV/s, trong khi d6 néu tim composite c6 gin gia cudng
khong c6 16p ap dién (KAD) thi tAm 6n dinh dén véan toc dong khi 1a 24
m/s sau d6 12 tim mat 6n dinh. Qua d6 cho thay, 16p ap dién c6 tac dung
lam giam dao dong cua tim composite co gan gia cudng dudi tic dung cua
van toc dong khi.

3.3.3. Anh hwéng ciia ty sé giia chiéu day va bé rong ciia tam (h/W)

Giai bai toan véi ty so h/W thay doi tir 0,003 dén 0,010 (thay doi

chiéu day tdm). Két qua dap ung dong cta tdm véi cac ty sd h/W khac

nhau duoc thé hién nhu trén hinh 3.18, 3.19, 3.20, 3.21 va 3.22.
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Hinh 3.18. Anh hudng cua ti s6 /W dén dép ung d6 vong w
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Hinh 3.19. Anh hudng cua ti s6 /W dén dép tng van téc w
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Bang 3.4. Gi4 tri 10n nhét cua cac tham s6 khao sat theo ti s6 h/W

Ti s6 /W 0,010 0,007 0,005 0,004 0,003
W 107
] 2,463 4,332 6,923 9,025
m
w107
18,598 21,992 31,970 37,847 .
[m/s] Tang
W theo
me 27,913 36,126 36,832 44,939 thoi
[m/s7] gian
.10
[GI\?/ : 15,030 15,731 16,991 16,386
m
g,.10" 5,647 7,466 8,317 9,780

Nhan xét: Ty so gitra chiéu day va bé rong (/W) cta tdm kha nhay
cam voi dap ung dong cua tim: Khi ty sé6 h/W thay doi tir 0,007 dén 0,004
thi gia tri chuyén vi 16n nhat ting 1én 2,08 1an, gid tri Ung suit ting nhung
khong dang ké (4,2%). Voi gia tri /W = 0,003, chuyén vi ting theo thoi
gian va ¢ xu hudng khong dimg, diéu nay dan dén kha nang tim bi mat on
dinh. Pay ciing 1a mot trong cac giai phap vé két cau cho phép diéu khién
dugc dao dong va 6n dinh ctia tAm chiu tac dung cua luc khi dong.
3.3.4. Anh huéng ciia diéu kién lién két

Pé xem xét quy luat co hoc vé dap trng dong luc hoc cua tam dé tir do
cho phép danh gia su phu hop cta thuat toan va dg tin cay cua chuong trinh
tinh, trong phan ndy tac gia giai bai toan véi 3 trudong hop lién két: Ngam 1
canh ngan, ngam 2 canh ngin va ngam 3 canh (1 canh ngin tu do). Piém
xuat két qua so sanh 1a diém C & chinh gitra mat trén tim va diém B ¢
chinh giita canh bi ngam & trudong hop ngam 1 canh ngan. Két qua dap tng

dong ctia tAm thé hién nhu trén hinh 3.23, 3.24, 3.25, 3.26, 3.27.
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Hinh 3.23. Anh hudng cta diéu kién bién dén dap ung d6 vong cua tam
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Hinh 3.24. Anh hudéng cta di€u kién bi€én dén van téc chuyén vi cua tam
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Hinh 3.25. Anh huéng cua diéu kién bién dén gia toc chuyén vi cia tim
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Hinh 3.27. Anh huéng ciia diéu kién bién dén bién dang ty déi e,

Bang 3.5. Gia tri 10n nhét ciia cac tham s6 khéo sat theo diéu kién bién

Piéu kién bién | Ngam 1 canh Ngam 2 canh | Ngam 3 canh
w107 [m] 2,386 0,106 0,089
wS 107 [m/s] 14,693 5915 3,413
w o [m/s?] 19,739 11,700 6,796
oy .10* [N/m’] 16,992 2,615 2,830
gy .10 8,318 2,725 2,665

Nhan xét: Khi diéu kién lién két thay doi, dap tmg dong lyc hoc cia

tam ciing thay doi: Véi 3 truong hop lién két khao sat, truong hop ngam 2

canh d6i xung cho thiy Gmg suat trén canh bi ngam 14 nho nhat, trong khi d6

chuyén vi tai diém giira tAm cua trudng hop ngam 3 canh 13 nho nhit. Day

cling hoan toan pht hop véi quy luat co hoc, diéu ndy mot 1an nita cho thay

thuat toan va chuong trinh tinh da thiét 1ap & chuong 2 ¢6 co s tin ciy.
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3.3.5. Anh huéng ciia géc dat cét ciia tim

Khao sat bai toan vai quy luat goc dat cot cta tam [p/-6°/6°/6%/-6°/p],
v6i goc cbt O bién thién tir 0° dén 90°. Két qua bién thién cua gia tri 16n
nhét vé chuyén vi tai diém A va ung suét tai diém B thé hién nhu trong
bang 3.6 va do thi hinh 3.28 dén 3.32.

Bang 3.6. Bién thién gia tri 1on nhat cta cac dai lugng dén goc cot cia tim

Chuyén vi | Vin toc Gia toc | Ung suit | Bién dang
o .10* _
O | 107°[m] | w.10%[m/s] | W [m/s’] ©y ) g,.10°
[N/m”]
30 6,942 32,419 36,194 7,506 18,948
45 6,923 31,970 36,832 16,991 8,317
60 6,916 31,759 37,065 19,659 4,596
75 6,914 31,674 37,130 20,456 2,538
90 6,913 31,646 37,150 21,118 0,308
6.95°1C
6.945

6 94\
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6.93 \
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Hinh 3.28. Anh hudng cua goc dat c6t dén dap tng d6 vong 16n nhit cua tim
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Nhén xét: Goc dit cot cua tim c6 anh huong 10 rét dén do cung cua
tam, diéu ndy thong qua su thay doi cia cac gia tri chuyén vi, bién dang
cta tim theo dai luong nay. Ddi chiéu véi quy luat dit cdt va két qua bai
toan khao sat & trén, v6i goc dat ¢t 0 e [45° + 90°] 1a hop 1y nhit.

3.3.6. Anh hwéng ciia géc téi dong khi

Giai bai toan véi cac trudng hop goc t6i o ciia dong khi thay doi tir 0°
dén 60°, két qua dap Uing dong cua tdm duogc thé hién nhu trén cac do thi
hinh 3.33 dén 3.42.
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Hinh 3.33. Anh huéng cta goc toi dén dap tng do vong cua tim
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Hinh 3.35. Anh huéng cua goc toi dén van tc dich chuyén ciia tim
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Hinh 3.37. Anh huéng cua goc toi dén gia tc dich chuyén cia tAm
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Hinh 3.42. Anh hudng cta goc toi dén bién dang ty doi 8]3m
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Bang 3.7. Gia tri 10n nhat ciia cac tham s6 khéo sat theo goc t6i a

Chuyén vi Vin toc Gia toc Ung suat | Bién dang
ol w.107°[m] | w.10?[m/s] | W [m/s’] Oy ‘1(2)4 g,.10°
[N/m~]
0 1,342 16,786 25,087 3,941 2,506
10 4,329 23,207 31,553 11,054 5,660
20 5,712 17,617 25,127 13,872 6,616
30 6,923 31,970 36,832 16,991 8,317
40 4,711 15,273 22,904 11,756 5,554
50 2,685 19,689 28,214 7,263 3,950
60 2,930 20,155 28,706 7,784 4,214

Nhan xét: Khi goc t6i thay doi tir 0° dén 60°, dap ung dong ciia tim

thay d6i kha phirc tap, su thay d6i khong theo quy ludt rd nét. Trong

khoang khao sat, khi goc t6i thay doi tir 10° dén 40° thi cac dap ung chuyén

vi, ng suat va bién dang dat gia tri lon.



103

3.3.7. Anh hwéng ciia kich thwéc gin

Thay d6i ty s6 chiéu cao/bé rong (hy/bg) cua mat cat ngang gan bang
cach gilt nguyén by, thay doi hg, két qua vé dap ung dong luc hoc cta tdim
tuong (mg thé hién trén bang 3.8 va cac do thi hinh 3.43 dén 3.52.

Bang 3.8. Gia trj cuc tri cta chuyén vi tai diém tinh khi thay doi h,

Chuyén vi Van tdc Giatéc | Ungsuit | Bién dang
hg [m .10* :
s mf w.107[m] | w.107[m/s] | W [m/s’] ©y ) g,.10°
[N/m~]
0,003 7,419 34,231 46,274 16,253 8,467
0,004 7,190 31,609 41,995 17,205 8,326
0,005 6,923 31,970 36,832 16,991 8,317
0,006 6,700 30,985 31,889 15,976 8,299
0,007 6,188 27,540 29,467 16,293 8,221
10> 10 | |
hg = 0,003
8 hg = 0,004 H
= —— hg = 0,005
E- 6 ——— hg = 0,006 [
'S hg = 0,007
S 4
g A
3 2
; AW
S o
=
o
S 2 \
s \
s 4 v
o
-6 v y
-8
0 0.5 1 1.5 2 25 3 3.5 4

Thoi gian t[s]

Hinh 3.43. Chuyén vi phuong dimg w” theo thoi gian
khi thay d6i gi4 trj h,
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Hinh 3.45. Van tdc phuong dimg w* theo thoi gian
Khi thay di gid tri h
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Hinh 3.47. Gia toc phuong dung w* theo thoi gian

khi thay doi gi4 trj h,
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Hinh 3.48. Gia toc phuwong dung 16n nhat w2
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Hinh 3.49. Pap ing o theo thoi gian khi thay doi gié tri h,
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Hinh 3.51. Pap g & theo thoi gian khi thay doi gié tri h,
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Hinh 3.52. Dép umg ¢ theo thoi gian khi thay doi gia tri h,

Nhan xét: Khi ty so hy/b, ting thi gia tri 16n nhat vé chuyén vi, van
tbc va gia toc tai diém tinh déu giam, trong khi ng suat va bién dang tai
diém tinh thay doi khong 1& quy luat. Vi thong sb khao sat cua bai toan,
c6 thé nhan thay chiéu cao gan tir 5 mm dén 7 mm 1a phu hop.

3.3.8. Anh huéng ciia di¢n dp V dp dat lén I6p dp dién
Tac gia tién hanh khao sat bai todn voi dién ap dat 1én tdm ap dién V
thay do6i tir S0V dén 200V. Két qua su bién thién vé chuyén dich 16n nhat tai
diém A va bién thién vé Gmg suat phap 16n nhét tai diém B thé hién nhu bang
3.9 va cac d6 thi hinh: 3.53 dén 3.57.
Bang 3.9. Gia trj cyc tri ciia chuyén vi tai diém tinh khi thay d6i V

v Chuyén vi Van toc Giatoc | Ungsuat | Bién dang
3 . 2 . 2 Gy 104 -6
(Vol) | w.107[m] | w.10"[m/s] | W [m/s”] 5 gy .10
[N/m”]
50 6,923 31,970 36,832 16,991 8,317
100 5,776 19,936 15,003 15,299 6,758
150 4,928 17,666 14,673 14,988 5,891
200 4,103 15,897 14,053 14,498 5,125
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Hinh 3.53. Chuyén vi w" theo thoi gian khi thay d6i dién ap V
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Hinh 3.54. Van toc w* theo thoi gian khi thay doi dién ap V
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Hinh 3.55. Gia toc w" theo thoi gian khi thay doi dién ap V

Ung suat Xicma® [N/m2]
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Hinh 3.56. Pap ing o theo thoi gian khi thay ddi dién ap V
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Hinh 3.57. Dap tmg ¢, theo thoi gian khi thay d6i dién ap V

Nhan xét: Dién ap ap dat Ién 16p 4p dién co tdc dung lam gidm dao
dong cua tdm, cu thé khi dién ap tang bién do dao dong cua tAm giam. Diéu
nay cho thay kha ning diéu khién, ting do cing ctia tim composite ap dién
c6 gan gia cudng bang vat liéu ap dién.
3.3.9. Anh hwéng ciia kich thwéc tim dp dién

Xem xét bai todn véi viée thay 2 tim ap dién phia trén va phia dudi
tam composite nhu da xét bang 2 miéng ap dién gidng nhau, bo tri tai mat
trén va mat dudi doi xing qua mit phang trung binh tdm, chiéu day mdi
miéng nhu 16p ap dién trong tAm composite ap dién da xét, miéng ap dién
c6 chiéu rong bang chiéu rong tAm composite, chiéu dai bang 2/3 chiéu dai
tam composite. Két qua, su bién thién vé chuyén dich 16n nhét tai diém A va
bién thién vé ting suat phap 16n nhat tai diém B thé hién nhu bang 3.10 va

db thi hinh 3.58 dén 3.62.
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Bang 3.10. Gia tri 16n nhét cua cac dai lugng khi thay d6i kich thudc ap dién

Chuyén Vantéc | Giatdoc | Ungsuat (];len
Truong Vi ang
hop : - )
w10%m] | 2 mig] % [m/s?] | oy 10° N/’ | &, .10°
Tam AD 6,923 31,970 36,832 16,991 8,317
Miéng AD 7,379 36,169 48,777 18,862 9,373
g X 10° . .
Tam AD
6 Mieng AD

;‘ JP‘L i ‘/“V\\/‘\\AV

-6 "

Chuyen vi phuong dung tai A [m]
o

0 0.5 1 1.5 2 2.5 3 3.5 4
Thoi gian t[s]

Hinh 3.58. Chuyén vi w" theo thoi gian khi thay doi kich thudc tAm ap dién
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Hinh 3.59. Van tbc w* theo thoi gian khi thay d6i kich thudc tm ap dién
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Hinh 3.60. Gia toc w* theo thoi gian khi thay ddi kich thudc tAm ap dién
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Hinh 3.61. Dép tng GE theo thoi gian khi thay d6i kich thudc tim ap dién
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Hinh 3.62. Dép tng sly?’ theo thoi gian khi thay d6i kich thudc tam ap dién



115

Nhan xét: Kich thudc 16p ap dién c6 tac dung ting “cing” cho tam,
diéu nay thé hién qua cac dap tmg chuyén vi, van tdc, gia toc va tng suét
tai cac diém tinh, cac gia tri nay déu giam khi dién tich 16p ap dién ting.
Két qua khao sat l1a co s& tham khao cho tinh toan lya chon kich thudc tAm
ap dién phu hop véi muc dich sir dung ddi véi két cau tim composite ¢ ap
dién dé giam chi phi ché tao.

3.3.10. Anh hwéng ciia tinh chit cin

Xét 3 truong hop:

- Trudng hop 1 (TH1): Chi ké dén can ap dién, khong ké dén can két
cau (€ = 0), goi la can dp dién;

- Trudng hop 2 (TH2): Chi ké dén can két cau, khong ké dén can ap
dién (G, =0), goi la can két cdu;

- Trudng hop 3 (TH3): Ké dén tong can (can két cu, can ap dién) —
nhu bai toan xuét phat muc 3.2 da trinh bay & trén, goi la tcfng can;

Str dung chuong trinh da lap, giai 3 16p bai toan trng vai 3 truong hop
nhu trén. Két qua su bién thién chuyén vi, van tdc, gia tdc tai diém tinh
(diém A va B) thudc tAm thé hién nhu bang 3.11 va cac hinh 3.63 dén 3.67.

Bang 3.11. Gi4 tri cuc tri ciia chuyén vi tai diém tinh khi thay doi

khi thay doi thanh phan lyc can

Chuyén vi | Van toc Gia toc | Ungsuat | Bién dang
Tinh - 10°
chatcan | w 10°[m] | w.107[m/s] | W [m/s?] | ¥, g,.10°
[N/m7]
THI Bién d9 tang dan theo thoi gian
TH2 8,068 44,514 61,654 20,605 10,666
TH3 6,923 31,970 36,832 16,991 8,317
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Hinh 3.63. Chuyén vi w" theo thoi gian khi thay d6i thanh phan lyc can
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Hinh 3.64. Van toc w” theo thoi gian khi thay doi thanh phan lyc can
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Hinh 3.65. Gia toc w* theo thoi gian khi thay ddi thanh phan Iuc can
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Hinh 3.66. Dap ting G]; theo thoi gian khi thay d6i thanh phan lyc can
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Hinh 3.67. Dap ung 8‘3 theo thot gian khi thay dbi thanh phﬁn luc can
Nhén xét: Véi bai toan khao sat, khi xét dén can két cau va dic biét
khi phdi hop giita can ap dién va can két ciu (tong can) thi tim dao dong
binh 6n, trong khi néu quan niém chi ké dén can ap dién thi dao dong cia
tAm véi bién do tang dan theo thoi gian, tam c6 hién tuong mat 6n dinh.
3.3.11. Mién on dinh ciia tém khi cdic tham sé thay doi
Mién 6n dinh trong trudng hop 2 tham sb thay d6i 14 tp hop tat ca cac
diém trén mat phéng toa d0 ma mdi truc thé hién su bién thién ctia mot
tham s6 lua chon. Giai bai toan khi thay doi gia tri ciia tham so ndy, con
tham sd kia khong thay déi, s€ nhan dugc mot diém trén mat phéng toa do
dugc t6 mau dam (néu 13 hé 6n dinh), dé trong (néu 1a hé mat 6n dinh).
Theo nguyén tic d6, dé xay dung mot mién 6n dinh tac gia thuc hién mot
khéi luong tinh toan kha 16n, mdi tham sé dugc chia thanh 90 diém déu

nhau, nghia 1a dé nhan dugc mot mién 6n dinh, tac gid da giai 90x90 =



8100 bai toan khac nhau, thoi gian tinh gan 170 phut. Viéc nay duoc thuc
hién kha thuan loi béng cach tao mot function chira chu trinh theo 2 tham

s0, trong mdi budc s& goi chuong trinh tinh 6n dinh ctia hé nhu da trinh
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bay & trén. Khao sat bai toan xuat phat, voi 2 truong hop:

TH1: Goc dat cdt 0 va dién ap ap dat V thay doi, trong d6 0 bién thién

tir 0° dén 180° va V bién thién tir OV dén 150V;

TH2: Géc toi o ctia dong khi va van tbc dong khi U thay ddi, trong do

a bién thién tir 0° dén 90° va U bién thién tr Om/s dén 50m/s.

Két qua mién 6n dinh ctia tim cho 2 truong hop dugc thé hién nhu

trén hinh 3.68 va 3.69.

Dien ap Vk[VoI]
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Goc dat cot Theta[do]

Hinh 3.68. Mién 6n dinh va mit 6n dinh cta tim theo 6 va V

(Mién dam la on dinh, mién trd'ng la khong on dinh)
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Van toc dong khi U[m/s]

0 10 20 30 40 50 60 70 80 90
Goc tan dong khi Alfa[do]

Hinh 3.69. Mién 6n dinh va méit 6n dinh cua tim theo o va U

(Mién dam la on dinh, mién trd'ng la khong on dinh)

Nhan xét: Tu mién 6n dinh cho théy, voi két cdu cu thé d3 xét cho
phép xac dinh duogc cac gia tri hop 1y cua goc dit cot cho 16p composite va
dién thé ap dat 1én 16p 4p dién hodc lwa chon cip gia tri cua goc tAn va van
tdc gi6 hop 1y dé diéu khién kha nang 6n dinh ctia tim mot cach chii dong.
Vi du: khi goc dit ¢ot 1a 0° (180°) thi dé tAm on dinh, dién thé ap dit can
phai 16n hon hoic bang 21V; khi goc dat ¢t 1a 90° thi dé tAm 6n dinh,
dién ap ap dat can phai 16n hon hoic bang 158V; khi goc tdi ciia dong khi
12 0° va van toc dong khi nho hon 43m/s thi tdm hoan toan 6n dinh, v.v..
3.4. Két luan chwong 3

- Khéo sat s6 trén nhiéu 16p bai toan tim composite ap dién c6 gan gia

cuong chiu tac dung cua lyc khi dong, trong dé cac thong s6 vat lidu, két
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cau, lién két thay do6i cho thay dap (mg dong cua tdm theo thoi gian. Két
qua khao sat sd cho thiy anh hudng dang ké cua toc d6 dong khi, tinh chat
ap dién, ty 1¢ gitta bé rong va chiéu day tam,...dén kha ning dao dong va on
dinh cta tAm. Qua viéc xac dinh duogc tbe do gi6 té1 han s€ lam co sé cho
viéc tinh toan thiét ké két cau hop 1y nham dam béao sy 6n dinh cia tdm
dudi tac dong cua van toc dong khi, cling nhu dua ra cac giai phap vé két
ciu cho phép diéu khién duogc dao dong va 6n dinh ctia tim khi chiu tac

dung cua luc khi dong.

- Xay dyng mién 6n dinh cho tim composite ap dién c6 gan gia cudng
v6i hai cap thong s6 1a: goc dat cot va dién ap; van téc gié va goc tan. Qua
d6 cho phép lua chon duoc cac thong so t6i wu trong diéu khién dao dong
clia tim mdt cach chu dong va tinh toan két cau tim cho phu hop véi luke

khi dong ting diéu kién cu thé.

- Céc s6 liéu, nhan xét ¢ tac dung dinh hudng nghién ctru dap tng
dong luc hoc, 6n dinh ctia két cdu tAm composite ap dién c6 gan gia cudng
chiu tac dung cua luc khi dong &p dung trong céc linh vuc k¥ thuat nhu:

hang khong vii tryu, co khi chinh xac, vii khi thong minh, v.v..
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CHUONG 4
NGHIEN CUU THUC NGHIEM

4.1. Pit van dé

Nhin chung, cac két ciu béng vat liéu ap dién hoidc két cAu co su tham
gia cua vat li€u ap dién da dugc nhiéu nha khoa hoc tap trung nghién ciru,
nhung cha yéu 1a nghién ctru 1y thuyét do c6 sy kho khin vé diéu kién thi
nghiém nén két qua vé nghién ctru thyc nghiém chua c6 nhiéu cong bo.
Nhim muc dich gép phan bd sung, 1am phong phu két qua nghién ctru d6i
v6i két cau tAm composite co 16p 4p dién, trong ndi dung chuong nay, tac
gia luan an tién hanh nghién ctru bang thuc nghiém nham xac dinh phan
mg dong ctia tim composite c6 miéng ap dién chiu tac dung cua lyc khi
dong. Vi cac két qua thuc nghiém thu dugc, tac gia sé tién hanh so sanh
v6i két qua tinh toan 1y thuyét boi chuong trinh tinh da 1ap trong chuong 2
nham goép phan khing dinh tinh pht hop cua thuét toan va do tin cdy cia
chuong trinh da lap.

Qué trinh ché tao md hinh va thi nghiém duoc tién hanh tai Phong thi
nghiém Trong diém Quéc gia Diéu khién s6 & K§ thuat Hé théng (DCSElab)
- Pai hoc Bach khoa - Pai hoc Quéc gia Thanh phé HO Chi Minh.

4.2. Mo ta thi nghiém
4.2.1. Thiét lap thi nghiém

Tam composite ap dién 14 loai chit nhat bang, kich thudc axbxh, trong
d6 a 1a chiéu rong, b 1a chiéu dai va h 1a chiéu day cua tim, tim dugc gia
cuong bdi 3 gan doc va 3 gan ngang truc giao nhau va song song vdi cac
canh cta tdm, kich thudc gin (agxbgxhy). Tam va gan co6 cung loai vat liéu
composite Graphite/Epoxy T300/976, chiéu diay mdi 16p composite 1a

0,7mm. Trén tdm c6 dan miéng ap dién PZT phia khong c6 gan gia cudng.
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Tam duoc lién két ngam dang conson tai mot canh ngan 1én khung gia do
chuyén dung. Céc s6 liéu hinh hoc nhu sau:

- TAm c¢6 kich thude a = 500mm, b = 300mm, h = 3,5mm;

- Gan doc co kich thude a, = 500mm, b, = 15mm, h, = 7mm;

- Gan ngang c¢ kich thudc a, = 300mm, b, = 15mm, h, = 7mm;

Gia do va lién két 1a loai chuyén dung, c6 thé xoay chinh hudng gi6
tuong ung véi cac goc o Gia dd cé thé xem nhu cing tuyét doi.

- Miéng ap dién loai PZT G-1195N c6 kich thudc 200mmx90mmx0, I mm.

Thi nghiém duoc b6 tri nhu trén hinh 4.1.

- -\_QR}' -
Sy Giatscké /
(ACH01-02)
ndi véri Bo
khuéch dai
(IB-ACHO1)

300

Tam composite day 3,5mm

s 175 <
- Gin gia cudmg composite day 7mm
' ; 500
TAm PZT
200 = 90
Gia d& xoay chinh \

huwdéng gio (gén vao
ham gid)\
\

-~
|

Mat co gan Mat khoéng co gan

Hinh 4.1. Thiét 1ap m6 hinh thi nghiém

Théng sé6 vit ligu lam mé hinh thi nghiém nhw sau:

- TAm va gan composite Graphite/Epoxy T300/976 (Korea): E; =178,2
GPa; E,= 9,78 GPa; G, = G13= 7,25 GPa; Gy = 2,51 GPa; v=10,34; p =
1600 kg/m’.

- Tam 4p dién PZT G-1195N (Mide Technology Corporation, USA):
E = 63,0 GPa; G =24,2 GPa; v=0.3, p=7600 kg/m3; d3; =d3p = 2.54%x10
m/V; pii=pa =pss = 15%107 F/m.



124

4.2.2. Thiét bi do ddp irng dong

Dé xac dinh gia téc va bién dang cua tdm, tac gia st dung cam bién
gia tbc va thm piezo PZT lién két truc tiép 1én tAm, tai vi tri can do. V&i
cach thiét 1ap thi nghiém va muc tiéu can do, cam bién gia tdc va tim PZT
duoc bé tri nhu trén hinh 4.1. Trong d6:

e Cam bién gia tc str dung trong thi nghiém 1a loai ACH01-02 (Hinh
4.2a), voi cac thong sb k§ thuat nhu sau:

Kich thudc: 13mmx19mmx6mm, trong lugng: 3gram, do nhay:
10mV/g, dai tan s6 do: 1,0Hz + 20kHz, dai dong hoc: + 250g, d6 phan dai:
40pg~/Hz , tan s6 cong hudng: > 35kHz, do tuyén tinh: 0.1%, dai nhiét do
hoat dong: -40°C dén +80°C, pick 16n nhat cho phép: 1000g, phwong phap
dinh vi: bang keo dan chuyén dung.

e Tam dién tr& dung dé xac dinh bién dang (Strain gauge) 1a loai piezo
PZT G-1195N dang gém c6 cdu tao nhu hinh 4.2b. Mat dudi cua tim PZT
duoc gén chat véi dién cuc lam béng hop kim déng. Mait trén c6 phu dién
cuc hop kim bac ¢6 thé han ndi voi ngudn dién cap diéu khién.

Dé xac dinh dap tmg bién dang, cac tim PZT duoc lién két v6i bé mat
clia tAm composite tai vi tri do, theo phuong do bang keo dan chuyén dung.

PZT  Biéncuchop
kim dong

0.1 mm
Y

[ 7 1 7
[ . D ¢ 0.2 mm

a) Cam bién gia toc ACHOI-02, b) Tam piezo PZT do bién dang
Hinh 4.2. Cam bién gia téc va tim piezo PZT do bién dang
4.2.3. By phat tin hiéu chuin Onsoku
Bo phat tin hiéu chuan 1a thiét bi phat dién ap (V) & dang hinh sine va
cho phép thay doi dién ap (V) véi tan s6 diéu chinh tiy chon (Hinh 4.3).
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B0 phat tin hiéu chuin dugc st dung trong thi nghiém nay la kiéu OG-
422A cta hing Onsoku (Nhat Ban). Céac thong sb ky thuit cia may nhu
sau: dién ap dau ra t6i da: 0+ 20 VAC, dai tan s6 phat: 0+20 kHz, diéu
chinh v6 cap. Cong suét phat: 20 (W). Bién 4p dau vao: 100V, 115V, 220v
va 240 V. Tan s6 50/60Hz. Hién thi dién 4p phat bang man hinh LED. Piéu
chinh tan s6 phat theo dia chia do.

Onsoku

#® OO

Hinh 4.3. Bo phat tin hiéu chuan Onsoku (Nhat Ban)
Trong thi nghiém nay, bo tao tin hiéu dugc sir dung bang cach két hop
b6 phat tin hiéu va bo khuéch dai piezo tuyén tinh EPA-104-230 (Hinh 4.4).
4.2.4. Bp khuéch dai piezo tuyén tinh EPA-104-230
Bo khuéch dai nay dung diéu chinh dién ap vao, ra cua tdm ap dién.
Cac thong s6 k¥ thuat ctia khuéch dai gom: Dién ap vao 16n nhat + 10 Vp
(max), dién ap ra + 200 Vp/200mA (max), khuéch dai tuyén tinh: 0-20X.

Hinh 4.4. Bo khuéch dai piezo tuyén tinh EPA-104-230
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4.2.5. By thu nhan dir liéu 2 kénh dap dién HnB75B

Bo thu nhan dit liéu 2 kénh 4p dién HnB75B (Hinh 4.5) 1a thiét bi thu
nhan dit liéu (data acquisition) 2 kénh v&i dau vao dién 4p cho phép thu nhan
tin hiéu do twong tu va chuyén d6i sang tin hiéu sé dung chip ADC 7807 véi
d6 phan giai 16 bits/10 kHz va két nbi voi may tinh thong qua phan mém viét
trén nén C chuan theo thoi gian thyc. Cac thong sd chinh nhu sau:

- S6 kénh do: 2 kénh dong thoi theo thoi gian thuc.

- bo di¢n ép, dai do: 5V

- B0 chinh xac: +/- 0.2%

- Tan s6 14y mau: max 10 kHz

- Két nbi may tinh, dit li¢u thu thap luu trr & dang text, hién thi do
hoa, c6 cac b xu Iy FFT, DFT

- ADC 16 bits

Hinh 4.5. B thu nhan dir li¢u 2 kénh &p dién HnB75B

4.2.6. May hién song (oscilloscope)

May hi¢n song st dung trong thi nghi€ém ky hi¢u GWinstek GDS-
2104 do Pai Loan san xuat (Hinh 4.6). May GWinstek GDS-2104 ¢6 chirc
nang ghi lai phan Ung gia toc cia tim tai diém do, sau d6 danh dau trén
man hinh va luu trit dir liéu trong mdy tinh. Thong s6 k¥ thuat chinh nhu
sau: Bang thong : 100Mhz; S6 kénh : 4; Toc d6 léy mau : 1Gsa/s; Risetime:
5ns; B nhé song : 10Mpts; PO phan giai : 8 bit; Pau vao : AC, DC, GND
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Tré khang: 1MQ// 16pF; Do chinh xac DC: +(3%) (2mV/div); Pién 4p vao
max: 300Vrms, CAT [; Di¢n &p: ImV/div ~ 5V/div; Tinh toan song: +, -,
FFT; Trigger: CH1, CH2, CH3, CH4, Line, EXT; Man hinh : 5,6" TFT
LCD WVGA; Giao tiép : USB2.0, LAN.

Thong qua chuong trinh md phong da duoc thiét 1ap trong cac thiét bi
va may tinh, cac rung dong cua tAm tai cac diém do duoc hién thi trén man
hinh ciia may GWinstek GDS-2104 véi cac théng sé rung & mdi chu ky
dao dong.

D = P
3:S=-: @
2&-8 & &
T8 & @ @&
— F;rﬁéé » éﬁé

L

Q

Hinh 4.6. M4y hién song GWinstek GDS-2104
4.2.7. Thiét bi tao gio:

Thiét bi tao gié (ham gi6 hd) sir dung dong co quat c6 cong suit 22
kw dé tao gid trong budng thir ¢6 kich thude 1a 1000x1000 mm. Toc do
thoi gié 16n nhat dat 15m/s (54 km/h). Thiét bi tao gi6 ctia Phong thi
nghiém trong diém Qudc gia Piéu khién sé & Ky thuat Hé thong
(DCSElab) Pai hoc Bach khoa — T.P H6 Chi Minh (Hinh 4.7).
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Hinh 4.7. Thiét bi tao gi6 (Ham gio)

4.3. Phuong phap xic dinh gia tdc, bién dang cia két ciu
4.3.1. Do gia toc:

bé do gia tdc dao dong tai vi tri nao do6 thudc tAm, tién hanh gén dau
do gia toc ¢d dinh tai diém can do, trong d6 tuy theo phuong gia toc can
do, dau do gia téc duoc gan vao két ciu sao cho phuong truc dau do tring
v6i phuong can do gia tc. Cuy thé trong ndi dung thi nghiém cta chuong
nay, tac gia gan dau do gia tc vao diém vi tri tryc d6i xtng cua tAm, cach
ngam mot khoang h, = 495mm, hudng truc dau do vudng goc véi mit
trung binh tdm (Hinh 4.1).

Theo d6, dudi tac dung cua lyc khi dong, tim dao dong va dong nghia
v6i dau do gia toc dao dong theo, tin hiéu dap tng gia toc theo thoi gian duogc
truyén vé khdi thu, phan tich dir liéu do. Két qua mdi 1an do, tuong tmg vai
mét dau do c6 duoc bo sd lidu thé hién dap ung gia tdc theo thoi gian cua vi
tri trén két cAu ma tai d6 gan dau do gia toc. Tir dap tng gia tdc - thoi gian,
v6i modun xt 1y deflection analysis duge tich hop trong may do, tién hanh
phan tich (tich phan) va két qua 1a c6 duoc dap ung van tdc (tich phan 1an tht

nhat) va chuyén vi (tich phan 1an tht 2) theo thoi gian ctia diém do.
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Pé so sanh véi két qua thi nghiém va tinh toan 1y thuyét, tac gia st
dung chuong trinh SMART STIFFENED PLATE 2018 da lap trong
chuong 2, trong d6 phuong phap gia tai va cic thong sb tinh toan twong
ung nhu trong thi nghiém.

4.3.2. Po bién dang:

Dbé c6 duoc bién dang tai mot diém trén tAm can dan tim dién tro do
bién dang tai vi tri do. Du61i tac dung cua luc khi dong, tAm bi bién dang
s& lam cho tim PZT (bam dinh tuyé¢t ddi vai bé mat tém) bién dang theo,
tin hi¢u co hoc nay duoc chuyén thanh tin hiéu sb va truyén vé khéi thu,
xtr 1y tin hiéu ctia may do, két qua co dugc bo sb liéu dap ung bién dang
theo thoi gian tai diém do.

4.4. Co so phan tich va xir Iy két qua thi nghiém

Viéc thu thap, tich hop s6 liéu (dap tng gia téc, bién dang theo thoi
gian) ctia mdi lan thi nghiém duoc modun luu trit, xir 1y ¢ trong bo thiét bi
do, day 1a bo sb liéu thdng ké cho 01 1an do [4]. Dé c6 duge két qua do dai
dién, can phai xtr 1y thong ké tir n 1an do, diéu nay duoc tac gia luan an
thuc hién trén co s cta 1y thuyét xtr 1y sb lidu xac suat thong ké, voi trinh
tu cac budc nhu sau:

Gia str, mdi vi tri can xac dinh gia tdc, bién dang, ta tién hanh do n
1an, mdi lan do c6 dugc bd s licu [t;, Ni], voi i 1a s6 bude thoi gian trich
mau thi nghiém ctia may do.

Budc 1. Xuét bo s6 liéu do ctia n 1an do tir bd nhé may tinh.

Budc 2. Xéac dinh trung binh Ncia mdi gia tri tai ciing thoi diém do
trén diy so liéu (Ni);, vo1 j= Ln:

n

Z(Ni)j (4.1)

-1
n =
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Buéc 3. Tap hop bo s6 licu [ti,NJ , v& dap tng theo thoi gian cua bd
s6 lidu do sau khi d3 dugc xir 1y thong ké.

Budc 4. V& dap tng theo thoi gian va xac dinh gia tri 1on nhat Nmax va

nho nhat N cua bg so liéu sau khi da xi 1y:
N__ =max ‘Ni‘
(4.2)

Nmm= min‘Ni‘

Budc 5. Panh gia, nhan xét két qua.
4.5. Thi nghiém va két qua thi nghiém

Trén co s thi nghiém da thiét 1ap, dat tAm composite 1én khung gia d&
chuyén dung c6 thé xoay duoc cac goc, gin miéng ap dién PZT tai vi tri sat
canh ngam ctia tam. Tai vi tri trén phia canh ngin tu do (khong ngam) gan
cam bién gia toc dé do dap ung gia téc theo phuong phép tuyén cua tam
(Hinh 4.8). O trang thai ban dau, tAm thang dtng, cac tin hiéu trén cac dau
do duoc diéu chinh vé & trang thai “0”.

Pogiatdéec .----"" 7

Kich dién ap vao tam PZT _

Gia d& xoay o' vi tri
goc 0°, 22,57 va 45°

Hinh 4.8. So d vi tri gan tAm ap dién va cam biét do gia toc
Tam composite dugc kich dién ap qua tim PZT véi dong dién xoay

chiéu co tan sd co6 thé thay doi. Toan bo tim duoc dit tai khu vuc thir (6
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quan sat) cia ham gi6. Viéc do tim cong huong duoc thuc hién bang cach
diéu chinh tan sb kich ctia dién ap vao tam PZT (dé tam cong hudng). Do
dap ung gia téc bang gia toc ké ACH-01-02. So d6 nguyén ly do va
phuong phép gia tai nhu hinh 4.9.

| |

Hudng gié

HnB75B
DAS-100A / PC

Tam composite

e [

T

Hinh 4.9. So 6 b6 tri thi nghiém
Tién hanh thi nghiém 05 1an (n = 5) x4c dinh duogc bo s6 liéu dap tmg
gia toc theo thoi gian. Sau khi xtr Iy s6 liéu theo phuong phéap thong ke,
bang phan mém DAS-100A chuyén dung, ta c6 duoc dap mg theo thoi

gian cua gia toc va dién ap ra tai vi tri do.

Hinh 4.10. Lip dat miu thi nghiém trong him gi6
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a) Hién thi két qua 1 lan do b) Hudng dan thi nghiém

Hinh 4.12. Thi nghiém va két qua 01 1an do
- Cép dién ap thay d6i (= Vip X Kamp) Vao tdm PZT, dién ap ndy c6 tan
sd diéu chinh duoc (dé tAm cong hudng).
- Bo dap tmg gia tdc tir gia toc ké ACH-01-02.

- Ghi lai dap tng gia tdc (g) theo thoi gian.
- Két qua duoc ghi trén cac file.csv (dang text, doc trén Excel).
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Két qua do:

Truwong hop 1: Tam dat & goc 0°, van toe gio U = 5m/s va 10m/s, dién
ap kich Vi, = 9.30V (dinh), tan s6 kich thich f = 6,944Hz, K,,,= 20, do d6
dién ap cap s& 1a: Vip X Komp = 9.30 V x 20 = 186.0 V. Tan s6 lay mau fiomp =
1000 Hz.

—

Hinh 4.13. Dién ap Vi, = 9,30V, tan s kich thich f= 6,944 Hz duoc
khuéch dai 1én 20 1an
Két qua do dap ung gia toc theo thoi gian trong 5 1an do lién tiép voi

tan s6 kich thich f= 6,944 Hz va vén toc gi6 U = 5m/s (Hinh 4.1).
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Hinh 4.14. Pap tng gia tdc theo thoi gian trong 5 1an do lién tiép
(f = 6.944 Hz, U = 5m/s)
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Bang 4.1. Gia tr1 Max/Min theo thoi gian cua dai lugng do

CH | No.1| No.2 No3| Nod | No.5| Unit
1 MAX 0.07450 0.07390 0.07330 0.07240 0.06980 g
0.308 0.890 0.745 0.165 0527 sec
MIN 023700 023600 023600 023500 023500 g
0.418 0.780 0.998 0.056 0.199 sec
CH | | No.1| No2| No.3 | No.4 No.5 | Unit
1 MAX 0.07150 0.07150 0.07130 0.07110 007100 g
1.084 0.647 0.068 1.228 0504 sec
MIN 023500 023400  -0.23400 023300 023300 g
0.975 0.175 0.394 0.756 1.118 sec
CH No.1 No.2 No.3 No.4 No.5 | Unit
1 MAX 0.07180 0.07060 0.06920 0.06820 0.06800 g
0.261 0.842 0.405 0.985 1278 sec
MIN 023300  -0.23300 023200 023200 023100 g
0.152 0.732 0513 1.094 0.370 sec
CH No.1 No.2 No.3 No.4 | No.5 | Unit
1 MAX 0.07230 0.07200 0.07110 0.07050 0.06730 g
0.829 0.248 0973 0.392 1265 sec
MIN 023200 023200 023200 023200 023000 g
0.138 0.500 0.719 1.082 0.282 sec
CH No.1 No.2 No.3 No.4 No.5 | Unit
1 MAX 0.07090 0.06990 0.06980 0.06970 0.06960 g
1.265 0.249 0.828 0.685 0.105 sec
MIN 023100  -0.23000 023000 023000 023000 g
1.156 0.138 0.356 0.575 0719 sec

Gid tri gia téc max/min tai 5 vi tri dau tién cia ddp vmg gia toc véi
f=6.944 Hz, U= 5m/s

Két qua do truong hop tim dit & goc 0° véi van toc gio U=10m/s va
cac trudng hop tdm dat léch goc 22,5° va 45° véi van toe gio U==5 m/s va
10m/s dugc thé hién trong Phu luc 1.

Khi tién hanh thyc nghiém 3 trudng hop trén, dién ap kich ting dan tir
0V dén 186V, 190V va 184V bang cach ting dan K,, tir 0 dén 20. Diéu
chinh tan s6 dién ap kich tang dan trén bd phat tin hiéu Onsoku OS011 dén
khi tim composite ap dién c6 gan gia cudng dao dong 10n nhat. Tan sé ndy
duoc xem nhu 13 tan sd cong huong thir nhat ciia tim (duoc ghi nhan 1a ~
6,94Hz dén 6,99Hz).

Trén hinh 4.15 thé hién dap tng gia toc theo thdi gian tai diém do cho
2 phuong phap: 1y thuyét (tinh toan theo chuong trinh tinh SSP_2018) va
thuc nghiém trong truong hop tam dit léch goc 45° va van toc gié U=5m/s.
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Hinh 4.15. Pap ung gia tc tai diém do cua tim (U = 5m/s, o = 45°)

Bang 4.2. Gia trj 16n nhit cta gia toc (U = 5m/s va goc tin ctia gié khac nhau)

Phwong phap a™ [m/s’] o Sai khac[%]

Thi nghiém 0,050 0

45 11,8
SSP_2018 0,0559
Thi nghiém 0,061 0

22,5 10,7

SSP 2018 0,0675
Thi nghiém 0,072 0

0 10,1
SSP 2018 0,0793

Nhan xét: Két qua nghién ctru 1y thuyét bang chuong trinh tinh
SSP 2018 do tac gia lap va két qua thi nghiém d6i v6i dap ung gia toc tai
diém do thudc tAim véi cac goc tin cua hudng gié khac nhau 13 dong dang,
v6i sai s6 16n nhit trong 3 trudng hop 14 11,8%. Piéu ndy cho thiy thuat
todn va chuong trinh tinh SMART STIFFENED PLATE 2018 do tac gia

lap & chuong 2 14 c¢6 co s dé tin cay.
4.6. Két luan chwong 4

Qua vi¢c thi nghiém do gia toc ciia mau tam composite ap dién c6 gan

gia cuong chiu tac dung cta luc khi dong thay doi 5 m/s va 10 m/s véi cac



137

goc tan khac nhau la: 0% 22,5° va 45° trong 6ng thoi, tac gia da rat ra dugc

mot sO két ludn nhu sau:

- Pap tng gia téc cua tAm khi thuc nghiém cé do tré so véi tinh toan
Iy thuyét 12 phu hop véi thuc té. Téc d6 gié anh hudng dén dao dong cua
tam, tuy nhién khi goc tan ctia dong khi 16n thi dao dong cua tam lai nho

hon so vdi géc tan nho do tam da bi bién dang va tré nén “cting” hon.

- Do diéu kién ché tao mo hinh thi nghiém chua gidng hoan toan so véi
md hinh tinh toan 1y thuyét (vat liéu, kich thudc tim, gin va miéng ap dién,..)
nén dan dén sai sb vé dap tmg gia tc gitra 1y thuyét va thuc nghiém (sai sd
16n nhat 1a 11,8%), tuy nhién, sai s6 ndy trong pham vi chap nhan duoc.

- Két qua nghién ctru thyc nghiém va tinh toan 1y thuyét bang chuong
trinh tinh SMART STIFFENED PLATE 2018 trén mo6 hinh tuong tu 1a kha
d6ng dang vé quy luat, diéu nay cho phép gop phan khing dinh d6 phu hop

cua thuat toan, do tin cdy cua chuong trinh tinh do tac gia lap ¢ chuong 2.
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KET LUAN VA KIEN NGHI
I. Nhirng dong géop méi cia luan an:

1, Str dung 1y thuyét tdm bién dang bac nhat va phuong phap phan tir
htruu han x4y dung thuat toan va chuong trinh tinh
SMART STIFFENED PLATE 2018 phén tich phi tuyén dong luc hoc
clia tAm composite ap dién co gan gia cuong chiu tai trong khi dong, trong
d6 da xét dén tinh chat can tong thé cua hé. Ngoai viée xac dinh dap tmg
phi tuyén dong luc hoc, thuat toan va chuong trinh tinh con cho phép xem
kha ning mat on dinh cta tim dudi tac dung cua luc khi dong. Chuong
trinh tinh d3 duoc kiém ching va cho thdy dam bao tin cdy. Noi dung co
ban cta phan nay da dugc cong bd trong cac cong trinh [1], [3], [4] cla tac
gid ludn an va cac cong su.

2, Két qua khao sat s trén nhiéu 10p bai toan véi cac thong sb két cau,
tai trong, tinh chét can, lién két, dién ap, thm ap dién thay ddi, dwa ra cac nhan
xét, danh gia dinh luong c6 ¥ nghia khoa hoc va thuc tién trong linh vuc ki
thuat. Trén co s& cac cap thong sd (goc cot va dién ap, goc tan va van toc
dong khi) thay doi, xay dung duoc mién 6n dinh dong clia tim composite ap
dién c6 gan gia cudng, cho phép lya chon cac cip thong sé hop 1y nham muc
dich ting kha ning 6n dinh va giam dao dong cho tim. N6i dung dugc cong
bd trong cac cong trinh [2], [5] cua tic gid va cac cong su.

3, Bo s6 liéu thuc nghiém nghién ctiru dap tng dong luc hoc cua két cau
tAm composite ap dién co gan gia cudng chiu tac dung cua luc khi dong do
dong khi trong 6ng thodi gay ra da gop phan khing dinh sy phu hop cta thuat
toan va d§ tin cdy ctua chuong trinh tinh do tac gia da l1ap. Noi dung duoc

cong bod trong cong trinh [6] cua tic gia va cong su.
I1. Nhén xét va Kién nghi:

1, Tinh toan phi tuyén dong luc hoc, cho phép xem xét bai toan 6n

dinh cua két cau tam composite gia cuong cd su tham gia cua cac 16p hodc
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cac miéng ap dién chiu tai trong dong, trong d6 c6 ké dén tinh chat can ap
dién, can két ciu 1a van dé kho va phtrc tap, nhung qua két qua cua luan an
c6 thé khang dinh tinh tin cy ctia phuong phap va chuong trinh tinh do tac
gia luan 4n da xay dung. Pay la diéu kién t6t cho cac nghién ctru tiép theo
d6i voi cac két cau phic tap hon nhu: tAm composite ap dién lwon song,
két cAu vo composite ap dién c6 gan gia cuong, phuc vu cho cac linh vuc:

hang khéng vii try, co khi chinh xac, cong nghiép qubc phong, v.v..

2, Anh hudng cua tinh chat can, tinh chat ap dién, vi tri cac miéng ap
dién cling nhu gan gia cuong, goc dat ¢t dén sy lam viée cua tAm composite
ap dién co gan gia cudng 1a 16n, hau hét cac dai luong nhu chuyén vi, van
tdc, gia toc ctia tAm khong thay d6i mot cach tuyén tinh véi sy thay doi cac
dai luong trén. Can ap dién két hop voi can két cau lam giam dao dong va
lam ting kha ning 6n dinh cia tAm mot cach dang ké. Do do, khi tinh toan,

thiét ke, ché tao két cau dang nay can phai ké dén cac loai can trén.

3, On dinh cta tAm khi chiu tai trong dong 1 phuc tap, viéc xdy dung
duoc mién On dinh cua tim composite ap dién co gan gia cudng khi chiu
tai trong dong co y nghia thuc tién. Tur mién 6n dinh c6 thé xem xét duoc
mot cach tong thé cac cap thong s6 dé danh gia kha ning on dinh hay

khong on dinh cho két cdu tAm.

4, Noi dung nghién ctru ctia lun an c6 thé phat trién theo cac hudng:

- Phan tich dao dong va 6n dinh cta tAim lwon song, vé composite ap dién
c6 bién phép gia cudng chiu tic dung dong thoi clia tai trong co va nhiét do.

- Phan tich dao dong va 6n dinh cua tAm composite ap dién luon song,
vO composite ap di¢n cd gan gia cuong chiu tac dung cua luc khi dong hay
luc khi dong va nhiét do.

- Nghién ctru thyc nghiém trén cac két ciu tam, vo composite ap dién

c6 cac bién phap gia cuong nhu: gan, lugn song, gap nép,v.v..
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Phu luc 1

1. CAC BIEU THUC LIEN QUAN PEN GAN GIA CUONG:

1.1. Cac thanh phin ma trin dd cirng tuyén tinh [Kf :' -

[K]il ZEJ‘ d[Nu]T d[Nu}dv, [K]122 =7»G_[ d[Nv]T d[Nv]dv,

v dx dx dx dx

J o],

K] =-2G| d[ZXIV]T[ Jdv (K]

(S

I
[K]44—G [(y2+z)d[N T J

. =
Ve

T
K" = | v’E Y +XG{N }{N }dV,
[ ]1 \_!.y dx dx dy dy

1.2. Cac thanh phan ma trin dd cing phi tuyén [Kf ({6] } )]2 :

T [N Jow

1
K1 =
[]2 2\-!. dx dx ox

[K]12 _ J‘d[N [N Jéa‘lo dv

[K] = EJ.(y +7%) ™ ™ 8XdV,

[K ]§3=—kG j [N I d[iW}OXdV,

6
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[K]* —;kG | d[i:} [Nex]%dv
[K]zz _1a J‘d[N;V}T [Ij( ]9 dv

(KL ———E J'y2 [ } d[NOJaWO ~La [NeyT[NeJ%dV,

v

1.3. Cac thanh phan ma tran d cing phi tuyén [K })]3 :

(K:({a})], =2[K:({a})],

Cac thanh phan cua ma trin do cing [Kf ({q })]3 la ma tran

chuyén vi cia cidc ma tran thanh phan trong ma tran

[Kf ({q})]z da duoc x4c dinh tai muc 1.2.

do clng

1.4. Cac thanh phz‘in ma tran d¢ cirng phi tuyén [Kg ({CI })] :

(K] =%EJ N d[NV}( ~ Td\hr EJ ] d[N,

v dx dx dx

T d T
[K]j“:Ejzzd[z:] [deng’%dvaj—dD:;} N, |

\Y

(&

}(a;jzdv

ov

—0¢ dv,

aX X
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dx dx ox X

%E [ &7 +z2)d[N9X T d[Nex}(awo Tdv,

v dx dx OX

(&
1.5. Cac thanh phan ma tran khéi lwong ciia gin:

M}, = I Pk [Nu]T [Nu]d\/,

[M],, = .. Py [Nv }T [NV]dV,

€

[M],; = .. Py [Nw ]T [Nw ]dV’

€

[M]44 - . pk (y2 + Zz)[NGX :IT I:Nex:|dv’

(&

[M], = [ Py [Ney]T[Ney]dV,

trong d6: px 1a khdi lugng riéng 16p vat liéu thu k.
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2. MOT SO KET QUA THi NGHIEM:
2.1. Truong hop 1: Khi tim ¢ goc 0°, van tde gié U = 10m/s, dién ap kich

Via = 9.30V (dinh), tan s6 kich thich /= 6,944Hz, K,,= 20, tin s6 lay mau
Jsamp = 1000 Hz. Do d6 dién ap cép s€ 1a Vin X Kymp =9.30 V x20=186.0 V.
Két qua 5 lan do nhu sau:

uuuuuu

Hinh 1. Dap tmg gia toc theo thoi gian trong 5 1an do lién tiép
(f = 6,944Hz, U = 10m/s)
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Bang 1. Gia tri Max/Min ciia gia toc theo thoi gian

CH | | No.1 No.2 No.3 No.d | No.5 Unt
1 MAX 0.05350 0.05310 0.05230 0.05130 0.05040 g
1.163 0437 0.581 1.018 0.073 sec
MIN 021400 021300 021300 021200 021200 g
0.689 0.107 0.326 0.472 1051 sec
CH No.1 No.2 No.3 No.d No.5 Unit
1 MAX 0.05150 0.05070 0.04990 0.04920 0.04870 g
0.250 0.107 0.831 0.687 0395 sec
MIN 021100 021000 020900 -0.20800 -0.20700 g
0.140 0.721 0.503 1.084 0.358 sec
CH No.1 No.2 No.3 No.4 No.5 | Unit
1 MAX 0.05260 0.04990 0.04300 0.04790 0.04700 g
1.268 0.688 0.107 1.049 1123 sec
MIN 021100 021000 021000 020900 -0.20800 g
0.795 0.937 1.156 1.013 0577 sec
CH | No.1 No.2 | No.3 No.4 | No.5| Unit
1 MAX 0.04960 0.04910 0.04770 0.04730 0.04680 g
0.523 0.667 0.087 1.248 0304 sec
MIN 0.21100 -0.20500 -0.20900 -0.20800 020800 g
0.194 0.050 0.412 0.556 0.775 sec
CH | _ No.1 No.2| No.3 No.d | No.5  Unit
1 MAX 0.04810 0.04770 0.04760 0.04660 0.04560 g
0.763 0.908 0.620 1.126 0038 sec
MIN -0.20800 -0.20600 -0.20600 -0.20600 020500 g
1.015 0.653 0.871 1.234 0.290 sec

Gia tri gia téc max/min tai 5 vi tri dau tién ciia gia téc véi
f=6.944 Hz, U = 10m/s

2.2. Trwong hop 2:

- Khi tim dat 1éch gbc 22,5°, van tdc gi6o U = 5m/s va 10 m/s. Di¢n ap
kich thich ¥;, = 9,50 V (dinh), tan s6 kich thich /= 6.981Hz, Kymp= 20, tan
s6 1dy mau Jsamp = 1000Hz. Dién ap cap 190.0 V. Két qua 5 1an do nhu sau:
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Hinh 2. Pap tng gia tdc theo thoi gian cta 5 1an do lién tiép voi
f=6.981 Hz, U = 5m/s
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Hinh 3. Pap tng gia toc theo thoi gian trong 5 lan do lién tiép véi

f=6.981 Hz, U= 10m/s
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Bang 2. Gia tri Max/Min cia gia toc theo thoi gian

CH | No.1 No.2 | No.3 No.4 | No.5 Unit
1 MAX 0.02040 0.01780 0.01740 0.01620 001590 g
1278 0552 0.695 1133 0.114 sec
MIN 017400 017400 017400 017400  0.17400 g
0222 0.441 0.803 0.947 1.166 sec
CH | No.1 No.2| No.3 | No.d | No.5 | Unit
1 MAX 0.02020 0.01910 0.01840 0.01820 0.01660 g
0.205 0.931 0.786 0.348 0.061 sec
MIN 017600 017600 017600  -0.17500  -0.17400 g
0457 1.038 1.181 0.093 0237 sec
CH | No.1| No.2 | No3 Nod | No.5| Unt
1 MAX 0.01860 0.01700 0.01650 0.01560 0.01480 g
0.186 0.767 0.910 0.042 1272 sec
MIN 0.17600 0.17500 -0.17400 0.17400 0.17400 ¢
1.019 0.075 0.294 0437 0656 sec
CH | No.1| No2| No.3/| Nod | No.5| Unt
1 MAX 001850  0.01740 0.01710 0.01540 001430 g
0.057 0.782 0.201 0.639 0419 sec
MIN 017400 017400 017200 017200 0.17200 g
0.309 0671 0.089 0451 0527 sec
'CH . No.1 | No.2 | No.3 | Nod | No.5| Unit
1 MAX 0.01770 0.01640 0.01640 0.01510 001480 g
0517 1.099 1.244 0.374 0661 sec
MIN 017400 017300 017300 017300 017300 ¢
0.769 0.044 0.188 0.406 0.408 sec

Gia tri gia toc max/min tai 5 vi tri ddu tién cua dap vng gia toc voi

f=6.981 Hz, U= 5m/s
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CH | | No.1| No.2| No.3 No4 | No.5  Unit
1 MAX 0.01070 0.01040 0.00956 0.00908 0.00898 ¢
0.060 0.568 0.204 0.425 0.280 sec
MIN 017300 016800 -0.16700 -0.16700  -0.16700 g
0.094 0.457 0.170 0313 0676 sec
CH | | No.1 No.2 | No3| Nod | No.5| Unit
1 MAX 0.00898 0.00840 0.00667 0.00580 0.00502 g
1.201 0.477 1.059 0.620 0839 sec
MIN 016600 0.16500  -0.16400  -0.16400  -0.16300 g
0.728 0.146 0.004 1.091 0.366 sec
CH | No.1 No2| No.3/| Nod | No.5 | Unit
1 MAX 0.00937 0.00821 0.00811 0.00763 0.00686 g
0.761 0617 0.035 0.979 1123 sec
MIN 016600  -0.16500  0.16500  -0.16400  -0.16300 g
0.507 0.650 1012 0.868 0.288 sec
CH _ No.1| No.2 | No3 | No.4 | No.5| Unit
1 MAX 0.01280 0.01170 0.00976 0.00869 0.00850 g
0.293 0.437 1.018 0.072 0581 sec
MIN 016700 -0.16700  -0.16700  -0.16700  -D.16500 g
0.325 0.545 0687 0.907 0.181 sec
CH | | No.1| No.2 | No.3 Nod | No.5 | Unit
1 MAX 0.01250 0.011%0 0.00947 0.00918 0.00811 g
0914 0.77 0.694 0.189 0.045 sec
MIN 016800 -0.16700 -0.16700  -0.16700  -0.16600 g
0.802 0.583 0.660 1.165 0077 sec

Gid tri gia toc max/min tai 5 vi tri dau tién cia dap ing gia toc voi
f=6.981 Hz, U= 10 m/s
2.3. Trwong hop 3:
Khi tam 1éch goc 45°, van toc gié U = 5m/s va 10m/s. Dién ap kich Vi,
= 9,20V, tan so kich thich = 6,993Hz, K. amp= 20, tan s 1ay mau Jsamp =
1000Hz. Pién ap cap 184,0V. Két qua 5 lan do nhu sau:
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Hinh 4. Dép tng gia toc theo thoi gian ciia 5 1an do voi
f=6,993Hz, U = 5m/s
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Hinh 5. Pap tng gia tdc theo thoi gian trong 5 1an do lién tiép véi
f=6.993 Hz, U= 10m/s
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Bang 3. Gia tri Max/min theo thoi gian cta dai lugng do trén:

CH | No.1] No.2 | No.3| No.4 | No.5 | Unt
1 MAX 001860 00180 0019570 002020 -0.02030 g
0.800 1.162 0.582 0.221 0438 sec
MIN 013200 013200 013100 013000  -0.13000 g
0471 1.050 1.194 0.327 0.909 sec
CH | No.1 No.2] No.3 Nod| No.5| Unt
1 MAX 001850 001870 001870  -0.01340 001970 ¢
0.745 0.164 0.383 0.022 0602 sec
MIN 013300 013200 013100 013000  0.12900 ¢
0635 1215 0.052 0.491 0273 sec
| CH Nol| = No2| No3| Nod | No.5| Untt
1 MAX 001870 001950 00190  -001970  -0.02020 g
0.815 0.234 1.035 1.178 0092 sec
MIN 013300 013100 013000 -0.13000  -0.12800 g
0.706 0123 0.561 0.846 0343 sec
 CH No.1| No.2 | No.3 | No.4 | No5 Unt |
1 MAX 001970 002000 002040 002040 -0.02060 g
0.449 1.250 0.089 0.668 1.030 sec
MIN 013200 013100 013100 013000 012900 g
0.338 0.196 0.918 1.062 0482 sec
| CH | No.1|. No2 | No.3| Nod ) No.5| Unit
1 MAX 001930  -0019%0 001930 002100 -0.02100 g
0.470 1.051 1.195 0.109 0691 sec
MIN 013100 013100  0.13100  -0.13000  -0.13000 ¢
0.359 0.941 1.083 0.218 0503 sec

Gia tri gia toc max/min tai 5 vi tri ddu tién cua dap ung gia toc voi

f=06.993 Hz, U = 5m/s
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CH | I, No.1| No.2| No3| Nod | No5| Unt
1 MAX 002040 002070 002110 002150  -0.02200 ¢
0.393 0.755 0.030 0.831 0251 sec
MIN 013100 012800 012700 012700  0.12500 g
1.226 0.062 0.501 0.643 0281 sec
CH | I No.1| No.2 | No3 | No.4 | No.5| Unit
1 MAX 001870 001900 001900 002000 -0.02000 g
0.804 0223 1.164 0.002 0583 sec
MIN 012000 012700 012700 012600 -0.12600 g
1197 0.035 0.255 0615 0.836 sec
CH | | No.1| No.2 | No.3 No.d | No.5 Unt
1 MAX 002060 002130 002200 002340 -0.02380 g
0.790 0.064 1.009 1.152 0646 sec
MIN 012800 012600 012600  -0.12500  -0.12400 g
0678 0.097 0.821 1.259 0898 sec
CH | I No.1. No.2| No.3. No.4 | No.5 | Uni
1 MAX 00220 002110 002170 002190 002300 g
0.450 1.029 0.670 0.088 0.308 sec
MIN 0.12900 0.12700 0.12700 0.12600 0.12600 g
0.339 0.775 0919 0.196 1062 sec
CH | 'l No.1 | No.2 | No.3 | Nod | No.5 | Uni
1 MAX 002100 002240 002240 002250 002270 g
0.625 0.547 0.986 0.404 0.042 sec
MIN 012700 012700  -0.12600  -0.12500  -0.12400 g
0.294 1.017 0.436 1238 0873 sec

Gia tri gia toc max/min tai 5 vi tri dau tién cua dap ung gia toc voi

£=6.993 Hz, U =10 m/s
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Phu luc 2
$CHUONG TRINH PHAN TICH DAO DONG CUA TAM COMPOSITE AP DIEN CO GAN GIA CUONG
% SMART STIFFENED PLATE 2018 (SSP-2018)
clear all;
echo off;
= Thong so vao-——--———-——=-—="—-——=-———-————-—\———
G———————— For the plate and Graphite-Epoxy T300/976,PZT---
b=0.50; % Length of the plate[m]
a=0.40; % Width of the plate [m]
t pzt=0.000075; % Thickness of the PZT layers) [m]
t cps=0.0008; % Thickness of the composite layers [m]
n_cps=4; $ 86 1l6p composite
n pzt=2; $ $6 16p ap dién
theta=45;

h=n cps*t pzt+n pzt*t pzt; % Chiéu day tém composite

bg=0.003; $ Chiéu rdéng gan [m]

hg=0.0048; $ Chiéu cao gan [m]

V=50 %Voltage applied

U=20; $ Tbc d6 giod

Alfa=30; $ G6c nghiéng cuia tdm composite
deltat=0.001 %$Time step

t tol=4.0; Tong thoi gian tinh

deltat=0.005; Buoc thoi gian tich phan

n £=20; So luong tan so rieng xuat
- Graphite-Epoxy T300/976-—--—-—-—————-
E11=150; %Gpa

E22=9; %Gpa

E33=E22;

Gl2=7.1; %Gpa

G13=G12;

G23=2.5; %Gpa

v12=0.3;

v23=vl12;

v32=v23;

PGE=1600; $kg/m3

R PZT 5A-———————————————m— -
E=63.0; %Gpa

G=24.2; %Gpa

v=0.3;

ppzt=7600; $kg/m3

d31=2.54*1e-10; sm/V

d32=d31; $m/V

pll=15*1e-9; %F/m

p22=pll; $F/m

p33=p22; $F/m
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G m Modeling-—-—---——==-—"-"—"—-—-"—"—"—"————————
global nNode % So nut cua ket cau

nDof % So bac tu do cua ket cau

nDofl

nElem % So phan tu

Coords % Bang toa do nut

Dof ... % Bang danh so bac tu do cua nut

% (danh so lai bang cach toi uu bang nay)

Edof % Bang danh so bac tu do cua phan tu

b2 .. % Gia tri ban dau

nhist % Cac bac tu do khao sat lay so lieu dau ra
nMode % So dang dao dong rieng can phan tich

o\

function [Ne,Nex,Ney,Nexx,Neyy,Nexy]=plateshape (ex,ey,x,Vy)
a=ex (3)-ex(1l); b=ey(3)-ey (1),
N=[1 x y X2 x*y y"2 x"3 x"2*y x*y"2 y*"3 x"3*y x*y"3];
Nx=[0 1 0 2*x vy 0 3*x"2 2*x*y y"2 0 3*x"2*y y"*31];
Nxx=[0 0 0 2 0 0 6*x 2*y 0 0 6*x*y 0];
Nxy=[0 0 0 0 1 0 0 2*x 2*y 0 3*x"2 3*y"2];
Ny=[0 0 1 0 x 2*y 0 x"2 2*x*y 3*y"2 y 3*x*y"2];
Nyy=[0 0 0 0 0 2 0 0 2*x 6*y 1 6*x*y];
aZ=a*a;a3=al2*a;b2=b*b;b3=b2*b;ab=a*b;

% Ma tran C
C=[ 1 -a -b a2 ab b2 -a3 -a2*b -a*b2 -b3 a3*b a*b3;

01 0 -a -2*b 0 a2 2*ab 3*b2 -a3 -3*a*b2;
-1 0 2%a b 0 -3*a2 -2*ab -b2 0 3*a2*b b3;
a -b a2 -ab b2 a3 -a2*b a*b2 -b3 -a3*b -a*b3;

01 0a-2*b 0 a2 -2*ab 3*b2 a3 3*a*b2;
-1 0 -2*a b 0 -3*a2 2*ab -b2 0 3*a2*b b3;
a b a2 ab b2 a3 a2*b a*b2 b3 a3*b a*b3;

01 0 a 2*b 0 a2 2*ab 3*b2 a3 3*a*b2;

-1 0 -2*a -b 0 -3%a2 -2%*ab -b2 0 -3*a2*b -b3;

-a b a2 -ab b2 -a3 a2*b -a*b2 b3 -a3*b -a*b3;

01 0 -a 2*b 0 a2 -2*ab 3*b2 -a3 -3*a*b2;

0 -1 0 2*a -b 0 -3%a2 2*ab -b2 0 -3*a2*b -b3];

Cl=inv (C) ;
Ne=N*Cl;Nex=Nx*Cl;Ney=Ny*Cl;Nexx=Nxx*Cl;Neyy=Nyy*Cl;Nexy=Nxy*Cl;

(@)

O OO0 P OO+ O

global E A rho nuy h ... % Cac ma tran cung, khoi luong
%va can cua tam Piezo
Surf ... % Index cua cac phan tu be mat chua ap dien
Ex Ey
ep

i
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Elem ... % Index cua Node theo Phan tu
mP cP kP
function []=datain (filename)

%¥Doc so lieu ket cau tu file vao cac bien tong the
khai bao chung;

$fid = fopen(cat (2, filename,'.dat'),'r");
fid = fopen(cat(2,filename,'.txt'),'r");
if f£id<0
disp('Thieu file so lieu, chuong trinh khong the tiep tuc');
beep;
end;
temp = fscanf (fid, '%d %d %d %f $f $f Sf Sf', 7);
nElem = temp(1l);
nNode = temp(2);
nDof = temp(3);
E = temp (4);
nuy=temp (5) ;
rho = temp (6);
h = temp(7);
% Mang Dof : Ma bac tu do cua cac nut
for i=1:nNode
for 3=1:3
Dof (i,J)=(i-1)*3+7;
end;
end;
% Ma bac tu do can ve do thi
nh = fscanf (fid, '%d', 1):
nhist = fscanf (fid, '%d', nh);
nhist = nhist';
Coords = fscanf(fid, '%f', [2, nNodel]);
Coords = Coords'
Elem = fscanf (fid, '%d', [5, nElem]);
Elem = Elem';
Edof = zeros(nElem,13);
for i=l:nElem

Edof (i,1) = Elem(4i,1);

Edof (i,2) = Dof(Elem(i,2),1);
Edof (i,3) = Dof(Elem(i,2),2);
Edof (i,4) = Dof(Elem(i,2),3);
Edof (i,5) = Dof(Elem(4i,3),1);
Edof (i, 6) = Dof(Elem(i,3),2);
Edof (i, 7) = Dof(Elem(i,3),3);
Edof (i,8) = Dof(Elem(4i,4),1);



Edof (i,9) = Dof(Elem(i,4),2);
Edof(l 10) = Dof(Elem(i,4),3);
Edof (i,11) = Dof(Elem(i,5),1);
Edof (i,12) = Dof(Elem(i,5),2);
Edof (i,13) = Dof(Elem(i,5),3);
end
nb = fscanf (fid, '$d', 1);
b2 = fscanf (fid, '%d', [2, nb]l);
b2 = b2';

% Doc so lieu tai trong
temp = fscanf (fid, '%f', 1);
mP = temp(l);

fclose (fid) ;

function []=dataout (fname,dt,d0,varargin)
global nhist;

do = do';

[n,m] = size(d0);

fid = fopen (fname, 'wt+');

for j=l:length(nhist)
fprintf (fid, '$s%d\t','d',nhist (3));
end
fprintf (fid, '\n"'");
for i=1l:n
fprintf (£fid, "$e\t"', (i-1) *dt) ;
for j=1l:length(nhist)
fprintf (fid, '$e\t"',d0 (i,nhist (J)));
end
fprintf (fid, '\n");
end
u = min(d0, []1,1);
fprintf (fid, 'max value:\n'")
for i=l:length(nhist)

fprintf (fid, 'd%d=%e\n’',nhist (i), u(nhist (i)));

end

clear u;
fclose (fid) ;

t to=2.0
dt=deltat
t=(0:dt:t _to);

f = zeros(nDof, nt);%$f(13,1) = -pmax* (1-(t/tau));

for jl=1l:nt-1 % Chu trinh theo buoc thoi gian
K=zeros (nDof) ;M=zeros (nDof) ;

%C=CO0;
PO = zeros (nDof,1);
tl = t(j1);

% Cac ham dang phan tu tam chiu uon
[

Ne, Nex,Ney, Nexx,Neyy, Nexy]=platshape (Ex (imass, :),Ey(imass,

:)

X, Y) i
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% Tap hop cac ma tran M,K,C,P do tai trong co, dien gay ra
M=hs*m*Ne' *Ne;
C=hs*2*M*Ne';
K=hs*mP*Ne;
[K, Pt]=assem (Edof (imass, :),K,P0); %assemble [K]&[Pt]lat the
%same time
M=assem (Edof (imass, :), M) ;
C=assem (Edof (imass, :),CO0);
% Tao he phuong trinh cap nMode
mI=eye (nMode, nMode) ;Om2=zeros (nMode) ;
for imode=1:nMode
Om2 (imode, imode) =Omega?2 (imode) ;
end;
M=mI+Phi'*M*Phi;
C=Phi'*C*Phi; % Con thieu C cua ket cau, vao sau
K=0m2+Phi'*K*Phi;
P=Phi'*Pt;
% Tich phan so bang Newmark
At=Ms+gama*dt*Cstbeta* (dt"2) *Ks;
wO(:,jJl+1)=(At"-1) *(Ps-Cs*(V(:,]Jl)+(1l-gama) *dt*w0(:,31))
-Ks*(d0(:,31)+dt*V(:,J1)+(0.5-beta) *(dt"2)*w0 (:,31)));
V(:,31+1)=V(:,jl)+(1l-gama) *dt*w0 (:,jl1)+tgama*dt*w0 (:, j1+1);
d0(:,31+1)=d0(:,3L)+dt*V (:,31)+dt"2* (0.5~
beta) *w0(:, 1) +dt"2*beta*w0 (:, J1+1);
end %of for jl
P=Phi*P0,;V=Phi*V;W=Phi*w0;
global K M C; %Cac ma tran cung, khoi luong va can cua tam
datain2 ('TestpieMass'); % Tham so: ten tep du lieu dau vao
K=zeros (nDof) ; f=zeros (nDof, 1) ;
M=zeros (nDof) ;
h=0.0035;
ep=[h];ep2=[h rho];gz=-rho*9.81;
D=hooke (1,E, nuy);
[Ex,Ey]=coordxtr (Edof, Coords,Dof, 4);
for i=l:nElem
[Ke, fe]l=platere(Ex(i,:),Ey (i, :),ep,D,qz);
[K, f]=assem (Edof (i, :),K,Ke, £, fe);

Me=platrm(Ex(i,:),Ey (i, :),ep2);
M=assem (Edof (i, :),M,Me) ;
end;

[K]=loxodanhoi (K); % Goi ham mo ta lop (mieng) ap dien
bc=b2;b = b2 (:,1);

%a=solveq (K, £f,bc)
figure(l);clf;eldraw2?2 (Ex,Ey, [1,4,0],Edof (:,1));

hold off; echo off;

[La,Egv]=eigen (K, M, b);

Freg=sqrt (La)/ (2*pi);
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nMode=10;
FO=£;
% Tim ma tran tri nMode rieng bang pp Ritz
[Omega2, Phi]l=ritz (K,M, F0, nMode, b) ;
C = 0.05*K + 0.0*M;
[t,Q,V,W]=MovMassModeFun (nDof, nMode, OmegaZ2, Phi, Edof,Elem, Coords, mP
,nElem,Ex,Ey,C);
% ————- Plot time history for displacement:s —-—-—--—-————--—-————-
if length(nhist)>=2
figure(2),
set (0, 'DefaultAxesColorOrder', [0 O O], ...
'DefaultAxesLineStyleOrder', '-|-—-]:[-.");
plot(t,Q(nhist(1l),:),t,Q(nhist(2),:), 'LineWidth',2);
grid, xlabel('t(s)'), ylabel('Z(m)"');
title('Do vong');
legend ('Nut 32 ', 'Nut 18',2);

else
figure(2), plot(t,Q(nhist(1l),:), 'LineWidth',2);
grid, xlabel('t(s)'), ylabel('Z(m)"');
title('Do vong');
end
R e end --—-—--——--——-——--——-———————-
Qmax=max (abs (Q (nhist (1), :)))
echo off

return



