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CHUONG 1 GIGI THIEU

Chwong 1 gigi thiéu tong quan vé tinh hinh nghién ciwu, tinh cap thiét cua
d@ tai, muyc tiéu va hudng nghién ciru, phuong phap nghién ctru, y nghia khoa
hoc va tinh thyc tién, d6i twong va pham vi nghién ctru ciing nhu nhimng déng
gOp cua d¢é tai. Cudi chuwong trinh bay cau truc cua luan an dé nguoi doc dé theo
doi.
1.1 Toéng quan tinh hinh nghién ctru

Luan &n "Phét trién cac phuong phap sb nang cao cho bai toan tbi uu va chan
doan suc khoe két cau” nghién ciru va cai thién cac phuong phap sé cho chan
doan sirc khoe két cau va t6i wu hoa két cdu. Luan an nay dong gop vao viéc cai
tién cac phuong phap sé va mo rong kha nang ang dung trong linh vuc k§ thuat
két cAu.

1.1.1 Téi wu héa két ciu

Ti wu hoa két cdu 13 mot linh vuc nghién ciru quan trong trong k' thuat, tap
trung vao viéc cai thién hiéu suat va d6 bén cua cac két ciu. Cac phuong phap
t6i uu hoa khac nhau da duge dé xuat, bao gdm phuong phap mét budc va phuong
phap hai budc. Tuy nhién, cac phuong phap nay thudong yéu cau khdi luong tinh
toan 16n va c6 thé bi vuéng vao cac nghiém cuc bo. Bé khic phuc van dé nay,
céc thuat toan ti wu hoa khong dua trén dao ham da dwoc nghién ciu k§ ludng.
Mot trong nhitng thuét toan nhu vay la HDS (thuat toan lai thuyét tién hda khac
biét va tim kiém sinh vat cong sinh), da chang minh hiéu qua va dé 6n dinh trong
viéc t6i wu hoa kich thugc va hinh dang cua gian.a.

1.1.2 Chén dodn sirc khée két ciu

Chan doan suc khoe két ciu (SHM) 1a mot linh vuc nghién ciu quan
trong dé phét hién hu hong cua cac két ciu. Cac phuong phap hién co thudng yéu
cau dit liéu ddy du tir cac cam bién, nhung didu nay c6 thé tén kém va kho khan.



Dé giai quyét van dé nay, cac ky thuat giam bac mé hinh (MOR) da duoc phat
trién. Tuy nhién, cac phuong phap nay van con han ché va chua duoc ap dung
rong rai. Nghién ciru nay dé xuat mot phuong phap hai giai doan dua trén ti wu
hoa nghich dao vai cac cam bién han ché dé phét hién hu hong cua gian dya trén
chudi gia tc theo thoi gian.

1.1.3 Tém phén 16p chirc ning

Nghién ciru nay giéi thiéu phuong phap 1ap dua trén téi wu héa mé hinh
giam bac (1IRS) st dung phan tich dang hinh hoc (IGA) va ly thuyét tya 3D bdn
bién sb dé phan tich dong luc hoc cua tam vat liéu phan 16p chirc ning (FGM).
Phuong phap nay tdi uu hoa viéc lya chon cac bac ty do (DOF) chinh trong mé
hinh giam bac (ROM) bang thuat toan DE, tir d6 giam s6 luong tinh toan va cai
thién do chinh xac cua két qua. 1IRS bao toan cac tinh chat cua ma tran khéi
lugng, cho phép xac dinh chinh x&c cac tri riéng va vecto riéng bac cao. Bai toan
t6i vu héa ROM duoc dé xuit, tng xur theo thoi gian cia cac DOF chinh duoc
xir ly bing phuong phap Newmark, va cac DOF phu duoc suy ra tir d6, c6 tng
dung trong chan doan sirc khoe két cau (SHM).

1.2 Tinh cip thiét ciia luin an

Luan 4n nay trinh bay cac phuong phap sé méi dé tdi vu hoa va chan doan
sirc khoe két cdu. Cac thuat toan lai toi vu hoa hién dai va ly thuyét twa 3D bdn
bién duogc ap dung dé cai thién do chinh xé&c va hiéu qua. Nghién ctu nay dong
g6p quan trong vao viéc phat trién cac phuong phap sé nang cao cho bai toan ti

wu va chan doan sirc khoe két cau..



1.3 Muc tiéu va huwéong nghién ciru
1.3.1 Muc tiéu cvia ludn dan

Muc tiéu caa luan &n Ia nghién ciu va phat trién cac phuong phap tinh toan
tién tién dé giai quyét hiéu qua cac bai toan tdi uu va chan doan sirc khoe két cau
trong ky thuat.

1.3.2 Huwéng nghién ciru cia ludn dn

Nghién ciru nay dé xuat cac huéng nghién ciu quan trong dé nang cao hiéu
qua va do chinh xac cua cac phuong phap tdi wu héa két cdu va chan doan stic
khoe két ciu. Cac hudéng nghién ctu bao gdbm phat trién thuét toan téi uu hoa
ddng thoi, phuong phéap hai giai doan dé phat hién hu hong va téi wu hoa phuong
phap giam bac mé hinh cho cac tim phan 16p chirc nang. Nhitng huéng nghién
ctiru ndy s& gilp cai thién chat luong giai phap, nang cao toc do hoi tu va giam
thiéu chi phi tinh toan.

1.4 Phuong phap nghién ctru

Phuong phap nghién citu ctia luan an két hop giira ly thuyét va so sanh kiém
tra voi cac nghién ciru khac dé dam bao tinh chinh xac va kha thi cua cac két qua
dat duoc.

1.5 Y nghia khoa hoc va tinh thuec tién

Luan 4n nay mang tinh y nghia khoa hoc va thyc tién 16n trong viéc ti uu
hoa va chan doan stic khoe cua céc ciu trac. N6 dé cap dén viéc 4p dung céc
thuat toan t6i wu hoa khong dao ham va phuong phap giam bac mé hinh trong
viéc toi uu hoa két cdu va phat hién hu hong. Cac phuong phap duoc dé xuat co
thé duoc sir dung dé cai thién hiéu suit va do tin cay caa cac cAu trdc trong nhiéu
linh vyc cong nghiép.



1.6 P6i twong va pham vi nghién ctru

Luan &n nay tap trung vao viéc nghién ctru va phat trién cac phuong phap
s6 nang cao cho cé4c bai toan t6i wu hoa va chan doan stc khoe két cu, dic biét
V6i cac dbi twong gian, khung va tim phan 16p chirc ning.

1.7 Nhirng déng gop cia nghién ciru

Nhitng déng gép ctia nghién cau nay bao gdom phat trién phuong phép chan
doan strc khoe két cAu dya trén mé hinh giam bac mai, dé xuat chi s6 ning luong
bién dang da trén gia toc, phét trién cac phuwong phép téi wu hoa dé cai thién
hiéu suat va 6 bén cua cac két ciu, ap dung ly thuyét tya 3D va phan tich dang
hinh hoc dé mé hinh héa truong chuyén vi qua bé day caa tim, va két hop céc
phuong phap ti uu hoa tién tién voi cac cong cu phan tich sb hién dai dé nang
cao chat lugng va hiéu qua cua cac giai phap ky thuat.

1.8 Cau truc cia ludn an

Luan an c6 7 chuong



CHUONG2 COSOLY THUYET

2.1 Cac phuong phap t6i wu

2.1.1 Thudt todn thuyét tién héa lai khdc biét (Differential Evolution)
2.1.2 Thudt todn tim kiém sinh vit céng sinh (SOS)
2.1.3 Thudt toan dom dom — Firefly Algorithm (FA)
2.2 Cac phwong phap giam bac

2.2.1 Phuwong phdp Guyan

2.2.2 Xdp xi bdc nhit

2.2.3 Xap xi béc hai

2.2.4 Phuwong phdap Newmark beta

2.3 Két luan chwong 2

CHUONG 3 PHUONG PHAP TOI UU HOA MQT BUGC CHO CAU
TRUC LIEN KET, KiCH THUOC VA HINH DANG CUA GIAN SU
DUNG THUYET TIEN HOA LAI KHAC BIET VA TIM KIEM SINH
VAT CONG SINH

3.1 Pit van dé

Biéu thuc toan hoc [32, 39]



Cucti€u: Trong lugng (1, A, X :ZN:be )P AL (X)+ imj
e=1 j=1
C, :Kh4 thi clia gian |
C, R+S-T>0
C,, :det(K)>0
5o, (LA X)|/[6], -1<0;e=1,2,...,N
o™ (LA X)|/ o8 —1<0,v6i: o = (K, AE)/Lie=12,.,N

C, :P66n dinh dong hoc: {

Rangbudc:
5|0, (LAX)|/]6], -1<0;j=1.2,...,3
Co:[f] /i (LAX)-1<01=12,....L
C,:f, (LAX)/[f] -1<0u=12..U
A\e <A <SA™OX m'”<x <xmax

(3.1)

Can luu ¥ rang tat ca cac rang budc duogc trinh bay trong phuong trinh (3.1)
dugc xir ly bang ky thuat ham phat [151]. Theo do, bai toan téi wu héa bi rang
budc & trén cd thé duoc viét lai boi mot bai toan khéng rang bugc tuong Gmg nhur

sau:
A n€uC, bi vi pham,
. Aoty néuC,, <0,
Cuctiewf, = .. néuC,, <0, (3.2)
(1+ 511/)5Z weight (1, A, X), cdc trudng hgp con lai,
Vi
v=>max{0,C,. (I,AX)}, r=3+7, (3.3)
rl

Theo d6, d6 cirng va ma tran khéi lwong cua phan tir gian thi e lan luot dwoc

dua ra dudi day:



K.=(1,)" K, (3.4)

e

M, =(1,)"" M, (3.5)

e
V6i ki thuat néu trén, phuong phéap hién tai c6 thé giai quyét ba nhugc diém
t6n tai trong cac bai toan téi wu hoa cau trdc lién két nhu sau: (i) Khéng can tai
c4u tric md hinh PTHH vi cdu tric cua né dugc ¢b dinh trong quéa trinh téi wu
hoa; (i) Po on dinh s duge dam bao do tinh xac djnh duong cua ma tran do
ctirng va ma tran khéi lwong; va (iii) Do chinh xéac cua phan tich phan tir hiru han
(FEA) van dugc dat dugc do déng gop rat nho ciia cac phan tir va nat da bi xoa.
3.2 Thuyét tién héa lai khac biét va tim kiém sinh vt cong sinh [43]
3.3 Két luén chwong 3

CHUONG 4 MO HINH MO1 PHAT HIEN HU HONG HAI GIAI
POAN DUA TREN MO HINH GIAM BAC CHO GIAN SU DUNG GIA
TOC LICH SU THEO THOI GIAN

4.1 M hinh giam béc phan tich tuyén tinh két ciu theo lich sir thoi gian
Hé phuong trinh can bang dong c6 thé duoc biéu dién dudi dang sau [155]:
Mmm Mms L”Jm + Cmm Cms L.Jm + Kmm Kms Um _ Fm (t)
Msm MSS Us CSI’T'I CSS Us Ksm KSS US - FS (t) ,
4.2)
Phuong trinh (4.1) ciing c6 thé dwoc biéu dién bang cac ki thuat MOR [155]
nhu sau:
MU, +CrU, + KU =F¢ (1), (4.2)

phuong trinh (4.2) ¢d thé dé dang tim thay bang phuong phap Newmark- 3 [157].
Sau do, cac két qua tuong tng ciia cac DOF khong cam bién duoc suy ra bang
céch.



-1
(), == Bi+KIM (AA, +AA) | [B, +KIM  (AA, +AA) (),
(4.3)

4.2 Chi s6 ning lwrgng bién dang dua trén gia téc - Acceleration-based strain
energy indicator (ASEI)

Viéc xay ra hu hai cia mot phan tir cu thé ¢6 thé duoc canh bao bang chi sb
ASEI sau day:

Ae,d _ Ae,h

ASEI® = T > 0, phﬁntﬁ' hu héng
Ae,d _ 'E\e,h ’ (44)
ASEI® = ————<0, phin t& khdée manh
A®

4.3 Chan doan hw héng dya trén tdi wu héa nghich dio sir dung chudi gia
toc theo thoi gian.

Trong budc con lai cia phuong phap hai giai doan, muc d6 hu hong cua cac
phan tir nghi ngd duoc xac dinh trong bude dau tién bang cach giai mot bai toan
t6i wu héa nghich dao. Van dé nay cé thé duoc biéu dién toan hoc nhu sau:

=T 2
[G3G(X)]

(Gga)[a" (x)a(x)]| (45)
St : M_Ug +CoUg + K Up =R (1),
0<x <1, i=12,..,.d,

p

Min  :f(X)=-

trong do, f(X) 1a ham muc tiéu dong duoc dinh nghia tir tai liéu [72], va
X ={X, Xy, .0, X .-, Xq } 12 VeCtor chira d bién thiét ké véi

E-E
X =—t 4.6
= (456)

Dé giai quyét bai toan tdi vu trén, AHEFA duoc phét trién trude day trong
mot cong trinh cia Lieu va cong sy [159] duoc str dung nhur mét trinh ti wu hoa.
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4.3 Két luan chwong 4

CHUONG 5 TOI UU MO HINH GIAM BAC CHO PHAN TICH
PONG LUCT HQC CUA TAM PHAN LGP CHUC NANG BANG PHAN
TiCH PANG HINH HQC DUA TREN LY THUYET TUA 3D BON BIEN

5.1 Phan tich dong lyc hoc ciia tim phan 16p chire niing
5.1.1 Vit liéu phan I6p chirc nang
5.1.2 Dang yéu

Theo ly thuyét tua 3D bdn bién [113], cac sé hang chuyén vi tai mot vi tri
nhét dinh trén chiéu day tim c6 thé duoc biéu thi nhu sau

u(x,y,z,t)=uy (X, y,t)— 2wy, (X, y,t) + f (2)W (X, y,t)

V(X Y,2,t) =V, (X y,t)— zwgvy (xyt)+f (z)wgyy (x,y,t),-h/2<z<h/2,

WX, y,2,t) =g (X, ¥,1) + g (2)w; (x,¥t)

(5.1)

f(2) va g(z) md ta su phan bé cua luc cat ngang va wng suat trén chiéu day tam,
va chung dugc cho nhu sau:

7 Iz 287 1
f(z)==z-—=72*+ 2, 7)==1 (2), 5.2
Pon gian, bang cach dit g(z) = 0 trong phuong trinh trén, thi £(z)=0.
Dang yéu ciia tam FG duoc cho boi nguyén ly Hamilton [168] nhu sau
0=["(6U + oW — 5K )dt (5.3)
0 ' '

Dang yéu ciia nd c6 dang sau



o€,

§ o
J5uTm udxdy + I {6g, Ok, Ok, OF, D™ aly ok, Dk, |dxdy...
o o oK,

o€

=[a(x,y,zt)| oW + g(z)ow. |dxdy.
Q

) (5.4)
5.1.3 Ham co s6 NURBS
5.1.4 Phén tich ding hinh hoc

Trong IGA nay, trudng chuyén vi u cia phan tir thir e NURBS tai miat phang
bé mit cua tim dugc xap xi boi
u(&m)=2 3 N (&m)a, (5.5)
M0 hinh FE dé phén tich dong luc hoc ma khdng lam suy giam phan tir tam
FG dién hinh sir dung IGA dua trén Galerkin duoc biéu thi bing
M +Ku =F(t), (5.6)

trong d6 K va M lan luot 12 ma tran thir e vé do cing va khéi luong nhat quan.
Chung ¢6 dang sau

Bm
Bkl)1 T
K=[ >"7I{Br B B BP}D™: . t+(B}) DB} dxdy, (5.7)
Bll)?:
|
M = jQZj”;”NTmNdxdy , (5.8)
va vecto lyc theo thoi gian dugc tinh bang
F(O=[2"1{0 0 N, g(2)N,} a(xy,z,tyxdy, (5.9)
Q
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V6i didu kién 1a dao dong didu hoa duy nhat dugc xem xét, (i = -0 . Nhu
la dao dong tu do cua phan tir tim FG dién hinh ¢ thé dugc suy ra tir phuong
trinh M+ Ku=F(t), (5.6) nhu sau

(K-o’M)u=0, (5.10)

trong d6 w (rad/s) 1a tan sb tu nhién.

Luu ¥ rang phuong trinh (5.10) ¢6 thé dugc ma rong cho cac tam FG c6 hé
s6 can ty I chiu mot tai phu thudc vao thoi gian nhu sau

M+ Cu + Ku=F(t), (5.11)

trong d6 ma tran can C phan tu thir e duoc tinh theo can Rayleigh [79] nhur

C=oyM+o,.K, (5.12)
VoI
2
oy =AY g = 2 : (5.13)
w, + , ), + w,

trong d6 & 1a hé s giam chan va duoc gia dinh 1a 5% trong nghién ctiu nay; e,
(rad/s) va w, (rad/s) la hai tan s6 tu nhién tron dau tién ciing hudng véi ti trong
tac dung.
5.2 Hé thong giam béc cii tién 13p lai (1IRS)

O day, cach tiép can hé thdng giam thiéu cai tién (IRS) dugc tém tit ngin
gon. Sau khi ma tran do ciing va khéi lugng cua tirng phan tr NURBS duoc lap
rap trong hé, phuong trinh (5.14) ¢6 thé duoc sip xép nhu sau

Kmm Kms 2 IVlmm Mms um
e =0, (5.14)
Ksm Kss Msm Mss us
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"(G 2

m” tugng trung cho DOF chinh, trong khi chi $0 “s” mo ta

‘G 2

trong d6 chi sé duéi
DOF phu

ta dugc viét lai nhu sau
,1 _ k 1 k
u, =[—Kss K + K (Mg, + M ties ) (Migs ) K,Rs}um , (5.15)

k+1

phuong trinh (5.19) ngu ¥ rang u, =t'u_ voi

rgsl _K 1K + K (Msm + MsstrRS)(MrRS) KII(RS’ (516)

Luu y rang khi k = 0, cach tiép can trén tro thanh phuong phap Guyan [171],
tac 1a tg,,, =-KJIK,, . Voi k = 1, IRS tiéu chuan [172] dwoc &p dung. Tuy
nhién, d6 chinh xac cua nhimng truong hop nay van chua cao nhu Pastor va cong
su da chi ra [173]. Két qua la cai goi 1a IRS lip (IIRS) di dwoc dé xuat boi
Friswell va cong su [174, 175] dé nang cao do6 chinh xac cta nd. Trong ky thuat
cai tién nay, quy trinh trinh bay ¢ trén duoc thuc hién véi k > 2. Sau khi kiém tra

rat k§ ludng, qué trinh 13p lai ctia 1IRS két thic khi k dat 50 hogc [[this —tiks|| <1.

Guyan

Theo d6, hé can bang dong cua cac tim FG c6 hé sé can giam theo 1IRS

duoc cho nhu sau

MIIRSUm + CIIRSum + KIIRSum = FIIRS (t) ) (5.17)

trong d6 Murs va Kiirs dugc tinh la phuong trinh (5.40). Ngoai ra, ma tran can

va lyc vecto dugc tinh tuwong ng la

Cirs = M s + @ K s and Fpg = GERSF(t) , (5.18)

Luu y rang phuong phap Newmark-f [170] dugc sir dung dé giai hé rit gon
trén.
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5.3 T6i wu dua trén ROM
5.3.1 Pt vin dé

Nhu duoc chi ra bai Pastor va cong su [173], mot tuyén bd toan hoc chi tiét

hon dugc dua ra dudi day

(W-II:—MWIIRS (X))2
(WIMWFM )(WERS (X)Wirs (X)) |

(KIIRS _a)zMuRs)(DuRs =0, '

1
2| nm

argmax f (X)= " MAC,; +
X

St.:qc(X)=r,
X. el
(5.19)
VoI
o o . (X))
MAC, ; = (P P, (X)) , 0, j=1..,nm, (5.20)

(®F Py )(Phes ; (X)Pyes (X))
5.3.2 Thuyét tién héa lai khdc biét

5.4 Két luan chwong

CHUONG 6 VIiDUSO

Trong phan dau caa Chuong nay, cac vi du duoc trinh bay

13



6.1 T6i wu héa chu tric lién két va kich thuée
6.2 Toi wu héa céu tric lién két, kich thuéc va hinh dang

Gian phéng 11 thanh

360 in 360 in

4 5 10 6
=
1 7 1l =
3 4 8 9 =

¥
2 6
I x 2 3
¢mng: b Y1003 10

Hinh 6.1 CAu tric cua gian phang 11 thanh.

Hinh 6.1 md ta mot cau trac co ban caa mot gian phang 11 thanh. Céc nit 2
va 3 duoc gan bai hai tai doc. Dién tich tiét dién dwoc xem xét 1a céc bién lién
tuc va roi rac trong vi du ndy. Cu thé, chiing ¢ pham vi lién tuc tir 1 in? dén 30
in? vai mot budc nhay 1a 1 in?. M6 dun dan hoi E va trong luong riéng p va ang
suit cho phép [o] 1a 104 ksi, 0.1 Ib/in® va 25 ksi, trong (ng. T4t ca cac nut duoc
cho phép di chuyén theo huéng doc véi bién do 1a +2 in.

(a) Continuous size variables (b) Discrete size variables
Hinh 6.2 Téi uu cau tric lién két cua gian phang 11 thanh dat dugc boi
HDS.
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Hinh 6.14a va 6.14b mo ta cac tdi wu cAu trdc lién két cho bién lién tuc va
bién roi rac.

25000 1
15000 | 200001 |

so00d |
150001 1

100001 4

5000 1

2000 2500 3000 3500
f OFEs

(a) Continuous size variables (b) Discrete size variables
Hinh 6.3 Lich sir hoi tu cua trong luong va sé lan lap cua gian phang 11
thanh thu duogc boi HDS.

Bang 6.1 Két qua ti wu cua gian phang 11 thanh dat duoc bang cac

phuong phap khac nhau.
Bién thiét ké FA [33] HDS
Ai(in?)/ Y; (in) a a b
A 11.50 9.8674
As 2.88 3.1001
Ag 5.74 5.8908
As 11.50 11.7928 11
As 7.22 7.2161 6
Ao 13.50 125338 12
\7 — 465.2596 469.2831
Ys — 154.7547 153.6954
Yo — 629.3696 34.9287
Trong luong nhé nhét (Ib) 2705.16 2688.0806 2696.5754
S6 lan danh gia ham muc tiéu 50000 5023 3501
Trong luong lon nhat (kg) — 2939.5010 2957.9133
Trong lugng trung binh (Ib) — 2775.3930 2792.3198
D6 léch chuén (SD) — 83.9938 78.0303

15



Bién thiét ké FA[33] HDS

Ai(in?)/ Yj (in) a a b

Céu triic lién két kha thi 62 24 23
Smax (in) — -2.0000 -2.0000
oz (ksi) 10.3 -11.5084 -12.6102
o3 (ksi) 10.0 -9.7421 -9.7238
on (ksi) 19.1 18.5205 18.1694
o5 (ksi) 10.4 9.7699 9.6216
o5 (ksi) 10.2 -9.6917 -10.0115
s (ksi) 9.2 9.7360 9.3932

a: cho céc bién kich thwdc lién tuc

b: cho cac bién kich thudc roi rac
6.3 M6 hinh chin dodn hw héng hai giai doan dwa trén dua trén giam béc
mo hinh cho cac gian, vi kéo bang cach sir dung lich sir gia toc theo thoi gian

Bang 6.2 Kich ban hu hong cua cac vi du khao sat
Vin dé Kich ban Thanh (Ty s6 hu héng)

31-bar 1 1(0.25) - 7(0.3) - 21(0.4)
2 1(0.30) - 2(0.20) - 11(0.25) - 24(0.30) - 25(0.15)
3 4(0.25) - 5(0.35) - 8(0.30) - 11(0.20) -
12(0.25) - 25(0.15) - 26(0.30)
25-bar 1 3(0.20) - 11(0.40) - 13(0.30)
2 1(0.30) - 3(0.20) - 9(0.35) - 11(0.20) - 24(0.25)
120-bar 1 11(0.50) - 15(0.35)
2 15(0.25) - 21(0.40) - 49(0.25) - 59(0.30) - 114(0.30)
200-bar 1 195(0.50) - 197(0.25) - 200(0.35)
2 1(0.30) - 51(0.20) - 101(0.35) - 151(0.20) - 176(0.50) - 200(0.20)

Ty I& hu hong cia phan tir tuong tmg duoc dura ra trong ngodc don.
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Gian phing 31 thanh

10 12

11 17

13

27

20

25

26

28

29

30

31

1.52m

2 3 4 5 6 7
4 7/%;
6x 1.52m =9.12m

Hinh 6.4 M6 hinh gian phang 31 thanh.

Mot két cau gian phang 31 thanh nhu duoc miéu ta trong Hinh 6.4. Tat ca
céc thanh gian déu c6 cing mé dun dan hdi E = 70 GPa, trong lugng riéng vat
liéu p = 2770 kg/m? va dién tich tiét dién A; = 0.01 m2.

Céc tan s ty nhién dugc thu duoc bang phuong phap Guyan, phuong trinh
chudi Neumann bac mot (FNSE), chudi Neumann bac hai (SNSE) va mé hinh
day da (FM) duoc tém tit trong Bang 6.3.

Bang 6.3 So sanh tan s ty nhién cua gian 31 thanh thu dugc tir cac md hinh

khac nhau.

w Két qua tham khao [65] Nghién ciiu ndy

(rad/s) Guyan  NSEMR-Il FM Guyan FNSE SNSE FM

1 300.90 299.99  299.99 300.9015  299.9923  299.9922  299.9922
2 642.90 634.05  634.05 642.9009  634.0629  634.0452  634.0452
3 1015.46 973.19  973.18 1015.4632  973.6239  973.1887  973.1841
4 1365.62 1294.18  1294.07 1365.6234  1297.0067 1294.1842  1294.0688
5 1784.89 1606.18  1605.54 1784.8945 1615.4742  1606.1769  1605.5354
6 - - - 2002.4294 1830.2459  1809.1765  1806.4696
7 - - - 2298.6932  2091.9786  2056.2993  2049.1052
8 - - - 2329.6096 21955995 2161.8625 2151.7704
9 - - - 2857.0875 2627.5773 25250322  2449.4601
10 - - - 2901.2917  2640.8951  2574.4337  2556.7079
11 - - - 3162.0331 2964.0342  2867.2977  2759.3428
12 - - - 3625.0861  3300.5870  3060.4412  2768.8856
an - - - 20.4969 20.3643 20.3641 20.3641
ax - - - 1.0595e—4  1.0706e—4  1.0706e—4  1.0706e—4
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Time, &(s)

Hinh 6.5 Tai trong theo phwong duing tac dung cac nut 3 va 5 cua gian 31

thanh.

1000
0.03
50
002
500
001
= 250
 om E
g Z 0
Z —om £
A = o
1.02
500
-0.03
—750
0000 0025 0050 0.075 0100 0125 0150 0.7 0.200 0000 0025 0050 0075 0100 0125 0050 0175 0.200
1 Time, #(s)

Time, i(s)

(a) Chuyén vi, u,, (m) (b) Gia téc, U4y(m/sz)

Hinh 6.6 Céc &ng xt hdi phu thudc vao thoi gian theo phuong ding tai nit
4 cua gian 31 thanh.

200

—400

0.000 0.002 0.004 0.006 0.008 0.010
Time, #(s)

Hinh 6.7 Gia toc theo phuong diing tai ndt 4 cua gian 31 thanh véi t =0 +
0.01s.
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Biéu dd lich sir thoi gian dugc hién thi trong Hinh 6.5. Hinh 6.6(a) va Hinh
6.6(b) V& biéu do chuyén vi va gia toc tai n(t 4 trén truc y, tuong tng. Tuy nhién,
gia tbc duoc dat duoc boi ba md hinh giam béc trén trong [0, 0.01]s khac mot
chdt so véi duge dua ra boi FM nhu duoc hién thi trong Hinh 6.7. Nhu ¢6 thé
thdy tir Bang 6.4, SNSE dua ra gia tri nho nhét so véi cac phuong phap khac,
trong khi phuong phap Guyan cho két qua I6n nhat. Diéu nay chimng to rang
SNSE dua ra céac két qua chinh xac hon.

Bang 6.4 So sanh hai chi sé chuan duoc tinh bang cac DOF va MOR khéc

nhau cho gian 31 thanh

Chi sé chuin DOFs Guyan FNSE SNSE FM

||U|| 8DOFs 2.2711 1.9842 2.0336 0
12DOFs 2.0028 2.2301 1.8816
16DOFs 2.1060 1.6476 1.6657

||U|| 8DOFs  2.1240 2.0220 2.0389 0
12DOFs 2.1235 2.1233 1.9950
16DOFs 1.9887 1.8929 1.8857

. Suspocted cloments |5 -

—ASEL

B 01011121314 151617 18 192021 22 2324252627 282030 31
Member

)
123435678 0101112131415161718 192021222324 252627 25203031 1254567

(a) scenario (B) se

92021 222324252627 28 2030 31

Hinh 6.8 Céc phan tir cua gian 31 thanh bi hu hong dang ngd thu dugc
trong giai doan dau bang ASEI dugc dé xuét.
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Hinh 6.9 Két qua hu hong ciia gian 31 thanh thu dwoc trong giai doan thir
hai bang phuong phap AHEFA.

Tiép theo, dé cho thay tinh hiéu qua ctia phuong phép hai giai doan dua trén
SNSE so véi phuong phap mot giai doan dua trén mé hinh day du, truong hop
hu héng 1 dwoc trinh bay trong Bang 6.2 duoc st dung. Hinh 6.8(a) cho thiy cac
phan tir bi hu hong duge xac dinh trong giai doan dau tién bang ASEI dugc dé
Xuat. C6 thé thay rang sau khi giai doan dau tién hoan tat, chi cac phan tir 2, 6, 7,
9,10, 11, 16, 21, 22 va 24 dugc chan doan. Hinh 6.9(a) dai dién cho céc két qua
hu hong dat dugc trong budc thir hai. Thuat toan dé xuit chi yéu cau 2360 FEA
dé danh gia chinh xac mic d6 nghiém trong cua cac phan tir hu hong, trong khi
phuong phap kia can 8760 FEA dé dat dugc chan doan tuong ty nhu duoc thé
hién trong Bang 6.5 va Hinh 6.10. Nén luu ¥ rang s6 lwong bién thiét ké cua
phuong phap mét giai doan 1a 31, gp 3,1 lan s6 lugng ciia phuong phap hai giai
doan. D& hién thij rd hon, lich sir hoi tu dugc thu thap tir cac truedng hop trén duoc
biéu d6 hda trong Hinh 6.11.

Bang 6.5 Két qua chan doan hu hong cua gian 31 thanh d6i vé6i trudng hop

1 theo phuong phap mot giai doan va hai giai doan
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Ca Mem Phuong phap 1 giai Phuong phap 2 giai Phuong phap 2 giai

se  ber doan,p=1-05 doan,p=1—10.5 doan,p=1
Best SD NoF Best SD NoF Best SD NoF
EA EA EA
1 7 0.25 1.6347 8760 0.25 3.3676 2360 0.25 3.5477 2700
11 00 e—5 00 e—6 00 e—6
21 0.30 7.8915 0.30 5.8886 0.30 7.1203
00 e—5 00 e—6 00 e—6
0.40 1.0406 0.40 3.8572 0.40 4.6791
00 e—6 00 e—6 00 e—6

0.800
- " : - Lestage: foo
04 —_ 0.8257 — 2stage: fuet
- 0.850
£03
5 0875
i:.HJ é—[“l““
01 S_po2s5
0.950 .
012345678 9101112131415 18192021 222324 252627252930 31 ",
Me 0.975 s
, S
Hinh 6.10 Két qua hu hong cua gian 31 0 2000 1000 6000 000

Number of FEAs

thanh cho truong hop 1 thu duoc bang
Hinh 6.11 Lich sir hoi tu cua gian 31

thanh cho truong hgp 1 dugc thu dugc

phuong phap mot giai doan st dung

AHEFA. .
bang hai phuong phap khac nhau st

dung AHEFA.

Bang 6.6 So sanh két qua chan doan hu hong cua gian 31 thanh thu duoc
bang céc trinh téi uu hoa khac nhau ma khong xét nhiéu.

Case Member TLBO DE AHEFA
Best SD NOFEA Best sD NoFEA Best sD NoFEA
1 7 0.2500 1.2520e-7 40 020 0.2500 3.2608¢-6 5580 0.2500 3.3676e—6 2360
11 0.3000 2.2291e-7 0.3000 2.4614e—6 0.3000 5.8886e—6
21 0.4000 1.6020e-7 0.4000 2.7237e—6 0.4000 3.8572e-6
2 1 0.3000 5.1012¢-5 40 020 0.3000 1.1475¢-5 8240 0.3000 1.8667¢—5 3840
2 0.2000 1.5417e-6 0.2000 2.0084e—5 0.1999 4.6694e—5
11 0.2500 3.2152e-6 0.2500 5.3338¢6 0.2500 8.2023¢-6
24 0.3000 2.7414e—6 0.3000 5.0142¢-6 0.3000 9.6868e—6
25 0.1500 1.4264e-5 0.1500 2.5625¢—5 0.1499 6.1439¢-5
3 4 0.2500 6.3774e—5 40 020 0.2500 2.9924e-5 11420 0.2500 2.6717e—4 7060
5 0.3500 5.5229¢-5 0.3500 2.2500e—5 0.3500 1.8107¢—4
8 0.3000 3.3653¢5 0.3000 6.1388¢—6 0.3000 1.4017e—5
11 0.2000 3.1824e-5 0.2000 3.3590e-6 0.2000 1.3363¢—5
12 0.2500 1.7022¢-5 0.2500 5.6072¢—5 0.2500 1.2580e—5
25 0.1501 3.0590e—4 0.1500 5.6072¢—5 0.1501 9.9175¢—5
26 0.3000 2.5481e—4 0.3000 3.5835¢—5 0.3000 5.5774¢—6
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Bang 6.6 tom tat két qua da su ¢ cho lan chay t6t nhat va két qua thong ké.
Nhu d3 tim thay, tat ca cac thuat toan déu co thé chan doan chinh xéac vi tri va
murc d6 hu hong cho tat ca cac truong hop. Tuy nhién, AHEFA dua ra giai phap
tt nhat vai sé lugng FEAS thip nhat trong tat ca cac kich ban duoc nghién cuu.
Hinh 6.8(b) va Hinh 6.8(c) cho thay cac phan tir bi hu hong nghi ngd dugc xac
dinh trong giai doan dau bang ASEI dugc dé xuat cho truong hop 2 va 3, twong
mg. Sau khi hoan thanh giai doan dau, chi c6 cac phantu 1, 2, 4, 6,7, 8, 11, 14,
16, 21, 23, 24, 25, 26 va 30 duoc chan doan trong trudng hop 2. Pdi voi truong
hop 3, chi ¢ cac phén te1,2,3,4,5,8,10,11, 12, 15, 20, 25, 26, 29 va 31 duogc
nhan dién va phuc vu 1am bién thiét ké cho giai doan tht hai. Hinh 6.9(b) va Hinh
6.9(c) dai dién cho céc két qua hu hong dat dugc trong giai doan tht hai cho
truong hop 2 va 3, tuong tmg. Nhu dy doan, vi tri va mic do hu hong cua cac
phan tir dugc danh gia chinh xac. Hinh 6.12 cho thay lich sir hoi tu cta ba kich
ban trén dugc thu dugc bang cac bo ti wu hoa khac nhau.

Ohbjective Objective

00825 -
TLBO 0951 s TLBO
----- DE

—— AHEFA

—0.9850 ——- DE

0.9875

—0.9900 007

—0.9925
—0.98
0.9950

23 = | 0.99

0.9975

—1.0000 — =1.00

0 25000 30000 35000 40000 0
1} of FEAs

00 25000 30000 35000 40000
f FEAs
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Objective
0.988 1

-~ TLBO
----- DE
—— AHEFA

—0.9904 :

—0.9924

—0.9944

—0.996 4

0.9981

—1.000

0 S000 10000 15000 20000 25000 30000 35000 40000
Number of FEAs

(€) Scenario 3

Hinh 6.12 Lich sir hoi tu cta gian 31 thanh thu duoc bang cac thuat toan

tdi wu hoa khac nhau.

Bay gio, hiéu qua caa ham muyc tiéu méi duoc thém vao véi tham sb phat
dong trong viéc dua ra cac giai phap chit lugng cao hon va toc do hoi tu tt hon
s0 véi ham muc tiéu gbc trong truong hop p = 1 [49] dugc ching minh. Nhu
dugc chi ra trong Bang 6.5, cac két qua twong tu dugc dat duoc. Tuy nhién, ham
muc tiéu dé xuit chi can 2360 FEAEs, it hon 2700 FEAs so véi ham muc tiéu gbc.
Diéu nay c6 nghia la chi phi tinh toan ciing dugc tiét kiém.

Tuy nhién, trong truong hop sir dung mot s6 diém do rat nho dé tinh toan
ham muc tiéu, do chinh xac cua viéc xac dinh pham vi hu hong théng qua bai
toan t6i uu nghich dao c6 thé bi giam. Do d6, ching can dugc kiém tra rat ky.
Hinh 6.13 va Hinh 6.14 cho thay cac két qua dwoc dat dugc boi phuong phap
hién tai cho giai doan 1 va giai doan 2, tuong ung. Nho vao dir liéu nhiéu, cac
phan tir bi nghi ngo dugc xac dinh trong giai doan dau tién bi thay di mét chut.
Hon nita, phuong phap hién tai yéu cau sé luong FEA nhiéu hon dé dat duoc mot
giai phap téi wu tot nhu cac giai phap dwoc tém tit trong Bang 3.35.7. Nhu duoc
hién thi trong cac hinh trén, phuong phap hién tai van xac dinh dugc vi tri va
pham vi hu hong caa cac phan tir véi chi mot sé diém do it hon. Chua y rang s6
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lwong diém do bang cam bién va vi tri caa ching ciing anh hudng dang ké dén
d6 chinh xéac ciia mé hinh giam bac, thong tin nay nén duoc lya chon can than.

06
wetesd elements | 054
05
04
n.
— =03
0 ]
02
[N}
) I| |‘ I
n [
7 1:1_-.‘:: 20331 1

5 91001121314 516171819

(a) s

Hinh 6.13 Cac phan tir caa gian 31 thanh bi hu hong dédng ngo thu duoc
trong giai doan dau bang ASEI duoc dé xuét véi nhidu.

o
012345678 01011121314151617 18192021 22932425227 282030 31
ber

(b) Scenario 2

- e
— 50

Hinh 6.14 Két qua hu hong ctia khung 31 thanh thu duge trong giai doan
thir hai bang phuong phap AHEFA véi nhiéu.
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Bang 3.35.7 Két qua chin doan hu hong cua gian 31 thanh do AHEFA thu
dugc ¢ nhiéu.

Case Member Best SD NoFEAs
1 7 0.2471 1.6133e-5 3880
9 0.0183 1.6133e-5
11 0.3006 4.1285e—6
21 0.3981 2.7871e—6
22 0.0045 4.4092¢—8
2 1 0.3145 1.9568e—5 5120
2 0.1844 1.0935e—4
8 0.0167 2.1441e-5
11 0.2456 7.0763e—6
14 0.0197 1.7922e-5
16 0.0105 2.5081e—5
23 0.0310 2.9321e-5
24 0.2964 1.2544e-5
25 0.1034 5.2689¢—5
3 4 0.2944 2.4535e-3 15720
5 0.3204 4.6730e—4
8 0.3012 5.0495¢—4
11 0.2001 9.4958¢—4
12 0.2326 9.6300e—4
15 0.0267 1.1280e—-3
25 0.2375 2.7242e—4
26 0.3297 4.4028e—-3
29 0.0046 1.6498e—3

6.4 Tbiuwu mo hinh giam béc cho phén tich djng luc hoc clia tAm phan l6p
chirc ndng bang phan tich dang hinh hoc dua trén ly thuyét twa 3D bon bién

6.4.1 Kiém tra
6.4.1.1 Dao dong ty do

Dic tinh vat liéu duogc trinh bay trong Bang 6.8. Bé so sanh, Bang 6.9 béo
c4o tin sb dau tién dwoc chudn héa @, = @N\/ P, /Enew thu duoc bing cac ly
thuyét khac nhau va cdng viéc hién tai véi a/h=>5 véi chi sb cong suat khac nhau
1a k;. C4 thé thay rang mot ludi ddng nhat gdm 7x7 phan tir NURBS 1a du dé dat
duoc dd chinh xac cao.

Bang 6.8 Thudc tinh cua tim FGM
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Thamsé Al (kim loai) ZrO-1 (gbm)

E(GPa) 70 200
v 03 0.3
p (kg/m3) 2702 5700

Bang 6.9 Tan s6 dau tién dugc chuan hda @, = N\ Pye ! Epery  ClIA SSSS

Al/ZrO, -1 cta tim véi a/h=5

Phuong phap &z Mesh k=0 k;=0.5 k;=1 k=2 k=3 k=5 k=10

Exact [180] - - - 0.2192 0.2197 0.2211 0.2225 -
HOSNDPT [181] - - - 0.2152 0.2153 0.2172 0.2194 -
SSDT [83] =0 - - 0.2184 0.2189 0.2202 0.2215 -
SSDT [83] #0 - - 0.2193 0.2198 0.2212 0.2225 -
HSDT [84] =0 0.2459 0.2219 0.2184 0.2191 0.2206 0.2220 0.2219
HSDT [84] #0 0.2469 0.2228 0.2193 0.2200 0.2215 0.2230 0.2229
Quasi-3D [114] #0 0.2472 0.2241 0.2208 0.2215 0.2228 0.2238 0.2227

1
o

Nghién ctu nay 5x5 0.2460 0.2222 0.2185 0.2189 0.2203 0.2216 0.2212
7x7  0.2460 0.2221 0.2185 0.2189 0.2203 0.2216 0.2212
9x9  0.2459 0.2221 0.2184 0.2189 0.2203 0.2216 0.2212
11x11 0.2459 0.2221 0.2184 0.2189 0.2203 0.2216 0.2212
13x13 0.2459 0.2221 0.2184 0.2189 0.2203 0.2216 0.2212
#0 5x5 0.2498 0.2263 0.2228 0.2231 0.2241 0.2250 0.2243
7X7  0.2498 0.2263 0.2228 0.2231 0.2241 0.2250 0.2243
9x9  0.2497 0.2263 0.2228 0.2231 0.2241 0.2250 0.2243
11x11 0.2497 0.2263 0.2228 0.2231 0.2241 0.2250 0.2243

13x13 0.2497 0.2263 0.2228 0.2231 0.2241 0.2250 0.2243

26



Bang 6.10 Mudi tan s6 dau tién dwoc chuan hoa @, = o,hy/pye ! E

metal

caa SSSS Al/ZrO, -1 cta tim véi k; = 1 va cac gia tri khac nhau a/h =5

Phuong
a/h phap &2 Mode
1 2,3 4 5 6 7 8 9 10
5 Exact[180] - 0.2192 - - - - - - - -
HOSNDPT
[181] - 0.2152 0.4114 0.4761 0.4761 0.5820 0.6914 0.8192 0.8217 0.8242
Quasi-3D
[114] #0 0.2208 0.4119 0.4856 0.4856 0.5825 0.7049 0.8238 0.8238 0.8346
Nghién ctru
nay =0 0.2185 0.4116 0.4796 0.4796 0.5821 0.6953 0.8233 0.8233 0.8241
#0 0.2228 0.4116 0.4918 0.4918 0.5821 0.7151 0.8233 0.8233 0.8489
10 Exact[180] - 0.0596 - - - - - - - -
HOSNDPT
[181] - 0.0584 0.1410 0.2058 0.2058 0.2164 0.2646 0.2677 0.2913 0.3264
SSDT [83] =0 0.0596 0.1426 0.2058 0.2058 0.2193 0.2676 0.2676 0.2910 0.3363
HSDT [84] #0 0.0596 0.1426 0.2059 0.2059 0.2193 0.2676 0.2676 0.2912 0.3364
Quasi-3D
[114] #0 0.0601 0.1436 0.2059 0.2059 0.2208 0.2694 0.2694 0.2913 0.3384
Nghién ctru
nay =0 0.0595 0.1422 0.2058 0.2058 0.2185 0.2670 0.2670 0.2911 0.3350
#0 0.0605 0.1455 0.2058 0.2058 0.2244 0.2749 0.2749 0.2911 0.3459
20 Exact[180] - 0.0153 - - - - - - - -
HOSNDPT
[181] - 0.0149 0.0377 0.0593 0.0747 0.0747 0.0769 0.0912 0.0913 0.1029
SSDT [83] =0 0.0153 0.0377 0.0596 0.0739 0.0739 0.0950 0.0950 0.1029 0.1029
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Phuong

a/h phap &2 Mode
1 2,3 4 5 6 7 8 9 10

HSDT [84] #0 0.0153 0.0377 0.0596 0.0739 0.0739 0.0950 0.0950 0.1030 0.1030
Quasi-3D
[114] #0 0.0154 0.0380 0.0601 0.0745 0.0745 0.0957 0.0957 0.1030 0.1030
Nghién ctru
nay =0 0.0153 0.0377 0.0595 0.0740 0.0740 0.0950 0.0950 0.1029 0.1029

#0 0.0155 0.0383 0.0606 0.0755 0.0755 0.0970 0.0970 0.1029 0.1029

Bang 6.11 So sanh mudi tan s dau tién dwoc chuan hda @, ma FM va

IIRS thu dwgc ma khéng tdi vu hoa.

Phuong —
phap Case ¢ @i
1 2 3 4 5 6 7 8 9 10
Full IGA LI;OC())F =0 1.7864 3.9258 3.9681 4.7746 5.5133 5.5133 5.7437 6.7736 6.9186 7.5495
#0 1.8116 4.0398 4.0398 4.7746 5.8477 5.8477 5.9151 7.0451 7.0451 7.5495
IRS-cin 32  _
ot IGA DOF =0 1.7793 3.9194 3.9194 5.7037 6.7484 6.7563 8.1939 8.1939 9.9916 9.9916
#0 1.8119 4.0445 4.0445 5.9345 7.0543 7.0607 8.6047 8.6047 10.5458 10.5458
6D40F =0 1.7793 3.9194 3.9194 4.7870 5.5463 5.5463 5.7037 6.7484 6.7563 7.6765
#0 1.8119 4.0445 4.0445 4.7867 5.8852 5.8852 5.9345 7.0543 7.0607 7.6385

Bang 6.12 So sanh mudi tan sé dau tién dwoc chuan hoa

@, = ON Pt | Eper ©1& SSSS Al/ZrO, — 1 tim ¢6 k, = 1 va a/h = 5 thu dugc

bang phuong phap FM va IIRS c6 va khong co tdi wu
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Phuong phdp  Mode

1 2 3 4 5 6 7 8 9 10

Diy duIGA  0.2228 0.4116 0.4116 0.4918 0.4918 0.5821 0.7151 0.8233 0.8233 0.8489

IIRS-céan ctr
IGA khong thi  0.2228 0.4116 0.4116 0.4918 0.4918 0.5823 0.7155 0.8233 0.824 0.8502
uu

Sai s6 (%) 0.0000 0.001 0.001 0.0061 0.0061 0.0352 0.0489 0.0055 0.0922 0.148

IIRS-qén cu
IGA toi uu

Sai s6 (%) 0.0021 0.013 0.0336 0.0391 0.1442 0.0967 0.1326 0.0505 0.2129 0.0951

0.2228 0.4117 0.4118 0.492 0.4925 0.5827 0.7161 0.8237 0.825 0.8497

Bang 6.13 DOF chinh tuong @ng Véi cac diém kiém soét cia tim FG duoc

DE ti uu
DOFs S6 diém diéu khién
Uo 21,22, 24, 27, 28, 34, 45, 50, 52, 61, 66, 73, 76, 85
Vo 5,12, 19, 26, 27, 35, 36, 37, 49, 72, 75, 77, 89, 94, 96
W, 14, 15, 24, 25, 27, 33, 43, 55, 59, 63, 77, 82, 85, 87, 89
WS 12, 25, 28, 32, 36, 39, 42, 48, 49, 55, 56, 57, 62, 73, 74, 78, 82
87, 88, 89
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6.4.1.2 Phan tich dong luc hoc
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Hinh 6.15 Diéu kién bién, hinh hoc va tai trong tac dung ttc thoi caa tim vuong
[182]

MGt thm vudng vaéi diéu kién bién, hinh dang va tai trong q(t) =10N / cm?
duoc gén tai tc thoi 18n bé mat trén caa tim (z = h/2) nhu duoc hién thi trong
Hinh 6.15 da duoc xem xét dé xac nhan do tin cay cua phuong phap phan tich
IGA day du dya trén ly thuyét tim 4 bién s dé phan tich tng xt dong luc hoc
cuia tim ma khdng cé sy giam chin. Két ciu tim nay da dwoc nghién ctru trudc
d6 boi Reddy [182] st dung céc phan ti chin nat hinh chit nhat ding tham sb
trong phuong phap phan tir hiru han (FEM) tiéu chuan dua trén ly thuyét tim day.
Ludi phan tir va cac diém diéu khién cia mé hinh tim duoc hién thi trong Hinh
6.16. Dé so sanh, cac do vong & trung tdm thu dugc boi nghién ctu hién tai va
Reddy [182] v&i cac budc thoi gian khac nhau cua AT =2, 5, 10 va 20 psec dugc
V& trong cac Hinh 6.17 va 6.18 véi ¢; = 0 va ¢; # 0, twong tng. RS rang, két qua
dat dugc Véi e = 0 rat giéng véi céc giai phap tham khao, trong khi két qua thu
duogc trong truong hop cia ¢ # 0 do hiéu tng kéo dan thuong nhé hon so véi
truong hop cua €; = 0 cho tat ca cac budc thoi gian khac nhau.
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Hinh 6.16 Lu6i phan tir va cac diém diéu khién caa tim vuéng

Center deflection, w x 10

0
U 20 40 60 80 100 120 140 160 150 200 220
Time, ¢ (usec)

(8) AT = 2 pusec

%1077 (em)

— Rl IGA
Redy [s9]

—Full IGA
Reddy [59]

0 ]
0 20 40 60 50 100 120 140 160 150 200 220 0 20 @ 60 8 100 160 150 200 220
T )

ime, ¢ (pser)

(¢) AT = 10 psec (d) AT =
Hinh 6.17 So sanh chuyén vi tai tdm cua tim vudng thu duoc bai IGA day

du véi € = 0 cho cac budc thoi gian khac nhau
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(a) €z = 0 with 32 master DOFs (b) €2 # 0 with 32 master DOFs

8 5 ~~/ . £ K75 - o
10 Wode Mde 10 Mode

Mo
(¢) € = 0 with 64 master DOFs (d) €. # 0 with 64 master DOFs

Hinh 6.18 Ma tran MAC cua tim vudng thu dwoc bang IGA dua trén IIRS

ma khdng can tdi wu hoa.

18 15
Va “ P
/ \ / S
/ N Vs
/ \
/ s, /
/ \. /
/ N 7 Y
i A /
/ A /
-'." "i
i /
s 7
/ /
/ /
s / e Full IGA / ———-Full IGA
2 - - - IIRS-based IGA S/ - - - TIRS-based IGA
0 b ol
0 20 40 60 80 100 120 14D 160 150 200 220 0 20 40 60 80 100 120 140 160 150 200 220
Time, ¢ (sec) ‘Time, ¢ (pscc)
(a) AT = 2 psec (b) AT =5 psec
18
TN TN
g N / \
.’/ \ d N
/ \ / )
\ \
e \ / \
\ / y
/ 5 / N\
/ \ / \
/ A / \
/ l‘
I3 /
l’ l"
ﬂ,‘ ."
/ —oeeee Full TGA 2 — Full IGA
/ - - - TIRS-based IGA T 7 - - - lRS-based 1GA
o bt 0
0 20 40 60 S0 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220
Time, ¢ (psec) Time, ¢ (jisec)
(¢) AT = 10 psec (d) AT = 20 psee

Hinh 6.19 So séanh chuyén vi tai tdm cua tim vudng thu duoc tir IGA duwa
trén 1IRS trén 64 DOF chinh ma khang t6i wu hoa véi €, # 0 cho cac budc thoi

gian khac nhau
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(a) Without optimization (b) With optimization

Hinh 6.20 Ma tran MAC cua tim FG thu dugc tir IGA dua trén 1IRS ¢ va

khéng c6 ti uru.

6.4.2 Téi wu mo hinh giam bdc cho phdn tich djng lirc hoc ciia tim phan lép
chirc nang bang phdn tich dang hinh hoc dwa trén ly thuyét twa 3d bon bién
Bang 6.12 bao cao mudi tan s6 dau tién dwoc chuan hda @ thu dugc bang
phuong phap IGA day du va phuong phap IGA dya trén 1IRS khong qua téi uu
cho k=1 dugc coi 13 mot kiém tra dién hinh ma khong mat di tinh tong quét caa
phuong phap dé xuét. Trong do, cac bac ty do chinh duoc sir dung dé xay dung
ROM bao gdm tat ca c4c bién s6 chwa biét cua U,,V,, W, va W, dugc dinh nghia
tai cac diém diéu khién nhu da chon trong vi du truéc, tic 1A
{34,35,36,37,44,45,46,47,54,55,56,57,64,65,67,68}. Tuong ang, téng sb bac tu
do 12 64. C6 thé thay tir bang trén, két qua thu dwoc bing ROM pha hop tét véi
nhitng két qua cua FM. Hé sé cua ma train MAC thu duogc cho trudng hop trén
dugc v& trong Hinh 6.20. C6 thé thiy rang ddi voi cac bac tu do chinh dugc chon
ma khéng qua t6i wu hoa, sy tuong quan cta cac dang dao dong rat kém. Thuc
sw, chi c6 gia tri dau tién trén duong chéo bang 1, trong khi nhiing gia tri con lai
hau nhu khéc 1. Hon nita, c4c s6 hang nam ngoai dwong chéo ciia ma tran MAC
khong tién vé khong. Do vong tai tim tim thu duoc khong c6 hiéu ang giam chan
duogc V& trong Hinh 6.21a. C6 thé thay rang két qua cung cip bai IGA dua trén
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IIRS khong qua tbi uu phu hop tét véi nhitng mé hinh IGA diy du. Can luu y
rang, céc lich sir do vong theo thoi gian xem xét xu huéng giam bién do dao dong
cua hé mot cach dan dan va don diéu.
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Hinh 6.21 Chuyén vj tai tim ciia tim FG thu dugc tir FM va IGA duya trén
IIRS cho 64 DOF chinh va AT = 20 psec c6 va khong c6 tdi uu.

Bang 6.12 b&o c&o cac bac ty do chinh lién quan dén cac diém diéu khién
dugc tim thdy trong qué trinh t6i wu. Tuong wng, hé sb cia ma train MAC duoc
hién thi trong Hinh 6.20b. C6 thé quan sat rang trueong hop ndy dan dén sy tuong
quan tét hon so véi trudng hop trudce, ngay ca ddi véi cac dang dao dong bac cao.
Muoi tan s6 dau tién dugc chuan héa @ dat dwoc véi cac bac ty do chinh tdi wu
duoc cung cap trong

Bang 6.12. Hon nita, nhu di tim thay, céc két qua thu dugc ciing phu hop
t6t véi nhitng két qua cia mé hinh IGA day du. Miac du chiing c¢6 d6 chinh xac
hoi thip hon so véi nhitng két qua cung cp bai IGA dua trén IIRS khong qua
t1 wu hoa, su tuong quan trong ma tran MAC thu dugc dua trén td1 wu hoa IIRS
lai cao hon nhiéu. Pidu nay 1a do viéc thiét 1ap mot su can bang tét hon gitra
vecto riéng va tri riéng duoc thiét 1ap cho ham muc tiéu nhu dugc dinh nghia
trong phuong trinh (5.23). Tuy nhién, can nhan manh rang trong nhiéu van dé

lién quan dén phét hién hu hong dwa trén cac dic trung dao dong tu do, vecto
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riéng thuong nhay cam hon nhiéu so véi tri riéng. D6 vong tai tAm tim thu dwoc
trong cac trudng hop nay duoc hién thi trong Hinh 6.21b. R6 rang la két qua pha
hop tét véi nhitng két qua cia FM nhu mong doi. Cubi cung, lich st hoi tu cua
qua trinh t6i wu hoa cho tdm FG dat duoc bai DE dugc cung cip trong

Hinh 6.22. C6 thé thiy rang ham muc tiéu hoi tu va gia tri cua né dat dén 1.
Nhitng két qua nay c6 thé phuc vu nhu nhitng van dé& chuan muc dé so sanh voi
cac cong trinh nghién ctru khac trong tuong lai, dac biét la trong viéc sur dung cac
ROM dua trén ti wu héa cho phan tich chuyén tiép cia tim FG.

1

Objective
o o
o o
g 3

e
o
&

094+ |

0.93 o

0.92 . . '
0 500 1000 1500 2000
Number of FEAs

Hinh 6.22 Lich sir hoi tu caa qua trinh t6i wu tim FG véi 64 DOF chinh
thu duoc boi DE

CHUONG 7 KET LUAN VA KIEN NGHI
7.1 Két luan
7.1.1 Phwong phdp t6i wu héa mdt budc cho céu triic lién két, kich thudc va
hinh dang cua gian sw dung thuyét tién hoa lai khdc biét va tim kiém sinh vt
cong sinh

Nghién ciru nay trinh bay mot phuong phap tdi wu hoa dong thoi cau tric
lién két, kich thuéc va hinh dang ciia gian sir dung thuat toan HDS. CAc rang
budc vé tinh én dinh dong hoc, wng suat, bién dang, tan sé tu nhién va tai trong
mét 6n dinh Euler dwoc gan dé tim ra trong luong gian téi thiéu. Cac bién kich
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thudc lién tuc va/hodc roi rac duoc thiét 1ap cho dién tich mat cit ngang cua cac
thanh gian, trong khi cac toa d6 niit dugc xtr Iy nhu cac bién hinh dang lién tuc.
Két qua nghién ciu cho thay phuong phap dé xuit cé thé cho ra trong luong téi
wu canh tranh véi cau trdc lién két va hinh dang thich hop so véi nhiéu thuat toan
tién tién khéc.
1.1.2 M6 hinh méi phdt hi¢n hw hong hai giai dogn dwa trén mé hinh giaim
bdc cho gian sir dung gia toc lich sir theo thoi gian

Mot phuong phap chan doan hu hong hai giai doan dya trén sir dung gia toc
thoi gian da dwoc phét trién thanh cong cho gian. Phuong phap nay sir dung mot
chi s6 ning luong bién dang duya trén gia toc (ASEI) dé xac dinh so bd cac phan
ttr bi hu hong tiém ning nhat, sau do sir dung thuat toan AHEFA dé xac dinh vi
tri va mirc d6 hu hong cua cac phan tir bang cach cuc tiéu mot ham muc tiéu mai.
Két qua dat duoc cho thiy phuong phap d& xuit cé thé chan doan vi tri va mirc
d6 hu hong da dang trén cac ciu tric gian mot cach chinh xac va dang tin cay
bang cach st dung gia toc chudi thoi gian duoc thu thap khong ddy dua tai mot s6
cam bién..
7.1.3 Toi wu mé hinh gidm bgc cho phén tich dgng lyc hoc ciia tim phin l6p
chirc nang bang phdn tich dang hinh hoc dwa trén ly thuyét twa 3D bon bién

Phuong phap t&i vu MOR sir dung IGA va ly thuyét tim tya 3D bén bién sb
d3 duoc phét trién thanh cong. Phuong phap nay dinh nghia cac bac tu do chinh
tai cac diém diéu khién trong khuén khd IGA va téi uu chiing bang DE. Ly thuyét
tam tya 3D bdn bién sb gilp giam sé lwong bac tu do chinh va bién thiét ké.
Phuong phép nay cho thiy d¢ tin cay va d¢ chinh xéac so véi két qua cia FM.
Phuong phép nay c6 kha nang ung dung trong linh vuc giam sat suc khoe két cau
(SHM).
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7.2 Kién nghi

Nghién ciru nay di dat dwoc nhitng két qua dang ké, nhung van con mot sé
han ché va huéng nghién ctiu tiém ning trong tuong lai. Cac huéng nghién ciu
tiép theo bao gém ma rong phuong phap HDS dé téi wu da myc tiéu cau trdc lién
két, kich thudc va hinh dang dong thoi ciia cac gian va gian cau trac 16n phuc
tap, Mo rong toi wu hoa da muc tiéu cho cac bai toan tdi wu ddng thoi ciu tric
lien két, kich thudc va hinh dang cho céc két cau. Ngoai ra, phuwong phap MOR
dé xuét ¢ thé dugc ma rong dé chan doan hu hong cua cac cau tric khac. Tuy
nhién, van con mot s han ché nhu két qua chan doan hu hong khong chinh xéac
khi xem xét cac mirc d6 nhidu cao, sb luong va vi tri ciia cac cam bién do dac
khong duoc téi wu héa, va chua co nghién ctiu thyc nghiém duoc thuc hién dé so
sénh.
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