TRU"(‘)NG PAI HOC QUOC GIA HANOI
TRUONG DAl HQC CONG NGHE

NGUYEN THI LINH KHUE

CHAN DPOAN VET NUT TRONG THANH
BANG TAN SO RIENG

LUAN VAN THAC SI CO KY THUAT

Ha Noi — 2016




TRU’g‘)NG PAI HOC QUOC GIA HA NOI
TRUONG DAl HQC CONG NGHE

NGUYEN THI LINH KHUE

CHAN POAN VET NUT TRONG THANH
BANG TAN SO RIENG

Nganh: Co k¥ thuat
Chuyén nganh: Co k¥ thuat
M4 sb: 60 52 01 01

LUAN VAN THAC ST CO KY THUAT

NGUOI HUONG DAN KHOA HQC: TS. TRAN THANH HAI

Ha Ngi — 2016




Loi cam doan

T6i xin cam doan day 1 cong trinh nghién ciru cia riéng t6i. Cac so lidu
két qua néu trong luan van 1a trung thuc va chua timg dugc ai cdng bd trong bat
ky cbng trinh nao khac.

Hoc Vién

Nguyén Thi Linh Khué



i
Lol cam on

T6i xin chan thanh cam on thay huéng dan khoa hoc di tan tinh huéng
dan, dong vién va gitp d& t6i hoan thanh luan vin nay.

Téi ciing xin bay t6 su biét on t6i sy quan tdm cua Khoa Co k§y thuat va
Tu dong hoa - Truong Pai hoc Cong Nghé va su ung ho cua ban bé da giap do
tao diéu kién thuan loi cho toi trong suét qué trinh 1am luan vin.

Cubi cung toi xin chan thanh cam on gia dinh va nguoi than d dong vién
giup dd, ung ho tdi trong thoi gian lam luan van.

Hoc Vién

Nguyén Thi Linh Khué



MUC LUC

LOT CAM QOO ...t nnnaas I
MUGC LUC ...ttt ses sttt ans ettt sansnes iii
Danh muc cac KY hiéu va chil VIt At ........coveevieeeeeieeeeeee s v
Danh muc CAC HINN V& .....vviiiiiiiiiee e s e s e s Vi
MO DAU ..ottt 1
1. Tong quan vé bai toan chan doan vét nit trong thanh.............ccceceeveennn, 2

2. it vén dé va lwa chon phuong phap nghién clu..........oveveeeeeeeieeeeans 4

(035 1016) (€ 25 T 6
LY THUYET DAO DPONG CUA THANH..........cccvvimririiesieeseseresesesss s 6
1.1. Thiét 1ap phuong trinh dao dong [16, 18] .....ccevveerererreirsrereseenireenens 6

1.2. Dao dong cta thanh Khong €6 VAt Nt...........ccvveeeeveeeeeeeieeeeesseeeseees 7

1.3. Dao dong ctia thanh cO VEt Nt..........c..evvveeeieeeeeeeeeeeeeee s 9

1.4, HAM Q4P UNE AN SO1..vveeieeeeeeeees e eeeee e s s st es s s 13

K&t TUAN CHUONE L ..ottt 16

(035 L610)\ € 50T 17
CHAN DOAN VET NUT TRONG THANH........occoiiiiieeeeseeeeeee s, 17
2.1. Bai t04n chan 04N [19] ...ovveeeeeeeeeeeeeeeeeeeeeee e eeee e en e 17

2.2. Chan doan mot vét niit trong thanh............ccevevevevierrsveressensessesennens 19

2.3. Quy trinh chan doan nhiéu vét niit trong thanh .............ccceveevvvennnss 22
2.3.1. Loi giai bai todn chAn d0AN.........co.vveveceevereieseeeeeseese e 22

2.3.2. Thuat toan nhan dang VEE T vt 23

KEt TUAN CRUONEZ 2 ..ottt 24

(035 1610 € < TS 25
KET QUA SO VA THAO LUAN ..ot 25
3.1. Anh huong cta vét nit (d0 sau, vi tri) dén tan sd 1iéng ......c..cccvveeee. 25

3.2. Anh hudng cta vét ntt dén ham dap ing tAn $8........ovvevveververvrreenn, 36

3.3. K&t qUA ChAN AOAN .......vocvieeceeeceeee et 39

3.3. K&t TUAN CRUONE 3 oot 42
KET LUAN CHUNG ..ottt ettt ee et en st en s s en s esesenenenaens 43
CONG BO CUA TAC GIA LIEN QUAN DEN LUAN VAN .......cccoocvvvivnnen. 44
TAI LIEU THAM KHAO ...coooeeoeeeeeeeeeeeeeeeeeee et es et en s sen s 45
PHU LUC Lottt en et ene s 47
12d5 1015 910 [OOSR 48
1235 1010 516 ) TP 51

PHU LUGC TV oo e s e eee e e s eesees s eee e s eeeeeeees 57



v

Danh muc cac ky hi€u va chir viét tat

E — mo dun dan héi (N/m?).

p —khéi luong riéng (kg/md).

F — dién tich tiét dién ngang (m?).

L — chiéu dai thanh (m).

n— heé sb can (N.s/m).

c=,JE/p —Vvan tc truyén song.

o - tan sé dao dong riéng cua thanh (rad/s).
A = wlc —tri riéng.

N — luc doc truc (N).

p(x,t) — luc phan bd doc truc (N/m).
u(x,t) — chuyén vi doc truc.

G — g suat (N/md).

& — bién dang.

e,,...e, — Vi tri vét niit

a....a — do sau vét nit twong ung.

Kj,j=1...n — do ctng 10 xo doc truc (Vét nit dugc md ta 10 xo)



Danh muc cac bang

Bang 2.1. Cac diém nut tin s6 clia thanh c6 mot Vet Nt ..........c.ovvvveeereeeeiereenan, 22
Bang 3.1. Anh huong ctia do sau vét nirt tai vi tri e,= 0.5 1én 5 tri riéng dau tién
so voi két qua tinh bang phuong phap ma tran truyén (TMM) . ..oocvvveveeennee, 25
Bang 3.2. Anh huong cua do sau vét nit tai vi tri €= 0.5 1én 5 tri riéng dau tién
so voi két qua tinh bang phuong phap ma tran truyén (TMM). ....cocoevveeeivennee. 29
Bang 3.3. Anh hudng cua do sau vét nurt tai vi tri e;= 0.5 18n 5 trj riéng dau tién
so voi két qua tinh bang phuong phap ma tran truyén (TMM). ....oocvvveveieeenee. 33



Vi

Danh muc cac hinh vé

Hinh 1.1. M6 hinh dao dong doc truc cta thanh...........c.ccocceeviiiiiiiniiiiee, 6
Hinh 1.2: Mo hinh thanh ¢ VEt N, .........cvoveveeeeeeeeeeeeeeeee e 9
Hinh 1.3. Thanh ngam — tu do. ....ccoocveiiiiee e 12
Hinh 1.4. Thanh Ngam — NQAM. ..o 13
Hinh 1.5. Thanh tr do — t dO. c..eeeeeiiiieec e 13
Hinh 3.1. Anh hudng ctia d6 sau vét nit 1én nam tan sé dau tién cho thanh ..... 25
mot dau ngam — mot dau tu do (mot vét nut tai 0.1) e 25
Hinh 3.2. Anh huéng cta vi tri vét nirt 1én ba tan sé dau tién cua thanh............ 27
mot dau ngam — mot QAU T Ou vttt ettt et 27

Hinh 3.3. Két qua tinh to4n so sanh anh hudng ciia d sau vét nit 1én cac tan sb
riéng tht nhat ddi voi thanh mot dau ngam — mot dau tu do (3 vét nat tai ba vi
11 0.2, 0.4 VA 0.6 ). coeeieiiieiiecie et 27
Hinh 3.4. Két qua tinh toan so sanh anh hudng cia do sau vét nirt 1én cac tan sd
riéng tht hai d6i v6i thanh mot dau ngam — mot dau tu do (3 vét nut tai ba vi tri
0.2, 0.4 VA 0.6). .ueeiieii ettt 28
Hinh 3.5. Két qua tinh to4n so sanh anh hudng ciia d sau vét nit 1én cac tan sb
riéng thtr ba d6i v6i thanh mot dau ngam — mot dau ty do (3 vét nat tai ba vj tri

0.2, 0.4 VA 0.68). .ottt 28
Hinh 3.6. Anh huéng ctia d6 sau vét nit 1én nam tan sd dau tién cho thanh ..... 29
hai dau ngam — ngam (MOt vét it tai 0.1). ...cevvveereeeeeeeeeeeeee s 29
Hinh 3.7. Anh huéng cta vi tri vét nirt 1én ba tan s6 dau tién cia thanh............ 31
hai AU NEAM — NGAM. c..eveieeieeeeeee ettt en e enees 31

Hinh 3.8. Két qua tinh toan so sanh anh hudng cta do sau vét nirt 1én cac tan sd
riéng thtr nhat d6i voi thanh hai dau ngam (3 vét nurt tai ba vi tri 0.2, 0.4 va 0.6).

............................................................................................................................. 31
Hinh 3.9. Két qua tinh toan so sanh anh hudng cia do sau vét nit 1én cac tan sd
riéng thtr hai ddi v6i thanh hai dau ngam (vét nirt tai vi tri 0.2, 0.4 va 0.6). ...... 32
Hinh 3.10. Két qua tinh toan so sanh anh huong ctia do sau vét nit 1én cac tan sb
riéng thtr ba d6i véi thanh hai dau ngam (vét nut tai vi tri 0.2, 0.4 va 0.6). ....... 32
Hinh 3.11. Anh hudng ctia vi tri vét nit 1én ba tan s6 dau tién cia thanh.......... 34
HAT AU T O — T AO0u vttt ettt ettt ettt et e et en et ee e 34

Hinh 3.12. Két qua tinh toan so sanh anh huong ctia 46 sau vét nit 1én cac tan sb
riéng thtr nhat d6i véi thanh hai dau tu do (3 vét ntt tai ba vi tri 0.2, 0.4 va 0.6).

Hinh 3.13. Két qua tinh toan so sanh anh hudng ctia d6 sau vét nit 1én cac tan sb
riéng thtr hai ddi v6i thanh hai dau tu do (3 vét niit tai ba vi tri 0.2, 0.4 va 0.6).35



VII
Hinh 3.14. Két qua tinh toan so sanh anh huéng cua do sdu vét nit 1én cac tan sb
riéng thtr ba di véi thanh hai dau ty do (3 vét nut tai ba vi tri 0.2, 0.4 va 0.6). 36
Hinh 3.15. Anh huéng cta vi tri 1 vét nit 1én ham dap Gmg tin sd th@r nhat cua
thanh mot dau ngam — mot dau tu do (a/h= 0.5, dat luc tai Xo = 1, diém do x =1)

Hinh 3.16. Anh huong ctia vi tri 1 vét nat 1én ham dap ung tan sd tha hai cia
thanh mot dau ngam — mat dau tu do (a/h = 0.5, dat luc tai Xo =1, diém do x =1)

............................................................................................................................. 37
Hinh 3.17. Anh huéng cta vi tri 1 vét nit 1én ham dép Gng tan s thir nhét cta
thanh ngam —ngam (a/h = 0.5, dat luc tai Xo = 0.5, diém do X =0.5)................. 37
Hinh 3.18. Anh huong cta vi tri 1 vét ntt 1én ham dap ung tan sb th hai cta
thanh ngam —ngam (a/h = 0.5, dat luc tai Xo = 0.5, diém do X =0.5)................. 38
Hinh 3.19. Anh huong cta vi tri 1 vét ntt 1én ham dap ung tan sb th hai cta
thanh ngam —ngam (a/h = 0.5, dat luc tai Xo = 0.4, diém do X =0.4)................. 38
Hinh 3.20. Bién d6 dap tng tan s6 (FRF) cta thanh ngam hai dau véi mot vét
ntt gia dinh tai e = 0.5 voi (dat luc tai Xo = 0.4, diém do X =0.4). .....ovvvvernnns 39

Hinh 3.21. Bién d6 dap tng tan sb ctia thanh hai dau ngam véi mot vét nut. ... 39
Hinh . Két qua chan doan cho thanh ngam hai dau cho thanh c6 1 vét nut........ 40

véi gia thiét s6 phuong trinh bang s6 an (A,=2.917826964). .........ccccovvevrrnennnes 40
Hinh 3.22. Két qua chan doan cho thanh ngam hai dau c6 2 vét nat gia dinh tai
vi tri :=0.3, €,=0.7 v&i gia thiét s6 phuong trinh bang S6 aN. .........cccevereeeenenss 40
Hinh 3.23. Két qua chan doan cho thanh ngam hai dau véi 1 vét nit gia dinh tai
vi tri e = 0.5. (tan s6 chan doan tinh theo 1§ thuyét). .....o.cocovvveveireieeseeee s 41
Hinh 3.24. Két qua chan doan cho thanh ngam hai dau c6 vét nat tai vi tri....... 42

e1= 0.3 va e, =0.7 vai ludi quét 100 diém chia, sir dung 5 tan s6 dau tién........ 42



1
MO DAU

Pé dam bao sy 1am viéc an toan va tranh céc tai nan c6 thé xay ra, viéc
phat hién kip thoi cac vét niit trong két cdu 1 rat can thiét. Do d6, thoi gian gan
day trén cac tap chi vé k¥ thuat cong trinh cong bd nhiéu cong trinh nghién ctru
vé két ciu co vét nut.

Noi dung chinh cta viéc nghién ciru két cdu co vét nit bao gém hai bai
toan: Bai toan phan tich dao dong hay con goi 13 bai toan thuan, nhim nghién
clru rng xu cua két cau khi xuit hién (da biét) vét niit; Bai toan chan doan, thuc
chit 1a mot bai toan nguoc, nham muc dich phat hi¢n vét nirt (vi tri, kich thudc
va sb luong vét nit) trong két cAu dya trén cac so liéu do dac vé ung XU cuia no.

Noi dung ctia Bai toan thuan 13 khao sat su anh hudng ciia cac vét nat 1én
g xtr cta cong trinh. Cong viéc dau tién cua bai toan thudn 1a xdy dung mod
hinh két ciu c6 vét nit. Sau d6 1a tinh toan phén tich cac dic trung va tng xu
ctia két cau két cau phu thudc vao vi tri, dd sau va sb luong vét nit 6 thé xuat
hién trong két cau. Trong viéc tinh toan phan tich két cau c6 vét niit, mot van dé
quan trong 1a nghién ctru anh huéng cua vét nit dén dic trung dao dong nhu tan
s6 riéng, dang dao dong riéng cua két cau (dao dong riéng). Nhiing nghién ciru
Bai toan thuan néu trén 1a co s quan trong trong viéc giai Bai toan chan doan
vét nut.

Noi dung cua Bai toan chan doan vét nit chinh 13 viée xac dinh vi tri, kich
thude va sb luong cua vét nit dua trén cac s liéu do dac vé ung XU cua két cau.
Chén doan vét nut c6 thé tién hanh bang hai cach. Mot 1a xtr 1y truc tiép cac sd
liéu thu thap duogc trong viée khao sat, do dac trén két cau thyc (bao gébm ca
nhitg hinh anh thu thip dwoc) dé phat hién nhitng thay ddi bat thuong trong két
ciu dang vét nut dua trén cac hiéu biét vé anh huong cua cac vét nit 1én tng xir
ctia két cdu (két qua bai toan thudn). Cach tiép can nay goi 1a phuong phap truc
tiép hay chan doan theo triéu chirmg (symptom based approach) di va dang dugc
phat trién theo huéng két hop chit ché véi cong cu kiém tra khong pha huy.
Céch tiép can thir hai dya trén md hinh (model based approach) két cau co vét
nut gid dinh va s6 liu do dac duoc vé ung XU cua két chu. Két qua cho ta mot
mé hinh két cu co vét nit cu thé tuong ung voi s6 liéu do dac thuc té. Cach tiép
can sau goi la phwong phap mé hinh hay phuong phap nhan dang hé théng dang
duoc nghién ctru hién nay. Uu thé cua phuong phap mo hinh 1a tdn dung dugc
cac cong cu todn hoc hién dai, dac bi¢t 1a cong nghé phﬁn mém dé phat hién
khong chi vi tri vét niit ma con dy bao ca kich thudc cta vét nit.

Trong viéc giai bai toan chian doan vét nut bang phuong phap moé hinh,
ngudi ta co thé sir dung cac thong tin khac nhau vé ung xur cta két cdu lam dau
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vao cho bai toan. Thong tin ndy bao gdm hai loai chinh: cac dic trung dao dong
cta két cdu nhu céc tan s va dang dao dong riéng hodc dap ung cia két cau
chiu tai trong. Cac dic trung dao dong cua két cAu gan lién vé6i cac tinh chét co
hoc caa né nhu khbi lugng; do cung; kich thudc hinh hoc va cac lién két. Vi
vay, st dung cac dic trung dao dong dé chan doan vét nut c6 wu diém 1a khong
phu thudc vao tac dong bén ngoai, nhung lai c6 nhugc diém 1a méc sai sb trong
viéc xac dinh ching tur s6 liéu do. Sir dung céc s6 liéu do dac cac dic trung dao
dong hay dap Gmg dong cua két cau dé giai bai toan chan doan vét nit duoc goi
1a Phuong phap dao dong trong chan doan vét nit. Nhitng két qua chinh trong
viéc phat trién phuwong phap dao dong trong chan doan hu hong két cau duogc
tong quan trong [1-3].

Nhitng kho khan chu yéu trong viéc chan doan vét nit bang phuong phap
mo hinh cho dén nay van con dang duoc giai quyét bao gom: Mot 14 su sai khac
gitta mo hinh két cu c6 vét niit so voi thuc té (sai sé mo hinh); Hai 1a s6 liéu do
dac thuc té luon chira dung sai so (sai s6 do dac) ngay ca véi nhiing thiét bi hién
dai; Ba 1a khdi luong thong tin thu duoc tir s6 liéu do ludn bi han ché so véi yéu
cau (thiéu thong tin). Tt ca nhiing khé khin nay déu dan dén két qua chan doan
vét niit khong chinh xac va khéng 6n dinh dbi vai cac s6 lidu dau vao.

Phuong hudng chung dé giai quyét nhitng khé khin néu trén la: a) Xay
dung mé hinh két cau co vét nut sat voi thuc té hon dong thoi véi viée tim 101
giai chinh x4c cho cac mé hinh méi duoc xay dung (giam thiéu sai sé6 mé hinh)
va bo sung sd lidu tinh toan dé giai quyét van dé thiéu thong tin tir s lidu do; b)
Phaét trién cac phuong phéap toan hoc hién dai co thé loai trir dugc cac sai s6 do
dac hoac giai quyét bai toan chan doan vét nit mot cach on dinh khi céc s lidu
do dac co sai s 16n; ¢) St dung céc thiét bi do dac hién dai, cac dic trung két
cdu chtra nhiéu thong tin hon hay ké ca cac phuong phap toan hoc ngoai suy sb
liéu dé c6 thém ngudn thong tin phuc vu chan doan hu hong.

1. Tong quan vé bai toan chan doan vét nit trong thanh

Bai toan co ban dau tién vé van dé nay dugc nghién ctru boi Adams va céc
cong su [4] cho truong hop thanh dan héi co khuyét tat lam suy giam do ctng
cuc bo va dugc mo ta béng mot 10 xo doc truc ¢6 dg cung chua biét 1a K. Gia str
d6 mém cua thanh & hai bén khuyét tatla g va y, khi do ta c6 phuong trinh

1
L+y+ Pl 0.

X
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Trong trudng hop thanh khong c6 khuyét tat, tic 12 khong c6 su suy giam
d6 cung hay khong co sy ting thém cta d6 mém, 1/K, =0 nghia 13 K, =, thi
phuong trinh trén sé 1a: 3, +y, =0.
Vi khuyét tat khong phu thudc vao két ciu, nén ta c6

_Ki =(B+D) e, =B+ e, -

x

Phuong trinh ndy cho phép ta xac dinh duoc ca vi tri khuyét tat va su suy
giam do cung do khuyét tat néu biét hai tan sb dao dong doc truc. Trong cong
trinh dau tién ndy, cac tac gia chua mo ta chi tiét ban chat vat Iy cta khuyét tat
cuc bo.

Haisty va Springer [5] da sir dung mé hinh 16 xo doc truc nay dé mo ta vét
nGt trong mot phan tir thanh. Céc tac gia nay di dua ra cac cong thirc tinh do
cting cua 10 xo thay thé tir d6 sau vét nut va st dung dé xay dung md hinh phan
ttr hitu han cta thanh c6 vét nut.

Pong thoi, Chondros va Dirmarogonas [6] da xdy dung hoan chinh md
hinh 16 xo0 cho vét niit trong thanh dua trén 1y thuyét co hoc pha huy (xem Phy
luc I). O day cac tac gia ciing da dua ra cac cong thirc tinh do ctng 10 xo tuwong
duong dugc st dung dé mo ta vét nut trong dao dong doc truc.

St dung md hinh 10 xo cho vét nat, Narkis [7] d3 thiét lap duoc mot
phuong trinh tan sé gan dung & dang

2cosA—A6(sinA—sinie) =0,
trong d6 6 13 ham ctia do sdu vét nit va e 1a vi tri vét niit, 1=l /c voi ¢ 1 van
tdc truyén song trong thanh c=./E/p . Tac gia da sit dung phuong trinh nay dé
tim nghiém giai tich ddi voi vi tri vét nat tir s6 lidu do hai tan sb riéng trong
truong hop diéu kién bién gbi twa don ¢ dang
e=(2/r)arccos(1-R,,/?2)
VGi Ry, 14 ty sb giita hai tan s6 do duoc.

Sau d6, Morassi [8] di nghién ctru chi tiét ban chat toan hoc cta pho tan s6
riéng ctia thanh c6 vét niit va dua ra cac bién phap dé chan doan vét nut bang tan
s6 riéng. Ong di thiét 1ap dugc phuong trinh gan dung (x4p xi bac nhat) dé xac
dinh vi tri vét nat & dang
Aoy, _( N,(e)
Aw, N 21(€)

Ruotolo va Surace [9] da thiét 1ap duoc phuong trinh tan s cta thanh chira

2
J » Ny (e) = EF(e)Uy (e) .

nhiéu vét nit & dang dinh thirc va st dung dé€ phan tich chi tiét anh hudng vi tri
va do sau vet nirt dén tan so riéng.
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Trong céc nghién ctru ctia GS. Nguyén Tién Khiém va cong su di xdy dung
dugc biéu thirc hién cho dang dao dong riéng cho thanh chira nhiéu vét nit.
Dong thoi cac tac gia cling di thiét 1ap duoc mot phuong trinh tan sé méi dé tinh
toan tan s6 riéng phu thudc vao vét nat. Tuy nhién & cac cong trinh nay, cac tac
gia di di sau nghién ctru sy thay d6i cac diém nit cua dang riéng (tirc cac vi tri
trong thanh ma dang riéng triét tiéu) voi muc dich chan doan vét nit bang dang
riéng.

Davini [10] cing cong sy da c6 mot nghién ctru thyc nghiém rat bai ban vé
dao dong doc truc trong thanh c6 vét nut va dwa ra dugc nhitng khuyén cao bd
ich dé chan doan vét niat bang dao dong.

Tiép d6, Dilena [11-12] va cong su di giai bai toan chan doan vét nit trong
thanh voi diéu kién bién khong 1y tudng bang tan sé riéng va tan s phan cong
huong.

Bai toan chan doan vét nit trong thanh bang cac diém nut di duoc giai
quyét boi Gladwell va Morassi trong [13].

Gan day, GS. Nguyén Tién Khiém va cong su da giai quyét bai toan chan
doan vét nut trong coc bang cach do dac ham dap ung tan s6 [15]. Bang cach
nay, tac gia co thé tranh duoc cac sai s do dac tan so riéng va céac tan sb cong
huong. Trong cong bd nay, cic tac gia da thiét 1ap duoc biéu thuc hién cua
phuong trinh tan s va ham dap ung tan s6 cho thanh c6 nhiéu vét nat. Tuy
nhién, cac tac gia mdi chi sir dung ham dap tng tan s6 dé chan doan vét nit ma
chua sir dung phuong trinh tan sb.

Trong luan vin nay sit dung phuong trinh tan sd da thiét lap cing véi cac
tan sb do cua dao dong doc truc dé chan doan vét nit trong thanh.

2. Pit vin dé va lwa chon phwong phéap nghién ciru
Trong khi bai toan chan doan vét nit cho dam dan hoi da duoc gia quyét

trong rat nhiéu cong trinh, xem tai liéu tham khao trong [18], thi van dé chan

doan vét nut trong thanh (hay st dung dao dong doc truc) con it dugc nghién
ctru nhu da trinh bay ngén gon ¢ trén. Pac biét vigc chan doéan bﬁng tan sb riéng
va phuong trinh tin s6 chinh x4c van chwa dugc nghién ctru day du.

Vi vay, bai toan dat ra trong luan van nay la:

(1) Xay dyng mé hinh dao dong doc tryc cua thanh cé sé luong vét nit bat ky,
trong d6 quan trong nhat 12 thiét 1ap phuong trinh tan s6 & dang tudong minh
biéu dién qua cac tham sd vét nut;

(2) Xay dung mot quy trinh chan doan vét niit bang tan sé riéng sir dung phuong
phap diéu chinh Tikhonov va phuong phap do vét nat (crack scanning
method);
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(3) Tinh toan thir nghiém bang sé mot sb truong hop cu thé.

Muc tiéu cta luan van nay 13 xdy dung quy trinh chan doan vét nut trong
két cAu dua trén mo hinh di duoc chinh x4c hoa cung vai cac tan sb riéng do dac
duoc.

Déi twong nghién civu trong ludn vin 13 két cau don gian dang thanh dan
hoi vi hai Iy do sau day. Mét 1a, trong thuc té ky thuat nguoi ta st dung nhiéu
cac cau kién dang thanh (bar) chi chiu kéo nén doc truc nhu coc (pile) hay cac
bd phan cua dan (truss). Hai 13, dang két cAu nay cho phép ta 4p dung nhiéu
phuong phap giai tich c6 do chinh xac cao.

Phwong phdp nghién citu & day chu yéu 1a phuong phap giai tich, su két
hop cuia cac phuong phap da biét nhu phuwong phap mé hinh (model-based) va
mot phuong phap dugc GS. Nguyén Tién Khiém dé xuit trong cac cong bd [17-
18] duogc goi 1a Phuong phap do tim vét nit (Crack Scanning Method). Pong
thoi dé giai cac bai toan chan doan trong truong hop thiéu sé liéu do va/hodc sai
s6 trong s liéu liéu do, da ap dung phuong phéap diéu chinh Tikhonov.

Noi dung cta luan an bao gdm cac phan sau:

Diit vin dé nghién civu: trinh bay tong quan vé bai toan chan doan hu hong
két cau noi chung, cac vét niit noi riéng va cac phuong phap chan doan vét nit.
O day tap trung gi6i thiéu nhiing két qua chinh vé phuong phép dao dong ung
dung trong chan doan hu hong két cau.

Chuwong I trinh bay co so 1y thuyét dao dong doc truc cta thanh co vét nut,
thiét 1ap phuong trinh tan s6 cho dao dong doc truc ciia thanh co nhiéu vét nut
v6i diéu kién bién tong quat.

Chwong 2 trinh bay noi dung bai toan chin doan vét nit trong thanh bang
tan s riéng; phuong phap do tim vét nirt va dua ra mot quy trinh chan doan vét
nut bang tan so riéng.

Chwong 3 trinh bay cac két qua tinh toan bang sd va thao luan.

Két lud@n chung néu nhimg két qua chinh di nhan duoc trong ludn vin va
nhiing van dé can phai tiép tuc nghién curu.

Tai ligu tham khdo bao gdm 20 tai liéu vé van dé nghién ctru, trong d6 c6
02 cong bd ma tac gia luan vin 1a dong tac gia.

Phu luc 1 néu cac cong thire khac nhau dé tinh d6 cimg 10 xo twong duong
str dung dé mo ta vét nut;

Phu luc 2 trinh bay ung dung khai trién ky di cia mot ma tran bat ky vao
viéc giai phuong trinh dai s6 voi ma tran hé s6 khong vudng hoic ky di;

Phu luc 3 tom tit so lugc vé phuong phap diéu chinh Tikhonov va tng
dung dé giai bai toan chan doan.
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CHUONG 1

LY THUYET DAO PONG CUA THANH

1.1. Thiét ldp phwong trinh dao ddng ciia thanh[16, 18]

Xét mot thanh thang c6 tiét dién déu véi cac dic trung hinh hoc va vat liéu
sau day: E — modul dan hoi; F — dién tich tiét dién ngang; p — mat do khdi; L —
chiéu dai. Ky hiéu u (x,t) 1a chuyén vi mat cit tai x. Chon hé toa do 1a mot truc
tring vai truc caa thanh bat dau tir dau trai nhu trong Hinh 1.1 duéi day

p(x,t) ux
> > > |> > > > >
O $----—-—-- frmmm > x
| |
x=0 X x=1
aN
N 4—|::|—» N+—xdx
x|
fo «4—e—— 0

Hinh 1.1. M6 hinh dao dong doc truc cua thanh.
Cac luc tac dung I&n phan t6 thanh dx tai mit cat x gom:
- Luc quén tinh:
f, = pFdx.t(x,t)
- Céc luc kéo o hai dau phan té:

N,N+@dx
OX

- Luc can ngoai:
f, =nu(x,t)dx
- Tai trong phan b doc theo thanh:
Q = p(x,t)dx
Hudng tac dung cua cac luc nay dugc xac dinh trong Hinh 1.1 sir dung
nguyén Iy D’ Alambert ta c6 thé thiét 1ap dugc phuong trinh

o’y ou oON
Fi o tn—=—Z —p(xt 11

o o o PO (1.1)

Theo dinh luat Hook:
oc=Ee= Ea—u,
OX

do vay lyc kéo tong cong

N=Fo=FEs—EF. (1.2)

OX
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Khi d6 phuong trinh (1.1) c6 thé viét & dang
2
ngt—l:+ngt—u—§(EFZ—ij:p(x,t). (1.3)
Pay 1a phuong trinh dao dong cua thanh, dugc giai cung véi cac diéu kién
bién va diéu kién dau. Thong thuong diéu kién bién thuong 14 cho chuyén vi
hoic luc, & ddy ching ta c6 thé viét diéu kién bién téng quat & hai dau thanh nhu
Sau.
tai x=0:
au(x,t)+ AUl (x,t) =0 (1.4)
va tai x=1:
a,u(x,t) + Bu’ (x,t) =0. (1.5)
Mgt sé trirong hep riéng sau:
+ Néu dau thanh bi ngam chat thi

B=0a=1, (1.6)
+ Néu dau thanh tu do:
B=La=0; (1.7)
+ Néu dau thanh c6 dém dan hoi d6 cing K thi
B =EF,a=+K (1.8)
hay
B=EF/K,a=1. (1.9)
Vi du: d6i v6i thanh ngam hai dau thi diéu kién bién 1a
u(0,t) =u(,t)=0 (1.10)
va thanh c6 hai dau tu do thi diéu kién bién la
u (0,t)=u’(L,t)=0. (1.11)

1.2. Dao ddng ciia thanh khong cé vét nirt
Xét bai toan dao dong ty do, khi lyc ngoai va luc can bang khong

o’u o ou
F——-—| EF—|=0. 1.12
Y ax( axj (112)
Trong truong hop cac tham s6 hinh hoc, vt liéu 1a h?mg sb ta duoc
2 2
d ‘gﬁﬁ’t) 29 g(’j’t) —0;c=+Elp. (1.13)
X

Pay 1a phuong trinh séng mot chiéu véi van téc truyén séng bang ¢ phu
thudc vao moi trudng vat lidu, khdng phu thudc vao hinh hoc cua két cau.
bat : u(x,t) =U (x)e'*, (1.14)
phuong trinh (1.13) sé ¢ dang
[-0™U (x)-c’U’(x)]e"* =0. (1.15)
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Tir day ta c6 phuong trinh dé x4c dinh dang dao dong riéng

U’(x)+AU(x)=0, A=wlc. (1.16)
D@ dang nhan thdy nghiém tong quat ctia phuwong trinh (1.16) ¢6 dang
U (X) = AcosAx + Bsinix, (1.17)

trong d6 cac hang s6 A, B x4c dinh tir diéu kién bién.
Trude hét ta xét diéu kién bién téng quat
U (0)+ AU, (0) =0
aU 1)+ AU (1) =0.
Thay (1.17) vao (1.18) ta dugc hé phuong trinh dé xac dinh hai hing s6 A, B
a,A+AB3,B=0;
(a;co0sA—AB;sSinA)A+ (o, sinA+ A5, cosA)B =0.

(1.18)

Pé hé phuong trinh trén c¢6 nghiém khac khong thi diéu kién phai thoa méan 13
A
det{(al cosﬂoio/wl sind  (a;sind fﬁﬁl cosﬂ)} =0 (1.19)
hay
(apot, + A By 3) Sin A+ A, B, — e, 3,) COSA = 0. (1.20)
Pay chinh 1 phuong trinh tan sé dao dong doc truc cta thanh véi diéu kién
bién téng quat. Giai phuong trinh nay ddi véi A ta duoc cac nghiém
Ao k=123..
duogc goi 13 céc tri riéng cua thanh. Ung v6i mdi tri riéng nay ta c6 thé xac dinh
cac tan sb riéng va dang dao dong riéng
o, =AAE! p, p.(X)=C[A cos A x+B,sinAx]; k=123,.. (1.21)
v6i cac hang so A ,B, duoc tinh tir 4, .
T phuong trinh (1.20) ¢6 thé nhan dugc phuong trinh tin sd cho cac
truong hop diéu kién bién co dién nhu sau.
Déi v6i thanh mot dau ngadm mot dau tu do véi cac hang sb
o, =p,=0,a, =0, =1
ta duocC
cosA =0. (1.22)
Tuong ty, xét thanh ¢ hai dau ngam, khi d6
Bo=h=00y,=0, =1
va cudi cling
sinA=0. (1.23)
Trong truong hop thanh c6 hai dau ty do voi
Bo=p=La,=a, =0
ta dugc phuong trinh (1.23).
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Két thuc phan nay, ta xét ham dang tong quét (1.17) thoa mén diéu kién
bién téng quat bén trai (tc x=0)

a,U(0)+ B,U.(0)=0. (1.24)
Thay (1.17) vao (1.24) ta dugc

ayA+ f,AB=0 (1.25)
T do ratra

A=-B,AC, B=a,C (1.26)
Trong d6 C 1a mot hang sb tuy y. Nhu vay cudi cing ta duoc

L,(x,4) = C(e, SINAX — A3, COSAX). (1.27)

Nghiém nay sir dung dé nghién ctru dao dong cua thanh cé vét nit & phan sau.
1.3. Dao dong ciia thanh co6 vét nit

€1 €2 €n
T ay LV Y
...................... e s AUV s e s
K1 K
x =0 x=L

Hinh 1.2: M5 hinh thanh c6 vét nut.

Xét mot thanh dan hoi c6 tiét dién khong d6i va cac hang s E — mé dun
dan hoi; p — khdi lwong riéng; F — dién tich tiét dién ngang; L — chiéu dai thanh.
Gia str thanh chira n biét ntit ngang tai cac vi tri e,,...e, va c6 do sau twong tng
1a a,,...a, (Hinh 1.2). Vét ntit dugc mo ta bang 10 xo doc truc c¢6 do cang la
K;,j=1...n dugc tinh tir d6 sau vét nat theo cac cong thirc cho trong Phy lyc 1.

Ta da thiét 1ap dugc phuong trinh dao dong riéng cua thanh c6 dang

U"(X)+ 22U (x) =0, xe (01), A = wl\/p/E. (1.28)
Tai cac vét nit nghiém ctia phuwong trinh (1.28) phai théa man diéu kién
EFU’(e; +0) = EFU'(e; +0) = EFU'(e;); (1.29)
K;U(e; +0)-U(e; —0)]=EFU'(g;),j =1..,n
hay
U'(e; +0)=U'(e; +0) =U’(g;)
U(e; +0)=U(e; -0)+y,U'(e;),7; =EF /LK, j=1...,n. (1.30)
Ky hiéu nghiém caa phuong trinh (1.12) giita hai vét nat
(;1,€;),1=L..,n+1 e =0¢e,, =1

la: U, (x),j=1...n+1,
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khi d6 cac ham nay phai thoa man diéu kién (1.30) dugc viét lai thanh

Ula(e; +0)=U’ (e, —0) =V’ (e;); | (131)

Uja(e; +0)=U;(e; -0)+y;Uj(e;),j=1..,n
Ta c6 thé chirng minh duoc rang cac ham

U, (¥),xe(e,e,)
duoc biéu dién ¢ dang

Ui () =U;(x)+y;Uj(ej)cosA(x—e;), j=1..,n, (1.32)
trong d6 U;(x) nghiém phuong trinh (1.28) trong doan (e, ;.e;) dugC Mo rong
lién tuc cho doan tiép theo (ej.8j,1)-

That vay, do U, (x) duoc m¢ rong dé thoa man phuong trinh (1.28) trong
khoang (e;.e;,,) va ham cos A(x—e;) lubn théa man phuong trinh (1.28) trong
khoang (e;.e;,;), nén bicu thuc (1.32) la tong cta hai nghiém phuong trinh
(1.28) trong khoang (e;.e;,;) s€ la nghiém cua phuong trinh (1.28) trong khoang
nay. Mit khac sir dung (1.32) ta thay

Uja(e;+0)= )!erlj{le(X)+;/jU}(ej)COS/1(X—ej)}=

=U;(e;)+r;Uj(e;)

(1.33)

va
U%.a(e; +0):XIi_)rg}{U}(x)—;t;/jU}(ej)sin/L(x—ej)}:
Tac ham (1.32) thoa man diéu kién (1.31).
Tur ¢ong thac truy hoi (1.32) ta ¢ thé biéu dién nghiém tong quéat cua
phuong trinh (1.28) ¢ dang

U(X):C[LO(X)+Zn:,qu(x—ej)], (1.35)

(1.34)

trong do
Lo (X) = g SinAX — A3, COSAX
la nghiém lién tuc ctia phuong trinh (1.28) thoa mén diéu kién bién tai x=0, C
la hing s6 xac dinh tir diéu kién bién bén phai tai x=1 va
K(x) ={

COSAX, X=0

0. x<0 (1.36)

Cac tham s y4,..., 1, duoc tinh cong thac truy hoi

j-1
1, =yj[L5(ej)—/1:glyksin/1(ej —e)]j=L..n. (1.37)
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Dé ching minh (1.35) 14 nghiém téng quat cua phuong trinh (1.28) thoa
man diéu Kién bén bén trai va cac diéu kién twong thich (1.31) ta chi can ching
minh biéu thirc (1.35) tring véi (1.32) trong khoang (ej.€j,1)-
That vay, ta c6 thé chang minh bang phuong phap quy nap toan hoc nhu
sau. Xét nghiém (1.35) trong mién (0 < x <e,), luc d6
U (x) = C[Ly ()] =U1(X). (1.38)
Tuc (1.35) 1a nghiém cta phuong trinh (1.28) thoa man diéu kién bién bén
trai. Pidu ndy chiing té diéu can ching minh dung cho j, ttc 13
U () = ClLy () + X p;K (x—e,)] =
jjl (1.39)
:C[Lo(x)+j2=jlyj cosA(x—e;)]=U;(x)

khi (e;, <x<e;). Bay gio ta phai ching minh diéu can chtmg minh dtng véi
j+1. That vay, khi e; < x <e,,;, do tinh chat cia ham (1.36) ta c6

U (x) =C[Ly(x)+ jz_lluk COSA(X—€y )+ ujcosA(x—e;)]=
k=1

IR
=Uj(x)+Cyj[L5(ej)—/1kZ_lyk sini(e; —e,)lcosA(x—e;) =, (1.40)
Trong cong thire trén da st dung cac cong thuc (1.37) va (1.39) cung va6i dao
ham caa ham sb bén vé phai cua (1.39):
i1
U’ (x) :C[L{)(x)—lzlyj sinA(x—e;)]. (1.41)
j=
Nhu vy, ta dd chirng minh dugc biéu thirc (1.35) clng voéi (1.36), (1.37) 1a
nghiém tong quat cia phuong trinh (1.28) thoa man diéu kién bién bén trai va
cac diéu kién twong thich (1.31) tai cac vét nut.
Pua vao véc to

= (e )"
va
7= 01 70)
thi phwong trinh (1.37) ¢6 thé viét lai thanh
A-p=b, (1.42)
trong do

b={b; =7;Ls(e;). ] =1...n}; (1.43)



1 0
S 1 .. 0

A= S, =y;AsinA(e; —e,). (1.44)
Snl Sn2 1

n=A" (1.45)

i1
v = /[Lé(ej)—,iizlﬂksinz(ej —e)]j=L..n. (1.46)
Gia st cac diéu kién c6 dang tong quat 1a
aU0)+4,U'(0)=0; aUQ)+LU'(D)=0. (1.47)
Khi d6 diéu kién bién bén phai x=1 s& la
CHlab@ + AL O1+ D i laKA—e) + K (L-€)]}=0. (1.48)
j-1

Do vay ta nhan dugc
D(A) zalLO(l)+,81L3(1)+Zn:yj[alcos;t(1—ej)—/wlsin/i(l—ej)]=O. (1.49)

Pay chinh 14 phuong trinh tan s6 cua thanh chaa nhiéu vét nut, né duoc
giai cing v&i phuong trinh (1.37) théng qua an 4, sau d6 tan so riéng duoc tinh
tir nghiém cua phuong trinh (1.49) 4, bang cong thirc

o, = (A4 L)JE! p,k=123,... (1.50)
Va dang riéng sé& duoc tinh bang céng thtc
U, () =CIL () + > K (x—e))] ., (1.51)
j=1

cuing véi (1.37) khi 4 =4, . Lac dy hang sb tiy y C duoc xac dinh bang diéu kién
chuan hda, cé thé 1a

max u, (x) =1. (1.52)
Xét mot so trweong hep diéu kién bién co dién nhw sau:
+ Trwong hep 1. Thanh mér ddu ngam va mér dau tw do (Hinh 1.3)

E,p F |

A L ]
"

Ao
r

Hinh 1.3. Thanh ngam — tu do.
Néu thanh bi ngam tai x = 0 thi :
Ly (x) =sinAx

va tai dau ty do x = 1 thi : o =0, =1.
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Do d6 phuong trinh tan s (1.49) sé 1a

cos/i—zn:ujsinﬂ(l—ej)zo (1.53a)

j=1
va phuong trinh (1.37) c6 dang
j-1
;= Ay;[cos Ae, —Jzuksinxl(ej —-e)], j=1..,n. (1.53b)
k=1

+ Trwong hep 2. Thanh ngam hai ddu (Hinh 1.4)

-

E.o.F

——

Hinh 1.4. Thanh ngam — ngam.

b e
y

Khi do ta co:
L,(x)=sinAx, g =1, 3, =0,
va phuong trinh tan s6 1a

sinﬁ+zn:yj cosA(l-e;)=0; (1.54a)
j=1
j—1
7 :iyj[cosﬁ,ej—Jzuksin;t(ej—ek)],jzl ..... n. (1.54b)

k=1

+ Truwong hop 3. Thanh hai ddu tw do (Hinh 1.5)

| E.pF |
. L |

Hinh 1.5. Thanh tu do — tu do.
Trong truong hop nay thi:

L,(x) =cosAx, og =0, =1,
ta dugc phuong trinh tan sé

sinl+ iyjsinﬂ(l—ej):o; (1.55a)
j=1

j—1
p; =—Ay;lsin e + JZ,uk sini(e; -] j=1...n . (1.56b)
k=1
Trong truong hop khong c6 vét nit hay do sau cua cac vét nit bang 0 cac
phuong trinh tan s trén cho ta cac phuong trinh da nhan dugc ¢ myc 1.2.
1.4. Ham dap tng tan s6

Xét bai toan dao dong cudng buc caa thanh cé vét nit néu trén duoc mo ta
bang phuong trinh
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o’u  au o%u
pF¥+nE—EF&(—Z=q0(t)5(X—Xo),O<X<1, (157)

trong d6 5 12 hé s6 can va s(x—x,)1a ham delta Bi-ric. Bién d6i Phurie hai vé
phuong trinh (1.57) ta duoc

U"(x)+ AU (X) = —Qq (@) 5 (X~ X,),

A% =(wlc)® —iwn ! EF, (1.58)

Qo (@) = (1/EF) qu (e "“dt.

D& dang nhan thay, nghiém tong quét ciia phuong trinh trén c6 dang

U (x,0) =Uy(X,1) - Q, (a))fh(x —5)5(s—X,)ds, (1.59)
0
trong d6 U, (x,4) la nghiém tong quét cia phuong trinh thuan nhat (1.28) va
h(x) = (1/ 1)sin Ax . (1.60)
Tinh tich phan bén phai phuong trinh (1.59) ta dugc
U (x,0) =Uq (x, 2) ~ Qy (@)N(x— %,) (1.61)
Str dung biéu thuc (1.16) cua nghiém téng quat phuong trinh thuan nhét ta c6
U (% ) = ClLo(x) + DK (x -, )]- Qy (@)h(x - x,) (1.62)
j=1

va sau d6 ap diéu kién bién bén phai cho nghiém nay ta duoc
C{[alLO(l)+ﬁ1L(;(1)]+Z:uj[alK(l_ej)+ﬂ1K'(1_ej)]}+
j=1

—Qy()[ah(l—x;) + Ah'(1—X%,)] = 0.
Tir phuong trinh cudi (1.63) ta tim duoc hang sé tich phan C biang
C= Qo(a’)[%hgl_ Xo) + Bh'(L—x))] . (1.64)
[alLO(l)+ﬁlL(;(1)]+Z/uj[alK(l_ej)+ﬂ1K'(1_ej)]
-1

(1.63)

Nhu vay cudi cing ta dugc

[och@-%)+ AN A3 Ly (9 +3 4K (x—e))]

U (x, @) = Qy() _h(x=x,)| (1.65)

[ Lo+ AL O1+ YK (L)) + AR Ae,)]
Theo dinh nghia ham dap ng tan s6
FRF (X, Xy, @) = H(X, X, ®) =U (X, )/ Q, (@) (1.66)

trong d6 x 1a diém do dap wng va xo 1a diém dit luc co cudong d6 Qo va st dung
cong thirc (1.58) ta duoc biéu thirc tong quat caa ham phd phan tng
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[och(@-) + AR A= X)L Ly +3 4K (x—e))]

—h(x-x,) |. (1.67)

H(X, X, @) =

oL@+ AL O1+ Y sy @S @-e) + A A-e,)]

Xét mot sb trweong hop dic biét sau dy:
+ Thanh c¢é ddu trai cé dinh va ddu phdi tw do: khi d6 ham phé phan ung
(1.67) c6 dang

cos/i(l—xo)[sin/lx+zn:,qu(x—ej)]

=

[cos A —Zn:yj sinA(1-¢;)]

j=1
Néu diém do va diém dat lyc tring nhau va tai dau phai tac 1a (x = Xo=1),
ham pho phan ang sé bang

H (X, X, @) == —-sinA(x-x,)|.  (1.68)

i,uj cosA(l—e;)+sind

H@LL o) =Hy,(2) = 1/ 1) (1.69)
2 u;sini(l-e;)—cosd
j=1

voi

j-1
;= Ay [cos Ae, —;yksin/l(ej -e)lj=L1...n. (1.70)

+ Trwong hep thanh c6é hai dau tw do:
Taco

n
CoSA(L—Xg)[cosAX+D 4 K(x—¢;)]
j=1

H(x,xo,a)):l SiNA(X—X,) + - (1.71)
A [SinA+ 2 u;sini(l-e;)]
j=1
va néu diém dit luc va diém do & hai dau caa thanh ta duoc
1—zn:yj CcOs e,
H(L0,0) = Hy, (@) = (1/ A) = (1.72)
sinA—>Y u;sini(l—e,)
j=1
Vi
i1
p; ==Ay;[sinde; + > psini(e; —e)l j=1...n . (1.73)

k=1
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Két luan Chuong 1

Trong Chuong nay da thiét 1ap duoc biéu thuc giai tich cho phuong trinh tan
s6 va ham dap ung phd cua thanh cd sé luong vét nat bat ky. Phuong trinh tan
s6 tuong minh nay khdng chi gilp ta dé dang giai bang cac phuwong phép thong
dung nhu phuong phap chia d6i hay phuong phap day cung dé tim tan s riéng,
ma con 1a mot cdng cu rat hiru ich dé xay dung thuat todn chan doan vét nut
bang cach do dac tan sé riéng.

Ngoai ra, c4c biéu thic giai tich ctia ham dap wng tan sé 1a mot cong cu rat
quan trong dé do dac tan sb riéng. Thong thuong, trong thir nghiém dao dong
ngudi ta chi c6 thé do duoc ham dap tng tan sé con tan sé riéng, hé sé can va
dang dao dong dugc tach ra tir s6 lidu do ciia ham dap Gng tan s6. Vi vay, cac
ham dap ung tan s néu trén cé thé sir dung dé xac dinh tan s riéng tir sb liéu
do.

Céac phuong trinh tan sé va ham dap ang phd néu trén duoc xay dung cho
trudong hop tong quat cua diéu kién bién, bao gom ca cac truong hop diéu kién
bién c6 dién va cac lién két bién dan hoi.
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CHUONG 2
CHAN POAN VET NUT TRONG THANH
2.1. Bai toan chan doan [20]

Viéc xac dinh vét nat trong két ciu hét stc quan trong, nd gilp ta tranh
duoc céc tai nan, su cb c6 thé xay ra. Cong viéc chan doan vét nat bao gom ba
giai doan: Mot 1a xac dinh két ciu co bi nat hay khéng; Hai 1a vi tri vét nat c6
thé xay ra va Ba 1a d6 sau hay do 16n cua vét nut. Ca ba cong viéc trén co thé
lam ting budc nhung ciing c6 thé dugc thuc hién dong thoi. Co mot cach tiép
can cho phép ta thuc hién ca ba cong doan cua viéc chan doan vét nat mot cach
dong thoi nhu sau. Gia sir Vét nut véi do sau chua biét xuat hién & mot tap hop
da lon cac vi tri khac nhau e,,....e, thuoc mot ludi chia két cau véi n du lon 16n
dé khong bo sét mot khu vuc nao d6 khong duoc kiém tra. Néu sir dung cac
phép do dac thyc té cac dic trung cua két cau, vi du céc tan sb riéng o,..., w, Va
mot mé hinh caa két ciu co n vét niit ta co thé tim duoc d6 sau cua cac vét nut
gia thiét néu trén 1 4,,..,4, . V& nguyén tic, do sau vét nit 12 khdng &m, nén cac
gia tri do sau vét nut tim duoc Am hoac rat bé (xap xi bang 0) thi ta chap nhan tai
vi tri twong Gng V6i cac do sau do 1a khong cd vét nut. Nhitng vi tri d6 bi loai
khoi tap hop céc vét nut da gia thiét néu trén va ching ta s& nhian duoc mot tap
vi tri vét nat nho hon tap ban dau. Tiép tuc st dung tap vi tri cac vét nat co do
sau 16n hon 0 nay tai giai lai bai toan dé tim do sau caa ching. Sau khi loai bo
cac do sau &m va nho di ta lai duoc mot tap cac vi tri vét nut méi. Cong viéc nay
duoc tiép tuc cho dén khi nao tat ca cac vét nat gia thiét déu c6 d6 sau 16n hon
khong thi dung lai. Khi d6 ta duoc ca ba diéu can thiét: mot 12 sb lwong vét nut
c6 thé; hai la vi tri cac vét nat co thé va ba 1a d6 sau twong tng cua ching. Cach
tiép can nay di dugc dé xuat va phat trién bai GS. Nguyén Tién Khiém va da
dugc ap dung trong viéc chan doan vét nit bang tan sé va dang dao dong riéng
ctia dam dan hoi goi 1 phuong phap do tim vét nt.

O day, phuong phap do tim vét nit duoc ap dung dé chan doan vét nut
trong thanh bang tan sé riéng.

Bai toan dit ra nhu sau: Gia sir ta c6 thé do duoc m tan sb riéng ;... o, .
Gia thiét thanh c6 n vét nut tai cac vi tri e,,...e, Vi d6 sdu a,,..,a, va ching ta
c6 thé thiét 1ap phuong trinh tan sé s& xay dung trong Chuong 2. C4c tan s6 do
phai théa man phuong trinh tan s6, duoc viét lai & dang

f(w,,6,2) =0,k =12,...m, e=(e,,...e,), a=(a,...a,) (2.1)

Str dung m phuong trinh trén dé tim 2n an (e, a) 1a ndi dung cua bai toan

chan doan vét niit bang tan sé riéng.
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R3 rang day 1a mot bai toan danh gia tham sb va do thiéu sé liéu do ciing
nhu sai s6 cta s liéu do, nghiém cua phuong trinh (3.1) rt ¢ thé khong ton tai
hoac ¢ rat nhiéu nghiém. DAy 1a tinh khong chinh caa bai toan chan doan. Tuy
nhién chdng ta c6 thé khic phuc duogc tinh khéng chinh nay bang cac céach tiép
can khac nhau, vi du nhu str dung phuong phap diéu chinh Tikhonov. Duéi day
s& giai bai todn chan doan vét nit véi s6 lugng vét nat gia thiét 1a mot va hai.

Truong hop tong quat phwong trinh tan s (1.49) c6 thé viét lai ¢ dang

D(A)=H@®+> u;H,(1-¢;)=0, (2.2)
j=1
j-1
p; =2y [Ho(e)) =D sy sind(e; —e )] j=1...n. (2.3)
k=1
trong do: H o(X, 1) = @, COSAX + A3, Sin AX, (2.4)
H, (X, 1) = &, cos Ax— A3, sin AX, (2.5)
H(x,1) = asin X — A5 COSAX , (2.6)
VOiL  a=au + A BB, B=afy—anf. (2.7)
Thay (2.3) vao (2.2) khir cac tham s6 x;, cudi ciing ta dugc
n n j-1
D(4) =d (1) +2’27jd1(ej)_/lzzzd2(/7”ej ’ek)?/j?/k + (28)
=1 j=2 k=1
n j-1k-1
+2’32 ZdS(ﬂ'ejiek’er)yjykj/r +"'_(_2’)ndn(ﬂ"e1""’ en)7172---7n = 0’
j=3 k=2 r=1
trong do
dy(A)=H(Q)

d,;(4,€;) =H,(1—¢;)H,(e;)
d,(4,e;,6,)=H,(1-¢;)sin i(e; —e)H,(e,) (2.9)
d;(4,e;,e.,€)=H,(1-e;)sini(e; —e)sin A(e, —e )H,(e)
d.(4,e,,...e)=H,1-e,)sinA(e, —e, ,)sinA(e,, —€,,)....5in A(e, —e,)H,(e).
+ Truong hop c6 mot vét nit phuong trinh tan sé la:
D, (1) = d (1) + 4y,d,(1,e,)=0. (2.10)
+ Truong hop co hai vét nit phuong trinh tan s 1a:
D,(A) = d (1) + Ay,d,(1,8,) + Ay,d,(4,e,) — Py, 7,d,(1,e,,e)=0. (2.11)
+ Truong hop co ba vét nit phuong trinh tan so Ia:
D,(4) = d (1) +Ay,d,(1,€) + Ay,d,(4,8,) + Ay,d,(1,8,) —---
- 2r7,4,(1,6,,6) = A2 yy,d,(A,8,,6) — A127,7.0,(4,8,,8,) ++ (2.12)
+23717273d3(ﬁ’63762’e1) =0.
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Néu cac vét nut c6 do 16n y, = x7, vai y 1a tham s bé, thi cac xap xi tiém
can theo tham sé bé cua phuong trinh tan s6 (2.8) sé 14
+ XAap xi bac nhat:

D(2) = do(/z)mzn;yjdl(ej):o; (2.13)
+ Xap xi bac hai: Ji
D(4) = do(/l)+ﬂ,g}/jdl(ej)—lzjzn;gdz(ﬂ,,ej,ek)yjj/k ~0; (2.14)
+ Xap xi bac ba:
D(4) = do(/l)+/Izn:7/jd1(ej)—ﬂziidz(i,ej,ek)}/j]/k +
= =2 (2.15)

j-1 k-1

+ 2y dy(4.ej,8c.8)77c7, =0.

j=3 k=2 r=1
Phuong trinh (2.13) d3 duoc thiét 1ap bai Narkis [7] cho truong hop thanh
c6 mot vét nit va Morassi [8], Ruotolo va Surace [9] cho thanh ¢ nhiéu vét nut
va cac gan ding bac cao cho dam c6 nhiéu vét nut da duoc thiét lap boi GS.
Nguyén Tién Khiém va cong su [15-16]. O day cac cong thic gan ding néu trén
cho thanh c6 nhiéu vét niit duogc thiét 1ap 1an dau tién va ching s& duoc st dung
dé chan doan vét nut tir tan so riéng dudi day.
2.2. Chan doan mot vét nirt trong thanh
Gia thiét trong thanh c6 mot vét nut tai vi tri e, va do su a,. Khi dé
phuong trinh tan sé c6 dang:
27,0, (A e,) +dy (1) =0, (2.16)
trong do,
d, () = (arge, + X B, 3,)SIN A+ A, B, — a, B,) COS A ; (2.17)
d,(4,e,) = (a, cosle, + A5, sin e )[a, CosA(Ll—e,) — AB, sinA(l—e,)]. (2.18)
Phuong trinh (2.16) da duoc Adams va cong su [4] thiét 1ap va sir dung dé
xac dinh vi tri vét ntt bang hai tan sé riéng o, @, nhu sau:

Tu céc tan sd riéng do dugc ta tinh duoc 4, = %,k =1,2. Do d¢, ta tinh duoc
C4c gia tri d,(4), k =1,2va xac dinh duoc hai ham s6 cua bién e, 1a: d,(4,,¢,) va
d,(4,,e,). Khi 6, tir (2.16) ta c6 phuong trinh:

do(h) __do(h) _ (2.19)
ﬂ’ldl(ﬂﬂel) ﬂ“zdl(ﬂ“z’el) B |

Hay
h(e;) = 4,do(4)d;(4,,6) — 4do(2,)d; (4,6) =0. (2.20)
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V& cac ham sé trén trong doan (0, 1) ta s& tim duoc nghiém cua phuong
trinh d6i Véi e, , tirc 1a tim dwoc vi tri vét nit é,. Sau d6 thay vao (2.19) ta tinh
duoc d6 16n vét nut
7.=EFIK, =1(a/h,), (2.21)
phuong trinh cudi cho phép ta xac dinh dugc do sau vét nat.
Trong bai toan trén, dé dang nhan thay bai toan khéng thé giai dugc khi vét
nat Xuat hién tai vi tri e’ 1 nghiém cia phuong trinh
d,(1,e") = (o, cosAe” + Af3, sinAe”)[a, cosA(Ll—e") — 4B, sinA(l—e")]=0. (2.22)
Ta c6 thé nhan thay rang néu khi vét niit xuat hién tai cc vi tri 1a nghiém cua
phuong trinh (2.22) thi tan sb riéng caa thanh s& khong thay d6i do vét nut, tac
A= A,, trong d6 4, thoa man phuong trinh:
dy(2)=0. (2.23)
Vi vay, nghiém caa phuong trinh (2.22) dugc goi 1a cac diém nat tan sé (vi
vét nat xuat hién tai d6 khong lam thay d6i tan sé cua thanh). Luc ndy phuong
trinh (2.22) c6 thé viét lai thanh

a, COSA e+ 4,3, sin 1,6 =0 (2.24)
hoac
a, CosA,(L—e)—A,B,sin1,(1-e) =0, (2.25)
duoc giai clng voi két hop vai (2.23)
do () = (apor, + 2 B, 3)SinA+ A, B, — t, 3,) COSA; (2.26)

C6 thé nhan dugc nghiém cia cac phuong trinh (2.24)-(2.26) trong cac
truong hop diéu kién bién co dién nhu sau:
+ Trwong hop 1. Thanh c6é mét dau ngam va mét dau tw do (Hinh 1.3)

Do: o,=8=La,=p4,=0,

ta nhan duoc

o =(2k—1)%, k=123,... (2.27)
va

sind,(1—€)=0. (2.28)
Phuong trinh nay cho nghiém

Ao(l—-e)=rz,r=0123,.... (2.29)
Két hop (2.27) va (2.29) ta duoc

e=2K=N-1 0123 . k=123... (2.30)

2k -1

Tur diéu kién
0<e<1 (2.31)
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Ta tim duocC
k=1:¢ =10;
k=2:¢ =1/3e,=1.0;

.k=3: e, =1/5;e,=3/5e,=1.0 (2.32)
+ Trwong hop 2: thanh cé hai ddu ngam (Hinh 1.4)
Do: ay,=a,=L8,=5 =0,
ta co

Ay =km, k =1,23,.... (2.33)
va

cosA,(l—e)=0. (2.34)
Phuong trinh nay cho nghiém

Ao(L—¢) :w,r =1,2,3,... (2.35)
Két hop (2.33) va (2.35) ta duoc

6= 2;;1,r =1,23,..k =123.... (2.36)
Tur diéu kién (2.30) ta tim duoc

k=1:¢=1/2.

k=2:e=1/4;e,=3/4.

.k=3: e, =1/6;e,=3/6;e,=5/6. (2.37)
+ Trwrong hep 3 : thanh c6 hai dau tw do (Hinh 1.5)
Via,=a,=0,5,=4 =1
nén

Ao =km, k=1,23,.... (2.38)
va

sin4,(1l—e)=0. (2.39)
Phuong trinh nay cho nghiém

Ao@-e)=rz, r=0123,... (2.40)
Két hop (2.38) va (2.40) ta duoc

e=r/k, r=0123..,k=123,... (2.41)

Tur diéu kién (2.30) ta tim duoc
k=1:¢ =0;e,=10.
k=2:¢e=0;e =1/2;¢e =1.0.

k=3:¢=0e,=1/3 e=2/3¢, =10 (2.42)
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Két qua tim cac ndt tan sb cho trong bang 2.1.

Bang 2.1. Cac diém nut tan sd cia thanh c6 mot vét nit

A LA Dang dao dong
bieu kién bién =1 =2 =3
Ngam — Tu do 1.0 1/3; 1.0 1/5; 3/5;1.0
Ngam — Ngam 1/2 1/4; 3/4 1/6; 1/2; 5/6
Tudo—-Tudo | 0; 1.0 0; 1/2; 1.0 0; 1/3; 2/3;1.0

Nhu vay, cac diém nit tn sé nhan dugc néu trén cho phép ta chan doan so
bo vét nut trong thanh bang tan s6 riéng do dac nhu sau:

(a) Néu khi do dac ta phat hién ra tan s6 thi nhat khong thay d6i nhung céc
tan s6 khac c6 thay doi thi ta c6 thé phong doan 1a vét niit xuat hién & cac diém
n(t cua tan sb thi nhat;

(b) Tuy nhién ddi véi thanh c6 hai dau ngdm néu tan sé tht nhat va tha ba
khong thay d6i, nhung tan sé thir hai co thay d6i thi ta c6 thé két luan vét nit tai
vi tri gitra thanh;

(c) Néu ca ba tan s6 khong thay doi thi cd thé khong co vét nit hoac vét nat
gan véi dau tu do.

(d) Khi ca ba tan sé déu thay d6i thi ta sir dung phuong phap giai tich nhu da
trinh bay & trén.

2.3. Quy trinh chin doan nhiéu vét nit trong thanh
2.3.1. Loi gidi bai todn chin dodn
Trong muc nay, trinh bay phuong phap do tim vét nut trong thanh sir dung
phuong trinh tan s6 xap xi (2.1) két hop véi phuong phap diéu chinh Tikhonov
dé giai quyét sai sb trong s do tan s riéng. Gia sir ta do dugc m tan so tiéng
@,... @, tic 12 ta cd thé coi céc trj riéng do dugc 1a 4’,..., A7, Thuat toan duoc
trinh bay duéi day di dugc Tran Thanh Hai [18] 4p dung dé chan doan vét nit
trong dam dan hoi bang cach do dac dang riéng. Con & ddy 1a ap dung cho thanh
khi do duoc tan sé riéng.
Gia thiét thanh cd n vét nut tai cac vi tri da biét e,,...e, V&i cac do Ion chua
biét can phai tim 14 y,...,y,. St dung phuong trinh tan sé véi cac tri riéng va vi
vét nat da biét trén, ta s& nhan duoc hé phuong trinh tuyén tinh
Ax=b (2.43)
trong do
b={-dy (1), (Z)} ; X={10s 70}
A=[a; k=1..,m j=1..n]; a,(4) =A4d, (4 .e;). (2.44)




23

Nhu vay, ta nhan dugc hé m phuong trinh dai $6 tuyén tinh ctia n 4n 13 cac
tham s6 do 16n (magnitude) vét nirt Gmg voi cac vi tri vét nit da gia thiét o trén.
Do s6 lugng vét nut phai gia thiét 1a rat 1on, nhung sé luong tan sé do duoc 1a ¢o
han, nén ma tran A thuong 1a khong vudng (m << n) va nhiéu do khong thé loai
trir trong sb liéu do tan sb riéng.

Ap dung phuong phap diéu chinh Tikhonov nhu da trinh bay & Phu luc 2
cung v6i khai trién gia tri ky di (Singular Value Decomposition - SVD) ctia ma
tran A ta s& duoc biéu thirc nghiém x ctia phuong trinh (2.43) dudi dang sau

R T
x:;%;?)vk , (2.45)
trong do,
o, k=1..,R, R=rank(A,)
la cac gia tri ky di (singular) va (u,,v,,k=1..,R) la cac véc to ky di bén trai va
bén phai ctia ma tran A Tham s6 diéu chinh « dugc chon tir phwong trinh
R Th)2 m

Jaxte)-bff = Y 30 (ulb) =0 (2.46)
ludn c6 nghiém ¢ duy nhat véi diéu kién

> b,y = [0 <52 <[, = ulb, ) (2.47)

k=R+1 k=1

Loai bo cac thanh phan bang 0 va am trong véc to ?:{yl,...,yn}T ta dugc

bO

r

mot véc to {7,i=1..,n} chia 0 16én cua cac vét nut duoc chan doan 13 xuét
hién tai cac vi tri {e,i=1..n} Dé tim do sau vét nit ta phai giai cac phuong
trinh

f(a)=7,i=12,...n (2.48)
véi ham f(a) dugce chon 1a mot trong cac ham cho trong Phu luc 1.

Pay 1a ndi dung va 101 giai cta bai toan chan doan da vét nit tir dang riéng
do dac c6 sir dung phuong phap diéu chinh Tikhonov. RS rang 1oi giai nhan
dugc theo cac dinh 1y vé phuong phap diéu chinh Tikhonov 1a 6n dinh d6i véi
nhiéu do dac cia dang riéng.

2.3.2. Thudt todn nhgn dang vét nit

Thuat toan nhan dang vét nirt trong thanh bao gdm céc bude sau:

Budc 1: Tao mot ludi quét {0<e <e,..<e, <1} doc theo thanh va gia thiét
tai cac diém ciia ludi quét nay xuat hién cac vét nit 6 do 16n y=1{y,,..7,\".

Bwéc 2: Dya trén mé hinh thanh cé vét nut tai cac vi tri (,....e,), thiét lap

cac phuong trinh (2.43), (2.44) va do d6 ta xac dinh duoc cac véc to ky di trai va
phai va gia tri ky di cia ma tran A.
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Buwéc 3: Giai phuong trinh (2.46) v6i mirc d6 sai s do dac cho trude, ta
dugc hé sd diéu chinh & va nghiém x(&) ={,.... 7,} tinh theo cong thirc (2.45).

Buéc 4: Loai cc gia tri 4m va bang 0 trong véc to do 1on vét nat tim duoc
{7,.... 7.} ta s& nhan dugc véc to d6 16n cua cac vét niat ¢6 thé fy,,i=1...n,};

Buérc 5: Giai phuong trinh (2.48) dé tim dugc cac do siu vét nit tuong ing
la {a...a,} va xac dinh cac vi tri vét nat tuong tmg v4i cac do sau vét nut
duong {g,,i=1..,n,}.

Budc 6: Nhu vay ta da xac dinh dugc vi tri, dd sau déng thoi véi s6 luong
vét nat n, .

Két luan Chuong 2

Trong Chuong ndy, tac gia da trinh bay bai toan chan doan da vét nat bang
tan s riéng va thiét 1ap phuong trinh tan sé cho thanh chtra n vét nat & dang da
thac bac n cia d6 16n vét nit voi cac hé sé 1a ham caa vi tri vét nit. Phuong
trinh cho phép ta nhan duogc cac xap xi tiém can cta phuong trinh tan sé ddi voi
do lon vét nat, trong d6 xap xi bac nhat 1a phuong trinh dd dugc mot so tac gia
thiét 1ap. Cac cong thirc xap xi bac cao hon 1a cac phuong trinh duoc thiét 1ap
lan dau tién & luan van nay cho truong hop dao dong doc truc trong thanh.

Trong trudong hop thanh c6 mot vét nit thi phuong trinh tan sé tring Véi
Xap xi bac nhat va dé chinh 1a phuong trinh tan sb chinh xac. O day da nghién
ctru chi tiét phuong trinh nay va da xay dung mot quy trinh chan doan mot vét
nat bang cach do hai tan sé riéng. O day da tinh toan cac diém nut tan sé (1a vi
tri ma vét nat xuat hién tai d6 khong lam thay d6i tan s6) va 1a co so dé chan
doan so bo vi tri vét nat trong thanh.

Péi vai trudng hop s6 lwong vét nit chua biét, s dung phuong phap do
tim vét nat, duoc trinh bay chi tiét trong muc 2.3, da xay dung mot quy trinh
chan doan vét nit bang tan sé riéng cho thanh. Trong 1oi giai bai toan chan doan
nhiéu vét niit nay da sir dung phwong phép diéu chinh Tikhonov dé giai phuong
trinh dai s6 phi tuyén véi ma tran hé sé khéng vudng va cé thé ky di. Phuong
trinh nay duoc trinh bay trong phu luc I1.
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CHUONG 3
KET QUA SO VA THAO LUAN

3.1. Anh huéng cia vét nirt (49 sau, vi tri) dén tin s riéng

Xét thanh c6 s6 liéu sau: mo dun dan hdi E = 7.2e1°N/m2. Khéi luong riéng
p = 2800 kg/md. Hé sb Poisson v = 0.35, chiéu rong cua thanh b = 0.006m, chiéu
cao mat cat ngang cua thanh h = 0.023m va c6 chiéu dai L = 0.235m.

+ Trwong hep 1: Ngam — ty do

E.p. F |
A L |

ARy

Bang 3.1. Anh hudng cta do sau vét nurt tai vi tri ;= 0.5 1én 5 tri riéng dau tién
so voi két qua tinh bang phuong phap ma tran truyén (TMM) .

A

Két qua tinh (Ngam — Ty do)
a/h

TMM [9]
a/h

STT

0

0.1

0.3

0.5

0

0.1

0.3

0.5

1.57080

1.5680

1.53406

1.39107

1.57080

1.5680

1.53406

1.39107

4.71239

4.7040

4.60258

4.20968

4.71239

4.7040

4.60258

4.20968

7.85398

7.8400

1.67222

7.10586

7.85398

7.8400

71.67222

7.10586

10.9956

10.976

10.7437

10.0746

10.9956

10.976

10.7437

10.0746

Ol | W N|

14.1372

14.112

13.8175

13.0954

14.1372

14112

13.8175

13.0954

0.98

0.96

0.94

0.92

0.9

0.88

Bien do khong thu nguyen

0.86

0.84

0.82

0.8

0

E

E e E

E

E

E

E e E

E

0.05

0.1 0.15

0.2 0.

25

a’h

0.3

0.35 0.4

0.45

0.5

Hinh 3.1. Anh hudng cta do sau vét niat 1én nam tan s dau tién cho thanh

mot dau ngam — mot dau tu do (mat vét nitt tai 0. 1).
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0.85

0.8
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 3.2. Anh hudng cta vi tri vét nit 1én ba tan s6 dau tién cia thanh
mot dau ngam — mot dau tu do.

1 3 3 t 3 I
0.95 - .
0.9|- 3
0.85 - Phuong trinh (1.49)
&S i — Xap xi bac 1 (2.13)
:\—1 r Xap xi bac 2 (2.14)
0.8~ —*— Xap xi bac 3 (2.15)
0.75
0.7k T
065 F . £ - £ - £ - E - E . E - E - E - E - E
0 0.05 0.1 015 0.2 025 0.3 035 04 0.45 0.5
a/h

Hinh 3.3. Két qua tinh toan so sanh anh hudng ctia do sau vét nut 1én cac
tan sb riéng thir nhat dbi voi thanh mot dau ngam — mot dau tu do (3 vét nut tai
bavitri0.2,0.4va0.6).



1 * 3 T 3
0.95— -
0.9 -
i Phuong trinh (1.49)
N r — Xap xi bac 1 (2.13)
< 085 - Xap xi bac 2 (2.14)
< - —e— Xap xi bac 3 (2.15)
0.8
0.75 - X
0.7 3 - E - £ - E - E - E - E - E - E - E -
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
a’/h

Hinh 3.4. Két qua tinh toan so sanh anh huong cta do sau vét nit 1én cac
tan sb riéng thir hai di v6i thanh mot ddu ngam — mot dau tu do (3 vét nit tai ba

vitri 0.2, 0.4 va 0.6).
1 T
0.95~ .
0.9+ . -
\\
&8 ™~
< Phuong trinh (1.49)
=< — Xap xi bac 1 (2.13)
0.85~ Xap xi bac 2 (2.14)
—*— Xap xi bac 3 (2.15)
0.8
»
0.75 L r L L L L L r L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

a’h

Hinh 3.5. Két qua tinh toan so sanh anh huong cta do su vét nit 1én cac
tan sb riéng thir ba ddi voi thanh mot dau ngam — mot dau tu do 3 vét nit tai ba
vitri 0.2, 0.4 va 0.6).
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+ Truwong hep 2: Ngam — Ngam

WY

E

E.p. F

P

L

é
F

Bang 3.2. Anh huong cua do sau vét nit tai vi tri €= 0.5 1én 5 tri riéng dau tién

so voi két qua tinh bang phuong phap ma tran truyén (TMM).

A
STT TMM [9] Két qua tinh (Ngam — Ngam)
a/h a/h
0 0.1 0.3 0.5 0 0.1 0.3 0.5
1 |3.14159 | 3.14159 | 3.14159 | 3.14159 | 3.14159 | 3.14159 | 3.14159 | 3.14159
2 | 6.28319 | 6.26085 | 5.99779 | 5.10674 | 6.28319 | 6.26085 | 5.99779 | 5.10674
3 | 9.42478 | 9.42478 | 9.42478 | 9.42478 | 9.42478 | 9.42478 | 9.42478 | 9.42478
4 |12.5664 | 12.5217 | 12.0063 | 10.6696 | 12.5664 | 12.5217 | 12.0063 | 10.6696
5 | 15.7080 | 15.7080 | 15.7080 | 15.7080 | 15.7080 | 15.7080 | 15.7080 | 15.7080
1
0.98 -
0.96 -
c 094~
§’O.92“
%” 0.9~
E 0.88 -
% 0.86 —
0.84
0.82— -
0.8 E I3 E E E I3 E E E I3 E E

0

0.05 0.1

0.15

0.2 0.25
a’h

0.3

0.35 0.4

0.45

0.5

Hinh 3.6. Anh hudng cta do sau vét niat 1én nam tan sb dau tién cho thanh

hai ddu ngam — ngam (mot vét nart tai 0.1).
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0.95

0.9

Aghog

0.85
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Hinh 3.7. Anh hudng cta vi tri vét niit 1én ba tan s6 dau tién ctia thanh
hai ¢au ngam — ngam.

l A4
0.95 -
5 5
< 09r-
—
< l.
F Phuong trinh (1.49)
+ — Xap xi bac 1 (2.13)
L Xap xi bac 2 (2.14)
0.85 - —*— Xap xi bac 3 (2.15)
»
0.8 : E : E : E : E - £ : E - £ : E - £ :
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

a/h

Hinh 3.8. Két qua tinh toan so sanh anh hudng cia d6 sau vét nit 1én cac
tan s6 riéng thtr nhat d6i véi thanh hai ddu ngam (3 vét nut tai ba vi tri 0.2, 0.4
va 0.6).



1 * E 3
0.95 - -
0 9; Phuong trinh (1.49)
L — Xap xi bac 1 (2.13)
KS L Xap xi bac 2 (2.14)
;N r —*— Xap xi bac 3 (2.15)
0.85
0.8
[ >
0.75 : = £ = E : F = £ = E . 3 - 3 . F : P .
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

a/h

Hinh 3.9. Két qua tinh toan so sanh anh huong cta do sau vét nit 1én cac
tan sb riéng thir hai ddi v6i thanh hai dau ngam (vét nut tai vi tri 0.2, 0.4 va 0.6).

le * r r
0.95~ .
0.9 _ -
~__
B Phuong trinh (1.49)
<, 0851 — Xap xi bac 1 (2.13)
< | | ~ Xap xi bac 2 (2.14)
—*— Xap xi bac 3 (2.15)
0.8~
0.75~
»

0.7°" r r r r r r r r r
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
a/h

Hinh 3.10. Két qua tinh toan so sanh anh huéng ciia d sau vét nat 1én cac
tan sb riéng thir ba d6i véi thanh hai dau ngam (vét nit tai vi trf 0.2, 0.4 va 0.6).



33

+ Truwong hop 3: Twdo - Tw do
E,p, F

L

Bang 3.3. Anh huong cua do sau vét nit tai vi tri €= 0.5 1én 5 tri riéng dau tién

so voi két qua tinh bang phuong phap ma tran truyén (TMM).

STT

A

TMM [9]

Két qua tinh (Tw do — Ty do)

a/h

a/h

0

0.1

0.3

0.5

0

0.1

0.3

0.5

3.14159

3.13043

2.9982

2.50839

3.14159

3.13043

2.9982

2.50839

6.28319

6.28319

6.28319

6.28319

6.28319

6.28319

6.28319

6.28319

9.42478

9.39128

9.00009

7.83139

9.42478

9.39128

9.00009

7.83139

12.5664

12.5664

12.5664

12.5664

12.5664

12.5664

12.5664

12.5664

gl b~ W N -

15.7080

15.6521

15.0173

13.5923

15.7080

15.6521

15.0173

13.5923

0.95

0.9

Moy

0.85

0.8

0.75



1
0.95 -
0.9
s
<
S, .
(< -
0.85
0.8~
0.75 i : E : E . E . E : E : E : E : E . E . |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
e
1 X Wﬁ.’ \ffttx“_t,_"/—/t:?f/b :’:w
L . . P e / N \\\ / , \ \\ /// |
— ~_ / \ ~_ rd
| \‘ -
0.95~ | | / [ ]
_ / \ -
< - N/ . O 1
™ N \ NS
< 09} -
N ———ah=01 1
N ——~—ah=02 |
0.85 »—ah=0.3 h
T S A ~— ah=04 |
—e—ah=05
: E : E . E . E : E : E : E : E . E .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
e

Hinh 3.11. Anh hudng ctia vi tri vét ntt 1én ba tan sb dau tién cuia thanh
hai dau tu do — tu do.
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1le * 3 . . . . E
L. Phuong trinh (1.59) |
0.95 - —— Xap xibac 1(2.13) ||
Xap xi bac 2 (2.14)
i —e— Xap xi bac 3 (2.15) |]
0.9
0.85—
y L
< 08k
—
(< =
0.75—
0.7
L \ »
\\
\
0.65 - AN
0.6¢ : E : E : E : E : E : E : E : E : E :

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
a’/h

4
A

Hinh 3.12. Két qua tinh toan so sanh anh hudng ciia do sau vét nat 1én céc tin sd
riéng tha nhat dbi voi thanh hai dau tu do (3 vét nut tai ba vi tri 0.2, 0.4 va 0.6).

1 L4 1 E 1
0.95 - N
0.9 3
- N
0.85 Phuong trinh (1.49) ~
58 - — Xap xi bac 1 (2.13)
- " — Xap xi bac 2 (2.14)
0.8~ —e— Xap xi bac 3 (2.15)
0.75
0.7 2}
065 E e E e E e E e E e E e E e E e E e E e E
0 005 01 015 02 025 03 035 04 045 05
a’h

7
A

Hinh 3.13. Két qua tinh toan so sanh anh hudng ctia d6 sau vét nirt 1én cac tan sb
riéng thir hai dbi v6i thanh hai du tu do (3 vét nit tai ba vi tri 0.2, 0.4 va 0.6).



1o v L
0.95 - 1
0.9 — 3
- Phuong trinh (1.49)
N — Xap xi bac 1 (2.13)
o 0.85 I B Xap xi bac 2 (2.14)
< B —*— Xap xi bac 3 (2.15)
< -
0.8
0.75}
0.7~ L
065 E . E . E . E . E . E . E . E - E . E - E
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
a’h

I4
A

Hinh 3.14. Két qua tinh toan so sanh anh huéng ctia do sau vét nut 1én cac tin sd
riéng thir ba d6i véi thanh hai dau ty do (3 vét nut tai ba vi tri 0.2, 0.4 va 0.6).

/4
A

3.2. Anh hwéng cia vét nit dén ham dap ing tin so

05 T E = E = 3 = 3 = E v E = E = E E v E
0.45 ~ —ah= 0, -
a —~—a/h=05e=0 J
0.4~ —+—a/h=05e=0.1]|
——ah=05e=03 | |
0.35 - ah=05e=05 | .

N ———a/h=05e=0.7
0.3~ i
X 0.25 i
0.2~ 4
0.15 - -
0.1~ -
0.05 |- -
0 ; — _ - .
1.2 1.4 1.45 1.5 1.55 1.6 1.65 1.7

Hinh 3.15. Anh huong cta vi tri 1 vét niit 1én ham dap ung tan s6 thi nhat cia
thanh mot dau ngam — mot dau tu do (a/h= 0.5, dit luc tai Xo = 1, diém do x =1)
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0.05 ————— S T e —
0.045 - 4
0.04 - ——ah=0 i
. | —=—ah=05e=00 ]
0.035 - y . | —*—ah=05¢e=01 4
- ———ah=05e=03 ]
0.03 - ——ah=05e=05 4
‘ | ——ah=05e=07
& 0.025- 4
0.02
0.015
0.01
0.005
0
3.6

hy

Hinh 3.16. Anh huong cta vi tri 1 vét niit 1én ham dép ung tan s6 thir hai ctia
thanh mot dau ngam — mot dau tu do (a/h = 0.5, dit luc tai Xo = 1, diém do x =1)

0.01 S
0.009 |- -
0.008 |- -

| ——amh=0
0.007 | —*—ah=051e=0
———ah=05e=03
0006 | ah=05e=05
| ah=05e=07
& 0.005 -
(I
0.004 -
0.003 |~
0.002 |-
0.001 |-
0
2

Hinh 3.17. Anh huong cua vi tri 1 vét niit 1én ham dap tng tan s6 thi nhat cia
thanh ngam — ngam (a/h = 0.5, dit luc tai Xo = 0.5, diém do x =0.5)
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x10°
1 < E E E E
| >
0.9 | .
0.8 ‘ —ah=0 .
—=o—ah=05e=0
0.7 —ah=0.5,e=0.3 -
. I ——ah=05e=05 1
0.6 |-~ ——ah=0.5e=0.7 -
£ 05 4
L
g -
|
| -]
|
) i
)
6.5 7

M

Hinh 3.18. Anh huong cta vi tri 1 vét nirt 1én ham dap umg tan s6 th hai ca
thanh ngam — ngam (a/h = 0.5, dat luc tai Xo = 0.5, diém do x =0.5)

x 10°

0.9+ 3 4
! ah=0
08l % —e—ah=05¢e=0 i
———ah=05e=03
~——ah=05e=05

0rr - ah=05¢ =07 ‘ 1

0.6

0.5

Bien do FRF

0.4~

0.1~

Hinh 3.19. Anh hudng cta vi tri 1 vét nirt 1én ham dap Gng tan s6 tha hai coa
thanh ngam — ngam (a/h = 0.5, dat luc tai Xo = 0.4, diém do x =0.4)
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3.3. Két qua chan doan
a) Chan dodn mét vét nit trong thanh bang do ham dap g tan sé gia
dinh bang ly thuyét

0.02 T T T T T T

0.018 - ) :03/

01 1 7

0.016 - 1

0.014 - 1

(1)02

0.012 \ e

0.01 1

Bien do FRF

0.008 - 1

0.006 - 1

0.004 - 1
©2 @p3 = O3

(0
1000 2000 3000 4000 5000 6000 7000 8000
Hz

Hinh 3.20. Bién d6 dap tmg tan s6 (FRF) cua thanh ngam hai dau vi mot vét
nut gia dinh tai e = 0.5 voi (dat luc tai Xo = 0.4, diém do x =0.4).

Nhu vay theo Iy thuyét, ddi véi truong hop thanh ngam hai dau néu ta do
dugc ham dap ¢ng tan sé nhu hinh trén ta c¢6 thé du doan duoc vi tri vét nut tai
diém giita cua thanh tac 1a e = 0.5. Tir d6 thay vao cong thic (2.19) ta xac dinh
duoc do 16n vét nit » va dua vao cong thire thuc nghiém trong Phu luc I, ta tinh
duoc chiéu sau vét nit a. Tuy nhién, néu ca ba tan s6 déu thay ddi (Hinh 3.21)
thi viéc chan doan chi dya vao ham nay 13 khé khin hon.

0.04 T T T T T T

Tan so khong nut

Tan so co et nut

0.035 -

0.03F w,—>i i

0.025 - b

Do1
0.02 / |

0.015 b

0.011 | E
l /
11 (J)3 “ LUU3
0.005 - I } J E
i |

B |

ol r
1000 2000 3000 4000 5000 6000 7000 8000
Hz

Bien do FRF

Hinh 3.21. Bién d6 dap tmg tan sd cua thanh hai dau ngam v6i mot vét nit.
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b) Chdn dodn bang tan sé riéng — qui trinh chdn dodn

+ Xét thanh c6 s6 liéu sau: mo dun dan hdi E = 7.2e’°N/m2. Khéi luong
riéng p = 2800 kg/m?. Hé s Poisson v = 0.35, chiéu rong caa thanh b = 0.006m,
chiéu cao mit cat ngang cua thanh h = 0.023m va c6 chiéu dai L = 0.235m.

+ Xem xét chan doan cho thanh c6 mot hodc hai vét nut véi gia thiét sb
phuong trinh bang sé an (twc 12 s6 tan sb bang sé vét nat), hodc sb tan sé it hon
sb Vét nut trong trudng hop chua cé diéu chinh Tikhonov.

+ S6 liéu str dung chan doan: do khong c6 sb liéu thi nghiém, véi muc
dich thtr qui trinh chan doan thanh d3 néu trong 1y thuyét. Do vay sé liéu do
duoc gia thiét 12 s liéu tinh tur Iy thuyét.

0.12 T T T T . r . - . 0.12
0.1r B 0.1r
0.08 B 0.08
= 0.06 - B = 0.06 -
0.04 Bl 0.04
0.02 B 0.02

0 : : : : : : : : 0 : - - : : - : L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
xIL x/L

Hinh 3.22 . Két qua chan doan cho thanh ngam hai d¢au cho thanh c6 1 vét nut
Véi gia thiét s6 phuong trinh bang s6 an (1,=2.917826964).

0.18 T T T T T T T T T 0.18
0.16 - bt 0.16 -
0.14 b 0.14
0.12 - 012+
0.1F 1 01t
) 0.081 g - 0.08|-
0.06 - bt 0.06 -
0.04 bt 0.04
0.02 b 0.02
0 L 9 L L 9 L L 0 L 9 L L 9 L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
xIL xIL
a) b)

Hinh 3.23. Két qua chan doan cho thanh ngam hai dau cé 2 vét nit gia dinh tai
vi tri e,=0.3, €,=0.7 vai gia thiét s6 phuong trinh bang sé an.
a) Tri riéng (tan sb) tinh tir xap xi bac hai (A,=2.647044658, 1,=6.019655976).
b) Tri riéng (tan sd) tinh tir xap xi bac nhat (L1=2.777560096, 1,=5.93453049).
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+ Gia sir vét nut tai vi tri e = 0.5 ctia thanh ngam hai dau, 1y thuyét ta tinh
duoc C4c tan s - (tinh duoc tri riéng) nhu sau:
A1 = 3.14159, A, =5.10674, A3 = 9.42478, A4 = 10.6696, A5 = 15.708

x 10
6 02
018
5k
0.16
4+ 0.14
012
=3r = 01
0.08
2L
0.06
0.04
1k
0.02
0 : : e e c c c c 0 . . . L . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 o 0.1 0.2 03 0.4 0.5 06 0.7 0.8 0.9 1
IL
x/L X

(@) (b)

0.2 T T T T T T T T 0.2
0.18 B 0.18
0.16 - ki 0.16
0.14 - bt 0.14
0.12- bt 012
= 0.1 0.1
0.08 B 0.08
0.06 [~ A 0.06
0.04 0.04
0.02 0.02
00 01 02 03 04 05 06 07 08 09 1 % o1 oz 0.3 oz 0/5 o6 0,7 "os os 1
xIL X
() (d)

Hinh 3.24. Két qua chan doan cho thanh ngam hai dau véi 1 vét nit gia dinh tai
vi tri e = 0.5. (tAn s6 chan doan tinh theo 1y thuyét).
a) v&i lu6t quét 1 diém chia — mot tan sé dau tién.
b) véi ludi quét 10 diém chia — ba tan sé dau tién.
¢) Véi ludi quét 10 diém chia — nim tan s6 dau tién.
d) véi ludi quét 20 diém chia — nam tan s dau tién.
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0.1. L U L U L U U L U

I
1

0.09

0.08

1
!

I
1

0.07

0.06 [t

> 0.05t

0.04 |t

0.03 [t

0.02 1t

0.01f

ol o] |r|“|r|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
x/L

“l r
0.8

0.9 1

Hinh 3.25. Két qua chan doan cho thanh ngam hai dau c6 vét nut tai vi tri
e:= 0.3 va e, =0.7 v6i ludi quét 100 diém chia, sir dung 5 tin s6 dau tién.

3.4. Két luan Chuong 3

Nghién ctru anh huéng cia vi tri va do sau vét nit qua cac két qua s ta
thay rang: cac két qua nhan duoc phu hop véi két qua da biét. Bidu d6 chtng to
cac phuong trinh tan s6 lap duoc trong luan vin nay la dang dan. Vi tri cac diém
nGt tan s trén cac do thi hoan toan phd hop voi két qua tinh toan giai tich &
Chuong 2.

Nhitng diém nGt tan s6 1a mot két qua méi cung cap cho ta nhitng dau hiéu
dau tién dé xac dinh vi tri vét vét nut.

Khi nghién ctu anh huong caa vét nit dén ham dap ung tan sb chdng ta
thay rang: vét nit da lam cho cac dinh ctia ham dap ¢ng tan sb bi tach ra va
khoang céch giira chiing phu thudc vao do sau va vi tri vét nat. Pay 1a mot dau
hiéu quan trong dé chan doan vét niit bang ham dap ung tan so.

Két qua giai thir nghiém bai toan chan doan vét nat bang tan sb riéng néu
trén cho thay hoan toan cé thé xac dinh dugc vi tri cac vét nut sir dung phuong
trinh dic trung da duoc thiét 1ap néu trén va cac tan sé riéng do duoc.
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KET LUAN CHUNG

Nhitng két qua chinh da nhan dugc trong luan van nay nhu sau:

. D3 xay dung duogc Iy thuyét dao dong doc truc cua thanh c6 nhiéu vét nut
trong mién tan s sir dung md hinh 10 xo twong dwong dé mé ta vét nit. Cu
thé 1a da thiét 1ap duoc biéu thuc hién cua phuong trinh tan s va ham dap
ng tan s6 cua thanh véi diéu kién bién tong quat (bao ham céac diéu kién
bién c6 dién va cac lién két dan hoi). Bac biét, thiét 1ap duoc biéu thic cua
phuong trinh tan s6 ¢ dang da thtc cua do 1on vét nit. Phuong trinh nay 1a
cong cu hitu hiéu dé chan doan vét nit bang tan sé riéng;

. Pi xdy dung dugc thuat toan chan doan da vét nut trong thanh bang cach do
dac tan so riéng cua dao dong doc truc dya trén phuong phap do tim vét nut
cua GS. Nguyén Tién Khiém két hop véi phuong phap diéu chinh Tikhonov
dé giai quyét van dé thiéu sb liéu va sai so trong sé liéu do.

. Pa nghién ciiu chi tiét anh huong cua vét nat dén tan sb riéng, ham dap ang
tan s6 cho thanh véi diéu kién bién co dién. Két qua cho thay cac biéu thuc,
phuong trinh di thiét 1ap duoc trong luan vin nay la dung dan, c6 thé sir
dung trong tinh toan va chan doan vét nit trong két cau.

. D3 thtr nghiém phuong phap do tim vét nat két hop véi phuong phap diéu
chinh Tikhonov va két qua nhan dugc minh chung cho tinh hiéu qua caa ly
thuyét da dugc phat trién trong luan van.

. Van dé tim sé luong vét nit va chan doan da vét nit cho thanh bang dao
dong doc truc van chua duoc giai quyét tron ven trong luan vin nay, nén day
la van dé con phai nghién cau tiép.
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Cong thire tinh d cimg 16 xo twong twong trong md hinh vét nit
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394:

;/:EF/KL:”—th(z), z=alh, (Al.l)

f(z) = z°(0.7442—0.8463z +1.3762* — 0.7540z% + 0.5470z%), (A1.2)

2. Theo T.G. Chondros, A.D. Dimarogonas and J. Yao, Longitudinal vibration

of a continuous cracked bar. Engineering Fracture Mechanics, 1998, 61, 593-

606:
y=EF/KL=27(1-v?*)(h/L)f(z), z=alh, (A1.3)
f(z) =2%(0.6272—-0.17248z +5.92134z* —10.7054z° + 31.5685z* — 67.472° +
+139.123z° —-146.682z" +92.35527°),

3. Theo R. Ruotolo and C. Surace, Natural frequencies of a bar with multiple
cracks. Journal of Sound and Vibration, 272, 2004, 301-316:

y=EF/KL=201-v¥)(h/L)f(z), z=alh, (A1.5)

f (z) =0.9852z° +0.2381z° -1.0368z* +1.2055z° + 0.5803z° —1.0368z" +0.7314z°. (A1.6)

(Al.4)

Trong d6: a - d6 sau vét nat, h - chiéu day caa thanh, v - hé sé Poisson
cua vat liéu.
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PHU LUC II

KHAI TRIEN KY DI MA TRAN VA UNG DUNG

Truéc hét ta xét mot ma tran hang A co kich thudc m x n. Nguoi ta da chang
minh duoc mot khai trién cia ma tran A & dang:

A=U.X.VT (A2.1)
trong d6 U,V 14 c4c ma tran truc giao cAp m van, tac
u'u =1, V'V =1, (A2.2)

va ¥ 1a ma tran c6 cing kich ¢& nhu A va chi ¢ phan tir duong chéo 1a khéac 0
va khéng am, ky hiéu la

Z(mxn) =diag{o;,...., o, },q =min(m,n).
C4c $6 o,,..., o, duoc goi 1a la gid tri ky di ciia ma tran A va biéu dién (A2.1) goi
la khai trién ky di caa ma tran A.

Ngoai ra con c6 thé chirmg minh duoc rang

AV, =0 V,,A'l, =0, V,, AA'T, =c/T,,A'AV, =0/V, k=1..,r. (A2.3)
Thc cac véc to cot U,,v,,k=1..,r cta cac ma tran U, V la cac véc to riéng va
binh phuong cac gia tri ky di cia ma tran A chinh la cac tri riéng cta cac ma
tran AAT, ATA. Néu ma tran A d6i xting thi

U=V.
Khi d6 c6 thé viét lai biéu thie cua khai trién ky di néu trén ¢ dang

A= iokukvl T = rankaA. (A2.4)

k=1

Hon nira, ma tran nghich dao suy rong, hay con goi la ma tran nghich dao
Moore-Penzoe ctia ma tran A s& c6 khai trién ky di

A" =(ATA)TAT =VvZUT, (A2.5)
trong d6 ma tran X*nhan duoc tir ma tran £ bang cach thay céc gia tri khac 0
bang gia tri nghich dao, con cac gia tri 0 van giit nguyén va sau do d6i hang
thanh cot (chuyén vi).

Bay gio ta xét phuong trinh : Ax=0 (A2.6)
trong truong hop A vudng (m = n) nhung co6 dinh thic bang 0, tic c6 gid tri ky
di bang 0. Gia sir cac gia tri ky di cia ma tran A khac 0 1a o,.,...,o,, r <n, tc

o, =0k=r+1..n.
Khi d6

AV, => o U, ViV = > 0 (Vi V)T, =0,Vk'=r+1..,n, (A2.7)
k=1

k=1
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Nhu vay, nghiém khac 0 cua phuong trinh thuan nhat néu trén chinh 1a (n-r)
véc to ky di phai cia ma tran A tuong ang véi cac gia tri ky di bang 0. Ching
tao thanh khéng gian Null cua ma tran A. Khong gian Null c6 sé chiéu
(dimension) 1a (n-r) véi co s truc giao 1a cac véc to V,.,k' =r+1...n. Diéu nay
c6 nghia 13 mot nghiém bat ky ctia phuong trinh thuan nhat

Ax=0
lubn c6 thé biéu dién bang
XnuI = Eckvwk (A28)
k=1

Vvéi cac hiang sb ¢, bat ky. Trong truong hop ma tran A khdng vuéng, giai sir
rankA=r<m=n,
thi khong gian Null cia ma tran A ciing s€ 1a cac véc to v,.,k'=r+1..,n.
Ta xét phuong trinh khong thuan nhat
AX =D, (A2.9)
khi d6 ta co

AX =D o0, Vix=Y o (Vi X)U, =b=x, =/ x)=0b/o k=1..r.
=i P}

Nhu vay, ta ¢ mot nghiém riéng cua phuong trinh khdng thuan nhat bang
r 7T
x =y Uby (A2.10)

k=1 Oy

va nghiém tong quét cua né sé& 1a
x:x'+chvr+k =x"+V.,c, (A2.11)
k=1
trong d6 V. 1a ma tran tao thanh tir n-r véc to cot va ¢ 1a véc to cac hang so tly
y {c,, j=1..,n—r}. Néu tachon cac hang s6 ¢ bing mot rang budc nao do, vi du
|L(x=x®)| = min
véi L 1a mot ma tran can bang da chon va x 1a mot théng tin cho trudc veé
nghiém cua phuong di cho (néu khdng c6 thdng tin gi ta cho x°=0), ta s& dugc
mot nghiém riéng khac ctua phuong trinh khong thuan nhat. Trong truong hop
cudi ta s& duoc
X=Xx-V,(LV,) L(X -X) =V, (LV,)" LX+[1 -V, (LV, )" LIX".
Thuc chat day 1a nghiém cua bai toan binh phwong tdi thiéu c6 rang budc dang
phuong trinh
min{]‘L(x —XO)H : AX =D}, (A2.12)

nhung dong thoi 12 nghiém dung ciia phuong trinh khong thuan nhat.



50
Ta chuyén sang tim nghiém di diéu chinh ctua phuong trinh khong thuan nhat
téng quét

(ATA+ 21)x = ATb + A2X° (A2.13)
vé6i A 1a tham sé diéu chinh Tikhonov. St dung cac khai trién

ATA = Zakv v, :ka (A2.14)

=1

ta co

(ATA+ A D)x = Z(ak + AV, V) X+ Z}LZ[V Vi x=

k=r+1
=A"b+1*x° = Zzz(a;b)vk + 2x°.
k=1

Do do

_ A2 ol U'b o ,

VX = mxw + > +kak2 ak—k,k =10, 1 Vi X=Xg, K =7 +1,..,0
hay

x:Z{/1 Xok +Gk(u b) Vi + D Xo Yy (A2.15)

k=1 +O'k K'=r+1

Pay 1a biéu thirc tong quat cia nghiém da duoc diéu chinh theo Tikhonov. Néu
x =0, thi nghiém nay bing

Z{ak(u by [

A+ O'k

duogc xac dinh ngay ca khi gia tri ky di rat nho. Tir cdng thirc tong quat néu trén,
ta thay riang néu tham sb diéu chinh chon qué Ién, nghiém diéu chinh tién dén
thong tin cho trudc x, lGc ndy vé phai dong vai tro rat nho. Nguoc lai néu tham
s6 diéu chinh chon qua nho so véi gia tri ky di bé nhat thi ta s& nhan duoc
nghiém chua diéu chinh x'. Van dé chon tham sé diéu chinh lam sao dé can
bang gitra hai trudng hop ti han nay, nghia 12 khéng qué 16n nhung ciing khong
qué nho. Muc do 16n cua tham sé diéu chinh s& dugc quyét dinh boi sai s6 cua
dau vao b.

(A2.16)
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PHU LUC 111

PHUONG PHAP PIEU CHINH TIKHONOV

So lwoc vé bai todn ngwoc

Bai toan ngugc khong chi dugc dat ra trong khoa hoc, k¥ thuat ma né con
thuong gip trong cudc séng va tat ca cac linh vuc hoat dong cua xi hoi. Noi
dung cua né co thé tom luoc ngin gon theo Tarantola nhu sau: “Xdc dinh
nguyén nhan, biét hé qud ciia né”. Bai toan nguoc trong khoa hoc va k¥ thuat da
dugc dat ra tur lau, nhung do su phtrc tap cia no, nguoi ta budc phai 1y tuong
héa céc diéu kién dé giai bai toan. Vi duy, trong tinh toan thuc té nguoi ta it quan
tam dén tinh duy nhat nghiém bai toan ma thuong gia thiét rang diéu kién ton tai
va duy nhét ty nd duogc thdéa man (do su tdn tai va duy nhét cua thuc té). Nhung
khong phai ai cling hiéu hang chinh bai toan ma ching ta dit ra va giai quyét
khong phai la thuc té, ma d6 chi 1a mot su gén ding rat tho cua thuc té khach
quan. Bai toan ngugc vai nhiing dic tinh “ngugc” da gop phan canh bao cho céac
nha khoa hoc, k§ thuat mot triét 1y don gian: néu khong tim dugc nghiém cta
bai toan thuc té thi can xem lai viéc dit bai toan.

Bai toan nguoc trong co hoc da ton tai, duoc giai quyét va ung dung tir
som. Do 1a bai toan xac dinh lyc tac dung khi biét quy dao chuyén dong cua nod.
Nhung do nhu cau thyuc té, trong khoa hoc k¥ thuat noi chung va co hoc noéi
riéng xuat hién mot bai toan méi: xay dung mo hinh cho mét ddi twong dang ton
tai tir cac so liéu do dac vé trang thai hién tai ciia n6. Bai todn nay duoc goi la
bai toan nhan dang hé théng (mot so tac gia goi 1a bai toan dong nhat hoa). Pay
thuc chit 1a mot bai toan nguoc dung theo moi nghia, nhung chua c¢d phuong
phap hiru hiéu ndo c6 thé giai tron ven bai toan phtic tap nday. Ching ta chi c6
thé tim duoc nhimg 10 giai gan dang & chimg myc nao d6 ma théi.

Gan day trong k¥ thuat, nhu cau danh gia trang thai k¥ thuat ciia mot doi
tuong thuc té dang 1am viéc cang ngay cang tré nén cap thiét. Ly do 1a vi rat
nhiéu tai nan xay ra do khong biét trudc dugc dién bién xau trong trang thai lam
viéc cua cac dbi tuong quan trong. Bai toan danh gia trang thai k¥ thuat ciia mot
d6i tuong dang ton tai, sau mot thoi gian nghién ciru, duoc phat biéu ¢ dang bai
toan nhan dang hé théng. Do vdy, nhitng phuong phip nghién ctru bai toan
nguoc noi chung va bai toan nhan dang hé théng néi riéng tro thanh cong cu chu
luc dé giai bai toan danh gia trang thai ky thuat.

Gia str cac tham sé mo hinh ctia mot doi tuong thudoc mot khong gian M,
tic meM va tham sb quan sat dugc deD, anh xa g:M = D duogc goi 1a sy tién

doan (prediction) trang thai quan sat duoc. Viéc xay dung anh xa g thuc chat 1a
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¢t 161 ctia viée md hinh hoa. Do m6 hinh tham s duoc xac dinh b.':fmg véc to m,
chang ta goi tit m 13 mot mo hinh.

Bai toan cho trude g v m can xac dinh d duoc goi 1a bai toan phan tich
hay bai toan thuan.

Khi d6, bai toan nguoc duge dinh nghia 1a cho truéc g va d can phai xac
dinh m. Néi cach khac bai toan nguoc 1a viéc di tim mot mo hinh tham sd cua
mot ddi tuong tur s6 liéu do dac cac tham sb quan sat duogc. Thuc chét 1a viéc
xay dung anh xa nguoc g*: D= M.

Vi du 1.1: Gia sir tir mot trung tam truyén thong phat ra mot tin hiéu u(t)
vao khong gian va tai mot dia diém khac thu nhan dugc mot tin hiéu V(t). Biét
rang su 1am viéc cta cac thiét bi thu phat dugc mo ta bang anh xa

Au :jR(t—s)u(s)ds: v(t). (A3.1)

Vén dé dit ra 13 phai khoi phuyc lai tin hiéu phat ra ban dau.

Vidu 1.2. Xé4c dinh khuyét tat trong mot vat thé béng song am do dugc tai
mot sd vi tri ndo d6, biét rang sy truyén sdng Am trong mot moi trudng dugc mod
ta bang phuong trinh

divgradp(x) + k’p(x) =0, x e Q\{s,, I, }.

Co s& toan hoc chat ché nhat hién nay dé giai bai toan nguoc néu trén chinh
la dinh 1y vé su tdn tai anh xa nguoc. Hién nhién 1a khong phai khi nao cling tdn
tai anh xa nguoc, dic biét 1a co sy sai khac gitra mo hinh va thuc té, gitta do dac
va tinh toan. Vi vay, bai toan ngugc néu trén, mac du co rat nhiéu ung dung
trong thyc té, cho dén nay van con 1a van dé rat kho, ngay ca dbi vai cac nha
toan hoc.

Trong co hoc, cac bai toan dugc dat ra nhu sau. Bat ky mot doi tuong nao
cling c¢6 thé duoc biéu dién qua so dd dudi day.

X /— A > Y

So dd hé théng ctia mot ddi tuong.

Trong so dd trén, X 1a tic dong ngoai, dong thoi duwoc hiéu 1a dau vao
(input) ctia hé thong, Y 14 tng xtr cia ddi tugng hay dau ra cia hé théng (output)
va A 1a mé hinh ctia hé thdng duoc mo ta bang cac tham s md hinh va mdi lién
hé giita tac dong va tmg xir ciia ddi tuong.

Bai toan phan tich hay con goi 1a bai toan thuan co ban ctua hé théng néu
trén dugc dit ra 13 tinh toan Y biét X va A. Bai toan ndy néi chung dugc mo ta
bang phuong trinh

AU =P (A3.2)
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trong d6 A 1a mot toan ttr, U 1a Gmg xir va P 13 tac dong ngoai. Bai toan nay rét
thong dung trong co hoc tir c6 xua dén ngay nay. Bai toan nguogc cb dién cua co
hoc, duoc goi 1a bai toan xac dinh luc tac 1én hé, 1a tim X néu biét A va Y. Pay
1a bai toan co ban cua viéc diéu khién mot dbi tuong theo mot muc ti€u cho
truge. Vi dy, ta mudn dua mot vé tinh 1én quy dao cho trudc, can phai x&c dinh
cac co cau diéu khién tao ra cac luc tac dung 1én hé dé vé tinh chuyén dong theo
quy dao mong mudn.

Bai toan nhan dang h¢ théng duoc dat ra nhu 1a vi¢c xay dyng mo hinh cho
mot ddi tuong dang tdn tai tr cac s liéu do dac trén d6i tuong: xac dinh A, biét
X va Y. Néu coi X va Y 1a cac tham sd quan sat duoc va hé théng A duoc mo ta
bang mot tap cac tham s6 mo hinh m thi bai toan nhan dang hé thong chinh 13
bai toan nguoc ban dau da dinh nghia ¢ trén. Bai toan nhan dang hé théng hién
dang duoc ap dung rong rai trong thyc nghiém, diéu khién, co hoc va rat nhiéu
nganh k¥ thuat.

Mot vi du quan trong ctia bai toan nguoc trong co hoc 1a bai toan xac dinh
ma tran biét cac tri riéng cua né Gladwell [13], c6 ndi dung nhu sau: Gia sir mot
hé co hoc duoc xac dinh bang hai ma tran d6 ctimg va khdi luong K, M va céc
gia trj riéng A (tan s riéng), dang riéng cta hé thoa min phuong trinh

(K—-AM)y =0 (A3.3)
va tri riéng thoa man phuong trinh dac trung
f(K,M, 1) =det(K — AM) =0. (A3.4)

Néu cho trudc céc tri riéng (A,...,A,) thi cic ma tran d6 ctimg va khdi luong
duoc xéc dinh tir phuong trinh
f(K,M,2,)=0, j=1..,n. (A3.5)

RS rang ta chi ¢o n phuong trinh dai s6 siéu viét dé xac dinh 2n? an s6 1a
cac thanh phan cua hai ma tran do cung va khoi luong. Dé giai bai toan nay
chung ta can thém thong tin vé cac ma tran K, M, vi du nhu tinh d4i xtmg, xéac
dinh duong hay ma tran duong chéo. Cac diéu kién nay cho phép ta giam bét an
s6 can tim.

Nhu vy, c6 thé hiéu mot cach tong quét, bai toan nguoc 1a viéc xay dung
md hinh cho mét d6i twong tir cac sb liéu do dac. Trong bai toan nay co hai yéu
t6 quan trong, d6 1a md hinh va s6 liéu do dac. Ca hai yéu t6 nay khong thé xac
dinh mot cach chinh xac so voi thuc té. Do dé céc bai toan nguoc néu trén déu
c6 nhiing déc tinh sau day:

Rt nhay cam véi sai s6 mo hinh va do dac. Nghia 1a sy thay d6i nho cua
sai sb cling c6 thé dan dén thay doi 1on trong két qua giai bai toan (tinh khong
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6n dinh d6i voi sai sé). Thém vao d6 1a sai s6 tinh toan, nhiéu khi cling tao nén
su kho khan trong khi giai bai toan ngugc.

N6i chung cac bai toan nguoc khong c6 hoic khong duy nhat nghiém. Diéu
nay xay ra la do sai s6 néu trén cong véi su thiéu thong tin cho trude. Cac sd
lidu thu thap duoc khong bao gior 1a ddy du so véi thuc té ton tai khach quan rat
phtc tap ciia mot ddi tuong.

Phwong phdp diéu chinh Tikhonov

Trong nhiéu trudng hop, bai toan nguoc din dén viée giai phuong trinh

Tikhonov va Arnesin

AX =D, (A3.6)
trong d6 ma tran A 1a bat ky (co thé khong vudng hodc suy bién) va b 1a véc to
chi dugc biét mot cach gan dung so voi gia tri chinh xéac b.

Loi giai gan dung dau tién cia bai toan nay chinh 1a 1oi giai binh phuong
tbi thiéu x,, duoc xac dinh bang cac dinh 1y dudi day:
Dinh Iy 1. Nghiém binh phwong téi thiéu

X, =argmi n|Ax —b|

ton tai khi va chi khi phwong trinh
(ATA)x=ATb, (A3.7)
c6 nghiém va dé chinh la nghiém binh phirong toi thiéu can tim.
N6i chung, nghiém nay dugc biéu dién qua ma tran twa nghich dao Moore-
Penrose, ky hi¢u la
A" =(ATA)AT,
nhu sau
X s =A'b. (A3.8)
Tuy nhién, 15i giai ndy ciing c6 khi khong ton tai do ma trdn (ATA)™* van co
thé suy bién hoic gan suy bién (c6 tri riéng rat nho). Khi d6 nghiém (2.8) rét
nhay cam véi sai s6 cila véc to vé phai b.
Chinh vi thé, A.N. Tikhonov da dé xuat mot giai phap diéu chinh nghiém
gan dung nay bang cach tim nghiém binh phuong tdi thiéu ciia bai todn
Xepus =argmi n{|Ax b + ocHL(X—XO)HZ}, (A3.9)

voi a,L,x° 1an luot 13 tham sb diéu chinh duong, ma tran diéu chinh va mot tién
doan nao d6 vé nghiém ciia phuong trinh ban dau. Trong d6 tham s6 va ma tran
diéu chinh s& dugc chon dé nghiém da cho luén tdn tai duy nhat va 6n dinh doi
v6i sai s6 ctia vé phai (thay doi nho khi vé phai thay doi nho). Su ton tai va duy
nhat nghiém ctia bai toan di duoc diéu chinh duoc khang dinh bang dinh 1y duéi
day:
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Dinh Iy 2. véi o =0 nghiém binh phwong t6i thiéu da dwoc diéu chinh la nghiém
cua phuong trinh
(ATA+al"L)x = ATb+aLl"LX’. (A3.10)
Dé dang nhéan thy voi o —0 thi nghiém da duoc diéu chinh X, — .
Hon ntra dinh 1y 2 méi chi khrfmg dinh duoc c6 thé chon duogc cac tham sb
a, L, x° dé ton tai va duy nhat nghiém di dugc diéu chinh. Sy on dinh cia
nghiém d4 diéu chinh theo sai s ctia vé phai duoc minh chimg bang dinh 1y sau:
Dinh Iy 3. Néu thod man diéu kién

o b <5 =]Axqs ~b] =B, (A3.11)
Thi

s =, < 2ol (A3.12)
trong do

AATz=b (A3.13)
va x, la nghiém chinh xdac cua phwong trinh da cho

AX, =b. (A3.14)

Pinh 1y 3 cho thdy néu biét dugc mirc d6 nhidu ctia vé phai 13 5, thi co thé
chon tham sb diéu chinh tir phuong trinh & = AxXgs —b| dé nghiém da duoc diéu
chinh s& tién dén nghiém chinh xac khi nhiéu tién dén 0. Nhu vy, Dinh 1y 3 da
chi ra rang c6 thé chon tham s6 diéu chinh o dé nghiém diéu chinh 6n dinh d6i
v6i nhidu vé phai. Hon thé nita, dinh 1y nay con cho ta phuong trinh dé chon
tham sd diéu chinh ma trong céac tai liéu dugc goi 1a nguyén 1y Morozov
(Morosov’s Discrepancy Principle). Van dé con lai dé dat duoc mét nghiém 6n
dinh v6i nhiéu 1 giai phuong trinh

”AX res (@) — b” =9, (A3.51)
d6i v6i « . Pinh 1y sau diy chirg minh rang tham s6 diéu chinh d6 luén ton tai
va ¢6 thé tim duoc béng cac thuat toan co dién.

Dinh Iy 4. Ham s6

p(1) = Ax s (@) —b, u=1la, (A3.16)
bang

@(u) =b" (LAAT +1)7b (A3.17)
|& mét ham giam va 16i véi i =0 va phwong trinh o(u)=1 véi © bat ky thod man

Ibo|” <7 =0|", (A3.18)

trong dé b, la hinh chiéu cia b Ién tdp khéng ciia ma tran AAT c6 mdt nghiém

hitu han duy nhdt 0< i< o,
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Ngoai viéc chting minh ton tai tham sé diéu chinh t6i wu, dinh 1y nay con
cho phép ta xac dinh dugc phuong trinh hién ddi véi tham sb diéu chinh co thé
giai duoc bang phuong phap don gian nhat. Tuy nhién van dé lai 1a chon r nhu
thé nao. Néu biét sai s6 ctia vé phai

¢ =[] =[b-B]| (A3.19)
thi ta c6 thé chon ngay 7 =n%? voi 1 chon tir diéu kién

Ioo|| < 7¢ < 0| (A3.20)
Nhung néu sai s6 nay khong biét thi ta co thé chon ¢ tuan thu bat dang thirc

o] " <z <[] (A3.21)

Trén day 1a co s¢ 1y thuyét cta viéc diéu chinh Tikhonov. Nhung trong
thuc té, nguoi ta khong chi ding lai & 1y thuyét tong quat ma can phai tim duoc
biéu thirc hién ciia nghiém da diéu chinh. Phuong phap khai trién gia tri ky di
(Singular VValue Decomposition — SVD) dugc trinh bay trong phu luc 11
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PHU LUC IV

MO DPUN CHUONG TRINH TINH BANG MATLAB
function bar_XX1_2016

E = 7.2e10; ro = 2800; nu = 0.35;
b = 0.006; h = 0.023; A = b*h;

L = 0.235;

clc;

ah = 0.5*[1 1 R

ec = [0.2 0.4 0.6];

opt = 2; % 1- ngam - tu do, 2 - ngam - ngam, 3. Tu do - Tu do
par = [L h nul;

y = mainFres (5,par,0*ah,ec,opt);
vpa (y,10)

n =1

mainFre ah(n,par,ec,y(n,1),opt)
return

end

o)

% Moi quan he giua tan so va do sau vet nut (1 vet nut)
function mainFre ah(n,par,ec,lambdal, opt)
$ L =par(l); h = par0(2); nu = par0(3); el = par0(4); lambdaO =par0(5);
ne = 100;
da = 0.5/ne;
ahi =0:da:0.5;
y =zeros(ne,l);
for i=1:ne+l
ah = ahi(i)*[1 1 1];

fre = mainFres (n,par,ah,ec,opt);
y(i,1) = fre(n,1)/lambda0l;

end

figure (3)

hold on
plot(ahi',y, 'k");
box on

hold off

return

end

% Mo dun tinh tan so rieng
function lambda= mainFres (n,par,ah,ec,opt)

lambda = zeros(n,1l);
x0 = 0.0;
for i = 1:n
a=x0+ 0.1; % Gia tri cua ban dau
d ab = 0.1; % Buoc tang khoang chia 0.1 khong tnh duoc 0.55
f1 =1.0; f2 = 1.0; % Chon gia tri ban dau
% Tim khoang co nghiem tu dong

while f1*£2>0,
b =a + d ab;
fl = funcd(a,par,ah,ec,opt) *eps;
£f2 funcd (b, par,ah,ec,opt) *eps;
a = b;

end
a =Db - d ab;
% Tim nghiem bang phuong phap day cung or bisection
lambda (i,1) = rtbis(a,b,par,ah,ec,opt):;
x0 = lambda(i,1);
end
return

end



function d = funcd(lambda,par,ah,ec,opt)

L = par(l); h = par(2); nu = par(3);

nc = length(ec);
for i=1l:nc

gama (i) = func Ic(nu,h,L,ah(i));
end

switch (opt)
case 1 % ngam tu do
alphaO = 1; alphal = 0;
betal = 0; betal = 1;

Q

case 2 % Ngam - Ngam

alphaO = 1; alphal = 1;
betal = 0; betal = 0;
case 3 % Tu do - tu do

alphaO = 0; alphal = 0;
betal = 1; Dbetal = 1

otherwise
end
d0 = (alphaO*alphal+lambda”~2*betaO*betal)*sin(lambda)+...
lambda* (alphaO*betal-alphal*betal) *cos (lambda) ;
dl = func_dl (lambda, ec,opt) ;

tong = 0;
for i =l:nc
tong = tong + gama(i)*dl(i);
end
d = d0 + lambda*tong;

return
end

function dl = func_dl (lambda,el, opt)

nc = length(el);
switch (opt)
case 1 % ngam tu do
alphaO = 1; alphal = 0;
betal0 = 0; betal = 1;

)

case 2 % Ngam - Ngam

alpha0 = 1; alphal = 1;
betal = 0; betal = 0;
case 3 $ Tu do - tu do

alphaO = 0; alphal = 0;
betal0 = 1; betal = 1

’

otherwise
end
for i=1l:nc
dl (i) = (alphaO*cos(lambda*el (i))+lambda*betal*sin (lambda*el (i)))*...
(alphal*cos(lambda* (1-el (i)))-lambda*betal*sin(lambda* (1-el(i))))
end
return
end
function Ic = func Ic(nu, h,L, ah)

% Vet nut hai canh R. Ruotolo (2004)
alpha = 0.7314*ah”8-1.0368*ah”7+0.5803*ah”"6+1.2055*ah"5-1.0368*ah"4+...
0.2381*ah”"3+0.9852*ah"2;

o

o\



% Ic = 2*h*(1-nu”2) *alpha;
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alpha = 0.6272*ah”2 - 0.17248*ah”3 + 5.92134*ah”4 - 10.7054*ah"5 +
31.5685*ah"6 - 67.47*ah*7+139.123*ah”"8-146.682*ah"9+92.3552*ah"10;

Ic = 2*pi*h* (1-nu”2)*alpha/L;

Q

function x = rtbis(xl,x2,par,ah,ec,opt)

Q

jmax = 50; xacc = eps;

f = funcd(xl,par,ah,ec,opt);
fmind = funcd(x2,par,ah,ec,opt);

if £*fmind>=0

% Copr. 1986-92 Numerical Recipes Software

% mo dun tim nghiem bang phuong phap chia doi khoang cach

disp ('Root must be bracked for bisection in rtbis');

X = X2 + db;
return;

end

if £ <0

for j =1l:jmax
dx = dx*0.5;
xmid = x + dx;

fmid = funcd(xmid,par,ah,ec,opt):;

if fmid <=0

X = xmid;
end
if (abs(dx)<xacc || abs(fmid)==0.0)
break;
end
end
return
end

function bar XX2 2016

E = 7.2e10; ro = 2800; nu = 0.35;
b = 0.006; h = 0.023; A = b*h;

L = 0.235;

% clc;

ah = 0.5%[1 11

ec = [0.3 0.771;

opt = 2; % 1- ngam - tu do, 2 - ngam - ngam,
par = [L h nul;

y = mainFres (5,par,ah,ec,opt);
vpa (y,10)

n =1

mainFre ah(n,par,ec,y(n,1),opt)

return

% Moi quan he giua tan so va do sau

vet nut

—————————————————————————————————————— Ket thuc xxl-------------------————-

3. Tu do - Tu do

(1 vet nut)
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function mainFre ah(n,par,ec,lambdal, opt)
% L = par(l); h = par0(2); nu = par0(3); el = par0(4); lambdaO =par0(5);
ne = 100;
da = 0.5/ne;
ahi =0:da:0.5;
y =zeros(ne,l);
for i=l:ne+l
ah = ahi(i)*[1 1 1];
fre = mainFres (n,par,ah,ec,opt);

y(i,1) = fre(n,1l)/lambdal;
end
figure (3)
hold on
plot (ahi',y, "k");
box on
hold off
return

end

o

% Mo dun tinh tan so rieng
function lambda= mainFres (n,par,ah,ec,opt)

lambda = zeros(n,1);
x0 = 0.0;
for i = 1:n
a=x0+ 0.1; % Gia tri cua ban dau
d ab = 0.1; % Buoc tang khoang chia 0.1 khong tnh duoc 0.55
f1 =1.0; £f2 = 1.0; % Chon gia tri ban dau
% Tim khoang co nghiem tu dong

while f1*£2>0,
b =a + d ab;
f1 = funcd(a,par,ah,ec,opt) *eps;
f2 = funcd(b,par,ah,ec,opt) *eps;
a = b;

end

a =Db - d ab;

% Tim nghiem bang phuong phap day cung or bisection
lambda (i,1) = rtbis(a,b,par,ah,ec,opt);
x0 = lambda(i,1);

end
return

end

function d = funcd(lambda,par,ah,ec,opt)

L = par(l); h = par(2); nu = par(3);

nc = length(ec);
for i=1l:nc

gama (i) = func _Ic(nu,h,L,ah(i));
end

switch (opt)
case 1 % ngam tu do
alpha0 = 1; alphal = 0;
betal0 = 0; betal = 1;

o)

case 2 % Ngam - Ngam

alphaO = 1; alphal = 1;
betal = 0; betal = 0;
case 3 $ Tu do - tu do

alphaO = 0; alphal = 0;
betal = 1; Dbetal = 1
otherwise
end
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d0 = (alphaO*alphal+lambda”2*betaO*betal) *sin (lambda)+...
lambda* (alphaO*betal-alphal*betal) *cos (lambda) ;

dl func_dl (lambda, ec, opt) ;
tong = 0;
for i =l:nc
tong = tong + gama (i) *dl (1i);
end
d2 = func_d2(lambda,par,ah,ec,opt);

d = d0 + lambda*tong + d2;

function dl = func_dl (lambda,el, opt)

nc = length(el);
switch (opt)
case 1 % ngam tu do
alphaO = 1; alphal = 0;
betal0 = 0; betal = 1;
case 2 % Ngam - Ngam
alphaO = 1; alphal = 1;

beta0 = 0; betal = 0;
case 3 % Tu do - tu do
alphaO = 0; alphal = 0;
betal = 1; betal = 1;
otherwise
end
for i=1l:nc
dl(i) =
(alphaO*cos (lambda*el (i) ) +lambda*betal*sin (lambda*el (1)))*...
(alphal*cos (lambda* (1-el(i)))-lambda*betal*sin (lambda* (1-
el(i)))):
end
return

end

function d2 = func_d2(lambda,par,ah,ec,opt)
L = par(l); h = par(2); nu = par(3);

nc = length(ec);
for i=l:nc
gama (i) = func_Ic(nu,h,L,ah(i));
end
tong = 0;
for j = 2:nc

for k = 1:j-1
tong =tong + func HI (lambda, l-ec(Jj),opt) *sin (lambda* (ec(J) -

ec(k)))*...
func HO (lambda,ec (k) ,opt) *gama (J) *gama (k) ;
end
end
d2 = -lambda”2*tong;
return

end
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function H1 = func_HI (lambda, x, opt)

switch (opt)

o)

case 1 % ngam tu do
alphal = 0; Dbetal = 1;

Q

case 2 % Ngam - Ngam

alphal = 1; betal = 0;
case 3 % Tu do - tu do
alphal = 0; betal = 1;
otherwise
end
H1 = alphal*cos (lambda*x)-lambda*betal*sin (lambda*x) ;
return

end

function HO = func HO (lambda,x, opt)

switch (opt)
case 1 % ngam tu do
alphaO0 = 1; betal

case 2 % Ngam - Ngam
alphaO0 = 1; betal = 0;

Il
o
~.

case 3 $ Tu do - tu do
alphaO = 0; betal = 1;
otherwise
end
HO = alphaO*cos (lambda*x)+lambda*betal*sin (lambda*x) ;
return
end
e e Ket thuc xap xi 2--———===""—"""""""———--—-————————
function bar XX3 2016
E = 7.2e10; ro = 2800; nu = 0.35;
b = 0.006; h = 0.023; A = b*h;
L = 0.235;
% clc;
ah = 0.5*[1 1;
ec = [0.3 1;

opt = 2; % 1- ngam - tu do, 2 - ngam - ngam, 3. Tu do - Tu do
par = [L h nu]l;

y = mainFres (5,par,ah,ec,opt);

vpa (y,10)

o

o

n =1
mainFre ah(n,par,ec,y(n,1),opt)

o

return
end
% Moi quan he giua tan so va do sau vet nut (1 vet nut)
function mainFre ah(n,par,ec,lambdal, opt)
5 L =par(l); h = par0(2); nu = par0(3); el = par0(4); lambdaO =par0(5);
ne = 100;
da = 0.5/ne;
ahi =0:da:0.5;
y =zeros(ne,l);
for i=l:ne+l
ah = ahi(i)*[1 1 11;
fre = mainFres (n,par,ah,ec,opt);
y(i,1) = fre(n,1)/lambdal;
end
figure (3)
hold on
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plot(ahi',y, 'k");
box on
hold off
return
end
% Mo dun tinh tan so rieng
function lambda= mainFres (n,par,ah,ec,opt)

lambda = zeros(n,1l);
x0 = 0.0;
for i = 1:n
a=x0+ 0.1; % Gia tri cua ban dau
d ab = 0.1; % Buoc tang khoang chia 0.1 khong tnh duoc 0.55
f1 =1.0; £f2 = 1.0; % Chon gia tri ban dau

% Tim khoang co nghiem tu dong
while f1*£2>0,
b =a + d ab;

f1 = funcd(a,par,ah,ec,opt) *eps;
f2 = funcd(b,par,ah,ec,opt) *eps;
a = b;

end

a =Db - d ab;
% Tim nghiem bang phuong phap day cung or bisection
lambda(i,1) = rtbis(a,b,par,ah,ec,opt);

x0 = lambda(i,1);
end
return

end

function d = funcd(lambda,par,ah,ec,opt)

L = par(l); h = par(2); nu = par(3);

nc = length(ec);
for i=l:nc
gama (i) = func Ic(nu,h,L,ah(i));
end
switch (opt)

)

case 1 % ngam tu do
alphaO = 1; alphal = 0;
betal = 0; betal = 1;

case 2 % Ngam - Ngam
alphaO = 1; alphal = 1;
beta0 = 0; Dbetal = 0

case 3 % Tu do - tu do
alphaO = 0; alphal = 0;
betal0 = 1; betal = 1

’

’

otherwise
end
d0 = (alphaO*alphal+lambda”2*betalO*betal) *sin(lambda)+...
lambda* (alphaO*betal-alphal*betal) *cos (lambda) ;
dl = func_dl (lambda, ec,opt);

tong = 0;
for 1 =l:nc

tong = tong + gama (i) *dl (i)
end
dz func_d2 (lambda, par,ah,ec,opt);
d3 = func_d3(lambda,par,ah,ec,opt);
d = d0 + lambda*tong + d2 + d3;



return
end

function dl =

nc = length(el);
switch (opt)

func dl (lambda,el, opt)

case 1 % ngam tu do
alpha0 = 1; alphal = 0;
betal0 = 0; betal = 1;
case 2 % Ngam - Ngam
alphaO = 1; alphal = 1;
beta0 = 0; betal = 0;
case 3 $ Tu do - tu do
alphaO = 0; alphal = 0;
beta0 = 1; betal = 1;
otherwise
end
for i=1l:nc
dl(i) =
(alphaO*cos (lambda*el (i) ) +lambda*betal*sin (lambda*el (i)))*...
(alphal*cos (lambda* (1-el (i)))-lambda*betal*sin (lambda* (1-
el(i)))):
end
return

end

function d2 = func_d2(lambda,par,ah,ec,opt)
L = par(l); h = par(2); nu = par(3);
nc = length(ec);
for i=1l:nc

gama (i) = func Ic(nu,h,L,ah(i));
end
tong = 0;
for j = 2:nc

for k = 1:9-1
tong =tong + func H1 (lambda,l-ec(j),opt) *sin (lambda* (ec (J) -

ec(k)))*...
func HO (lambda,ec (k) ,opt) *gama (j) *gama (k) ;
end
end
d2 = -lambda”2*tong;
return
end

function d3 = func_d3(lambda, par,ah,ec,opt)
L = par(l); h = par(2); nu = par(3);
nc = length(ec);

for i=1l:nc

gama (i) = func_Ic(nu,h,L,ah(i));
end
tong 0;
for j = 3:nc
for k = 2:j-1
for r = 1:k-1
tong = tong + func_ Hl (lambda,l-ec(j),opt)*...
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sin (lambda* (ec(j)-ec(k)))*...
sin(lambda* (ec (k) -ec(xr)))*...
func HO (lambda,ec(r),opt) *gama (J) *gama (k) *gama (r) ;
end
end

end

d3 = lambda”3*tong;
return
end

switch (opt)

Q

case 1 % ngam tu do
alphal = 0; Dbetal = 1;

o

case 2 % Ngam - Ngam

alphal = 1; betal = 0;
case 3 % Tu do - tu do
alphal = 0; betal = 1;
otherwise
end
H1 = alphal*cos (lambda*x)-lambda*betal*sin (lambda*x) ;
return
end

function HO = func_ HO (lambda,x, opt)

switch (opt)
case 1 % ngam tu do
alphaO = 1; betalO = 0;
case 2 % Ngam - Ngam
alphaO = 1; betal = 0;
case 3 $ Tu do - tu do
alphaO = 0; betal = 1;
otherwise
end
HO = alphaO*cos (lambda*x)+lambda*betal*sin (lambda*x) ;
return

end

function Ic = func_Ic(nu, h,L, ah)

Vet nut hai canh R. Ruotolo (2004)

alpha = 0.7314*ah”8-1.0368*ah”"7+0.5803*ah"6+1.2055*ah”"5-1.0368*ah"4+...
0.2381*ah”"3+0.9852*ah"2;

Ic = 2*h*(1-nu”2) *alpha;

alpha = 0.6272*ah”"2 - 0.17248*ah”3 + 5.92134*ah”4 - 10.7054*ah"5 +
31.5685*ah"6 - 67.47*ah”"7+139.123*ah"8-146.682*ah"9+92.3552*ah”"10;

Ic = 2*pi*h* (1-nu”~2) *alpha/L;

end

o o oP

o\°

Q

% mo dun tim nghiem bang phuong phap chia doi khoang cach
function x = rtbis(xl,x2,par,ah,ec,opt)
% Copr. 1986-92 Numerical Recipes Software
Jjmax = 50; xacc = eps;
f = funcd(xl,par,ah,ec,opt);
fmind = funcd(x2,par,ah,ec,opt);
if £*fmind>=0
disp('Root must be bracked for bisection in rtbis');
X = x2 + db;
return;
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end
if £ < 0

X = x1;

dx = x2-x1;
else

X = X2;

dx = x1-x2;
end

for j =l:jmax
dx = dx*0.5;
xmid = x + dx;

fmid = funcd(xmid,par,ah,ec,opt);
if fmid <=0

X = xmid;
end
if (abs(dx)<xacc || abs(fmid)==0.0)
break;
end
end
return
end
G Ket thuc xap xi 3--------------—---—---————————-

function Fre Khue2016
clc;
E = 7.2e10; ro = 2800; nu = 0.35;

b =0.006; h =0.023; A = b*h;
L = 0.235;

% 1- Ngam - tu do

% lambdaO = [1.570796327

% 4.71238898

% 7.853981634

% 10.99557429

% 14.137166941;
% 2 - ngam - ngam

% lambdaO = [3.141592654

% 6.283185307

% 9.424777961

% 12.56637061

% 15.707963271;
% 3. Tu do - Tu do

% lambdaO = [3.141592654

% 6.283185307

% 9.424777961

% 12.56637061

% 15.707963271;
% Thong so vet nut

ah = 0.5;

el = 1;

opt = 3; % 1- ngam - tu do, 2 - ngam - ngam, 3. Tu do - Tu do
par = [L h nu ah el];

y = mainFre (5,par,opt);

vpa (y,10)

% Moi quan he tan so va vi tri vet nut (1 vet nut) Fig 3.1-3.3
$ $ n = 3;
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% % par0O = [L h nu ah, lambdaO(n)];
% % mainFre ex(n,par0,opt)

% % xlabel('e');

$ % ylabel ('\lambda 3/\lambda 0 3');
% % grid on

% % box on

% Moi quan he giua tan so va do sau vet nut (1 vet nut)

$ % n=2;

$ % par0 = [L h nu el, lambdaO(n)];

% % mainFre ah (n,par0,opt)

% % xlabel ('a/h");

$ %% ylabel ('\lambda 1/\lambda 0 1'");
5 % % grid on

3 % box on

% Tinh FRF

x0 = 1; % diem dat luc

x = 0; % diem do

main FRF (x,x0,par,E, ro,opt)

% lambda = y(1,1)
mainMode (1, lambda, par, opt)
return

end

o

% Ham tinh dap ung tan so FRF
function main FRF(x,x0,par,E, ro,opt)
n = 1024;

lambda s = 1;

lambda e = 8;

dlam = (lambda e-lambda_s)/n;
lambdai = lambda s:dlam:lambda e;

for 1 =1:n+1
lambda = lambdai (i) ;

FRF (i) = func FRF (x,x0,lambda, par,opt);
end
c = sqrt(E/ro);
hold on
plot (lambdai', abs (FRF) /c, 'b'");
hold off
return
end

function FRF = func FRF (x,x0,lambda, par,opt)
L = par(l); h = par(2); nu = par(3); ah = par(4); el = par(5);

switch (opt)

o)

case 1 % ngam tu do
alphal = 0; Dbetal = 1;

o)

case 2 % Ngam - Ngam

alphal = 1; Dbetal = 0;
case 3 $ Tu do - tu do

alphal = 0; Dbetal = 1;
otherwise

end
gama = func Ic(nu,h,L,ah);
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hf = func_h(1-x0, lambda) ;
hfp =func hp(1-x0, lambda) ;
L0 = funcLO (x,lambda, opt)

’

Kf = funcK (lambda, x-el);
ts = (alphal*hf + betal*hfp)* (L0 + lambda*gama*cos (lambda*el) *Kf) ;
L0l = funcLO (1, lambda,opt):;

LOp = funcLOp (1, lambda, opt) ;
s = funcK(lambda,l-el);
sp = funcKp (lambda,l-el);

ms = alphal*L0l + betal*LOp +...
lambda*gama*cos (lambda*el) * (alphal*s + betal*sp);
FRF = func h(x-x0,lambda) - ts/ms;
return
end

o)

% Mo dun tinh tan so rieng
function lambda= mainFre(n,par,opt)

lambda = zeros(n,1l);
x0 = 0.0;
for i = 1:n
a=x0+ 0.1; % Gia tri cua ban dau
d ab = 0.1; % Buoc tang khoang chia 0.1 khong tnh duoc 0.55
fl1 =1.0; f2 = 1.0; % Chon gia tri ban dau
% Tim khoang co nghiem tu dong

while f1*£2>0,
b =a + d ab;
f1 = funcdO(a,par,opt) *eps;
f2 = funcdO (b, par,opt) *eps;
a = b;
end
a =Db - d ab;
% Tim nghiem bang phuong phap day cung or bisection
lambda (i,1) = rtbis(a,b,par,opt);
x0 = lambda (i, 1) ;
end
return
end
% Moi quan he tan so va vi tri vet nut (1 vet nut)
function mainFre ex(n,par0,opt)
L = par0(l); h = par0(2); nu = par0(3); ah = par0(4); lambda0 =par0(5);
ne = 100;
de =1/ne;
ex =0:de:1;
y =zeros(ne,1l);
for i=l:ne+l

el = ex(1i);
par = [L h nu ah el];
fre = mainFre (n,par,opt);
y(i,1) = fre(n,1)/lambda0;
end
figure (2)
hold on
plot(ex',y, 'k");
hold off
return

end
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% Moi quan he giua tan so va do sau vet nut (1 vet nut)
function mainFre ah(n,par0, opt)
L = par0(l); h = par0(2); nu = par0(3); el = par0(4); lambda0 =par0(5);
ne = 100;
da = 0.5/ne;
ahi =0:da:0.5;
y =zeros(ne,l);
for i=l:ne+l
ah = ahi(i);

par = [L h nu ah el];
fre = mainFre (n,par,opt):;
y(i,1) = fre(n,1)/lambda0l;
end
figure (3)
hold on
plot(ahi',y,'k");
hold off
return
end
function mainMode (n, lambda,par, opt)

% Tinh mu
L = par(l); h = par(2); nu =
gama = func Ic(nu, h,L, ah);
LO0p = funclLOp(lambda,el,opt):;
mul = gama*LOp;

par(3); ah = par(4); el = par(5);

nx =100;
y= zeros (nx,1);
dx= 1/nx;
x=0:dx:1;

for i=1l:nx+1
L0 = funcLO (lambda,x (i), opt);
K = funcK(lambda, x (i) -el);
y(i,1)= L0 + mul*K;
end
plot (x',y);

return
end
function LO = funcLO (lambda, x,opt)
switch (opt)
case 1 % ngam tu do
alphaO = 1; betal = 0;

o)

case 2 % Ngam - Ngam

alphaO = 1; betal = 0;
case 3 % Tu do - tu do
alphaO = 0; betal = 1;
otherwise
end
L0= alphaO*sin(lambda*x)-lambda*betal*cos (lambda*x) ;
return

end

function LOp = funcLOp (lambda,x,opt)
switch (opt)

o)

case 1 % ngam tu do
alphaO0 = 1; betal

case 2 % Ngam - Ngam
alphaO = 1; betal = 0;

case 3 % Tu do - tu do
alphaO = 0; betal = 1;

otherwise

Il
O
~.
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end

LOp= alphalO*lambda*cos (lambda*x)+lambda”~2*betal*sin (lambda*x) ;
return
end
% Dinh nghia ham vet nut D (lambda)
function d = funcdO (lambda, par, opt)

L = par(l); h = par(2); nu = par(3); ah = par(4); el = par(5);

gama = func_ Ic(nu, h,L, ah);
switch (opt)
case 1 % ngam tu do
alphaO = 1; alphal = 0;
betald = 0; betal = 1;

o)

case 2 % Ngam - Ngam

alphaO0 = 1; alphal = 1;
beta0 = 0; betal = 0;
case 3 % Tu do - tu do

alphaO = 0; alphal = 0;
beta0 = 1; Dbetal = 1

otherwise
end
d0 = (alphaO*alphal+lambda”~2*betaO*betal)*sin(lambda)+...
lambda* (alphaO*betal-alphal*betal) *cos (lambda) ;
dl = (alphaO*cos (lambda*el)+lambda*betal*sin (lambda*el))*...

(alphal*cos (lambda* (1-el))-lambda*betal*sin (lambda* (1-el)));
d = d0 + lambda*gama*dl;
return
end
% mo dun tim nghiem bang phuong phap chia doi khoang cach
function x = rtbis(xl,x2,par,opt)
% Copr. 1986-92 Numerical Recipes Software
jmax = 50; xacc = eps;
f = funcdO(x1l,par,opt):;
fmind = funcdO (x2,par,opt);
if £*fmind>=0
disp ('Root must be bracked for bisection in rtbis');
X = x2 + db;
return;
end
if £ < 0
X = x1;
dx = x2-x1;

for j =l:jmax
dx = dx*0.5;
xmid = x + dx;

fmid = funcdO (xmid, par,opt);
if fmid <=0

X = xmid;
end

if (abs (dx)<xacc || abs (fmid)==0.0)
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% disp('too many bisections in rtbis');
break;
end
end
return
end
function Ic = func_Ic(nu, h,L, ah)

o\

Vet nut hai canh R. Ruotolo (2004)

alpha = 0.7314*ah”8-1.0368*ah”7+0.5803*ah"6+1.2055*ah”"5-1.0368*ah"4+...
0.2381*ah”3+0.9852*ah"2;

Ic = 2*h*(1-nu”2) *alpha;

alpha = 0.6272*ah”"2 - 0.17248*ah”3 + 5.92134*ah”4 - 10.7054*ah"5 +
31.5685*ah”6 - 67.47*ah"74+4139.123*ah”8-146.682*ah”9+92.3552*ah"10;

Ic = 2*pi*h* (1-nu”2) *alpha/L;

o oo

o°

function K = funcK (lambda, x)
if x>=0
K = cos (lambda*x) ;
else
K=0;
end
return
end

function K = funcKp (lambda, x)
if x>=0
K= -lambda*sin (lambda*x) ;
else
K=0;
end
return
end

function h = func h(x,lambda)

h = (1/lambda) *sin (lambda*x) ;
return
end

function hp = func_hp (x, lambda)
hp = cos(lambda*x) ;

return

end



