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TOM TAT: Bai bdo trinh bay hai ngi dung. Thi nhdt, gidi thiéu mot thudt todn mdi,
mang tén thudt toan VTHH, ding dé xdc dinh vi tri suy giam dg cimg chong bién dang trén cau
dia vao dj bién thién thé ning bién dang dan hoi ciia cdu khi xuat hién khuyet 1t — dwoc xac
Idp théng qua s6 liéu do bién dp giao dong. Trong do, hé théng suy dién Neuro-Fuzzy dugc
chiing t6i ing dung dé nhdn dang co hé o giai doan chua bi hu hong, la co s¢ dé danh gia mirc
dg suy giam do cteng chong bién dang ctia co hé & hai thoi diém: thoi diém dwoc nhdn dang va
thoi diém kiém tra. Noi dung thir hai trinh bay thi nghiém do bién dé dao dong ciia cau mé hinh
dugc chung toi thuc hién tai Phong thi nghzem Co hoc img dung, truong Dai hoc Bdch khoa
thanh phé Hé Chi Minh. Thi nghiém nham xdy dung co sé dir ligu dé kiém chimg thudt toan
VTHH, dinh hudng vng dung ciing nhu" S0 sanh hzeu quad cua thudt toan nay vai Phuong phdp
ndng lwong da dwoc cong bé.

Tir khéa: tén thudt toan VTHH, , hé thong suy dién Neuro-Fuzzy

1. PAT VAN BE

Phuong phap x4c dinh vi tri hu hong va mirc d¢ hu hong cia ciu dua trén déc diém vé bién
thién thé nang bién dang dan hdi cta cau - dang dim chiu lyc - khi xuét hién khuyet tat cua [5]
va [8] c6 df tin cdy kha cao khi ing dyng cho cac mé hinh tinh toan cua céu, ngay ca trong
truong hop sé lidu do cé sai sb va khuyet tat xuat hién dong thoi tai nhiéu phan tir véi nhimg
mitc @ hu hong khéc nhau. Nguyén tic cliia phuong phéap 1a cAu dugc phan chia thanh nhiéu
phan tir nho dang dam theo md hinh cta phuong phap phan tie hitu han (FEM). Cho hé dao
ddng & nhimg tin s6 khac nhau tmg véi cac mode dao dong khéc nhau (goi la cac trang thai dao

dong -TTDP). Do chuyén vi nit Y,, j=1...n tai nhimg thoi diém khéc nhau truéc va sau khi

cod khuyet tAt @& tinh cac hé sb hu hong [5] hodc tinh he s6 hu hong trung binh [8] cua timg phan
tir. Phan tir c6 do suy giam do cimg chéng bién dang EJ 16n nhit 1a phan tir c6 c6 hé s6 hu hong
16n nhit.

Trong bai bdo nay chung t6i trinh bay mét thuat toan mdi vé xé4c dinh vi tri hu hong Xuét
hién trén co hé, thuit toan VTHH, dugc x4y dung trén co s¢ phat trién phuong phap niang luong
cua [5], [8] va img dung mang Neuro-Fuzzy cua [9]:

- Thuét todn VTHH dua véo su thay dbi thé nang bién dang dan hdi (TNBDDH) clia phan tor
dé nhan biét vi tri khuyét tat trén co hé. Tuy nhién khac voi [5], 6 day ching toi thyc hién viéc
so sanh theo hai mirc: so sanh tuyét d6i va so sanh twong d6i. So sanh su thay doi tuyét dbi cua
TNBDPH trén ting phan tir & hai thoi diém, thoi dxern khong hu va thoi diém kiém tra nhdm
xéc dinh tinh trang suy giam TNBDDH trén timg phan tr. So sanh sy thay d6i tuong dDi cua
TNBDPH trén ting phan tir so v6i céc phan tir con lai trén co hé tai mdi thoi diém nham xdc
dinh phan tir c6 mirc 46 suy giam lon nhét, nghia 13 phan tir c6 kha ning bi pha hong sém nhét
trén co hé.

- bé xac dinh dugc TNBDDH cua co hé ¢ hai thoi diém, thoi diém khong hu hong va thoi
diém kiém tra ching ta phai tién hanh do bién do dao dong tai céc diém nit cia timg phén tir
trong cung mdt TTDD. Vigc nay co thé thuc hién mot cach dé dang trén mé hinh todn — nhu da
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dugc trmh bay trong [5] va [8] — nhung lai rit khé thuc hién chinh xéc trén mdt co hé thuc té vi
kho c6 thé 1ap lai mdt cach chinh xac mot TTDD & hai thoi diém khac nhau trén mét co hé thuc
c6 cdu tric phic tap. Dé giai quyét vin dé nay, trong nghién ciru ndy ching t6i sir dung mang
Neuro-Fuzzy cta [11] dé nhan dang co hé trong moi quan hé mput—output 1a TTDD-chuyén vi.
Déy 1a mot mé hinh suy dién cé cau tric thich nghi va cho d§ chinh xac dap (ng cao, hoan toan
phu hop véi bai toan nay.

- Nhim kiém chiung hi¢u qua cua thudt toan dugc dé xuat ciing nhu danh gia kha nang dp
dung thudt todn nay trén cic hé thong cau thyc, ching téi da tién hanh thuc hién nhiéu bai thi
nghiém do dong dé xay dung co s¢ dir ligu cho céc u'ng dung hai thuat toan VTHH va [5] trén
mot khung thi nghiém gia lap cau trtic, ché do lam viéc, va gia lap tinh trang suy giam d¢ cing
chéng bién dang cua mét nhip cdu tya trén hai gbi (khép ban 1€ loai 4 va loai 5). Thi nghiém
duge thuc hi¢n tai Phong Thi nghiém Co hoc mg dung cua truéng Pai hoc Bach khoa thanh
phd Hé Chi Minh.

2. HE SO HU HONG TUONG POI

Hé 56 hir hong trong déi - 1a co s& de thiét l4p thuit todn VTHH - dugc chung t6i xdy dung
dya trén muc do bién thién thé ning bién dang dan hdi khi xut hién khuyét tat 1am suy giam do
cting chéng bién dang cta phén tir.

Chia co hé ra thanh N, phan tir va kich thich cho hé dao ddng. Thé ning bién dang dan hdi
clia phan tir thir j & trang thai dao ddng thir i dugce tinh:

1 i "
-~ Jj{ (EJ), [ (X)X M

trong d6, E 1a modun dan hdi cua vét lidu; J 1a momen quan tinh tiét dién ngang cua dam; céc can a;,
b; img véi toa do nut hai dAu cta phén tir j dang dugc khao. Dya vio [5] c6 thé suy ra tinh trang suy

giam d cimg chdng bién dang cua phan tir thrj tai TTDP thir / thong qua hé sb z it
L iy o ax
> ™ [¥; (X)] 2)

- O trang thai khéng hu hong cia cau: Kich thich cho céu dao dong & nhiéu trang thai dao
dong (TTDD) khéc nhau. Do bién do dao dong tai tat ca cac phan tir trong timg TTDP dé xay
dung tdp mau co so T, gbm N, tép mau phan tir. Téap miu phan tr thir /, img véi phan tir thi j,

¢6 P cdp mau input-output, (¥; »2ji), i=1..P.Trong d6 X; =[x x;..;,] 12 vector dic trung

cho ché d9 kich thich dao dong cua co hé, zj; dugc tinh theo (2) va phép sai phdn hitu han.

Xdy dung N, mang neuro-fuzzy nhan dang quan hé (%}, z ;i) khi céu chwa hu hong cho tat ca

cac phan tir ctia cdu dua trén T, . Mang neuro-fuzzy nhén dang phin tir thir J» ky hig¢u ENF;j, co
céu tric nhu trén hinh 1.

- Tai thoi diém kiém tra; Thuc h1¢n nhiéu ché do kich thich dao dong nglu nhién dé tao ra
cacT TDDm. khac nhau. Ung véi mdi TTDD trong cac TTDD,, do bién d6 dao d(,mg cua co hé
tai hai diém nut va trung diém cua phan tir. Sir dung (2) va phép sai phan hitu han dé xay dung

tp dir liéu Ty, gdm N, tdp mau phén tir. Tap mAu phin tir thir j, tmg v&i phan tir thi Js €0 Preg
_cap mau input-output, (¥, z i) i=L.F,

test *
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Trén phin tir thi j: sit dung tin hiéu vao input cla tap mu kiém tra Ty,,,, cho mang ENFj
s& xac dinh duoc P, gid tri 2 5 ¢ trang thai khong hu hong cua cAu tuong Ung voi tht ca céc
TTDD trong TTDD,, ctia phr?m tir nay. )

Hé sG hur hong twong ddi: Trong P, nhimg trang thdi dao dong ¥; thudc tap Ty, , Xac
dinh d¢ I6n gid tri sai léch tuyét ddi giira 2

ji va zj; ung voi timg TTDD, sau do tinh gia trj sai

1éch tuyét ddi trung binh theo chuén téng binh phuong trung binh:

1 PI(‘J! R 2 1 P;L‘.\'f 2
Az; ) Z(zﬁ_zﬁ) =5 Z(Sﬁ) 3)

lest =] test j=|

Hé s5 hu hong tuong ddi duge tinh nhu sau:

A @)
j=
max |Az :

k=1 ...N,_,[ k] ' 7

_Hé sb hu héng tuong ddi phan énh mtc d¢ thay dbi thé ning bién dang dan hoi trong mbi
phan tir ¢ thoi diém kiém tra so v6i thoi diem phan tir khong bi hu hong, dong thoi hé so hu
hong con the hi¢n tinh trang suy giam dg cing chong bien dang cia timg phan tir so voi cac
phan tir khéc trén co hé trong cing mdt TTDD. Trong N, phan tir trén co hé, phan tir cé d§ 16n
Az; cang 16n thi mic d§ suy gidm do cing chéng bién dang cta phan tir ndy cang 16n, do d6

Az; cho bidt vi tri xuat hién khuyét tat trén hé.
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3. MANG NEURO-FUZZY NHAN DANG CO HE
Sir dyng mang Neuro-Fuzzy dé nhan dang timg phén tir (mang ENF)) cling nhu toan bf co
h¢ & giai doan khong hu hong (mang GNF).

r

Hinh 2. Cau tric maﬁg Neuro-Fuzzy sir dung cho ciu, GNF

Mang Neuro-Fuzzy nhin dang mét phin tir:

Chu tric mang cua mang Neuro-Fuzzy nhin dang mét phan tir — goi tit la mang ENF,
Element Neuro-Fuzzy Net — gom 3 16p: 16p vao, 16p 4n va 16p ra (hinh 1, va dugc trinh bay chi
tiét trong [11]). S neuron & 16p vao phu thudc vao ciu tric cua khéng gian dit lidu vao. Sé
neuron & 16p ra bang mot. S6 neuron cua 16p an dugc x4c ldp tw dong théng qua qué trinh huin
luyén mang, lién quan t6i yéu cau vé do chinh xdc cua phép xdp xi va dac thi cua khong gian
dit ligu cua tap dir liéu huin luyén mang. Tin hiéu ra mang dugc tinh:

M
Zﬂgfgn (%).2(%,)
z, =4 - (i=1..P) . G

i M
Zﬂa_m(ff)
k=1

trong do, 4 ..,(%;) 1a gia trj lién thuge cua mau X,,i=1...P, (tip miu huin luyén mang c6 P

mau) vio tip md pHB." thir » trong céc tip m siéu hop mang nhan k; Z .:(X.) 1a tin hidu ra cua
mau huan luyén tht i,7 =1...P , theo siéu phéng thi k.
Mang neuro-fuzzy nhén dang co hé:

_Néu tap mau huén luyén mang cé P cip mau dit liéu input-output, va cau dugc chia thanh N,
phén tir theo m6 hinh FEM thi mang Neuro-Fuzzy nhén dang co h¢ & trang thdi khong hu hong
(goi tat la mang GNF — Global Neuro-Fuzzy Net) 1a sy két hop cua N, mang ENF; (=1...N,)
¢ cau tric giong nhau nhu trén Ainh 1, va cing chung 16p vao (hinh 2).

4. THUAT TOAN XAC PINH VI TRi HU HONG, VTHH

So @b khéi ctia thuét toan dwoc trinh bay trén hink 3
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TTDD;
Kol S 2
- :
L ; Z;; | Tinh
i : I b st
= GNF * o
’ 1 A
Kich —_— i ‘ j=L1.N,
thich co |
hé¢ dao i
—i
---- | C - Do bién dj dao Zii

dong

Hinh 3. Nhan dang vi tri khuyét tat dya vao GNF

N, 14 s phin tir dugc chia trén co hé; Pey 12 s0 TTDD dugc sir dung dé kiém tra
Buée 1. Nhin dang ciu & trang thai khong hu hong

O trang thai khong hu hong cua céu:
— Do bién d5 dao dong cua cdu & nhiéu TTDD khac nhau;
- Tinh z; dua vao (2);
- Xy dyng mang ENF; nhan dang ting phan tir va xdy dung mang GNF; nhén dang
tAt ca cac phin tir ciia cau ¢ trang thai khong hu hong.
Buéc 2. Kidm tra tinh trang suy giam d§ cimg chdng bién dang cila clu (hinh 3)
Tai thoi diém kiém tra:
- Po bién do dao dong cua ciu & nhidu TTDP khéc nhau;
- Tinh z duya vao (2);
- Xacdinh Z; dya vao ENF,; va GNF;

_  Tinh hé s hu hong twong dbi Az; cia timg phén tir dya vao (3) va (4).

o

Budc 3. Xac dinh vi tri hwr hong cia cau
Phin tir c6 Az, 16m so v6i céc phan tir con lai 1a phén tir bi hu hong.
Buéc 4. Piéu kién dirng:

- Néu tiép tuc kiém tra: quay laj budc 2.

—  Néu khong tiép tuc kiém tra: dimg chuong trinh.

5. THi NGHIEM KIEM CHUNG
5.1 M@ ta thi nghiém

Phin nay trinh bay thi nghi¢m do sé liéu dong dugc chung tdi thuc hién tai Phong thi
nghiém Co hoc Ung dung cua trudng Pai hoc Béch khoa thanh pho Ho Chi Minh.
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Hinh 4. M6 hinh thi nghi¢m
(a) So do két cau cua mé hinh thi nghiém;
(b)Céc phan tir theo phuong phap FEM

— Dong co dién D mang khéi luong 1éch tim M dugc gén chat vao khung tai nhidu vi tri
khéc nhau nhu trén hink 4. D§ léch tam Md dugc thay déi vo cdp béng cach diéu chinh
khoang cach d. Sir dung bg bién tan dé diéu chinh v6 cip téc do géc o cua b.

- Khung sit ¢6 chidu dai L=3m duoc chia thanh 12 phén bing nhau béi 13 nit chia Y,,...,

Y.

~ Sir dung céc cam bién va thiét bj do chuyén vi ciia Phong thi nghiém Co hoc Ung dung,
truong Pai hoc Béch khoa TP. HCM, dé do bién d6 dao dong tai cac diém nat Y, ..., Y2

cua khung.

Khi khung chuwa bj hwr

Bing céch thay déi vi tri ciia D trén khung, thay doi d¢ léch tim Md va thay i van téc géc
o cua b chiing t6i da tao ra P=1200 TTDP ciia khung thi nghiém. Po bién d6 dao dong tai cac
diém nit Yy, ..., Y\, {ng v6i timg TTDD dé xdy dung tap dit liéu Ty gdm 1200 mau dir lidu

input-output. Py 1a ti

nhan dang timg phén

p sb li¢u duge sir dung dé huin luyén mang Neuro-Fuzzy co s& GNF,
tir trén co hé & trong tinh trang chua bj hu hong.
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Tao ra céc vi tri hw trén khung

Cét khung tai ba vi tri Yar, Ye: va Yio. (Yas ndm tai trung diém cua doan Y4Ys; Ye ndm tai
trung diém cua doan Y¢Y7; Yo ndm tai trung diém cua doan YY) trong cac truong hop: 1/
chi cit tai Y., 2/ chi cat tai Y., va 3/ cit dong thoi tai Ye. va Yo-. Trong mdi truong hop néu
trén, mirc do suy giam d¢ cimg chéng bién dang cua khung, EJ, dugc thuc hién theo 4 mirc:
mirc a-a suy giam 1,56%, mic b-b suy giam 4,90%, mirc c-¢ suy giam 11,16% va mirc d-d suy
giam 23,40%. Ung véi mdi muc d suy giam EJ, thay doi TTDD, cy thé 1a thay d6i do 1éch tam,
thay ddi vi tri ctia D va thay i van téc goc cta D, ching toi da xdy dung duoc tap Tssest €O
P,.,=48 mau dif liéu input-output, duge sir dung dé kiém chimng hiéu qua cua thudt toan VTHH
(muc 4) trong viéc xac dinh vi tri hu hong xuat hién trén co hé.

5.2 Céc két qua thi nghiém
Hur héng don va khung dwge chia thanh bén phan tir

Hwtai phdn té 2, mirc @6 a a Huw tai phan tly 2, mirc 36 b-b
1.2

1
;

2 os
@

- U4
=

0.2

0

Phdan tiv Phan tlv
Hw tal phan ti 2, mirc dé c-c Hw tai phan tiv 2, mirc a6 d-d
12

Phan ti¥

Hinh 5. Chia 4 phin tir. Hu tai Y4+ (phan tir 2) v6i bon mirc d¢ khéc nhau a-a, b-b, ¢-c, d-d

Huw tai phan ti 2, mive a6 a-a Tl tai phan tir 2, mirc 46 b-b
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I lur tai phin td 2, mire d6 c-c Hur tai pan tdr 2, mirc @6 d-d

1.2

1
=

5 08

2 06
2

2 ua
=

- 0.2

0

1 2 3 4 : 1 2 3 4
Phan tw : Phan ty

Hinh 6. Chia 4 phan tir, hu tai Y6+ (phén tir 2) v6i bén mitc d6 khac nhau a-a, b-b, c-c, d-d

Trong thi nghiém nay ching t5i thuc hién viéc kiém ching kha ning xé4c dinh vj tri bi suy
giam dd ctmg chéng bién dang trén khung cua thudt toon VTHH trong truéng hop khung dugc
chia ra thanh bon phén tir ¢6 chiéu dai bing nhau, ddng thi tit ca cac thi nghiém déu dugc thue
hién & tinh trang hu hong don - chi c6 mét vi tri trén khung bi hu & mdi thi nghiém. Bén phan tir
* duoc chia theo thir tw Yi-Ya4, Ya-Y5, Y7-Y)0, va Yio-Y )5 dai bing nhau, bing L/4. Sir dung thuat
todn VTHH dé xéc dinh vj tri suy giam do cimg chéng bién dang ctia khung trong tén truong
hop sau: ‘

~ Catkhung tai Y, v6i bdn mitc a-a, b-b, c-c, d-d.
— Cat khung tai Ye. v6i bén muc a-a, b-b, c-c, d-d.
. O day, hai diém duoc ding 1am thi nghiém (Y, va Ys.) Ia hai diém phan biét thuéc phan tir

A

s0 2.

Két qua tinh toan duoc trinh bay trén cic hink 5 va 6. Céc bidu dd ny cho thiy ring trong
trudng hop hu hong don v6i bon mirc hong néu trén, thuat toan VTHH xéac dinh dung vi tri suy
giam dg cting chong bién dang cuia khung thi nghiém, ngay ca mirc d6 hu héng thap (mirc a-a).

So sénh c4c két qua ciia thuit toan VTHH va [5]

Khung thi nghi¢m & hinh 4 dugc chia thanh 3 phén tir theo thir ty Y1-Y5, Y5-Y9, va Y9-
Y13 ¢6 d dai bing nhau, bing L/3. Sir dung VTHH va phuong phap ning lugng cta [S5] (goi it
la [5]) dé xéc dinh vi tri suy giam d¢ cimg chéng bién dang ciia khung trong sdu trudng hop:

- Cit khung tai Y, véi ba mirc b-b, c-c, d-d.

1Ll =l 2 MRS A VTV, VT,

- Cit khung ddng thoi tai hai vi tri Ye. va Yo+ voi ba mirc b-b, c-c, d-d.

Hinh 7 trinh bay két qua thi nghiém (mg v6i truong hop hu hong don tai Y., thudc phin ti
56 2. Céc biéu dd cho thdy thudt toan VTHH xéc dinh diing vi tri suy gidm d6 cimg chéng bién
dang. Déi voi [5], vi tri hong chi duge xédc dinh ding khi mirc d6 hong twong dbi cao: c-c va d-d
(d6 suy giam theo thir tr 12 11,16% va 23,40%), con & mirc d6 hu hong bé hon b-b (suy giam
4,90%), phuong phép [5] xéc dinh khéng chinh xéc.

Hinh 8 trinh bay két qua thi nghiém trong trudng hop hu hong kép: hong dong thoi tai Yee,
thude phan tir s6 2, va tai Yio:, thude phan tir s6 3. Céc biéu db trén hink 8 cho thiy ring trong
trudng hop hu dong thoi tai hai vi tri, két qua ciing trong ty nhu trong truong hop hu hong don:
¢ cac mirc hw hong khé 16n (c-c va d-d), ca hai phuong phép déu xac dinh chinh xac vi tri suy
giam d¢ cimg chong bién dang (phén tir 2 va 3); & mirc hu hong thip hon, b-b, chi VTHH xéc
dinh ding, phuong phap [5] x4c dinh sai vj tri.
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Hue tai phidn ti 2, mive @6 b-b Hu tai phan tiy 2, mive @ c-c Hu tai phan 1t 2, mire @6 d-d
BPP. m&i B PP. mdi EPP. moi
BPP. clia [5] PP clia [5] 3 WPP.cla[5]

Phdnty " Phanth . Phan tiy
Hinh 7. Chia 3 phén tir. Hu tai Y. (phdn tir 2) v6i bdn mue d6 khac nhau a-a, b-b, c-c, d-d

Thay ddi nit giéi han phin tir
Trong thi nghiém nay chiing t6i khdo sét cach phan chia phén tir va sir thay ddi d6 chinh x4c
trong viéc xédc dinh vj tri khuyét tat xuét hién trong co hé cua ca hai phuong phap, thuit ton
VTHH va [5], ing véi tlmg cach phén chia.
Khung thi nghiém dugc chia thanh ba phan tir nhurtg theo hai cach chia khéc nhau (hinh 9):
- Cach 1: Y,-Ys, Ys-Yq, va Yo-Yy3 ¢6 d6 dai bing nhau, bang L/3. Vi tri hu héng Y. nim
sat nut bién Ys.
- Cach 2: Yo-Y, Yﬁ‘Y]{), va Ylo-Yt3 co do da: khéng bﬁng nhau. Vi tri hu hong Y. nim
gan nut giira cua phan tir 1, Yy. Dé tinh hé s6 hu hoéng theo thuét todn VTHH va [5], phan
tir thir ba dugc dua vao mdt nit 4o Y4 Khi d6 phan fir nay nam trong khoang Y-Y 4.
Viéc dua Y4 vao nhim dua dd dai cua ba phan tr béng nhau va bang L/3. Nut do Y4
khong thudc co hé do d6 cé bién d6 dao déng Y4 ludn bang ZEro.

Huw tai phan tiy 2 va 3, mirc do b-b ‘Hw tai pha" tr 2va 3, mire doc-c Huw tai phan ti 2 va 3, mive a6 d-d
BPP.moi : u Seriest . Sevie]
EFP.cla[5] W Series? s mSeries2

1
0.8
0.6
0.4
0.2

0

1 ‘2 3 1 2 3 : 1 2 3
Phan ti : Phan t¥ Phan tiy

Hinh 8. Chia 3 phan tir. Hu dong thoi tai Y. (phdn tir2) va tai Yyo. (phdn tir 3)

Két qua thi nghiém cho thdy: Theo cach phan chia phan tir thir nht, ca hai phuong phdp xéc
dinh ding vi tri hur chi khi mirc d hu hong cao d-d, 23,40%; & hai mirc thap hon (11,16% &
mtc c-¢ va 4,9% & mirc b-b), c hai phuorng phép déu khéng xéc dinh diang vi.tri hu hong (hinh
10). Theo cach phan chia phén tir thit hai, ca hai phuong phép déu xac dinh dung vi tri hu trong
ca ba mirc d6 hu hong khac nhau (b-b, c-c, d-d), ngay ca khi mirc 4§ hu hong khéng cao 4,90%
(c-c) nhu trén hinh 11.
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PT3 PT2 P11

Céch 1

Hinh 9. Hai céch chia phan tir.

O céch 1, vi tri hu Y4+ nam sat nut blen 0 céch 2, vitrl hu Yy nam gan trung diém cua
phén tir,

- Hu tai phan tiv 1, mirc @6 d-d

mPP. méi :
12 WPP. cla [5) Mirc d6 c-c Mirc 36 b-b
1
£ oo
208
K
w0
-
0.2
0
1 2 3
Phan tir Phan tir

Hinh 10. Két qua xac dinh vi tri hu hong trong truong hop cic phén tir duge chia theo cich 1

Hu tai phan ti 1, mire d8 b-b
®|PP. mél b St
mPP, clas] . h_lwc doc-c _ Mirc d6 d-d

-
- W

-g 08 $
= B
2 06+
K]
o 04
2 _

0.2 4m

u i 4 X 4

1 2 3 1 2 3 1 2 3
Phan ti¢ Phan tiv Phan ti

Hinh 11. Két qua x4c dinh vi tri hw hong trong trudng hop céc phan tir dugc chia theo cach 2
6. KET LUAN

Két qua thi nghiém kiém chirng cho thdy thuat toan VTHH c6 thé xdc dinh ding vj tri xuat
hién khuyét tat trén cdu & nhitng mirc dd hu hong thap hon hoac bing mirc dd hu hong c6 thé
x4c dinh dugc cta [5]. Nghia 12 VTHH c6 d6 nhay tét hon phuong phép [5].
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Vigc sir dung mang Neuro-Fuzzy nhén dang cdu ¢ tinh trang chua bi hu di tao ‘nén mjt s6
uu diém cho thudt toan VTHH so véi [5]. Mot mét, giai phap nay c6 téc dung rit ngén giai doan
do dac lay s6 ligu, 1am glam d¢ 1om cua tdp mau — boi mang c6 kha nang ndi suy nhirng théng s6
lién quan t6i cdc TTDD ngiu nhién dugc sir dung trong giai doan kiém tra nhung khong tring
voi cac TTDD da dugc dung dé xay dung tap dir liéu hru trir ing véi thdi diém clu chua hu,
Mt khac, giai phap ndy con c6 tic dung lam gia ting d¢ chinh xdc cua thuat toan boi vi thyc té
ta khong thé lap lai chinh x4c mdt TTDD ¢ hai thm diém khéc nhau: thoi diém ciu chua hu va &
thoi diém kiém tra.

Dai luong vat ly str dung cho thuit toan VTHH 14 bién dd dao dong ctia cau hoan toan co
thé dugc do dong véi d6 chinh xac phii hop thong qua nhitng thiét b1 do giao dQng quen thudc.

Ciing nhu [5], khi co he dao dong vai tan s6 tiém can tdi tin sb r1eng cua cau, do chinh xéc
cua VTHH va [5] giam dan. Vi trong thyc té viéc x4c dinh chinh x4c tin sé riéng cia mt co hé
thyc gdp mét s6 kho khan, do dé glal phép cho viéc gia ting d§ tin cdy cuia VTHH va [5] 12 ung
dung két hgp VTHH hoic [5] v6i Phuwong phap frung binh da dugc trinh bay trong [8]. Ngoai
ra, khi sir dung VTHH hodc [S] trén mot hé théng cau thye ciing cén phai quan tdm tdi cach
phan chia phan tir. Nén sir dung mdt so giai phap phén chia khac nhau, khao sat quy luit hi tu
clia 161 giai & nhan nghiém.

A NEW ALGORITHM USED FOR BRIDGE-DAMAGE-LOCATION
DETERMINATION

Nguyen Sy Dung'”, Le Thanh Tung®, Ngo Kieu Nhi®
(1) Ho Chi Minh City University of Industry
(2) University of Technology, VNU-HCM

ABSTRACT: In this paper we present a new algorithm, named VTHH, used for bridge-
damage-location determination. This method bases on varied potential energy of vibrational
bridge. We use a Neuro-Fuzzy inference system to establish the database of the notdamaged
bridge, which is used to to find out the varied potential energy. A measurement system is built at
HCM University of Technology to measure vibrational amplitudes of the bridge model in order
to build experiments evaluating efficiency of the proposed algorithm, and comparing efficiency
of this algorithm with efficiency of the energy method published.

Keywords: Damage detection; varied potential energy; neuro-fuzzy.

TAI LIEU THAM KHAO

[1]. Hung, S. L. & Jan, J. C., Machine learning in engineering analysis and design: An
integrated fuzzy neural network learning model, Computer-Aided Civil and Infrastructure
Engineering, 14 (3), 207-19, 1999.

[2]. Hoon Sohn, Kincho H. Law, Application of R:tz Vectors to Damage Detection for A Grid-
Type Bridge Model, Proceedings of the 17" International Modal Analysis Conference,
Kissimmee, Feb., 1999.

Trang 67




Science & Technology Development, Vol 12, No.13 - 2008

[3].

[4].

[5].

[6].

[7].
(8].

[9].

[10].

[11].

Hoon Sohn, Kincho H. Law, Damage Diagnosis Using Experimental Ritz Vectors, Journal
of Engineering Mechanics, Vol. 127, No. 11, 1184-1193, 2001.

Hui Li, Jinping Ou, Xuefeng Zhao, Wensong Zhou, Hongwei Li & Zhi Zhou, Structural
Health Monitoring System for the Shandong Binzhou Yellow River Highway Bridge,
Computer-Aided Civil and Infrastructure Engineering 21, pp. 306-317, 2006.

Hongpo Xu & JagMohan Humar, Damage Detection in a Gider Bridge by Artificial
Neural networks Technique, Computer Aided Civil and Infrastructure Engineering 21, pp.
450-464, 2006.

Massimo Panella, Antonio Stanislao Gallo, An Input — OQutput Clustering Approach to the
Synthesis of ANFIS Networks, IEEE Transactions on fuzzy systems, Vol. 13, No. I,
February 2005. ;
Nguyén Sy Diing, Ngé !(iéu Nhi, Tong hop hé tho"ng suy dién Neuro-Fuzzy thich nghi
(ANFIS) tir tdp di liéu so, Tap chi Tin hoc va Diéu khién hoc, tap 24, S. 2, 1-15, 2008.
Nguyér} Sy Diing, Lé Minh Canh, va Ngé Kiéu Nhi, Nhdn dang khuyét tat cua cau mé
hinh bang phwong phdp nang lwong va mang neuro-fuzzy, Tap chi Phat trién Khoa hoc va
Codng nghé, so 2, trang 5-17, 2008.

Spencer, B. F. Jr. Opportunities and challenges for smart sensing technology, in
Proceedings of the First International Conference on Structural Health Monitoring and
Intelligent Infrastructure, Tokyo, Japan, 65-72. 2003

Sayed, T. & Razavi, A., Comparison of neural and conventional approaches to mode
choice analysis, Journal of Computing in Civil Engineering, ASCE, 14 (1), 23-30, 2000.

Sy Dzung Nguyen, and Kieu Nhi Ngo, An Adaptive Input Data Space Parting Solution to
The Synthesis of Neuro-Fuzzy Models, International Journal of Control, Automation, and
Systems, vol. 6, no. 6, pp. 1-11, December 2008.

Trang 68




