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TOM TAT: Bai bdo trinh bay hai néi dung. Thir nhdt, gidi thiéu mdt thudt todn mdi,
mang tén thudt todn VTHH, diing dé xdc dinh vi tri suy giam d¢ cimg chong bién dang trén cau
dwa vao do bién thién thé nang bién dang dan héi ciia cau khi xudt hién khuyét tat — dwoc xdc
ldp théng qua sé liéu do bién dé giao dong. Trong do, hé thong suy dién Neuro-Fuzzy duogc
chiing t6i tng dung dé nhdn dang co hé o giai dogn chua bi hu hong, la co so dé danh gia mirc
do suy giam do cing chong bién dang ciia co hé & hai thoi diém: thoi diém dwoc nhén dang va
thoi diém kiém tra. Noi dung thir hai trinh bdy thi nghiém do bién dé dao dong ciia cau mé hinh
duoc chung toi thuc hién tai Phong thi nghiém Co hoc ung dung, truong Pai hoc Bach khoa
thanh phé Ho Chi Minh. Thi nghiém nham xdy dung co s¢ dir liéu dé kiém chimg thudt todn
VTHH, dinh hwong wng dung ciing nhw so sanh hiéu qua cua thudt toan nay voi Phwong phap
nang heong di dirge cong bo.

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

1.DAT VAN PE

Phuong phép xéac dinh vi tri hu hong va mirc d6 hu hong cta cau dya trén dic diém vé bién
thién thé nang bién dang dan hdi cua cau - dang dam chiu luc - khi xuét hién khuyét tat caa [5]
va [8] ¢6 do tin cdy kha cao khi img dung cho cdc mé hinh tinh toan cla cau, ngay ci trong
truong hop sb lidu do co sai s6 va khuyét tat xuat hién dong thot tai nhiéu phan tir voi nhimg
mirc 6 hu hong khéc nhau. Nguyén tic cua phuong phap 1 ciu duoc phan chia thanh nhiéu
phan tir nho dang dam theo md hinh cta phwong phap phan tir hitu han (FEM). Cho hé dao
dong ¢ nhitng tan s khac nhau tmg véi cac mode dao dong khac nhau (goi 1a cac trang thai dao
dong -TTDPD). Po chuyén vi nut Yj, j =1...n tai nhiing thoi diém khac nhau trudc va sau khi

¢ khuyét tat dé tinh cac hé s hu hong [5] hodc tinh hé s6 hu hong trung binh [8] cua timg
phéan tir. Phan tir c6 do suy giam do cing chong bién dang EJ 16n nhét 13 phan tir ¢6 ¢6 hé sé hu
hong 16n nhét.

Trong bai bao nay ching t6i trinh bay mot thuét toan maoi vé xéc dinh vi tri hu hoéng Xuat
hién trén co hé, thut toan VTHH, dugc xdy dung trén co s& phat trién phuong phap ning
luwgong cuda [5], [8] va ting dung mang Neuro-Fuzzy cua [9]:

- Thuat toan VTHH duya vao su thay d6i thé ning bién dang dan hoéi (TNBDDH) cua phan
tir ¢& nhan biét vi tri khuyét tat trén co hé. Tuy nhién khac véi [5], & day chang toi thuc hién
viéc so sanh theo hai mirc: so sanh tuyét ddi va so sanh twong ddi. So sanh sy thay doi tuyét doi
ctia TNBDPH trén timg phan tir ¢ hai thoi diém, thoi diém khong hu va thoi diém kiém tra
nham xac dinh tinh trang suy giam TNBDDH trén ting phan tir. So sanh sy thay d6i twong d6i
cua TNBDDH trén tung phﬁn tlr so vai cac ph'?m ttr con lai trén co hé tai mdi thoi diém nham
xéac dinh phan tir c6 mirc do suy giam 16n nhat, nghia 1a phan tr c6 kha ning bi pha hong sém
nhat trén co hé.

- Pé xac dinh dugc TNBDDH cuia co hé ¢ hai thoi diém, thoi diém khong hu hong va thoi
diém kiém tra chung ta phai tién hanh do bién d6 dao dong tai cac diém nut cia timg phan tir
trong cung mot TTDD. Viéc nay co thé thuc hién mot cach dé dang trén mo hinh toan — nhu da
duoc trinh bay trong [5] va [8] — nhung lai rat khé thuc hién chinh xac trén mot co hé thuc té vi
kho c6 thé 1ap lai mot cach chinh xac mot TTDD & hai thoi diém khac nhau trén mot co hé thyc
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¢6 céu trac phuc tap. Dé giai quyét van dé nay, trong nghién ctru nay ching t6i s dung mang
Neuro-Fuzzy ciia [11] dé nhan dang co hé trong moi quan hé input-output la TTDD- chuyén vi.
Day 1a mot mé hinh suy dién c6 cau trac thich nghi va cho d6 chinh xac dap ng cao, hoan toan
phu hop véi bai toan nay.

- Nham kiém chimg hiéu qua cua thuat toan duoc dé xuét ciing nhu danh gia kha nang ap
dung thuat toan nay trén cac hé¢ théng cau thuec, chung toi da tién hanh thuc hién nhiéu bai thi
nghiém do dong dé xay dung co sé dir lidu cho cac tmg dung hai thuat toan VTHH va [5] trén
mot khung thi nghiém gia 1ap ciu trac, ché do lam viéc, va gia 1ap tinh trang suy giam do cing
chdng bién dang ctia mot nhip cau tya trén hai gdi (khdp ban 18 loai 4 va loai 5). Thi nghiém
dugc thyc hién tai Phong Thi nghi€ém Co hoc ing dung cua truong Pai hoc Bach khoa thanh
phd Ho Chi Minh.

. HE SO HU HONG TUONG DPOI

H¢ $6 hur hong twong doi — 1a co sd dé thiét lap thuat toan VTHH — duge chung toi xay
dung dua trén mirc 4o bién thién thé nang bién dang dan hdi khi xuit hién khuyét tat lam suy
giam do6 cing chong bién dang cuia phan ti.

Chia co hé ra thanh N, phan tir va kich thich cho hé dao dong. Thé ning bién dang dan hoi
ctia phan tir thtt j ¢ trang thai dao dong thtr i dwoc tinh:

1 b "
U, :EJ‘Q{ (EJ);[Y;(X)PdX (1)
J

trong d6, E 1a modun dan hoi cua vat liéu; J 1a momen quan tinh tiét dién ngang cua dam; cac
can a;, b; ng vai toa do nat hai dau cua phan tir j dang dugc khao. Dya vao [5] c6 thé suy ra
tinh trang suy giam d ctmg chdng bién dang cua phan tir thir j tai TTDD thir i thong qua hé sb

1 ¢bj
2=, W OFax @)

- O trang thai khong hu hong cua cau: Kich thich cho cau dao dong & nhiéu trang thai dao
dong (TTDD) khac nhau. Do bién do dao dong tai tt ca cac phan tir trong timg TTDD dé xay
dung tdp mau co so Ty gdm N, tdp mau phan tir. Tap mau phan tir thir /, tmg v6i phan tir thi /,

¢6 P cip mau input-output, (%;, z i) 1=1..P.Trong d6 X; =[x xj...x;,] la vector dac trung

cho ché d6 kich thich dao dong cua co hé, zj; dugc tinh theo (2) va phép sai phdn hitu han.

Xay dung N, mang neuro-fuzzy nhén dang quan hé (x;,z;;) khi cau chua hu hong cho tit ca
céc phan tir ciia cau dya trén T, s - Mang neuro-fuzzy nhén dang phan tir th j, ky hiéu ENF;, co6
céu trac nhu trén hinh 1.

- Tai thoi diém kiém tra: Thuc hién nhiéu ché do kich thich dao dong ngﬁu nhién dé tao ra
cac TTDDteSE khéac nhau. Ung \{éi moi TTDD trong cac TTDDy., do bién d6 dao dong 01:1a co
hé tai hai diém nut va trung di€ém cua phan tu. Su dung (2) va phép sai phan hitu han dé xay
dung tap dir liéu Ty, goém N, tap miu ph?ln tir. Tap mau phan tir thit j, img v6i phan tir thir j,

¢6 Py cip mau input-output, (%;, ﬂ) By
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Trén phan tir thtt j: sir dung tin hiéu vao input cta tdp mau kiém tra Ts,0s; cho mang ENFj
s€ xac dinh dugc Py, gia tri z ji 0 trang thai khong hu hong cua cau tuong (mg véi tat ca cac
TTDD trong TTDD,. ctia phin tir nay.

Hé s6 hw hong tuwong doi: Trong P, nhiing trang thai dao dong x; thudc tap Ty, , Xac
dinh d6 16n gia tri sai 1éch tuyét ddi gitia Z ji va z ji ung véi tirng TTDD, sau d6 tinh gia tri sai
léch tuyét d6i trung binh theo chuan tong binh phuong trung binh:

2

1 Ptest . 1 PZest 2
Azj=0 Z(Zji_zji) =7 > (&) ©)
test =1 test =1
Hé sb hu hong twong dbi duoc tinh nhu sau:
Ao 4)
j —
max |Az
k:l...Ne[ k]

Hé s6 hu hong tuong ddi phan anh mirc d6 thay doi thé nang bién dang dan hoi trong mdi
phan tir ¢ thoi diém ki€m tra so vdi thoi diém phan tir khong bi hu hong, dong thoi hé so hu
hong con thé hién tinh trang suy giam d¢ cing chong bién dang cia tung phan tir so véi cac
phan tir khac trén co h¢ trong cung mdt TTDD. Trong N, phan ti trén co hé, phan tir c6 do 16n
Az; cang 16n thi mac do suy gidm do cing chéng bién dang cua phan tir nay cang 16n, do do

Az cho biét vi tri xuét hién khuyét tat trén hé.

Hinh 1. Ciu trac mang Neuro-Fuzzy st dung cho mot phan tir, ENF;j, j=1...N

3. MANG NEURO-FUZZY NHAN DANG CO HE
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St dung mang Neuro-Fuzzy dé nhan dang timg phan tir (mang ENF;) ciling nhu toan bg co
hé & giai doan khong hu hong (mang GNF).

_>
_.

Hinh 2. Céu trac mang Neuro-Fuzzy sir dung cho cau, GNF

Mang Neuro-Fuzzy nhian dang mdt phan tir:

Chu trac mang cua mang Neuro-Fuzzy nhin dang mét phé"ln tor — goi tat 1a mang ENF,
Element Neuro-Fuzzy Net — gdm 3 16p: 16p vao, 16p an va 16p ra (hinh 1, va duogc trinh bay chi
tiét trong [11]). S6 neuron & 16p vao phu thudc vao cdu tric cia khong gian dit liéu vao. Sb
neuron & 16p ra bang mot. S6 neuron ciia 16p an duoce xac 1ap tu dong thong qua qua trinh huin
luyén mang, lién quan t6i yéu cau vé do chinh xac ciia phép xap xi va dic thu cua khong gian
di liéu cua tap dir ligu huin luyén mang. Tin hi€u ra mang duoc tinh:

M
Zlugi(“ (%,)-z,;,(x)
2 = (i=1..P) ®)

M
Z/ug‘_m ()?,)
k=1

trong do, s (X)) 1a gia tri lién thudc ciia mau X,,i=1...P, (tap mau huén luyén mang c6 P

mau) vao tip mo pHBik) thir 7 trong cac tap mo si€u hop mang nhan k; z,; ()_Cl) la tin hiéu ra ctia
mau huén luyén thir ,i =1...P, theo siéu phing thi £.

Mang neuro-fuzzy nhin dang co hé:

Néu tap mau huin luyén mang c6 P cap mau di liéu input-output, va cau duoc chia thanh
N, phén tir theo m6 hinh FEM thi mang Neuro-Fuzzy nhén dang co h¢ ¢ trang thai khong hu
hong (goi tat 1a mang GNF — Global Neuro-Fuzzy Net) 1a sy két hop cua N, mang ENF;
(=1...N,) co cau truc giong nhau nhu trén hink 1, va cung chung lop vao (hinh 2).

. THUAT TOAN XAC PINH VI TRi HU HONG, VTHH

So d6 khdi cua thuat toan duge trinh bay trén hinh 3
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2‘ ji Z n Tinh
, GNF t o, Azj
Kich j=1..N,
thich co
hé dao

o - Do bién do dao Zi

done

o Hinh 3. Nhan dang vi tri khuyéty tat dua vao GNF o
N, 14 s0 phan tir dugc chia trén co h¢; P 1a s0 TTDD dugc st dung dé kiém tra

Bude 1. Nhin dang ciu ¢ trang thai khong hw hong
O trang thai khong hu hong cua cau:

- Do bién d6 dao ddng cua cau & nhiéu TTDD khac nhau;

- Tinh z; dya vao (2);

- Xay dyng mang ENF; nhén dang tung phan tir va xay dung mang GNF, nhan dang

tat ca cac phan tir cia cau ¢ trang thai khong hu hong.

Budre 2. Kiém tra tinh trang suy giam d ctirng chong bién dang ciia ciu (hinh 3)
Tai thoi diém kiém tra:

- Do bién d6 dao dong cua cAu & nhiéu TTDD khéc nhau;

- Tinh z; dya vao (2);

- Xac dinh z ji dua vao ENF;va GNF;

- Tinh hé s hu hong twong dbi Az ; cla timg phan tir dua vao (3) va (4).
Buére 3. Xac dinh vi tri hw hong ciia ciu
Phin tir c6 Az j 16n so voi cac phan tir con lai 13 phan tir bi hu hong.
Budrc 4. Didu kién dirng:

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

- Néu khong tiép tuc kiém tra: dimg chuong trinh.
5. THi NGHIEM KIEM CHUNG
5.1 Mo ta thi nghiém

Phéan nay trinh bay thi nghiém do s6 lidu dong dugc chl'mg’ t(”)i‘ thyc hién tai Phong thi
nghiém Co hoc Ung dung cta trudng Dai hoc Bach khoa thanh pho H6 Chi Minh.,
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Hinh 4. M0 hinh thi nghiém
(a) So d6 ket cau cua m6 hinh thi nghiém;
(b)Cac phan tu theo phuong phap FEM

- Dong co dién D mang khdi luong 1éch tam M duoc gén qchat Vé:O khung tai nhi‘éu Vi tri
khac nhau nhu trén hinkh 4. D 1éch tdm Md dugc thay ddi v6 cap bang cach di€u chinh
khoang céach d. Stir dung bd bién tan dé di€u chinh v6 cap toc dd géc » cua b.

- Khung sit c6 chiéu dai L=3m duoc chia thanh 12 phan bang nhau boi 13 nut chia Yi....,
Y.

- St dung céc cam bién va thiét bi do ch}lyén vi cua Phong thi nghiém (;or hoc Ung dung,
truong Pai hoc Bach khoa TP. HCM, @€ do bién d6 dao dong tai cac diém nit Yy, ..., Yo
cua khung.

Khi khung chua bi hw

Bang cach thay dbi vi tri ciia D trén khung, thay doi d6 1éch tim Md va thay d6i van toc goc
o cua D chang t6i da tao ra P=1200 TTDD cua khung thi nghiém. Po bién d dao dong tai cac
diém nat Yy, ..., Yo ung voi ting TTDD dé xdy dung tap dir liéu Ty gém 1200 mau dir liéu
input-output. Dy 1a tap s6 liéu dugc st dung dé huan luyén mang Neuro-Fuzzy co s& GNF
nhén dang timg phan ti trén co hé ¢ trong tinh trang chua bi hu hong.

Tao ra cac vi tri hu trén khung

Cit khung tai ba vi tri Y+, Yer va Yo (Yas nam tai trung diém cua doan Y4Ys; Ye. nam tai
trung diém cua doan Y4Y7; Yo+ ndm tai trung di€ém cua doan YY) trong cac trudong hop: 1/
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chi cét tai Y+, 2/ chi cit tai Yer, va ’3/ cit déng thoi tai Y+ va Yyo-. Trong mdi truong hop néu
trén, muc d6 suy giam do cing chong bién dang cua khung, EJ, dugc thyc hién theo 4 muc:
muc a-a suy giam 1,56%, mirc b-b suy gidm 4,90%, murc c-c suy gidm 11,16% va mirc d-d suy

giam 23,40%. Ung v6i mdi muc do suy giam EJ, thay déi TTDD, cu thé 1a thay dbi do 1éch
tam, thay ddi vi tri ciia D va thay doi van tc goc ctia B, chung t6i di xay dung duoc tap T5 o5t

cO P=48 mau dir liéu input-output, dugc st dung dé kiém chung hi¢u qua cua thuit toan
VTHH (muc 4) trong viéc xac dinh vi tri hu hong xuat hién trén co hé.

5.2 Cac két qua thi nghiém

Hu héng don va khung dwoc chia thanh bdn phan tir
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Hinh 6. Chia 4 phén tr, hu tai Yo+ (phén th 2) voi bdn muc d6 khac nhau a-a, b-b, c-c, d-d

Trong thi nghiém nay chang t6i thyc hién viéc kiém ching kha ning xac dinh vi tri bi suy
giam d6 cing chong bién dang trén khung ctia thuét toan VTHH trong truong hop khung dugc
chia ra thanh bon phéan tir ¢6 chiéu dai bang nhau, dong thoi tit ca cac thi nghiém déu dugc
thuc hién & tinh trang hu hong don - chi c6 mot vi tri trén khung bi hu & mdi thi nghiém. Bén
phﬁn tir duoc chia theo thir ty Y-Yy4, Y4-Y7, Y7-Yio, va Yio-Yi3 dai béng nhau, béng L/4. St
dung thuat toan VTHH dé xac dinh vi tri suy giam d6 cing chéng bién dang cua khung trong
tam trudng hop sau:

- Cit khung tai Y4+ voi bdn muc a-a, b-b, c-c, d-d.
- Cit khung tai Y. voi bdn mic a-a, b-b, c-c, d-d.

O day, hai diém duoc dung 1am thi nghiém (Y4 va Ye.) 12 hai diém phan biét thuoc phan tir
s6 2.

Két qua tinh toan duoc trinh bay trén cac hinh 5 va 6. Cac biéu d6 nay cho thiy riang trong
truong hop hu hong don voi bdn mirc hong néu trén, thuat toan VTHH xéc dinh dung vi tri suy
giam d¢ ctg chong bién dang ciia khung thi nghiém, ngay ca mirc do hu hong thap (muc a-a).

So sanh cic két qua ciia thuit toan VTHH va [5]

Khung thi nghiém & hinh 4 dugc chia thanh 3 phén tir theo thr tu Y1-Y5, Y5-Y9, va YO-
Y13 c6 d6 dai bang nhau, bang L/3. Sir dung VTHH va phwong phap ning lugng cua [5] (goi
tat 1a [5]) dé xac dinh vi tri suy giam d6 cimg chdng bién dang ciia khung trong sau trudng hop:

- Cit khung tai Y. v6i ba muc b-b, c-c, d-d.
- Cat khung dong thoi tai hai vi tri Y. va Yio: v6i ba muc b-b, c-c, d-d.

Hinh 7 trinh bay két qua thi nghiém tmg v6i truong hop hu hong don tai Y, thude phén tu
s6 2. Céc biéu d6 cho thay thuét toan VTHH xac dinh dung vi tri suy giam d0 cimg chong bién
dang. Déi véi [5], vi tri hong chi dugce xac dinh ding khi mirc d¢ hong tuwong dbi cao: c-c va d-
d (d¢ suy giam theo thtr tu 1a 11,16% va 23,40%), con & muc d hu hong bé hon b-b (suy giam
4,90%), phuong phap [5] xac dinh khong chinh xac.

Hinh 8 trinh bay két qua thi nghiém trong truong hop hu hong kép: hong dong thot tai Y,
thudc phan tir s6 2, va tai Y., thudc phan tir s6 3. Cac biéu do trén hinh 8 cho thay rang trong
truong hop hu ddng thoi tai hai vi tri, két qua ciing twong tu nhu trong trudng hop hu hong don:
& cac muirc hu hong kha 16n (c-¢ va d-d), ca hai phuong phap déu xac dinh chinh xac vi tri suy
giam d6 ctng chdng bién dang (phan tir 2 va 3); & mirc hu hong thap hon, b-b, chi VTHH xac
dinh dung, phuong phap [5] xac dinh sai vi tri.
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Hur tai phan tiy 2, mive dé b-b Huw tai phan ti 2, mive 86 c-c Hu tai phan ti 2, mirc @ d-d
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Hinh 7. Chia 3 phan tir. Hu tai Y, (phan tir 2) v6i bén mirc d khac nhau a-a, b-b, c-c, d-d

Thay dbi mit giéi han phén tir
Trong thi nghiém nay ching t6i khao sat cach phéan chia phan tir va su thay d6i do chinh
xac trong viéc xac dinh vi tri khuyét tat xuat hién trong co h¢ cua ca hai phuong phap, thuat
toan VTHH va [5], tng vdi ting cach phan chia.
Khung thi nghiém duoc chia thanh ba phan tir nhung theo hai cach chia khac nhau (hink 9):
- Cach 1: Y;-Ys, Ys-Yo, va Yo-Y 3 c6 d0 dai bing nhau, béng L/3. Vi trf hu héng Y. nam
sat nut bién Ys.
- Cach 2: Y»-Ye, Ye-Yio, va Yio-Y 13 c6 d6 dai khong bang nhau. Vi tri hu hong Y, nam
gan nut gitra ctia phan tir 1, Y. Dé tinh hé s6 hu hong theo thuat toan VTHH va [5], phan
tir thir ba dugc dua vao mét nat ao Y 4. Khi do phﬁn tir nay nam trong khoang Yo-Y 4.
Viéc dua Y4 vao nham dua d06 dai cua ba phﬁn tur bﬁng nhau va bﬁng L/3. Nut a0 Y4
khong thudc co hé do d6 cé bién do dao dong Y4 ludn bé“mg Zero.

Hur tai phan tir 2 va 3, mirc @6 b-b Hur tai phan ti 2 va 3, mive @6 c-c Hu tai phan tir 2 va 3, mirc d6 d-d
DPP. mdi O Series O Series
BFP. clia[5] W Series? B Series?
1.2 1.2 1.2
1 1 1
=
S 08 0.8 - us
Eus 0.5 0B
]
a4 0.4 - U4 4
- 0.2
0z 4 0.2 A 4] .
] T T il T T o T T
1 2 3 1 2 3 1 2 3
Phdn t Phan tir Phan tir

Hinh 8. Chia 3 phan tir. Hu dong thoi tai Y. (phan tir 2) va tai Yyo. (phén tir 3)

Két qua thi nghiém cho thdy: Theo cach phan chia phan ti thi nhat, ca hai phuong phap
xac dinh dung vi tri hu chi khi mirc 6 hu hong cao d-d, 23,40%; ¢ hai muac thép hon (11,16% o
mirc c-c va 4,9% & mirc b-b), ca hai phuong phap déu khong xac dinh dang vi tri hu hong (hinh
10). Theo cach phan chia phan tir thtr hai, ca hai phuong phép déu xac dinh dang vi tri hu trong
ca ba mac d6 hu hong khac nhau (b-b, c-c, d-d), ngay ca khi mirc dd hu hong khong cao 4,90%
(c-c) nhu trén hinh 11.
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Cach 1 | | | |11 TX| |

Hinh 9. Hai cach chia phén tir.

O céch 1, vi tri hu Y4+ nam sat nat bién. O cach 2, vi tri hu Y4+ nam gan trung diém cua

phan tur.
Hur tai phdn tie 1, mive @6 d-d
BPP. mé
13 PP, cia [5)] Mirc do c-c Mirc do b-b
' 1.2 1.2
1 4=
2 ! 1
E 0.8 4+ 0.8 4 0.8
206 H |
= 0.6 0.5
e 04 1+ 0.4 - i
% 0.4
0.2 1 0.2 4 0.z 4
|:| -+ D T T D -
1 2 3 1 2 3 1 2 3
Phan tir Phan ti Phan ti

Hinh 10. Két qua xac dinh vi tri hu hong trong truong hop cac phan tir duoc chia theo cach 1

Huw tai phan td 1, mirc a6 b-b

mPP. mdi o o
BPP. ciia [5] Mirc d4 c-¢ Mirc do d-d
1.2 1.2 1.2
1 1 4 1 1
2
-2 08— 0.8 1 0.8
Z 06 0.6 H 065 H
@
- 04 0.4 4+ 0.4
=n
0.2 0.2 H 0.2
0 T T o4+ o
1 2 3 1 2 3 1 2 3
Phan tiy Phan tiy Phan ti
Hinh 11. Két qua xac dinh vi tri hu hong trong trudng hop cac phan tir dugc chia theo cach 2
6. KET LUAN

Két qua thi nghiém kiém ching cho thdy thuat toan VTHH c6 thé xac dinh dung vi tri xuét
hién khuyét tat trén cau ¢ nhitng mic d¢ hu hong thip hon hodc bang mirc d6 hu hong c6 thé
xéc dinh duoc cua [5]. Nghia 1a VTHH c¢6 d6 nhay t6t hon phuong phép [5].

Viéc st dung mang Neuro-Fuzzy nhidn dang clu & tinh trang chua bi hu da tao nén mot sb
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uu diém cho thuét toan VTHH so v6i [5]. Mot mat, giai phap ndy c6 tac dung rit ngin giai
doan do dac lay s6 liéu, lam giam do 16n cua tap mau — béi mang c6 khd ning noi suy nhimng
thong s6 lién quan t6i cac TTDD ngiu nhién duge sir dung trong giai doan kiém tra nhung
khong tring v6i cac TTDD di duoc dung dé xay dung tap dir liéu luu trit ing v6i thoi diém cau
chua hu. Mat khac, giai phdp nay con co6 tac dung lam gia tang d¢ chinh xac cia thudt toan boi
vi thuc té ta khong thé 1ap lai chinh xac mot TTDD ¢ hai thoi diém khac nhau: thoi diém ciu
chua hu va & thoi diém kiém tra.

bai lugng vat Iy sir dung cho thuat toan VTHH 1a bién d6 dao dong cua cu hoan toan co
thé duoc do dong vé6i do chinh xac phu hop thong qua nhing thiét bi do giao dong quen thudc.

Ciing nhu [5], khi co hé dao dong véi tan s tiém cén toi tan sb riéng cla ciu, d chinh xac
cua VTHH va [5] giam dan. Vi trong thyc té viéc xac dinh chinh xéc tan s6 riéng cia mot co hé
thuc gap mot s6 kho khan, do d6 giai phap cho viéc gia ting do tin cdy cia VTHH va [5] 1a tmg
dung két hop VTHH hoic [5] voi Phuong phdp trung binh da dugc trinh bay trong [8]. Ngoai
ra, khi sur dung VTHH hodc [5] trén mét hé thng cau thyc ciing can phai quan tdm t6i cach
phan chia phan tir. Nén str dung mot s6 giai phap phan chia khac nhau, khao sat quy luat hoi tu
ctia 101 giai dé 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.
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