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TOM TAT:-Bai bdo trinh bay mét phuong phdp nhdn dang khuyet tat cua cau mé hinh
diea vao ddc diém phdn bé dé vong cua dam cau khi dao dong va ung dung mang neuro-fuzzy.
Phuong phdp duwoc thuc hién theo hai buéc. Bude thir nhat, xdc dinh vi tri hie hong dwa trén
tdp cdc hé sé hu hong duoc xdc Idp cho tieng phan ti, duge pht trién tir [7]. Budc thi hai,
xdc dinh mirc A9 hu hong tai cdc vi tri da dugc xdc dinh ¢ budc thie nhat trén co so ung dung
hé théng suy dién neuro-fuzzy ANFIS cua [1]. Rat nhiéu thi nghiém 56 da dugc thuc hién cho
ca hai ngi dung trén bang cdch lam suy giam dg cimg chong bién dang cia cau mé hinh véi
nhitng mirc do khdc nhau, tai nhitng vi tri khdc nhau - mét hodc mét sé vi tri dong thoi — sau
do xdc lap cdc trang thdi dao dong voi nhwng tdn sé dao dong khdc nhau dé danh gid kha
nang xdc dinh vi tri hu hong va du bao mirc do hw hong cua phuong phdp duwoc dé xuat. Két
qua thi nghiém cho thdy chdt luong cua viée xdc dinh vi tri hu hong va danh gia mitc d6 hu
hong cua phuwong phdp nay khéng phu thuéc nhiéu vao tan 56 kich thich va tan sé riéng cia
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1. DAT VAN PE

Khuyet tat (hay hu hong) co thé duogc hleu hodc la cac vét nit, hodc 1a d6 suy giam do
cung chong bién dang. Trong bai bao nay khuyét tat dugc hiéu theo nghia thir hai néu trén. Khi
d cimg cia co hé thay dbi thi Umg xir ciia hé ciing sé thay ddi theo. O day, dic diém tng xir
dién hinh duqc sir dung la dao dong cuia hé.

Mot s6 nhém phuong phap thudng duoc sir dung trong nhan dang va dy bao khuyét tat cia
co hé néi chung va cua cac hé thong cAu noéi riéng nhu sau: nhém phuong phép dua vao dao
déng, VBDI, nhém phwong phap két hop giira VBDI va ky thudt mang neuron nhén tao - goi
tit 1a nhém phwong phap ANN, nhém phuong phap két hop glua VBDI v logic md - goi tét 12
nhém phuong phép Fuzzy, va nhém phwong phap két hop giita VBDI, k¥ thuat mang neuron
va logic m& fuzzy, goi tt 1a nhém phuong phap Neuro- Fuzzy

Phuong phap VBDI phat trién dya trén dac diém: khuyét tat xuat hién trong co h¢ s& lam
gidm dé cimg cua cdu triic, giam tan sé dao dong tu nhién cia hé thong; lam thay doi mode
dao dong ... [3][4][5][6] Mic du phuong phéap nay co nhleu wu diém trong khao sat mé hinh,
tuy nhién khl img dung vao thuc tlen thuong gap mot s6 han ché. Véi mirc d§ hu hong khong
cao, cac dai luqng vét ly nhu tan s riéng hogc cac mode dao dong rat dé xdc dinh trén mo
h1nh lai rit khé xac dinh trén céu tric thuc bing phuong phép do dac bai sai s6 vugt qua gidi
han cén do.

Hién nay, mang ANN dang dugc img dung ngay cang nhiéu trong viéc danh gia hu hong
cong trinh. Co rat nhiéu nghién ciru lién quan t61 nhén dang khuyet tat (v1 tri va do lcm) va du
béo kha nang 1am viéc ciia cong trinh ndi chung va hé théng ciu ndi riéng da phat trién theo
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huéng (ng dung mang ANN theo nhlmg cach khac nhau [7][8][9][10][11][12][13][15]. Pic
diém chung cua céc nghién ctru nay la giai quyét bai toan nhin dang d6i twong theo md hinh
black-box théng qua mang neuron. Uu diém co ban cia phuong phép nay la déc tinh dong luc
hoc ciia két cdu dugc xac dinh gidn tiép qua ma tran trong s6 mang, dugc xic dinh toi uu bang
qué trinh huén luyén mang dya trén tap céc mau dir liéu thuc nghiém input-output. Tuy nhién,
kho khan co ban cua phuong phap nay 1a kho c6 thé x4c dinh dugc mét cdu tric mang téi wu
cho mét ddi tugng cu thé. Piéu nay lam giam d§ chinh xdc trong du béo. Thudng phai sir dung
phuong phap thir, nghia Ia phai thay ddi cdu triic mang nhiéu lan dé chon ra mot dai dién phu
hop nhit.

Mang neuro-fuzzy 1a m6t md hinh tich hop nhimg wu dlem ctia md hinh fuzzy va ky thuat
mang neuron, do d6 md hinh c6 kha néng thich nghi tét, c6 toc do hoi tu va do chinh xac cao.
Hién phwong phép ndy da dwoc nhidu nha nghién ctru tmg dung dé nhan dang khuyét tat cia
cong trinh [16][17][18]. Viéc xdy dung mé hinh neuro-fuzzy dwogc thuc hién qua hai buéc
chinh: nhén dang cdu triic va nhan dang théng sé. Khi nhan dang cdu tric, cac luat mo duoc
xac 1ap dua trén tap dir ligu mput-output TrS (Training Set) nhan dugc trong khéo sat mo6 hinh
hodc béng qua trinh do trén cac doi tuong thuc. Tiép theo, nhim gia tang d¢ chinh xéc cua mé
hinh, cdc luat mo duge didu chinh va cap nhat thong qua qua trinh huan luyén mang neuron
trong g1a1 doan nhan dang théng so

Gén day, mét nghién ciru vé kidm tra hu héng ctia cu mé hinh dya trén phucmg phép
ning luong va ky thudt mang ANN dugc trinh bay trong [7]. Phuong phép nay cé nhiéu wu
diém.

Thir nhét, d6 chinh xic vé xac dinh vi tri hu hong ciia cau mé hinh khé cao, ngay ca khi dir
lidu do dac c6 sai sb.

Thir hai, céc dai lugng vt 1y dugc sir dung trong thuat toan c6 thé dugc do dac voi d9 tin
céy cho phép trén cau thuc, va do d6 mé ra mot kha ning img dung kha thi trén cau thuc.

Thir ba, phuong phap nay dé khai thac uvu diém co ban cia mang ANN trong bai toan nhén
dang d6i twong dang black-box. Tuy nhién, bing nhiéu thi nghi¢m kiém chimg trén ciu mé
hinh véi nhimng tin s dao dong khac nhau ching t6i nhén thay rang phuong phép dugc trinh
bay trong [7] chi chinh x4c khi tin s6 dao dong xa tan s riéng ctia co hé. PO chinh xac bi suy
giam 1 rét va két qua khéong con ding nira khi tan sé dao dong c6 gia tri tiém can ti gia trj
céc tan s riéng cua co hé. Ngoai ra, theo phuong phap nay kho co thé xac dinh duge mot céu
tric mang ANN t6i wu cho mot dbi twong cau cu thé. Thyc té, phai thay dbi céu tric mang
nhiéu lan @ chon ra mot dai dién phii hop nhit cho mét mé hinh céu. Tat ca nhimg han ché
néu trén da lam giam hi¢u qua, d6 tin cdy va kha nang tmg dung cho ciu thuc ciia phuong
phap dugc trinh bay trong [7].

Trong bai bdo nay ching ti trinh bay mét phuong phép xic dinh khuyét tit ciia cAu mo
hinh, gom hai néi dung: xac dinh vj tri hu hong va xdc dinh mirc d§ hu hong. Muc tiéu dat ra
la gia tang d0 tin cdy cua bai toan xéc dinh vi tri hu héng va dw bao mirc d hu hong cua cau
mo hinh, dong thoi gla tang kha néng (mg dung cua thuat toén cho cau thuc, Giai phép dugc
dua ra 13 Gmg dung va phat trién phuong phdp ndng Ivong dugc trinh bay trong [7] ¢ hai dlem
Trude hét, dé khic phuc han ché cia [7] khi co h¢ dao dong trong viing 1an can véi cic tan sb
riéng cta hé ching t6i dé xuét giai phap sir dung hé s6 hur hong trung binh (dugc trinh bay
trong myc I1.2.2). Viéc ndy 1a hiru ich khi img dung thuat todn nay cho cau thuc vi trong
trudmg hop céu thuc chung ta khé c6 the xac dinh dugc chinh xdc céc tan sb riéng cua co hé dé
thuc hién do dac 14y sb liéu & ving tin sé xa cac gi4 trj nay. Ddi véi bai todn du bao, dé khic
phuc han ché cua [7] khi st dung mang ANN nhu dé néu trén, trong nghién ctru ndy ching t6i
img dung phuong phép suy dién fuzzy-neuron dugc trinh bay trong [1], 1 phwong phap c6
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nhiéu uu diém, dic biét 1a d6 chinh xéc cua phep X4p xi cao nh¢ kha néng ty xdc dinh va chinh
dinh cu triic mang ciing nhu cc thong sb mang mét cach téi wu théng qua qué trinh huin
luyén mang.

B cyc cua bai bao gom cac myc chinh nhu sau. Muyc I trinh bay téng quan ve cac phuong
phap kiém tra khuyét tét cau; gidi thiéu ddi tugng nghién ciru va phuong phép tiép can. Muc II
gidi thi¢u md hinh cau duoc sir dung trong cdc thi nghi¢m k1em chimg, trinh bay co s& ly
thuyet clia phuong phép tiép cén va trinh bay mot dé xuat méi vé cach xac dinh khuyét tit cua
cAu md hinh. Trong muc III, nhiéu thi nghiém s6 trén cAu mé hinh duogc dua ra dé danh gia
hiéu qua ciia phuong phap dugc dé xudt. Myc IV trinh bay nhimg két luan khai quét vé hiéu
qua clia phuong phap ciing nhu kha ning img dung phuong phap nay trong viéc xéc dinh vj tri
hir hong va mirc d6 hw hong trén ciu thuc.

2.COSO LY THUYET CUA PHUONG PHAP
2.1. Xay dung mo hinh
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Hinh 1. Mb hinh ciu

Hinh 2. X4y dung céc phan tir theo phuong phép phén tir hitu han

Théng thudng ciu dudng bd gdm nhidu nhip, mdi nhip duoc géi 1én hai gdi & hai dau. So
dd lyc dugce sir dung 1am vi du trong bai bdo nay nhu trén hinh 1. Trang thai chiu lyc dugc
khéo sat 1a uén ngang phing.

Cau mé hinh duoc chia thanh n=20 phin tir véi céc bién nut la cic dd vdng va goc xoay
dugc biéu dién trén hinh 2.
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2.2. Xac dinh vi tri hw héng

2.2.1 Dwa vio hé sé hw héng

Nguyén tic clia phuong phap néng luong dugc trinh bay trong [7] la cau duoc phan chia
thanh nhiéu phan tir nho dang dam (hinh 2). Cho hé dao dong & nhirng tin s khac nhau (goi 1

céc trang thai dao dong -TTDP), xac dinh chuyén vi nut Y o d =1..n, cia timg phan tir tai

nhimng thoi diém khac nhau trudc va sau khi c6 khuyét tat de tinh cac hé s6 hu hong cua tung
phan tir. Vi tri va mitc d¢ hu hong cua hé dugc xac dinh dwa vao tip cac hé s6 hu hong néi
trén.

Hé sb hu hong cia phan tir thir i @ TTDPD thit j duogc tinh:

NM NM
Xi =fof Z-fﬁ (i

trong d6 chi sé d bleu thi cdu tric c6 khuyét tat, khong c6 chi sb d thé hién ciu triic khong c6
khuyét tat. NM 1a sé mode duoc khao sét.

(1% COPax
[ ErCory; (o ax

2

/i cling dugc tinh theo (2). O déy, E 1a modun dan héi cua vat liéu; I 1a moment quén tinh tiét
dién ngang cua dam. Tich phan cén a, b ing voi phn tir thir j c6 6 dai bing (b-a). Tich phan
céin 0 L tng v&i toan bd chidu dai ctia ciu mo hinh, nghia 1a duac tinh trén toan bo chiéu dai

cia cdu. Céc tich phén trén c6 thé tinh theo nhiing phuong phap sb khac nhau. Trong bai bdo
nay sir dung phuong phap sai phin hifu han.

Theo [7], phén tir ¢6 gia tri x, 16n 12 phan tir bi khuyét tat, do d6 duwa vao hé s6 hw hong

x; s€ xac dinh dugc vi tri hu hong cia cau.

2.2.2 Hé s6 hw hong trung binh va iing dung

Thi nghiém trén cAu mé hinh véi rat nhiéu mode khéc nhau chung tdi nhén thiy ring: &
cac TTDD trong vung l4n cén véi céc tan sd riéng cua cu, dya vao x, cua [7] khong xdc dinh
duoc vi tri hu hong vi trong trudng hop nay ngay ca nhimg phén tir khong c6 khuyét tit ciing
c6 thé cho gid tri x, 16n. Dya vao hinh 3 c6 thé théy rd hon vén dé nay:

- Céc duwdng 1 va 2 (mg voi tan s dao dong xa cac tin s6 riéng (©,,...,04 ) ciia cau nén dé
chinh x4c v& di béo vi tri hu h()ng cao.
- Pudng 4, tmg v6i tin s6 dao dong gan véi tin so riéng ciia ciu, cho thiy néu dva vao X

s& khong xéac dinh chinh xac vi tri khuyét tt.

- Duong 3, 1a dudng trung binh dugc tinh theo cdng thire (3), biéu thi chinh x4c vi tri
khuyet tat.

Pbi véi dbi trong khao sat 13 chu thuc kho co thé x4c dinh chinh x4c céc tin sb riéng cua
cau. Hon nira, mét dic diém chung 13 tin s riéng ciing nhur mode shape cua co h¢ khong phai
1a nhitng bit bién ma luén thay ddi, phu thudc vao tinh trang khuyét tat xut hién trong cau

tric cua co. hé. Piéu nay cang lam gia ting mirc d§ phirc tap trong viéc xac dmh c4c tan sb
riéng cua cau khi sir dung thuat toan dugc trinh bay trong [7] cho cau thuc. Dé khic phuc han
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ché nay, nham gia ting d¢ tin cdy cua phuong phép néng luong khi sir dung cho d01 tuong
khao sét 1a cau thuc, trong nghién ctru nay ching t6i dé xuét giai phap str dung hé s& hu hong

trung binh:

g 1% [Zf Zf,.,)

NEkl

dé xac dinh vi tri hu hong, trong d6, NE la s 14n 14y miu.
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Hinh 3. D¢ chinh xdc du bao vé vi tri hu h6ng cua [7] phu thuge vao tin sb kich thich dao dong (dudng
i _4) va hiéu qua cia giai phap dugc dé xuit (duong 3).
(a): phan tir 6 17 hu 20%; (b): phan tir 6 hu 20%, 12 hu 20% va 18 hu 30%

2.3. Xac dinh mirc d§ hwr hong

Trong bai bio ndy mang neuro-fuzzy ciia [1] dwoc tmg dung dé xic dinh mirc d6 hr hong
clia cau, tai nhimg vi tri hu hong da dugc xac dinh dya vao hé sb hr héng trung binh X, . Qué
trinh gdm cac budc chinh nhu sau:

2.3.1.Xay dung cdc tip miu

Thue hién gan viao mé hinh nhimg khuyét tat & nhimg vi tri khac nhau véi nhtmg mirc do
khac nhau. Sir dung (2)(3) dé xay dung céc tip ndu input-output. Nhu vy img véi méi trudng
hop khuyét tat ciia cau can x4y dung it nhat mét tap mau huén luyén TrS va mot tap méu kiém
tra TeS. Tap mau huén luyén gdm P cap dir liéu:
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(J_C:.,y‘.),ll =Ly B S0 00000055 ]
trong d6, X;,i=1...P, 1a vector input thir i chira cac hé sé hu héng cia cac phan tir img véi
trang thai hu hong dang khao sat c6 mirc d6 hw hong 13 y,,i =1...P; n 1a s6 phan tir dugc chia

trén mo hinh.

Fuzzy label (firing strengths)

VLA

Hinh 4. C4u triic mang Neuro-fuzzy

2.3.2.Xay dung mang neuro-fuzzy

Str dung thuét todn tcAm'g hop mang ANFIS cua [1] d¢ xdy dung mang neuro-fuzzy (hinh 4)
c¢6 chirc ning nhan dang doi tuong thong qua tdp mau TrS da co.

Dua vao [1], khong gian vao dugc phén chia dé xdy dyng céc tap mé siéu hop H”.

Gié trj lién thugc ctia mau X; vao H" duogc tinh theo phuong phap Simpson [19]:

ﬂpHB}“(fi):%;Z[l_f(xﬁ _u::f37)—f(vyj —xﬁ,}f)]

L el
fxy)=qxr, 0<xy<l
0, xy<O.
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trong 40, @, =[u,u,,..4,,]; ¥, =[v,v,,..v,,] la cac dinh cyc tri max-min cia H'*. y 1a hé s0

do déc, & day lay gia tri mic dinh y=0.5.
Tin hiéu ra cia mang y, dugc tinh theo luét “winner takes all” (WTA) [1].

2.3.3. Xdc dinh mirc d hu hong

1535
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(b)
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elements

Hinh 5. Mirc d6 hu hong cang cao thi d6 gia ting cia hé s6 hu hong x, va X, tai phén tir bj hu
cang 16n. Phén tir s6 5 bj hu 10% (a); 30% (b) va 50%(c)

Sir dung cac TrS dé huan luyén mang neuro-fuzzy nhan dang cic truong hop hu hong
tuong Ung. Nghia la img véi truong hop hu hong thir j ¢6 mét tap TrSj tuwong ting va do do sé
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c6 mdt mang neuro-fuzzy thir j duge xay dung dé x4p xi ham s6 chua biét £, phan énh quan

hé input-output trong tap dir liéu TrSj nay. Tap TeSj dugc sir dung dé kiém chimg hiéu qua

cua mang da dugc huan luyén trong viéc du bdo mirc d§ hu héng cia céac vi tri hu hong da
duoc xac dinh trong muc I1.2.
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Hinh 6. Hé s hu hong X, va X, — trong trudng hop tap gid trj d6 vong Y (X)) khéng c6 sai sb - phan
’ anh chinh xéc vj tri hu hong clia cau .
Phén tir s 10 bj hw 20% (a); phan tir 15 bj hu 20% (b); va hai phan tir 6, 12 ciing bi hu 10%(c)
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3.THI NGHIEM KIEM CHUNG

Trong phan nay trinh bay nhitng thi nghiém s trén cdu m hinh & hinh 1.

Dim duoc chia ra thanh 20 phén tir c6 do dai bing nhau. X4c dinh sau tan sé riéng dau
tién khi chua bi hu hong ( Hz ):

o, =1,7; ®,=6,90,=15,60,=19,6;0, =27,6;0, =42 . Chia déu mién tan sé tir 0
dén 50Hz thanh 501 diém chia v&i bude chia 14 0.1 Hz.

3.1. Xéc dinh vi tri hur hong

Hé s6 hu hong x, va hé s6 hu hong trung binh X, dugc sir dung dé xéc dinh céc vi tri hu
hong. Phén tir hur hong 1a phan tir ¢6 gid tri cia hé s6 hu hong hodc hé sb hu hong trung binh
16m. Tét ca cac hinh tir hinh 5 dén hinh 7 cho thdy sy ting vot clia x, va X, tai phan tir i bj hu
hong.

Trén moi hinh c¢6 bon dudng dic tinh: dwong 1 va 2 img vai cac tan so kich thich xa céc
tan sO riéng ®,,...,04; dudng so 4 dugc xdy dyng tir sdu tan so kich thich 1,2Hz~ ,,
6,7Hz~ 0, , 15,2Hz= 0,, 19,4Hz= 0,, 27,3Hz~ 0,, va 42,5Hz~ ®, ; dudng s6 3 dugc xdy
dung theo giai phap trung binh dwrgc dé xuét trong nghién ciru nay (cong thirc sb 3). '

Leim : i TG ' f ' ' ' ' '
X: ,JI’ suaEe 20% in cleanent INo. 016 with S%% carox
¥ anaage L% in cleavent INo. 12 with 5%4 cazox
P = Damngs RA0%% in wlsimant Noa. 13 withh 3%% srcone
=
1.5+
Al
n R 1 1 1 1 1 L} ' )
u @2 4 i u 1 e 14 10 1 U
1 ke e ' ' i . ' '
I amaage 1% in cleanonts
1.4 MNwou.2,6. 12, 18 withh 2%% e11ur &
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Trang 13



Science & Technology Development, Vol 11, No.02- 2008
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Hinh 7. Kha niing x4c dinh vi tri hu hong ciia hé s6 hu héng X; va X, trong trudng hop tap gi tri do
vong Y (X)) c6 sai s6 & cac mirc d khéc nhau

Hinh 5 cho thdy trén cling mét phén tir, miic do gia ting cia hé s6 hu hong cang rd nét khi
mic d§ hu hong cang cao. Hinh 6 xét kha nang x4c dinh vi tri hu hong trong truong hcrp so
lidu dé tinh toan hé s6 hu hong khong c6 sai s6. Ngugc lai, & hinh 7 khao sat anh hucmg sai 56

cua tap sb liéu, diung dé tong hgp céc hé s6 hu hong x,, Jcj , td1 d6 chinh xac du bao veé vj tri

hu hong cuaa thuat toan.

Ngoii ra céc hinh 3, 5, 6 va 7 con phan anh han ché cua phuorng phap dugc trinh bay trong
[7] khi tan s6 sir dung cét mau tring hoic gan trung véGi thn s6 riéng cla cau (dudng nét dit s6
4 trén cac do thi). Be khéc phuc, chiing t6i dé xuét giai phép sir dung hé s hu hong trung binh
(dudng dic tinh s6 3 trén cdc hinh). Giai phap nay cho phép mé rong pham vi sir dung cua
phuong phap [7] trong tru'omg hop khéng thé xac dinh chinh xédc cac tan s6 dao dong riéng,.
ching han khi khao sat trén cau thuc.

3.2. Xac dinh mirc @§ hwr héng

Trong phan nay, img voi mbi trudng hop hu hong clia cau, tlen hanh xay dung cic tap mau
huén luyén TrS va tap mau ding dé kiém tra TeS. Céc cap mau cia TeS khong tring véi bat

ky mét cip miu nao thudc TrS. Dé xac lap mdt gia tri X, : chon trong sdu khoang tin sb
0,0), (©,,0,), (0,,0,), (0;,0,), (©,,0,), va (05,0) sdu tan s6 f,,..., f;, sau do
cho hé dao d(‘)ng theo cdc tAn sb nay, do d6 vong dé tinh X, dwa vao (2) va (3). Nhu vay
NM=6 cho mcn truong hop. Tat cé céc thi nghiém sb trong nghién ciru nay chung t6i déu lay
NE=3. V& sb luong cip maiu, c6 hai loai TrS: loai 100 cap mau va loai 500 cip mau
(x,,y,),i=1...P, (P=100 hodc P=500). Tét ca cic TeS déu co sd mau P=80. Vé do chinh xac
ciia s6 liéu khi xdy dung cac tap mAu, tht ca TrS va TeS déu c6 6 loai img véi sai s0 0%, 1%,
2%, 3%, 4%, va 5%.
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Goi B= b, -D, .100(%) 1a sai léch (%) giita mirc do hu hong thuc té (D,) cia cau va

t

mirc 6 hu hong dy béo ciia mang (Dm). Goi N 14 ty 1¢ phan trim cic mAu kiém tra trong
toan b cic méu cita tap kiém tra TeS c6 gié tri du béo sai s6 khdng qua 20% so véi mic do
hu hong thuc té, nghia 14 cdc miu ndy c6 B <20% . Két qua thi nghi¢m dugc cho trong cac
bang 1,2 va 3.

Béng 1. Phan tir s6 8 hu 30%

N, (%)

Sai s s liéu 0% 1% 2% 3% 4% 5%
TrS ¢6 78.2 61 82 74.5 53.6 74.3
P=100
TrS c6 100 100 100 91 82.5 85.4
P=500

Béng 2. Phan tir s 6 hu 10% va phén tir s 12 hu 10%
N, (%)

Saisosoliéu | 0% 1% 2% 3% 4% 5%
TrS ¢ 92.5 87 80.4 94.2 76.5 68
P=100
TrS ¢6 100 100 85 96 82.5 81.6
P=500

Bing 3. Phén tir s6 6 hu 40% va phén tir s6 12 hur 20%
Ny (%)

Sai 6 56 liéu 0% 1% 2% 3% 4% 5%
TrS ¢6 94.5 56.3 80 91 88.5 90.5
P=100
TrS c6 100 100 100 94.4 91.6 85.5
P=500

4. KET LUAN

Bai béo trinh bay mg")t phuong phap xéc dinh vj tri hu hong va mirc ¢ hu hc'mg clia cdu md
hinh trén co s& phat trién phwong phép nang lugng cua [7] trong xé4c dinh vj tri hu héng va
Lrng dung mo hinh neuro-fuzzy cua [1] trong dy bdo mirc d§ hu hong cuia cau. Trong do, mot
gidi phdp mdi trong tinh hé s6 hu héng cua cau, giai phép trung binh, dwoc dé xuat nhim khic
phuc han ché ctia 7] trong cic trudng hop tan s6 kich thich dao dong khi 14y mAu trung hoic
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gan trung v6i tan s6 dao dong riéng ciia cau. Diéu nay rat c6 y nghia khi img dung cho ciu
thue vi & d6 khé 6 thé xac dinh dugc chinh xéac tan s6 riéng cua cau ciing nhu tan sb kich
thich khi 1dy mau. Két qua cua rét nIneu thi nghiém s6 tren cau m6 hinh cho thay hiéu qua cua
phuong phép dugc dé xuft kha tét, ngay ca khi tip sé lidu do c6 sai sb, néu murc dé sai sé
khéng qua 16m.

Céc dai ltro'ng vt ly dugc sir dung cho thujt toan xdc dinh vi tri va mirc d6 hu hong cua
cau mé hinh c6 thé xac dinh duoc bing phwong phap do trén cau thuc. Péy 1a dic diém quan
trong lién quan t61 kha ndng (g dung vao thuc té ciia phuong phap nay.

BRIDGE-MODEL-DAMAGE DETECTION BASED ON THE ENERGY
METHOD AND NEURO-FUZZY INFERENCE SYSTEM

Nguyen Sy Dung®”, Le Minh Canh®, Ngo Kieu Nhi®
(1) HoChiMinh University of Industrial
(2) Electric College HCMc
(3) University of Technology, VNU-HCM

ABSTRACT: This paper presents a bridge-model-damage detection method based on
neuro-fuzzy networks and characteristics of displacement-distributing state of vibrating beam,
which is used for the bridge model. The structure of neuro-fuzzy inference system named
ANFIS of [1] is used. A two-step method is proposed in order to detect location and magnitude
of damage. In the first step, damaged locations are identified based on the energy-based
damage index of [7]. In the second step, the magnitude of damage is determined based on
using the ANFIS. Series of experiments are executed, in which the stiffness of the structure is
reduced in one location or more, and then, the structure is roused to be vibration to calculate
damage indices. The damage indices are used to detect, locate, and quantify the structure
damage. The results show that efficiency of the proposed approach is quite independent of
vibration frequencies of the beam. In addition, this method is quite effective in determination

the locations and magnitude of damage in the case of the measurement errors are small
enough.

Keywords: Damage detection; Health monitoring; ANFIS; hyperbox-shaped cluster.
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