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Thuit toan xac dinh vi tri suy giam
do ciing chong bién dang cia cau

*) NGUYEN sY DUNG
(**) LE THANH TUNG - NGO KIEU NHI

Lién quan dén dé tai nghlen ctiu, bai bao trinh bay hai ndi dung: Thi nhat,
gldl thi¢u mot thuat todn méi, mang tén thugt toan VTHH, ding dé xac dinh
vi tri suy giam do ciing chong bién dang trén cau dua vao dé bién thién the
nang blen dang dan hoi ciia cau khi xuat hign khuyet tat - dugc xac lap thong
qua s8 li¢u do bién dp dao _dong. Trong do, hé thong suy dién Neuro-Fuzzy
dugc chiing toi Ung dung d€ nhan dang co h¢ & glal doan chua bj hu hong, la
cd sé dé danh gia mic d¢ suy giam do cUng chong bién dang cta co hé § hai
thoi diém: thdi di€ém dugc nhan dang va thoi dlem kiém tra. Noi dung thif hai
trinh bay thi nghiém do bién d¢ dao dong clia cadu md hinh dugc ching toi
thuc hién tai Phong thi nghiém Ce hoc Ung dung, trlrdng Pai hoc Bach khoa
TP. H6 Chi Minh. Thi nghiém nhim xay dung co sé dii liéu dé kiém ching
thudt toan VTHH, dinh huéng éing dung ciing nhu so sanh hiéu qua cda thut
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toan nay véi Phuong phap niang lugng da dugc cong bé.

Phlrdng phdp xdc dinh vi tri hu hong va mic d6 hu
héng cla cau dya trén dic di€m vé bi€n thién th& nang
bi€n dang dan hoi cda cdu - dang dim chiu luc khi xuét
hién khuyé&t tat cda [5] va [8] c6 do tin céy kha cao khi
Ung dung cho cic md hinh tinh toan clia ciu, ngay ca
trong trudng hgp s8 liéu do c6 sai s6 va khuy&t tat xuit
hién ddng thdi tai nhiéu phan t& v4i nhitng mdc dé hu
hong khic nhau. Nguyén tic ciia phlfdng phdp nay la
cdu dugc phan chia thanh nhiéu phan tf nhé dang dim
theo md hinh ciia phwong phép phén td hitu han (FEM).
Cho hé dao dong & nhitng tin s6 khdc nhau itng véi cdc
mode dao dong khdc nhau (goi 13 cdc trang thdi dao
dong - TTDP). Po chuy&n vi niit tai nhlrng thdi di€m
khdc nhau tru6c va sau khi c6 khuyet tat d€ tinh cdc hé
s6 hu hdng [5] hodc tinh hé s& hu hong trung binh [8]
clia tirng phan t. Phin ti c6 d6 suy giam do citng chéng
bi&€n dang EJ 16n nhat 1a phan tf ¢6 c6 hé s6 hu hdng
16n nhat.

Trong bai bdo nay chung t61 trinh bay mot thuat
todn méi vé xac dinh vi tri hu héng xuit hién trén cg
h€, thuat todn VTHH, dugc xay dung trén cd s@ phat
trién phuong phap nang lugng cia [5], [8] va ng dung
mang Neuro - Fuzzy cta [9]. Trong d6:

- Thudt toAn VTHH dya vao su thay ddi thé nang
bi€n dang dan hdi (TNBDPH) ciia phan ti d€ nhan biét
vi tri khuyét tit trén cd hé. Tuy nhién, khic véi [5], &
day chiing t6i thuc hién viéc so sdnh theo hai mifc: so
sanh tuyét d6i va so sanh twong d6i. So sanh sy thay
déi tuyét d8i cia TNBDPH trén ting phan tlr & hai thai
diém, thai di€m khong hu va thdi di€m ki€m tra nhim
xdc dinh tinh trang suy giam TNBDPH trén titng phin

t&. So sdnh sy thay ddi tuong déi cia TNBDPH trén
titng phan tif so v6i cdc phan tif con lai trén co hé tai
mdi thdi diém nhim x4c dinh phan t& c6 mic do suy
gidm 16n nh4t, nghia 12 phan tif c6 kha ning bi phd
hdng sém nhit trén cd hé.

- P& x4c dinh dugc TNBDPH ciia cd hé & hai thi
diém, thdi diém khong hu hdéng va thai di€m ki€m tra
chung ta pha1 ti€n hanh do bién d6 dao dong tai cdc
di€m niit clia tirng phén ti trong cung mét TTDD. Viée
nay cé thé thuc hién mot cach dé& dang trén m6 hinh
todn - nhu da dugc trinh bay trong [5] va [8] nhung lai
rat khé thyc hién chinh x4c trén mot cd hé thuc t& vi
khé c6 thé lip lai mét cach chinh xdc mot TTDD &
hai thdi di€m khic nhau trén mot cd hé thuc ¢6 ciu
tric phic tap. D€ gidi quy&t van dé nay, trong bai viét
nay, ching t4i sit dung mang Neuro - Fuzzy cla [11]
dé nhan dang cd hé trong mdi quan hé input - output la
TTDPD - chuyén vi. Pay 1a mot mé hinh suy dién c6 cdu
tric thich nghi va cho d¢ chinh x4dc ddp ¥ng cao, hoan
toan phil hgp véi bai todn nay.

- Bai vi€t con nhim kiém chitng hiéu qud ciia thuat
todn dugc dé xuat cling nhv danh gid khé ndng 4p dung
thudt todn nay trén cac hé théng cau thuc. Chiing tdi da
ti€n hanh thyc hién nhiéu bai thi nghiém do déng aé
xay dlrng cd s dif liéu cho c4c ing dung hai thuat todn
VTHH va [5] trén mot khung thi nghiém gi 1ap ciu
triic, ch€ d6 1am viéc, va gid lap tinh trang suy gidm do
cling chdng bi&n dang cia mot nhip cdu tira trén hai goi
(khSp ban 1€ loai 4 va loai 5). Thi nghiém dugc thuc
hién tai Phong Thi nghiém Cd hoc ng dung cia trudng
Pai hoc Bach khoa TP. HS Chi Minh.

(*) Trudng Pai hoc Cong nghiép TP. H6 Chi Minh
(**) Trudng Pai hoc Bich khoa TP. Ho Chi Minh
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2. Né s i hong twong 0G|

Hé s6 hu héng twong d6i 14 co s d€ thi€t 1ap thuit
toan VTHH dugc ching tdi xdy dung dua trén mic do
- bi€n thién thé ning bi€n dang dan héi khi xud't hién
khuyé&t tit Jam suy gidm d6 ciing chéng bi€n dang cia
phén ti.

Chia cd hé ra thanh N, phin ti¥ va kich thich cho hé
dao dong. Thé ning bi€n dang dan hdi clia phin t¥ th j
& trang thdi dao d6ng thi i dugc tinh:

M Uy=5 [ ED 1 0P
J

trong d6, E 1a modun dan hdi cda vat liéu; J 12 momen
quén tinh tiét dién ngang cla dam; cdc cén aj, bj dng
véi toa d6 nit hai diu clia phan ti j dang dugc khio sat.
Duya vao [5] c6 thé suy ra tinh trang suy gidm d6 cing
chéng bi€n dang clia phan ti thd j.tai TTDP th( i thong
qua hé s6 :

1 i "
@ 2= [/IY;COFdx
J

- & trang th4i khong hu héng ciia cdu: Kich thich cho
ciu dao dong & nhiéu trang thdi dao dong (TTDP) khéac
nhau. Po bién d6 dao dong tai tat ca cdc phan t& trong
titng TTDP d€ xay dung tip miu co s§ T, gdm N_tap
méu phén t&. Tap m&u phén t thd j, ¢ng v6i phan tf thi
j, €6 P cip mau input - output, (%,z;),i= 1...P. Trong
d6 X; =[x xip---%in] 12 vector dic trung cho ch& d6 kich
thich dao dong ciia co hé, z; dugc tinh theo (2) va phép
sai phan hitu han. X4y dung Ne mang neuro-fuzzy nhén
dang quan hé (%.z;) khi cau chwra hu hdng cho td't cd
c4c phan ti cda cdu dya trén . Mang neuro - fuzzy nhan
dang phin t thit j, ky hiéu ENFJ., ¢6 ciu tric nhu trén
Hinh 1.

- Tai thgi di€ém ki€m tra: Thuc hién nhiéu ch€ d6
kich thich dao dong ngiu nhién d€ tao ra cic TTDD,,
khéc nhau. Ung v6i mbi TTDP trong cdc TTDP,__, do
bién d6 dao déng ciia cd hé taj hai di€ém nit va trung
diém cla phin t¥. S& dung (2) va phép sai phan hitu
han d€ xay dung tap dit liéu T, _ gdm N, tip miu phin
ti. TAp miu phan t thi j, ¥ng v4i phdn tlf tht j, c6 P,
cidp miu input-output, (%.z;) i=1..P_.

Trén phan t thi j: sir dung tin hiéu vao input clia tip
mAu ki€m tra T, cho mang ENF;j sé€ x4c dinh dugc P,
gid tri Zj; § trang thai khong hu héng clia cau wong dng
v6i tit ca cac TTDP trong TTDP,__ clia phin tif nay.

Hé s6 hu héng tuong d6i: Trong P, nhitng trang th4i
dao dong X; thudce tap T, » Xac dinh 40 I6n gid tri sai
léch tuyét d6i gilta 7 . va z, dng v6i ting TTDD, sau
d6 tinh gid tri sai 1éch {uyét d6i trung binh theo chuin
tong binh phuong trung binh:

t

P 2 Basi

2. (i~2) :,Tl‘ > ()

test j=1 test =1

® 4, iy

Hé s6 hu hdng tuong d6i duge tinh nhu sau:

vl Az,
@D Azi=— S
77 max [Azk]
k=1..N,

Hé s6 hu héng tuong dbi phan 4nh mic do thay doi
th€ ning bi€n dang dan hdi trong mdi phin ti & thdi
di€ém ki€m tra so vdi thdi di€ém phin t& khdng bi hu
hdng, déng thdi hé s6 hu hdng con thé hién tinh trang
suy gidm do cdng chéng bién dang cla titng phan it so
v6i cdc phan ti khéc trén cd hé trong cling mot TTDD.
Trong Ne phén tif trén cd hé, phan tif ¢6 40 16n Az cang
16n thi mic d6 suy gidm d6 cling chdng bi€n dang ciia
phin ti nay cang 1dn, do d6 Az ;cho bié&t vi tri xuat hién
khuyét tat trén hé.

Hinh 1: C4u tric mang Neuro-Fuzzy s& dung cho
mot phin i, ENFj , j=1.N

3. Mang NEURO-FUZLZY nhén dang co hé

St dung mang Neuro - Fuzzy dé nhin dang ting
phin tt (mang ENFj) ciing nhu toan bd cd hé § giai doan
kh6ng hu hdng (mang GNF).

Hinh 2: C4u triic mang Neuro-Fuzzy si dung cho cau, GNF

3.1. Mang Neuro-Fuzzy nhan dang mgt
phan td

C4u triic mang clia mang Neuro - Fuzzy nhén dang
mét phan tf (goi tit 1A mang ENF, Element Neuro -
Fuzzy Net) gém 3 16p: 16p vio, 16p 4n va 1dp ra (Hinh
1, va dudgc trinh bay chi ti€t trong [11]). S6 neuron & 16p
vao phu thudc vao cfu tric clia khong gian dif lidu vao.
S$6 neuron & I6p ra bing migt. S8 neuron clia 16p 4n dugc
xdc 1ap tr dong thong qua qué trinh hudn luyén mang,
lién quan tdi yéu cau vé do chinh x4c clia phép x4p xi
va dic thi cia khong gian dit liéu cda tip dif liéu huin

&
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luyén mang. Tin hiéu ra mang dudc tinh:
M
D Hgn (%)-2,4(X)
(5) g, =4 (f=1P)

D Hyo (%)
k=1

trong d6, pus /(XD 1a gi4 trj lién thudc cda miu X,i=1. P
(tdp miu huan luyén mang cé P mAiu) vio tip md pHB £
thi r trong cdc tdp md siéu hop mang nhan k; z.(x)la
tin hiéu ra cia miu hudn luyén thi ;i = 1...P, theo siéu
phing thif 4.

3.2. Mang neuro-fuzzy nhian dang cc¢ hé

N&u tdp miu huan luyén mang c6 P cdp mau dit liéu
input - output, vA ciu dugc chia thanh Ne phan t theo
m6 hinh FEM thi mang Neuro - Fuzzy nhan dang cd hé
& trang thdi khong hu héng (goi tit 1a mang GNF_ -
Global Neuro Fuzzy Net) la su k&t hgp clda Ne mang
ENF;j (j=1..Ne) ¢6 ciu tric giéng nhau nhu trén Hinh 1,
va cung chung 18p vao (Hinh 2).

4. Thudt todn xac dinh vi tri i hong, VTHA

So db khéi cia thuat to4n dudc trinh bay trén hinh 3

TTDDi(X.i=1.P.,)

GNF, + az,

Kich thich
co k& dao
| dong

| - Do bién d¢ dao djog Zji
I - Tinh z,,

Hinh 3: Nhin dang vi tri khuyét tat dua vao GNFcs
Ne la s& phdn ti¥ dudc chia trén co hé; Ptestla s6 TTDD
dugc sit dung d€ ki€m tra

Budc 1: Nhén dang cdu & trang thai khong hu héng.

o] trang thai khono hu hdng cua cau:

- Po bién d6 dao dong clia ciu § nhi€u TTDD khédc
nhau;

- Tinh dva vao (2);

- Xdy dung mang ENFi nhan dang titng phdn tif va
xay ding mang GNFcs nhén dang tit ca cdc phan tif clia
ciu § trang thai khong hu hdng.

Budc 2: Kiém tra tmh trang suy gidm d6 cdng chéng
bi€n dang cla ciu (Hinh 3).

Tai thdi diém kiém tra:

- Bo bién dd dao dong clia cau & nhiéu TTDP khéc
nhau;

- Tinh dva vao (2);

- Xdc dinh dva vao ENFi va GNFcs;

- Tinh hé s hu hdng twdng d6i ciia tirng phin ti dwa
vao (3) va (4).

Budc 3: Xdc dinh vi tri hw hdng cda cu.
Phén ti¥ c6 16n so vdi cdc phin t con 1a1 12 phin tir

bi hihdng,
Budc 4: Diéu kién dirng.
- Néu ti€p tuc ki€m tra: quay lai budc 2.
- N€u khong ti€p tuc kiém tra: ditng chuong trinh.

. s -2
5. Thi nghiém kiem chiing
5.1. M6 ta thi nghiém
Phin nay trinh bay thi nghiém do 6 liéu dong duge
chiing t6i thuc hién tai Phong thi nghi€ém Cd hoc Ung
dung ctia trudng Pai hoc Bich khoa TP. H6 Chi Minh.

La0x40x3,5

[ AN
i D amacopi i

Hinh 4: M6 hinh thi nghi€m
(a) So d4 ké&t cdu ctia md hinh thi nghiém; (b)C4c phin i
theo phuong phdp FEM

- Pong co dién D mang khdi lugng 1éch tim M dude
gin chit vao khung tai nhiéu vi tri khic nhau phy trén
Hinh 4. D6 1éch tim Md dugc thay d8i vo cap bang c4ch
di€u chinh khoang cich d. S& dung bd bién tin d€ di€u
chinh v6 cap toc d6 géc clia D.

- Khung sit ¢6 chiéu dai L=3m dugc chia thanh 12
phan bang nhau bdi 13 niit chia Y1,..., Y12.

- Sit dung cdc ciAm bi€n va thi€t bi do chuyén vi clia
Phong thi nghiém Co hoc Ung dung, trudng Pai hoc
Béch khoa TP. HS Chi Minh dé€ do bién do dao dong tai
cdc di€m niit Y1, .., Y12 cda khung.

- Khi khung chu’a bi hu:

Bing cich thay ddi vi tri cda P trén khung, thay ddi
do6 1éch tdm Md va thay d8i van toc géc cia b chiing t6i
da tao ra P=1200 TTDP ctia khung thi nghiém. Do bién
do dao dong tai céc diém nit Y1, .., Y12 ting véi ting
TTDD dé xiy dung tap dit liéu gom 1200 mau dit li€u
input - output. Pay Ia tap s& liéu dugc sit dung d€ huén
luyén mang Neuro - Fuzzy cd s GNFcs nhin dang ting
phan tr trén cd hé & trong tinh trang chua bi hu hong.

- Tao ra céc vi tri hu trén khung:

Cit khung tai ba vi tri Y4+, Y6+ va Y10+ (Y4+ nim
tai trung di€m cia doan YAYS5; Y6+ nim tai trung diém
cia doan Y6Y7; Y10+ nim tai trung diém cla doan
Y10Y11) trong céc trudng hgp: 1/ chi cAttai Y4+, 2/ chi
cittai Y6+, va 3/ cit ddng thdi tai Y6+ va Y10+ . Trong
mdi trudng hop néu trén, mic do suy gidm do ciing
chéng bi€n dang cla khung, EJ, dugc thuc hién theo 4
mifc: mic a-a suy gidm 1,56%, mic b-b suy glam 4,90%,
mifc c-c suy gidm 11,16% va mifc d-d suy glam 23,40%.
Ung v6i mbi mic d6 suy gidm EJ, thay déi TTDD, cu
thé€ 13 thay ddi 46 1éch tdm, thay ddi vi tri cha P va thay
ddi van toc géc ciia P, chiing toi 43 xay dung dugc tap
c6 Ptest=48 miu di liéu input - output, dugc si dung
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dé kiém chitng hiéu qué cta thuit todin VTHH (muc 4)

trong viéc x4c dinh vi tri hu hdng xudt hién trén co hé.
5.2. Cic két qua thi nghiém

- Hu hdng don va khung dudc chia thanh bn phan

Rii¢

Hinh 5: Chia 4 phﬁn tr. Hu tai Y4+ (phﬁn ti 2) véi bdn miic

Har tol phan 1y 2, indrc 4% a-a Huw tal phan tor 2, muc dé b-b
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E o8 oe
2 o6 os |
g
- 04 0.4 |
= !
02 - 02z .
o ™ o
1 2 3 4 1 2 3 4
Phan wr Phan ty

Huw 13l phdn tr 2, murc 44 c-c Hu t3l phan tir 2. imirc 3¢ d-d

12
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0.2

1 2 3 4
Phan 1y

1 2 2 4
Phan

d6 kh4c nhau a-a, b-b, c-c, d-d
Hinh 6: Chia 4 phan t, hu tai Y6 + (phan tif 2)

Hu 12l phan tir 2, mirc 36 b-b

Hur tad phdn tir 2. mirc 4% a-a
- 1.2 5

1.2
1

' os
0.6
. 0.4
0.2
o 4
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Phan v

Phan tir
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1 1
E 0.9 { 0.8
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0.2 { 02
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Phénur Phan ur

vdi bén mifc 46 khic nhau a-a, b-b, c-c, d-d

Trong thi nghiém nay, ching t6i thuc hién viéc
kiém chitng khd ning x4c dinh vi tri bi suy gidm do6
cdng chong bi€n dang trén khung cla thuit tosn VTHH
trong trudng hgp khung dudc chia ra thanh bon phin ti
¢6 chiéu dai bing nhau, dong thdi tit cd cdc thi nghiém
déu dugc thire hién § tinh trang hu héng don - chi cé
mot vi tri trén khung bi hu & mdi thi nghiém. B&n phin,
t¢ dudc chia theo thit tw Y1-Y4, Y4-Y7, Y7-Y10, va
Y10-Y13 dai bing nhau, bing L/4. St dung thuat todn
VTHH dé€ x4c dinh vi tri suy gidm d6 ciing chéng bi€n
dang ctia khung trong tdm trudng hgp sau:

- C4tkhung tai Y4+ v6i bdn mic a-a, b-b, c-c, d-d.

- C4t khung tai Y6+ v6i bn mifc a-a, b-b, c-c, d-d.

O day, hai diém dudc diing lam thi nghiém (Y4+ va
Y6+) 1a hai di€m phan biét thudc phin ti s6 2.

K&t qué tinh todn dugc trinh bay trén cdc Hinh 5 va
6. C4c bi€u dd nay cho thdy ring trong trudng hgp he
hdéng don v6i bon mifc hdng néu trén, thudt todin VTHH
xéc dinh ding vi tri suy gidm d6 cdng chéng bi€n dang
cla khung thi nghiém, ngay cd mic d6 hu hdng thap

(mic a-a).

- So sdnh céc k€t qua clia thudt todn VTHH va [5]

Khung thi nghiém & Hinh 4 dudc chia thanh 3 phan
ti theo thd tv Y1-Y5, Y5-Y9, va Y9-Y13 c6 do dai
bing nhau, bing L/3. St dung VTHH va phuong phép
ning lugng cha [5] (goi tat 1a [5]) dé€ x4c dinh vi tri suy
gidm do cing chéng bi€n dang cla khung trong sdu
trudng hgp:

- Cdt khung tai Y6+ v8i ba mifc b-b, c-c, d-d.

- Catkhung d6ng thdi tai hai vi tri Y6+ va Y10+ véi
ba mic b-b, c-c, d-d.

Hinh 7 trinh bay k€t qua thi nghiém tng v6i trudng
hgp hit hdng don tai Y6+, thudc phin tit s6 2. Cac biéu
d6 cho thdy thuat todn VTHH x4c dinh ddng vi tri suy
gidm d6 citng chong bién dang. P81 véi [5], vi tri héng
chi dugc xdc dinh ding khi mic d§ héng tuong ddi
cao: ¢c-¢ va d-d (d6 suy gidm theo thit tu 1a 11,16% va
23,40%), con & mifc do hu hdng bé hon b-b (suy gidm
4,90%), phuong phap [5] xdc dinh khong chinh xéc.

Hinh 8 trinh bay k&t qui thi nghiém trong trudng
hgp hu hdng kép: héng ddng thdi tai Y6+, thudc phan
t s6 2, va tai Y10+, thudc phan tif s6 3. Cdc bi€u d6
trén Hinh 8 cho thay ring trong trudng hgp hut dong thai
tai hai vi tri, k€t qua ciing tuong tu nhu trong trudng
hgp hu héng don: § cdc miic hu héng khé 1dn (c-c va
d-d), c3 hai phuong phap déu x4c dinh chinh x4c vi tri
suy giam d¢ citng chdng bi€n dang (phin t& 2 va 3); &
mitc hv hdng thap hon, b-b, chi VTHH x4c dinh ding,
phuong phdp [5] x4c dinh sai vi tri.

Hinh 7: Chia 3 phin tif. Hu tai Y6+ (phin ti 2) v8i b&n miic

"W Tl phan 1 2va X, mire % d.d|
@Sensst
®Senes?

Hur 121 phan by 2va 3, mire 46 b.b
59 nén

Hir tal phain tir 24 3. mire 86 ¢.<
0 Seriest
8% cals) B Series?
12 12 12
1

1 4
08

o o
& =

Hé 38w héng
o

dd khac nhau a-a, b-b, c-c, d-d

- Thay d6i niit gi6i han phan ti

Trong thi nghiém nay ching t6i khdo sat cdch phin
chia phan tit va su thay d8i d6 chinh x4c trong viéc xac
dinh vi tri khuy&t tat xudt hién trong cd hé ciia c3 hai
phuong phép, thuit todn VTHH va [5], tng vdi tiing
cadch phan chia. .

Khung thi nghiém dugc chia thanh ba phan ti nhung
theo hai cdch chia khdc nhau (Hhinh 9):

-Céch 1: Y1-YS5, Y5-Y9, va Y9-Y13 c6 d6 dai bing
nhau, bing L/3. Vi tri ht hdng Y4+ n3m s4t nit bién
YS.

- Cach 2: Y2-Y6, Y6-Y10, va Y10-Y13 c6 do dai
khéng bing nhau. Vi tri hu hdng Y4+ nim gin nit giita
clia phin tir 1, Y4. D€ tinh hé s8 hu hdng theo thuat
todn VTHH va [5], phin ti¥ tht ba dugc dua vio mot
niit 20 Y14. Khi d6 phin t& nay nim trong khdang Y10-
Y14. Viéc dua Y14 vao nhim dua dd dai cia ba phﬁn
t& bing nhau va biing L/3. Niit 4o Y14 khéng thudc cd
hé do d6 c6 bién dd dao dong Y 14 ludn bing zero.
Hinh 8: Chia 3 phan t&. Hu déng thdi tai Y6+ (phin ti 2) va
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tai Y10+ (phan ti 3)

K&t qua thi nghiém cho thdy: Theo cdch phan chia
phan tif thit nhat, ca hai phuong phdp x4c dinh ding vi
tri hu chi khi mdc dé hu hdng cao d-d, 23,40%; & hai
mifc thap hon (11,16% & mitc c-c va 4,9% & mic b-b),
ca hai phuong phap déu khong x4c dinh ding vi tri hu
hong (Hinh 10). Theo c4ch phin chia ph?in ot thit hai, ca
hai phuong phdp déu x4c dinh diing vi tri hu trong c4 ba
mitc dd hu hdng khic nhau (b-b, c-¢, d-d), ngay ca khi
mifc d6 hu héng khong cao 4,90% (c-c

Hinh 9: Hai c4ch chia phan ti
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3 Céch 1, vi trf he Y4+ niim st ndt bién. & céch 2,
vi trf hu Y4+ nim gin trung di€m cia phin tf.
Hinh 10: K&t qua x4c dinh vi tri hut hdng trong trudng hdp
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6. Két luén

K&t qua thi nghiém ki€m chlrng cho thdy thuit todn
VTHH ¢6 thé x4c dinh diing vi tri xu4t hién khuyet tat
trén cdu & nhitng mic do hu' héng thap hon hoic bing
mic d6 hu hdng c6 thé xac dinh dugc cda [5]. Nghia 1a
VTHH c¢6 d6 nhay tot hon phuong phép [5].

Viéc sit dung mang Neuro-Fuzzy nhin dang cdu &
tinh trang chua bi hu di tao nén mot s6 wu di€m cho

thudt toin VTHH so vdi [5]. MOt mit, g1a1 phdp nay
¢6 tdc dung it ngin g1a1 doan do dac 14y s0 liéu, lam
gidm d6 16n cia tip miu - bdi mang c6 kha niang néi
suy nhﬁng thong s8 lién quan téi cdc TTDP ngiu nhién
dugc st dung trong giai doan ki€m tra nhung khéng
trung véi cic TTDD da dugc ding dé xay dung tip dit
liéu Jvu trix lrng véi thdi di€ém cdu chua hu. Mit khéc,
giai phap nay con c6 tdc dung lam gia ting do chinh
xdc cia thuét todn bdl vi thue t€ ta khong thé lap lai
chinh xdc mét TTDP & hai thoi di€m khdc nhau: thdi
diém cdu chua hu va & thdi diém kiém tra.

Pai lugng vat 1y sit dung cho thuat todn VTHH la
bién do dao dong cia cau hoan toan c6 thé dugc do dong
vdi d6 chinh xdc phil hgp thong qua nhitng thiét bj do
giao dong quen thudc.

Ciing nhu [5], khi c¢o hé dao dong véi tan s6 tiém cin
t6i tAn s6 riéng cla ciu, d6 chinh x4c cia VTHH va [5)
gidm dan. Vi trong thyc t&€ viéc xdc dinh chinh x4c tin
s0 riéng clia mdt co hé thyc gdp mot s6 khé khin, do dé
gidi phdp cho viéc gia ting d6 tin cdy cia VTHH va [5]
12 ng dung k&t hgp VTHH hodc [5] v6i Phudng phdp
trung binh da dugc trinh bay trong [8]. Ngoai ra, khi sit
dung VTHH hoic [5] trén mot hé théng ciu thuc ciing
cdn phdi quan tim t6i cdch phan chia phan t. Nén sit
dung mot s6 g1a1 phap phan chia khdc nhau, khdo sit
quy luat hdi tu cdia 13i gidi d€ nhan nghiém. O

Tai liéu tham khao:
[1] Hung, S. L. & Jan, J. C. (1999), Machine learning in engi-
neering analysis and design: An integrated fuzzy neural network
learning model, Computer-Aided Civil and Infrastructure Engi-
neering, 14 (3), 207-19.
[2] Hoon Sohn, Kincho H. Law (1999), Application of Ritz Vec-
tors to Damage Detection for A Grid-Type Bridge Model, Pro-
ceedings of the 17th International Modal Analysis Conference,
Kissimmee, Feb.
[3] Hoon Sohn, Kincho H. Law (2001), Damage Diagnosis Using
Experimental Ritz Vectors, Journal of Engineering Mechanics,
Vol. 127, No. 11, 1184-1193.
[4] Hui Li, Jinping Ou, Xuefeng Zhao, Wensong Zhou, Hongwei
Li & Zhi Zhou (2006), Structural Health Monitoring System for
the Shandong Binzhou Yellow River Highway Bridge, Computer-
Aided Civil and Infrastructure Engineering 21, pp. 306-317.
[5] Hongpo Xu & JagMohan Humar (2006), Damage Detection
in a Gider Bridge by Artificial Neural networks Technique, Com-
puter Aided Civil and Infrastructure Engineering 21, pp. 450-
464.
[6] Massimo Panella, Antonio Stanislao Gallo (2005), An Input —
Output Clustering Approach to the Synthesis of ANFIS Networks,
IEEE Transactions on fuzzy systems, Vol. 13, No. 1, February.
71 Nauyen S§ Diing, Ngd Kiéu Nhi (2008), Téng hop hé thona
suy dién Neuro- Fuzzy thich nghi (ANFIS) ux tap dif li¢u s6, Tap
chi Tin hoc va Piéu khién hoc, tap 24, S. 2, 1-15.
[8] Nguyén Sy Diing, Lé Minh Canh, va Ngd Kicu Nhi (2008),
Nhén dang khuy€t tit cia cdu mé hinh bing phuong phdp nang
lugng va mang neuro-fuzzy, Tap chi Ph4t trién Khoa hoc va
Cong nghé, s8 2, trang 5-17.
[9] Spencer, B. F. Jr (2003), Opportunities and challenges for
smart sensing technology, in Proceedings of the First Internation-
al Conference on Structural Health Monitoring and Intelligent
Infrastructure, Tokyo, Japan, 65-72.
{10] Sayed, T. & Razavi, A. (2000), Comparison of neural and
conventional approaches to mode choice analysis, Journal of
Computing in Civil Engineering, ASCE, 14 (1), 23-30.
{11] Sy Dzung Nguyen, and Kieu Nhi Ngo (2008), 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.

PX] 2P cHi cO KHi VIET NAM ® S6 146 - Thang 9 nam 2009





