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TOM TAT

Bai bio trinh bay vé chin doan hu hai clia dim composite nhiéu 16p bing phuang phép két hop vec-to
dinh vi DLV va gidi thuat tién héa khéc biét DE. Qua trinh chin dodn hu hai trdi qua hai giai doan: (i)
Xidc dinh vi tri hu hai trong két cfu didm composite nhiéu |6p bang phuong phip DLV; (ii) Si dung
phuong phap DE dé xic dinh muc d6 hu hai tai cde vi trf da xdc dinh & gial doan mét, déng thai qua dé
loc nhilng vi tri xédc dinh nhdm & gia1 doan mét.

Pé chitng minh sif tin cay va hiéu qua ciia phuong phdp duce dé xufit thi cic vi du $6 cho két cdu ddm
cong-xo6n vai goc hutdng sgi [75°/-75%-75175°] v 2 vi tri hu hai da dugce thuc hién, Trong ¢dc vi du d6,
dnh hudng cha nhiéu cling d3 duge xét dén. Két qua s6 cho thiy ring, phuong phép s dung rat higu
qud trong viéc xdc dinh vi tri hit hat v nifc dd hat hai cfia dim composite nhiéu lap.

ABSTRACT

This paper presents the damage diagnosis of laminated composite beams with combined the damaged
locating vector method (DLV) and the differential evolution algorithm (DE). The damaged diagnostic
process has two phases (i) Determine the damaged positions in the laminated composite beam’s
structure by DLV; (ii) Using DE to determine the extent of percentage damaged at the locations
identified in phase one, and then filtered through misidentified positions in phase one.

To prove the reliability and effectiveness of this method, the example of the cantilever beam with four
layers [75%/-75%-75%75"] and 2 locations were damaged perform, In these examples, the effect of noise
has also been considered, The results showed that the methods used are effective in identifyi ng damage
location and extent of damage to composite laminated beam.

Tt khoa: ddm composite nhiéu Idp, chdn dodn hu hai, phiong phdp DLV, gidgi thudt DE,

Keywords: laminaled composite beam, domaged diagnosis, DLV method, DE algorithm.
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Vién Khoa hoc Tinh Todn Truéng Pai hoc Ton Biic Thang

Danh muc ti viét tat,

- DE  : Differential Evolution (tign héa khac bigt)

- DLV : Damage Lacating Vector (Véc-to dinb vi hu ha)

- MDLAC: Multiple Damage Location Assurance Criterion (Chi tidu dam bao nhiéu vi tri hus hai)

- SVD  :The Singular Value Decomposition (Gid tri don)
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1. Gidi thiéu

Vat lieu ¢ ke |a mot i
loai vat lidu U dung
tuong don rd trén thé

gldil, dac bist trong fink v
hang khong, dién tr va x3y
dung (Kaw 200S). Vit liéu
composite ¢6 khd nang chiu
duoce nhigt 46 cao, Ao ma
mdn 8t ngodi 3 vai nhing
foal composite dac biét cokha
nang chiu mai rat L6t (Hamey
ef al. 2004), Bai vai dam
composite nhiéu lop <o
nhima déc diém ndi bac t 1o
theé clia dac trung vat lieu.
Trang tuong lal, vai trinh do
khao hoc cdng nghé vé vat
liéu ma ngay cang phdt trién,
san phdm dam composits
rhiéu l&p s& duge phat trién
va Ung dung rong ral trong
linh vuc xay dung. Do do, viéc
dam baa tinh an toan cla loai
k&t cau nay trona qua trinh s
dung la thuc su can thiét. Mat
khc, vise dinh gid duoc hu
hat trong két cdu  dam
composite nhiéu Idp s& gilp
gidm Auge ¢hi phi bao i va
sta chifa, giam nhimg ri 1o
gy mat an tadn khéng dang
€6 trong qua trinh sirdung,

Hién nay trén thé gig,
da 50 cic pl‘lUﬁng Phép it
dung dé chan dodan hy hai
trong k&t cau chi dimg lai &
Cap A6 X3¢ Finhy vi tri by Ra
chd chua the xac dinh ﬁU'D:r
mﬁcldﬁu hi has Cla kst Céu
(Vo-Duy et 3 2016) Trong






& trong phudng trinh (9) duge chon 12 0,15% de khao sat nh huding

nhiéu tac ddng dén tan s riéng do dac dugc trong nghién cliu nay.

3. Xac dinh mifc 86 haf hai bang gidi thuat DE

3.1. Ham muc tieu

Ham mue tigu I'(x) trong bai bao ndy Tuoc dinh nghia tudng tu theo
ciu clia (Vo-Duy et al. 2016). Ham muc tiéu [(x) dugc xéc dinh

nhif sau;

Plx) =1-MDLAC(x) + ’E‘ ﬂ*‘-"ﬂ.' rh‘lﬂ)‘fx]u@_

= o

Trang @6, MDLAC 138 mét chi tiéu duge dua ra b (Messina et al.

1998), chl tiéu nay dugc xac dinh dua vao tan 6 cla két cau & ha trang
thal hu hai (fo) va hoan hdao (fus).

jaratef

{10)

MDLAC{x) =~ S (17)
= LA af) (o (r )
Vi,
Af = If"“’_fﬂ“', of{x) = fue = f (%) (12)
LM ] fLU]

x [a véc to bien thiét k& tuong tmg vai muc dd hw hal cla phantd f;
nmode |a s lugng mode shapes dugc khao sat; 4y, 13 mode shape thu
i do duge & két cdu trong trang thal his hai, d8i vl nghién clu nay, nd
chinh la mode shape thi / o duoc by mé phﬁ_ng clia md hinh két cau hu
hai; &, 12 mode shape cla két ¢du bi hu hai trong lan phan tich tha i

ll"” (& chudn Euclidean.

3.2, Giai thuat DE

Thyat toan DE duoc gidi thidu Lin diu tién bii Storn va Price vao nam
1996 (Storn & Price 1995). DE duge phat trién dé 16 uu hoa cic hé sd thuc,
cac; ham gia tri thuc.

Ngay nay c@ rat nhiéu thuat tean 16f vu héa va mbt trong s6 do la Gid
thudt tién héa khac biét (DE). Trong ludn vin, gial thuat DE s& duoc kat
hop vai phuong phép DLV dé xac dinh vi tri mot cach chinh xéc hon va
muc @6 phan trdm hu hal cla k&t cadu dam compaosite,

Cong thifc tong quéat cho bai todn nhy sau:

Véi mot ham muenéu f: XcR? >R Odé X=8,bditoin td1 uu
hoa 15 d€ xac dinh: " e X[ fx)1< F(x). ¥xe X va f(x')+—=

DE |2 mdt thuat toan tién hoa khdc biét. Vai thi tuc cia thuat toan
tén hoa tdng quat nhts sau: o
—'{ La tho

!
Khon 190 4" _quj:hrén —'Lll.ﬁlf?h'?ﬂ

Qua trinh nay bao gdm nhiing thudt toan ditruyén, nhiing chién lugc
tién hoa va ci nhiing chuang tinh tién héa

Muc dich 13 d& t8i vu hoa mot ham sé vai D cac tham <6 thuc, Viec
dau bién la khdi tao dan 56 vén kich thudge NIV phai 16n hon hodic biing 4).

Véc-tartham ¢4 b dang sau!

g ™ [Kl.lfﬂx,hlﬁ'"“ “m.ﬁ]fl ={12,.8} (13)

Trong phugng trinh (13], G 1a mot sé 18ng quat,
Cac bude chinh cia cac thuat toan DE dudc dua ra dudi day;

.

Khoitso | -% DMt bén "—ll Lai tans

Lyrs chon

3.2.1. Khéi tao
Xacdinh nhangbien trén vz bién dudh cho céc tham sé trong phuong
trinh (13),

L W
X, SX 3 SX

e | PR e Al N S AN 2

N t trén
Chon nglu nhién nhing gia trl tham s& ban d&u théng nhé ‘

khaan [ .x" ] |

3,2.2. Dot bién B o
W81 mt véeta tham s& trang bd N déu tréil qua 06t bién, 1ol 13

. m

cudi cing 13 lya chon, Si d6t bign md rong khong glan ;"“ i‘éﬂ .
V6 mat véc-ta tham s6 da dua ra X, , lua chon nged pieR) < ¥

X Xaer¥ne Sa0chocacchlsei i, 2 va r3 13 khdc nhau.
Qua trinh Aot bién lam phét sinh thém mot vec-td i
wLEH =Kﬂ,& +F{xﬂ-£ ‘_'*'353 -
Trong phuang trinh (14), F la mét hang 56 dot

khodn [0,2]. V, ;,, dudcgo | véc-td phn 1 cho (the donor vector).

{14)
bién co gid tri tron:

'X)
F(";_,.G 'xr,,(}) o
M jpuirmum
% X
X X X [
5 %
o x
N

=X, HF (%o, G %, G)

-

xu'

Hinh 1~ Qué tiinh 86t bién dé o ra din s& mdi (Storn & Price 1995)
3.2.3. Lai tae o
Qua trinh nay két hap thanh ¢ong gitia cac pha_n U cla véc-lo mu
téu vél véc-to dat bién & trén 88 cho ra mot véc-to thd mdi, U, ; .
Nhimg phén L clia véc-ta dot bién dua vio véc-te thif vésl xdc xuidtla O
Visga Ifrand, <CR or j=1.,,
Ugu =

. . d=12,.Ni=12,.,D (15
Ryu f rand“:»(,'ﬂ or j=1,..

d g6,

Randy ~ Ui0.1), luea 13 mdt 58 nauyén ngau nhién tr (1,2, .D). lans da1
béorang v, =Xz

3.2.4. Lva chon

S0 sanh véc-to muc tiéu x,,, voi véc-ta thir v, , va gla tri @6 lo
cla véc-1d nao nhd nhét sé duoe chon vao thé he dot bién tigp theo.

Mg TR gD S Sl ) -y
Rigos _{H.,G olfieraias i=12,-.N (186)
Qué trinh A&t bién-lai tae-lua chon o tiép dién cho dén khi mdt s
chéu kien dimmg thda man,
4.Videso

4.1. Tom tdc phuang phdp va cdc s6 liéu déu vao

D2 chung minh su tin cay va tinh hig¢u gua cia phuong phap dugc ¢
xu1dt thi €Ac vi du 36 cho k€t cdu dam cong-xon vdi goc hudng sgi [75¢
75%-75%775%), ven 2 wi tri hut hai @3 dudc thuc hién. Thong 8 vé hinh he
va vat igu cia dam thi duoc cho nhy saus Dam compasite nhiéy 1ap ¢
két cdu cdng-xdn, chiéu dai L chiéu cao h (Lh = 15); chigu rang b; due
lam tir graphite/epoxy; chiéu day mai 16p ls nhu nhau, Cac thang <
dude cho trong bang 1, Dam nay ciing &3 dugc nghien ciiu che vide pha
tich dao d@dng tv do bdi (Chandrashekhara et al. 1990).
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T cac ket gua trén, nhin chung % sai s8 cla bl bio so vé cac nghién
el trude 12 chap nhan dude, d vai modes c6 su sai ldch nhidt dinh vdi muc
do vifa phai. Diéu d6 giip khiang dinh cac thudt todn cua bai todn FEM
cho ddm compesite nhigu lop cia chuang trinh tinh duge mé phdng
bing MATLAB cd dé tin cay 16t

S dyng phuong phap DLV d& xéc dinh vi trf hu hai trong k&t ciu dém

composite nhigu [dp, vdi s6 mode khio sat 18n id 7 modes. Trong trudng
hap khong xét dén nhigu cho cdc yéu t8 dau vao nhig tén 56 do dac dufoc
hoac shape mode do dac duoc. K&t qua tll viée chan doan bang DLV the
hién trong hinh 4. Khi xét dén cac yéu td gay nhiéu, két qua duac theé hien
trong hinh 5.

te+ N
Vi=I00"
tt",‘,'.‘“
h |
!
| i
1=i5:4 J ey .
. i 4 = . _'- =
Esevert f -

4~ Két qui chan doan bang DLY khong &t dén nhidu

3 UM c6 vet

BaH 4 e K EURUA chari®oan b
mode shape 1% uLSaye_qqur 2012)
56 18n % hur hai % hut hai phdn | Gid tri ham v
tinh 1, phantiss5 | thsd 19 mue tigu Saniip
1 35,0001 30,0000 04027 239
2 34,2__9‘?2 29,6390 04056 370
3 34,7727 298197 640_38 126
4 34,7371 79,7295 0,4041 212
5 34,9855 25,9935 D,4028 ) 219
6 34,8995 29,5355 04046 17
. 34,8548 25,8300 0,4035 455
8 34 8685 29,7540 0,4037 105
g | 34,9767 25,9786 0,4029 189
10 34,9857 29,9931 04028 237
“Mean | 33,8378 | 29,8273 0,4037 247

Tif cac két qua thu duoc cho thay rang, viéc xét dén nhigu sé lam
nang luong bién dang tich ldy trong cac phan trhu hal [on hon nhidy so
véi tniang hop khéng xél dén nhigw, Tuy nhién, difu nay s& giop cho két

. Két qua thu dLFHEf
han dinh T¥ cic pha::
trén, CAC VI tri nay cc

qué thu duoe tir phuang phip gén vdi thyc 1€ he
hink 4 va hinh 5 ¢6 the thay réng, vi trf bu hae dwi; n
tr 5 va 19. Tuy nhién, nhu da deé cap & nhiing phan tE .
thé bj ngd nhan hu hai vl DLV, Do 86, gidi thust ién haa DE 52 9142 R
tra lal cac vi tri hu hal ndy. K&t qua dugc thé hien Hﬂflﬂ bang -'a h&n

Két qua ctia phusong phip DE cho ra dugc mic 88 WM 8 0
<& 5 1a 34,8378%, muc dé hu hai cha phan tirsé 19 18 29,8273%. gla L
trung hinh clia ham muc tiéu la 0,4037.

5. Thao luan . .

56 lidu bai bao sit dung dugc |y tl viéc md phang ma h'"m“;:ft’gg;
di ¢6 ké dén cacy&u 16 gay nhifu nhung chac chan 5& khang e ha |
khdip ven 56 lidu thuc té clia két ciu thue. Tuy nhién, vai cac po ‘-f":mghz- b:
k& nhidu duoc tham khdo & nhiing nghién cu trudc cling giup <1 S
bio ¢ dd un eay nhst dinh. Vén vido sUdung 161 7 modes dé khao $at "
[ qua kén. Trén thuc t& gén nhu khang thé do dugc cic mode shape h?-:
cao. M&u sit dung cac mode shape bac thip thi vitri cac phén 1 b h"'_ -
khé nhan dang, nén s& luong phan t b nght ngés hu hai Idn hon nhied
Mot trong nhiing nhutc diém clia thudt todn DE 13 vé cac bai toan €0 5C
lugng phdn tr Ién dai hal phai tdn nhidu the glan va tién cda; doi kv
khong thé DE kkdng thé nhan dién duge, Chinh vi vy, tac gid cha rang
day I mat trong nhitng han ché lén clia phueng phap.

6. Két luan _ '

BaI bao 45 trinh bay vé mat phiang phap chan doan hullgl cla darr
compaosite nhidu 1ép bing viéc két hap hai phuong phap: phuong F':'éli
két hop vécto dinh vi DLV va gidf thuat tién haa khic bist OE. Dé ching
minh sy tin ciy va tinh hiéu qua clia phuong phdp, bai bao dé dé wud
mot vi du s& vén két cau ddm cong-xan, va géc huang so la [75%/-75°
75°/75%. Két qué thu duoc rat hidu qua, trong giai doan dau tién, da xa
dinh dutoc vi tri hit hai s6 5 va 50 19 trong két ciu ddm composite nhiet
Ip bing phuong phap DLV, sau d6 da st dung phuang phap DE A& xie
dinh mlc A6 hu hai tar cée vi tri lan luge 1a 34, 8378% va 29,8273%.

Tir két qua cho thay rang, Phuong phip Véc-ta dinh vi hu hai DLV ké
hap véi thust tean Tién héa khac hiet DE da thu duge k8t qua chan doar
hu hat rdt higu qud. Déng thai givp xac dinh duge % hu hai tal nhidng v
tri bi hu had trong két cdu. Bidu ndy gidp kidm soat chat luong két céu 1o
han. Véi sd lugng mode shapes ding trang kbdo sat 13 7, cac yéy td da
vao xét dén nhidu thi k&t qua thu duoc rat 8t Tuy nhién van cén nhifne
han ch& nhu trén; Do d6, tdc gid xm dé xudt nhiing hudng phat triér
trong tuong lzi dé i thien dugc nhing han ché nay. (i) nghién €l ¢3
tién phuong phap dé sU dung s6 mode shapes thap hon; (i) nghién cin
cai thién phuong phap dé xdc dinh dugc nhiéu vi tri hu hai hon ma var
st ding 56 lwgng maoda shapes thap; (i) ddng thi cdi thién thuat 1oér
DE dé phuong phap hiéu qua hon vé mit thél gian va nang cac dé chinl
xic khi xac dinh % hu hai.
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