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Tém tat

Trong bai bdo nay, mot md phéng sb dé chin dodn tén hao luc ng suit trudc trong viing neo cap cia két cau
bé tong cbt thép ting suét trude sit dung dap dng trd khang co-dién dudc gidi thiéu. Pau tién, ly thuyét vé dap
ting trd khdng co-dién st dung cam bién PZT (Lead Zirconate Titanate) va cic chi s6 danh gia hu hong dua
vao su thay ddi ctia ddp ting tré khang dudc trinh bay. Tiép theo, mdt mo hinh phan ti hitu han cho viing neo
cap ctia mot dam bé tong cdt thép dng suit trudc dude md phong bang phan mém ANSYS. Céc truong hop hu
héng dugc khio sét 12 t6n hao luc Gng suét trudc trong dAm tuong tGing v6i cidc mic d6 khac nhau. P6 tin ciy
ctia két qua mo phong dugc kiém chitng bing viéc so sanh véi két qua thuc nghiém. Cudi cling, cdc chi s6 danh
gia hu hong dugc xdc dinh nhiam cénh bdo tén hao luc ng suét trudc trong dam. Két qua tir nghién cifu cho
thiy phuong phap tré khang dat dugc hiéu qua cao trong viéc chian dodn t&n hao luc dng suat trudc trong ving
neo cap.

Tir khod: cam bién PZT; chin doan két cAu; luc ting suit trudc; trd khang co-dién; viing neo cap.

IDENTIFICATION OF PRESTRESS-LOSS IN CABLE-ANCHORAGE SYSTEM USING ELECTRO-
MECHANICAL IMPEDANCE RESPONSES

Abstract

In this paper, a numerical simulation for identification of prestress-loss in cable-anchorage system using electro-
mechanical impedance responses is presented. Firstly, the theories of electro-mechanical impedance responses
using PZT sensor (Lead Zirconate Titanate) and the damage indexes based on the change of the impedance
responses are introduced. Secondly, a finite element model of prestressed concrete beam’s cable-anchorage
system is simulated by using ANSYS software. The loss of prestress force is investigated with various levels.
The reliability of the numerical results is verified by comparison to pre-published experimental results. Finally,
the damage indexes are determined to identify the prestress-loss in beam. The results from this study show that
the impedance-based damage identification method is high effectiveness for monitoring the prestress-loss in
cable-anchorage system.

Keywords: cable-anchorage system; electro-mechanical impedance; prestress force; PZT sensor; structural health
monitoring.
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1. Giéi thiéu

Ngay nay, ciing véi su phat trién vugt bac clia khoa hoc, ky thuét va cong nghé, cic cong trinh xay
dung 16n véi két cAu hién dai da va dang dugc hinh thanh. Tuy nhién, viéc xuit hién céc sai sét, hu
héng trong qua trinh thi cong, khai thac va st dung cong trinh 12 diéu khong thé tranh khéi. Piéu nay
khong chi giy tdc dong khong t6t dén do an toan va tudi tho clia cong trinh ma con gy anh hudng
dén cudc sdng clia con ngudi. Vi vay, theo ddi va chin doan két cAu thudng xuyén 1a viéc 1am rit can
thiét d€ c6 thé phat hién kip thoi cac hu hong va dua ra giai phap xi ly, gia cudng, siia chita hop ly.
Viéc truc tiép phat hién cac hu hong ciia két ciu bang mat thudng la gan nhu khong kha thi. Do vay,
linh vuc theo ddi va chin dodn siic khde két ciu (SHM: Structural Health Monitoring) da hinh thanh
va dang phat trién nham nghién citu vé chan doan ky thuat cong trinh [1, 2].

Trong nita thé ky vita qua, nhiéu phuong phap chin dodn két cAu da dudc nghién cifu va ing dung.
Trong do, phuong phap chin dodn st dung déap ung tré khang co-dién 1a mot phuong phap méi va ¢
tinh hiéu qua cao khi c6 thé phat hién kip thoi nhitng hu hdng tif lic mé6i hinh thanh ma khong can
phai phd hiy két cAu. Phuong phap tré khang 1an dau tién dugc gi6i thidu bsi Liang va cs. vao nim
1994 [3]. Sau d6, mdt sb nhém tac gid khac da nghién ctiu va dé xuét cic chi s6 canh bdo hu héng
st dung dap ting trd khang; vi du nhu: chi s6 RMSD (Root Mean Square Deviation) [4], chi s6 CC
(Correlation Coefficient) [5], chi s6 CCD (Correlation Coefficient Deviation) [6] va chi s6 MAPD
(Mean Absolute Percentage Deviation) [6]. Hon thé nifa, phuong phép tré khang da dugc 4p dung
thanh cong trén rat nhiéu loai két cAu khac nhau nhu: két cAu dan [4], két cAu tAm méng [7], két ciu
thép [8], két cAu bé tong [9], viing neo clia dam bé tong ting suit trudc [10], két cdu bé tdng cb gia
cuong FRP [11].

Trong linh vuc x4y dung, két ciu bé tong cdt thép ting suit trude dudc st dung rat phd bién. Dbi
v6i loai két cAu nay, luc ting suit trudc 1a mot muc tiéu quan trong can dudc theo ddi va chan dodn
nhidm dam bao dd an toan cho két ciu. Ti nhiing nhu cau thuc té dit ra va ké thira cic nghién ciiu
trude, muc tiéu ctia bai bao nay 1a gidi thiéu phuong phap chian doan tdn hao luc ting suét trudc trong
viing neo cép st dung ddp dng trd khang co-dién. Dau tién, co s6 ly thuyét vé phuong phép tré khang
va bdn chi sé danh gid hu héng (CC, CCD, RMSD, MAPD) dua vao su thay ddi ciia dap tng trd
khdng dugc trinh bay. Tiép theo, mot mo hinh phan i hitu han cia viing neo cép trong dam bé tong
cbt thép ting suit trudc dude md phong bang phan mém ANSYS. Trong mé hinh, ton hao luc dng suit
tride duge xem xét véi ba mifc do khac nhau 1a 20%, 40%, 60%. Do tin ciy cla két qua md phdng
dugc kiém ching véi két qua thuc nghiém. Cudi ciing, cic chi s6 danh gid hu hdng dugc tinh todn va
phan tich d€ x4c dinh tdn hao luc ting suét trudc trong dam.

2. Phuong phap tré khang
2.1. Bdp iing trd khdng co-dién

Trong nhitng nim gan day, vat liéu 4p dién ngly cang dudc st dung phd bién va rong rai trong
linh vuc SHM. Uu diém ctia loai vat liéu nay 1a nhe, ré, da ning va c6 nhiéu hinh dang khac nhau.
Vit liéu 4p dién hoat dong theo nguyén ly cam dng hai chiéu giiia tic dung co hoc va tic dung dién
truong, vita c6 thé sit dung nhu cdm bién d€ ghi nhan bién dang trén két cu, virta c6 thé Ia thiét bi
truyén dong dé€ kich thich két cAu. Theo phuong phép tré khang, cic cdm bién vat liéu ap dién PZT
(Lead Zirconate Titanate), v6i kich thudc nhd va khdi luong rat nhe nén khong anh hudng dén su lam
viéc binh thudng ctia két cAu, dugc ddn 1én bé mit clia ving cin chan doan hu hong trong két chu.
Cam bién PZT dudc két ndi v6i ngudn dién xoay chiéu trong mdy thu va xd 1y tin hiéu. Dong dién
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kich thich tif ngudn va phan ting lai dudi dang tin hiéu dién; sau d6 dudc xi ly quy ddi thanh tin hiéu
tr§ khang.

Su tuong tic co-dién gitta cdm bién PZT va két cAu dugc thé hién nhu trén Hinh 1. Theo d6, két
cAu dudc miéu ta bang cac dic trung nhu khdi luong (m), do cing (k), hé s6 can (c) va diéu kién bién.
Trong khi d6, cAm bién PZT thi dugc miéu td nhu mdt mach dién vé6i hiéu dién thé diéu hoa (V) va
cuong d6 dong dién (/).

I=isin(wt+ ¢) DO dan nap co-dién
Yl Y=Re(Y) +jIm(Y)

V= v sin(ax)

T
€]

\

Hinh 1. M6 hinh tuong tic co-dién gitta PZT va két ciu [3]

Do din nap co-dién Y(w) 12 mot ham s6 két hop gitta tré khang co ctia két ciu Z(w) va tré khang
ctia cam bién PZT Z,(w) dudc dién ta bi“lng cong thic nhu sau [3]:

Za(w) 5 _Etan (klp)
Zo(w) + Zs(w) UM K,

Cowyly | (— —
Y(w) = Jw_f . [(egr3 - leﬁ) + (1)
P
trong d6 Y(w) = 1/V la d6 dan nap co-dién, dai lugng nghich déo cta trd khang co-dién Z(w); w,,
Iy, t, 1an lugt 1a chiéu rong, chiéu dai va chiéu day cta cadm bién PZT; d3; 1a hing s6 dp dién cla
PZT khi ting suit bang 0; Y& = (1 + jn)Y{; 1a md dun dan hdi cia PZT khi dién trudng bing 0;
g, = (1 - jo)eZ, la hing sb dién dung ctia PZT; 7 va 6 1an lugt 1a hé s6 mAt mét can va hé s6 mat mat

dién moi ciia PZT; k = w+/p/Y}; 1a s6 bude song; p 1a khoi lugng riéng.
Néu két cAu dudc xem 1a hé mot bac tu do, trd khang co clia két ciu Zy(w) c6 thé dudc biéu dién
bang cong thiic sau:

k
Zi(w) =mwj+c= =] 2)

Cong thiic (2) cho thiy rang trd khang cd ctia két ciu 1a mot ham s6 phu thudc vao cac dic trung
dong Iuc hoc nhu khi lugng, dd ciing va hé sé can. Do do6, bat ky su thay ddi nao trong céc dic trung
dong luc hoc (dudc xem 13 hu hdng) déu c6 thé dan dén su thay ddi trong ddp tng trd khang co-dién;
va ngudc lai c6 thé st dung su thay ddi ciia dap ung tré khang co-dién dé danh gid su thay doi cia cdc
dic trung dong luc hoc trong két cu.

Theo cong thiic (1), khi két cAu xuat hién hu hong, tré khang co Zy(w) ctia két ciu sé thay ddi va
lam thay ddi tré khang co-dién Z(w). Trd khang co-dién 12 ham sb phiic:

2@ =T < Re(zw) + jim(Z () )
(w)
trong d6 V (w) 1a hiéu dién thé dau vao cho cam bién PZT; I (w) 1a cudng do dong dién dau vao cho
cam bién PZT; Re {Z (w)}, Im {Z (w)} 1an luct 12 phan thuc va phan 4o cia ddp ting trd khang co-dién
tuong ung.
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Hu hong trong két cAu dugc phat hién khi c6 su sai 1éch clia hai dép ting trd khang & hai khoang
thdi gian khdo sat khac nhau. Ddi v6i hu hong ctia két cAu, phan thuc ctia dap dng trd khang nhay
hon so phan 40; cho nén, phan thuc thudng dugc sit dung trong céc phuong phap chin dodn hu hdng
[12]. Ngoai ra, dap ting tré khang thudng dudc do & mién tin s6 cao (> 1 kHz) va budc séng ngan
nhiam dam bao di do nhay dé€ nhan biét d6i véi nhitng hu hdng nhé. Hon nita, khi khao st dap ting
tré khdng & mién tan sb cao thi chi cin hiéu dién thé nho 13 di d€ tao ra luc kich thich trong két ciu.

2.2. Cdc chi sé ddnh gid hu héng

Trong nghién ctiu ndy, bén chi s6 ddnh gia hu hdng dudc st dung dé dinh lugng su thay d6i clia
dép tng trd khang trudc va sau khi két cdu xay ra hu hdng. Bon chi s6 danh gid bao gom: chi s6 CC
[5], chi s6 CCD [6], chi s6 RMSD [4] va chi s6 MAPD [6]. Hiéu qua chdn doan hu héng 14 khéc nhau
khi st dung chi s6 d4nh gid khac nhau. Diéu nay tily thudc vio dic diém cta két cAu va mién tan sb
clia dap ting tré khang dugc khio sat. Viéc khao sat nhiéu chi s6 danh gia hu hong cung liic 1 nham
tim ra chi s6 c6 do nhay t6t d6i v6i su xuét hién cia t&n hao luc ng sut trudc trong dam.

S (Z'(w) - Z)Z(w;) - 7)

cc=12 )
n Oz7x0z7
|2 @) - ZNEw) - D)
cCD=1--= (5)
n O7:07
3 [2°(w) - ZW)]?
RMSD = |=L— (6)
;Mww
_ 10 |2 (wi) = Z(wi)
MAPD = — > 7o )

i=1

trong d6 Z(w;) va Z*(w;) 1a ddp ting trd khang clia hai trang thai dudgc khao sét, trudc va sau khi xut
hién hu héng, tuong tng véi tin s6 thit i; n 1 s6 diém tan sb trong mién khao sat; Z va Z* 1a gia tri
trung binh ctia hai dap ting tré khdng tuong ting; o+ va o 1a dd 1éch chuén clia hai dap ting tré khang
tuong ung.

Déi v6i chi s CC, néu gia tri nhd hon 1 thi két cAu c6 xuét hién hu hdng va ngudc lai néu gia tri
bing 1 thi két cAu khong xuét hién hu hong. Pdi véi cac chi sé6 CCD, RMSD, MAPD, néu gia tri 16n
hon 0 thi két cAu c6 xuit hién hu hdng va ngudgc lai néu gid tri bang 0 thi két cAu khong xuét hién hu
hong.

3. Mo phéng s6 cho viing neo cap

Mot viing neo céap ctia dam bé tdng cbt thép dng suit trude dudc chon d&€ mo phdng trong nghién
ctiu nay. Chi tiét thuc té clia viing neo cap dugc thé hién trén Hinh 2 [10]. Trong d6, tim tucng tic
bang nhém c6 kich thude 100 x 18 x 6 mm, bi khuyét 16 30 x 18 x 1 mm, dugc dit 1én ban neo bang
thép c6 kich thudc 100 x 100 x 10 mm. Pau neo bang thép c6 dudng kinh ngoai D = 45 mm, dudng
kinh trong d = 15,2 mm. Cam bién PZT-5A c¢6 kich thuée 15 x 15 x 0, 51 mm dudc dan 1én trén tim
tuong tac. Pién ap dudgc kich thich diéu hoa véi hiéu dién thé 1 V. Pic trung ctia vit liéu sit dung dudc
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cho trong Bang 1 va Bang 2 [13]. C4c trudng hop tdn hao luc ting suit trude dugc liét ké & Bang 3.
Diép ting tré khang tif mo phong dudgc so sanh vé6i két qua thuc nghiém tuong tng trong [10] d€ minh
chiing tinh chinh x4c va tinh kha thi ctia m6 phong sb.

Bang 1. Béc trung vat liéu cda vung neo céap [13]

. Tam Ban neo
bac trung . < aA
tuong tdic  va dau neo
Mo dun dan hdi E (N/m?) 70 x 10° 200 x 10°
Khbi luong riéng p (kg/m3) 2700 7850
Hé sb Poisson v 0,33 0,3
Hé sb mat mat can n 0,001 0,02

Hinh 2. M6 hinh thi nghiém vung neo cap [10]

Bang 2. Dic trung vat liéu cia PZT-5A [13]

bic trung

Gid tri

Bién dang dan hoi s}, (m*/N)

164 -574 —722 0 0

574 164 -722 0 0

72 -722 188 0 0 b
0 0 0 475 0 x 10
0 0 0 0 47

0 0 0 0 0 443

[N eNoNeNe]

Hing sb ghép ndi dién moi dy;; (C/N)

Hing s6 dién moi &}, (F/m)

0 1730 O

[1730 0 0
1700

] x (8,854 X 10—12)

Khéi lugng riéng p (kg/m?)

7750

Hé sb mat mat can n

0,005

Hé sb mat mat dién moi 6

0,015

Bang 3. Céc trudng hop ton hao luc ting suit trudc

Truong hop tén hao  Miic do tén hao (%)  Luc ting suét trudc (kN) Do ciing 10 xo (N/m)
TO 0 49,05 120 x 10°
T1 20 39,20 105 x 10°
T2 40 29.40 90 x 10°
T3 60 19,60 75 x 10°
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Theo cd ché tiép xiic, su tuong tac tai vi tri tiép xiic c6 thé dudc don gian héa bing hé sb can va do
cling ctia 10 xo. Mt khac, sy bién ddi ctia hé s6 can va do ciing 10 xo c6 lién quan dén su thay ddi ctia
ap luc tiép xic [14]. Do d6, su thay d6i cia luc tng suat trude c6 thé dudc xem 1a su bién ddi cia cac
tham sb két ciu tai vi tri tiép xic. Theo nghién ciiu [10], luc d¥ng suit trudc dudec md hinh héa thong
qua do cing 10 xo. Khi két ciu bi hu hdng, luc ing suit trudc giam, dong nghia véi viéc do ciing 10
xo bi gidm di tuong ting. Vi viy, ddp tng trd khang ctia két cAu sé thay ddi theo do cing 10 xo tai vi
tri tiép xiic. Trong md hinh, dd ciing 10 xo tai vi tri tiép xidc clia viing neo 12 mot thong sb chua biét
va khong chic chin. Trong nghién citu nay, gia tri do ciing 10 xo dugc xdc dinh bang cach sit dung
phuong phép thit dan (trial and error), so sanh véi dép ng trd khang tir thuc nghiém cho trudng hop
khong t6n hao (T0) va t&n hao 16n nhit (T3). Tir d6, phuong phap noi suy tuyén tinh dugc st dung dé
xdc dinh gid tri do ciing 10 xo cho céc trudng hop ton hao & gitia, T1 va T2 [15].

Trong nghién ciu nay, phan mém ANSYS APDL, c6 tinh ning mé phdng tré khang co-dién, dugc
st dung d€ thiét 1ap mo hinh phan ti hitu han cho viing neo cdp. Hinh 3 thé hién so d6 quy trinh
phén tich ddp ting tré khang trong ANSYS. Hinh 4 thé hién mo hinh phan ti hitu han cla viing neo
cap trong ANSYS. Ban neo, dau neo va tim tuong tic dudc md hinh bing phan tit khdi dic 8 nit
SOLID45. Cam bién PZT dudc md hinh bﬁng phan tif co-dién 8 niit SOLIDS. Hé 10 xo dugc md hinh
bing phan ti dan hdi COMBIN14. Bai toan dugc md phong véi 20729 nit va 99318 phan ti, trong

d6 c6 488 phan ti COMBIN14.
{ Dinh nghia loai phan ti )

H(Binh nghia thude tinh vat liéu>

Xay dung mo hinh VC Xay dyng mo hinh két ciu )
—»C Chia ludi phin ti )
Gan dién thé kich thich
cho PZT

Luya chon bai todn phan tich )

Y

Thuyc hién tinh toan .z A
va so luong di liéu

Khai bdo mién tin sé khao saD

Thuc hién phan tich bai toén)

v XuAt dép teng tré khing dang so)

X 1y két qua

Xuat ddp Gng tro khing dang hin@

Hinh 3. S6 dd quy trinh phan tich ddp ting trd khang trong ANSYS APDL
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Hinh 4. M6 hinh phan t hitu han viing neo cap

Tt md hinh phan tit hitu han, cdc ddp tng trd khdng clia viing neo cdp dugc phan tich. Hinh 5 thé
hién ddp dng trd khang clia trudng hop khong tén hao TO trong mién tan sb tir 10 kHz dén 100 kHz.
Két qué dap ting tré khdng tit md phéng sb rat phi hop véi két qua thuc nghiém trong cong b [10].
Dap tng trd khang c6 hai dinh cong hudng trong mién tan sb tir 15 kHz dén 25 kHz va tit 77 kHz dén
87 kHz. Vé hinh dang, dap ting tré khang tit mo6 phdng c6 chit khic biét so véi ddp dng trd khang tir
thuc nghiém. Diéu nay 1a do sy nhiéu tin hiéu. Nguyén nhan gay nhiéu tin hiéu trong thuc nghiém la
do cic yéu td anh hudng nhu: nhiét do, gi6, 4nh sang, séng dién tir, day dan, thiét bi, ngudi lam thi
nghiém, ... Trong khi d6, ddp ung trd khang trong mo phong thi phu thude vao hinh dang va sb luong
phan tif dugc chia 1uéi trong md hinh phan tit hitu han, dic biét 1a cho viing c¢6 cam bién PZT.

1400
--------- Mo phon Thue nghiém
1200 | | e o l

1000
800 |
600
400

200 _M_JL

0 2\ J i)
10 20 30 40 50 60 70 80 90 100
Tan s6 (kHz)

Hinh 5. Bép ting trd khang cua trudng hgp TO

Tro khang (Ohm)

Cic két qua so sanh dinh trd khing gitta mo phong va thuc nghiém tuong ing véi 4 trudng hop tén
hao dudc téng hop trong Bang 4. Ddi véi dinh tan sb cong hudng thi nhit trong mién tir 15 kHz dén
25 kHz, chénh 1éch tan sb giita md phong va thuc nghiém rt nhé, dao dong tir 0 dén 0,2%. Pbi vé6i
dinh tan s6 cong hudng thii hai trong mién tit 77 kHz dén 87 kHz, chénh léch tan s6 giita mo phong va
thuc nghiém dao dong tir 0,3 dén 0,6%. Nhu vay, chénh léch két qua gitta mo phéng va thuc nghiém
cho tit ca céac trudng hop khao sét 1a nhd hon 1%. Két qua nay cho thady mo hinh phan t hitu han clia
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viing neo cap c6 do tin ciy rt cao va c6 thé dudc st dung dé€ dai dién cho viing neo cap thuc té trong
vén dé chin doan ton hao luc tng suat trudc.

Bang 4. Bang so sanh dinh tré khang gitta m6 phdng va thuc nghiém

Truong hgp Mitic do Mo phéng  Thuc nghiém Mo phong  Thuc nghiém

tbnhao  tdnhao (%)  fi (kHz) fi (kHz) Afi (%) # (kHz) £ (kHz) Afz (%)
TO 0 19,67 19,63 0,20 82,51 82,23 0,34
Tl 20 19,63 19,63 0,00 82,50 82,15 0,43
T2 40 19,58 19,57 0,05 82,49 82,03 0,56
T3 60 19,52 19,53 0,05 82,48 - -

Hinh 6 va Hinh 7 thé hién ddp ting tr§ khang tit md phong trong mién tan sb tir 15 kHz dén 25 kHz
va tit 77 kHz dén 87 kHz cho bén trudng hop tdn hao TO, T1, T2, T3. Khi c6 t&n hao luc ting suit
trudc, dap ting trd khang trong mién tan sb tit 15 kHz dén 25 kHz nhay hon so vé6i trong mién tan s6
tir 77 kHz dén 87 kHz. Khi t&n hao luc tng suét trudc cang 16n, thi dép dng trd khang c6 xu hudng
dich chuyén sang tréi tuong Ung véi gia tri tin s6 giam dan. Vi du nhu trudng hop khong tén hao TO
12 19,67 kHz va truong hop tdn hao 16n nhét T3 1a 19,52 kHz. Tuy nhién, do gidm ctia tin s6 1a khong
dang ké (nhd hon 1%). Cho nén, dd gidm tan s6 clia dap ng trd khang it dudc st dung d€ canh bao
su xuat hién clia hu héng, ma phai st dung dén cic chi s6 danh gia hu hdng khéc.
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Hinh 6. Pdp tng tré khang mo phong ti 15 kHz dén 25 kHz
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Hinh 7. Pdp tng tré khang mo phong tit 77 kHz dén 87 kHz
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4. Xac dinh cdc chi s6 danh gia ton hao luc @ng suit trude

Theo muc 2.2, céc chi s6 danh gia tdn hao luc ting suit truéc CC, CCD, RMSD, MAPD dudc x4c
dinh theo céc cong thiic tuong tng tir (4) dén (7), vé6i dif liéu dau vao 1a cac ddp tng trd khang c6
dugc tif md phong. Két qua tinh todn cdc chi sd danh gid dugc trinh bay trén Hinh 8 dén Hinh 11 va
tong hop trong Bang 5 va Bang 6 cho hai mién tan s6 khio sat (tit 15 kHz dén 25 kHz va tit 77 kHz

dén 87 kHz).

#15kHz ~ 25 kHz

14 A m77kHz~ 87 kHz
1,000
121 10 0,999 858 0.997 0,993
1.0 4 0,681
S 03 -
8 0,381
20,6 .
@)
0.4
02 1
0,0
T0 Tl i) T3
Truong hop ton hao
Hinh 8. Chi s6 CC
@15 kHz ~ 25 kHz
1.4 1 m77kHz ~ 87 kHz 1,105
1.2 -
0,817
1,0 - ==3

Chi sé6 RMSD
(=}
oo

0.6
0,4 1
0.000

0,2 1 00==" 0,039

- “p
0,0

TO T1 T2 T3

Trwong hop ton hao

Hinh 10. Chi s6 RMSD

Bang 5. Tong hop céc chi s6 danh gid trong mién tan

sb tir 15 kHz dén 25 kHz

915 kHz ~ 25 kHz

0.8 - w77 kHz ~ 87 kHz 0,619

0.6 -
8 0,319
S -
2 0.4
8 0142 |

0.2

0.000 §
000==" 0)001& 0,0()31':\, 0,007b“-
0.0 - - V4 4
’ T0 Tl ™ 3
Truong hop tén hao
Hinh 9. Chi s6 CCD
715 kHz ~ 25 kHz

03 1 77 kHz ~ 87 kHz 0,242
g 0,2 4
3
Sl -

0.0

Truong hop ton hao

Hinh 11. Chi s6 MAPD

Bang 6. Tong hop céc chi s6 danh gid trong mién tan

sb tir 77 kHz dén 87 kHz

Trudng hop ténhao CC  CCD RMSD MAPD Trudng hgp ténhao CC  CCD RMSD MAPD
TO 1,000 0,000 0,000 0,000 TO 1,000 0,000 0,000 0,000
T1 0,858 0,142 0,524 0,049 T1 0,999 0,001 0,039 0,035
T2 0,681 0,319 0,817 0,114 T2 0,997 0,003 0,078 0,073
T3 0,381 0,619 1,105 0,242 T3 0,993 0,007 0,119 0,114
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Nhin chung, céc chi s6 ddnh gia déu phan anh ding din su lam viéc cta két cAu ving neo cap.
Dbi véi chi s6 CC, gid tri nhd hon 1 cho trudng hop c6 t&n hao luc dng suit trude va ngudc lai gid tri
bang 1 cho trudng hop khong cé tén hao Iuc ving suét trudc. Trong khi d6, dbi véi céac chi s6 CCD,
RMSD, MAPD, gii tri 16n hon 0 cho trudng hop c6 tén hao luc dng suét trudc va ngudc lai gid tri
bing 0 cho trudng hgp khong c6 tn hao luc ing suit trude. Nhu vay, su xuit hién cla tén hao luc
ing suit trudc trong ving neo cap dudc chdn dodn thanh cong khi st dung céc chi s6 danh gid ctia
phuong phap tré khang.

Trong mién tan s6 tif 15 kHz dén 25 kHz, chi s6 RMSD c6 d6 nhay d6i v6i tén hao cao hon ba chi
s6 con lai; gid tri RMSD dat 0,524 ddi véi trudng hop ton hao nhd nhat T1 = 20%. Trong mién tan sb
tit 77 kHz dén 87 kHz, chi s6 RMSD ciing thé hién su hiéu qua hon khi c6 gia tri dat 0,039 dbi véi
trudng hop tén hao nhé nhit T1 = 20%. Khi mic do tén hao ting dan, dong nghia véi luc ting suit
trude giam dan, chi s6 CC c6 xu huéng gidm dan va cac chi s6 CCD, RMSD, MAPD c¢6 xu huéng
tang dan. Theo két qua thé hién trén Hinh 8, chi s6 CC kém hiéu qua trong viéc chidn dodn tdn hao luc
ting sut trudc; dic biét 1a cho mién tan s6 tit 77 kHz dén 87 kHz, chi s6 CC hau nhu khong thay ddi
khi t&n hao luc ting sut truée ting dan. Ba chi s6 CCD, RMSD, MAPD c6 hiéu qua kha tot dbi véi
viéc chin dodn tdn hao luc ting suit trude. Cac chi s6 ting dan dong bd khi tén hao luc ting suét trudc
ting din. Tuy nhién, néu so sanh v6i mién tan s6 tir 15 kHz dén 25 kHz, chi s6 CCD chi dat khoang
1% va chi s6 RMSD dat khoang 10% trong mién tan sb tit 77 kHz dén 87 kHz. Trong khi do, chi sb
MAPD chénh léch khong dang ké khi so sanh giita hai mién tan sb khao sat.

5. Két luan

Nghién ciiu nay da phat trién thanh cong mot mo hinh phan ti hitu han cho viéc chin doén t6n
hao luc ting suét tride trong viing neo cap st dung ddp dng tré khang co-dién. M6 hinh phan tich dap
ting trd khang trong phan mém ANSYS c6 do tin cdy cao. Két qua phan tich tif md phéng sb rat phu
hop véi két qua thuc nghiém. Bén chi sb danh gid dua vao su thay déi cla dap ting trd khang déu c6
kha ning phat hién tdn hao luc tng suét trudc trong viing neo cap. Mdi chi s6 c6 dd nhay khac nhau
dbi v6i ton hao luc ting suit trude va tiy thudc vao mién tin sd khao sat. Ba chi s6 CCD, RMSD,
MAPD cho két qua chan dodn tdn hao luc ting suét trudc tot hon chi s6 CC. Nhu vay, phuong phap
tré khang c6 tinh kha thi, hiéu qua va tiém ning dé€ ing dung vao cac bai toan chin doan su xuét hién
ctia hu hdng cho cac két cAu cong trinh trong thuc té. Thém vao d6, phuong phap trd khang c6 thé két
hop véi céc thuit toan tri tué nhan tao (hoc mdy, mang no-ron nhan tao, thuit toan di truyeén, ...) dé
chin doan chinh x4c mifc do clia hu hong trong két ciu.

Ldi cam on

Nghién ciu dugc tai trg bdi Pai hoc Qudc gia Thanh phd Hd Chi Minh (PHQG-HCM) trong
khudn khd Dé tai ma s6 B2020-20-06.
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