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Llenecoobpa3HOCTb NMPUMEHEHUS:
- obecneyeHme 6e30nacHOCTM 1 NOBbILLEHNE HAOEXHOCTU
aKcnnyaTupyemMbiX OObEKTOB;
- NpoAsfieHne CPOKOB 3KCMyaTauuu;
- onpeneneHne CPOKOB 0BCNYXMBAHNUS U PEMOHTA;
- CHW)XXeHMe 3aTpaT Ha PEMOHT 1 00CnyKMBaHme




Texnonoruyeckue mIarGopmbl

MepBbli YPOBEHb y
BTopou ypoBeHb

Life Cycle Damage High-Fidelity SenseStore  Cellular 3G
EM

Global Sensors Analysis Detection Fi Database Wireless

(e.q., accelerometers) T

Engine Interrogator Modeling System Access

Bridge Inspector: Instrumantad Vehicies
Data End-User Database Data pe=
(Trained Engineer) System Acquisition
(DAQ) System
Explicitly li less
nor r N with
Point-basad sensors Passive acoustic Active acoustic Multifunctional material
(e.g. strain gages) not sensing of cracking pulsing to detect : approach with
collocated with damage damage damage ! distributed sensing
TpeTuii ypoBeHb Ji
Strain~ ) R H
Gages D H
10 |
Current Approach : Passive and Active SHM Strategy Proposed Approach
» Indirect point sensing i+ Passive AE requires interpretation + True distributed mapping
» Insensitivity away from damage! + Active sensing requires multiple high power ! « Multifunctional CNT-based
» Density can be expensive transducers for spatial mapping : thin film appliqué
6/25/2011 Intefligent Wireless Monitaring Technologies 37

for Structural Hezlth Monitoring



MeTtomsl Ino0aIbHOT0 i JOKANEHOTO MOHHTOPUHTA

Global Techniques Local/NDE Techniques

Features Features
* Acceleration, Deflection, Freq, Modes « Strain, E/M Impedance, Guided waves
* Accelerometer / OFS / GPS, etc * Piezoelectric / OFS / Laser interferometer
* Low frequency response * High frequency response
* Global vibration-based monitoring » Local vibration-based monitoring
Advantage/Disadvantage Advantage/Disadvantage
* Applicable to Global Damage Behavior * Applicable to Local Critical Members
* Less Accurate to Local Damage * Limited Sensing Ranges
o NG J
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[IpoBomHEbIC 1 OSCIPOBONHBIC CHCTEMBI MOHHTOPHHIA

ARTeMIS Extractor
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CTpyKkTypHasA ¢xeMa MOHUTOPUHTA

External

Interface
_— _— _— I -

Human
sub-system

Computational Core

Experimental data

Algorithm

Analysts

Plausible Probabilities

' Lq"“_ " models
Numerical
Model _/

N - - - —_— _. — _— —_— —
Human-computer interface

Updated model
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Mpednpusmue «000 «HII Meomek» paspabomano u
6HEAPUMO NPOSKM CUCMEMBI MOHUMOPUH2E
HanpAXeHHO-0epOPMUPOSAHHO20 COCMORHUA OCHOBHbIX
HECYUUX KOHCMPYKUULT MHO20DYHKUUOHENEHO20
cnopmueHozo komniexca «Bypmace, 2. Mexsa.
Obuwue 2abapume! 30aHus 192 x 90 x 22,5 m. Cucmema
MOHUMOPUH2A NO3GONACM OUEHLSaMb MeKyWee
HaNPAKEHHO-0ePOPMUPOSAHHOE COCMOAHLE HECYUUX
KOHCMPYKUULT NOKPLIMUSA U2 MEmannodepeeaHHbIX apoK
nponemonm 48 M (nepeas ovepeds) u 36 M (emopas
046pedb), @ MaKXe HeCywux KeneaobemoHHbIx
KONOHH Nod apku.

Wutepsep
TPEHWPOBONHOTO 3ana

Aarumku gecpopmaumm I'T 5.4.1
Ha AepPeBAHHON apKe NOKPLITURA

P ° Py

MoHTax 4arynkoB Aechopmaumu
Ha CTaNnbHbIe TAXKH

Bnok anexTpoHuku

1

Moaynb u3MepeHusa yria HaknoHa 'M,"wwd#

Decropmaumu Temnepatyps! (8ug 1) Temneparypbi (BuA 2)



Cucrtema cTaTU4eCcKoro u AMHaMMU4eCcKoro MOHWUTOPWHra nenoBow dpeHbl

Mpodpeccop A.T.H. Bonaeipes I".I"., uHxeHep JKueaes A.A.

BBeneHue

CHCTeMa BETIONAST JBE HE3ABHCHMEIS IONCHCTEMSI T4 OIEHKH CTATHISCKOTO B
TMHAMITIECKOTO MOBeIEHNA KoHCTpyEDHE. CreTenMa HanMepaeT gedopuamn
FTEMEHTOB QEpM MOKPHITHA, YIIIE OTEIOHEHNA KOMORE H HaCTOTH
cOGCTREHHEIX KONeGARHH TPHOVE.

Llenb 1 3agayun

TlpeacTapiAeMas CHCTEMA MOHHTOPHHTA NPOESEOMHT CTATHUECKHE K
INEaMHTECKHE H3MepeHHA Ha ofBexTe BMMOMHAOTCA CTATHISCKHE H3MEPEHHA
ZedOpMATHE (EANPAXEENT) 37eMenTOs Qepy nokpHTHA. JaTansn
AeQOpMANEE YCTAHOBIEHE! B MECTAX HANOOIBIIEH KOBNERTPalHE HalpIfeHHil,
BEUHCTEHEEIE TpH nosoms ANSYS. ITporsd merTpansHo# UacTH IpoTeTa

p TeA 0 YIIaM wa10B depuel. THHAMETECKHE HIMEPEHHA
BEIFOYART COOCTEEHHEIE JACcTOTH Koaedanmd, GopMel Komedanmi,
COOTBETCTBYIONIHE Ko3@unuenTr fenngnposanns Berurcnerne
AHEAMHETECKHX DapaMeTpoR NpoHsscaETed nporpanecil ARTeMIS Extractor.

ObopynoBaHue

CHCTEMA CTATHHECKHX PEHHH BEIIOTACT CIETY KOMIOHEHTEL
- [IK ¢ yeramosneEEc# nporpawoit Geotek-SHM. paboTaromed mog
yupaenermen OC Windows;

- OIOKH NHTAHHA:

- GA0KE 3TLETPOHMEH 1717 06PabOTEH CHTHATOR JATHHEDE.

- ZaTumEw gedopuanmy (3mement Xoama SS49E);

- mexanreerper (MEMS ADXL103):

- JATUHEH TeMmepaTypsi (AD22103);

- KAGENBEEIE THHHH.

Jpmanmreckan cHCTEMA BETKMAST:

- TIK ¢ yeragosneErEoc# mporpasoil GAZAK AN, padoTatomett mom
ympaenennen OC Windows;

- KOMMYTAIHOEERIH KOTPOIIIEp, COEINEeEER ¢ [TK H H3MepHTeIEHBIME
MOy TEMH;

- HIMEPHTETEHEIE MOZYTIH:

- OZHOKOMIIOHEHTHEIE
amamasosom 0,1-100 T

HYECKHE ancenepoMerpal A6 ¢ gacToTHEIM
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Arcenspoerp

Jncnerepcxas

Pe3ynbTarthl

AHeBEHE Te)MTepaTyPHEL: puscHp
HIMEPEHHA Ted oPMALHE, HAKTONA H TeMneparypsl. Caegosarensno. omenka
ATEKEATHOCTH MOKA3AHHH HIMEPHTENBERIX KAHATOE MOKET GEITS MpOHIBEIeHA
TyTeM aHATHIA OTEMHEA KAHATA - €CIH KAHAT HCIPABSE, TO OH PEarHpyeT Ha
JHEEHEIE HIMEHEHNA TEMIEPATyPEL.

B mepHo7 BecHA-TETO-0CEHD TATHHEH NOBTOPAIOT TEMTEPATYHbE H3MeHeRHA. B
IHMEHNA NEPHO] KOPPeIAEA MY MOKAIAHHAMH HIMEPHTeTEEEX KAHATOR
ZeOPMATHE H TEMNIEPATY PEI CHEDEASTCE, M0 TOBOPHT © HATHYHE BHENIHETO
taxTopa - CEETOBOH HATPYSEH.

Ilepeaz cobeTEeHRAS UACTOTA (ParMenToR TPHOYE cocTasngeT 8-00 .
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1. OmeIT mpEMeESHRR Pa3patoTAREOR CHCTEME! MOHHTOPHETA TOKASKIBAET
BOIMOEHECCTE NPHMEHEHHA AHATOTHIHEIX CHCTEM A7A ONSHEH TEXHHUECKOTO
COCTOMHNA KOHCTPYEIHA.

2 ARanH3 JAHHBIX NO3BOTHT BEIABHTE 3ABHCHMOCTE OKASAHHH OT
Temmeparypsl. CyIecTEeHHOS BIMANNE HA H3MEHSHNT TEMIEPATYPE OKASEIBAST
CHCTEMA MEKPOETEMATA 3AMNHA.

3 B 3umemi mepron Qepusl MOKPEITHA TOJBSP#EHE BOSTEHCTEHED BHEIIEETO
daxTopa - CEErOBCH HATPYIEN. T3 HATPy3Ka HE MPEBRIIIAET JOMYCTHMBIX
3HauerE. HaMepeRna cBHALTENBCTBYIOT O CYIISCTBEHHOM BIHARHH CHETOBOR
HATPY3KH B CPASHEHHH C TEMIEPaTyPHEIME BISEEAMH.

BnarogapHocTb

Mex EBRIpa#acen G."[ﬁIUJﬂp}IO(.'H: AIMHHEHCTPALUHH CIOPTHEHOTO KOMILISKCa
Apena-OncE 3a DOTILPEEY JAEERX HCCISIOBAHMA.

CnucoK nuTepartypbl

1. Theory Reference for ANSYS and Workbench. Canonsburg: ANSYS Inc. 2008.

(Www.ansys.con).
2. Astemis Extractor Pro. (www.svibs.com).

KoHTakTHaa uHgopmauumn

000 «HIIII «TeoTexy, 440068, Ilersa, yu. Herrpanssas, 1. Pocens,
http-/www.npp-geotek.u/

TMpodeccop 215 Soazupes [T, 2 boldyrev i gaoteck ru

Memenep Ameacs A A, zhivasva seotzch m
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KonTpoms 00ITOBBIX COEIMHEHMI
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KoHTpouIb HATSKEHUA KAHATOB
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Real part of EMI
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MHuymanunsauus

|

M3mepeHue
Temneparypbl

[eHepupoBaHue
ynpyrow BOMHbI

|

3anucb oTKnuKa

CoxpaHutb
cocTosiHne?

Anroput™ padoTHL

CoxpaHeHMe JTasioHa

noseaeHuns

CpaBHeHue ¢

W7 zview - Impedance Profile Viewer 1.0

Fie Profle Settings Help

3TanoHoM
HeT na
Oedbekt?
CoobLueHune CoobuieHune
“MoepexaeHue”

“HopmanbHoe coctosiHue”

[

]

Mepexoq B cnawmmn

pexum

KomaHpga Ha BbIxog 13
CNALero pexuma

. [Mone nHavkaLum TemnepaTypsbl

Mone BbiBOAA pe3ynbTaToB aHanusa

Mone oTobpaxeHus

Mone BbiGopa npoduna

MNone oTobpa)eHnsa 3HauyeHWI

Frequency: Hz
Phase shift: Degree




CHEMRAROHIIORHHISYCILOMMHBOCL
BHNOMUB

HasHaverue cucmembl: KOHMPOIkb NONOXeHUS c80600HO CIOAULUX U
NPUZPYXEHHBIX CKTOHO8, MOHUMOPUH2 COCMOAHUS MOHKenel, onop
MOCMO8, NTOMUH, Hackinell, KOMI08aHoe U m.o.

Creon KOHTPONLHbLIH B CKBAXMHE

fNarw

MK Haknowa T 5.4.4 CoCTan MMCSTPYMEHTANLHSIX CPRACTE:
* NEPOOHANEHENR KOMNBIITER AW H0yTEYY,
»Y W T 6.0.12,
% WOMT-
DOMbMIX CTRONCE,

* vabop kabenew;

* KOMTPONEHEIR CTECE, BHOBILINE 8 0a6S:

~ Baraans Haknona [T 5.4.4, coCTosime ns SBWCCTHO
(‘* , AL,

GATWE TEMNEPETYP,
— X — TPYBet-NPOCTARKH, DEBO/IUHIOULNS /1ATACK HAIKNOHY B
MPAAKCY (¥CTBOMS), NUTPYASEUYD B CHIEWAHY,
~ ANEMSHTEI CORTANBHVS TRYE-NpCCTaBOx.
* nporpavmibi Naxet Geolek-Slope, obecresmsanump chop,
obpaborsy. FAHHBDL

BNOX CONPRREHUA

INEMEHTLI COeANHEHHR
TpyS-npocTaBoK

Craon
ponumi 3

2 Cemmema 3
Crecn

Craan senTpari 2
TR |

Cesascma 2

Cozmanns 1
MEPCOHENEHEI KOMNLTER

11—
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23 Canraipn
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MoBuneHbIA kKoMNNeKc
Ha cTeHpe B nabopaTtopuu

Geotek Slope Monmrop.
®parmeHT paboTkl NPorpaMmb!
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Mopanbubiv anamm3 kapkaca bA

NODAL SOLUTION

STEP=1

SUE =11
FREQ=1.108
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REYE=0
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CrpykTypa MOHUTOPHUHTA ¢ UCHIOIb30BAHUEM
SCADA cucrem
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Kapra ammumaryy yexkopenuii Ha yactore 25 1

KapTta amnnutya eubpoyckopeHun no ocu X Ha yacToTe 25["uy] Accel
Point name [m/s*2]
col-1A-0.000-Ch2 | 0.0036
col-2A-0.000-Ch3 | 0.0114
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col-7A-0.000-Ch3 | 0.0059

col-7B-0.000-Ch2-
rev 00417
col-7V-0.000-Ch2-
rev 0.0050

col-9A-0.000-Ch3 | 0.0067
col-12A-0.000-Ch3 | 0.0270
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Hamno narunku

HenpoH 13 HaHOTpyb6oK

Single-walled Manotube Multiveall Manotube Manotube Rope

Dynamic strain measurement of vibrating cantilewer
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[JeMOHCTpaLMNOHHbLIU CTEHO CUCTEMDbI
MmoHutopuHra «KACUC-MCK»

Brnok nutaHuga
NMnaHweTHbIN

KOMMNbIOTEP C
YyCTaHOBMEHHbIM
NO GeotekSHM

Packoc ¢ CTPYHHbIM OAaTHNKOM

Mogynb namepeHus nedopmaumm

aedopmaumn
YyeTblpexKaHanbHbIN

Mogynb namepeHus yrna
Mogaynb namepeHmnsa HaKrnoHa gByxKaHanbHbIN
CUrHanoB AaTyYnKOB

BMOpaLuMmM TpexkaHanbHbIN
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