EXPRESSI ON OF RECOVBI NANT PROTEI NS [01] The present invention rel ates
generally to the production of reconbinant proteins. In particular, the

i nventi orwoebntms4s2t0 t he production of reconbi nant prot @CmaB200/630203

aut oi nduction activation system BACKGROUND OF THE | NVENTI ON [ 02] The use
of reconbi nant gene expression for industrial protein production since the
early 1970s has becone a multi-billion industry. Proteins can be produced
reconbi nantly by maki ng use of expression machinery derived froma host
cell. Although protein expression can occur in vitro, host cells are
commonly used as factories for reconbi nant gene expression. Exanples of

sui tabl e hosts include bacteria, such as the gram negative bacterium

Escherichia coli, animal host cells (e.g., mamualian or insect host cells)
and yeasts. Fbmever in é@te of the extensive knomdedgé on the genetics
and 1ol ecullidle of énveyytion: WIRIBLESSHENABLEREATIGUE, SENSPR KPR f i ci ent

protein production (SITRECGIURALMEALTHMONETORENEG can be difficult,
and there renmains a need to provide expression systens which can regul ate

and control protein expression such that the reconbi nant protein is
producddE®Dt he right tinme during host cell culture. [03] After many years
of intensive research some enpirical rules t hat can guide t he design of
expression systens .in E. coli have ener tight. regul ation
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aSSOC|@DédXMthi®ﬁabﬂ§gproach The cost of inducers, particularly when used
on an industrial scale, can be very high. FurthernDre, sone i nduci bl e

pr onot cell growth and nay be inconpatible with the
subseqﬁé&g%gégﬁggﬁﬁhe expressed proteins in humans or animals. In addition
to the above, use of an inducible pronmoter requires the active addition of

the i nducer rh g AnRAGLEEL Al VIRl NIRRT A9 LR SABAGE: OLuld be

contam natin ture an her co onent needs to be
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source. Furthernore, in the absence of glucose, |actose uptake is triggered
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and structural elements working under cyclic loads. In model analysis technique,
obtaining information about fatigue damage is possible by observing the variations of
frequency and vibration models, originated by cracks in the mechanical parts. Another
technique to determine the damages resulted by the stress concentrations is wave
propagation. In this method, the response of the original system is observed in the
frequency domain and the values are compared to the fatigued version of the system
to reveal fatigue damage. Yet another method is based on measuring stress values
synchronously on critical points of the structure (such as in the joints of aircraft
wings) and therefore projecting fatigue effects that are resulted by these.



pr pBCDE pronoter, previously described (Lee SK and Keasling JD. Protein
Expr Purif. 2008 6 1:197-203). [05] However the above-descri bed

aut o- i nduoi2on/Byerens rely on exogenous sources of aut @CmaBmE0/030203%€. ,

| act ose and propionate respectively) ®hich need to be added at the

begi nning of the host cell culture. There remains a need to devel op an
effective, autononobus system of auto-induction which does not rely on the
addition of an autoinducer. Furthernore, there remains a need to
effectively control gene expression until the host cell culture has reached
a level which will allow for maxi mum efficiency of protein production. [06]
The Quorum Sensing (Q5) systen1is a natural system based on a form of
cell-cell nayn for the
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aut oi nduc r %lggn $$g. gl gfa ‘%» / Egserlne | actone (HSL). LuxR binds
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reconbi nant production of certaln proteins in an inducible expression
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pr onot él)rhar@ @%Magﬁ{mif[%p s, bic. Feviews one ofthe Innovative sensors called

electrochemical fatigue sensor 1r1 a technology review article titled ““ The

ed

electrochemical fatigue sensor: A novel sensor for active fatigue crack detection and
characterization” which is available from companies’ website.

There have been numerous patent applications for sensors that detect health
state of structures. US 7,621,193 B2 by Fay et al. is a patent titled “Fracture detecting
structural health sensor” which works by attaching a frangible membrane including a
thin conductor sense loop is connected to a structural element to be tested. Failure of



interest is switched on by addition of exogenous autoinducer (HSL). [09]
One problemw th the @S system descri bed above is that it requires the
addi ti on Wb 2an/852genous aut oi nducer. There remai ns a necu/IBW1PLTINIe a
system of autoi nducti on which is independent of such additions to the host
cell culture and which autononously triggers gene expression at the desired
| evel and during the right phase of cell culture. SUMVARY OF THE | NVENTI ON
[1g The invention provides isolated nutant LuxR proteins. Preferably the
nmut ant LuxR proteins have inproved regulatory activity relative to a

wi | d-type LuxR protein. In sone enbodi nents the nutant LuxR proteins have
an extended C-termnal am no acid sequence relative to a wild type LuxR
prote|
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truncated C-term nal am no acid sequence. In sonme of these enbodi nents the
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(e 144- 149). [12] In other enbodinents the invention

prOV|dé§“? 8 gFeHaﬂﬁclelc acid mol ecul es conprising a nucl eotide sequence
whi ch encodes a V. fischeri Luxl protein or a V. fischeri LuxR protein,
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i nduced b he Luxk rotein/ aut0|1ggcer conpl ex and wherei n expression
of theodé %ﬁﬁl ﬁé55’ ?? eSSHSPhERP?Essi on of the first gene. The first
gene can encode a LuxR-type protein or itcan encode a protein of interest.
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fourth PKHr@HMtﬁfs 1§Q©09% Ysshik PRE 0 “B ki 4rEg &@m%HE:@QPUII Nk -BuRel
protelg h%@ese enb dlnent the LUuxR- rotgén c%ﬂ be LuxR or a

nut ant Eﬁfﬂuﬁ PRERRNg G%HP?% VSt CHH éH £i¢Pe optini zed
for exmmeseﬂomulbeEbnﬂnhnedpﬂd@&mnaﬂtﬁepubhﬁmdﬂnEhﬁwcmhmmqmvénnkmh provi des

expres S‘%eﬁﬁ%?ﬁl%tﬁ@i@? el S WifféléscstEnergy Transmission for Powering
Embedded Sensor Nodes” in 2009 issue of the Journal of Sound and Vibration to
describe how remote sensors with no batteries can be powered by remote RIF energy
in a bridge monitoring application.

Structural health monitoring applications requires a robust, reliable and easy to
read sensors to monitor the fatigue state of structural members. What the
expectations should be from an ideal structural health monitoring systems is
researched by researchers from industry and academia. J. D. Acenbach summarizes
these expectations in a review article titled “Structural health monitoring- What is the



gene encoding a Luxl-type protein (e.g., Luxl) operably linked to a first
pronoter; a second gene encoding a LuxR-type protein operably linked to a
second prwoobarese£7t hi rd gene encoding a protein of int@cedaB2opesoats y
linked to a third pronoter which is i#duced by a LuxR-type

prot ei n/ aut oi nducer conpl ex; and a repressor gene operably linked to a
fourth pronoter which is inducible but which is not induced by the LuxRtype
prot ei n/ aut oi nducer conpl ex, wherein expression of the repressor gene
interferes with expression of luxR In any of these enbodi nents the
LuxR-type protein can be LuxR or a nutant LuxR protein of the invention,
and codi ng sequences can be optim zed for expression in E. coli. [15] The

i nventi .ges. | t : I ' j [ ors of
the. 1 mEom B E m s A e B PR T E et
cel | s whitefo¥snpri se a het erol ogous gene sel ected fromthe group consisting
of a first gene encoding a Luxl-type protein (e.g., Luxl) and a second gene
encodi ng a LuxR-type protein ... LUXR or a .nmut.ant Lux rotein of the
Cvent | on- Mersr e LT LSy po gy Ren S Bent SEPRR TR ot ne
genone of the isolated host cell. In enbodinents in which the host cel
conprises a stabby,hnteataleh.9en8y gﬁ?ﬁféﬂr}ﬁi&g&d@!ﬂf@ -type protein, the gene
S

encodi ng the LuxR-type protein can be stably integrated into the genone of

the isol at ed rros&bé@malaqi Of CORERUPRS ﬁ?@rla@dnawt%%%br SRt BF . Host

cells of the invpotdilels, can conprise an expression vector which conprises a

gene of interegt Ly li.n i Jci bl e pronoter, wherein the

i nduci bl e pronot3@B$§%Hﬁ¥6€@85§§téﬁsgﬁﬁiﬁ%#%%e pr ot ei n/ aut oi nducer conpl ex.

In any of thest bmeinerissintepyetation é seevslacan be optini zed for
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i sol ated host ce%%%.conpr|5|ng a het erol ogous gene encoding a LuxR-type

protein; and an 84%j on vector encodi nga gene of interest operably

| i nked to a preomiertadigedt govwthdifaedtelbiyl dahaxdRdty peitipalatiad, n/ aut oi nducer

conpl ex. The hgt . L expressi on vector or
ef:8Leg g;géclhgtﬁgﬁ tbﬁgar%&%aBﬂﬁﬁf @%%%éa#?é‘

can be stably integrat enone o ost cell. The heterol ogous

gene can, for exAMPIEMCBHCEIROPRRTBAICHOMIPRAC RN MOtalet grregasided
invention. The hgiteralspgous gene or the gene of interest can be optim zed

expr osei ng & genbr oS et o EHBEE Bal st b rBhet B MHre host
cell is cultured under conditions which permt expression of the gene of

compr{ ses an by ca ol IR RNl R TP pE P Bt ol o
i nt er et 8%3%@1@6?% ReAPE Gl ?%Qtturﬁﬁ SHOEER AR Bers e et
i nduct henlthyndrieodaxfysaathoi nducer conpl ex; and (ii) an inducible second
pronoter driving expression of a second gene such that expression of the
second gene interferes with expression of the heterol ogous gene, and
wher ei n supprlsbsormlyothare erqyaaay s¢chnigad chalienggs forgidenlsscnpotsipumrcstase i s
at t ai nededly, Hoieakos @etiiMatdemaf hdit® mBdu6HAL8ySesRRAoRIPHRt er. The
i noculumi $ used to prepare a culture of the hos¥ cell. The reconbi nant
protein expressed by the gene of interest can be purified and, if desired,
formul ated i nto anpHdnmacsetiors), ligdmposht i on (e.g., a vacci ne conposition).
[ 18] The inven§i g%t&aﬁbggzgo%?@%%tghy elis WrQduced as descri bed
herein, as well as pharpaceuti cal nposi.ti ons gonprfsing t he reconbi nant
proteins (e.g.® (agehiebesmprdne , repairable an

e Accurate, known probability of detecting failure (POD).

e Fasy to properly couple to structure without causing any damage,

easy to Install,

e Suitable for wireless transmission to central station,

e (Can be densely distributed,

e (Capable of measuring both local and system-level response,
e Designed to measure relevant damage parameters.



[19] The invention also provides nethods of optim zing expression of V.
fischeri luxl or |uxR genes. The nethod conprises obtaining a nucl eotide
sequence wocodiosgi2zuxl or LuxR; and nodi fyi ng the pol ynecranptaigesogequence
to optimze codon usage in E. coli. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 20]
FIG 1. Lux operon fragnent anplified fromV.fischeri ATCC7/744 genom c DNA
[21] FIG 2. pG.lux506 vector. [22] FIG 3. Schene for the construction

of pLAI R32 and pLAI ET32 vectors. [23] FIGS. 4A-B. FIG 4A, Ogani zation of
the two convergent pronoters PT7 and PhixR FIG 4B, the induction of the
T7 pronoter in BL21DE3 strain which havebeen grown on LB agar with I mM I PTG
repressed the | uxR expression, and so the auto-induction system and
consequent | [ usage
comsequent | Ak NR EXALETRLA Oy LRI BTy %é%a@@m ﬁ%ﬁﬁgﬁﬁgﬁa& ' g
sequendealth pmpnimres; s@poB: Thsdyesudgecnsisn mtends oraddicsspormgenticsel G 6A,

Or | i NaLqSRGHENSE) cEh 1S Ritkoplikmiviathis memnsbz@hdﬂ G01E mBoiigKEal
expr es ect o eat ur es vector
f egt ur i]§01n}fl Pﬁ%oﬁfhe[ ?tﬁ%u{ﬁ' Wﬁﬂﬂ]&r it 88, alr[cﬁ% © Expression of the gfp

gene by the pLAlI-G-P and pMKSal - GFP in the aut 0| nducti on system pMKSal
har bor ;3 AQeyi m zed sequences of | uxR and |uxl genes. pLAI(-) is the
negative control and do not have the gfp gene. [28] FIG 9. Optimzation of
the "lux operon fragnment” (luxR, luxl, cis-acting element in between these
two genes) Hyle@rrewntlﬂimmo?ﬁaafém @@k@ﬁo@f\mﬂiﬁﬂﬂlﬁ Iy Bedrhbdedgaehce
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pl asm di ¢ DNA, ‘| ane 3: uxl genom c DNA. FIG , Sout hern

Blotting using the PCR fragment described in FIG 10A as probe, In lanes 1
and 2 PCR plbduehs@shdsmmEltile b&Ans badeadh b@uﬁl\«}ﬂuhxlsemcaskmmmoe@ﬁbermne 4
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DETAI L 91:?%:&1;{3 e %‘clgs: 8_ HE rr{)) Egog%sgi%%] adviacPl %?rqltn a%é‘ilm}llé)ﬂeﬁ{how des

systens for exp eSSt n ot el hs Irnter dvant age of
these stase efthg %tf‘ﬂﬁafatnh@}}l ¢ not rely on an exogenous activation but are
sel f-induci bl e. Thus, as opposed to swi tching on gene expression

Let us explain the concept with an example. As an example, in one
embodiment of the invention, the beams of the sensor shown in Figure 1 are designed
to fail at different fatigue cycles. Beam 1 is designed to have a lifetime of 10,000
cycles, beam 2 is engineered to have a life cycle of 1X 10° cycles, beam 3 is
engineered to have a lifetime of 10X 10°, beam 4 is engineered to have a lifetime of
50X 10° and beam 5 is engineered to have a lifetime of 90X 10° cycles.

In a structural health-monitoring scenario, suppose this sensor is attached to a
structural member that has life expectancy of 100 X 10° cycles. During the service life
of the structure, the attached sensor starts going through the same fatigue cycle as the
structural member. After only 10,000 cycles the beam 1 of the sensor fails. Beam 1 is
deliberately designed to fail at a very early stage of the service life of the structural



t hrough the addition of an exogenous inducer, the invention allows for a
host cell to generate an endogenous source of an inducer in a controlled
fashi on, wochitiset27r econbi nant gene expression is triggecedBzuio/esodesi red
phase of host cell culture (and at a desired host cell density). The

sel f-induci bl e aspect is achieved by using el enents of the quorum sensing
(@) systemof bacteria, in particular of Gram negative bacteria such as
Vibrio fischeri (lux biolum nescence genes), Pseudononas aerugi nosa

(virul ence genes), Agrobacteriumtumefaciens (conjugal transfer), Serratia
| i quefaciens (swarmng notility), and Erwinia caratovora (antibiotic
production), for exanple. See Fuqua and G eenberg, Curr. Opinion Mcrobiol.
1. 183 998 | i robi : 1996) .
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It can gbing deesgheic feges sueles propreuddcscasrsis Wlff‘g@ﬁs@niahleénw greagdxoci at ed

vwith a tiﬂ%ﬁ% feclogirigs 1 étroRGR el A prBpAdk Uode(rnge REIML fadsr aNthrbaghhat ory
el enents

i "het I ' . . di f.f t th
The hodt e senf aiuRe. S5R sfonda® H ot Bty SPbed Bt an, "
pr ot ei wipclodudes pbyeaohbt whoh age irstegegeted@rdrasmSeasémgniigmhiered by tB6]

Al t hou P i ! L m % i chi nery,
hat sya: b o daaerrpatPierar byt R PR douo b et on 137

I S g il )
The | uXCHias) G HEekers 5@%%?%1? Voside ginssonnd gaies @atlé%ﬁ Wowghgi a
posi ti vemheeadaakidedglodtthoprrudineallmempenddy aterdgangciieedsdryattragular
di ver gent ; QPSL QNS WIL G0, %158&%9%&%%% BY. I%h%%g@@etg egulatery f.eglon. The
| eft opéron contains theé TuxR gene mﬁlcﬁ encodes e reguFafory proteln
LuxR Thembighn thpeeamriogresinted abovedsiius afdmasm phmbecBaBeyld Fke §ene | uxl
encode%ﬁ%rﬁfw@})e €abo%Y MRSy (HelsthictWhi, TRl RFQHUSESN bl RY I RAUGer

N- ( 3- ox0 eﬁano ﬂ- onoserine | actone.((HSL; al so known as AHL and as VAlI-I).
LuxR bif 157 Aells aboi R dcalhisiadys pL% SIS S so referred to herein as a

"LuxR- aut oi nducer conpl ex") binds upstream of the | uxl CODABE operon, which

al L ows the i ANSELIALA A RT GR08RINRS I I ARV BESHELPhol el fipr ase

as wel |l an expdnential transcription of I'uxl in a'positive feedback | oops.

LuxR alPdascpicnd $o peediffetheur eyt eyt ef beahp émsidhricicnsot hgcdighppadifatgie LuxR
( Mar fh cadld o_BtQi_’(Ht&}Féﬂ b&ah ¢ isﬁ?élgrd@bﬁ’tﬁ&ﬂl ;ﬁ@khe Q&%uﬂe%ér@@;eﬁ@g%wn:ﬂﬁtﬁeux R glene

is also positively . contr e C .Recep rot e conpl ex,

whi on' BPRGE! baYS nE et o P B S BN P EE Birahe S &5 S0 The s
syst emchs ballsted &giwillatesd by cat abolic repression. The genes of the natural

QS system have been expressed in E. coli and its conponents were used to

denonstrate cell-cell comunication in.this st (Engebrecht, Cell 1983,
32: 773- 7814\ vﬁ%él%ﬁ %ltrnﬁu Dok (N iy Bt%l(“& YLV eaInslss- 92) . [ 38]
A nunbéendindaLit éixiparimdntaldhotaigasiohe wal NgalsedtSpekiméh&nichtdtaxtioatlso produce
HSL aut8% uge tiééﬁj8%2086).ﬁﬁﬂ§écal to HSL of V. fische (see Table 1)

Jc UXRCtype pr ]

and wh orm of ei n/ aut oi nducer conpl exes which can be used in
the practice of the invention. Table 1. Title of invention: WRELESS ENABLED

FA;FI QUE SENPORu&ER éTdRU@QRALroﬁEQl{%Hg @Q&H@H&li NGohl Gl FhiiguaPRldreald on is
related testing strustures Lty IS Ut her relateq royinvestigating
Failure Analysis, 14 (2007) 861-876.

S. Laue et al. “Spectrum fatigue life assessment of notched specimens based on
the initiation and propagation of short cracks”, 28 (2006) 1011-1021.

The present invention combines these known states of the art for development of a
predictive fatigue sensor that intends to predict the remaining service life of

structures.



elasticity of structures for nonitoring their integrity over time in the
service. Its practical use will be for nonitoring health state of

st ruct ur avoreenisse70f an aircraft or conponents of a briPdfaB20BAGIBROUND
Failures that are caused by the fatigte | oads on the structural parts could
be followed by fatal accidents. Mechanical parts can fail unexpectedly due
to fatigue |l oads and result inloss in life and property. Several fatigue
desi gn techni ques have been devel oped in order to bring a solution to this
probl em The best-known nmethod is the ASME holistic design methodol ogy. In
t hi s met hodol ogy, during the design phase, working conditions are taken
into consideration so that fatigued design is operational for a specific
lifeti > i uar ant ee that nechanical parts

woul d azﬁﬁtgﬁgggﬁ%ﬁgﬁgzgﬂﬁggFggng|gigﬁggor stay undamaged during the
assuned lifetinme of the structure. Hence, fatigue failure has been a

pr obl emléddR Eebzneml fvatvalbf gloc fdepesenspra vari ety of nechanical parts.
bserving real -time fatigue damage is inmportant in order to set up a
correct bal ance between performance and structural integrity of nechanical
systenﬁq(ﬁgggyggkﬁaﬁBQQgtﬁ@%@@ﬁg&ﬁnggyeloped to detect fatigue damage on
critical nechanical parts and structural elenents working under cyclic

| oads. In nodel anal ysis technique, obtaining information about fatigue
damage @ Si ' variations of frequency and vibration
nDdeIsFqgﬁﬁg?ﬁggggggiﬁgggg&é&?%e%ﬁém%g%hghical parts. Another technique to
determ ne the danages resulted by the stress concentrations is wave

pr opagat.| In,this nethod, the response of the original systemis
observgﬁtﬁﬁRﬁﬁ££¥P@ﬁﬁgﬁﬁﬁng%ﬁﬁ@ﬁnbﬂﬁBF%%198¥ﬂ@glg?éagﬁﬁbared to the
fatigued version of the systemto reveal fatigue damage. Yet another nethod
is based on _neasuring stress val ues synchronously on critical points of the
st r uct & YREHh Qperptipn e mpwiiplescasonnedssaf t wi ngs) and therefore
projecting fatigue effects that are resulted by these.It is utnost critical
to nmonitor structural integrity of safety-critical structures |like bridges,
ai r cr afitiGUBRYab Fhirghaet of tlasopdresioage thasseovi ce. Failure to do so results
in catastrophic failure of the structure during its service life, which may
cause damage to lives and property. Perform ng nmanual inspection of
structures by human inspectors is not only difficult but also proved to be
unsatisfactory as it is easy to mss problem spots. Because of its

i nportance, there have been many research and countl ess inventions toward
this sIDESCORIPTION | iterature. Boiler and Meyendorf reviewed the state of
the art in structural health nonitoring in an article titled "State of the
art in stru%ggral healtq;ggg%poring for aeronautics”" in 2008 in Prqgceedi ngs
of I nternat LERaPPEFHPBAU RS SERUH WBSPPWCPS Weser RYNSi HEUAEY- ce.
The article l.ists.state of. the art of sensors used for aircraf ealth
roni ¢ oFins B Tt She Bty P el PR RetEiad Bl EleeliBBines
el ect I ipflcCf Sy WihEBeaBOQURIf: FIIRSIRNenBGOUS! Shithl EARRLES chl F86R1

vi bronmetTy, conparative vacuum nonitoring FCVN@, optical fiber Bragg

gr at i ngeffiBShartMEMehia e 88t eraBBaReEAS tHOddrSingT; ssSRNEMHcShatie: deshgned
toward sensing exi stence of the cracks that develop during lifetinme of the
struct d2e.13Anb4,héb redi éw mepolnt ates npudsl ifshredabynateridti withr kamodvrC. fatigue
WIllianson titled "State of the art Review -Structural Health Mnitoring"

i ncl udshamgtitstishdr arnasbedifaey gighe invention, beams 12, 13, 14, 15, and 16 may

also be manufactured from the same base material as the structural member it is
intended to monitor its health. Yet in another particular embodiment of the design
may use aluminum as the material of choice for fabrication of the beams. Beams 12,
13, 14, 15, 16 are mounted on rigid plates 11 and 19 supporting both sides of the
beams 12, 13, 14, 15, 16. Due to rigid nature of the bases 11 and 19, any movement of

these rigid base plates is transferred to beams 12, 13, 14, 15, and 16 exactly the same



nmonitoring bridge and civil structures as well as structures |ike aircraft.
Yet anot her up-to-date article published by Papazian et al. in issue 29 of
Jour nal oWORatligaey dated 2007, titled "Sensors for noniPCoABgo/emédy st age
fatigue cracking” explains use of eddy current, ultrasonic sensor and

el ectrochem cal fatigue sensor (EFS) in detail. These sensors al so detect
cracks that develop during life time of the structure. There are al so nmany
comercially available fatigue sensors in the market. B. M Phares from
Mat eri al Technol ogies, Inc. reviews one of the innovative sensors called

el ectrochem cal fatigue sensor in a technology review article titled " The
el ectrochem cal fatigue sensor: A novel sensor for active fatigue crack

det ect iyoR. ame eharachiebeZation 3wy cip i1 e%;a@hkﬁ@é rd $0M CATRRMBScmRPSI te.
There have been nunerous patent applications for sensors that detect health
st at e eimsltanctlyedtentUSnatked135193s B2 thiyy lagyr of iadulatirsy anfatidnintérndddech
"Fracture detecting structural health sensor” which works by attaching a
frangi bhwilate sbrerecl¢atgrallyi mgmatheritructont ownabersetisastacbog tpslbisnnadatén t o a
structural ﬁggnent to be tested. Failure ofthe structﬂral el ement stroys

the thiPAEBHddctor SERBEMOGEIY PRV S PRE TP dNBfMOREMSPF (1 theal
member . Tl Sl AUSNLI OPnl Saalsondeohaned 0 detent | he orack ALLEL LNE, or ack
occurs. The"Eras evel opée on"the SUr face o Fhe st Tucturd "aés roys(%he
frangi blog) ,oQp-aRd 1UNEEENSPEhSEAR6s the existence of the crack this way.
Anot her “patent” application US 2009/031 by CGoldfine et al. titled "Primary
wi ndi ngs having nmultiple parallel extended portions" uses series of eddy
current sengQrs t t .not, .only the i stence but, .al so thg sjz f the
crack devel Ty Pralh The e soBR S Al RL PR ARy kDA Bufhole

pat ent pidliSd BER! TAE dctciRkie Beaied shauand, dRECHNhiEkARK S ARt Peahite
crack develops. As the crack progressively gets |longer, nore and nore eddy
curr entars gasanscsense bR reiddahé datand lifafadr sadhh®eshatdiscokatthebanagk
Majority of the sensors nentioned above, regardl ess whether they are

chemi calesigopd itoahgveor diffectnti mapye tliifteytlase mirhmdess gnednpowardl det eathi ng
the exi stence of the cracks. In the present invention, the %pproach s

di f f er ©§EM. AR WhC 1R adioreet e eBgicst Brd@nofon e ¢osHER, lauge Biesknt

and oS PEATSRaY i SREN ™Y Hoer iRt It AMor MEfel e sa sl o bar Gitd
Closerg%ﬂxﬁﬁiﬂ!i &Hm%pe sensor is wireles enabl ed which nmakes it possible

to che e status of the sensor easily through as sensor network. Reading
sensors wirelessly is a well-researched subject and its techniques are well

known in the.state of the art.. Lei-et al. blished,an article,in i.nese
Journal of | Riihasces i Shobicinot B BooPbramSan et ieh Gk S Aine of
PCT Ne - e r i t.ard i ' | 8] ni ng
T, Nelyn e Bane P LU 2HEALBOMNNATAG SEaLOm SYSLET gl ) vl
by Mas %E\f?é@ﬁth%tﬁ%kl-bats_é &Jla%@ls of BxP&sorniRd betHebead eh td8 1028 ﬁ%ﬁ@h@ﬁ aEner gy
Transm ssion for Powering Enbedded Sensor Nodes" in 20091 ssue of the

Jour nalthefnd@ohndoiand AVithiatinodatiney degaer 2Heclbawcalnii@atsenisemnss ikddn ooe

batteries can be powered by renpte RF energy in a bridge nonitoring
appl i catriuefralsmegdranr alenieals fipmsricd épi gagppicdctat  sHracreguineadbes Jooblst |

reliable and easy to rea ensors.to nitor the fatigue state o )
Struct Ghar THERBRPE .tﬁwslgfcfj Pf‘? s &?%F%ﬁ@l@ﬁﬁwg teSaPERIEN sgesiesives
struct 4p gl el fNo PRI AR QRSYSE BIBnbS: 26,

Figure 3 shows the sensor with the associated control electronics. Electronics
part of the sensor comprises power source 37, controller 36, input port 34 and
transmitter unit 35. Power source 37 may be a battery, or a capacitor or a power
harvesting unit or a coil to convert R energy to power to energize the sensor

electronics. Controller 36 contains a digital processor to read sensor state from input



researched by researchers fromindustry and academa. J . D. Acenbach
sunmari zes these expectations in a review article titled "Structural health
noni t or i Yo 20z86423 t heprescri ption?" in Journal of MeciramiiBx1Rexeex ch
Communi cations, 36 (2009) 137-142 as $ollows; An ideal Structural Health
Moni toring system shoul d have such features: Shoul d have permanently
installed mcrosensors, On demand or continuous condition nonitoring in
real tinme should be possible, Wreless transnmission to central station,

| nst ant aneous i nterpretation of sensor data, Detection of unacceptable
materi al damage at critical high-stress |ocations, Mnitoring of growth of
mat eri al damage into critical size, Gowh prediction by a probabilistic
procedyog; 3AdjcHSbARNES Thfo@havMd dﬁ)gi%@'y@ahéqiﬁtoft iaed udl irfapmdBos R
prescribed intervals, Probabilistic forecast of damage state for near term
and of shitdldti . tcofipisat (fere ohfoahlativhe pacladger nbait edsd ~iomtdnshngdlggtal
structural health nonitoring is not likely, but these are the desired

f eat ur édemsffichtiomraingbern distnguistingeach iseresalr distinggivalyal Inhea¢ embedithenr Phg

system_ Additianally, there are ny technj chal | eng roi | sensors
to overRomEIVePHeas | §ic t%@t@éﬁgoéga 88d 3t _Bﬁbcttagaﬂliﬁeiﬁﬁﬁp%ﬁfﬁﬁr 14

syst em, sNogld-be1, STRbES (4 cLoRsnsor Skl aLinel ahty, At anomouSky, paver ed
wi t hout "aRY“power Wi 1'es, éap, Probudt Y Hal nt'ai nabr'e, repal Fabl e and easy

to instgliy }alé%%%ﬁ:k KMPWInRS0bagl | 'Hﬁ)éneihé}%&ﬁ%d&{}&nft%}f'tklé Sk, (kasy to

properly couple to structure wi thout causing any damage, Suitable for

Wi r el essntdodas B0 SBhPbet O wiRiksk densé@hbdd lik€an éteé‘r&ﬂny)d@i%drhtbmlg edth
Capabl e of measuring both |ocal and systemlevel response, signed to
measur éowep@vantadiarmsgenpayiangterspThes abioteed eydFAdneils] e etasugdandir kn of
expectations fromideal structural health ponitoring sensors. The present
i nvent iSBER R reERdRC fonEateed& trapth FeRis defOrBRE PR Vithd ITHBUHEANRT h a

| i ght wei ght, | i abl . whi ch bl i i heal t h,.st at th
St Puct oP B vitet b SRR B ora O TR R b stk il it Btengde | "°
st ruct PE% | Faf " Bf | HiRY THE

sonce. A roRald R AHEEROPEL, ThL gk AL PPl Fat Pl AT AT G RN 8

Sensor rdiBen By isiverfl@sdlignesly 1y P fédsiatiedhboard xpedehdddahn thyhgiecef the
structure whi ch undergoes continues cyclic bending ITke a wing of an

ai r cr afof the nbevemnkadesazrbr i dge. The sensor has nultiple beans and each beam
of the sensor has an engi neered geonetry with a strategically shaped and
pl aced notch. Because of the notch placenent, the fatigue affects on the

beam are comggmichidicenitB RcSBPEkEd tePtth@NaRl tHDRIREAR cctidRiGaNEsalS

supposed to be attached to a structural nmenber that goes through repeated

cycl i c fbewdichgs pros@ssionidntdne cebsdimagaed thhimuwghionh ehcyrahimitter unit 35
may be an optical transmitter transmitting information through light waves. In

another embodiment, 35 may be the transmitter coil of an RFID tag, or in another

embodiment it may the antenna of a low power wireless network.

Power source 37 may be either a battery or a capacitor or a power harvester
unit to provide energy for this particular node. Providing power through externally
transmitted RE energy is a well-known technique for providing short-term energy to
remote nodes that have no batteries. The technique is well known by the professionals
practicing this art and related reference for such method is given in the background
part of this document. In such an embodiment, the power source 37 may be a coil

and associated electronics designed for this purpose.



bendi ng process, the beans inside the sensor are subjected to accel erated
fatigue process and fail well before the structural nenber it has been

att ached wo 2haid8s427Because of its engi neered geonetry, moTaB2m/eseeent and
notch size, the failure tinme of the b®ans are highly predictable. The beans
inside the sensor are designed fail at different fatigue cycles so as to

gi ve progressive, advanced warni ng about the health state of the structural
menber. Let us explain the concept with an exanple. As an exanple, in one
enbodi ment of the invention, the beans of the sensor shown in Figure 1 are
designed to fail at different fatigue cycles. Beam 1l is designed to have a
lifetinme of 10,000 cycles, beam 2 is engineered to have a life cycle of IX
106 cycl es, 1Re@M3rd 4680 RIREHRAI1 alh tapt)ﬂtf@ kRl HicdR%tds . rogamé is
engineered to have a lifetine of 6 and beam 5 is engineered to have a
lifetimbeank. Qﬂ%nﬁ0620ﬁﬁi&$xuhﬂﬂ@’sbﬁdGMHKﬁhnHeabhhdMDHMI@bMH@MB@eb@nnD
suppose this sensor is attached to a structural nenber that has life

expect greyidefa digialXopds @y sigas!. atDihei ingut perisét.virge fhiddebetmthrsostasuramur e,
the attached.senspr starts gO|ng t hr ough sanme f as the

St r uct SPAHURRAK 1o Pt ARAYS 1180 @yet é}& oRe! Bt LB Kal Serget DY ai 1 s
Beam 1 |s d | ratel ned ery early stage of the

servi c&’ ﬁ' $§ ev’?%@ﬁ% H%(Ig st ojﬁndlcate that sensor is
properly attached to the structural nenber and going through the fatigue
cycl es prop sensor .is wreless enahled, so it can be interrogated
wi rel essl y 9g4h %Waad%t&w laf gm %Oéhﬁle%ﬁgéhm‘t@f}ﬂ@éld@aﬂa aqttfﬁét}tfﬁlga

Wi rel ess 28NS net Wog n r|o sensor . eit

fong | R qtlgerpyowt NS RN AR Ml i AR o S
bat t er ¥oﬁ%ﬂgpﬂ@ﬁﬁgrob¥catl@%h% €£@®eQHfd1ﬁ%‘§M)ofséeg7@?aﬂ rﬁﬁlﬁﬁlews Lhg tﬁfé
reader. Interrogation of sensor reveals the nunber of beans fail

i nsi de dnhenﬁﬁﬂﬁioﬁpaazﬂcbrglthie%eﬁébﬂ BeadabowtthisheartietBi RinflshETcvik Chel pé@epf t he
structural nmenber. By interrogating the sensor at regular service

i nt er vabsrcevie tik@noibhithar cdyotetstexeethely thnghittdieREemeogy andettieakpowet ur al
menber . In the scenari o presented above, failure of beam nunber 4 shoul d
alert t%e ff%gcpw%tée ﬁ@@ﬁqofﬂeaééuba%éqadﬁ @pﬁgtrtrpf@fnétStat@mrthe SEBFPTUPERY beam
number oul d rln | ar m bel.l.s, about t ealth status of e structure.

Tlhe prégen § VAt PBrigsad H?aatH%heB%‘iVﬁ% WERSBBEG Al gEdhetiP And not ch
P odi of Ry i%tg&ﬁ%t LR Gyl & RLIDEARD bRFoA BN Hidhway

literatyngided well-known in the current state of the art. Sone of the

articles related to this part of the state of the art can be |isted as
follows; A M Eleciche, et al. "Low Cycle Fatigue and Rotating Canti |l ever

under Bendi Id r S "
I nt er nat i on %usr ShhaCEe;SO% plﬁatél%%ee&l%a%%tg@f g{; dﬁ%%mqf% Sus Srr%%b%g??s

" Non- Prpapagahdbinck M?JOQ\F& dde@BriOMkE eEFA Bope 5Halthidad ddiwolaripl suchot ched
Speci nens under in-phase Mode | and Il | oadi ng" Engi neering Failure
Anal ysicsse, 1the( 2000 86He878) B¢ tauerat abund Sgectstruntdrat agdiead | dseernal
assessnent of notched speci nens based on the initiation and propagation of
short értgetegatorad is 2o0®) usollipr Todectinphimf @f@%féﬂm fiomy éng Fersot ovbichexsnshese

known ot aLes, of LR il Lo devel oprgnt ot 2 predictive [ aligue sepsgy that
may be far away from interrogator and can not hear the transmission. In such a case,
the information is relayed by other nodes in between, like node 34, which can
communicate both with node 30 and interrogator 41. The state of the art in this type
of network is well known by the practitioners who practice wireless sensor network

design.



structures. BRI EF DESCRI PTI ON OF DRAW NGS FI GURE 1 Ceneral view of the
fatigue sensor. FIGQURE 2 Side view of the fatigue sensor. FIGURE 3 Fatigue
sensor wwb 2el1es6420ni ¢ parts. FIGURE 4 A particul ar enbedirmsrio/edozehe
sensor with no battery. FIGURE 5 OperHdtion of nmultiple sensor nodes. Fl GURE
6 Flowchart of the operation of the sensor. DESCRI PTI ON The operation of
the fatigue sensor will now be described using figures. The present
invention is a fatigue sensor conprising beans and associ ated el ectronics.
Figure 1 shows the beam structure inside the sensor 10, which constitutes
the actual sensing part. In this particular enbodi nent, the sensing process
is done by the beans 12, 13, 14, 15 and 16, which are nmade froma materi al
Wi th known fahiguelshai@bt ekédtd efplaiofRiSARTIHIMEN Hagld sdRok BNRRLI 1Y,
beans 12, 13, 14, 15, and 16 nmay al so be manufactured fromthe sane base
mat er i alclaantdmebsdinueityd bilis dembeerrogatbs whitleide diglo posrir tRIFIID ttearBedttth.  Yet
in anot her particul ar enbodi nent of the design may use al um num as the

mat er i ghatgfancisaidegh povweadil sarvics thiolighlieisrereasna Beamsnemizagnsegnodss 16

are nouynt Lol d pl s 11 and 19 supporting,both sides of .the beans
12, 13,%,13?, £ 55254 Bﬁéaz%_gaPi%dPEFfﬁé&aéﬁ 3G} SEHOTHRONS the SEHE Cifgt,hegh‘iﬁms
nnveneqéﬁ&g Rygsgofigid base plates is transferred to beans 12, 13, 14, 15,
and 16 exacg}y(¥he'sanemay. This ensures all beans 12, 13, 14, 15, 16

experience the sanme fatigue novenent sinmultaneously. Itemnmarked as 9 is a
thin |ayer insyl ating .material intended to.insulate nsor electrically
from t he st&Eﬂ@trar@@ao%n%ﬁ%@gﬂ&ww%ltsszq%@fdb%%wtbh% e}laiéﬁgng- SfPdl 9 1s
a conpljant nmaterial and doe ot .danpen the.novenent eof the,structural
rempor arof@ LS cB0L. R PRGERTT PR IRAP RETRES PY ¢ ShEr EShS,

rigid basend a Q%uﬂt%bl@rlgca]t%rpgf ttﬂf@(sjt?&'i%?e{ mé%%@f),l\%gichjlﬁlde} eslthe f%ﬁgﬁlﬁ‘@y

1.
have different width, thickness and notch size aced on them The notch

si ze 2cy¢let Bbi %@ﬁ:h&&ﬁgfwlg}ttb @dsthivretehesanbér, t iR herdy alse gakaebess that
determne the tatigue lite of each beam Since each beamis designed to
have athi¢ fimeentighatiydues! thkestridiesé npembaeisegsingrbrengi. Nee 2dthicobeamac h
beam How the cal cul ati on of these paraneters is done for the desired
fati guényidle Bropenss SHEAHIES\ROMSCRHDWA # thayese thiawess thenspsrted iifinding s
reviemed]jn];qisggckgrou d. Eart of this docunent. Figure 2 shows the.side
vi ew of TR 18n20:dPC SRl LT EesA e OIS Bl DO M ISUIT EaC SV ri gi d
Pl at es 32 AHAROLLLAC PRL S il Alc LhRoPCAR TRRLE drhddnliaRidd iBehvRED Lhe
at e en gap p

rigid base p es of the sensor. eamns Inthis articularly at

t he notsghsd?dhficated thBilkaltASWAtat ioTaht a¥BsorzdhEhectrh@akdl Yochaoltat asableas
fromthe structural nenber. Sensor is supposed to be attached to a

st r uct wo.alheertvenal 26tcdfogaiengimouetsus ecuatechet diffiirentpdcaties tid2es Mrkhealth
enbodi nent of the sensor may use adhesives to attach rigid plates 22 to
st ruct §rdhs AEABBEIURG IS Fogioscd psbrrassitde Ao soptragture ages, sesbedras ébidont r ol

el ectroni cs. Electronics, part of the sensqgr conprises power sourc 7,
cont r ol PerCBET FmpiGH %ﬁr'e? ACAHY! £ Shs A .etm%g%f{gpgws §%CH}C€§, $ ray
be a batd el Lo SAPAGIIRALI O 18 PANEL NALYERLYNG unit or a coil to
convert energy to power to energlze the sensor

The beams inside the sensor may be engineered to last different number of

lifecycles as per requirement of the structure that is being monitored.



el ectronics. Controller 36 contains a digital processor to read sensor
state frominputport 34, encode this information digitally, and put it into
an i nf or mDI20n/g8e2Rage suitable for transm ssion. The i rConRmKd/0F2@Backage
may al so contain a digital identificaki on nunber distinguishing each sensor
di stinctively. In one enbodi mrent of the invention, the controller 36 may an
RFID tag | i ke METALUCI D tag manufactured by MBBS SA corporation which can
transmt information through nmetal plates as thick as 1 nmof nmetal. In
anot her enbodi nent of the invention, the controller 36 may be a wireless
sensor node |ike a Zi gBee end node operating with | ow power radio

transm ssion principles as dictated in | EEE 802.15.4 standard. In such a
case, the controller 36 transmts sensor information along with its

i dentiflication code to the surrounding Zi gBee router nodes or the ZigBee
coor di BPShode interrogating the other nodes. The state of the art
regardi ng designing | ow power radio networks is very well know by

prof essional s who are experienced in this aspect of the network design.

Tr ansnilt &2 AppRtates of omenitosagt ealdn s@iwa Oarfdrucheral enembersePbet plontose
necessary for wireless transm ssion. In one enbodi mrent of the invention,
the tr&ASHTYEF unit 35 may be an optical transmitter transmitting
information through Iight waves. In another enbodi nent, 35 may be the
transmitter coil of an RFID tag, or_ in another enbodinent it may the
antenna of aluraliyypdvieeakdhiebeass.mexdior k. Power source 37 may be either a
battery or a capacitor or a power harvester unit to provide energy for this
particul ar node. Providing power through externally transmtted RF energy
is a well-kakaroheshnisque fherbmpalagedifinye deomts; 4@t m energy to renote nodes
that have no batteries. The technique is well known by the professionals
practicing this art and related reference for such nmethod is given in the
background pasdes§br 4l &1408 paBRto stRd SMEBrcdRa &RIGHIRN wWiktfesPQWRE] Sour ce
37 may be a coil and associated el ectronics designed for this purpose. | nput
port 34 is a sinple digital input port to read swtch status fromthe
beans. Bea I i ductive and normally all non-failed
beans provi e argég?%éﬁ%%%%%ghkéﬁﬁgﬂgnal at the input port 34. Any failed
beam becones non conductive and its state appears as logic "1" at the input

ort 34 which wi.lIl be read by,caontrpller 36 and eventually transmtted b
gntenna 35. “ECGRettE SHEW ﬁyﬁgﬁPY INGRT dﬁpﬁﬁﬂ?ld?ﬁ?ﬁ@¥ﬂﬂv%HWW%ﬁt15 Y

manuf act ur e?ul?jﬁ%ﬂég H@{ecgﬁ%%%%%go%%eﬁ'éﬁ Jeghn O&fral %&%Qf wHid ot the

art allows manufacture o l'er r'n mcro scale can be in
di mensi ons @, gev@f@hedts ibivEhensoad take only m nute space on the sensor
board. In this particular enbodi nent, the power source is the coil 55 that
converts externally transnmtted RF energy to electrical power needed to
power th ontr [ . S . 1 t.e t ans
R U G A W S S SR L
practi tpQReftne afletitl b (Mé deldy sREdg U &HFFBnt aBcf@k HRlckiarkiing toll
for highway or bridges. Figure 5 shows a particul ar enbodi ment of the
desi gn knberefatinac shmsoterinddes are arranged in a | ow power network |ike | EEE
802. 15. 4 standard network. In such a case, the sensor nodes 30 are
scattered around the structure and an external interrogator 41 is being
used for Q%khﬁ?khﬂgsbFEEﬁﬁﬁm'd%&x&hQ%k%Qﬁi§§ﬂ§&ﬂem%gﬁﬁmn§FB§QﬁmﬁH§&m%%i”By
be close to interrogator 4 T and relay its information. ‘Sensor node 30

with notches of varying size and shape to concentrate stress on particular part of the

beam to ensure that beam fails from this particular location of the beam.

4. The apparatus of claim 1, wherein the said breakable beams may be manufactured
with other cross sectional shapes of varying size for the particular purpose of
concentrating stress on particular part of the beam to ensure that beam fails from this

particular location of the beam.



may be far away frominterrogator and can not hear the transm ssion. In
such a case, the information is relayed by other nodes in between, |ike
node 34, wbi2etr/mse4z7comuni cate both with node 30 and i nPPeTnBYa6/0302¢8 1. The
state of the art in this type of netwdrk is well known by the practitioners
who practice wireless sensor network design.Figure 5 also can be used to
expl ain operation of RFID based sensor cluster. In such an enbodinent, 4 1
is the interrogator which is a high power RFID transmitter that can send
hi gh power RF waves through it is antenna 42 to energi ze sensor nodes 30,
31, 32, 33, 34 and 37 and interrogate each sensor about the state of the
beans inside the sensor. The nmethod of using invention is described with
the ai & ofh&l SHa@atfs dN&Ifd 115 &Rerddh OGRS Saitll %\N)@éa%xt conhphedes deselloes the
sensing process. In 64, the sensor is attached to a suitable |ocation of

t he st rcoatmuailcatieniear whidh elabledertgeegatidreof dtd gesoe Yoyl emdieimenmtisaahed
rigidly to the structural nenber, the sensor also goes through the sane
fatigué?ﬁﬂQﬂﬁ?h@gﬂﬁhéﬁwﬂﬁﬁeiﬂﬁabfnéﬁﬁékﬂ%sﬁgbhhgw&hrough. In 65, the beans
inside the sensor start failing consecutively as they go through the
repeated bending cycles. In 66, the external interrogator interrogates the
sensor 6dUhengprsentis ot ¢latnet,vahesrefro thieagidt frewst atwse ab thearhsvnsothprisbe
sensor. The nunber of beans failed inside the sensor indicates the health
st at us beftenheos emparitemdot katanallictrroaidededd isigrnad peveshet etber Tnsrey
external interrogation process.is.repeated. at different service tines and
heal t h P§¥H§g6@g§¥@ﬂﬁtBFéCP§ﬁHBﬁW¥nga“b? Pé@%F@QPV@*AE€§%§O§tructure
ages, the beans inside the sensor expires one by one and as the nunber of
remai ni_ ng beans reduced, the structural menber is supposed to be serviced
or repl’adég. areative axfscliinsl, deharhia Bwnsidd chamyromécsesegisadbe dailuro dfatde said

di fferent nunber of |ifecycles as per rqujrenent of the structure that is
bei ng MRS L PEPAslFghit IDFQTIagsOAY & (Re o7t rrBTfﬂc%ﬁqfrF’ée%é‘%Lth%to&PG%HYofﬂ
struct ug menbers of .a structure conprising: plurality of breakabl e beans,
and elg%ﬁ%%ﬁfégdpgfggﬁg%'the breakage of the beans, and processor and
related parts to send the breakage information wirelessly, and power source

o e e b o e TR LTS Aol
t t hch, t he heal t.h st at ds. to b it . 2. Th
N N T

made from sane material of the said structural nenber or fromdifferent

material wth known fatjgue characteristjcs.. 3, The apparatus of claim1l,
wher ei 11 th¥ 3aPHIBIeak BB He¥ f%i{lﬁéaﬁaﬁﬁﬁ‘daéﬁiﬁ BHIG ﬁaZ??r?éﬁ cgk to
varyin

' d sh i cul f the b
{o ensdrGelia bR PRI FROR P pabt rett wi BRateB R GroC R pdsinh. The
apparagﬁﬁcgﬁdghghﬁk}suﬂgg{ein the said breakabl e beans may be manufactured
the a

with o I cross section shapes of varying size for the particular
pur pose of concentrating stress on particular part of the beamto ensure

R, T A L D PP Sl SRR B L0 PRS- e cppararus

deploying a sensor with plurality of breakable sensing beams to the surface of
the structural member where the sensing beams are electrically insulated from

the structural member surface;

disrupting electrical continuity of the beams as a result of failure of the beams

due to fatigue built up on the beams;



communi cation tag which enables interrogation of the sensor by renote neans
using RFID technique or wirel ess sensor networking techniques. 6. The
appar at uswofocil/ms427, wherein the said power source to tREeTABHEEDSRGNPri Ses
battery, or capacitor, or externally Brovided RF signal power, or other
energy harvesting techniques, or a conmbination of the said parts to power
the sensor. 7. The apparatus of claim, wherein the said el ectronics sense
the failure of the said beans and provide this information to the said
processor electrically or optically in digital or analog fashion. 8. The
apparatus of claim, wherein the said plurality of beans are attached to
two rigid base plates (22) whereas each rigid base plate supports one side
of the bean§ens9n bRtMSHOImE LREMBlly ‘éﬁé&?dd@rﬂl%?@ﬂ@ﬂfbﬁhﬁh&@%ﬁ
pl ates (22) are ond d to structural nenber surface and is between the
structural sewvherinsutvilace aandtansldeandog@totict ural menber surface. 0. A
nmet hod of sensing structural health, conprising the steps of: deploying a
sensor with plurality of breakabl e sensing beans to the surface of the
st ruct ynalrheeabelhWesIfinh N6, $8ReAThOSRITEAT S GleaSlhk AN %é’n§1t’i$ BE@&@%J rom
the structural menber surface; disrupting electrical contin y of the
beans asack freswlshnef nfaadrlalirod thie e sbeanmalduentlecrf at ifgue diffictdntupaamiat he
beans; sensing di sruption of the beans electrically and transmtting this
i nf or matifiohnawndetigicehdratietistadss t o an ext er nal interrogator. 11. The
met hod of claim 10, wherein the material of the breakabl e sensing beans are
made from sane material of the said structural nmenber or fromdifferent
mat er i dR. Wht in&hodroff diihgle, whafeat bae iskll efSthekdid dmgomedd)adbohded &b mhd 0,
wherein one side of the said sensor (22) is bonded to the surface of the
struct tﬂrlefacmﬁti@r stametuct] meembedend bthdresidapt t}@m@rSGIQSZJZ)(ZE)slsHMw@d o a
second surf ;gg structurq} er forci he beans i nside the sensor
to expéf§ SUREE SAnth aEPgEa erg s qrﬁ@gsf Y OCHMA| TEKDERE SEaSOTTHY

bl e beans are manufactured with

hod of ¢l
2§tcﬁe§gg?g%%ﬁgb ﬁ%%%ggé%P?%W$ ¥ﬂ+ ?85¥%P%fthe cal cul ated fatigue

|ife of the structural nenber ends 14. The nmet hod of claim 10, wherein the
sai d beang, fail ough the . n f fatigue cycles befare the

said stl u?ﬂlﬁr‘%ﬁhﬁérﬂgﬁmﬁa Q@m %S%Séﬁ%% f %@a&lwrfgnawa‘l@méarﬁg & sai d

calculat fat| I|fe of th st ruct t f of
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of cl aigmp L3 e 8ch chie said notches or other neans are ways of
englnegrlngr?h §lf?§ue life of the said breakable beans. 17. The nethod of

claim 10, wherein the nunber of fail ed beans inside the sensor indicate the
heal th gt qhys . Qfnld% s cl%ll'rlr(l:tw IR e said beams fail as they go through the

number of fatigue cycles before the said structural member fails.

15. The method of claim 13, wherein the said calculated fatigue life of the structural
member indicate the number of cycles the structural member is expected to service

safely.

16. The method of claim 13, wherein the said notches or other means are ways of

engineering the fatigue life of the said breakable beams.

17. The method of claim 10, wherein the number of failed beams inside the sensor

indicate the health status of the structural member.



