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decades, provided they are pr

AbSt ract and mai[ndt]la.i nfeactohred iMnge rtiocan So
. . . Mechanical _Engineers (ASME) B :

Pipeline corrosion causespm ng|n§|gf§B i fd el ¥t dfrdiTt yf &n
sulting in fatalities, inijF S’p’raegsém b'}ogg 81‘58[959 I h
of property damage In oragl {ePhBRtaibopiAshiast iR Bh]
and reduce the risk of havi{ngesqthgtpaerbttiiaoln piipneclliunaegi incéﬁ
a novel type of smart corraoéFd Ofle tte@9t | BaS devel oped rl)gy t
authors in this current study. By using radio frequency
tification (RFI D) technologyl-,hethni?osstmacrc;mrﬁoomr}pshggdt%gpie:‘;
to provide <¢omtei wiocwed esseanoniftoflin i-f@]lgsisﬁi)éﬁ hyelxoer nal c
ternal pipeline corrosion. fggsg Ege i\Eq:rbe;gqu’ Offnd hentee}q,]s
verified -made e«musitroomment a enctha(fﬂ— HM&H@r ,there are do
temperatur e, humi di ty, flovle(E?rrlltg 0l g gggig’he{:EERHi gont
An on/ of f tag design was sseulcehctaesd pficpgieilst Si a cbt ehnytd'rnger S €
earl vy detection of externaclanpbpﬂeg(irgJ EBE @%{ga,p O d &is
resistant coating failure,SH{)tlBg ctaqtei 0o %o s8 o R OTsl 2% &
ronment . The corrosion rat%§ %iiﬂ“@t‘?o %QQP[‘IH%% ‘pssgbgﬁ i ¥
di fferent pH |l evels were tF?E]Sdcé)HSl? idr?é té)noornc?av)) dea s
ence of the corrosion rateionfgst.heTh ntsee'?n!@saéitcfifvptmrlyeemaf':ilg?i F}t
. tively I ow, and the potenti al

l ntroducti on tivity and moisture content of
on external detection met hods

Corrosion is a major probltentddrdo sesd Uiinpdesnttr,ji ewhinGh hi B GhH!
al direct costs of[ appr Apaohdtedseyp y$ magingi piriagh ¥188al. appl i
study conducted by the U.S. Feder al Hi ghway Administra-
tion states that the directCOEpPPbONORAROYECYTs iefgud vy let
3.1% of the nationds gr ossCOdPne sCtaitd N@r d hectdet €oP)y ORr 8 Mmd
1999 tp2]20o0tLt is also one tofPet Pd [1SemAditn gC OcrarudsSelsO No ft a g L
pipeline failures in the c#hewmekapedoiin t finsd sgtausdyi rfduastt rs
current statistic on significant pipeline incidents fro
Pipeline and Hazardous Mateéerii® dagaté&ty Administration
(PHMSA) shows that from 199%)atoCQr@tlmnwlqmeer@wm@'f@rIl@@GWI
significant incidents [|31]volv¢‘h@tap3|peSIylsnteemcbhﬁb Séheams
I nternal corrosion, external ichod riotsS oGUTr raénmdt sCtorre sosS'co(ﬁr rs
cracking are the three major attyepemsa'é‘ﬁeﬁéﬂﬁésﬂéﬁ $aPhsre
pipelines. About half of thé)iRAexAeAskvarecexnandabbg, ean
pipeline corrosion, which occQUlts iduteertfoertimeg wht dr £XtiSdn
t ween the environment and tHK¥edabkeeriOorbegfmornhiet Opriepde | qQ hsei t ¢

simple equipment and traini
Pipeline corrosion will indvuphyeysakbcand drelteyabée pn
management is crucial in ordeifNeébUE8bROr8NVARhA@NHARPNI ght €0P
l ems that stem from corrosionti EXxpergenmet sihgsys lth@at ipgmnp
lines can continue safely serving the needs of i ndustry
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RFID is a wireless sensor23ffhat, dehectagel pcovbdcdagaat iia

signal s. Two of the main adfvatnhe gesi la,r ewhtihcaht iist achreadeéhn
and storetidméaand tkat it does not require hu-

man i nvdgllwemert]. Typically, MBRBFeDesyanhdmé@pbhet tud¢ 24] useoc
three component s: an ant ecnantaor avi tthr aan s t a g-fvreleegsu egane ¢yt hiRR .

transponder withWhe ®RFi scgugniadeghjnf tbeei s provided a novel
transmitted wirelessly ovetidmyr giet dalst@anlce@d ¢ dvme ulgihmiotbast
cl es, thus providing the pefnethatitmag @aparbeilbleiethya ¢grteRgFuh & es

noonont act dereotiom.of short effective range. The ta
vides three factors that incr

RFI D smart tags @arcei et hemwmophtdisppapedemie corrosion det e
[21] . The smart RFI D tags ulhtitdh e qdéUHdy WRar, e wha i vienctreae
which were not equi pped wittihveamangeeupatoed@r mgt esrou,r crae
(such as batteries). Thus, fior basiraedi mppel sakagti dhef seco
ous corrosids moéhiusoriamgd tihnatFicaumetlpethevered by grou
smart RFI D tags can emit stgneabsi oo dedéecuattit ba. eXihet etnhcie
pipeline corrosion by placthgckhes®&FI BDhitalgsalkl owe mwl tmop
tored |l ocations on demand.edheteobbaclkmpadwoeg edep me stehnet ss atnhe
incoming radio wave from tmalteg@pider . samdée mdr mali | 0 pceorrart
ing conditions, the RFID tdgprartrermma receives the signal
powers the microchip. The microchip at a nor mal site thi
responds with a nor mal radMoafréguieracy s'agr{pyl (M¢%ehcdld
waves in Figure 1). I f the ag becomeé€s corroded, he 'ant
can stild! receive the signal; however, the connection be:
the antenna and the microcRin| Wit Tawe bkdwvfeOerdmaptr £ v0eRt i
the microchip from receiving power and, therefore, respo
i ng, thus creating an on/offTfThdeRFgD. taAhe ubadgeni hhrespt
ing signal all ows corroded tdiattesf otlol obwe tdled e RFeds.pethd i can
ous signals from the RFID t(&®PL)arCent hd/ol S min&@Go@ d -balch uSst
as corrosion indicators memory and operate9b60 WMHe)upph
tags were manufactured with t

© Gen 2 UHF <chip and L ibnec owinr eksl.e

Qf‘be; When compared to other frequer
(e'bj used in RFID applicatioh%Q suc

kHz, UHF tags have superior di

RFID tag environments with a higher dat

(a8 Y vorable for practical applica

/ x tags are very robust, designed

Pipeline Trarran s die easily attachable to the host
such as adhesive, ttieepe, Vel cro

T T Two types of RFI D smart tags

Metal surface Insulator in this study. Figures 2(a) ar
sign and the physical picture

Figure 1. Conceptual Representcatiippni ef nUst ngprionttegr eded &RiFd Dt h
Corrosion Tag for Corrosion Maenijtsotré @8 9 mendgelr Whgwlsati Phgures

) matic design and the physical
Because radio frequency (Rfidr tsSitdangd! ST hred bin Hilsa nBte Bpdl Faf sBt &i Beo
metal, the application of P%E'y%léﬁgﬁ)f@@%ﬁéﬁﬁngonboetxhtetrlﬁlé\
pipeline corrosion detectigRtéAn&arwPptp €R8dekcePsi ofUB
underground and under insulghttiefha BHgaceadn @lbse hkechnspd

an indication of a Ccorrosinpyat eq RV iir ocNpneind ng)Ex tieq n@d t he otrd
sion, high moisture contentt,hepqQlfg drsaiimvadcem ashd thied he hs apl
oxygen content of the dai2l, tend to increase corrosivity
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the antenna are alloys thathaereaveéenghhpiopaltiinse roedardsetarnu
and, hence, the corrosion faom tolie trheadenrt.enna i s repres
tive of the corrosion rate of the pipeline. However, ot
types of materials can al solkde wanspl aosyseudmed t hat a more h
require a higher transmitted p
Antenna Chip Antenna tag, and that consequently the
i ¢ i shed as well
e — e — Environment al Chamber
(a) Schematic Design of aKr&ai'rosﬁd:r#DeFﬁ/gironment chamb
_ structed, which consisted of
M humi dity sensors (Vernier stai
sensor and Vernier relative h
(b) A Pristine RFID T ader/IamﬂiemjnaSﬂe'ed'wa'y Revol ut
readera data acquisition board
. . a cudésmgned graphical user i
EncapSUIatff’gplaSt'cs package. Figure 3 shows the sc
P chamber and a picture of the
< — American Standard for Test ar
B117 st@amhedat@gsedway UHF RFI D
T T nected to a single antenna wi:
and +30 dBm The di mehlsiomsl of
Exposed metal part 76 cm I 48 dhme( kleWldie)Y. u-ses a
(c) Schematic Design of arhocpnp,iolpg.ﬁi@ldd,ll-r%(glemireradsCGbemfmlumed:
Commi s(sFiCor t ial 247o0on digital
[ 27]The hopping range 1if92r8 t hi
S .____-—-‘ MHz band.
As Figure 3(b) shows, there &
in the sample stage and a maxi
(d) An On/ Off RFID Tadgionitored in each experi ment.
the reader to the sample stag
Figure 2. Schematic and Pictursd gofe®RFbBs®naranTha@bDelsEWnvirtua
mi ng for continuous temperatur
UHF passive RFID tags opedraatae acigqui fiet icomventi on of
transferring power between the reader and the tag. The f
half of the communication @*\ﬁe@p”m@dnat aa|nd Sag iSp exec
ed by the radiation of radio waves rom reader t o t
tagbs integrated circuit. f,‘t(-}‘fD iiiaGl .spetrri' elﬁ?gk%%%%
to the reader, which is TeeFPLP, §2ey Py, KRQWn 0’F o
received S|gna(IR$SIr)engalhso 3efq1eartroeefstlngasl rd,er to use
the backscatter power of t €ord @ &rrferleaetiopna Cife t ehee (o
received by the reader Caan:eletpargessnetdenna Eand tToeh t(::lg) <
26] : i mpact of major environment al
s/ o e gy ? o humi dity, position, and |l ocat.i
Prssi Ptthgr;ﬁgu%gz% E (1) nhal were tested during the ch
¢ e to understand t he feasibility
wneres Phe power traneume thQTREYERED p d0FL T ES 000 L
power received by, ttg‘e”d@@@?heagiﬁqﬂi‘ﬁii% of RFID ta R
the gains of the reader anlxr‘i ﬁd’iagl ﬁxa@& éi ?lh ec, gennaari
nas, res;i)esctai\reelf)i;ectionai$o%€o|C%iS§ I owte@ quantlfica
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changes of the tag on RSSITadheé X.unEixmpgr ifmengwen¥®¥gri abdreisng

corrosion simulation test.ijmg,; the RFtT D tags were piaced
an acidic environment to t5%{DttII]eeswaérP?J%eFSic\jléRé%%nsof corroc
monitoring. The corrosion .t@“sa‘.ra““T%%EérDaztBaarge"&sbd",of)&E aC|d_s
tion was accomplished by iimmerang nfgesthpep anténna parjts in
t he aC|d_so_Iut|on, w_hlle kee_plng f s d Q%p%'e%[bo%edloljn%the
The realistic corrosion testingtofthe RFID tags —was acc
plished by directly embeddjng theRetad@8:54 n,ppciggi dhed soil
ble 1 shows all six experimental| Pafiab9cs.
Corropliemgt h|lo7/f ctrag 16 cm (¢ut fr
Chamber cover Temperatire simul atRroinstilh® ®AIDOcut from two
Humidity /sensor testilngtag) cm (cut from two sid
sensor
g Lengthj|,of tag
- ioni 177 10 cm cut fr
Air circulation ﬁzleutlonlnflow (On/ of 3 RCF;"nb( cut fro(m bot h
fan tag)
Corropion_ . HO, ,SHSol utions| (1. 25
IZL‘;E’,?“‘“’E testingACIOI 2.5% and 5%), and ac

Air circulation
fan

Platform

— After the experiments with t_r
connection rate measurements of commer Ci

aci d solution and acidified S
(apchematic of the Envirosmamtdalt lICé apmetrt ern of corrosi ol
corrosion rate of the antenna
rat e measur ements wer e per fo

weight | oss measurements.
The corrosion coupons, mad e
alloy, 106 x 30 x 1/160, gl ass
from Met al Samples 1 nc. Befor
posed surface of the met al cou
ed witdandlyHB0aOi n sandpaper s, an
with Mill-Qpoweaet ¢ Mj | Hegr eased,
solutions with concentrations
prepared by mixing sulfuric ac
nNumb8DH3072) with Millipore we
the tests was obtained from ¢t}
pus buildings (Jack E Brown E
A&M University). The coupons w
soil €&boseim mixed with 40
aci d) and seal ed. There were
three concentrations, as il 1 us
peri ment, oxidation deposits

(b) Environmental Chamber withbupaogn Lweatei onsmdiaekledy caref ul
15¢rit sandpaper before drying

Figure 3. Front View of Chamber Design and Real

Environment al Chamber ReSUI t S

For each test, a similar protocol was used. Six RFID ta

were placed on the sample RFagPp iElxipd@rtihmeemt/isronmenta

chamber, as shown Figure 3(b). The time of each exper

i n
ment set was two hour s, res letcigN g el B halr REN H ]rAecéQjel?S$|mpq3e
points for each RFID tag. ,Em%_n%‘?/S'ho‘ﬁ%gDﬁ@nq\/I'H)ﬁ%quan[ybzttéhlfe'rré
the mean, the standard devVviyatijoun, o8yd jthh e pred NOEs 0 f Ftihgeurde“
0000000000008000000000800000000000000800008300007109d0029
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experi ment. In this experi devi
tion, and range of the dat 34 A dar d
viation of the signal fluc§ . X © indiv
RFID tags (in a range of Nlé-as- - o o
@
Table 2. Acid Concentration A E-42- R A He60
® A
. . S 46 4 O H=100
Aci d concentratlga%ads(jo/gszg%s 3 Hes0
(Set 1) o
-50 : : : : . .
Ti me points for| 3414| I1360O0H®Wr4s ) 0 1 2 3 4 5 6 7

Location

Acid concentratfion, addeijd, tpd sur
L) .12 508 180 ! 29 & (apn/ Off RFIDCTag at 25

Ti me points for| @6&1| 14156/ BT Ll s

o 3 o
§-38 E @ O o
- -35 g .
) z
_55 1 1 g_% ] & AT=25
é £ T=30
0 1000 2000
-50 T T T T T T
Data Point Number 0 1 2 3 4 5 6 7

Location

Figure 4. RFID Tag RSSI Signal Respdnsen/ Off RFID Tag at 30% H

s the effecthkiogofretempirfetctr ef alrednp & uaiiudriet y
) ) e on/off RFIPBFtRBgTade RiS§h. Temperature in t

nge-3&f haad no significant effect on the reading, ]

d humidity i aA00Ke hmaangpeal gfMa3bmhoporrosion simulation

influence on the signal rdadil Pgv ac dPLicddriicnd "€ERE- i hRe

show
0 r th

r

; F
i

variance of the data. Overéleln,”atﬁé‘Oi'd)@%hl‘i‘ﬂﬁliecf‘iatd)ﬁadattwabev(\ﬁie'
|

h

|

t

t

t

ower in locations 4 and 5Sh@frd /4t iadndieiny a) o veend tihn s hgoctyly
igher in location 1, and "iSPPNSeat TOhéoWkpBecFIY AL PR e
ocations 2 and 3. AdditiohHdPI§9 OCheltdRagddor Nhdiably. .
hree humidity values matcB@ECthbCeRbRLEEHEdnRHRIUGRGN. i 1
o the conclusion that humiodi tdpcireagedo, Ade 4 agi gupiudidc Sd
or in RFID tag performanceé.ut the absorption efficiency
behavior complicated the dat a
The corrosion simulation &dXF8dSmdMt thes fiattd - s dwedd diedat
the correlation between thé“aﬂS_SP”ofaRQPb'_'E‘%gR%h%nB_n/t‘Plfef al
tenna length was very weak. oO9Kdingncal elxN&itredRAMongNdiofde
ent RFID tags; however, the&éOolrdPFI'tO-0f the pristine RFID
showed that the RSSI of a single tag would generally de
crease upon the decrease of BRRBdaRPedANE I"Edgidd S ddd M d he
nal could be detected wheni Nhe !am& ethd&HOSwa®n’coyftf prye sRPMes
than 3 c¢cm at both ends witHedP9ddihstWansceShadrtgs thepteded®s
tag and reader. The on/off TRFPDPEMEAYIOK ag! Wawe Helaltd i V&g &
when both sides of the explofsdld tph& t7s€ SoPf0 NiSHee VAAtl APl £ WS
cut, and no RSSI could be RH®:%%tleq awhGehn trineU OdliSs CahnacNed €p ¢
I

t ween tag and reader was drdgeWe Tt & afh0gt gfhe sinstaa n¢ o rprod syinver
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only the part of met al a ntyeenanra) vceornyp aa leals et ot ot hteh e@méHR4 pa n
posed to the corrosive envyeanmam/ y38ay ,al f esvspegticoelrp)ls. c
to take place only at t hesstewedas icromkc elndec ati oms,andheot ag:
able to operate in only t wohepoisnsciabelads edltbadl ¢ sy ©Ooet Beatoeu
having signal response, whaexi dnaotnieonofoft hdheexpaped. mEhal :
sections were corroded; t heer eotghhevre nohef 4l g d &qic@nssi gm2a) 3 )r e
sponse, when the exposed parcti dwasso lcuotriroondse,d.whi | e Equati or
and | iquid environments.
The corrosion test of the on/off RFI D smart tags in ac
solutions showed that the tags Amodde( &¥iAdaAi+do2®o:l ( 2Hheo n v
killed after 52 hours, and the tags in the 2.5% acid sol
were Kkilled after 98 hour s, asCaitlhl oudset r(artéedduigHi ofmi) g Bn € H6 .
mi ni mum RSSI detect edlOiOn dtBhi s experi ment wa s
indicating compl ete deactivation @ft DDHhe APeOH. The 49dn/ of
RFI D smart tag buried in acidified soil could stildl be d
ed after 31 days. The <corr ol —expet+—+—mert—s—ecoHirm t he
results from the corrosion —,>simulation e X pe-F-iment si, whi ch
that the tag will be deact igWaqgted when--both sides| of the
posed met al are fully corrgded and that par.-t-i-al corrosi
woul d not cause signal char};ggé., When ore _s4+dée was| fully
corroded, the signal would @rs_amatice.!iy decrease.
o
§ - #—72 Hours 24 Hours
s 4
10 8 = 6 Hours ¢=4Hours
2.5% acid 5% acid Sail 2 : : ' '
§_30. 1 2 3 4 5
S Acid Concentration (%)
g 50
@ (a) Variation of Corrosion Rat e
& 70
g 12 7
2 90 T, - 1.25%
-110 £ ;50
0 a0 80 120 160 81 ’
Time (hrs) E !
5°7
Figure 6. On/off RFID Tag COI’I’%S‘LOT’I T-e-s#- -iin _Di f ferent
Environments S "
2 T T T
Met al Coupon Experi meont s 40 60 80
Time (hrs)
The <corrosion coupon experiments we conducted to
optimize the tag design by estl(ﬁétY%r'attIHQ”eckf CPt £ 85Tt T e RSP
the vicinity of pipelines The caoup i
fied water and acidified s'(_)'lqurteo73| urlraté r{hBat@o?df Ol\gelthA
formance in different environments with a range of corr
sive properties. Figure 7 dTeSJGIc%%crt%aesede'prénﬁga%.gs'oqncroq
sion rate on time and aC|dfél heéﬁiréf‘ﬁoﬁpn‘fH P&'%Qsog 5
decrease in corrosion rateP@fS{NE {@Yy&EL fogwt Fu rSU T TACeq
the corrosion rate became ﬁr\'ﬁrsé Lrgppler ¢ ﬁ/%@u%%sEPSeﬁy?'
the stable rate of corrosi e wa¥PgllpDayBAMOEN G Ly s I.& 100
tration, with the 5% solut|'o°rf'sshofv\Virn_ghear hi'g”h'c?tr' N Oa tteh & -C QT
f corrosion coul be atttibu
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uncoated and polished surf althees othos etrtveat c ons o 9if ve heo Imettiac
providing an abundance of gsiotdéd!| forRFd ®r rtoasgi odne stiog np.e r plee u
however, as the corrosion Ireragcd i @mo upgrho cretendbeedr, s tehiet heo u pua
devel oped a thick | ayer of oadorirnostitoen exbéeucalk envihensen
The formation of the corr oisnloer epnrto druan d ol nanyeesrs |aendd tuon pa ea
crease in reactant transpopraqgc ecsasuessi.n gAltshoe oairer ot soi otnh er ant
drop and then stabilize asREhIhE tags |l chAni mmniwaer reachedi «
t ween the rate of transportxanedmehyg | atal opernovneen)o,h meemd stlh
applications, this passivawedk cas rmprsofoincileanyterpiwaulndg <loo
of f, exposing bare metal, which would cause the corrosi
rate to spike. I n these tri adsss h—o-w-e—v—e—+— the—l-ayer was a
we | | and no sloughing occurgred, magi nly due to the undis
turbed and isolated envirormméht in which the tes|ts wer
perfor med. I n service, norég'&asl groeund moyements and
movements due to anthropolowg|:al activity® would |ead to
detachment of such passive Ea1yers amd result im the expo
of bare met al 8 5%

£ 0.05

o 2.5%
Further trials used acidified| sojil to simulate regalisti
l ine conditions, especially in sodgl whieegh may sdave been
jected to acid rain or water runoff. Tihensyc Orrosi on dat a
the acidified soil was plotted against time to estimate
trend for corrosion rate with ¢tameCorFiobgiuore RAtshofvsActilde f ¢
sion rates for both sets of 0a250|dification with time, and
9 illustrates the surface degradation of the couplon af1te
trieval from the acidified E@.ZIJ The corrosion rafe of t
al coupons increased and thgen decre&sed $ith %‘.Eime for t
soil acidified with the 1. Z&®% acid,y whereas the |rate w
stable for the soil with 0.85%| acid andisxglecreased |with t
for the 0.25% acidified soif>|After mows= than 600|hours
the start of the test, the grpyglativelyedsaw acidifijled soil
di spl ayed the highest corrosidgn rate, al most comparabl e
the rate hat the highly aci it d—edr—so0itr+(10%)—prolduced s
start of the experi-meinfton miltdy ohfour ®»O) . Tdoe n o6m 800
the corrosion was also visually represlgettiled i n the coupc
with Figure 9 illustrating the highly diverse distributdi
corroded reas (b) Corrosion Rate of Acidifi
The main observation of these trials was that the visu
corrosion patteamrn fwowam Wi ghl Ysithtohe—de—
pendence on position or time. Them randomness in clorrosio
| ocation can be attributed Et°%] the cgnsumi)tionggof t he mo
corrosive substances 1in the%ogcil,’thxe f ormati &®n of a pa
protective fil m, and the disffprences i'n the condpctivit
the microenvironments aroung?oitihg, .cqofrosionmcells, | given
variation of the compounds §presgzgl% wibss) Tt he asoil . Bven unit
relatively controlled condlao?sén,sos%|ab25%the Il ab, and| using
taken from the same source, tohle_t rends qf corrosipn rate
showed significant di fferencews. Mo2oe 0 v eato, aso mentk oned i
the previous section,-urihfeorcm;rr osi on wamnehhli ghl y non
despite the decrease in the aggregate rate of <corrosi
formation of deep pits and i(fdefPataSdPd KAt & hoedf £4mpilfel ecdo
|l ead to a pinhole failure in the ipeline_.

Figure . Corrosion Rate of Metal
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antenna is dependent on the co
ment , the amount of materi al t
exposed surface area on which
to be corroded (vol ume) and e
reduced from three dimensions
assuming that corrosion takes
adi al direction. This reducti
me intseceti onsal area and surf
erence. Both of these par ame!

1RR

r

u

f
X ; thickness, assuming the antenn
No.29 No.31 No.34 Ne. 28 Ne.32 No.3s formati on i s Known about t he c
) . ) ) into__ which the ta |s being I
Figure-udni fdomity of Corroslontlhqe S[od éﬁ?j“ptoH‘é gg der
and 34 are metal test couponscqfftiecr g@ipqgic' mmi ?ledal-fo §$
hours; coupons 28, 32, and 35 ehre me It e’s c%upons a?
being i mmersed for 144 hours)t en _a generic ag can us et

be adjusted, based on feedback
DeSIQn Parameters When these tags are placed in

i conflgurationisavarlety of

|l mportant design parameterBﬁ, %I|tgfheiI'§/F'c'ﬂat|1%9n\de'i‘he?’ﬂt?'ﬂ‘|
na | ength, thickness, sur fpageC ey/gVe0g Usm€ ar a4 igQ .k . 2R Es MRt ed |t
Antenna | ength had an inf'Ll‘n%'i‘é?|%rl‘strheniqboir|rﬂlty, fioe nt h€n it
receive a signal from the|roe;Nq\3qjerb lt.(p]rilg:ep(reraphﬁg_naq»hgvopéf
all ow the chip to funct|ondetuertnhenr ft rh0em ctohrerors‘?%qiﬁ‘ry- oWhi
may be important dependingjgaatde sgen@fioct iAddTddON@dil 9
the antennae do not need ti0nebec oStiroasijdht ;¢ atthe® yofcaonlf €ar G
structed in a variety of delfferoennrﬁenstkgapeas dieghengd i iN Y OHe

need. Antenna thickness i s [iglRO0Trgtagg mt cbaencabuéeuééd' orthtehé’
mi ning factor in corr05|onaﬁamphlJw@escsorr|of5|omo\,@eivrréer'ofco

Tabl e 3. Corrosion Rate of Met al in Different E

# Study Materi al Service Corrosion |Rate

Short term corrosi|o r s ~of o] L.oal l S =
i n saline[@Sbundwate%rloq'IO% Copp%yﬁpaﬁétolyc ggg/llS(.PlZlS)Om/y

Copper Brine A (300 g/70.12sS)0m/ )y
Copper Seawater 35 g/ BOTBSOm/y

3 |[Corrosion monitorijlng CGadboncathe riic i
protection condi[t2iBgigpé CMBS8pr U s§3an()On890)

Stainless| steel, . .
(Type 316L UNésréé‘lkdd“gg) Wateb.17 Om/y
Brass ) . N
(Type 260 UNsPEs@&ogp|water. 11 Omly

4 |Mildly cofer®pive soil €arbon stledlldly cornfrosive. Soidm/y

wat8erd9 Om/y t¢ 330

5 |[Corrosion[3@lte in [soilX42 Steel Soil 5. 00 Om/y Electro
X42 Steel Soi l 3.99 Om/y (dravim
X42 Steell Soil rate|3+40.%9 Na@m/ y ([El ectr
X42 Steell Soil rate| +3613% 9N8a Qm/ y Gr avi
‘Om/'y = micrometers per year
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nantly pittingunorf osome ymteh f 00 0 0
then the tags wild.l not funﬂerf:éir énees, though they
still give an indication corrosive ,environment T
function can be used to heoifj]nghd rstaon% t(hzeoogo)rcro%llondlpcl

i ti I .

nomena 1n a particular area. deterlorat|on aMewcY¥or @si dNn
. The World CorrofRebOni ©Ovgant z
Concl usi ons http://www. finishingtalk.co
upl oads/ SFA/ WCO%20White%20P

this study, an environmé&hKadh,c h@G.mbk.r, wBrso ncgreerast,e dM. f oPi
in corrosion trials. Thi smamiamb¥r WwWas &mpfPlagyeed tJo chH

t corrosion testing of RF labh dt aprse vieonrt i vt esitt i aatl e gii epse |
l'ications. These experi menRet rlieedvetdo fa omowelt pRFI DwwW .
ign that wutilizes corrodi bPebséctatoonasotcshepapdénna
tag an on/off response|[ 3AUW.dS.t i Deahlry meaodr roofsi DnacopE
made of pipeline materials weHaez ausdeodu st oMatedraitael st h8aft e tme
corrosion failure of t he RFI Depamgtsmetnot pdfy s il ¢ aShi sgma nf tri actsaiin
rates. pipeline incident SstRea-i sti c
trieved from https: /1

The initial RFI D tag experi ammatl yglti ceSOAPssdw.ldlolwed the
expected trends, which servedParst al pvaag ei sdéaN Q Wsne r o=fP Dtvh aVE&Qq |
ment used in these experiment&@NQRAasesword+Bubliity Wdb tWbs er

S
h
nol ogy makes it an ideal can RiFksataea efd@2 FROM%PR 8 P@ab lviaa %20 W
fferent areas. The main advahRtpget alf %2UHFCREFQA IDn d isd & rhta%
s a very |l arge scanning dis2@hcend&RPRagedASFi gneit feircsg n td&Ahpce
g on the strength of the rea®wk2? P HPIOGEioAL 0dfoctah e oamnv2&n
i p, and the scanning envirgagmmenant ewZ0ONamel%2n2g& vad d rR62 12 §o
nge means that the tag cdm]KeshawiyedHor Apl, a &e dsaibrm alrq ¢ &
at are not easily accessi blpmpi paenldi ncea ni nbtee grre d &/ n tmammfgeeine

arantee superior detection perfoumanateofnPt bss(urher $Ba/s3se
nment, chips with industry I38a0ding sensitivity were se
and the <chi ps -rpersatsecitveed] Wy ep@elad o®i @amd Hazardous Mate
e operating temperaOAE€ o6 thenchDppaahgedt f oCmdeansépo
AcC. Two potenti al applicat iFoendserfadr Rehgeul tada go®nar-29TH¥ o0t e 1
th buried onshore pipelines( Tarmd s p.or tSautpietrm)ynitreqadpnpel o
rrosion under insulation (CWhakshihgtbuauri &€: pUSelGormer amp

SO TCETO0OS T FTO0OSOH0TQ~ T O TTa
YT S5 —T00—3—0 " UlTQOO0OCTY TS —

ons, the tag can serve as6]dmeihdanatboci of y sof@DMa&woh a roics

d give an indication of theABKMEemBt31qf SctoarnrdoasridosASdaifE aPr a

ne would incur in the same B8Mvyi rondRentri evVbd tadgrwoul d

t need to be placed in direwwwcenggaceewi higbdbeb@s peddaih

uld be buried nearby in or dpeirp-dtnclg9gihten an accurate ref

on of the soil. For use Wwirihi CUIH.Pit(20 3x)g..€Rq@ i Rire ebses n gn <

der the insulation and rgmdMahy amonit or &d Heidgldont ®remg

g the insulation. Fuwarled woa ks esshoomd ndt i anMdd tumaen aab srnefaalt f o

plication of the RFID tags 4fh2)022de& to better calibrat

te of tag corrosion with [t9H®Rao&i nosiLvi tG. off20t0Ohde) .soRilpel

i ntegMat émoinal s P8 -0 mé&nce,

Corrosion presents a seri pudKlpagobke,m Er oW. bo2B02an. ePop
nomi ¢ and a safety stdatdpotiindmnmeAlk t lmowg hc ocr Motsa soina hcso nRerrofl o.
research has come a | ong way 4bh6)2t2ht year s, it is stil
ging behind the hazard of pila¥dnn®OscorM.osT.on. vahe Masuteali ¢
of f design of the RFdsD csholpust { @rodwi)de Anaekoer nal corrosi
that is both easy to apply andl drferta mapetane, iBadicmggi n
mense value to the field of coperospiroens.ent ed at t he 2006
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Sri Kol | a, Bowling Green State University; Rama Ha mmg

Abstract _sirrpghapsg i nduction motors in
identified stator winding faul
. tor current and speed ,as input
In this paper, the authorsANere} g nty Eletr%%kl‘n'f%%%tafs?erdé'm(ﬁ%'?c
ing faul tphaise antdhicéeé on mopopgpn §t8i>f§me.ﬂ A?ef(ﬁl,#'z?'yj Imogige pr
port vector machi ne ( SVM) 'tiiH d étse t dsy, eE? n@d‘t%' r@x
|l ooked at external faults gxpPeri Tceaai ¥ ely eenis Gt O
tor. The SVM was trained t Eil\ﬁl[[?nti yorgdxetrernal etaeuclttsme”c
t hrpphmse RMS currents and ng GQ%STL‘EO@VW Jt}e%ha?q'u'%guq"or
tion motor, -tciomd elxty ed dentagzp q1Uin'Foittoir°sn Ve been recentl
tem LI BSVM software was us e gf r13r1)raiprb|rp] n%'?ldettesatl'”91%
the SVM. Resul ts showebdastaq:aatngtaend M pf%g% SY¥YMoined the
method was ef.fective i n id%ﬁlyqiufe)éir?g1 (%'rdeer & Nyt |edxetnetr|nf65/| ifI
in the induction motor. al . [17] and Keskes et al [18
) broken rotor bars in motors.
|l ntroducti on much work in applying SVM tec
faultsphasé hirme@ucti on motor s.

The tirmdotcornedftshme smp oir manor s
uséd ndialsgtp Biicolmsmot or may expé@ritdiicse paper, thebaudedhotsctp
df fr efalt s, dviae ydpndgrnagn dci t Thoensni que to detect -phka=ee niahdd atuil d

main texemfaofrtangesifmalmé ng t drs.-phllehgseeRMS current and vo
ove r | o awhh e[nfajaisé¢ x peenrcth@mot or s hloSuedd as inputs to train the S
be disconnected byprmarisesdori hgsS e tsi dgojaglist qwer e obbatsaeidn edla tfa
rlaeysr e gener algduwr pucss@b nifp2slie.gtth¢ Gui sition system from a 1/3
napt @xsienginge s uaed rienllogihee f ormorteqrj tiinmer efallO] . The LI BSVM pr
ableand fastide nittc at i onfalb 6§ . t Res@mitdismdrnti Ng the SVM. The fault

devel opments all owa ficoeltelt hef ApPltiketii dhutfi on motor were
geca AI(X ec tensi gf octon montdouryasr,e whi ehmance of the trained SVM.

i nclautdie redr a lwolkseANN [ 3] . The traditional

neur al net works approach h¥d rdefefais el t | qasd wictth | coemerMDit
tion, and it can produce models that over fidt the dat a.
support vector machine (SVMewmetdodt ySed eEomén@e PPDIU-f a
l'ar, due to many attractivenfkegt pphasehfiieru®etibhad myasrde

oped by Vapnik [4] and is bhaged Threset FtaiugttisC dln clleuadren ishign
ry, which can i mprove generygllitzagtei ong\odr Itdheed ModEtked rot
vol tage. A brief account of tF

Di fferent stator fault moRigtc@liigmg uts®@h rNfigdu eeSa cfho ro fi NtdpueCrhy
motors were reviewed by Sigdigugardsal [3][5]1 @ndaMiRahob:
al. [6], who published an gyierglese hlaivel udfi quel §re@an wgeso
topic A fault detection agdp|pd, hthtafsteb 8o IStChPee HRGEE uP M
programmabl e | ogic contr ol Iperas(iMlgC)f awma s alasste daerVee | sonpoendn bj
Bayindir et al. [7]. The ®WMaeocyufFHERES! i FbUNBOYhpoaBRhAY
(MCSA) that -farnreagluyeznecsy hciogrp oinigingt 8 & Pr riedn€N-i s zero for this
tify faults has been used by |Ran)s ede Spéya rpcrheeiresc tlidle rChioawy j
Yee [9] applied neural netwgphks be® #aLUPes [ RCiRUGEti bAUR
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5 00E Given a set 0 &y,x2f €&xawinti m g o & tapnyt
.00E+00 L, .

4.00E+00 (I a bygyb, £ym, the aim was to lear
3.00E+00 aaman o § . w.th, which separates the data
2.00E+00 \)\/ \\ ,/ = Equation (1), such that:

1.00E+00
0.00E+00 =7 "v
-1.00E+00 -
-2.00E+00
-3.00E+00

w.x b 2lify ¥ (1)
wx +b ¢ Eify & - 1.

-4.00E+00 The separating hyperplane whi
-5.00E+00 (di stance between it and the ¢
found by mak]| mi siumg et | |to the
—e—Voltage 1 —=— Voltage 2 Voltage 3 Current 1 Eq uati ®hi S( 10)[ obl em can b e sol
—~— Current 2 —e— Current 3 optimization method [4] and mi
Figure -E’ha?.'hrVGItages/CurrentstIfoonr %Ii\r{g?lneanha%g atlon (2):
Faul t 1 .
7Hv\4‘+caxi (2)
Comp thtaesred r el ay schemes were found?in the litera-
ture to protect a motor under_external ault_conditions
Recently, there have been a”ttleen¢p"‘f'+bpt%@“ol93e1@l'ﬁ@@ﬁmw(ﬁ‘@é:
such as fuzzy logic and ANN!@&Ki gvedntijasbyl espe swhifgh | megapgr
In this study, the authorsaftl?r”?ﬂhsertheexpﬁlrdroerd PERE! LU¥ eC QNS
techniques anbdasapplmetdh oM i n order t
identify extepmade fiaud u st ii mn! thifo e tsi. m|zat|on problem can
Lagrangi an, and it is easy to
Af r. s wlawmilmag class to whkich a
Support Vector MaChl&erﬁg gs i s det ewnvbn eTdhibsy -celvaasl su
) tion method is |Iimited t®& | in
Support wvector rnrbaekampbe aped & LeAfRg data are beyond t
digm spanning a broad rang,eatoiforp,l a§5ﬁ%ﬁ|ciaﬁé§msc|a6{1$dS|rfeigCra<
sion problems [19]. The tecRBI qhauilddal BHJAxPF S ® G aRp¥na‘ppPi-
ni k [ 4] |n.the framewor k 0[f45.taltrﬁbsaéshecdghMlneeaarrn'cngastshqqre¥-
met hod relies on support V§EL85§ { RV hte© figd &N Eobff Ydad th®pndl ¢
sion boundaries between did|fegdeing; £ asisEiss tJ(v!?)£(rxJ)s§VaMwe9$"Ffbr
pl oyed for t wo cl ass proble@%twqﬁ% Qﬁ%%@.oi‘th}’@erkﬁ’x'(xi,@vrﬁe%h%
separate_the dat a, as shong)| i)¢5(j glﬂrh%tz-re{?‘u?ﬁﬁg‘m"’blroy[_Opfrotd
mat hemati cal devel opment otgl{7 B WM itr?[fﬁ‘t”é qug] i spydiVeip
here. using the kernel fu@(t icoann, bteh
4 avoided, whi ch may be difficul
kernel functions avail abl e; c
training data of the probl em
used kernel functions( 6ar e[ 199 ,v
20] :
Li neajrg) & x ( 3)
Polynom»(,)alsx,xﬂ((’)o>0 (4)
5 Radi al Basi s = uesacpfi’pan> 0( () x
& Si gmK(i®): t=a o hk+r) (6)

N
N

wher egarre, kder nel parameters.

Of these, t he rRaBdEF)alkebaxils ifsu
the most popularly used functi
SVM met hod discussed for two

Figure 2. Linear Separating Hypendd@®nemul ti pl e elgaasosmesstd uasnidn g
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Afomeg aitmeeast 0 strafTdgires af E9 Fe@@haxt step in using the SV
software progr ams, both codimeronsal wasdtdéreewanejtavdahka:
ble for i mpl ementing the SVeMrteesemniique .t hlen st ki sdi d-drer emt
study, LI BSVM [ 20] softwafa@aulwis camsaidt. i oThhewepreogaamsi der
comes with different toolsobbatnad nmandremdsta dlat3dahHpe c2G
as wel |l as ot hert faink,c adwm sgwinhh r&d s<wmge induction motor,
predict ;tognd Thheme functiokKol bhl awds Al emaanholm 10F . Thr ee
di fferent kernel functions memndth-vandeRBEo bhtwdvgeaevamnal umaradn
ters that can bei vaoiédr suvsbfhsgki hatdé t s. rOver| dadl anao
the training of the data. were created by a prony brake
created by disconnecting a pha
SVM for Detecting ICn'dtuecitW'dh tl‘ii’lésteoP'5‘Uflﬁtasuul"i“t”g%1
bvl EW. vol tage nd- curr e
The inputs and outputs for0 H 98y faé“'H&ulac{a beShsoéNledted: &
the first step f ofrauldtena on‘cﬁp Go'nnsﬁﬂllr{o'énat Br faults.
the induction motor. I n -this study, RMS wvalues of thr e
phase voltages and currents were selected as inputs. Th
resulted in six inputs to the SVM. The data were cl assi
into seven output val ues, corresponding to six fault co
tions (describedf gpuletvioosdiy)i aam.d Taheno
out puts were numbered from 1 to 7, and the correspondi ng¢
number was obtained from the SVM if that particular cond
tion exited. Figure 3 illustrates the inputs (RMS volta
and currents) andf aoudttp uctosn d(ifta wintss) aonfd no
t he SVM.

3phaseg—

RMS — No fault (1)
Currents .
—_— Figure 4. Voltages-Vahta@Ger Faots f

—> Single phasing (2)

Figure 5 shows the data acqui

—> Unbal ance vdlot agel {8t the voltage and cur
SVM tioning systemphasaicedl ttdge st h
—— Under voltagertsgohtbeeeurrents into their

The conversi ohO rAngehevascal/i ng

83 V/ M0 and

—» Over \,O|tagé/o(5t)ages was 41. 2
vol tage conversionpawas f23.13741s

3phas e—> —» Locked rotorus(eed fadri aasr_itnig purposes and th

RMS to the National I nstruments®o

Vol tages | —— Over load (#igure 5. The SCXIl chassis corl
> pling analog module 1140 to coa

sis communi c-aMtl @d6-Ewintuh ta fRIGQIct i
Figure 3. SVM to Detect Inductciaornd M'o?thl':extCeor'ﬂ%Ptlga{ults

Figure 5. I nduction Motor Data Acquisition Sy
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