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Field of Invention The present disclosure relates to electronic
mar ki ng ovochsawsesd or buried infrastructure, such as flpexiusb@2phmsti c pi pe
or other conduits. ARS&ES) hycxi ERERSRID ﬂéiﬁiﬂﬁﬂﬁ? relates to

5el ectroni c marker mar ki ng
obscured or buried |nfrastructure.‘Background Conduits, such as pipes

for water, gas and sewage, and cagﬁggﬂﬂgﬁmﬂemephone power and tel evi si on
are buried %g?fﬁérﬁldﬁ@lo?t[r@i’wgestte%le\éﬁdﬂlgmaﬂ&ng)(gfto%gcupé%p&%ﬁed MRS thRRe, k@ nknow
the location of a conduit or other underground or obscured asset or pipe.
For exa&rﬁbeblealaémsrm ocetharrosdipanorereneciianlty. the resssuirdisclases relpies fgot

damagi ng. Ay 98&%% % 2DEFR, Sreglf(ggls{'ﬁll Iﬁé}gm obQURGaL bdRed i Qs%%cﬁpe”pa”y
has an I nterest elng a to l'ocate 1ts underground pi pes en

| eak. A telephone conpany may need to connect new tel ephone cables to

exi sting cables. In each of these iBstkgnwed, it can be useful to know not
only where er ground set. s burled but. a d of asset is
bur T ed ¢ her & aRRRE BURTeBP fhick 2Pl B e Hq ALBE RAULIERE Ry B35 e

cabl es terraxymblemefouhed mrmimgmmmlla@bulng tironald )Jp@ftanfbed@msaelpontamr&alnﬁ)wtthalocammbl es

one to uently | ocate obscur.ed asset. Cne such ex is steel or
st &1 BEpERM e i RS GRG g R et mati 1OnC A * SO CpTgR
companyndysmnﬂﬁ)t@lls&m Ay SRt dﬁ)fh?jémg?lﬁiytdb@@ﬁéd Ry o ldi g g0fot Aubiden. Al pe,
they typically dig a trench and lay the pipe in the trench. To electrically

mar k t §8s sQ5eRny e @rinferset ipibpiag ablsdq logaly itapadsraarid ripstheB ficy 19k Ker s al ong
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frequency (RF) circuit that includes an 1 nductor and a tuning capacitor.
The i ndustanges, gemebaiseiul iskmopnmt pulytvddream wdergiqund asskt i bepedo butalsoovhankind

ar ound serve as magnetic field coupling devices.
These éﬁ %ﬁ%%@mm%%@%%gmg g??%é%?onal field and are placed with their axis
pai nting up\mm‘al difierge tepies of sipaped ceblechapbinefintok erevidingsqpcagpeoffdeatce when

buri ed. Ba a mar ker e a self-leyelin er. i nside
1 ont | o e D s A st R SEeseeY Bot” e sechesmP e Stet Oy &

pl aced prsﬁ@@?@ﬁ@Edl Yorlg@s @aﬁzheIQﬁshﬂtﬁunoBaWheHﬁrcK@ﬁﬁlcﬁiﬁl ddalpaheBuhdtaligadted vt
orientation for accurate |ocation. Markers usi ng ferrite rod antennas are

typi calfagitigad pobginysehledsPYppiredbsyorgicalfy dig a teecht adtlaxt the Piva ik BE &eahe near
the su rﬁo%@é%tnc%%aﬁé BE T AV o PR KA, Shey HehUal® HRR, %Jt@nfc%ﬁkér@ Eﬂoﬁg%tﬁ Ghe
information or tead/wite capability. Al ternatively or additionally, tracer
Wit e miypebdhpsegnarkdre aredyndcdllytneade jobe eﬂseldmt olip fzgapeney nBFrcifcowtat sglydacan AC

hat - odi Bt 4] Lubly Ra, O R BBRELRLED (5 RPRTHE b B RSP, 2° ol ¢

or pi peokoddbhmund E’ngsie”aﬂriteyl;odnﬁloﬂeieszehamaggetfceﬁetd toaplimddeainte nTiaase artennas

o7t he Pt SRaiRleh G Fag PR YBa e gut e oy Rt fipe Bl PR er i Lo
rod anteROfidnic mdReAditsSHRAOIGR2 REdd biﬁ%@l BL0424964 markers m&J RS sallﬂiﬂev@HJi}i @sk can

al so be buri ed underground. through a horjzontal directional drilling (HDD)
prioces STarkRéide TorpRs 9ra 1ad %Om%baéﬁ BHELES GRS Jreutraarateailhplgesdss begi ns

with drohhl)gdﬁgll}atore‘?l@l?btﬁérng%alﬂ%aﬁ"kéglgo BRLERME @alull BricntiRGoRickSralbQ@Woslr i 111 ng
fluid to be collected and reclained to reduce costs and prevent waste. In

one netMilicrs pHieg feride sxkanteamaag hivically ksedifpiothaliesy hridicatitierie- 40 8pf thet  hol e i s
first L, si ng
o | o gdrkirp e iy RS, SRR AR S meuIF ol RED (i RIS BERE fthaREE S DO
third st @é/wrtteheﬁppblpt:y Adimagivey oc adiitimpaflytracérevipd pay bﬁ’m&tallhddeindskatq:rl laced in

t he hol e, ften r to c [ i.n the
ndot v PEARGRAIRY e R 5P M Vi PreGEE eeb SR Slblena el B

dril | i nige Wirelihdt ¢ag boldb@ttebiyrp poktdble thigheteititld Agtett00kno®hn diichble bt pipe Tdaetor.
drilling fluid can facilitate the renoval &»euttln s, stabjlize the bore
hol e, CHBFIhBAESEYNANGEHEEE A AN PRI PV RcH e 3554 SagEesFPAHIONSTOPR? PIRE 8 t he
hol e. cable, pr%ﬁﬂllﬁﬁ&QO ki htRérahdkad RXivTRPbedadudbtthOnabi®f kersrit¥sh as a
ferrite or b mar kers cannot be used to electronically mark the | ocation
of thedpicpRa-as they are not capabl e of being drawn through the bore hole
with the pipe or cable. Therefore, a marker for pipe or cable disposed by
HDD t hat can al so be used with pipes or cabl es di sposed in trenches woul d
be wel conmed. Summary The presentl-di sclosure is directed generally to
an electronic marker with a flexible, nmagnetic, and in sone enbodi nents,

hi gh-perneabil ity antenna core which enables the marker to be attached to
fl exi ble pipe or cable. Such a pipe or cable can be coiled and the marker
can flex mnth the plpe condU|t or cable Nhny tradltlonal electronic
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"5t hrough a non-linear hole along with a pipe, cable, conduit or casing or
as part of a pipe, cable or casing. Further, a flexible magnetic

mar ker comNeiI20t308052i t h t he present disclosure all ows folPCTiusadRioemet si gnal
gai n when conpared to a simlar marker with an air core solenoid ant enna
structure. er %er conshst nt vm&ﬁa ﬁ %rese % q e s
adapt abl e t 1%???% 8°%P PpRe Rpcdgp "ﬁ%‘ﬁ}‘? KUEB R ARG 88?% 18Ha "Higpes and
associ gHewh) Fasckar sviara et @tcable mbeﬁoamurﬂlergbmﬂe [ praoeks dephdwit bellihengt h of
the ferrite is proportional to the aperture of the marker antenna conpared

to the reee%lee@é%%qdc?ﬁgﬁncarpéé Thesgpitagl Wc@}lllngaﬂ‘fléﬁmee trRlekted and reclaimege. gesi gn

of a magdiet c&s%%ﬁ%?é%@ﬁt Ms%eh 14 B rﬂét%@ @Ee ﬁb@e@i %‘Ue@m%ﬁ%@%ovﬁﬁgh%@ﬂe auni que
advant ages specifically for attachnent pi pes
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aspect, sent disc osure i.ncludes an e ectronl mar ker for r ki ng

obbcur éEI‘ tive Firbis hotn goahhaatinediend:eedlviyicatsr Ee RSO eI Blodhhiglet |

material andyg ERAHseh1ed H@@ﬂ 1@l AUAA nfaRQ QLR as £ 630 BE b1 PharlkSrs cannot

eIectrlcaIG% 1up ed with t e sol enoid, and the marker is tuned to respond
aele

to a sibgmed atr@rheﬂﬂlaémaélﬁ ﬂ@ﬂ@cetl@leeﬁiheme ﬂ?@qmrﬁ@yt capable of baingdiawpdirough
aspect éﬁb‘%e 1?51 Wit b'lreT!m‘—E}i%h)&’e,d‘?L%F1 é?’%rﬁ) gls S By BT i P<§L'n
narker or |ng 0 artlcles e met |nc ste%s of fa

providmhgbausmheﬂmmd®(mkmﬂhekﬂh$@hnm@ndmswomdweMﬂmquﬁn di sposing a

sol enoid around the core; and (c) electrically coupling a capacitor with

t sol enoid, such that the marker i d to respond to a signal at a
cggracteristic resonant frequency. ﬁﬁméggﬁanother aspect, the present

di scl osur e iThelpudas daclosurd isi d1ret:ted gmewllsposmdleunmgngammmm a fietibldj mapnatié,| ui d

or gas i nperneabl e bod mar ker | attac ed to e body. The
mar ker A8 WgESTpodigeg Sn%‘AE DB %’ eém?rﬁ‘dfﬁé‘fhﬂ Rakley thg markgr iog?eea%&%d

di sposegifiatiold pehetoneatOr &cherpebea)reaﬂeem 8 cofb@idr th€ mbtyr muwxedth%& pipt,he

sol enoi d, wherein the marker is tuned to respond to a signal

at
char actcenquiqr sailesMaaniraditiensl gpetipnicansrkers H&theﬁﬁﬁwe@naaferes%% qiéfﬁrl@ptﬁuew |y

be equ'aQBFedcaWsltlﬁte@éhsﬂQ Rl:;slul:t)m%hh R fARird &8hd ﬁﬂ@ﬁ@&ul élﬁléhtma%ﬁﬂy 1% lgydtéj@le power
to operate such aCIp Bri ef [bscrlptlono aw ngs

i nvent inkareandderthep ceusgipis ef 8my anhaenest oéoﬂemhle @@ﬂﬁlsqr deir mthséand@t)mﬁ thfe/el of
fol | ow: f r of the invention in
onneet P TR LS g LR RN 2 L1 | "uer o)
per spect i ve Addéivnelly, amaeie wpihar flexitde éee cousistenawiothe pnesche dodclobbre x| e

magneti c nma |aI ent .h the sent discl os re 2
chove. uesrpLavuBarFOR e hiPar e PSS Rorks PR PP Susesrti a8t

f lexi bltigon@onein EncaBli@¢ hlahg With B pipef dabkl BdrRuid OLIGIsTNG jor as part of a pipe, cAblgoH € 3
shows a perspective view of an exenplary spool of wound flexible plastic
pi pe wWtH&-0nmar kers consistent with the present disclosure attached to the
pi pe; FuhB4 £1ékiBI0 MEn&icThARer\tb R &t vaih (R GERhAGYcI0RIK WS a core
made of flexible’ magnetic material bent to a radius of approximately 0.6
met er s sigagant signal ealrgwh@ ®mparsddo a sigligemaikepvish ampir e pleraig anteRer with a

N et i i BT L

draawi ngsndulit, alstwiag deteion ofipipesdnddisvented nofikdrhleurpdes e ntbsiantiad mhdagrouihe
nbodi d d st | .ch b d hout
Gepart AT PEePRD Lbis e pRECHRREUR Y™ Rty PORE il el Tap sl hoPe

necessardsb-Yections @ik én arlldik eoinahidas satkeed in the figures generally refer to
i ke conpon%nts However, the use of ﬁ nunber. to refer. to a conponent in a
gi ven 5fi gurl@eiIeSigbe! 4 RYKFHABSTHEN Wi the Prrent SiRgBHEnRrOY iRt AR diegur e

| abel edgWnkdyed HRcisigdIR, BHARGRm RS ﬁlbl:segndqgg@sr\hm 4N diameters. FbOMaRplk, hROWS a
perspective view of an exenplary mar ker with a core 12 nade OP flexible
magnetic material. Marker 10 is an el ectronic marker and can be used to
mark the location of obscured articlesZor assets, such as underground

pi pes, cables or conduits. Marker 10 includes a erxibIe magnetic core 12.
Core 12 can be made of any appropriate flexible magnetic material so as to
enhance the perneability and performance characteristics of marker 10.
Nhrker 10 |s de5|gned mnth con5|derat|on for a varlety of key perfornance
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As nentioned above, core 12 can be nmade froma variety of materials,

i ncludi ng magnetically soft, lowcoercivity, high perneability, |ow |oss,
f | exi bl e wagnstdogoseat eri al s. An exanpl e of one such nat @cirais2e12/0813e4 3MI'm
AB5000 series material sold by 3M Conmpany of St. Paul, M nnesota. This

mat eri al .i ncl.udes eti.c fillers |paded in fl exi bl ol yet hyl ene resin.
The: it BRSSP ohe phiet 518 = (BRER e Beru o baP St Bt oh 1
opt i onaliscloms icsihpittd i d MarkewittORT S5 altivwacd asUERIcsibhddwitted ionglaid thany
appropriate flexible magnetic material known_ in the art can be used for
core 13hanonwhigh spabics afischgigatio smal digmetar pipss- IS @ e 456 thia Fagker pestrirent
bound iyAthand he¥dnPhiSc16&Sd, Wheh a@IcA&S toMBRY, bl maintaiRitSHIHABR AP SPELES the
material is used for core 12, nultiple layers of the material can be
stackedincowhish anbanewmepcdpeaien peathcy hi ckness as di scussed further with

respect to Fij : ; A ' ' ' . r
xcanpl e, o gt ok B LG HEGRE: LA SARGARE WL S ARELe Ol
or any artiehdse Thbetavkeemchidesecee mrdpefiflajide megstidependi amg aspenoitihlespsypdci fi
application, Core 12 can have substantially uniformflexibility, su t hat
the. bedtp PR gors  Fradbs et R R e e TS T B e
any DO:rf’sﬁ)oﬁd mmg;glnapatglah&e&terisﬁcg&bhﬁﬁ fielidacyg snal | er hbend r adi ug [ sI
generally nore exi ble. A marker consistent with the present disclosure
mey have any" &ERBFIRCE: ECmETEnt Aoy ek a@netiod 0T k02 50 Sl TR GTAEE 0. 50
m or anyr mgﬁﬁ?%%cukﬂ BEINE GMhe RlectHBRI SclRles bSSof (Hr6vididg 8RBrcdhsR oPBchiBide of a
honogeneous flexible nmagnetic material such that the nmaterial is uniform
acr oss nagacticangjerial op) dineosingraselenoighiardind thetnoesakiad (c¢ eleefrically qowplitgs: capacitor
Sol enoi g@gb var i er i ang, : ' sed
about ég?héﬁi vvlotaﬁ Sl!iagiil\clhgtartifﬂ({ae?n;{él rg ! 1%‘951{11%%);9%'9%@0&%%%?%, Sg{égfrél&?@ r%?%?:lgn be
made offregudniay.n copper (or other types of) WD 2013/ 003052PCT/ US2012/ 042364
net wire, far exanple 6_0r AWG magnet wire.or .simlar apped
around cor o1 ST SaRrEr i Eent T IRe R ancorfibR e} ap Rl PRERL,
al so beéndhsdel 4 Hiiidiongasaapemgabiabléy. A clSat@inomearkddis agarhbetonhalpgigd Tder ect | y

around core.12, or can he apped around a. casinpg,..such as a fl exible fube
Chat | caRakef siciges b eore apad of TSEHE ayheie et ﬁsagg?laﬁi%w?&r%ﬁéﬂﬁ P, 3% gnal

magni t u@apdc&oﬁa&tﬂicrﬁnﬂrc&@néd wianghi dSEadil, Gherdih Bhe GhLRd: & tuh&iPro $EsgBRl tonBgHal ude,
the greater the depth at which an underground pipe or other obscured asset
can be af pelprasEEristiheselaghisquenqye Mytcpongpt anker g such an gpignsHy be pdirred Wikrdter

| anat h e chid Bl dnind AELPLan{dviac iy R Mlpeud Bk @lepfpan be | ncreased by

i ncreasi ng the volunme of core 12 an y decreasing t resi stance of the

w ndi ngs of solenoid 14. The resistance of the w nding of solenoid 14 can
be decreased by two ways: i nBrefdadsemptioneftheddrawingsecti onal area of sol enoid

14 wire andhQr. : C i t W ngli : up
sol enot d 141 TR epAREHRAR e pleiPlide SRR Bosldfisith BEMPRTIOMART A RS |0
wr appi rigscripgomofiariogssenthodgadnitsyofoint invaios id@&nasctive mtithahed cabpanyingkhavingndi ng
| ength.can. al so be m nim zed by choosing a core shape that m nim zes the
ratio 61?W£]r‘f§‘ core volume to w nding surface area. The theoretically optinal
cy e shape iFsguey| kivgsl aGRbspe@ve GicHcoranehplatpxaiRécyith a Wit BAdEaiIdRbIHNOr e
practical than other 5core shapes such as rectangles or squares. An obl ong
shape, MpeBfiggBateiial gonsistent wap thepyesent discloguice| ativel y flat shape can be
desirabl e t gigRddGRWshecrdRkahioRVRE deinRkediRbkaharkd WLt haghethdkmia pi pe
or conduit; however, such a shape results in"a | ower core volune to w nding
sur f acenagpetis mafetiad withridfleziblohmsingar ker Q Capacitor 18 can be used to
Ccreate a mar i i teri sl . to
fune. o mar kerers ! s R AR AR SR by S AR VA ha RESEL TG pibe R
chiar ac nerkess cansisesomidnthe forasepi disclpswt atachred oghe fipe;) i s determ ned by the

sol enoi d i nquctance and.capacitor capacitance cording tp.t formuyl a:
Ty R G KR oL Bl RPN RS RS e Pa e s
Henrys naitstiabb@d paciatian o Lappho-baddte i COmean@ds Wil | have a characteristic

r esonant frgguen y of 145.7 kHz. Ca afitor 18 js a non-polarized, |owloss
capaci tor, sURHC AShAsENniieY 8 inpgelp aryBarkebvth & Spygdpadg et flexible magndiigr ¢ 2
Shows  gnfdrR$Bert &F4 Fa@lhs ¥F SWreimaRlyaxeRRlcar y marker 10 with a core 12 made of
flexible magnetic material with a flexible housing 16. As shown in Figure
2, core 12 is made of multiple layers 13 of flexible nmagnetic material, as
is possible with a material such as ong-bel onging to the 3MIm AB5000
series. Using core layers 13 instead of a solid core may have the
addi ti onal advantage of increasing the flexibility of marker 10.

Sol enoid 14 is disposed about core 12 as shown. The shape of solenoid 14
can be dependent upon the cross section of core 12. Additionally, in sone
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Housing 16 is di sposed about sol enoid 14, and can be nade of any
appropriate material. This can include, for exanple, high density

pol yet hyl woeo(3HDRER or a heat shrink material, such as BbETSBEeotSHLIteTM
heat shrink tubing from 3M Conpany of St. Paul, M nnesota, or any other
appropriate heat shrink terials, Housin 6.can be_.a fluid inperngable
morertal o 128 Sesppipite PR hie 3Rt PHEHE SrpOGRER O LRy Reth ol et s,
such asmbadiéfentsaitlyRlusilizR, 5 Witctusd) haidedmayHRghdig witBod ABpddengd frén ittel seoseuich
that it can bend and flex along with marker 10. This al]ows marker. 10 to be
di spos©ftheRsssart ImsHETh gl heaTF a5hNo4 npRepwribTto selel U ke WHnbes wsr it Bie Aihigs

appr oprobdrflyf de®X tdlild doYponents. HIW@H, thedsS BOWGuner RX@IRLAL YonidB¥hiGh a %iv%n@om
20 of wound flexible plastic pipe 22 with markers 10 consistent with the
priesentfigdiess hgguterededite Hmkdlk comnponent pi gwthegiiekre dabslsd otithabe samepiup®er? as

shown coul d be used in applications such as horizontal directional drilling
or trenching. As shown, markers ﬂgtaﬂggD@g&iﬁg&?d directly to pipe 22 and
encapsul ated i n housing 16. Housing can pbe made of the sane material as

pi pe 22 (sudhgws! HBPE)a ferspaaiyeyewece cyémplagi hireerdfitwithet eré & maddotkers 10
can b.e f%%ﬁo%cnqgggle{ig mQtleEai‘a%lt. Il\?zhrl?el:rqﬁ is2 2% el:lgctrtopl%.ﬁa%ﬂ% a(ralé Egn SeI OQd R)rncl)cr Se llc)pat'vwflll ch

pl asti c pipe I's nmade; er eby al 56 i ng housing 16519t aneouslloy.

Mar ker of cladesics haittes wt hdleth hactpisasderigraling plpes Whldecarohduitof Mapier oPinchides 4 engt h

to create.a useabl e signal rength for. detectin he nmar ker, when. obscur ed
or0 b Teaio G B oONG | A Py eRgpPRy Jer AT adi Rl o
sect | Ofg crthali® th€perMRNbI R PerfdriialtlBhb@B@Fificobf Maker 0. 0.20 m 0.30 m 0.5
m 0.6 m or any length in between these |l engths. '0OAs noted el sewhere, the
gain or si gRdrkatl0dndesigned with qasideration foride aripiy b SQepPr ymMARFE CBH ¢ PEtiche

| engt h 19fsaniBEKRtics iﬂ%l@@%aﬁ%%iétﬁ:%éo%ﬁ ’fﬁaauéngg,gggon%e Iﬁﬁ{tl}}tﬁ?ﬁ%{?ﬁg? ghgcted

for an application requiring a |l onger read range.

enbodi MenbilityraBikeran A® hoan ibeortant fctoed to pl astic pipe 22 or to a conduit
after plastig pi [ it ls.e S L k-N_sone

en%odi ment s,AScdgtér?r[)1 gré&igar?gé%gﬂ g? ggﬁ F%}ngde %%%gﬁ&g?tyﬁ@%%%%laf}?%luég?gpl astic pipe
22. NamkegnaichDy sty lladv-becrenicy pighl jrirechbility tibve 1d3edlexibic magetidmateriok. plnasti c

e er 07 ARotsael PG By cor a0 opries e af BEp UGt et okt o or

suppor tMiahghota0 MhBn AEHD ifchRleS MBENEHP Biflbrs 3adpd S flitdé PslydRy]18i rdsint Thde

pul l ed through a haole in the HDD process sinultaneously wth, gl astic pipe
22, sefdtabiSyor i Brustisensisedheiven onp sidppyRichis optidliconisentsiftict t hat
Was  burh&ehURAREEHE O UNEndSIdNg ahP o ibtialy R&RES maddkik §laferi Pk ddWnah ARG Qn Be
support can be associated with an asset buried underground. For exanple,
when arnsed foneae &8 9ne exempieectisnel aanisgalismolypHenumapdtepoyi@wdsr brindédla t hr ough
a Con.d"ﬂe&ibi%%%iﬁ dr {s&ﬁ&%&&%‘iﬂﬁ’a ANre RBSKRY %ricfs%ﬁat?r? 1?5%%8& e v ﬁlﬂlt%{%e
condui t or w other assets in the conduit, Such as T1ber optic or other
cabl es laydf B3N B3 S2PRTItAdB20 2o v 2 86¢¢ oBdexided rtadinus aRdiscawedfartherywith

appropriate radius, for anple, 0.50 . /5m 1. a di stance in the
b, arora Bkt 8007 Sy Spmropllue b auha i o3l BanRetdf e
t &5 t he adhiglRbL6r ddmaAerdf35hhCo Pin 8 ndm, WAUN dudb&Wwatlcsf 0Pmorkdr pEdEpE¥a’NP! €, a
pl astic pipe 22 with %ng eater diameter may require a |larger spool radius
R . Spdspendingiugen the speeHiqnpplisptionafareds can avsdubsigntialy prifesey fletilgnisechibstk er

10 or ARYbdAg ralfi R He cofX@BRkIR narkér! 18k Rhofel heVBihK 8 anPipdiRhiomt fHRMkrker.
A flexible, high pernmeability magnetic core inside a coil significantly

i ncr eagedaknewtlpp pmpli berdiadias isrggnally QoreAtedible o nurler sensstaphwith mpeseetd t o
a mark i . i j i ni 0.30 m
was V\Dglﬁls(ﬁw(s)grllrtg gﬁg h%‘g&%%aagﬁ%hg%tg P elhdorla?lﬁsw%g(}ﬂaass\sﬂ 1%?(%%6 b?’?nﬁlglhbi%g%@t E|91ve coil.
Aif | exiabloentmabkiercecarmeoreeniisst @t 1 dicarhalsdhie prdesd nthodlbgolcosutaxibdamagnetic

i ckndBb it g B ARy OB h rraned S AR PLY 2T g R LB IR on

(down-vaibts, Multiple |layers were | am nated together to forma core
approximately 0.30 mlong, 6.4 mmthick and 6.4 nmmw de. The marker. core
Wes i nser t edOIoGildd SERES B %%navaggwgamﬁagléﬁwb&a@ bg%wesedﬂggmowmﬁh
capaci Qhri¥eSf fRHBHE dhdr @xdrifc. $01c851@114 can be madeldte thiflichppdd (+GRA g%es o/ ker Q
and read range at 145.7 kHz of both the coil without a core and the coil
with the flexible marker core as descri bed above were neasured and conpared
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wi th Flexible Marker Core Coil Inductance (nH) 2.32 2.32 Q 33



172 Read Range (m 0.508 2.46 Table 1: Marker Inductance, Q and Read Range
Exanpl e 2: Marker Flexibility An inventive flexible marker was constructed
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optimal core shape is cylindrical, as discussed in Example 3, which can be more practical than other
5 core shapes such as rectangles or squares. An oblong shape, a shape such as a rectangle, or a

relatively flat shape can be desirable to reduce the total profile of marker 10 when attached to a pipe

or conduit; however, such a shape results in a lower core volume to winding surface area ratio, and a

lower marker Q.

Capacitor 18 can be used to create a marker with a desired characteristic resonant frequency

0 or to tune a marker to a desired characteristic resonant frequency. The characteristic resonant

frequency of a marker () is determined by the solenoid inductance and capacitor capacitance

according to the formula:

For example, a marker with an inductance of 2.29 milli Henrys and a capacitance of 521 pico
'5 Farads will have a characteristic resonant frequency of 145.7 kHz. Capacitor 18 is a non-polarized,
low-loss capacitor, such as a ceramic or metallized foil capacitor.

Figure 2 shows a cross section view of an exemplary marker 10 with a core 12 made of
flexible magnetic material with a flexible housing 16. As shown in Figure 2, core 12 is made of
multiple layers 13 of flexible magnetic material, as is possible with a material such as one belonging

0 to the 3M™ AB5000 series. Using core layers 13 instead of a solid core may have the additional
advantage of increasing the flexibility of marker 10.
Solenoid 14 is disposed about core 12 as shown. The shape of solenoid 14 can be dependent

upon the cross section of core 12. Additionally, in some embodiments there can be an intervening
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be of appropriate length to create a useable signal strength for detecting the marker when obscured or
buried underground. For example, as further illustrated in the Examples section, a marker may have
a minimum length of 0.15 m, 0.20 m, 0.30 m, 0.5 m, 0.6 m, or any length in between these lengths.

0 As noted elsewhere, the gain or signal strength of a marker can be increased by increasing the length
of a marker. In some applications, a longer marker may be selected for an application requiring a
longer read range.

In another embodiment, markers 10 can be attached to plastic pipe 22 or to a conduit after
plastic pipe 22 or a conduit is extruded. Markers 10, in some embodiments, can be encapsulated in a

5 body of the conduit or plastic pipe 22. Markers 10 could be encapsulated in the body of a conduit or
plastic pipe 22 during the extrusion process.

In yet another embodiment, markers 10 can be attached on a cord, rope, or other clongated
structure or support and rolled onto the same spool as plastic pipe 22 so as to be pulled through a
hole in the HDD process simultaneously with plastic pipe 22, separately from plastic pipe 22, or

0 simply disposed in a conduit that was buried underground using the HDD process. Markers 10
attached to a support can be associated with an asset buried underground. For example, when an
elongated structure including multiple markers 10 is pulled through a conduit buried underground,
the markers can be associated with the conduit or with other assets in the conduit, such as fiber optic

or other cables.
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diameter may require a larger spool radius R1. Spool radius R1 can be the same as a bend radius of

5 clectronic marker 10 or may be greater.

Example 1: Flexible Core Marker Signal Strength

A flexible, high permeability magnetic core inside a coil significantly increases the coil
inductance, marker Q, and read distance when compared to a marker without such a core.

A coil with a finished length of 0.30 m was wound onto a 12 mm diameter hollow glass rod

0 to form an inductive coil.

A flexible marker core consistent with the present disclosure was constructed of 3M™
AB5030 material. The 3M™ AB5030 material had a thickness of approximately 0.30 mm and a
preferred magnetic orientation (down-web). Multiple layers were laminated together to form a core
approximately 0.30 m long, 6.4 mm thick and 6.4 mm wide. The marker core was inserted inside the

5 hollow glass rod described above. A 514 pF capacitor was coupled to the solenoid.

The coil inductance, marker Q and read range at 145.7 kHz of both the coil without a core
and the coil with the flexible marker core as described above were measured and compared as shown
in the table below. A 3M™ Dynatel™ 1420 Locator was used to measure the read range for both
items. As shown below, a marker with a flexible core consistent with the present disclosure had a

0 superior performance when compared to a coil without a core.

Coil without Core Coil with Flexible Marker Core
Coil Inductance (mH) 2.32 2.32
0 33 172
Read Range (m) 0.508 2.46

Table 1: Marker Inductance, Q and Read Range

Example 2: Marker Flexibility

An inventive flexible marker was constructed consistent with the present disclosure. Figures
'5 4 and 5 illustrate the test arrangement of the marker attached to a flexible pipe and bent to varying
radii. The flexible marker core 12 was constructed of 3M™ AB5030 material as described in
Example 1. A solenoid 14 made of copper wire was wound about the core. A capacitor with a
capacitance of 514 pF was clectrically coupled to the solenoid 14. A housing 16 made of 3M™
Scotchtite™ heat shrink tubing from 3M Company of St. Paul, Minnesota, was disposed around the

0 outside of marker 10, and the housing 16 containing marker 10 was attached to plastic pipe 22.
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Lying on a wooden bench infinity 145.75 23

Tie-wrapped to cross-linked infinity 145.6 23

polyethylene (PEX) pipe

Tie-wrapped to PEX pipe 0.689 145.75 23

Tie-wrapped to PEX pipe 0.610 145.75 22

Tie-wrapped to PEX pipe 0.508 145.75 21

Tie-wrapped to PEX pipe 0.457 145.75 18

Table 2: Marker Bend Radius, Frequency and Signal Strength

Table 2 above shows that the marker signal strength slightly decreased as bend radius
decreased, while the marker frequency remained relatively stable. It is postulated that the decrease in
signal strength was likely due to the fact that the ends of the markers were farther from the locator

5 for decreasing bend radius.

When the pipe with housing 16 and marker 10 was relaxed from a bend radius of 0.51 m to a
bend radius of 0.69 m (the natural bend radius for the PEX pipe used), the marker signal strength
returned to 23 dB, while retaining its characteristic resonant frequency. This suggests that
temporarily increasing the bending of the pipe with housing 16 and marker 10, i.e. subjecting the

0 configuration of pipe with housing 16 and marker 10 to a smaller bend radius does not permanently
affect marker performance. This is a particularly important performance characteristic as flexible
pipe that may ultimately be laid underground may be rolled up, i.c., bent during transportation, but

will be straightened out when installed.

Example 3: Marker Core Cross Sectional Shapes

'5 As mentioned elsewhere, the cross-sectional area has an impact on winding length of a
solenoid, and thereby impacts the Q of a marker. The signal from a marker is proportional to marker
length and Q. The Q of the markers can be increased by increasing the volume of the magnetic core

material and by decreasing the alternating current (AC) resistance of the windings. The winding
-8-



Mar ker Core Dinensions (nm Strip. Layers Wnding Length (m) Turns AWG

01111)

| nduct ance Q Max Read Di stance (n) Signal Anplitude (dB) 1

305x6. 35X802813203B02 650 26 2.29 147 2.46 72 305x6. 35XxBCIAIS2012/042364

resistance can be decreased by increasing the wire cross-sectional area of the wire (i.e., lower wire
gauge number), or by decreasing the length of the windings. The length of the windings can be
minimized by wrapping the windings directly onto the magnetic core material instead of onto a
hollow form into which the magnetic core is placed. The winding length can also be minimized by
choosing a core shape that minimizes the ratio of the winding surface area to core volume ratio. The
ratio of the volume of the flexible magnetic core over various shapes, specifically a cylinder, a
square and a rectangle, to the uniform winding surface area was mathematically derived and is
presented in Table 3 below. In the table below, “A” represents marker length and “r” represents the

radius of a circle with the winding surface area listed above.

Cross-Sectional | Cross Sectional Winding Surface
. . Volume
Shape Dimensions Area
Circle radius = r seER 2nrh
= TErER h 0.392
Square side length = 2 < 2] 3927r
side 1 length= = P
Rectangle i moE 2xrh 0.294r
side 2 length = — 18

Table 3: Ratio of Core Volume to Winding Area for various Marker Shapes

The calculated ratio results of the core volume to the winding area for various marker shapes
as presented in Table 3 demonstrate that the optimal core shape is cylindrical because it has the
greatest volume to winding surface area ratio. The square has the next greatest winding to cross-
sectional area ratio. In some embodiments, the square cross section may be a more practical core
shape if the core is composed of multiple thin laminations. A rectangular cross-section may also be
desirable in that it decreases the marker thickness in some applications, but results in a lower cross

sectional volume to winding surface area ratio.

Example 4: Varying Marker Parameters

To confirm the mathematically predicted effects set forth in Example 3, markers with various
parameters were constructed and measured. A first or control marker was constructed and measured,
and then various marker parameters of the marker were individually varied to demonstrate the
interaction of marker characteristics by comparing the results produced by each change to the
measured results of the first or control marker. The parameters of each marker constructed and
measured are shown in Table 4 below. Marker #1 is the control marker. For markers #2-7, the
altered parameter is highlighted. All maximum read distances and signal amplitude were measured

with the 3M™ Dynatel™ 1420 Locator.



302 650 26 2.32 160 2.62 74 3 305x6. 35x6.35 20 302 575 24 1.52 140 2.46 75
4 305x6.35x3.18 10 302 650 26 1.61 134 2.31 70 5 305 IS

WO 2013/003052 PCT/US2012/042364
Core Strip Winding Inductance Max Read |  Signal
Marker | Dimensions Layers Length | Turns | AWG (mH) (0] Distance | Amplitude
(mm) (mm) (m) (dB)

305x6.35x6.35 |20 302 650 26 2.29 147 12.46 72
305x6.35x6.35 |20 302 160  2.62 74
3 305x6.35x6.35 |20 302 140 12.46 75
4 134 231 70
5 137 12.29 75
6 650 26 0.749 23 1.27 45
7 153x6.35x6.35 |20  fI5E ddsna 6 1.04 143  |2.11 67

Table 4: Varying Marker Parameters

The first or control marker (#1) was constructed with a core composed of 20 3M™ AB5030
magnetic strips stacked on top of each other to form the core dimension denoted for Marker 1 in
Table 4. The core was inserted into a glass tube with a 12 mm diameter, and a solenoid was

5 constructed around the glass tube by winding magnetic wire around the glass tube to the length
identified in Table 4 as winding length for marker #1. The number of turns in constructing the
solenoid to achieve this length was 650; the copper wire was 26 gauge. The measured solenoid
inductance is the value denoted as Inductance for Marker #1, and a capacitor was coupled to the
solenoid to tune the marker to a frequency of 145.7 kHz. The marker Q was 147, the marker was

0 read at a maximum distance of 2.46 m with the locator (the maximum distance at which a signal
strength above background was measured) and the signal amplitude at a distance of 0.51 m between
the marker and the locator was 72 dB.

Marker #2 was constructed identical to marker #1, except the solenoid for marker #2 was
wrapped directly onto the core and not onto a glass tube. Marker #2 had a higher Q and the marker

5 was read at a maximum distance of 2.6 m with the locator and the signal amplitude at a distance of
0.51 m between the marker and the locator was 74 dB. The better performance for Marker #2 is
postulated to be due to the overall shorter length of the magnetic wire required to produce the
solenoid since the wire was wrapped directly onto the core, rather than the glass tube, and thus the
associated decreased resistance due to a smaller core cross-section to wrap.

0 Marker #3 was constructed identical to Marker #1 except that 24 gauge wire was used
instead of 26 gauge in winding the solenoid. This decreased the total number of turns required to
achieve the same winding length. The resulting Q and maximum read distance was about the same
as for Marker #1, though the signal amplitude was somewhat higher.

Marker #4 was constructed identical to Marker #1, but the core thickness was 3.18 mm, half

'5 that of Marker #1. The resulting Q, maximum read distance and signal amplitude were somewhat
less than that of Marker #1, which was expected given the reduced volume of core material.

Marker #5 was constructed identical to Maker #1 except that the core was shaped differently:
the core was composed of 15 strips of different widths of the 3M™ AB5030 material in such a

-10-



305 650 26 1.39 137 2.29 75 6 305x6.35x1.59 5 302 650 26 0.749 23 1.27 45 7
153x6. 35x6. 35 20 151 325 26 1.04 143 2.11 67 Table 4: Varying Marker
Par anet erwo 2013/0030Bke first or control marker (#1) was ceosiusacod3edt h a
core conposed of 20 3MI'm AB5030 nmagnetic strips stacked on top of each
ot her trr?an];ug)rrag]tcg Qrgulgt% raecirgliﬂgrecr}cs)s?s%gct%%h %aef‘lger ];#9 Iilaclivg1 rdé(c?éasél'd b,n maximum read distance
and signal amplitude compared to Marker #1, also postulated to be due to the reduced volume of core
material.

Marker #6 was constructed identical to Marker #1, but the core thickness was one-fourth that

5 of Marker #1. A substantial drop in marker Q, maximum read distance, and signal amplitude was
measured compared to Marker #1, also postulated to be due to the significant reduction in volume of
core material.

Marker #7 was constructed identical to Marker #1, except that the core length was half that
of Marker #1. A decrease in the marker Q, maximum read distance and signal amplitude was

0 measured compared to Marker #1.

While these are several embodiments of marker constructions consistent with the present
disclosure, they in no way are intended to limit the scope of the present disclosure. Upon reading
this, an individual of ordinary skill in the art will be able to envision a variety of combinations and
modifications consistent with the present disclosure.

5 Positional terms used throughout the disclosure, ¢.g., over, under, above, etc., are intended to
provide relative positional information; however, they are not intended to require adjacent
disposition or be limiting in any other manner. For example, when a layer or structure is to be
“disposed over” another layer or structure, this phrase is not intended to be limiting on the order in
which the layers or structures are assembled but simply indicates the relative spatial relationship of

0 the layers or structures being referred to.

Many modifications and other embodiments of the invention will come to mind to one skilled
in the art to which this invention pertains having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings. Therefore, it is to be understood that the
invention is not limited to the specific embodiments disclosed and that modifications and other

'5 embodiments are intended to be within the scope of the appended claims. Although specific terms
are employed herein, they are used in a generic and descriptive sense only and not for purposes of

limitation.

-11-
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mar ker Q maxi mum read di stance, and signal anplitude was neasured conpared

to Marker # al so tul ated to,be due t he significant r.ed {on .
Vol urre fof - cde TaREBr i Sient1d Soly ety i B b e Y ARG 1,
except nidia@t whiemadkLnihgmgichard@sridialdsohdn@tre@fendpsidBs mhker Addeiei@agR i n the
mar ker _Q, _maxi num read di stance, and signal anplitude was neasured conpared
to Mar REpsigand the markgyganbepestred o theicengdnal bendwditi-nent s of mar ker
constructions consistent with the present disclosure, they in no way are
intended to-him .CO - r di,scl osur Jpon reading this,
an i nd?\'/i dueg:he Eﬂah%?& ?ﬁ%&yﬂgﬁhﬁﬁlﬁ ?l% “E)aﬁlg&gl?% anvétﬁ(fngbcz&gg?céllojﬁ 0 envision a
variety of conbinations and nodifications consistent with the present
digscl 099r €. The markdP@8ElhinPNAthet@l T fEBE hiphetidRneidtialtddtpeis Gl RasHL frof: He
over, under, above, etc., are intended to provide relative positional
i nf or retM 68;5000%&{Fér , they are not intended to require adjacent disposition
or be limting in any other manner. For exanple, when a |ayer or structure
isto qg "dis qsed ver" anot her IaMle uct ure,. tpoicﬁaiﬁ rase i s not

' r

. elongated.s 08 comprisi rglil%)(/) \Bl\ﬁ]r.%tr 1S acc an
i nt ended t o ‘Be” TTERE PHY 0T O RESBF AR PERPRE YUV’ B structures are

assenbl ed but sinply indicates the relative spatial relationship of 'Othe

llayers j0r strhdelfcesr Q&Y fﬁt@ﬁe@"cérﬁﬂrisﬁﬂga%ﬁ}freﬁiﬁ%c&'i%ﬁﬁ%n%ﬂiﬂ ot her

enbodi nents of the invention will cone to mind to one skilled in the art to
which this invention pertains having the benefit of the teachings presented
i n the IBor egomnthodetmnkipg hoeisctand hirkerdosmaikaigedhsdraldriigss, thEheatieddore, it is
to. be under.stood that the invention is not [imted to the specific

embodi TEMPYS ¥ scl osed and that nodifications and other '5 enbodinents are
intended to be within the scope of the appended cl ains. Al though specific
terms are enployed herein, they are usé# in a generic and descriptive sense

only and not for purposes of |imtation.



WD 2013/ 003052 What is clainmed is: PCT/US2012/ 042364 1. An electronic
mar ker for marking obscured articles, the nmarker conprising: a core nade of
f | exi bl e wagnsdoaoseat eri al ; a sol enoi d di sposed around wPha/userie/04z64 5a
capacitor electrically coupled with the sol enoid, wherein the marker is

tuned to respond.t.o a signal characteristic resonant frequency. 2. The
mar ker of C@ipméln&,ﬁg?rg?w%leﬁgh@%?lg MEZECUEBYY Y i al 1y uniform flexibility.
3. The mar kek) ddposihgh IdldnoidhRued helhb®; &@re i s conprised of honpgenous
flexible nmagnetic naterial. 4. The marker of claim1l, wherein the narker

has subst antP)flqcirice e capiipe & Ranesitarayithstbs tolenoih nughtthat theguakenys Bnedtopend

radi us 1QhohER%sifhaPat TRLSEScARic WG Rar? ie@l@py.- 5. The marker of claiml,
wherein the marker is disposed in a flexible housing. 6. The marker of

claim5, wherein the housing is fluid inperneable. 7. The marker of claim
5,5 wherldi n tThe nlechesliofiglairs 1 Brderof thereredfas subsghtidnsifoym fetipityhyl ene ( HDPE)
or a heat shrink material. 8. The marker of claimb5, wherein the housing
with the marker has a bend radius of at |east 0.3 neters while maintaining
t he chdPact dihe stcthodogslaimme. frutless Gemprsieg the fllowang®er:and wherei n t he housi ng

and the ”Hr%@ﬁﬁﬁ%@n&ﬂmﬁﬁﬁk&ﬁﬁgﬂkﬂbkhﬁhﬁngrigi”al bend radius. 9. The
[ [ Ker

mar ker of claim1, Wherein the mar as an obl ong cross-section. '010. The
mar ker of claim 1, wherein the flexible magnetic material conprises a

mat eri ab. f r ame feehodMf AR 0O OvI%esih €& holsing dMlue] iapgahablesupport conprising a
plurality of markers according to claiml. 12. The marker of claim1,
further conprising a radio frequency identification chip. 13. A nethod of
maki ng 1ldn elTde meghwidef damk &9, Whereinthelbionandis seade etihigh densite solyethilcpettHRE)

" Qe oMIL §h A9 shrintRa 2013/ 003052PCT/ US2012/ 042364 (a) providing a core nade of
flexi bl'e magnetic material; (b) disposing a solenoid around the core; and

18. The method of claim 13, wherein step (b) comprises wrapping wire around the core.

19. The method of claim 13, wherein the flexible magnetic material comprises a material from

the 3M AB 5000 series.

20. The method of claim 13, further comprising:

5 (d) electrically coupling a radio frequency identification chip to the solenoid.

21. A conduit to be disposed underground, the conduit comprising:
a fluid or gas impermeable body;
an electronic marker attached to the body, wherein the marker comprises:
a core made of flexible magnetic material;
0 a solenoid disposed around the core; and
a capacitor electrically coupled with the solenoid, wherein the marker is

tuned to respond to a signal at a characteristic resonant frequency.

22. The conduit of claim 21, wherein the marker is encapsulated in the body of the conduit.

23. The conduit of claim 21, wherein the marker further comprises a housing, and wherein the
5 housing is made of the same material as the body.

24. The conduit of claim 21, wherein the marker further comprises a radio frequency

identification chip.
-13-



(c) electrically coupling a capacitor with the sol enoid, such that the
marker is tuned to respond to a signal at a characteristic resonant

f r equencywo2am/00bs2net hod of claim 13, wherein the corePhagissubsszntial |y
uniformflexibility. 15. The method of claim 13, further conprising the

foll ow,ng s : i sposi ng the ker.in fl exi bl e housi ng. .. The
ot hod 207 ol 2 Ardst o RRRE T ek h TR G itk Of P st B o equal R

met hod fRkibaltabMhd Sendotier ei n t he housing is nmade of high density

pol yet hyl ene (HDPE) or a heat shrink material. 18. The nethod of claim 13,
wherein step (b) conprises wapping wre around the core. 19. The nethod
of cl ai2m 13 Thekerditpf chiem £1.extichiie theaepkdrilengtheis ey thakangonp0.15 ewtess trdt@@r i al
fron1t@§té§1AB 5000 series. 20. The nethod of claim 13, further conpri sing:
(d) eIeé%rrcaIIy coupling a radio frequency identification chip to the
solenoid. 21. A conduit to be di sposed underground, the conduit

COTPri S7NY: The kbitivet P ElaBRS 1 I WRSSMBRRLEIMALY pipdn el ectroni ¢ marker attached
to the body, wherein the marker conprises: a core nmade of flexible nagnetic
mat eri al; 'Oa sol enoid di sposed around the core; and a
capacitor electrically coupled with the sol enoid, wherein the marker is
tuned to respond to a signal at a characteristic resonant frequency. 22.
The conduit of claim?21, wherein the marker is encapsulated in the body of
the conduit. 23. The conduit of claim 21, wherein the marker further
conprises a housing, and wherein the '5housing is made of the same nmateri al
as the body. 24. The conduit of claim 21, wherein the marker further
conprises a radio frequency identification chip. WO

2013/ 003052PCT/ US2012/ 042364 25. The conduit of claim 21, wherein the
flexibility of the marker is greater than or equal to the flexibility of
the conduit. 26. The conduit of claim 21, wherein the marker length is in
the range of 0.15 nmeters to 0.60 neters. 527. The conduit of claim 21,
wherein the conduit is a pipe.
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