Bl I r M\l C TAMPER EVI DENT SEAL [ 0001] This application
clains the benefit of provisional application serial
woao078891597, 174 filed Nov. 15, 2005 and i ncor peCcamseooby44248
reference herBiHCTRONC TAMPEREVIDENRBER S
application relates to a cost effective electronic
security seal for sealing cargo transportation units
carrying a variety of goods and for detection of
tanpering with the transportation unit. The device

oo i1 2 eS8 oL 5 B SRR Wb g porsr. 17
o b B b G BT b A TERECL 55

transportati on of goods are susceptible to tanperi n?. )
[0002]Hhis tapstlicgtioniselsites éplancoskaflectfe slaciionia sgeydy saal for sealing
fakes are problens facing the transportation industry.
cargo Taasppdaticen Uoits carrgog dsvariatyof goods and forbdstection of tampering with
di fferent nodes and supervision of the goods can not

the trdrsporatibhcanit. YT RiRvider 886 fdifteSnbithe lse s RRAESIS fIT measuring
chain. A need is therefore seen for a security device

additidtcr%g B85 88A%d !é‘?ndﬁ}éﬁ% !Jrh{?ﬁidﬁ‘g%%' méggggq the quality of the

sportation unit. ere is also seen a
oodngggsiﬁ%in the occurrence of a tanpering event.
9 [ fgo tanper evident seals are known. For
npl e interest is copending conmonly owned U
{Paf, angnorieh
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Security Seal filed March 16, 2005 in the nane of
susceptiie dofamperirasTiaeft of gapds pureniacritenis abarigingl opods by fakes are
2005 as US publication no. 2005-0231365. In the '1365
probleapplfaciagi thg tmnspottetign dpeusttye dT czmispertatoniraft goseésloccurs via a
for cargo containers and the |ike includes a housing

numbe¥ bhdiferé@NERAEE Mnd BMBErisiin \bof IH&Igdads P&t hen bef practically done
illum nated LEDs representing a nornmal or tanpered

d uringsth@teenéﬁ’é tt%n%b{)ﬁé‘ﬁ@rﬁj clﬁﬁg?‘lﬂl haskidtheraiote Fegﬁ foic2 BEEUALY device for

stranded steel wre t as an 1 nternal conductor
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for identifying the occurrence of a tampering event.

[0004] Cargo tamper evident seals are known. For example, of interest is copending
commonly owned US patent application S/N 11/081,930 entitled Electronic Security
Seal filed March 16, 2005 in the name of Theodore R. Tester et al. published on
October 20, 2005 as US publication no. 2005-0231365. In the ‘1365 application, a
battery operated cable security seal for cargo containers and the like includes a housing
witﬁ a transparent cover for visual inspection of illuminated LEDs representing a normal
or tampered state of a stranded metal locking cable. The cable is stranded steel wire
that has an internal conductor whose electrical conductivity, e.g., resistance, changes in
value to manifest a tampered condition when severed and also if reattached, e.g., by a

solder or spliced joint and so on. The electrical continuity of the conductor, which is of



value to manifest a tanpered condition when severed
and also if reattached, e.g., by a solder or spliced
woaooTosawsd so on. The el ectrical continuity of PCIAIS2006/044248
fixgd e gthisid o iiel golgldotrical nansinals if kite seallbdayglis moaitored by a
nonitored by a circuit in one enbodi nent for a severed

circuitSh ¥n@ erhb&dimdrit ides is@@ere-drgég/?t%%é’.y %rﬁber:irg:f.i ’Fﬁé%ﬁﬁdh&?r resistance

nmonitored in a second enb nment corre ed optionally
. , . her [ i
s morrel i GiseBond b RIeER kot ERE! SH AT singrbr 55t ambient
resi stance, due to environnmental influences. [0005]A .
tempergfist PO 2 bty o) tSRais B8R 1A raEweRprEs BEUALAIANS luesistance due
'1365 publication has an internal insulated wire of a
to enviropgentalipiyencdse end of the cable is fixed to the
seal body and the other end is adjustably |ocked al ong
[0005] Aeretatlyely Icostly tsteel sthandash witsodgbleyof theab1365 gquibliagtion has an
device, e.g., a collet. This arrangenent is of the

internalyipeulditext Wireast a fixed oty OneemdUs tRetcablis fixed to the seal body
5,582,447, the collet wedging agai nst the cable and

and thebihéldehd i agi}ma@ IBeksd BbrRefR EQplkaekgt® RPkeal Body by a

t he housi ng. RFI D communi cation systemis al so
' sgd £ or Leati t of. t t :
cable J36h oG8 e e e Cpifodiits ‘4 RrEbBihtops Of §igdvfe 'dsciosed in
Pat ent : 46, 616 [ gned, to TriTech . .
commiPly Burse L Pat fpq 5583 44 0rsnedli\sedoigg aaaigstpthe cable and
.6,097, 306; 5,582,447, comonly owned with the present
housing, jnj gatarated BoBFNY| Rokendo clegrkothengabler Jo tenthgusigs An RFID
are widely enployed. The containers have doors which
commainicatiooksysterhis aldot disblased famcbrapenicadingithe staterafrthealable to an
| ocki ng seal s. Robust steel bolt seals and stranded

exterrsd] geliceabl e seals are wdely used to | ock the doors of
cargo containers, truck doors or the doors of railroad
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Lid., $%, %3 5885 8. BYeBuA 5608788678 BRRAT, B finbFY Bliiba with the
present application.

[0007]In the cargo industry, containers are widely employed. The containers have
doors which are locked shut with hasps and secured with mechanical locking seals.
Robust steel boit seals and stranded steel cable seals are widely used to lock the doors
of cargo containers, truck doors or the doors of railroad cars, for example. Such seals
may include a steel bolt, as shown, for example, in commonly owned US Pat. No.
6,265,973, which discloses an electronic security seal by way of example. The bolts of
seals, mechanical or electromechanical, are relatively costly, i. e., steel, and have a

head and shank, which is attached to a relatively robust locking body having a shank

locking mechanism. The mechanical seals with a locking mechanism using a steel bolt



seal s, nmechanical or electromechanical, are relatively
costly, i. e., steel, and have a head and shank, which
wooEossished to a rel atively robust | ocki ng bo#gThamiong44248

seal (A AEKHEIE khbldyiii diliv s inTdemmeeheowasl 58 Fats viNbs. 4,802,700;
I'ocki ng nmechani smusing a steel boltsef |i i ,alb h{

5,3471689% 8r sMsREERNl y owned US Pats. Nos. 4,802, 700;
5,8%27r689; or 5,450, 657. [0008] Another nechani cal
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t he seal, the disclosed | ocking collet permanent I_%/ )
steel strrmdeq pebleralinsastedciatn the locking bnstyofdbe saal thpdisglased locking
pul | ed through the collet |ocking the cable about an
coliet gerinahently ldaksdbe wshank dvetalle 4o tha body @sbihescabhel iss pglied through
bolts are relatively costly for mass produced seal s.

the cdllROMKMY BV 34B16%IsH e GinoatisicatosipaIsengredie vMetalfstranded cables and
renote el ectronic nonitoring the secured status of the

steel BO 5@ refAtRefPddstly ORfaRs HRGludRiYeftsgageabl e with a
seal 1 ng device having an optical fiber cable or

[0009%;%/5@6&&&6%@5g&?ee{ﬁﬂga@e\ﬁ% if{ina}erhp%hlelectrppi_c menitoring the

ssron circuit o~ an el ectrical cCircu

seal, bod ont ai.ns sensi ng, arran nt which nse .
securdfl S8 I {FBnd6vies o pE BRUISECRAY ReSer iy, Shygdgeati with a sealing
‘ _break in the continuity (optical or e|lectrical) and . .
device dnaning o2 i tical Meyesibie ohelacticalnwifet coupledigean optical light

condition to a renote | ocation. The sealing device can
transmisslandeirguiéi oglte an relectricah cipuit.cdhecseadudody ¢antainsga sensing

a shackle with a protective sheath, which may be a

arrandémshbvbidrapensds charfes\ihi sHara@gristicsrof gleadiroutt] el izgbrbak in the
menber. The end term nals of the shackle are affi xed

contirigﬂgtngil?)tiféﬁﬁ!or bog¥trical)easg nYauRicafits S gdth &St GRRCHR transmits a

i ndi cating a di sconnection of the shackle and a
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an opﬁgglucrgﬁd%c?o%afgrnqi%\éiacsehe\{\ékﬁg w?thdaebl%?g&R)eesh%%%,ewhich may be a flexible
tape strip or which may be a relatively rigid member. The end terminals of the shackle
are affixed in the seal body. The sensing arrangement produces a signal indicating a
disconnection of the shackle and a change in the detectable circuit characteristics,
indicating tampering.

[00010] GB 2 368 174 describes a security seal device with a detachable cab!e
and a display indicating reopening. The cable is a part of a sealing member having
enlarged heads at its ends. The enlarged ends fit into sockets in a housing and are
locked into position by a movable sealing cover. A detector records if the cover is
moved from a closed to an open position. The sealing member may complete a sensor

circuit when attached to the housing for detection of tampering with the member.



and a display indicating reopening. The cable is a
part of a sealing nenber having enlarged heads at its
wenaw/059itee enl arged ends fit into sockets in aPODWSRI0G/044248

[000 181, anesl PEk et BB TS| dis@psdy af dIBMtANIE s88PWItRG housing and a
© cover. A detector records if the cover is noved froma
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ensor cCircul e housi ng

for .detectiqn of tanpering w he r. di €

be a CFRARIGCAIB TR iR eh B ib R EEERG iy o Tt S g the other
co-operable wth the housin o fqorma seal, Th

releasabiz Gne iFTRBRIVERH] BECGESS Inckedingaatiahby @ Kckggember. The
at one end to the housing by a fixture and the other _

coaxialetabie hbs @ncouter stacksbeatbdsolated fremearsinned cppduetivsi ¢pre by a thin
position by a | ock nenber. The coaxial cable has an

isolatiagt tebesinesuicrs et that siod @oesl ahdotimeasheath eform e dapaciiar, where the
core by a thin isolating tube in such way that the

capadi@hte ¥2pehhs ohRaliEndtA I tRe GaBRC The fixeWideoftthe inner core and the
capaci tance depends on the length of the cable. The

fixed fgh{ietﬁi tﬁﬁ%u‘i’ r S{iath 438 rel&ﬁﬁﬁll gooﬁﬂr%g}:étdégﬁtggﬁwteoferﬁﬁ\fals of an 1/0

er sheath are electrica opposite
. terminals of an 1/0 . devi.ce,of n cr 0 ' .
deviog S aLmiagPiaserry FITAINGY 17 A5e PBytihd: AF Fedibalernyals thpdO device
devi ce outputs a voltage to charge up the cgble .
outpugs Fa¥pltage te Ao it Shericable ERe @@ratﬁdavrefﬁas%‘ém"ﬁﬂ charge and
measuring the decay of the voltage it can be
voltagte tBy rieasuring dhédecanof thepveltags it saade detefpined] woether the cable
US Pat. No. 5,298,884 discloses a tanper detection
is intawt benbt. and nethod for use with a wearable transmtter
tag conprising an el ectronic house arrest nonitoring

[00012]St emMysTPat. INeS §,808,88UdRstIdSesPa tdriPerOdetactigratiptuibin@ method for
| ockabl’e strap. The tag includes tanper detection

use i BpPBIRLISISLTES 08 POABFBLR 4P SRR, hBCes s motorn
sysoff, e T S o BT B0 T3, 7 SHORIE QBB B inctuces
tampérit ,rdgéej_cttiogect:i?&itsry afg)r/ dcqugt?nzs ai’ctgmrp(‘?sS itg trae?r?gveoghé hs?rap by cutting or
breaking the strap even in the presence of an electrolyte. The strap has an embedded
conductor in electrical contact with the tag. The detection circuit detects any changes in
resistance of the strap.

[00013] Disclosed as prior art therein is US Pat. No. 4,885,571, which discloses an
electrostatic coupling device using a capacitive sensitive tamper detector with a central
electrode and a strap electrode comprising a conductor also used for electronic house
arrest monitoring by wrapping about a limb of a wearer. A capacitor detector detects a
change in capacitance between the electrodes. The strap is disclosed as a flexible

electrically conductive metal or wire laminated onto the strap. An alternating electrical

signal is applied to the strap electrode creating an alternating electric field which



[00013] Disclosed as prior art therein is US Pat. No.
4,885,571 , which discloses an el ectrostatic coupling
wdevi7osIesi Ng a capacitive sensitive tanper dePeTiUSR006/044248
eniaiiesh G shtddEleEitosleThiadfield sintaracte! with rtddecentral electrode to
conprising a conductor also used for electronic house

generafd £elirr8RNin{tABIdeatraY e MERe@E Ng about a [inb of a
wearer. A capacitor detector detects a change in

[0001gfpaC'Angﬁ§gP§5&f§ rf)(f ’e%‘frro %dgée(s@%étcfo?tﬂehﬁon of the electric
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- onto the s alternatin

cirouitghouiay AL ERE v i i s {ragttﬂ??%@ﬂeafgroa‘%e &ah@ the housing
creating an alternating electric field whichen f '

structyre) inTaiderfipangniter afteropts al tampering entregkied @étth@(férapo The end
generate a current in the central electrode. [00014] A

parts of the stadp pypicalbf atenspeciallyedesigmed: asd ahgumtedtina receiving structure
connection of the electric circuit normally

in thedeonsing.uTieid rgkes ties desighhef ther eap eelbtivelglceetly @mdcthe mounting .
circuit in the housing structure in order to nonitor
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end parts of the strap typically A speci a
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appl i cations needing different %gt h straﬁg si nce
fibers ; grables rjich wiest #i6.. tanapoi rasiht he sadivsied dorthgeregdsiof the specific

predeterm ned. As a result, the length of such straps,
goodsetqy be sealed. Bsirtad) ofdhée qaiorfameﬁs:ussadlaﬂlmmndismqses steel cables
etc., can not easily be adjusted to the needs of the

whichsgrec alljustalnpdset tio lbek sanlagiible Gortheil sealf Howventt,othedtt have fixed
di scussed above di scl oses steel cables which are

electn@gl lepbEHY Whihlis tﬁéhe\%‘d( b?'?hé‘l(o ré<drie |ﬁ\ientt6}§ TR dls useful as a seal that

However, these have fi xed ectrical |engths
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sea nge i € secu
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mventg[&fprguggaﬁeqwt)égg@l [00015] One widely used strap

own as a cable tie provides a reliable and easy
[00015] One widely used strap known as a cable tie provides a reliable and easy

to use strap seal, which can be tightened to the extent required by the application. To
some extent it can provide tamper evidence. If it has been cut or the focking
mechanism has been damaged, it can usually be detected by visual inspection. Such
ties are only mechanical devices.

[00016] However, depending on the sophistication of the tamper event, it can be
difficult to determine if the integrity of the strap has been compromised. A related
problem is that it is difficult from a quality assurance perspective if a strap seal has been

sufficiently tightened. A tamperer may be able to access the contents via a relatively



to use strap seal, which can be tightened to the
extent required by the application. To sone extent it
woammsensi de t anper evidence. If it has been cBCT@IS2006/044248
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y Vis I'nspection. Such ties are only
. chani cal Vi . 6] However, depending on the
'fandg‘gﬁﬂa@?fﬁaﬁﬁ%né\g%?f)ﬁégt%r}fpér event, it gan beg
difficult to deternine if the integrity .of r. :
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difficult froma quality assurance pers ect%ve if .a .

transpariationsafzgoasiss bBeemesTIRTG BHEMASAASATEHAHOT A Wik ailsmentation
may be able to access the contents via a relativelyl oo

of autcshatip iddraificsdoryi(AutaiD) Iteckemologies stheameethte replace adsual tamper
wi Il then never understand if and when that tanper

inspe@itiNt WRHIC UAitethatb80Ckandemndriter ,have | ingiertsieds Traditional AutolD
processes, i.e., the chain of events involved in the

imple%e@ﬁ@?{)ib@%h%%&%@iegg%ﬁicawFé%l@béf@bée@,%mﬂﬁér%ﬂis&ﬁ)vﬁan increasing

| enentati on of automatic

. identifijcat] to 2S, i : i

intereit 3 16blaGTd, BRreddis2 i, LR RS (deRERERRR s, more widely
arrapgenent s ve increased,. Traditional Autol

o 5 BRUATADS oS8 U gloradiegtonsd GopeRdie, Anilion of Theodore R
barcodes, but there is now an increasing interest in

Tester disicassed abave viigh useshsweldiagst r equency i dentification
tags, nore widely known as RFID tags. See the )

[00018] or enFhbipresehtdnpentdis recappizecaneed tofsolMectbertove, problems with
Test er di scussed above which uses such tags. [00018]

relativelg nitire LRty iandestingsiex 6 Golt z@dasteelechitio seals\and foeprovide a low-
above problenms with relatively nore costly and conpl ex

cost ?E@ﬁ&ni@%t‘ng%? dyRichestrapleal A8AhS the Behefifer sharfladjastable strap that
owcost el

l'ectronic tanper evident strap seal having
can B SbEREH st 25 APhSIERRC e8It Bicpn of an slectonic
monigyiog BEGHT, #4Mas HSHEREN I e & BTN A QU gpplication of
Teste?f;ﬁt-rfé.t :&hggétcglgétrggig;?ﬁpﬂr@:}s&&%s Sc:%%ulraietgutg%sétti%gﬁy and reliably
monitored and are advantageously not prone to subjective judgment. Additionally, a
need is seen for an electronic security system that fits into an AutolD infrastructure and
allows the state of the monitored items to be scanned at the same time the identity
information is retrieved without additional steps.
[00019] A need is also seen for a tamper evident strap seal, which is less
complicated, of relatively low cost and easy to manufacture as compared to prior art
seals discussed above and rélatively easy to use on a large scale where a multitude of
units need to be sealed.

[00020] An electronic security seal according to one embodiment of the present

invention comprises a body; an elongated electrically conductive shackle; first and



nonitored and are advantageously not prone to
subj ective judgnent. Additionally, a need is seen for
wano@lsetst oni ¢ security systemthat fits into ROTASR@bD44248

seé@hﬂ@@c&%&@%ﬁrﬁﬁ%ﬂ%%&% is'daBuy h%f%ottﬂeaé{@?tﬁl{&éﬁ t the shackle

scanned at the sane
in & sfiaBHETTbked atp W@!ﬁeﬂe%a%ﬁa'ga irh;'a?c%%'w%%a%pgpﬁage with the
shacglg: Itthﬁ\r/lmﬁhég‘%%ﬁqelo e”?éﬂfﬂsgg a@gﬁpliﬁ?lb% Ithvg?\{lg%@@rtvf\\lgr ferminals. A

seal s di scussed above and relatlvely easy to use on a
meagyingeciseuil is inslideddformmeasuing tbe imredanneed decking arrangement is
seal ed. [00020] An electronic security seal according
also inglusies! fertankingeie sifacklegtothededy. i nventi on conprises a
body; an elongated electrically conductive shackl e;

[00021) st dndsite 'enbdditent, iedch! iR H=E &esoee@r tr@céuhﬁg the shackle
body and coupled to the shackl e in a shackl e | ocked

thereﬁﬁr%h@h"‘ﬁheé ﬁjﬁhér@n&ﬁdelmeﬂ@'tge sA50kid |§§l§&'tr?c?éll§/ 'Eﬁﬁgﬁ‘&ﬁ% plastic.

h™t he shackl ance nani estin
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COUPL%@E%F@% 85?%%0&9/ th Gﬁi}ﬂd'mﬁr\bn CcibBadangR ascgean from the

term nal has a bore for receiving the shackle
meaguiingetifauiiigian Re netivark fasmesniotheneanacitanee babrarethesat least one
el ectrically conductive plastic. [00022] In a further
termisabanid thenshaclkle beddthe efectiidal tresistagcaiafshs shackle length between the
capacitively coupled to the shackle. In this

one ®rdelinEmd a sbCondrsHAnge #P aSSENTdrtHyn éBodlasit bhdeast one AC
circuit is an RC network forned by the capacitance

curre??'ié"’ﬁ?ﬁhé@%o e lRISAst VIR ¥eer¥rﬂ?|ﬂ &rfé‘gﬁaﬂﬁf Eéﬁlﬁé‘ldthrough the

ectrical resistance
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curefP i rgﬁff el s B sl el and Rdoblls! SRt S8 by the
termnals. In a further enbodinent, the circuit

shaclggmqrggn babveen the terminals.

[00023] In a further embodiment, the shackle comprises an electrical insulator
surrounding an electrically conductive thermoplastic core.

[00024] In a further embodiment, the circuit is arranged for measuring
displacement of the shackle between at least one of the terminals and the shackle.
[00025] In a further embodiment, the circuit includes memory and an arrangement
for measuring a first impedance value when the shackle is initially locked to the body at
both ends and for storing the first value in the memory, the circuit for comparing further
measured impedance values to the stored first value to generate a tamper signal when

the further value differs from the first value by a predetermined amount.



currents at different frequencies to the termnals and
shackl e | ength defined by the shackle portion between
woOher7ossisi nal s. [00023] In a further enbodi menPCTUSE006/044248
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ﬁﬂf of the termnals and the shackle. [00025] In a .
[00027} ¢ herlneaifBdnerAMbodiaent theiRF tirpsceiver rembrisenitransmitter for
arrangenment for neasuring a first inpedance val ue when
transnpilingndair|using back-s¢attaring moleldtion. t he body at both
ends and for storing the first value in the nmenory,

[00028F ci rlow furfher endigaimieny the shaekie firestsanded noided 4 @esecond body,
values to the stored first value to generate a tanper

the letkiRg! arvdiederh&gt fneludivey aVQhé&ﬁdé“IééI@ﬁg nhérABef BBchilddSto the second
value by a predeterm ned anmount.IlISIIrtH i rlient, a

body'tr SH R frSAUFRCYh 4RI fthaé?ﬂC%in\fiieégnn %ﬁ%ﬁgéﬁ%n?% 51?%\89@&?% second

0 an external interrogati on s moni t or

e f shackle. .[00027] In fur [ e .
body, BIBE! 7, B8 b thel b Ecufe, wis? 2 Hassls tiatbhriBhifistbody and is
f ransmtting data using back-scattering
|00k%{;g{§{1ﬁ%§3?gﬂngm8§%q. In a further enbodi ment, the
shackle first end is nolded to a second body, the
[00029)k ki ndnaa fusthss mmbodimentdha ghackleassdond etk passeasetiineugh the first
secured to the second body spaced fromthe shackle
bodyf ithreughrttie lackingmnmembengedethtougbr thet $esdnidnigodyhin spacadi relation to
body to the first body so that the shackle first end

the fipstssiels t hrough the first body and is | ocked to the
| ocki ng menber. [00029] In a further enbodi nent, the
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[ooo§1a]°h c%rp gif%?th%r embodiment, a second body is included having first and
second portions hinged to each other, the shackle having a first end attached to the
first portion, the locking arrangement including a shackle locking member secured to the
second body second portion and spaced from the first portion, the shackle locking
member being aligned with the second terminal for receiving a shackle second end
therethrough and spaced from the first end for locking the second end thereto, the first
terminal for receiving the first end therethrough.

[00032] In a preferred embodiment, the first and second portions overlie one
another, the first body having a recess for receiving the second body therein.

[00033] In a further embodiment, a temperature sensor senses the ambient

temperature and a storage medium is included for recording the sensed temperature,



cylindrical menmber having a through bore for receiving
t he shackl e therethrough. [00031] In a further
wentdisyment , a second body is included havi ng PCTAS2@6044248
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ng A gﬁ'n%‘ir I¢ RAMAEr s¥tieRt Seal i Aaluringr Snakediient camprises a
.Shackl e second end therethrough and spaced fromthe
lockimg rustit apd arvelqaiicallycanssictve ahackiedhaviag expposingefirst and second

first termnal for receiving the first end
endst heflee hlockigh. uph0DBRIdesNfiest paed esecethde spadedresiectrichly conductive

first and second portions overlie one another, the

termitialss tth@ adykingvuriig it 16eRiAgSthEOshdckie fivdtnghd BBcSRE @ thereto, the
body therein. [00033] In a further enbodi nent, a

length€BP&hat gﬁﬁ%‘ﬁ?ﬁ?@ﬁﬂﬁ éfé%e Fggb'éé&sncf ?Qﬁ?ﬁbﬁfsurrﬁalﬂl% ting a first

a storage recording € sense

: r r r ' th ured i nmpedance and .t

mpelBHBE Bk elnlel Pl rbte kG, &5 BRirGe SRRSEY ESuBH e e shackie, at

I ,ctar%ejf< ev%dent s&al in a further enbodi nent conprises )

east PN% Lk iy leIMirals HamainaR seepnd dnpydrrsrivdhi the sliagklg, dhe first and
h&\_/i ng opposi ng first and second ends. The | ocking

secof@ impeaaneRfOIMiNG:a canpleeitpriansgced el ectrically
conductive termnals, the |Iocking unit for |ocking the

[0003%]ack! dnfa fisthearemisediorent etheslotking atrit inchuelek englrbuibfor measuring
the shackl e between the first and second term nals

the valoéf 66 tha de@mbleks impeaatba) cethel MKy Niri@lbeidP arranged to allow
receiving and being electrically coupled to the

p t enn K i . .
SRRl 35 Bl AEUSAR B 5EIR5] to e tooking un
N S rm.n conpl ex i npedance.. [ 00035 .
to theiEB0OTREE B o feneoro R FifaBhge Rk WhicBilglpegance manifests

ircuit for measuring the value of the conpl ex
the Sﬁﬂ%@ﬁ}ﬁﬁ@ﬁ the |l ocking unit being arranged to all ow

[00036] In a further embodiment, the shackle is conductive thermoplastic material

[000

and fixedly secured at the first end to the locking unit and movably secured at the
second end to the locking unit for adjustment of the shackle length.

[00037] In a further embodiment, the seal is armed prior to shipment of the goods
secured by the seal. The arming involves making an initial reference measurement of
the mounted locked shackle, wherein a reference complex impedance of the strap and
related coupling circuit is measured and stored. This reference impedance may be used
in subsequent measurements to determine if the shackle has been damaged, loosened
or tightened, or in the alternative, each successive impedance measurement is
compared to a preceding impedance measurement to detect gradual or abrupt rapid

changes in impedance, the latter manifesting a tamper event.



adjustnment of the length of the shackle as the shackle
is being | ocked to the locking unit to thereby adjust
woheovadse of the conpl ex i npedance and whi ch POPAS20V6044248

[ommggﬁm 1 et I8 e Kt dre N e adUPEYAGRT cikdliefdedstdEAC signal into a

nbodi ment, the shackle is conductive thernoplastic

comp{é?tlﬁlpbaén@é‘ chrh;gﬁﬁt'w% ﬁﬁefééﬁsqgn@é % %dh&é?econ he sh%kle between

'Ng Uni't y Secured end

t he | .ocki unit f ad] a

the tetrgm§]aqcﬂ9Q g}ve F'é&g:g&? %or%ﬁg{alggeg{g gééﬂﬁﬁ%@@% rbne of the

t hi t of th d db

termmpfl,% té@ ,ﬁorﬁélt !th%[r}@@gu%g Eh%oorﬁf)lq%ﬁﬁ%e apgé ﬁg @natke resistive and
neasur enent of the nounted | ocked shackl e, wherein

capaaitifee inopedancemplobies. retalickeqiendye measupemant ﬁ&al@@@ where the
coupling circuit is neasured and stored. This

impedagicenehge id dpttanosd. e detenswtbd impedsreguealtie is compared with a
neasurenents to deternmine if the shackle has been

refere%g%ﬁﬂa an@os BRSSYL BB RN EesdId ifdnk ik ﬁéfé@rﬁ@tvavl% triggers a
each successive inpedance neasurenent is conpared to a

tampe?rreﬁ&ﬁﬁ“ ng i npedance neasurenent to detect gradual or
abrupt” rapid changes in inpedance, the latter

[0003§?n' fela'h nf%gtﬁ gr@‘é{%{‘ twli[)%rg/BlI?ee gagclgﬁ %{EB 2 Eﬁ@aﬁt dne terminal
prese'pﬂ?sé‘m%i}%pbﬁée&%%’ceé’%Q%E»em”ir' ctubehhers 1R Jf reiRgpgional to the

and the capacitive reactance forned by the shackl e
adjusteid: activedocied slaackle length betweean bia teiiminals enemd agieh isgthe at least
t he conpl ex i npedance based on the resistive and
one terafinsl drid/ehergp€dapesporéibualso the pulipling betwemmcthe shackle and the at
measurenent i s nmade, where the inpedance value is
[eastgﬁéfémmﬁgp The determ ned i npedance value is conpared
a reference val ue, and a change above a set
resh e
[0004b ar > 9’*% 6‘6@8‘?} %rﬂﬁo{il uﬁthﬂﬁﬁ% ngisgﬁ%lﬁéggﬁfhésglsﬁm@ﬁ{e impedance

Z, the cf?&iﬁ{ Poraanpdplﬁ}nglt\%/%séuc%régsuvee rAE‘, rle,%nals each at a different frequency, 1o

the at least one terminal through the shackle to an output terminal and measuring the
impedance as a function of the values of the two AC signals at the output terminal.
[00041] In a still further embodiment, a control and memory cause the circuit to
measure and store the value of a measured complex impedance in the memory and for
periodically subsequently measuring and updating the stored complex impedance with a
current measured impedance value and comparing the current measured periodic
impedance to the last previously updated stored value, the control for causing the
circuit to generate a tamper signal when the compared signals manifest a shackle
tampered condition.

[00042]

IN THE DRAWING:
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present a conpl ex inpedance Z wherein Z=R + jC where R
is proportional to the adjusted active | ocked shackl e
Wbemgmsﬂaetween two termnals one of which is PO®/USR006/044248

ouok 1% AL TAIE L ARADR Gl MATR) g e unioctes

0040 f h nmbodi [ [
o e S LR e RRREEMIER 2,5 TEL

or applying_two successwe AC signal s, each at a
loooﬁkferéﬁié '%@qaeﬁc?n tS@mwtecabout@asvlewh@ft@ﬁnﬁhapkle and shackle

t hrough the shackle to an output term nal and
attacheenirmambeldoi whishaone el af fthesthackleois fiked waduempidyed in the

the two AC signals at the output term nal. [00041] In
embadistents of Bigshéranerodi nent, a control and menory cause

the circuit to neasure and store the value of a

[00045}as ur FIGURE! £ 'emb%ﬁéﬁf?%le'v@ sififarRThe Jfoﬁg showmg the
periodi cally subsequently nmeasuring and updati ng

shacﬁl'éolhel‘ﬂecl%}?&fééétgﬁgp@88&19@ 'ég %Hglggﬁﬁfétﬁ{(ﬁﬁéégrﬁﬂbe : free end of the

dance va

di.c | danc to. the reV| usl| dat ed
shack s Jog K?Qﬁﬁ@ﬁeéﬁ@ TobRindoR clgptd a0k EPPCui t 1o
ener at e tanper signal when the conpared signals

[ooo:ﬂ@]n. f eﬁlGéJ%ﬁéclmaetOtoaw@ew \e@w&fﬁh%wckﬁd@@alz?f Tigk $HE

DRAW NG [ 00043]! : E bottomview of a security seal in
[00047]e unIRIGURE & ist anl isacnatridiimtgrioo view ehthediopepartion of iiee seal body

present invention; [00044] FIGURE 2 is an isonetric
of thdstalashRigety of the shackl e and shackl e attachnent

menber to which one end of the shackle is fixed and

[ooompl quanUREfBenseaﬁqgérﬁ@ﬂtcSun@énoEr' H8w Jf mﬁdb&torh%ﬂé&‘ of the seal

GURE 3 is a bottomview simlar to the view of Fig.

hackl e in the Iocked state for securing
bmy%ﬁ@?#@f}o tﬁe?eto wherein the free end of the

[00049] FIGURE 7 is an isometric exploded external view of the bottom portion of
the seal body of the seal of Fig. 1 in which the shackle and attached shackle attachment
member are in position for being attached to a mating external recess in the seal body
bottom portion and shown assembled to the seal body in Figs. 1 and 3;

[00050] FIGURE 8 is a cross sectional view of an alternative embodiment of the
shackle for use with the seal embodiment of Fig. 1;

[00051] FIGURE 9 is a side elevation sectional view of the shackle attachment
member of Figs. 2 and 7 and shackle end prior to the fixation of the shackle end thereto;
[00052] FIGURE 10 is a side elevation cross section view of the locking clip used
in the embodiment of Fig. 9;

[00053] FIGURE 11 is an end elevation view of the attachment member of Fig. 9

similar to the view taken along lines 11-11 of Fig. 9;
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shackle is locked to the seal formng a closed | ocked
shackl e | oop; [00046] FIGURE 4 is a top isonetric view
wohod7wssleocked seal of Fig. 3; [00047] FlI GURE BCTAIS2006/044248

[0%%%@?“@%%@%2&?%‘}%% %Ee\}apglagf%qrﬂgrﬁtgg% egf Pfc, t?lg% W&kle of the

i sonetrigc_interjor view of the bottom portion of the

emb%@merﬁ%aﬁlcw- 5?#@ seal of Fig. 1 [00049] FIGURE 7 is an
isonmetric exploded external view of the bottom portion

[0003%] { he @@AJREO'I@,IS@ fragmestas) isgmetrigview Qfﬁhmt@ﬁﬁm@t member and
shackl e and attached shackl e attachnent nenber are in

attachedi shiackler of theeemppodinenthefoFigo24dn reat intermediatenstage of assembly of
recess in the seal body bottom portion and shown

the atizshmenethdmbéme seal body in Figs. 1 and 3; [00050]
FIGURE 8 is a cross sectional view of an alternative

[ooosgjgod! MEGURE t1e ishackdw difflab$s thiat Brthg. ®eaut with the shackle
enbodi nrent of Fig. 1; [00051] FIGURE 9 is a side

attacﬁ%ﬁ,‘é@: {hgb? slﬁ_:ﬁgigé Oé}@gﬁﬁ{%‘f’arﬁ%mgﬁg gﬁﬁgﬁgn glifi‘t&faﬁawqﬂt atached to the

prior-tot

ixation of the.shackle. end.thereto, [00052] FlIGURE 1
attachlrht oiehoBer a4 B co Fislirian $1U7607 by 4 he assepkg o the seal

clip used in the enbodi mnent of Fig. 9; [00053] FIGURE
bodquoff%naﬁﬁ&m el evation view of the attachnment nenber

of Fig. 9 simlar to the view taken along lines 11-1 1
[00057] Fi g.FIGUREF15 is a‘togEplan view of e kickingt dliprofifriggh@nt ed

vi ew of the shackle of the enbodi nents of Figs. 1-3;

[00058PO055]FIBURIREI 6. 3 iassidef slagatitt efbsssestionl diew 6MHY seal of Fig. 4
the attachnment nenber and attached shackl e of the

take®BRRG IMRAL1QA6FI 9. 2 in an internediate stage of
assenbly of the attachment nenber; [00056] FI GURE 14

[ooogﬂagk?’gﬁ&@aﬁ‘#ﬂs AR idoiberi@vidw 9t 1k pRAHedifdit iSard used with the

embodiment of Fig. 1 illustrating the two spaced terminals through which the shackle
passes and the power source battery (associated electronics not shown in this figure);
[00060] FIGURE 17a is a side elevation sectional view of a representative terminal
employed in the embodiment of Figs. 16 and 17;

[00061] FIGURE 18 is a circuit diagram of a representative circuit employed on the
printed circuit board of Fig. 17

[00062] FIGURE 19 is a side elevation cross section view of an alternative
embodiment of a seal according to the present invention;

[00063] FIGURE 20 is a schematic representation of the locked seal of Fig. 4 for
purposes of illustration of certain principles;

[00064] FIGURE 21 is a schematic representation of a portion of the circuit

diagram of Fig. 18 useful for explanation of certain principles;
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attached to the shackle attachnment nmenber with the
clip of Fig. 10 attached to the attachnent nenber and
wonod7swonf i guration of Fig. 2 ready to be assemhiSemo/044248

-t hers@and FrE tian: - .
[0gogs, 62% GEIRE 2041294 KEALRREE ¢ 85‘{:‘13!“'@%2@;?@“%5‘&@ seal similar to
0 Fl GURE 16 . 1de el evat i . GIOS ection
that of F4g, 4} e Biing® aipMyststiof o ZeB M BSER A 1. 16
ooodel 2o FIGLEE 5180 SBRobmalenbispeneiorch o0k S to at o
illustrating the two spaced term nals through which
Fig. 21heseftilfok esploastien obeertaingrinsimes.sour ce battery
(associ ated el ectronics not shown in this figure);

[000670060]n fhésdrtbddiment o Fj. die sgabRatompriseschisaahbody etto which is
of a representative termnal enployed in the

attackéd adshmiKe of Theseallbodd dofitain® W fokkirly @R’fbrhﬁckiﬁg&he shackle

circuit diagramof a representative circuit enploye

there%aﬁ&;% SFduit rer n%rﬁl%%ﬁ é?ﬂiafrgné}ﬁitﬁrﬁ@thel%ohﬁgr%@gﬂgtéﬂr@"aﬁtampered

a side elevationh cross section view

con BT B el o€ Bhod I B hhlp ancs & anc 10,

representation of the | ocked seal of Fig. 4 for

respewp%l@fses R hadyudt FRTPHRSDfURRSt & lemeﬂcbqﬂyewmons 12 and 14,
[00064] FIGURE 2 1 is a schematic representation of a

respgsibivelyowhich tsnapcfit tagethen toyifenm ¢f cemposite hasing bpdy defining an
expl anation of certain principles;IJEr' RE ii i

interrial lcheityn 481 (Fig. e®) eseatdiaing dthe ghatkie l1bckikg dinfesd sleoirbaic monitoring
to that of Fig. 20 for purposes of illustration of

circuitr§td eddddribed Mesiy. and [00066] FI GURE 2l1a is a
schematic representation of a circuit simlar to that

19008, . 9178 Snd 55 i B\ RABH ol ocaP oL e cmpogient a one
end, 2Fi8.oﬂp erxrlms SF’ot?udSe%%robuothhé L}p%e\’rw?)io%?/ piost"tion 12, Fig. 4, through a bore 37
in the upper portion. This is the configuration of the seal 2 as it is made available to a
user. The attachment of the shackle is convenient for the user as it will not be separated
from or lost in transit between the factory and the user or distributor of the seals as
might occur when the shackle and seal are separate from each other.

[00069] In use, Fig. 4, the shackle 6 is then inserted into a second bore 37’ in the
upper portion 12 by the user, passed through the entire seal body 4 where the shackle
engages a shackle locking clip member, to be described below, until it emerges through
the lower body portion 14 and locked to the seal 2 tightly wrapped about an article to be
secured (not shown). The electronic seal 2 comprises two-parts, with a reusable
focking unit and shackle monitoring circuit contained in the body 4 and a single-use
‘shackle 6 which must be destroyed, i.e., severed, to open the seal. The shackle 6 is

made of an electrically conductive material, which allows the integrity of the seal 4 to be
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attached a shackle 6. The seal body 4 contains a
| ocking unit for |ocking the shackle thereto and a
woi2oennseisior nmonitoring and transmtting the nmpaTiuSREE/ 044248
mqhgbn&ggrrty or tanpered condition of the shackle. The
shackl e 6 has opposite first and second ends 8 and 10,

The lgﬁgﬂ’ie% tlﬁr%'%%ht%@d bsg%{:kfe ‘fé"H%"té (ii‘y RREh& ohi?d\‘ﬁ{gf circuit which

respec whi ch sna

get her to form | d
provide gpiantagds: b eaglxeﬁ“%"efsi &Fﬂ%-‘%@g‘*}‘ﬁegiﬁﬁ%kﬁ%&“ art.  The
| ocking unit and el ectronic nnnltor circuitry
measg@g@ent@‘dhg@h@ﬁ}(le[lgmﬂ;g]rowﬁgs gﬁiggqqn@l %ttrrlgutg%érﬂﬁtépgy be monitored
| ocked to the seal 2 in this enbodi ment at one end,
and Fpgidelan dndicption rafdampeningugtt proyideshby tsaly WHT @i fixed electrical
12, Fig. 4, through a bore 37 in the upper portion.
shacKlénlemgtiss.t he configuration of the seal 2 as it is made
available to a user. The attachnent of the shackle is

[ooomnvenrrﬁrrcr fog, e ysRr Bedy [paibh NR! vasicReRraasiedd one piece
fromor Iost i'n transit between the factory and the

thermk‘r?f%{strﬁ,r rﬁl&déé gréteoovaﬂé 119F e SRS 2f \ﬁlli‘rEhot%ﬁHWa‘P@edi their upper
the shac

seal are se|dar ate from each

odos ld e i ool FabIe I i i g ectons, 20

2 t he user ed t hr ou the enti re eal
30 a'\%h%‘r Sectians RaAnh38 sgge%oa&egﬂaeﬁm é,nq"aeri vl @ Settion 28 has
menber, to be described below, until it emer
a flat wallo2ih lendhsedtione30 basiy parelieloiat malhag qooarze’@dtr@ walk 19. Walls 19,
seal 2 tightly wapped about an article to be secured
21 afch@3 fogrowthe tdbesxdbmal vmliscok ed bddyopqtionet2, Fig. 4. The wall 18
two-parts, wth a reusable | ocking unit and shackl e

extend® rrrdrﬁrwarg 29 éﬁd“v&a"c?ﬁte@dtélﬁ% fromt Wall 2y Walindo aand 24 are mirror

si ngl e-use shackle 6 which nust be destroyed, i.e.
rmagecﬁe‘(r‘?(%lﬁﬁl% g%?erﬁggn g‘l |(€e§§l?r% tS-eE:?r@ Ei’%ﬁqﬁ a:v?%llgaﬁl? .@j aftd 29. Two

crrculer ﬁﬁlﬁ‘grlgél S Fo&ssegé rﬂ%waﬁgét%)gt{ﬁghﬁ} o%efrr]:regfs fgprﬁed by the
side GplE (1 Gl %é@?&aﬂi@i@?ﬁ&ié‘ fhtios 9B: hayd @ fiaush bore 37 that

extends through the wall 21. The stanchions 36 each receive a terminal 146, Figs. 16
and 17a, via the stanchion bores 37. Walls 19, 21 and 23 form the top external walls of
the upper body portion 12, Fig. 4. The bores 37 of the stanchions 36 and bores of the
terminals 146 receive the shackle 6 therethrough as seen in Figs. 4 and 16.

[00071] In Fig. 6, the lower body portion 14 is molded one piece of thermoplastic
material, which in this embodiment is the same material as the upper body portion 12.
The lower body portion 14 has a planar bottom wall 66 in section 36 separated from a
further complex bottom wall section 38 by an inclined planar bottom wall section 40.
Upstanding side walis 42, 46, 48 and 50 extend from the bottom wall sections. Wall 42

extends from section 38, wall 46 extends from section 36 and mirror image walls 44 and
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measur enent of the shackle | ength provides additional
attributes that nay be nonitored and provi de an
wondi7oaticon of tanpering not provided by seal sPOTUS2@6/044248

48ty ettl SEtiohsi 36 p8bldkkl 40.| Thelside whl9a4Qnd 48 idgudémale detents
the upper body portion 12, which is nolded one piece

50 wh@ébe AL HStent REdd4dBS 3P Hey V81l lasché%fgépboa? pRifGbré42 to attach

termnate at their upper ‘edges

o o7 BB F2RSH GO g o TP, BRSA R A GRA
oordf"2 SRRRT. Bl e o TR secons

wal | 23 connected to wall 19. Walls 19, 2 1 and

52, 54 anenS6h Sedioncdd basal flax/dvalls%ihath%sa@@gﬂ porye Hat V.I!Q“ 60 of section
Fig. 4. The wall 18 extends fromwall 2 1 and wall 22

54 anésepadted fam welll 6By intdinkd w2l G2dSeetioar &5 has rdilat wall 64 parallel
i mages, include detent fermal e recesses 32 and extend

to walf 60indedpated dbové3valneo 2out ﬁEWQasOm?IS whave Wil 601as alvall 58. Walls
stanchi ons 36 extend from wal | within the recess

58, 60 ARG B¢ 15%%"?1' t@%é‘f@%%é%ﬁ é@bnor?ée.aﬁﬁ% Welils 66, 58, Boe62 and 64

st anchi ons ave a throug ore t extends

all forr{nh% %Hﬂgﬁn \Q%Ié%élpggto]rﬁ%ﬂ-tgﬁ 00%&/329%' F—‘Ef t1ﬁ6Tﬁ anc%]&'gﬁé 48 24, 46 and
18 1offiele ¢ i Uigh ofods '8 oh kg SBoSKhRhgRaton tat i
37 of the st anchl ons 36 and bores of the termnals 146

complegwntery tonand matks with thaester gpoligiratien sbEe PAPE gdgesiof the side
and 16. [00071] In Fig. 6, the | ower body portion 14

walls oftheolpieer portiopitec EigfsS, tthéomrblhabbdy: Aorkige rl, alefinidg eavity 16 , Fig.
in this enbodinent is the sane material as the upper

16. body portion 12. The | ower body portion 14 has a
pl anar bottomwall 66 in section 36 separated from a

[0007§¥’Irt heg C&fQP'o‘ﬁénﬁ@t TOR Y@Heoeﬁ%u S waM @“ahﬂ“édrﬂﬁﬂded by an

anar ottom wa section tandi ng side wal

upstaélélggl @Wségv&nslu 072 tferﬂglofep? %? ?ﬁ{o E] %‘Iéﬁtllc |2 secured in the
ds from se rror i mage walls 44

openi%gﬁ OrnfHRlY & W %ﬁlf@um%w §6: ncl ude mal e detents

[00074] A circular cylindrical stanchion 76 extends from wail 58 and having a bore
74 terminating at a circular radially inwardly extending flange 78. Flange 78 defines a
circular cylindrical bore 80 through the wall 58 in communication with the external
opposite side of wall 58. A second circular cylindrical stanchion 82 extends from wall
64 of section 56 and having a bore 84 terminating at a circular radially inwardly
extending flange 86. Flange 86 defines a circular cylindrical bore 88 through the wall 64
in communication with the external opposite side of wall 64. The stanchions 76 and 82
each receive a terminal 146, Figs. 16 and 17a, via the stanchion bores.

[00075] In Fig. 7, the lower body portion 14 exterior includes a section 38. This

section forms a stepped recess 90 that has sub recesses 92 and 94 formed by
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50 which mate with detent recesses 32, Fig. 5, in the
upper body portion 12 to attach the upper body portion
wa20a75¢16e | ower body portion 14 in snap fit PCT/US2006/044248

reébéﬁf@@ﬁéﬁ@@ﬁmmtd%‘m@@é S EBONRRBesE0Q.is forntdd irhthe lsaom wall 60
body portion 14 is divided into subsections 52, 54 and

of sub@@c%néﬁ &6l 8@3? asis %e@b?egﬁa‘@tldm BBttbRANall %Ps@aﬁl%ﬁné’d)%ﬁ 62. The

flat walT sect | and separ at ed
sectio y ﬁ?g ge'ﬂ%gaf\‘%g:f:rorgzwgﬁﬁ%t Bg &%cgq’mg@ gﬁ‘ m%f‘%é@%k{) gébaﬁsembw 96,

. h b [ ] 8, 60 .
Wh'chsqorapﬂ%grs P 4 ol aclonline BishioRossstbl oTPG& assbled into the
walls 66, 58, 60, 62 and 64 all forma bottom wall

of

recesge ¢¥t sesfiosr 3phin dhwiditection ¢f grrows 98T aisgapwil rrelation in one
42, 44, 46 and 48 termnate at their upper edges 90 in

embodinsenitt i Theskackie|is passadyiratgiothe bate 88 ircagelse @2ntoaioym a further
to and mates with the step configuration of the upper

subas%@ﬁﬂﬁ ebmiphising e shakkie RibabsembRPSE aR@shbokle B2, Fi 0.
5, toyfo?ﬁ‘]tr?g body 4, Fig. 1, deflnl ng cavity 16 ,

[0()075’1 %090@ Iﬁﬂlh@ﬁ@ﬁdﬁﬁﬁgﬁsggm% rgs%*ah ég#’élﬁbly to form

surr anusta rrm

s g IS ?%?%%ﬁésié‘w&%”%ﬁb@ﬁ%% Boffihnopiastc

00074 irc cylindrical stanchiop 7

body 3P2chathg eradimerb s GG Sah so%nwm@%rm?@&tﬂwgupper and
at a circular radially inwardly extendin flan

lower maglygrorfignacl2 aed 14 torming e b9u$lnger§ia(| Bige 130 The body 102 is

through the wall 58 in comunication with the external
initiallg dfporaed eofstvete coplamal Ipl&adar rectangutal portions at04 and 106 joined by a
cylindrical stanchion 82 extends fromwall 64 of

hingeSEE8.1 ®briién a4 RaginBBeatz@r soiént F0BTEREthatgaadtepped through bore
circular radially inwardly extending fl ange 86. Fl ange

108. %@e%%éigwér RcsE 443 finrddnAthE BthtYpod téhﬁ%fghe beay 102. The

I'n comruni cation wth the ext rna opposi t
recesg'ﬁg)rl%f?]lﬁﬁéq H'gél r:f_ulgg fé@%ﬂéﬂl&?@g%&bﬁg? %g\ntﬂaf%(: wa %ﬁén\ﬂeextendmg
above HeTsiane of the body 102.

[00077] The projection 112 has spaced parallel upper and lower respective planar
walls 114 and 116 forming the recess 110 with upstanding side walls, wall 116 being
coplanar with portions 104 and 106. A hinged door 118 extends from an end edge of
wall 112, which edge is also adjacent to and spaced above the end edge of wall 116
forming an egress opening 120 which provides access to the recess 110. In Fig. 11, the
door 118 has parallel grooves 122 forming the door 118 with sections which assist in
ultrasonically welding the door shut as shown in Fig. 14. Aligned bores 122 and 124 are
in the upper wall 114 and lower wall 116, Fig. 9.

[00078] In Figs. 10 and 15, a shackle locking clip member 126 is inserted into the

recess 110. The clip member 126 is formed from stamped steel, is conventional, and
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[00075] In Fig. 7, the lower body portion 14 exterior
i ncludes a section 38. This section forns a stepped
woeeEgsI®ed t hat has sub recesses 92 and 94 f or ped/usy@rd44248
has* SECkIRYEB BRSNS bl aefife abgitduban ¥pening A 30f for receiving and

subsection 56. Recess 94 is separated from bottom wal |

|ockin§QthsH' ?iléégetgei’@blip%e W\%gl %&gfg. ‘K&eﬁ?ﬁ?éc@ﬁﬁ?n%@rd? 26 is in the

rom wa y inclined _ D ssenbly
rocos 10 UoBETHE S BRPalhen b 1 ool 00 ipeonicaly

8., n the directi of ,.arrow.98 .in S fit relation
weldegf syl T, GaPBR: THbraE 1, i aliafed 8B stade féasing bores
bore 88 in recess 92 to forma further subassenbly
122 ang g thiybede19%akipl 8, efiibgdeding sulbassaniply R8ekide 16-
[00076] In Fig. 9, the |ocking body subassenbly 96'
[00079F i or IndFigs.hbndsILe e ghacklé 6rsacend ansethisyfoadedvith a collar 132
shown. The subassenbly 96' conprises a nol ded

near thé@ndogf tastdhackiedndl 8 2 ylindridil i e84 atMieeBnd. The end 10 is
conprises the sane material as the upper and | ower

i t 14~ 48R M [ b 10 i
o 0P bS48 g k106 f o B I8 S 10 s thn

I t ' 4 .
moldefi38 A8 PpyRTHIF oL FEUENRIR o Ry bR dflefichBl g any other way
' 10 h t d th b 08,
suen RS0k 8Bt aRy PSS 300 5 G P AR InR o e gy 102 e
end of the body 102. The recess 110 is forned in a ) .
one piegpdbarevdth farging the supassenatly P62 Rig.t 18.f InFigad, 1the pedtion 104 is
ext endi ng above the plane of the body 102. [00077] The

then fpldefl exveir im tHdl diréetio rsplaareow pld6atol the anpfiguratiod dfdvigr 14 forming the
respective planar walls 114 and 116 form ng the recess

final dddenbly hotiptibassemplysiode onahlss emi®ldiméAf PRisN@onfiguration of the
coplanar with portions 104 and 106. A hinged door 118

subas8&f®RAE fig ﬂi@rﬁé‘tté‘é?%oel@)%eceggc‘ﬂ@h I381bEes¥dy 66, @éj%ﬁ?ig\%}a <|)fI the lower

al so "adj acent to and spac above the end edge o

o igh e 8 EALAL SEEROiF £ 6{ oS, Fesipace o may be
a’[tachEa[.‘iﬁl :clgﬁlgr %?g\ﬁggﬁgriqégégﬂmn&té gﬁcﬁl%%r by1 %%ummép clip member 126 at
this shackle end. This shackle end aiso in this further embodiment may be movably
attached to the further clip or fixedly attached to the seal by this further clip. In this latter
embodiment the further clip may also be used as an electrical terminal to connect this
end of the shackle to the impedance measuring circuit described below in more detail.

[00080] The projection 112 of body 102 mates in recess 94, Fig. 7, of the lower
body portion 14 and the body portion 104 of the body 102 mates in recess 92. The body
102 mates in the larger recess 90 formed by section 38. The hinge 108 may protrude
somewhat from the body 102 and form a snap fit with a lip 138 of the lower body portion

14, Fig. 7. The other opposite end 139 of the body 102 also may form a somewhat snap

fit with lip 140 at the other end of the body portion 14. The snap fit of the subassembly
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ultrasonically welding the door shut as shown in Fig.

14. Aligned bores 122 and 124 are in the upper wall
wa2do7aagich oner wal |l 116, Fig. 9. [00078] In Fi geT/us®006/044248
rio L. SEBEIR AR eI LREK e slddRidTBIbSssekdllyigh idRRke€do the seal

96Hd$ﬁ€o t*gﬁwggggg& fO. The clip nenber 126 ys f or med

hne | ti ' locked to the cli

body 4T iRGRARCRE e ohl fRHAT, 12081 iy Bhidilio 6 leftocke P
and | ockj n he sh thereto in _pn . i OR. :
memtxir, 126 i s bgSReRBs o6 sao; 157 ThearaeRR EESeE arawn tignty

door 118 is hinged closed to the _position of F.qg. 14 .

aboutgyaioks tedom ackenn e BELeL RIS of RS, Grant sidasiardh the termina

clipis aligned with the shackle receiving bores 122

146" and clipdmembenel 260dThus 2he Riupassembly 96 ecanobwy b removed from the

subassenbly 96, Fig. 14. [00079] In Figs. 9 and 12,

lowertodlypvredh 846 second end 10 is fornmed with a collar

132 near the end of the shackle and a cylindrical disc

[ooosfqangewﬁ#l a7t he fifled ThheuRNBodd i(ISCBI)ISﬁsIembIY]HMD tdoenprises a
bore 108 o? the portion 104 of the body 102. The end

comvlfic 1 AEP SBAFE 1.V AEH P, doriisng presante i

Fio. o hebe S ts SE0S40S BL0TRoRRser oS, AR oMl comvertr

(ADCA0B: fow pess o L% et 1E0 avebaripere et (P flanofoe. attemating
arrow 136 to the configuration of Fig. 14 formng the

currehi (AC) geserdiby 182, sntemmeradip Bequsnayhiesersatsy dRir riransceiver 174
This configuration of the subassenbly 96 is then

and st drrebeiéstaAbédn ARt idetaiBBelore ThsesmsemblP24arals®ias printed wiring
the | ower body portion 14 of the seal body 4 as shown

(not % | vH)%n 4 suffaceCst $i: PERS tiid186ibBnEntEReing galvaridiig domnected to

er ways 1 n other enbodinents such as by a further

the \A&{l@; iﬁgﬁg‘iﬁgﬁ‘cﬁ}g ?%sﬁigﬁ S A?hé'&wet%ti‘ré}rggr B%ﬁé}gvgﬁ%bsuﬁ% electrically

er enbodi nen

concfub RS BEThd Srkif. A peless, Feldl oy o Bl AR SihGrica torminats
enbodi ment the further clip ngX al so be used as an
146, Eigedvei o altashachisr thocssamPbL14Q 1 spased ISlatoRdoSakather.

to the inpedance neasuring circuit described bel ow in ]
[00082]r e démaFlg. 17a, a representative terminal 146 comprises an electrically

conductive material, i.e., metal and particularly, brass (or nickel plated steel) in this
embodiment, that has a cylindrical through bore 148 in a circular cylindrical member
150. A circular cylindrical flange 154 extends radially outwardly from the member 150
somewhat medially of the member longitudinal axis 152. The seal body 4 cavity 16, Fig.
1&rmy%ﬁ%dmmammwMMdeMgmmmwmmm%eMmmmewwmm
and moisture and further adds mechanical tamper protection.

[00083] An additional arrangement (not shown) may be added to detect if there
has been a tamper event with respect to the seal body 4. That is, attempts made to

separate, or the actual separation of, the upper body portion 12 from the lower body
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[ 00080] The projection 112 of body 102 nmates in recess
94, Fig. 7, of the | ower body portion 14 and the body
woaod7iosniei04 of the body 102 mates in recess 9RCT/TISE006/044248

portidrP v BRI L BE H?’é&"ﬁ%ﬁéoa“fgéésﬁé‘bc %?Saﬁoadcd?ﬁd]%qi &¥ctronic monitaring

section "38. The hinge 108 may profrude sonewnat from

2 and forma snap fit with alip 138 of the
dewﬁg@em@g\g}ﬂ/‘?portl on 14, Fig. 7. The other opposite end

9 of 102 a rm.a _songwhat
1000} i1 Hiacing AEsSrg.ofalia BC e 8085 Spot 2 e lpbed state is
The_snap fit of the subassenblyf t'Ct s y The shackle
showgiy bR mﬂialyel%tnpg"y erndustive tenﬁ@na@a1 46 gagl 144%’@\@ paits with primed
shackle free end 108 (Fig. 12) of the shackle 6 is
refergnesk eximeralsherec idgmtioeihtze thel parts nwith einpribeesks esfbtenceonumerals) are
Fig. 16. The shackle 6 at this tine is drawn tightly

eachadlectrically estnadied by dgahanicasbntactitbe tesplsetives tintwit ednductor 156,
Fig. 3 as it slides through the term nal 146" and clip

156" f&ﬂﬁ@rprlﬁ?efd withs cirdlft fsiamofmdlon $He Pep éfcthet@?rcbﬂ'%é?@ assembly
fromthe | ower "body portion 14. [00081] In Fig. 17,

140 QUi By Sidticlo AR ie HEETTHASHEIRIporigh B BRELSE ﬁ"r&‘gh the bore
148 SR IR Ehiniiah 3t Phibie” of Y. SBekECnalipwedzat s end 8 to permi

anal og-t o- d| gital converter (ADC) 192, |low pass filter
passagethropghthg Vagous harasaisiperseanantlyeattached e the sybasgembly 96 and
alternating current (AC) generator 182, antenna, radio
thus tsr @yaya pyesartémihe poreRi)tetmimab t46’ver 174 and so on as
described in nore detail below The assenbly 140 al so

[00086%s priWwhed ther skl @t issttowB) loeRed t6 Uhkagagal & b hecure an article
PCB, the conponents being gal vanically connect ed to

there'té‘eth\é" harfSved eﬁ@@’%ﬂﬁé’@ﬁécﬁléﬁqg\@ﬂch ’?\a‘é ct Ve aflft?@# alqnular ribs 6,

tery 144 1s couple ectric y con

o £ R ol e S 0 R 18 i gt
oo ARSI e TR, Bl fig w0 o

ises an electrically conductive material, i.
Secumngy shaeklp ortianuba ﬁglthetﬁmggle(tsrpuﬂedltlénoughathede@meel 146", it also

inthis
passes through the opening 130 of the clip member 126. The opening 130 is in

interference fit with the shackle so as to dig into the shackle and prevent the shackle
from being withdrawn in an unlock direction opposite to the insertion direction of arrow
156. The clip member 126 forms a one way locking clutch in a known manner against
the inserted shackle 6 to permanently lock the shackle to the seal body 4.

[00086] The shackle 6, in one embodiment, is injection molded, and comprises an
electrically conductive plastic, such as polypropylene or polyamide loaded with
electrically conductive carbon particles, and formed into a unitary shackle. Low cost
commercially available carbon black formulations, traditionally used for anti-static

shielding, give good results. One particular material for the shackle 6 in this
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enbodi nent, that has a cylindrical through bore 148 in
a circular cylindrical nenber 150. A circul ar
woybidsiccal fl ange 154 extends radial ly outwardirgustooens4248

em Lfgﬁlge %%Wg% b '3~-X§K8§Sea|ré/go&%réd”ﬁa<5‘§rﬂgﬂ{ (if and a\éanable from

cavity

canctEainth. g AL SRR S EFBRRtbound o
further adds mschanl cal rrr_? prot ection. ,[ 000 /én
injectiorimalding Tavs maé%wﬁérhm(aq girfageoipsistange ol Oadg'éﬂlsﬂ&‘n a volume

detect if there has been a tanper event with respect
resistamcerof 1deatimbnon ywhich Tesistanse istinearmiengriteshackle length.
separate, or the actual separation of, the upper body
[00087} t i orAricthér asptione fbovhe bhabkié deseratdisbyplastics with conductive
additional electronic nonitoring device (not shown).

polyr{u@:%o%&h b8 ddiganiife. 1 Mg a5 ShEBkIE 138, timan?dnté%tﬁ/eﬁamr@odlment has

he seal 2 'in the Iocked state i s shown. The netal

an elghﬁ%hflmﬁﬁ%ﬁé‘unﬁo&gg % 166 4RI ﬁmq%‘}%or@ﬁ‘é% %f‘@lec@ﬁ&mx conductive

erence nuner a are I dent

plastgl %%Bﬁngq\%étg%ﬁ [g'lﬂg%(ggéc ere eq.]fr.‘l:an i%q o} ﬁ‘ue ackle 158 is to
respective circuit conductor 156 156" of the

r

minirgize; igluenee Wit cxigsRals RBRFHCIESS, thl@C'P’CE)tSf‘t'@'We C@P%c §h9rt Goircut the
board assenbly 140 such as by soldering and the Iike.

conduiptives hhatkle gnor alsorio @roypide seputehcapayitanice todhe shagkleogore from a
the termnal 146'. Portion 6' of the shackle, narrowed

termiabl 146 @63, Fig. per mt passage through the various
bores, is permanently attached to the subassenbly 96

[00068}d t hufhR HASHRCRICEEM tbheg basutoaint afMd ot shown), an
6'. [00085] Wien the shackle 6 is to be locked to

electéﬁﬁlyg&gl#dtﬁlgg 1566 B qFR! 1@. ﬁdrﬁ%&“%ﬁ%{mé\eﬁﬁ ik ME thciuding the

term A%, 3Ry e 1857 ﬁwé’ﬂ%oerﬁg%? a”‘@léf?%x qr@%pfmaermmaf 146" to
t hrough the term nal 146' ) and

termipphAdenc@rasoan aqtmearreﬂstﬁr@e(t%bbesm@aﬁyreﬂoa%@xg@dmﬁwelow The

by shackl e portion 6". As the shackle is pulled
shackler porgiont ﬁ”eiargtmnmathe]mamnaia 146'sand 146", which is adjustable, in this

embodiment, is used to monitor the integrity of the seal, i.e., the integrity of the shackle.
[00089] The shackle 6 in this embodiment is about 0.150 inches (3.8 mm) in
diameter +/- 0.001 inches (0.0254 mm) and may be about sixteen inches (40 cm) in
length. The two terminals 146’ and 146" are identical in this embodiment and have a
bore 148 diameter (Fig. 17a) of about 0.154 inches (about 3.9 mm) +/~ 0.001 inches
(about .0254 mm). This relationship provides a clearance of about 0.004 inches (0.1
mm). This clearance provides a capacitance between each terminal 146’ and 146" and
the shackle portions 6’ and 6”. In the alternative, the shackle 158 of Fig. 8 when
substituted for shackle 6 exhibits a different capacitance due to the presence of the

insulation layer 160 between the core 162 and terminals 146’ and 146".
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passes through the opening 130 of the clip nenber 126.
The opening 130 is in interference fit with the
wehewliseieso as to dig into the shackle and preremustive/ 044248
[ogpgbiiac ki Elgoad e batbatd dgramimatiene priseatatidhrafthé eonfiguration of
opposite to the insertion direction of arrow 156. The

Fig. 1E|i§ RSP %ggclﬁi% ?Pillﬁsﬁé‘l%ﬁ’."a%é a6l &4t Parfich 8" is between

nown nanner a the I nserted shackle 6 to

v f BT A 16 R SETRAT bl b b gy ovenc
eyor b SR 8 o S5 it SARALSH 48 7 10 moniorea.

with electrically conductive carbon particles, and ,
This leagihetendst i diffeni amopasdidfekerd. us_QﬁApf:g‘sﬁ sganAevben g given seal is
avai | abl e carbon bl ack fornulations, traditionally
lockeditedn fadticlain a-osiedtme uski el di ng, give good results. One
particular material for the shackle 6 in thisa

[ooosg;gi steiged 2tr agievig Kiied  agdivalent| aeatrid r erc@ebef the schematic
rporation. This material is a carbon black | oaded

repreénagltélﬁ’c?rgpy Lh%rlfe\ﬁ&nBPF dobolhb et He@{étéllﬁg;edéﬁﬁe shBkRle portion 6™ to

as a surfaCe resistance o 2 ohm sq ang a
vol u resi f ' LS ' . ,
tno ol 4B HB P Aol B e b BT R Rt portons
psion for the shack|e terial is plasjjGs w,t i
and 0IRGC1S do JBp, RsPeCtiae, AR a8 98N nAS gl dorms a capacitive
shackl e 158, in an _alternative enbodi nent, has an, . 4
elemest di thiscembgdimeni dthenghasikie is[ulled thughdthenterming! 146" during
core 162 of electrically conductive plastic as

the logkingr imMoeld ahivheallaws tthe shiagklel @ lengthhte berddjgsiedtorm@an individual
of the shackle 158 is to mnimze influence of

basis g5 eabR| appogiisi. OTis aMdrfenmsnitedft thal shackizubdwitinding terminals 146’
circuit the conductive shackle and also to provide a

ond 4SRRI J0RRSEHAGEL ORI 1 Retork of e
comle B R 2B 3L A€ Rt P HEHE 212 e, aqtus ook porton
o oo TS50 S 8 728 B AT RO oo copsctors
termnal 146' to
[00092] In the alternative, in Figs. 20a and 21a, one terminal 153, which may be a
clip such as clip member 126 shown in Figs. 10 and 15, for example, may form a direct
galvanic connection by soldering or otherwise connecting it to a printed circuit conductor
155 wherein the shackle (resistance R) is directly electrically conductively connected to
the measuring circuit M, or signal source S with no capacitance present between the
source S or circuit M, and the resistance R. In this embodiment, only a single

capacitance C, Fig. 21a, is in series with the resistance R of the shackle. In Fig. 21,

one of the capacitances C1 or C, thus is replaced by a direct galvanic connection 153
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term nal 146", fornms an active resistance to be
nmeasured as expl ai ned bel ow. The shackl e portion 6"
woeongisteo t he term nal s 146" and 146 whi ch PET/US2006/044248

el R%‘W@tﬁé@r%* LBk ) g@”@@g'd@ﬁk ?Eﬁ\ ﬁ@“s{gﬁ%l E&Grce S and

I nte I'n egr|
the i sha kI e. %OOOﬁgjn Th hackl e 6inthis errbodl ment is
! Cg.M8esY! %'ECLE in diameter +/- 0.001

i nches (0.0254 and ma out - si xteen i nches 0
[0009% i nA ity of *rnfn%wmethe %Fﬁ'a%? usest ORERSE’ *hearapéélancez and
identical in this enbodi rent and have a bore 148 =
furthedi auentdly {m gresistancenfR apodt the. Tapatitwings ¢ adlode 3cigouit via the
mm +/- 0.001 inches (about .0254 mm). This

micropedcessond66p Fig. o\8. d@ise aimpleaapproactois thoonple. et a divider network
inches (0.1 nmm). This clearance provides a capacitance

(not SRIWMBEWIREE s T&d gyrw« Al @igrindBy 4Ronitdtmhgt it Gdt érop over Z at

portions 6 and Inthe alternative, the shackl e

diﬁerﬁ{%uﬁ&es dathe %léfb?%%ésgbf 5’6§ OfigS FECK I fad 6(3?%?%% diFantified.

erent capacita présence 0
i nsul ation Iayer 160 between the core 162 and
term nals 146" and 146".[OGM " di agrammati c
%ﬁpres ntatlon of the confllguratlon of Fig. 16 is
[00094iovn fl6E Qiarpl inpedanse 4 FRRSERAPTRTSEd@Re act i ve
shackl e portt+on—6-* is between the term nals 146" and

146" and the pagpeve (RAagi@efOp?tion of the shackle
61 extends beyond the termnal 146". The |ength of the

rooodsy 9 *P5beEH o iRaRRLElaBRe Reind SndA HRF & BT C §HL
when a given seal is locked to an article in_a one
capagiiange ane coewo betwgen the shagkiaend Atleagionaptine circu

el ectric circuit of the schematic representation of
condudier(ak(Miz at isfaskFoge of the teminals n46rarsi4d’ance of the
shackl e portion 6'" to the term nals 146" and 146" has

[00096]| ue Rsslihing thai€ls corstaft withears impédangaoinvesedy foportional to f
and 6" (Fig. 16) to the respective termnals 146" and

and tA4ER i@a6hsthat Ah@ irkRPRAUEIVST fFehRIKRTY mmmbhsarements at frequencies
enbodi nent. The shackl e 6 is pulled through the a

f and ﬁ g%ﬁ;p@étg%ﬁg%lé 6!5 Cﬁ ﬁf;'tﬂe H% ?g\ﬁ | lnwegg qoc‘fﬁhé Rfackle

affects in theory the value of R only (the capacitance between the strap and terminals
doesn't change because each of the diameters of the bores of the terminals 146’ and
146” is a constant one value and the diameter of the shackle 6 along its length is a
constant one value, Fig. 16). By measuring Z at two frequencies, a changing C (due to
change in coupling) or a due {o a variable length shackle can be distinguished. To
maximize the sensitivity of the circuit, the frequencies f; and f; and the shackle
resistance R are selected such that R = 1/(2m{C)

[00097] In Fig. 18, the circuit 164 disposed on the circuit board assembly 140, Fig.
16, comprises a power source, i.e., battery 144, a microprocessor 166 including ROM

168, RAM 170 and memory 172, and a clock (not shown). The circuit also includes a
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basis for each application. This arrangenent of the
shackle 6 with the termnals 146" and 146" results in
wa epdex el ectrical inpedance conprising an RCI/US2006/044248
vy : 4 R i |, !
radio! @%ﬂﬁ%?@“t{%@%m ﬁ‘Zﬂa@Fﬁ:\%gs %é&%@% : nsrteééée B0flied to the
m.cmprpeé%ss@@o“@m%rﬁ%@bzaéfmgf@‘ér@ge%dﬁt Fio gl fr oxoma
alternative, in Figs. 20a and 2la, one term nal 15

transegiverhdenige 686aD@VIp9 96c inchedes a fransaeiuer Sy agitfbmnﬁ?ﬁwef 174 for
Figs. 10 and 15, for exanple, may forma direct

examgle. vEne ctransoeixsrs anapybs ol alehongrapge otasio.wiypically operated in the
connecting it to a printed circuit conductor 155

Induswieely Sicieritifie afthdédic4lr @S\t sk oR)a ibackhscetterding transponder to be
electrically conductively connected to the measuring

used il AGadddvE FRIdi6 FId@lerrUbERtfRalbh IQRFmﬁﬁﬁasﬂr@@tur@
present between the source S or circuit Mz and the

[ooodsjs' st %@1%%:%@ 1@i4;fﬂhgﬁﬁm%@%%ﬁé“gulse'Gvnérthaméaﬁl%kc?r (PWM) 178 and a

paC|tance eries

resi.stance R of ;th hackl| e.of t
low pass filpf pbeseried by AS SBRRwen 142 sylineiidhy AC Sl 4Pt least two
gal vani ¢ connection 15320a and 21a conprl Si ng n A[s
dlffer@nfg‘ﬁ%muwaaér hs taacsuasessiig EYYNLdifreand fieaHgney pigpats fpm the
. [00093] A variety of known nethods can be used to
modutates 478 aregenaraied asaligltal sigrals onanodyletar peiput tiee 180 and applied
resi stance R and the capacitance C of the circuit via

as artinputtioctheX© geserdtod 682 (& L1 filieB) whilch somiers eair oftbb digital
is to couple Z to a divider network (not shown), which

signalstd & @H@’wﬁﬁ% Afheredigh orddr HERRHONRIS Milel Bsery Sl pressél f8m the

over Z at ferent requenci es Vla the m croprocessor

geneflaqgg ¢€él|§r%cﬁm IsRTW% ecﬁe? %2 :ﬂ@&ﬁ gﬁ%geﬂrﬁ)ﬂgﬂ% ﬂg'%\iave signals

ance can exp

oo 8L SRR o 5 0 S
mlcrqgogwgrgilérs%gt)l\é\:gl?y fetart]gresa? Sﬁlksle?/vﬁtnhdm%ﬁjula(telgﬁt(PWr}\%) (c)nfrc&in Which can be
used to generate the desired digital signals each at a given predetermined frequency.
[00099] Line 184 is connected to AM (amplitude modulation) detector 186 via line
188 through the series connection of capacitance Cy, resistance R, capacitance C, and
band pass filter 198.  Capacitance C; represents the capacitance from the shackle
portion &, Fig. 16, to the terminal 146’, resistance R it will be recalled represents the
resistance of the active portion 6" of the shackle 6 between the terminals 146’ and 146",
and capacitance C, represents the capacitance between the shackle portion 6” and the
terminal 146”. The output of the amplitude modulation AM detector 186 at line 187 is

applied as an input to the microprocessor 166 through the series connection of low pass

LP filter 190 and analog digital converter ADC 192.
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conductor(s) (via at |east one of the termnals 146
or 146"). [00096] Assuming that Cis constant with an
onpedamce | nversely proportional to f and thaPCRUSS006/044248

1

w
[oat1a8.s tlatihs Wb dipiddehidantitsodimplemidona isvwn rRAYetedt®NESMprising a
at frequencies fi and f2 respectively allows the

Iow—cozs?:‘sg\;iﬂtcﬂrhi%? Ena@teﬁl](eép?]@[%ﬂ. o'ﬁfédﬁ‘?lgﬁWor?fthé R&ePBAHE AC signal, an

o CisS | E eory S \ _ | ' t he capacl tance
R R e R
iasod RO e BSOS Fnhsed T o N, Hech s sona

value, Fig. 16). By neasuring Z at two frequencies, a )
therelphingyeaging $enaitivity. Afeingrothar svaplof Hagregsing e sepsifivity without
vari abl e | ength shackl e can be distingui shed. To
introdoeingra DE bias teeheidetectoy 186 is tee use recBehottikyHiype dual-diode detector
frequencies f | and and the shackle resistance R are

configtPatRs. Bl %BFH%;GQ hal €d"ScHotiRy rdevicd, 408 Udtedtor ABS. sekiitivity can be

the circuit 4 di sposed on the circuit board assenbly

f L&y 16, conprises a power source, i.e., battery
urtheﬁﬁ’haﬁééni]j croprocessor 166 including ROM 168, RAM 170

o003, ™ER Bk 5P s 28! PDALRL nREIGHEE 88 t rer ou

radi g-tel enetry interface coupled to . \
low- a6 DiGSEERUERYY o METARER G SUoR ods: | f0]6pkHzp glectrical fields  from

] interrogated by and transmt to an external

incandesgest dawips, whidhcean zaus@iighewolians inirationeistathe detector 186 and
transceiver simlar to transceiver 174 for exanple.

causeT irevalid aremciingse rRurtteyr, highafreasncyr Rifgsignalsi with t yigh cfidld ystrengths,
operated in the Industrial, Scientific and Medi cal

such b5 ¥rebiriaf r&io 3yBRAls 8Aaidefliaf YelbpPOSSHBEEE b dBRecisEdy the AM
in a standard Radi o Frequency ldentification (RFID)

detectd}1/g®s ﬁ&&éﬁgﬁe@/&@m@gﬁ:’%in 6 idtr ?l‘d{p&%@iﬁ?g& SareT

I'ncludes” a” pu dul ato 8 and a | ow
100018352, UL TRCRER B aB5h R Elortfif v anc oo mormber
126, HiBcd0eHEy 1GhaREN SSIGasFPG DeBIRRCAP Meas PeqLAeh el by

as digital signals on nodul ator output line 180 and
issuingppspeeial “arm” command to the microprocessor 166 via the external device 176,
Fig. 18. When the arm command is received by the transceiver 174 and microprocessor
166, the mean value of R of the shackle portion 6” and C is measured and stored as a
reference value in one embodiment. Thereafter, measurements are performed at a fixed
interval, typically every second. An averaging algorithm is used to update the reference
~ value with subsequent readings in such a way that slow transitions due to temperature
fluctuations, e.g., are filtered out, where fast (such as shackle removal or damage) can
be detected.

[000103] Alternatively, the circuit 164, Fig. 18, in another embodiment is

programmed to periodically scan the circuit to determine if a strap has been inserted.
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as an input to the AC generator 182 (a LP filter)
whi ch converts each of the digital signals to a sine
woave/osatser e hi gh order harnoni cs have been suppoTaSs®d044248

e LRSS i AT i TRBAERALSME e
184 which is then applied to termnal 146" (Fig.

dI | nS
con ‘i%tf State-of-the-art m crocontrol | ers typicall y
feature_a, pul se width _npdul atio é circuit, q
[000104] be Qriiamally, f&srrémté%@aaé@pw e@ﬂ@%rﬁttgﬁgﬁ%ﬁer 94 to allow
each at a given predeterm ned frequency. [00099] Line
monitogingi endorenecdiog ob the amivjernitt iedeparstiue aat dhg eraledtor for other
186 via line 188 through the series connection of
moniloaipgcid adted Helowr esi stance R, capacitance C2 and band
pass filter 198. Capacitance G represents the

[oo0s)ac tl%C%V\f El)9§% i Irefigdassd %UBEF ds88 tﬁe A(E'dbmé&nerﬁ(bf the output

thé term nal resi st ance it wl be recal

W'ﬁ%%fe‘fggbf'ﬁe%&i‘EUFsr%Bﬁgﬁééﬁl%op'%df"‘%%“ i onveiore

acit resents c citance bet
of th%ﬁ@az%a daﬁ% PagRERte RalBaph AR ErpaRsesshi B ik itfoprocessor
npl i tude nodul ati on AM det ector 186 li ne e
166. 1Tshae R@Mﬂ;ﬁ& iBglugles #ncomusarsion RIgaTEhm %paﬁh@we)siqsrs'q% conditioning
t hrough the series connection of |ow pass LP filter
of theglisenete anputovaldesgitoaperfarny ant enalxsis abthgseonalyesang o perform
its sinplest formis an AM detector conprising a
varioli® wtitsrstaskavas axplhingde hansinaviieh nayapegrbgramiedeasydong of ordinary
on the level of the AC signal, an additional bias can
skill ,ﬁ@hlgcg}pd to increase the detector sensitivity.
ternatively, a backbiased swi tching di ode can be

[ooo‘{tﬁ@d t %Hé”&.%&%%& S gdﬁs | %u{eﬁ\fls%?/ fbﬁf\}h??niggz{pﬁ&&%?'1%§%t'nne 196 are

I NCreasli n ensli er wa

ana*vgﬁéésettac ' P SdBuCERTes raesthy e s B i"\@%{’?‘i’f&rﬁgp frequencies f
dual - di ode detector configuration. By using a | ow

or f2 genysedkio aalpulate theyimprdancest. Tiys mezstired vatue @aqp%ared with the
further enhanced. [000101] Optional bandpass BP filter
initiall oeassrdrbfvaiue that was estomd k8énramofyi 72ratotie time the system was

initially armed by the external transceiver 176. That is, the initial measured Z value at
the time the system is armed is used as a reference value for all subsequent
measurements of Z in one embodiment. A predetermined change in the value of Z
above a given value manifests a tamper event.

[000107] The microprocessor 166 may also be programmed to determine if the
shackle has been displaced and the amount of displacement after the circuit is armed.
The displacement will change the measured resistance of the shackle and thus the
change in length of the shackle between the terminals 146’ and 146”. This change in

length can also be used to manifest a tamper condition.
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| ow- and hi gh-frequency interference such as 50/ 60Hz
el ectrical fields fromincandescent |anps, which can
woaugdsticgh- vol t age injection into the detect oPCtR8206d44248

[oa0-Ra S eL iRl rltﬁé‘ﬁ“ %f thi" $Mstde [ W rhéRRHEADY applying the AC

RF-signals wth field strengths, such as

C“"e@feﬁ’f’?ﬁ@f&'”%t?ts ?"é% ﬁ‘vff’{’@’“ﬁﬂ%r%‘% 4 Rl 8B 30 st o aiferent
frequpgas sernawen T cueraben dhe T fiatine §ER deﬁ prqortional to the

termnal 146" and clip nmenber 126, Fi

compleximpraedancesZ.oukich da tumre nrmagmléoﬁggémré ﬁ%ﬁﬁt'Vé)aFﬁS'Stance Rin
begin by issuing a special "arm' conmand to the

the shacikle @mut tes frequéticy dapértent X tescting) teadtarcel 3btheFcgpacitances Cq
18. Wen the arm command is received by the

and ¢ .@nggmgetwﬁﬁem fraqtiePBlo@ e aRa T, Ustth R mdnCajanvied gelved. To
of the shackle portion 6" and Cis neasured and

hand%heﬁﬁqnaf Bali&dLh rl% ‘é"i‘é‘ﬂti?e 'v%n@fl'@n edﬁaogir\@?%ng—tedrm drifts, a slow

ereafter, measu ts are per med at a fixe

oo 48 01t 1 B R e BNELAE B o s

readings.in, such a wa
initally S Ge, Sramag the crEHibdD SR | Tt e TBREh Valup may e used for
filtered out, where fast (such as shackle renoval or
compgéigage)n cauCtRsSie! goeasure[BUta 083 Hmesr it i thel logkhgnot  shown)
circuit 164, Fig. 18, in another enbodinent is
progranoged rinied theo pp@gramjlotahé YWROban68h®ependingt ondhe deviation from a
deternmine if a strap has been inserted.an inplicit arm

prese? RigfeahbRIValoy) & tadrhper Hlarr @addiibadvill beGAdesd.
Optional |y, the circuit 164 may i nclude a tenperature

[oooﬁggsm It e BReatioy tPEEriéFn kg @é@néo?QQﬁcﬂd?ﬁo@ﬁwdﬂSred in another

i ent t enper at ure at sea 2 or

e AP e 5, TS B3 e of v
storea h&?&'@@"@wé‘% %@}is,és;r {g ?cpff@;olggt:\%pgfgg pggéIBHat crimanges in'the value of C
between the shackle portion 6” and the terminals 146’ and 146" due to changes in
shackle diameter due to predictable temperature shifts. The shackle plastic material
exhibits a relatively large expansion as the temperature increases, i.e., a positive
temperature coefficient of expansion for the shackle material. A temperature increase
thus will correspond fo an increase in the value of R for a given length of the shackle 6.
The change in R of the shackle due to temperature variations will be dominant due to
the large temperature coefficient of the shackle plastic material.

[000110] The temperatures can be monitored by the circuit 164, Fig. 18, at
specified time intervals. Because the shackle is plastic, its thermal coefficient of
expansion may result in variations of the value of C for different sensed temperatures

due to changes in the gap with the mating terminal(s) at the terminal-shackle interface
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of the AC signal into a digital discrete value for
further processing by the m croprocessor 166. The ROM
waaa7iosglsudes a conversion al gorithm (not ShowRETMUSR006/044248

dug*@! @M#ﬂ&ﬂﬂ‘ﬁ‘cﬁé “‘gﬁ'&@?@@ UiafBferdhs %F) Girdd Eb‘ b %H’ﬁﬁ\d Bore diameter.
performan analysis of these values and to perform
various o . tasks .as.e ajn her ej ' b :

The i Pafied 2oy BAS SO GERL: 5 ERpiineH Yyt b&s PBe the time the
000106] ., The di screte signal, values read. b .

seal g 1§ éﬂ’ﬂ%@esgb,;abi%ds aqoﬂsitrg'éteﬁgénﬁrﬁo'éﬁ%l"}/ﬂé% é&g’h BRerepresenting
output values manifesting the signals at two different

correcieshvalues ©f Z (changes in & eoiespbnaing & tamperatuneeshifts) for this initial
i npedance Z. This neasured value is conpared with the

value =i tditferemt agabiett temperatheds. wabhe traicesbrooessemot §6 4hén reads the
at the tinme the systemwas initially arnmed by the

corre€ie VARl froANHEIRGM td@esgditling Yo thBecurféritl 8énsed temperature to
nmeasured Z value at the tinme the systemis arned is

. | .
detertiifd lfaﬁeavélﬁé"dff%%fwgmﬁcéé%@@%e oﬁ?ﬁ&ﬁl‘?ﬁﬁm or whether a tamper

neasurenments o et erm ne
e jn the.value of .7 above i ven I ni f est
evenf RBE el et T 1affpSise R str A i LE S TR 5P the seal 2,
El igpbe pr%%&amred to ?Iet ermne if the shackl e has )
may Badocaied mit abyFoananient lasation ondthediady 4 ek Hheneeali4 ef elsewhere via
the circuit is arned. The displacenent will change the
a remaia delhed cablsi (sobshvewn). t he shackl e and thus the change

in length of the shackle between the term nals 146’

[000Hi1] 14@s thEhesistarmegsf the shaokje!l dshighlysteniperaises dependent,
mani fest a tanper condition.lO/ | the- shackle 6 is

inclucﬂmgid eheskriturarBh¥d 04 provifestdl Furtilr safsidlg fe eAtGre that a
182 through the shackle portion 6'" at at |east two

chandl 4 Iz dE LERLER Bl i TRr'f Sl tnr o
b B e Al kB IBE b 1A 8. Wi b may
ocout el Fameeieter Sittp. 8 Toarg ighe weatd hrspeRp exposed t
tempfeﬁa?&yeeggrgnieg,_fialsznac:agrr%é égr? tbg ic?er%%%d%r?daigng(?edsfm ved. To
[000112] As an optional feature, the temperature sensor 194 can be used to log the
ambient temperature over the duration of the shipment of the related goods secured by
the seal 2. Resulting values can be stored in the memory 172 and the readings can be
used in a later stage for quality assurance issues.

[000113] In certain settings, low-frequency interference can be coupled into the
shackle 6 portion 6 and therefore cause invalid readings. By addition of the insulating
layer 160 in the strap 158, Fig. 8, the coupling will then be purely capacitive. Given the

very low capacitance, the resulting influence from low frequency signals will be

substantially reduced.
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handle drift in Z , caused by tenperature variation
and other long-termdrifts, a slow nean value of Z at
woabdr/oseguenci es can be neasured in one enbodPOEMS2@6M44248
OBl AT eultanih el
[Ofibﬂzﬁo ﬁf%‘@ bﬁhﬂ}% Lgeba‘sﬁ \lgﬁ 8|fr1|tﬁﬁ<\§)1d E%g@ 3. C1t08mg§cri and green, red
manlte?f,gsum%]ra' s Sqlﬁzifgr}%?ahin%&@ng%r& qnp]t @&%@n‘ig@% aﬂso an armed
Dependi nlg on the deviation froma preset, thresh ?I
Statevarea@oua edaiepiie mIGPRAacERsR't 16f WMKP'T "lﬁ'émf'?’ieég%ﬁ of the two diodes
[000109] In the alternative, the tenperature sensor
dependingcupom thertamper siate of thosealr2. dofblod i208narebypounted on the printed
m croprocessor 166 and the val ues conpared to a table
circuibfboaad U9, Figr 88l and tre vieddd1lGa. théhwisdow dfoplagrifZ aadtapening 70,
for possible changes in the value of C between the

Fig. 6ackbe therdthss & theaBmpehatdterdfitRalseall 46 furied LIFI9 hot shown can
due to changes in shackle diameter due to predictable

be uéé?ﬂ?:ﬁfrﬁ'iééﬁ@ a?whéxfn‘iéd Bﬂfaﬁg apking Aerktive ‘?ﬁ%@rb@h LED can be used

ts a reI at i expansi on as

eratur reases osi,tive tenperatur
for IS AR FPErEnc & e&za%g%wt'?rar'stﬁ?%ssﬂ&mﬁée FEiArggessar 166, it wil
. erature increase thus will correspond to an .
aCt'V@ng%a?é%mi‘ gondiiopantt issueran gptianal)i U0 |alaig iYiA spaaker in alarm
shackl e 6. The change in R of the shackle due to
202 anghipeitlaminatevthe ired LERsofiEDs B8Odoni nant due to the
| arge tenperature coefficient of the shackle plastic
[0001E8]er i dh. dr00AlickRativiheptefenped abimbeslirmant, béherotenpsratbre can be
by the circuit 164, Fig. 18, at specified tine

contihfid @1y B riodReARU AR itBFach Raek LBdadP e Phérmory T2t BRA n(‘,ﬁmpared to
coefficient of "expansion may result in variati ons of

imm N6+ Sbr asgﬂ'écf per ﬁ?r@s\fé%ése MRSS akY qufhls case that
R A LG fifigaoH

ges | I'ng termna
tempsgaetet o Eﬁ@@eﬁ' SR g %i?*io%.eomférpemer%e%"ﬁftw arengemen
val u of in one enbodinment, is determ ned as a

can %Pt@l%@d ttché"tﬂ’ aut syeh geaduab changesragsumed 4p he e%nbuted to normal
constructed and stored in the ROM 168 representing

tempetatues flsctuativoes lothezmeaisaraged diffier ttomr aqysiondneasured value by a
tenperature shifts) for this initial

significant value beyond a predetermined threshold value representing a rapid transition
in the value of Z from a prior measured value, then this would be deemed a tamper
event and an alarm given. In this case the algorithm (not shown) uses a sliding mean
value with a relatively long time constant to compare relatively fast changes in reading
values to determine if a tamper event has occurred. A static reference value as
described in the prior embodiment is believed to be less useful in a practical setting.

[000116] A small gap is provided between the shackle and a terminal 146’ or 146",
Fig. 16, the smaller the gap the higher the capacitance. If there is some galvanic

connection between the shackie 6 and a terminal, this is acceptable as a pure galvanic

connection does not occur in practice. The capacitive coupling between the terminals
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val ue at different anmbient tenperatures. The
m croprocessor 166 then reads the corrected val ue from
woOher7R&Mecor responding to the current sensed PCT/US2006/044248

antl %@&%ﬁ%@@@h@‘ﬁgﬁﬁ%ﬁﬁﬁ“@@%d E§ tdﬁﬂchIaL ?tﬂt% n Zr 'u? n,yaf\}%\hﬂz connection

event has occurr d. The te ature sens
betweps) (ahdpe ?tq\réd s%aqongﬁ,l By]%yplgg.th Jga{e aﬂuear@ the surface
conveni ent Iocat| on on the body 4 of the seal

charagtesisiine oé the earhondeaded plestie maiaﬁalé/vlalﬁbtm@heme pptﬁmflectﬂca“y
11] As the resistance of the shackle 6 is

conduativee Bytusing depapatitivie, canmnelction rb@t\aeeremmsha@ﬁ@ apdriegninal(s), the
194 provides a further safeguard to ensure that a

connédtiangsroblerh ¥ & halkkhiz Cormmautionttovthbycomdustree piasticds solved. The
change in tenperature rather than a tanper event.

gap btét'\fvégﬁ fthe Qe @irtihdR AR sﬂﬁéﬂbsa%@ nRrhit8 95e @hatkie td%’é @ﬁawn through

invalid readings may occur due to tenperature shif

the sﬁ%l};bﬁfa?{; é(e{ ozrlﬁest%?rh[n%lém\iGb%ﬂa ‘Fl@'oa&ﬁré%%e Ioclgng mode at

se alarns can bé

termwagng@zé’nf@sgééngmo%a S5 OB 855053 A E 3 i

nperature over the duration of the shipnment of the
faCtO'WeaSé@@fd)boods secured by the seal 2. Resulting val ues
can be stored in the nenory 172 and the readi ngs can
[00011&] us e Shiont-ranpat ISM sirdgEID dypey oiconymurisaticm ¢sings thee ransceivers
[000113] In certain settings, |owfrequency

174 bnRdenyer pnersied e dllowplieny i oparating tihac kisingt speallt ilow  capacity
6'" and therefore cause invalid readings. By addition

battef s.fhe M&Hbﬁ‘kbgg)rl 286" éb‘?x@pﬁééstﬁ SWérBaving: mbude- aﬁd has to be

e coupling Wl hen be purely capaC|t|ve Gven t

actlva\ffgé cﬁf@g%c@i)‘%%a@% \Aﬁ:t,\}a@gn Slg Eg& Eél[{gg%%rlrﬁgd]%ﬂef l’tlf?é“sEQV"shackle 6
has b&ﬁﬂl{@?\géﬁocé%{?l ﬁ&gffggtlttnlgng ?Qﬁggf) e\?;ce)gt Zlng grlgenrecl
estl ggrtno tanper event and al so an arned

[00014,85 colipedtrther gﬁ@omme@pa&%@tqugmm%together W|th the current

illum nates one of the two di odes
UTC time is sent to the microprocessor 166 over an RFID interface formed by the

transceiver 174, which results in a reference measurement of the shackle. This value is
used as the initial value for subsequent comparisons and may be reported back to the
activating terminal to be used to determine the initial active shackle length. However,
this embodiment is optional and not preferred. The initial time is stored in memory 172
and a real time clock (not shown) is enabled. Once initiated, the seal shackle is
continuously monitored and any alarm condition together with a time-stamp will be
stored in non-volatile memory 172, thereby forming an audit trail of real or suspected
tamper events.

[000119] In Fig. 19, in a different embodiment, a seal 204 is modified form seal 2 of

Fig. 1. The seal 204 has a housing body 206 comprising an upper body portion 208
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dependi ng upon the tanper state of the seal 2. LEDs
200 are nounted on the printed circuit board 140, Fig.
wa@oo7axgicar e vi ewed via the vvi ndow of plug 72 ROWUS2006/044248

ang’ @mm@&?“" gﬁg&gﬁ;?%‘ - e ;t\ﬁ ['éjéngémf&can gﬁ‘j&snéi | define an
mterqaﬂeca&‘&eﬁ*fE‘Eweaﬁf%&'caﬁi‘éc%n Bhcev &%%Fa%&@ﬁéﬁ?bixewmch may be
er condition is_sensed by the m croprocessor

identiog] @ termitl i1¢G: Bicard 72 ar%ﬁaﬁaﬁq foon PR 41 §s%e@ﬁtnca"y conductive
optional audio alarmvia a speaker in alarm 202 and/ or

jointsj Elqunseldee ettetor BEGBLEMdICtArER 8200he f@ognals)alsm asnsituated in and
alternative preferred enbodi ment, the tenperature can

betwden stanchions ZA0/om ¢e agperabddy mrtibh @08carahstanphiahe @22rin the lower
menory 172 and conpared to i medi ately prior stored

body RRRE6H €4 0 RMBRY 8hURL2Y2! URackifg ichp W@er&eﬂ%sthe lower body
case that tenperature changes WI I occur gradual ly in

I
el 0 il e 0 S O g, 1 o
s, G PGS A AT B 15 o

a ni ficant val ue beyond a edeterm ned_ threshol d
Openkmsrs the plirs &4 sHE aswﬁnmg 1%?»9“.'94 th arg aligeeq yithdhgroores of the
Z froma prior neasured value, then this would be
stanchionsedl havd erinaleetid. and an alarmgiven. In this case
the algorithm (not shown) uses a sliding nean val ue

[0001200h aA shatkle 226 Whiah it iglectdcaliyt eoriductive @mdameay be identical to or
relatively fast changes in reading values to determ ne

S|m|ldrf|n%&%ﬁﬁ@ﬁoﬁ\(@%haﬁﬂé BCEY! net sé’clj‘réét’tbCeefcﬁféifpeﬁ?é!l3 via the locking
va ue as described in the prior enbodinent is believed

tangs) %ec Bfmua?SBH'wé egﬁgcﬂr&&fohcﬁﬁgagg}a@%?gféﬁg%%%erﬁza, Figs. 15

I'S provi etween

erm 146' 146" the small e
and 1 nﬁﬂgh%r‘b%@eegptg@. shackl 26 s, B P8 arilee 208, %Ei%ﬂds 228 are
connecti on between the shackle 6 and a ternmnal, th
eac"'l@"'@é’(:ﬂ’b’?'d@ﬂea 5@3%%'#@@;%@%19cteéfﬁm%%tména%égdﬁ'@@ chp 224 as
occur in practice. The capacitive coupl i ng between the

shownde seguresan article nat shoman) ive thit shacklé.t to obtain a pure
gal vani ¢ connecti on

[000121] The terminals 214 are capacitively coupled to the shackle as in the
embodiment of Fig. 16. The shackle 226 length between the terminals 214 has a
resistance R as before. A circuit such as circuit 164, Fig. 18, is on the circuit board 216
as in the embodiment of Fig. 16. Thus a complex impedance Z is formed by the
shackle 226 and the terminals 214 as in the prior embodiment. In this embodiment, the
shackle is Iocked to the body 206 independently at each free end, which ends are
independently puiled through the terminals 214 and clips 224.

[000122] This and the prior embodiment of Fig. 16 exhibit a benefit of not having

any galvanic contacts, as in the Fig. 20a embodiment, thereby making the seal

structures less susceptible to changes electric contact in the locking and connection
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between a netal term nal and a conductive plastic
material due to the surface characteristics of the
woaodrmsslenaded pl astic material which may not BeTuSe®by44248

sobkEi! e Uikl #@geﬁégﬁ@fﬂ&%r%fﬁon Bulrwr@@s@ PRt géalesﬁckle 226 can be
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termnal 146', Fig. 16 during initial factory

In boﬂi‘smebbdyneﬁte,dbms‘epl Bhdy is injeafieninsditied oRme{Dmojﬁast@fand is relatively
comruni cation using the transceivers 174 and 176 is

low dtrsti 42dst therlshavkle oRBliohd efiddsnthd | aTiire Sass@nsinl feldtively low cost
capacity batteries. The nicroprocessor 166 conprises a

notwiﬁ‘@{‘@r'idiﬁgvt%g dERf otk hél%cfr@nleec ﬁfpbﬁ@ﬁt%d vﬂ{léwraIBQ are of mass

he activation is typically perforned after the
een tightened properly. [000118]
prodtfcﬁgh aﬂ?ﬂgwec?o gﬁg%gelﬁent a desi gnated comand toget her
cur r.ent IS sent
[Oooﬁzﬂropr Eesedrs qﬁ,g]ayahe RIS W?Er’é&e@@'& Idegtifigation (AutolD)
the transceiver_174, which results in a reference

systepzhased parRadie Rraguenaycideatifioation (AL Ina [9&&3'0&50% such as by

initial value for subsequent conparisons and may be
ship pepuailt esing acdrgo ocartaingcs ianat they liker mhese REIDscaspars @re widely
deternmine the initial active shackle |Iength. However,

instaligdd ® soAPOshsBV ideatigbgersily stedicrinformatibe s gathefldd: If certain items
initial time is stored in menory 172 and a real tine

are ﬁﬁébc KM(H‘ Odn SALA0B) sbSl %ﬂab%ﬁgcklg\ﬁ/ﬂh' ght RFllﬁdmtér\'t—iteS &Md protocol

shackl e i s conti nuousl Yy noni t ored and any al arm

comp%gﬁfg (A{ltﬂnt %?}JE%CMI%,ZU‘?&E% f%g%?rﬁbr%"\%%é%nﬂfdaugo\{vs# bt only the

ati1 e nenor

identittyg %IOI’tIOI‘I of; ﬁme sgél %Hglﬁ) eacst ggr 83(520 &hcodsd' msto the seal memory, or other

data as desired, is transmitted. The active tags need not be fitted with an additional
passive tag, as the scanning system scanning them will scan and report all tags
similarly.

[000124] For example, in an EPC Generation 2 RFID infrastructure, it can be
assumed that the bulk of tags will be simple, low-cost passive tags, known as Class 1
tags. Instead of considering a proportionally smaller number items fitted with active
shackle seals (Class 2-4) and treat them differently (thereby adding additional
compatibility and implementation difficulties). The active shackle seals of the present
embodiments may be designed to respond as Class 1 tags and the strap integrity data
then may also be reported additionally as a part of read-write data of further monitoring

systems.
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[000119] In Fig. 19, in a different enbodi nent, a seal
204 is nodified formseal 2 of Fig. 1. The seal 204
waoaso7astieusi ng body 206 conprising an upper bOBET/US2006/044248

[066%%]“ o %ﬁ@ﬁ%‘ %«r‘é s B&f Ql@efdlrbuﬁtieﬁﬁﬁg 389 may be entirely

ine an Intern cavity 21 nTwo el ectricall

d I I
oess T CUE BRI ERAVEEIS i RN, T84 GEDGR rom e
mterr?éae' b ek releSelvats  4rand Bprpeiterd i RisSaRE dnihg; ergsent seal

i n and between stanchions 220 on the upper

C"’CU'béyﬂieHh thesseal Firell 1BaY &%S%Ep@ﬁ"(%ewﬁém t%ﬁvﬁew 144 may be
portion 210 in the cavity 212. Alocking clip 224 is

useddemapeardie the keall civarit inberpapoomponenits and astivalgdransmit seal status
| ocati ons adjacent to the bores of the termnals 214

periodiedlly iad medviconsreddent Mievak?24.d.s hauny, @erydearhours, daily etc. This
identical to clip nmenber 126, Fig. 15. The openings of

latterté‘t@aﬁbh RS l%éércﬁé‘@oﬁ&eoﬂ%géﬁéb dBthe frafscelver ﬁfeem the vicinity of the

t he bores of the stanchions 222 and

c&rcuﬁ %Eportl% e ﬁflé Cong'ﬁgﬂragétlda?’)n%r@% ﬁoﬁlztﬁeﬂg},’ Wer 1%6 JThe circuit 164 in

el'ectrica
e A kG o BB SRR BB s e st
clipin a one way clutch action simlar to that of

only wheﬁ thefsal cirpeit 1s-pglivatad byribe readesitransaeiver@. niéfhen the circuit
the shackle 226 has two free ends 228. The ends 228

wakear ap e dic thgyulgesidrinkr sl ghpesiaticrsp dw tmeasumeeimmpeddree, temperature as
term nals 214 and locking clip 224 as shown to secure

applieabl@rdndcse ohnotdetdrning the shhekis iateltis. atf BROHA&] Tdlwwnserve power
termnals 214 are capacitively coupled to the shackle

in théiBa!té‘rytthé KRIFROSHIRRY cifduith eQ)ref%@redThPhé Ragkheindié present preferred

| ength between the termnal's has a resi'stance

embdfithBhe: dée oy gsg%ghmastr& n‘ﬁgéltonlgnﬁ ifffo oﬁgrll—" i ?@erates the

e CIrCUI boar as in he enbodi nen

m.cro}ggé% FOIR BE DS e RS itdis. fh efn%@‘i‘%ﬁ th Eﬁglgg“%%ﬁ@nsm,ss.on is
this enbodi nent, the shackle is | ocked to the body
part qfdbeuqn%@m ehtheytransceivars in as RN ewmmeﬁdsA%ae"esult a smaller

battery may be utilized than otherwise required.
[000126] Also, the internal real time clock (not shown) provides a time stamp for
each monitoring activity of the shackle and stores this information in the memory. The
transmitted information includes the time stamp so the reader not only knows that a
tamper event occurred but when. Also the LEDs visually communicate the status of the
seal at all times when a battery is present or may in the alternative be lit on command or
at predetermined intervals as desired for a given implementation.

[000127] It will occur to those of ordinary skill that modifications may be made to the
disclosed embodiments. For example the seal bodies, the number and configuration of

the terminals, the positions and orientation of the terminals and the types, configuration
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i ndependently pulled through the termnals 214 and
clips 224. [000122] This and the prior enbodi nent of
\Véngnﬂﬁﬁmexhlblt a benefit of not having any gaCvaisS2me/044248

e bréntlbEidt ns | cﬁtcﬁwrﬁé{}éé@xb@s 20 oveRAIcEoNEigUratidneraly differ from those

maki ng the seal structures |ess susceptible to changes

dlsclo§é§%e{réfh Coi"htea%rlblﬁ’s tefhﬁtféd%ﬁ*@n@ b HéFénh Oa%ogl'@eh by way of

SI on grease etc. The seal

|||ustra§l§:2f§{1$ Orﬁo%qpﬁlﬂ%o& %%ﬁ ﬁlg?h(?fgé %ﬁé { %@@%@ l}éoéje indi§ded in the

ment of Fi that the shackle is now
Scopesqr?ﬁﬁamsqrmm'%m?@ defipe di‘?y 4P RIS I Se ndent  of
each end. This provides a sinpler construction than
that of Fig. 1. In both enbodinents, the seal body is
injection nolded of thernoplastic and is relatively
| ow cost as is the shackle which nakes the entire
assenbly relatively | ow cost notw thstandi ng the cost
of the electronic conponents which also are of nass
production and | ow cost as well. [000123] The sea
shackl es may be used in an Automatic ldentification
(Autol D) system based on Radi o Frequency
Identification (RFID). In a |logistics chain such as by
ship or rail using cargo containers and the |ike,
where RFID scanners are widely installed to scan
passive identity tags, only static information is
gathered. If certain itens are fitted with an active
seal and shackle with an RFID interface and protocol
conpatible with the infrastructure, these tags can be
scanned as well, but only the identity portion of the
seal, such as bar code encoded into the seal nenory,
or other data as desired, is transmtted. The active
tags need not be fitted with an additional passive
tag, as the scanning system scanning themw || scan
and report all tags simlarly. [000124] For exanple,
in an EPC CGeneration 2 RFID infrastructure, it can be
assumed that the bulk of tags will be sinple, |ow cost
passive tags, known as Class 1
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tags. Instead of considering a proportionally smaller
nunber itens fitted with active shackle seals (d ass
wa@a-24)7/0asditreat themdifferently (thereby addi RGT/US2006/044248
Wiiaageidigagkiconpat i bi lity and inpl ementation
"“difficulties). The active shackle seals of the present
' Wl to respond as Class 1 tags
1 Arg%%ﬂjﬁgﬁg%eﬁcgg@/ﬁ?@g&ﬁ@r {#'a t hen may al so be reported
additionally as a part of read-wite data of further
A Br i ng systens. battery, the circuit 164, Fig. 18,
may be entirely passive. In this case, the power to
oparelpedatrd aledtically amuwiuctiveishagide; from t he
i nterrogati on device transceiver 176 and no battery is
pfiegteand secarie giecidenily seadluctivec termissist seguretietcsdlaé body and
circuit may be sem -passive wherein the battery 144

coupherytohie ustadkicoinop shatide tibekegiestate whetain thatermmiahls form a complex
conmponents and actively transmt seal status

impe@@hdedithahé $hatkIBDIHR ifpedanbe %aﬂifysﬂflm% #hé shéckle length between the
hourly, every few hours, d er

aily etc. is latt
te"n@é&uation is regardl ess of the presence of the
rahsceiver 176 in the vicinity of the circuit 164 or

receipt. of an interrogation request fromtranscei.ver
176 elegirical Gightl REMCRSURG [k ERedASo ANFIRT IAiCating a tamper
sem -passive in that it wakes up and transnmits sea

condifipgt @Rd onl y when the seal circuit is activated by the
reader/transceiver 176. Wen the circuit wakes up, it
t adncking fasrangeatent dpreadjustably looking diseisbaclie éaltheckeody.
tenperature as applicable and so on to determ ne the
shackle integrity at this tine. To conserve power in
the battery the sem -passive circuit is preferred. The

2. Theadat by claint @ hBFS ,%"t‘ﬁed%‘fl %ﬁ@'f‘o“f ek FATRARAIEERE &R Ot rhegeiving the

assist in transmssion of Information, it operates t

shac%‘fﬁ&%ﬁ%ﬁgﬁor’ the LEDs, and nonitors the shackl e.
€ power For transmission is part of the operation of

the transceivers in an RFID environnent. As a result,
a smaller battery nay be utilized than otherw se

requi red. [000126] Al so, the internal real time clock
3. Thesealgisln prbereiadhe shagkle ig alegtricetly conductive plastic.

4. The seal of claim 1 wherein the terminals each have a bore for receiving the shackle

therethrough.

5. The seal of claim 1 wherein at least one of the terminals is capacitively coupled to

the shackle.

6. The seal of claim 1 wherein the impedance comprises an RC network formed by the
capacitance between at least one of the terminals and the shackle and the electrical

resistance of the shackle length between the terminals.
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each nonitoring activity of the shackle and stores

this information in the nenory. The transmtted
wonbdarosaisi on i ncl udes the tinme stanp so the reRdEUSHWE/044248

only knows that a tanper event occurred but when. Also

the LEDs visually comuni cate the status of the seal

7. T8 A TR S S PPl TR oot 0 e
B S R0 R B o L e

nodi fi cati ons may be nade to the disclosed
enbodi ments. For exanple the seal bodies, the nunber
and configuration of the termnals, the positions and
8. Thar iseat af idainofl tricdudieg ra wirbgit fad applying pee, AC currents at different
configurationan |H ntal io and overall configurations
frequenyieditd fies tdrminals apgahdishatkis ¢dhhesetie tefiminalar i ous
enbodi nents di scl osed herein are given by way of
illustration and not |imtation. Such nodifications
are intended to be included in the scope of the
9. T%E&@% AT WnPeiAthd %Bé&ﬁg c%ﬁrl%%s %P&Q&@gaﬁhébl%r]surrounding
el'ectroni c security seal conprising: a body; an
el angated el ectri cal | onducti ve shackle; first and
an elggtgg%@/ %?'@Cﬁyﬁéﬁ‘?@n%ﬁﬂ%&?(?@e termnals secured to
the body and coupled to the shackle in a shackle
| ocked state wherein the termnals forma conpl ex
I npedance with the shackle, the inpedance manifestin
10. The sehhokckimehyherdintthe airculids aeramgadifer maasuring displacement of
el ectrical circuit for neasuring the inpedance and for
the shackle at¢latige fo thaneemiredgdi tion; and a | ocking
arrangenment for adjustably |ocking the shackle to the
body. 2. The seal of claim1l wherein at |east one of
the termnals has a bore for receiving the shackl e
11. l‘ﬁg Eﬁ%tagro?%%m "l)’wl;@rgmsﬁl%l Ci %Jitc?n%hme% Pﬁ@ﬁ{o‘ﬁ'/ %nﬁhgn arrangement for

s electric y conductive plastic’
measuring a first reference impedance value when the shackle is initially locked to the
body at both ends and for storing the first value in the memory, the circuit for comparing

further measured impedance values to the stored first value to generate a tamper signal

when the further value differs from the first value by a predetermined amount.

12. The seal in accordance with claim 1 wherein the circuit is arranged to monitor the
integrity of the shackle by periodically measuring the impedance between the first and
second terminals including the impedance of the shackle between the first and second

terminals.
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4. The seal of claim1l wherein the term nals each have
a bore for receiving the shackle therethrough. 5. The
woeeal7/d916cl ai m 1 wherein at | east one of the tecmiusalos/ 044248

13§ *"I* g §@§%‘f&‘% 1%‘3{%@??84@%% 1 frdtfucHe rrgr | E:Ztraﬁscé_ 08 §r‘?§ﬁgeﬁ8 to receive

erern ance co S an net wor

ano WG b BB SR ) TP O ol Bt of e

resi stance of the shackle |ength between the

shacklgr i nal's. 7. The seal of claim1 including a source of
alternating voltage to be applied to the termnals and
to the shackle between the termnals. 8. The seal of
claim1 including a circuit for applying two AC

14. clihe setb dit cldini f 13 eviterbine thee IR drarisoehviee ¢oamprisesl 8 tradsmitter of
t he shackl e between the termnals. 9. The seal of

modthiidiidtadiapRiying beckssasieripgconpri ses an el ectri cal
i nsul at or surroundi ng an electrlcally conducti ve

thernopl astic core. 10. The seal of claim1 wherein
the circuit is arranged for neasuring displacenent of

15. TG ARSLHEES Pha R MR B h B Rb oy Tl B
whers.g{ts@%ﬁ%ﬁnetf& ot 4 il A6 B ifyen
at both ends and for storing the first value in

inclugipensr lpckinganembersecyred te dhp aecony body ﬁ@aceﬁbﬁ@mﬂba ‘shackle first

I npedance values to the stored first value to generate
end, and amparasgemeant fohatiachiag the séesnd/bddyetodineffestsbddyoso that the
the first value by a predeterm ned anmount. 12. The

shackledrst ehdpaSsatrthesugh the frebhdtyland Ry l6tKed REthel Ibekihg member .
arranged to nonitor the integrity of the shackle by

periodically neasuring the inpedance between the first
and second term nals including the i npedance of the

o TR U St S MR et sy

through the locking member and through the second body in spaced relation to the first

end.

17. The seal of claim 1 wherein the first and second terminals each comprise a
cylindrical member having a through bore for receiving the shackle, and galvanically

coupled {o the circuit.

18. The seal of claim 1 including a second body, the second body having first and
second portions hinged to each other, the shackle having a first end attached to the
first portion, the locking arrangement including a locking member secured to the second
body second portion and spaced from the first portion, the locking member being

aligned with the second terminal for receiving a shackle second end therethrough and
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and respond to an external interrogation signal to
nmonitor the tanper state of the shackle. 14. The seal
wohoalasisy 13 wherein the RF transceiver conpri BEE/US2006/044248

A R AL B Hiofitleroics & i '
Spac d;g@ﬁ*g?g} %%ﬁgtr‘%&gwww g%sea O%gféﬂg* g?élrrn&%’ ! eef}rg} tnerrtrmaal for
.Shackle is electrically conductive plastic and wherein
’EC@Y%%?@%ﬁGﬁP@g#ﬁ?§¥h%wghis nol ded to a second body, the
| ocki ng arrangenent including a | ocking nmenber secured
to the second body spaced fromthe shackle first end,
and an arrangenent for attaching the second body to
19. Theasenl @fsqlamgﬁ véereindhetfiret anthesgandipartionsaverigonesanother, the
through the first body and is | ocked to the | ocking
first boelythaving 4 feceBsdos asdeivifig theaserdiid wdtdr.ei n t he shackl e
second end passes through the first body, through the
| ocki ng menber and through the second body in spaced
relation to the first end. 17. The seal of claiml
or o ¢ . _ .
20. TSGR B ltim IRl (5 BBl sEAFRa REREnE
t he shackl e, and,gal vani cal | oupled.to the circuit.
tempagtury, d afoeneq i I ToraeieLi v eroed dOmFOTUy Stt)a
second body having first and second portions, hinged to
trans'@la%qu:ﬁ@w{fqrﬁabgmwtérw'woa of fhesmeaguresk 'ffw@%@aw? &nd the
the first portion, the | ocking arrangenent including a
recortied isengedriemperad@ieur ed to the second body second
portion and spaced fromthe first portion, the | ocking
nenber being aligned with the second term nal for
recei ving a shackl e second end therethrough andsp

21. ThdrsRal bf kldim: 1 'Wherein fhel &rédﬁn&%_@@%éﬂ\@gy Bated® artafgement for
first termnal for receiving the first en

mea&?.ﬂﬁgeéﬁﬁﬂbgﬁanéeq vam%ewﬁgﬁlth8fsfﬁcﬂie”?s]1§cmrt§ e ttﬁo%y at both ends
I TSt "and second portions overlie one another, the

and ffgtra@ring%ﬂg mhgéls'unr%d z%mrp%%gfcic‘?e fvgfrueriﬁ(iﬁé \{ﬁé]rﬁo}yt,] the ?Eﬁ'&ﬂg for measuring
periodic successive impedance values and updating the stored value with the last of the
measured periodic successive impedance values, the circuit for comparing a selected
last updated stored measured impedance value to a currently measured impedance

value to generate a tamper signal when the current value differs from the last updated

stored value by a predetermined amount.
22. The seal of claim 21 wherein the updated values each represents a changing value
of a relatively slowly drifting impedance value manifesting changing ambient conditions

and a tamper condition manifest a relatively rapid change impedance value.

23. An electronic tamper evident seal comprising:
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20. The seal of claim1 including tenperature sensor
for sensing the anbi ent tenperature, a storage nedi um
woaoo7rsgier di ng the sensed tenperature and a PCT/US2006/044248
n i ] R
CRE ST ML B0 Aoy PRRAARE SEERELRETNG brbosing first and
rature. 2 1. The seal of claim1l wherein the
secoqgeglg(g? i ncl udes nenory and an arrangenent for
nmeasuri ng an i npedance val ue when the, shackl
| Bracdogking yniinslugincaiirshapg sgeerd amcado@legmaﬁmawwhve
nmeasur ed i npedance value in the nenory, the circuit
terminals, thededking gnidor logkingdhe @beskleélmtrqmbmdmdﬁetbeeetd, the
updating the stored value with the |ast of the
lengtmetithe sithgids betWerrstihedesninals manifelstingea fiest irapedéariee, the terminals
Ci rcuit for conparing a selected | ast updated stored

for reH@u@ ngdél@&ﬁcéﬂﬁ} SBUPISd B tHe SiRitkle] ARRUOAE of the terminals
ance value to generate a tanper signal when t

formusg%sgéggndq}'n%%dgh{:% r@\frlr’%ﬁ ntéé %ﬁbﬁ%@gt r%?‘&'sygﬁdé‘ggg%rﬁ f?r?ﬁéqances forming

2 1 wher gln t he updat ed val ues each represents a
acongﬂgﬁapﬂa ¥4%e of a relatively slowy drifting
I npedance val ue mani festi ng changi ng anbi ent
c irilockingsunihimchidinghd ircdip Igﬂil nheayd rl?@rﬁhﬁééﬁlu%Of the complex
relatively rapid change inpedance val ue. 23. An
impeddares, riwi lockiagpieit beinglenangedto akovwp adiistryenbeidhetlength of the
shackl e havi ng opposing first and second ends; the

shackle@ksithg shaicklel is beird) logkéd tsthedodkiag wmitdo $meb§)| adjust the value of
el ectrically conductive ternminals, the |ocking unit

the c&Mbléﬂﬁiﬁé&&n&Q%tﬁéﬁ‘%rﬁ’fe&tsr thk eﬁ‘ﬂﬁ’sté@%ﬁaéklé thhereto,
| ength of the shackle betvveen the termnals

nanlfest|ng a first inpedance, the termnals for
receiving and being electrically coupled to the

hackl.e one . of the termnals farmn . .
24. 1315« el ﬁ%éﬁ‘a%%&"\?ﬁ'ﬂ e shaie & Sritflicive ?faé‘rb%#%sﬂc material and
d edances formng a conplex inp o|
flxedly secured at the first end to the locking unit and movab y secured at the second
end to the locking unit for adjustment of the shackle length for locking an article to be

secured.

25. The seal of claim 23 wherein the complex impedance comprises an RC network
formed by the capacitance between at least one of the terminals and the shackie and

the electrical resistance of the shackle length between the terminals.
26. The seal of claim 23 wherein the circuit is arranged to apply an AC sighal at at least

one frequency through the shackle via said terminals, the AC signal being used for

measuring the complex impedance.
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the locking unit including a circuit for neasuring the
val ue of the conpl ex inpedance, the |ocking unit being
‘wano@Engedit o al | ow adj ust ment of the | ength of PCIAIS2006/044248

27‘*%’5&%&1%%&% R aiﬁ?’é‘%i 8% fBPcé\!i%?réé( BEKERLt to

e RS oS 3L ARy an o

. conductjve thernopl astic terial and fixedly secure )
period2afy upsaeraneasuing PELMbGRIMaHDE SigSrrovRIRY pSdance with a
secured at the second end to the |ocking unit for .
curregtimeaskEast inredansesiadius ard cempaning dhe cugrRNhgieaaured periodic

article to be secured. 25. The seal of claim23
impedarecestatheHastommepioeslyi upuzded stored vplues dke aonfkGl foe tansikg the
fornmed by the capacitance between at | east one of the

circuit &5 gen@late andmipbe skimatWhenand cohpatdEsiphhahanifest a shackle
resi stance of the shackle I ength between the

tampbRidiedlRliion.26- The seal of claim 23 wherein the
circuit 1s arranged to apply an AC signal at at |east
one frequency through the shackle via said termnals,
the AC signal being used for neasuring the conpl ex

i npedance. a .control. and nmenpry for causing the circuit
28. tgpq’rglﬁgﬁ'?@'céﬁ@pﬁ SV'Qef‘ﬂ\%e%I%ée%lfCO&n%%red conpl ex
i npedance in the nmenory and for periodically
s@Rebient | y measuring and updating the stored conpl ex
I npedance with a current neasured inpedance val ue and
c ampelonggtad elecinicadipt coreAstive dhaekleobaving npmutsiteefinsb and second
the | ast previously updated stored val ue, the control
endsf or causing the circuit to generate a tanper signal
when the conpared signals mani fest a shackl e tanpered

CORtl bhaNseddhd Aéle&tigﬁly Qﬂn‘&u}:ﬁv”@%nﬁﬁ?ﬁ@ecﬁﬁ&ﬂt&t ¥he body for

seal conprising:. a an el ongate ctrica

resp&%UgM%k¥ﬁinﬂﬁ%kﬁr§t QRH isggon%) 898& ta%jgcie%f‘ {he?gt%, e gﬂgckle exhibiting

a settable length between the terminals for securing an article thereto, the terminals and
the shackle length together forming a complex electrical impedance network having a
given value manifesting the shackle set length;

an electronic circuit for measuring the impedance value of the electrical network,
for comparing the measured value to a reference value and to generate a signal
manifesting the compared measured network value for monitoring the integrity of the
shackle; and

a locking arrangement for locking the shackle to the body with the shackle
electrically coupled to the terminals, the terminals and locking arrangement for
permitting the setting of the shackle length according to tightly secure the shackie to an

article.

39



ends; first and second electrically conductive
termnals secured to the body for respectively
woeowiosdey the first and second ends adj acent POBUSR@E/044248
29 P h8sgidgibdbitn-2 SRk binihe ashaekiedd apaeitigsli cbaplegdo dt heast one of
termnals for securing an article thereto, the
theteﬁﬁﬁﬁkﬁals and the shackle length together formng a
conpl ex el ectrical inpedance network having a given
val ue mani festing the shackle set |ength; an
el ectronic circuit for neasuring the inpedance val ue .
of th | ectrical network, for. conparp.i t he asured, .
30. Ths8! oEciginm eBaniaren e eckids €8PeGHs Y coUglediig bt of said
_mani festing the conpared neasured network val ue for
termingdsi toring the integrity of the shackle; and a | ocking
arrangenent for | ocking the shackle to the body with
the shackle electrically coupled to the termnals, the
term nals and | ocki ng arrangenent for permtting the

31. Thetseanef ehinh 26 wierelt el cireaithis aranged tgapplytsugbessive first and
secure the shackle to an article.shackle is

secongigﬁécé'iéﬁd§ k tlf@fé?r{nﬁfélé Qn@ﬁb&@éﬁeé’@?sigﬁd&% Hffera#euency

The seal of claim28 erein the Shackle is

i tivel 0 i termnals. 31
and u%%@@e’h%%ﬁ@@\%&%%ﬁgegﬁ ﬂ‘% ﬁ%ﬁ%r?‘cui t is arranged
to apply successive first and \ second AC signals to
the term nals and shackl e, each signal at a different
frequency and used for neasuring the inpedance of the )
32. Thetset Rf Claim 28neheel thershackiens Beifieally gondnetiv igemeplastic.
is electrically conductive thernoplastic.
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