WD 2004/ 021300 PCT/ | L2003/ 000677 ELECTRONI C LOCKI NG
SEAL FI ELD OF THE | NVENTI ON [ 0001] The present

WO pooarizom rel ates to el ectronic seal s gener al pgr/aredo3/000677
nore particularly to tanper-resistant electronic
seal s. BACKGROUND OF THE | NVENTI ON [ 0002] The
followng U S Patents are believed to be
representative of the prior art: [0003] 4,750,197,
5, 056, 837; 5,097, 253; 5,127,687; 5,169, 188; 5, 189, 396;
5,406, 263; 5, 421EIIRGTRONIBT.OERING s8AB, 996 and
6, 069, 563. 1 WD 2004/ 021300 PCT/1L2003/ 000677 SUMVARY
OF THE | NVENTI ON [ 0004] The present invention seeks to

provi de an inprovg@ﬂﬁjggﬁf hﬁYﬁﬁ%th [ 0005] There is
W

t hus provided in accordance a preferred

enbodi nrent of the present invention a

é nper-resistant renotely nonitorable electronic sea
[00011 ¢ uai r?gieapfegq%flPV%lPPi iGlatesatos gleriEenig rseals geeerally and more

i [ noni t or abl e manner,

pa”%ﬁ%?%ﬁ?h@@?ﬁﬁg&%@ﬁgﬁ%&g CE éésocket and the shaft

portion results in a nonitorable event, and a

Wi rel ess communi cator associated with at | east one of

the shaft portion and the socket and bei ng operative

to provide a pamkeRoUNDICETERIRVEMIER | on of the

noni torabl e event. Preferably, the wreless

conmuni cator is a transceiver. Additionally, the

aft pogti includes at. | east. on onducti ve.pat .
00@R7CH P PRGBS Padhs o R s ot Yo prior
art:t he socket and the shaft portion and wherein the

i.rel ess _conmmuni cator is ogerative to provide a

W
[0003 not el - HOAIOY or 281 @8IHdPORY 268 St 1XTHST: ndAG?.488ibI5el 89,396;
t ] c | her preferred

S R TG RS A T3 " e har
portion includes a frangi ble shaft portion having a
press-fit tip, the



socket includes a press-fit socket arranged to engage

the press-fit tip in a destructably renovable nmanner,
woberebpodi sengagenent of the socket and the shef/AL2003/000677

portion results in breakage of the shaft portion, the

at | east one conductive path extends at |east through

the shaft portion and is breakable in response to

breakage of th f [ wirel ess

conmuni cat or i?@é@é@?@?@gﬁfﬁﬁ%ﬁ@t one of the

shaft portion and the press- fit socket and is

oper at i VF to provide a renotely nonitorable indication
0004 ¢ ne ii‘f’@&?SFl’t‘tynVedWOPé%%séq ProvidsgRiimproyed elsetrenic peshst

e con i : f : st .0

Ot g pa R LR R GERks e Bloftr AR ent of e
preseitr ipueiionhe tahgdriregistanti emovdly aiondtombld eleett@id &éat dhcluding a
hfEontact w th a conduct or forrre?%ﬁn the press-fit
shaff; Bastion, &saeket RErangRdr o engags thsrshal Portien Wz Ronitgrable; manner,

wheRIb§ Sisenlcho 2R G TRO sockRE dhd itRN A fY ?Ittilaﬁ REBSSinfd IndhitBrable
includes a toothed tip. Alternatively, the at |east

everdrandaomniteless aoenrpanitatpmaskemiasd avith|ag fesibt onerd theesha ftportiarhand
which_is.operated. by a net associ ated wi.th the,

the YEC A RERE P o nEVER G TR Sirortt gad oy of the

monktb@iblel d1@nS PeKErablyOthealiyel L MMunidiorab a aAREiveP A dditionally,
conductive path is broken. 2 W 2004/021300

the sheft/nortpomchyes#t7least oo rpndustize pethderide isvinterruptet in response

frenre i nent th resent, . )
to RALARIAE SenleC PP 364 10, stk bifel % P tpe wireles
comsfuafchtopoist bperatine it gpravide Ck aleh@tdpr thbsibrablt NRIRAGHKE O the

i ncl t}({iﬂes a |l ocking elenment arranged to engage the
monfigrablafiVeitoortion in a destructably removabl e manner,

[000?’!: er eby 1 fli REHIARETRAIL %0%1?12 alirggéhjeg 9 en?hcgﬂg%}étf t%?’d el Bresent

aft portion results in age of
inveptgor, itenshafthgoraon irehsles arfeangibibd steift petip@bdving A pesselSit &, the
| east .through the shaft partion and is breakable in
sockpl g §%atp5gsﬁ'rﬁ[éa5%11§fé agengaddo engage; thg Pressdi tpaiRc fesgructably

remMabR! e, WABHHy (BdeRbadetheABSORE 84 &t éﬂ‘idttge Hal O&ﬁﬁ&n R88its in
i's oper

of the shaft portion and the socket an ative
breakagepy{ahe¢ deafiapertiont the vt heasti ansr aibHectivediattaditemis it leastirough

L nteart t . l.ac f.integrity.of .the I t one
the s TRkl Or, s Rkl b nggne PriEeakis pf thg sRalt gprtion, and the
wirele8$ toifi@nidatdf @0asSociatePivathlae a8l onke QF HRINAR PRBRFEINhe press-
with the locking element. Additionally, the at | eas?

fit spket anshig wperatise fapievided teaeielnmanitgrablecindicatertoBihe tiathgrity
or AR &hinitesgrity of the at least 6ne conductive path. Preferably, the at least one
conductive path is defined by conductors extending through the shaft portion which are
in electrical contact with a conductor formed in the press-fit socket when the shaft
portion and the socket are in press-fit engagement. Additionally, the press-fit tip
includes a toothed tip. Alternatively, the at least one conductive path includes at least
one reed switch which is operated by a magnet associated with the socket whereby
when the shaft portion is separated from the socket for any reason, the at least one

conductive path is broken.



operated by a nagnet associated with the socket
wher eby when the shaft portion is separated fromthe
waowkme13bor any reason, the at | east one conduPCT/H003/000677
path is broken. [0008] In accordance with a further
preferred enbodi nent of the present invention, the
[0000PMUNi Gatodordgnck OOidl 8@t amthersprfdimred @hbalimenty ofiret present
. conmuni cat.or hou5|n i nt eqral formed with t haf t
invepe, e %rp@rfé%@pv e h&ng ‘alﬁg%fr BOKiRRMREVIng 2l Paﬁbfé portion,
the %&Egtugl%ﬁldeéta oEBRE RMferk LA @ LRGEL irgn 1&%&151@%omon in a
ativel rr%c ani cal strengthh as conpared wth
destoctably rpnmotvatdu maoﬁer; wheshnflisengagement of %mmgamnsm the

sha GO0 "THLS i SLRte S/ B eTUR T B8 S SPo00 SR pet

exteRdAt %h'sﬁt‘hﬁﬂlomﬁ@slfaﬁ' | Jo¥tionf dndTs biakdtM inorebias&le) Bredk@fe of the
description, taken in conjunction with the drawings in

shafipdrtion, a{nd@bmy}relessg@ommmuaﬁqr mlassoaraéedsw:tb it fepgpne of the shaft
t [ il I f
port18|flcag8[5|re2§ock o r at l%rg{gs f% pr‘é\gﬁ 8 ICIY ?%}}’Crtnexél@oralal@%&ﬁgg? of of

the i@fR@fiBt drMeck ¢f 1ﬁ€e§ﬂfydﬁ1’tﬁ@ at\/lfeztsh ofle c@fdﬁéte«er}mh errbfohblve tHe shaft
of the present inventi on@LOOH Figs. 2A and 2B are

portionipglpdesedepp e astapable for ipskabie cpRRgeBEnt Wih 41 logkiaelement
Add}sﬁ’éﬁﬁﬁ%?ﬁnﬁk@lg&% ?2\@ E&giﬂg@de 1? glb%gr.ld'g_ﬁ gtshi.as% Khe ?%ﬁ%%ﬁﬁﬂ fshich is

operafetdy 4 Irmgnpﬂ adsocintel with et $c&ketowhemby twien shaghaft ipartion is
the. assenbly of a | ockabke el ectroni c, seal

sepagiprs P bRt chAfOLHNIEITOPDE AL I5E SREISIRAUCY S Ity is broken.

[0008f ef err ad REhadicaeRkmoh ﬁlhﬁelpgﬁe?&%d e off GR1Blesent
gs. 4A and 4B are sinplif pictorial i1llustrations

invenfiort, wee chinfiriemieator 1stlgqaw1 infa sbmaemg(@rqmmtqdamie@mmumh@or housing

iegef X FoPid i o S E i et s B fiPe AP 2O epfudes

at le@St dndEradbAUE Bochtibr ﬁlﬁmg’%&%@‘@ﬂy&’w&ﬁ( Bedhafiesl- ftiehgth as compared
el ectronic seal constructed and operative in

withzpdlees paetivms ofithetshafiportiear  pref erred enbodi nent of the
present invention; [0015] Figs. 6A and 6B are
sinmplified pi ctorial illustrations of two different



types of breaks produced in the press-fit electronic
seal of Figs. 5A and 5B; [0016] Figs. 7A and 7B are
waemploe3ded pictorial illustrations of two st apepILn203/000677

the assenbly of a | ockable electronic sea

constructed and operative in accordance with another

preferred enbodi nent of the present invention; and

[0017] Figs. 8A and 8B are sinPIified ictorial

i || ustrati opBIET DEWERIP FIQAY &t THE FSWENGBr eaks

produced in the | ockable electronic seal of Figs. 7A

and 7B. 4 WD 2004/021300 PCT/ L2003/ 000677 DETAI LED
[000DESCRI PThéONréSEntPHRERRIRER 1 IEM3CIAdVENIE  {ufiD djredRatee reore efully

isn made to Figs. 1A and 1B, which are sinplified .
fromp fhey Blloning deiaded AecsRions kR I3 CRBEECHT Wﬁ%n@ﬁs%?mws in
whic®f @ press-fit electronic seal constructed and

operative in accordance with a preferred enbodi nent of
[00016le pr eBignt 1A iand éBtdre simlified Pictersal shestraiionsRifgsio stageamdthe

1 there i ovi ded tanper-resjstant .electronic..
SR g S R e T
prefoMldGhbodinhdht 8fRIgrésent AU ER@nWM th or fixed to a sensing

circuitry and transceiver portion 12. Shaft portion 10

[001} ef er abigy. BAsarg &Brase sithplifisd pistpriat dlustamdnsgelr Byd éiferent

and termnates.in a pressrfit .ti . r.ef eraply
tvpef G breo R RS e BB bt Lo s A e i o

[0012] € adapiged A ahd PBeES siniplified piaGEEMistiatiddy of two stages in the
corresponding tooth-like recesses formed in a socket |,
assempBly ofiielqskelye elecirpnis igalgramsiructesbiideeperatiys maceerdanegfwith a

t : 18 1.5..preferably such that it
pmﬁ?%hinpog5|%ﬁgggg%ﬁéﬁgbég?ﬁﬁntip 14 fromthe socket 18

[0018] t hout Figs.edki agl #Bearshsahplifpeal pictnial 1lustrhOGROf Shratitfferent
portiaqn 10 preferably inc|ludes a ened fr i bl e
typewfltrrwgﬁ P%i,uceq? gethe E%@H@é amaf@ﬁﬁélgé‘ w@“g

[001@1 recuit Fﬁ(vsaﬂg ahd 3BSLE !sﬂﬁ;flifﬂ:f@g):ié.t&ri‘al $utRbod 6t tWoRstakés in the

Frangi bl € portion 20 is pre ably located closer to
assemblysofhg poéssditi ¢lestromind s¢al ansstvictedrandpeperitive ih2adchmiangeowith

bt Rl B bRy " ckness than the

[0015] Figs. 6A and 6B are simplified pictorial illustrations of two different
types of breaks produced in the press-fit electronic seal of Figs. SA and 5B;

[0016] Figs. 7A and 7B are simplified pictorial illustrations of two stagés in the
assembly of a lockable electronic seal constructed and operative in accordance with -
another preferred embodiment of the present invention; and

[0017] Figs. 8A and 8B are simplified pictorial illustrations of two different
types of breaks produced in the lockable electronic seal of Figs. 7A and 7B.



[0021] A conductive |oop 22 preferably extends through
shaft portion 10 through to the tip 14 thereof and is
wae omvitiogusned and nounted in shaft portion 10, SPCHIL20684100677

breakage of the shaft portion 10 produces a
di sconnection or significant change in the electrical
properties of the conductive |oop 22. [0022] In
accordance with a preferred enbodi nent of the present
i nverPEDAILER BESIGRIPEIQN Qf PREPERBRE BYBRPIMENEE ei ver
24 are housed within sensing circuitry and
transcei ver portion 12. Sensing circuitry 23 is
[0018] ect r | RakdrahceOisph@d made andiigd. i Me dndopB22vhichndirs eirsglified
_the integrity thereof. Receiving an qutput fro )
plct@a%sﬁllﬁgra%ion& Aft Mp stagess mtth%\r?é%,eéﬁlhhérofza,Pfﬁﬁrfith aegtromc seal
t.ie [ ' | e old
con Rl e R K E RS ST A8 SERgRten of hg present
invedowventi onal wireless nonitoring circuitry (not shown)

WD 2004/ 021300 PCT/ | L20Q3/000677 . may he enpl oyed t.o
[OOIr%écei veﬁsnFe&Pnﬁ’t iC G- thAr i égt F%‘ﬁ%ﬂ?t?‘é?ﬁ%ﬁgi %&am\p/er-reswtant
elec%ﬁ@ﬁ&ﬁl \lich? preddidoly | A EREES EWEBﬁBQ Y0t Whicheiss Bddgrally

Ich results”in breakage of the shaft portion 10.
fornjed0O2B®l] oREket e sensimgravuitpdad ttanictst poioand. Shaft whition 10

r implifie Lctorial ~illustrations of .two .
pretffafy i repsrally indReb@ntsalith afl M helarepy i o 14,
prefBlaBEtfoAAECWitE Aakri&f ofdiftemfdréntail teeliBl6 Ahidhodre ddghed for press-

application of force to the seal of F!@ﬂ%_s. 2A and 2B
my

fit engﬁgamlelaft vishrperrespordipg fosthe lisheseesspoiorm sqokein} & JaR @ess-
o . . -
o B By 0 TR DB

is irdfdsSIBRWS rerfonedtha tibrigatom thessobkt aBivdthoat bregkinp eheséiafttportion

portion 10 which lies just above the tip 14. It is
10. seen that this break produces a disconnection or

honi fi [ ' i .
100 2" onaLat e 00 BYPACEE & Vet PRPEASGER, Sition 20,
locatdemkermiedinteetht r enghp lcercpitny t dndntr@&Bcaveanpprtibe 18hafd the tip 14.

ortion 10, It is seen tha his break al.so. produces a
Frafite GRAiSE: P01 BFTSRG PFUGhE ARG TROE] i Fpgrver
portRICPeHah 85 i 114 i @ﬁ@ﬂ%ﬁﬁésvaele's&? Phidihesd HadThe REABRARAGE the

I's now made to Figs. 3A and 3B, which are sinplified

shafppettionil@l illustrations of two stages in the assenbly

[OOﬁf] a | O%ac%lnguc%vgcfogg W psr’gt%rlably extends through shaft portion 10

through to the tip 14 thereof and is configured and mounted in shaft portiqn 10, such
that breakage of the shaft portion 10 produces a disconnection or significant change in
the electrical properties of the conductive loop 22.

[0022] In accordance with a preferred embodiment of the present invention,
sensing circuitry 23 and an RF transceiver 24 are housed within sensing circuitry and
transceiver portion 12. Sensing circuitry 23 is electrically coupled to conductive loop 22
and senses the integrity thereof. Receiving an output from sensing circuitry 23 is
transceiver 24, which is operative to provide transmitted information indicating whether

the conductive loop 22 is intact. Conventional wireless monitoring circuitry (not shown)



constructed and operative in accordance with a

preferred enbodi nent of the present invention. [0026]
wW@\3008021300 N Fi gs. 3A and 3B, there is provi dedP@r/1L2003/000677

tanper-resistant reusable |ockable electronic sea

whi ch preferably conprises a shaft portion 30, which

may! 5 etif1bRAMB It eQhRRatihd Whith i tré@chitted By RENENB&iver 24 and
circuitry and transceiver portion 32. Shaft portion

indi@@esprmpertrabiiph thaseal vguehereatlisyin bydakagerdfalkg shaft portion 10.

nfigur,ati on and term pates..in | ackable.tip 34, ..
10023F of o7 aBEI T B LB <Gy ot Yone PGt free gmedifed
pict@i Pl 8eafi®is of e KiEhirent @B 0EBRALs protiticed it tHerpraRdhdidegonic

| ocking elenent 38 formng part of a lock 40, . .
seal g&Figsi ﬁ@ apd $Bchepotedyabers. arrlicatrnsoiforrgdp de sgal of|Fags 2Agnd

b ' L ocke. | :
2 R M B OGS 9 A 0
dischgageé fiphoy@ttet T evithak firsy besagjagetive shaftb portien i 0t Fiz. 34 dfows

sucti ek R oo aRmar e S TRk by Tidich Gk oo Tt i
seen! ﬁngpﬂ'ﬁk Bl &kt SoddRERV GisddiBedtidh FsibhiBRNGAIETR thebikbirical

t 'ocki ng el ement 3 8 wthout breaking the shaft
propedicsiod the30nddfiOR opSRaf t portion 30 preferably

i ncl udes. a kened frangible.partign 42,. |located
10034] o1 modiaidb Hiercerbirea ol drpethit poignaleslols the saf
portRRI 10, ®Ns 3nahst thid BrddkRisddprodided A WikbenR@sH bOglghifichrd change
preferably | ocated closer to sensing circuitry and

in therelaetrivel properties afithe ooujuoRvsioop PZT/ |1 L2003/ 000677

rtiong32 than to ti 4_and typicall yshas..a | esser ;.

[002%& ckne&%etr?fbcﬁ ‘Fh%o‘yelﬁg(fena%:ﬁﬁ f}ﬁeands B t%l 6%} ta?eoﬁﬁ'%‘ﬂ)l.lﬁed
pictd @ 28ustatieAH BAClioV Stakb@OPn 4He asst@lblyliofda dock@bleeslectronic seal

connected reed switch 45 which is closed by magnet 41
consfvetedsandf epepasive jip recegrdanse; with garstsried empagdengni (ol the present
ianﬁSK 40, preferably extends through shaft portion 30

' rough to the tip 34 thereof and is configured and
[0026punt ed Asrseshiaf Righ G arei3 B Ghers ucprovidat abarepdeagsistaht rehable

shaft_ portion 30 . 0

e B b, S8, e PSE SO O . i i
inte&ANF Y& eGP 8PHiH to a sensing circuitry and transceiver portion 32. Shaft
portion 30 preferably has a generally cylindrical configuration and terminates in a
lockable tip 34, preferably formed with an undercut groove 36 which is édapted for
lockable engagement with a corresponding locking element 38 forming part of a lock
40, defining a socket, which includes a magnet 41. Lock 40 is here shown to be a key-
operated lock, it being appreciated that any other suitable type of lock may be
employed. The locking engagement between tip 34 of shaft portion 30 and locking
element 38 is preferably such that without first unlocking the lock, it is impossible to
remove the tip 34 from engagement with the locking element 38 without breaking the
shaft portion 30. .

[0027] Shaft portion 30 preferably includes a weakened frangible portion 42,
located intermediate the sensing circuitry and transceiver portion 32 and the tip 34.

Frangible portion 42 is preferably located closer to sensing circuitry and transceiver

6



[0029] In accordance with a preferred enbodi nent of

the present invention, sensing circuitry 46 and an RF
wo c@aszsiver 48 are housed within sensing circRCT/I2OENHO6T77

transcei ver portion 32. Sensing circuitry 46 is

electrically coupled to conductive |oop 44 and senses

portltoH 8 7' HLEY h}g yélélta!rﬁg rt}ig&}llgf%g &l uigag tHA QUL fHE tI{er r@f'Hamder of the

senS|ng cir transcel ver 48, whi
shaftqpetiad 3%e to provide transmtted |nfornat|on

ndicatin et her € ductive loop 44 is intact. .
100238 vent romaieedras i eitdiae st ot e sr e dpich
is cloRY BemssRL 9Y &heh Q&R pBINOA JONK GH MBKLOIB cWbideehBwith lock 40,

trandmtted by RF transceiver 48 and i ndi cat es when

preferahdy setxa«frtds pthrctugbnslmﬁ pertionc3t dlroingh It@cthatm?e 3énigarpefrent is

contfulsd 4RERoM e el 1B or 20 ek Bk ol S payion 30
prodtitee a&ﬁ@donn&i’ﬂioﬁhorr eimificani Bhingeakage élﬁecthbzﬁ §1*©@E1ttles of the

portion 30, or di sengagenent of shaft portion 30 and
Condlué%‘%?]@GPﬂf! using a key to unl ock |ock 40. It i's

[0029 pr eC' gcotr%ﬁl e %181 Rr \éfeﬁjeg N, oduﬁ%g Qse%? 11?Vréqt10n

enabl es sensi g Cl r cui se whe
sensingem&hﬁfyt 46 pad bh RF 6&19c61vé10¢8amchdul§ed tmlhﬁbd;easmg c1rcu1try and
engagenent with | ock 40 and en tre shﬁ:ft porééql on 30
tran%cglvg%wla% &4 Jansing cHERIIGOonibFledRgalecoupied to Repduciviloop 44
I 0 a S .an [ n
and et B o R0 RERTA8 [ Dumd) PRRP SRR R 6 s
transkmxder 48) vHiigsis o@ératmd todpovideitahsmaitted sufophatfoneddicating whether
tori ustrations a i fferent. types, o
the Ppditve foonstbBanbeh CRBarBendieTesr sbrrgine SRERu (g shovm)
may 'ﬁeg:%lplgy%dqa Fec3Bre 1ﬁ§)n‘ﬂ@ﬁ@rgw‘ﬁi%9\ﬁ§ trafRRttb & B W‘treﬁi‘scé‘l%r% and
to the 'seal of Figs. 4A and 4B in an attenpt

mdlc@eqsavlmnehs kidft pertion BOns Boated dmldckatie nggagb@n@tnmﬂs ®oki40 and

not cause t.i 34 to d,from.
whe f SR> BortioR, 3piS sterF Hogt ISR ARl I8 Firipe syt the
seal, 3PhicH re@ulthn HrbABe STUGB sRafbp&eln 30, ¢ dhééﬁg’égeﬁi&nﬁd)ﬂﬁh@ft tpbﬂlon
‘shaft portion 30 which lies just =~ above the tip | t

30 apd | phuging n.kgy o waleclp Malﬁ@eg iy appreeiaied dat |ﬂ@ﬁnpr@iv1510n of

ree:df’%1 {&1131];%58 %12(% o%lp e %lég gvgn% O%I%ngjlég 69 %@ﬁste' \%fﬁeno{he shaft

portiB&BOIiL RRAERA &O%]Zz?ole Eixdgdrhenttivaith KBk 40 and whent theashbft @akion 30
. at the frangible portion 42 along the shaft _ portion
is sepeyatedyfrong lacket) o py rasenmnd AORF oF 5P eces Geagements and

diseSlaBERBRESE LIk RricH €nkiid apko change
[0030] Reference is now made to Figs. 4A and 4B, which are simplified

pictorial illustrations of two different types of breaks produced in the lockable electronic
seal of Figs. 3A and 3B. As noted above, application of force to the seal of Figs. 4A and
4B in an attempt to separate shaft portion 30 from locking element 38 will not cause tip
34 to be disengaged from locking element 38, without first breaking the shaft portion
30. Fig. 4A shows such a break at a location along the shaft portion 30 which lies just
abov¢ the tip 34. It is seen that this break produces a disconnection or significant change

in the electrical properties of the conductive loop 44.



in the electrical properties of the conductive |oop
44, [0032] It is appreciated that the reed switch and
wor@ameidshown in the illustrated enbodi nents PET/HI2063/000677
3A - 4B can al so be used in the enbodi nents of Figs.
A - 2B. [0033] Reference is now made to Figs. 5A and
[0032P, Whi £fy aBesHWIRIuLH la&fteakPatCih® Hadbibld botsibh abi ABse B shaft
t wo stages in the assenbly of a press-tfit el ectronic
portiga 0. ltdpsrsn thatttid beall abipareducoea discernestiemercBmifieant change
n the present
in th@nf\%gﬁ%ﬁloﬁ Bs{rg%)%%d‘h %;ﬁggﬁ%ﬂ%o@%%s 5A and 5B, there is
[0039] ovi deit iaapmogieted tes it ved swiedteatd magreet Skain whihe fillustrated
eferably conprises a shaft portion go which is
Fes.

embpqlffr@g?saf #Arridtican Al Rsrused %@emba e 9{gigs. 1A - 2B.
[003§ rCU'tglléfe?%ge l'éaﬁw?% 1P Rids Sd SBak &Pfaie' Qfth np”{&‘led

efera s agenera y C |n rical Con iguratio
plctcamdi 1ﬂestmmait e two atapesess-lid bsseiblpdf a pressditabibgtronic seal

f or ned th a series of C|rc nferentia e
consgpgng&gglt cga:rartalre By %cggrdaflﬁ:et wit g%ﬂj)élifé rﬁremﬁ ern%ogc)hme ofh the
pres&ﬁqﬁ\%ﬁﬁ&pdl ng tooth-like recesses forned in a socket
. The press- fit engagenent between tip 54 of shaft
[003|5brt i onA50segndins fegset> A5 &nil SSByr dfegs aplprovideth a famperiresistant

SsS rmvethetl 4 fr.om ket.
clecliy GH BB PGS DRI OBy DeBnperton 16ouBRR &F ipteerally
formR@MitlP8r BLedoioef &naik Yirtbuigl taﬂ@&aascwakpmdn fspaggafbpértion 50

portion 60, |located internediate the sensing
preferpbly ias eyzengrally exdingeienlconfigyation and ermimatesHa aprpsssif tip 54,
i
prefgBUT G PR b el bR et SORAE R EA AR foPpress
fit efigaperndntawich Eotpaspalding foath-like ressssds folmeakinessckétad. Thepress-

fit elia%s”%égﬁigag?aﬁgf%@fgg 105 30 gRa PR PS FiprtlERaL such that i
is 1m€p|85§?$ig?o %ﬁg; e thd? A PerStge E&geﬂ&gﬁhéd? FRinkitRe shft portion 50.

her eo | gure rmunte I n Shaft rtion
[0035D, sucBhiathabrtbmesk agderably tihduddsad twepberted (ﬁnaxi«'gﬁ)le portion 60,

o RSB SEBRR e o B LS
Frangmlé1 prftloﬁo(‘ij UChRFFallY loaRd Edser Rb akREiAR i cuit HdCHRfsSeiver

64 communi cate with respective Contacfs 66 and
portieg S@htlh@m tatip Séqpdsppically hehe lessar dfickness than ghedremagnder of the

rr to electrically engage an el ectrical
Shaf@ OJﬁ?I?E contact 70 at the corresponding interior

[0038}r f ace Aopaiserdeigabicontiediors 62 and 64 preferably extends through shaft
portion 50 through to the tip 54 thereof and is configured and mounted in shaft portion

50, such that breakage of the shaft portion 50 produces a disconnection or significant
change in the electrical properties of at least one and preferably both of conductors 62
and 64. Preferably, conductors 62 and 64 communicate with respective contacts 66 and
68 which are exposed at the end of tip 54 and are arranged to electrically engage an
electrical shorting contact 70 at the corresponding interior surface of socket 58 when
shaft portion 50 is fully press-fit mounted into socket 58, thereby defining a conductive
loop.



shaft portion 50 is fully press-fit nmounted into

socket 58, thereby defining a conductive |oop. 8 WO
wQoe40234800 PCT/1L2003/ 000677 [0037] | n accordHIXe03/000677

with a preferred enbodi nent of the present invention,

sensing circuitry 71 and an RF transceiver 72 are
[003'7@ used Yy LEIRISRPSVN aChiferel re)fntﬁﬂﬂneﬁtr SNee e}Br\é?ernt invention,

ion 52. Sensing circuitry 71 is electrically

sensmgucptoadr}t 0! enddu®fotranse@ivend aBthaametl vethgesensing circuitry and

|nte conduct d
transeELRTURS S8z SuRE SRR el cpSpefls, ABgutlrs 62 and
64 ahlkdnkes BRtiBR T SRCkRAuESe 1RYE RhichNg définddWyPetindfiEter162 and
sensing circuit rg@?l is transceiver 72, which is

64 vopsar the ishaft tml'tp?no dre il byaseatetl tin exgckat o Resgivies an output from
sensé%dlcﬁ'g it ngn;/\,q hercegxne? ?Png, hi xe é&%’vé %o ﬁ%\ﬁg% “transmitted

nven WiTeress orlng ircuitr
infoheion) mﬂ&}dtlﬁ@ vetErHeo yesl cbmiubﬁ@ee lop IsninacraComventibhat hwirdess
transmtted RF transcei ver 72 and indi cates . C .
mOngtakRE CLAR IR @ﬁt Shv)RRY \RRj EpPlpYsd for Eecpiye 15#@5&%% which is

waniuftted By BQIHOR POond ke RELRIARGR Be AU RAPr s in
breakdxge(tjtﬁ‘tthegma&qmﬁdxfn 30m0 dif ffer Ient types of br ea?s

roduced i.n the. press t t Fi .
10038he 55 Retensteis” BB I Ent St SBorch gre pismpitied
pict(ﬁ‘ﬁag bRfrafidgor thH dment%e's Rf Bfeakd fn%ﬁﬁ@edtlﬁ tiEpasafitlectronic

ft portion 50 fromsocket 58 wll not cause tip 54
seal pOFlgs. Sﬁuaséﬁﬁa@enofed@homemmcaw owom@dgtthef jenbof Figs. 6A and

b Ki he t
6B BB R b TeoRay TARABHG Theomrarket SB Tl SBRARIpcR: o be
dlsehgaeéd it seuRey §8,thighdult Birdbreaking Ge sBER Poktivat AL IFE 6A shows

br eak produces a di sconnecti on or Si qnl ficant change

suchi mbneaieatea l@c@trqncmno the élpﬁé?mqr@@n 6@ whird ligsoerteboweethe BB p4. It is
seen ﬁlghqu E&%ﬁu({ o 1s<§(§m (gf n or si 919%2% ag%e %tﬁéqgl\é@tncal

rangl bl'e por £l
propehiklof tHéQfohd@d’tlv5 @oopl definsd Beeshdublts 62hargl G eak al so

1008 ot 1| i G5 SRorR Fieh copefingl GHRETIo BOTBRRD plopasle Shat
portBﬁfS%r & g%énsthgtotﬂﬁsrm%ﬁ( 51%?) gﬂo@t?ces Z’%ilé%@g?ez:ﬁon whii %ﬁfﬁﬁﬁc change
sinp a I 0

Ified pictorl strations two stages in
in t}ieha&cmbpﬁm!pyrtieﬁ ofithk cokdiotiee leopct roni ¢ seal
[0040] Reference is now made to Figs. 7A and 7B, which are simplified

pictorial illustrations of two stages in the assembly of a lockable electronic seal
constructed and operative in accordance with another preferred embodiment of the
present invention.

[0041] As seen in Figs. 7A and 7B, there is provided a tamper-resistant lockable
electronic seal which preferably comprises a shaft portion 80, which is integrally
formed with or fixed to a sensing circuitry and transceiver portion 82. Shaft portion 80
preferably has a generally cylindrical configuration and terminates in a lockable tip 84,
preferably formed with an undercut groove 86 which is adapted for lockable
engagement with a corresponding locking element 88 forming part of a lock 90,

defining a socket, which includes a magnet 91. Lock 90 is here shown to be a key-

9



constructed and operative in accordance w th anot her
preferred enbodi nent of the present invention. [0041]
W@\3008021300 N Fi gs. 7A and 7B, there is provi dedP@r/1L2003/000677
tanper-resistant | ockable electronic seal which
preferably conprises a shaft portion 80, which is
operhtBd ageial it Ybeuﬁ@rdﬁﬁﬁcié[tetdh tHk dniyX Gthet QuitatiengpeN@f lock may be
CIrCUItr{ d transcei ver portion 82. Shaft partion 80
emplﬁvgcf efhgp oyklﬁasenga@eémﬁéﬁ dieryeenyiin 8 rafcspitcRation $0aandolecking
I r r
ctem s & B RRRER shih el SRR ok b atas uRPUCTER Hpsyigle
remdv@(lkﬁbb 84 fesgapemenienivith the dakiresglemelitr§ wWohdutrigeaking the
elenent 88 formng part of a lock 90, defining a
shafiqpoEtieit 80-whi ch i ncl udes a magnet 91. Lock 90 is here
own t y 3
00451, £ Sl BrfA00HTAL 00 Tk RORNOR0RE 52
locatsdiih@hhelidty phe cénsinge kirerayy hed tampde@y:ed)ortm 82 sokithe tip 84.

nga enent betme 84 0 ft portion and .
Frang ek Pigon cPelreE By Soiedr tpSBity SSBRr ERay i PHOGScerver
portlt)h rggt théH‘Jt '8@ Gindl it G Mhas iatledser thidk@sss! thhie tHeOremaRidBY 6f the

tip 84 fromengagenment with the | ocking el enent 88

ﬂMﬂMQNanOQreaklpg t he shaft portion 80. [0042] Shaft
rtion,80 I
0048 0SSP 5 Y38 b HEDE ] YT s o

serie§ icbfnticted re@élvitdhag8s GBichEE clo¢d bpma§12et®lldvﬁdmeshhft@o&4m 80 is
Frangi bl e portion 92 is gﬁeferably | ocated cl oser to

in logkabig engagement wmylol@lﬁao,th de drqugh shafé peition Sahiongh @ e tip
|
A ey 51 Lo

shafelpoftipat 80 Csroduuet od Sil%nﬁmdo@ qu agmlf eattt clange ah thei elhctrical
i ncludes a series conne

tch 8 j [
Propertiss <t %ye%@@stm@waﬁm an UGFP%% i %‘?cwhpf'efc'erably,
conciugﬁ)?@@h Gn 2 gﬁﬂ{#\c%t\pﬁﬁ ? ?e&QIe c%)ﬁ{a%ﬁdﬁ)j BEOYON which are
t portlon he tip 84 thereof and is
exporseahfatk the readfodmr;]b Smlﬁm%mm H)2sdraif 104pm tarrenge@dto edestricalljigngage
ea of the t ti 0
an efirERafaEecinge LD HF ST RORLE CUPHCh FEreet ablopk ggvhen
shafPh&RBh (808% xﬁfloéﬁable“—‘é&?gtag> éht Sich RIcRf R, Ay elb@tiBaladngagement,
conductors 94 and referably,

together with the closing of series connected reed switch 98 by magnet 91, thereby

defines a conductive loop.

[0044] In accordance with a preferred embodiment of the present invention,
sensing circuitry 108 and an RF transceiver 110 are housed within sensing circuitry and
transceiver portion 82. Sensing circuitry 108 is electrically coupled to conductors 94
and 96 and senses the integrity of a conductive loop which is defined by conductors 94
and 96 when the shaft portion 80 is in lockable engagement with lock 90. Receiving an
output from sensing circuitry 108 is transceiver 110, which is operative to provide
transmitted information indicating whether the conductive loop is intact. Conventional
wireless monitoring circuitry (not shown) may be employed to receive information
which is transmitted by RF transceiver 110 and indicates when the shaft portion 80 is

located in lockable engagement with lock 90 and when the shaft portion 80 is separated
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conductors 94 and 96 conmuni cate with respective
contacts 102 and 104 which are exposed at the end of
wo e@484130€Cont act s 102 and 104 are arranged to PCT/IL2003/000677
electrically engage an electrical shorting contact
106 at the corresponding interior surface of |ock 90

fromMRR 9ol to Bieek itfAp8ihg With ihd Sakakhieh QB@@@ eneRéakubd Bf the
| ock 90. This electrical engagenent et her MAtﬁ

shaft pertiond¥i Ay disengagemenrt efothalarosidory %‘é@n@,\kw spp B usipg a key to
unlo?%%‘&t 9(? g?t 1st gﬁf é[?%ted %ﬂt tEee ? Gs?(% n‘gy%terren t1 cgfcﬁt ?ir[cp Ql%églet 91

accordanc

enatiiése@fihg vty 108, to ssmswm:g the sleafi poryiod BB ianetaged iRHockable
transcej ver 110 are housed within sensi circuitry

engagrment Wisth kackiPeand péioranaples éensgéﬁgpwgychﬂﬁga iSRSy Vilss tpeshaft
portﬁ)lne% ﬁ;&alré{e&‘ G FcHt ?O cRPAY t@&%ngﬁrd aaﬂgw%(sf r}‘écordmg of

Senses t Integrlty 0 a con UCtIVG oop
engagefmients dndyisergmademes sf $dft prrtcbntd adddnck e s haf t

rtion_80 is in | ockable e h l.0 k 90.
100488 o vi BETCsFICC ot B TP aRT ok It YDty Simplified
pictddRNBGERAYSs oF Ho WGl tipes @PBfealtd ;Yr@dﬁ&dﬁﬁ el Igﬁ(able electronic

transmtted i nformation i ndi cati ng whether the

seal o6 AitpsciA wed FBops neteil mbest, apidisatienef foresito the seal @stslgs 8A and

5B ifanar et Ribpiae Brr phieiOET Jodkih By Wi ho: Qause o

84 thMRMSAbNRE fidR 16dkind Bidineat 88 Wittt fing Hhkidg pershhf®bortion
80 is located in | ockable en agenent with I ock 90 and

80. HigeRAtshews lsudht a prsek jabp lgwtips alpap Ahexshadt porom@) which lies just
aboxe%?tgél'{eig %}31995 & géﬂa&‘ﬁﬁ%g{e%g Bﬁ)au?es \rkﬁ ohx?ecclﬁog Q){ glgﬁjﬁtcgnt change

nperi n resul

in tliéfem&&gli‘pmf)eﬁlheof thbabhduptivé lo@p d&ﬁheddfy cdjnﬂﬁmgta@armﬂt%of
shaft portlon 80 and_ | ock 90 using a key to unl ock

00468k opPig (8B §h0af§p$véb|aal?réa< Bhi R BorRct? slons dirhat
por’tﬁ)WI doch 19§ qgat e a f S0 p}?rB@&Ue?ﬁ ggs%lﬂlzﬁe#goﬁ‘ ok glglhfrf]‘lrciint]&lgnge

to sense en t tion ocate
in tHe@&ﬁcHtﬁabpropm@angﬂ tonductivd ook définealrty @inductersidl apd 96.

nsing,circuitr 8 nse when the shaft .
00455 § " S PRt SR b ONToh Shyregastopwn e bt hued
emb@hﬂn% Jf¥gd GAQ gy 691 8§0 b& ARG IR MnthoAHents of Figs. 5SA — 6B.
di sengagenents of shaft portion 80 and | ock 90. [ 0045]

[0048f er en&tevwﬂé heoepnrediated dDprg§0nS8$klli¢¢I igBhe \ani ¢hat ghe present
Iustra ,on

iR ot i b Bt R Sl b Bibibr fiFhabove.

Rather the scope of the present invention includes both combinations and
subcombinations of the various features described hereinabove as well as variations and
modifications which would occur to persons skilled in the art upon reading the

specification and which are not in the prior art.
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seal of Figs. 7A and 7B. As noted above, application
of force to the seal of Figs. 8A and 8B in an attenpt
wo ooogepan@t e shaft portion 80 from | ocki ng el eP€MIL28/000677
will not cause tip 84 to be disengaged from | ocki ng
el ement 88, without first breaking the shaft portion
80. Fig. 8A shows such a break at a |l ocation along the
shaft portion 80 which lies just above the tip 84. It
is seen that this brealk prrodMc®es a di sconnection or
significant change in the electrical properties of
the conductive | oop defined by conductors 94 and 96.
[ 0046] bic kéAREMBSN
L portlonﬁQ%_am?ﬁ"egﬁg{a e§%§?¥ﬁmgg§??8%k§%. It is sgen &
t hat thashﬁ&ﬁmﬁomlso produces a di sconnection or
signi ficant. chan n the ele properties
The confate; ATRIGH DEPHRE A, TR R OP el GG ananner
wheteB9 4HldengdgehRn@PPERE sadkee ahdhadid tshart b@ﬁﬁn&’é&tﬂﬁ hn atnﬁhomtorable
magnet shown in the illustrated enbodinents of Figs.
evenf,and 8B can al so be used in the embodi nents of Figs.
5A - 0 [t wi :
ki 11 ea?Hrona chpipliaor pge SRESTR 1R, B, fISKAERY porion
and bdidkdcket A it opeasive & Provideta renlotaly mositerable amdication of said
descri bed herei nabove. Rather the scope of the
mongp@bleriventavent i on i ncl udes both combi nati ons and
subconbi nati ons of the various features described
her ei nabove as wel| as variations and nodifications
2. whi ch woultahgeaesistama mem&ﬂmsnmﬁkﬁﬂﬁﬂeknubmm sal ao@oding to
readi ng. the ecificatiqon a ich are t.inthe .. .
claitpr}, g Hbereim piaehefoparion T bhep el M DO OGP P ARG s
mter}ueptigd n§ee§§ ﬁfs@IWaOErﬁHRt&i Yaid 0P AR BideiREt bO¥ibR and
conp I sl ng: Raf t portion; a socket arranged
whetein saigageelsss cbmhaﬁltcatpo g operative to provideoz aphetehyameaitorable
whe regﬁldlsquggenen of said socket and said shaft
indigatiop of e, AR}|Fdl; GVl npni t orabl e event: and a
Wi rel ess communi cator associated with at | east one of
said shaft portion and said socket and bejng
3. oper at i Ve tampgsrresistaie  eemoselptrepRitoRdie tekackpnis $qa}bla€‘é%rf1’§5 to

claim 2 and! vgherem.

said shaft portion comprises a frangible shaft portion having a press-fit
tip;

said socket comprises a press-fit socket arranged to engage said press-fit
tip in a destructably removable manner, whereby disengagement of said socket and said
shaft portion results in breakage of said shaft portion;

said at least one conductive path éxtends at least through said shaft
portion and is breakable in response to breakage of said shaft portion; and

said wireless communicator is associated with at least one of said shaft
portion and said press-fit socket and is operative to provide a remotely monitorable

indication of the integrity or lack of integrity of said at least one conductive path.
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nonitorable event. 2. A tanper-resistant renotely

nmoni torabl e el ectronic seal according to claim1l and
wob@re2rsosai d shaft portion includes at | east PEEIL2003/000677

conductive path which is interrupted in response to

di sengagenent of said socket and said shaft portion

and whey MEIN g;gw; t 0 .

to pr ov%dzélgp e?g!?rsgit%ty rmn?l%lcc)@a I e eg{cct:ﬂgﬁcoﬁ&gaichﬁgm" 0
claimoBi 4ndr sbeeirevaidt at &asttheartpeduWemeM deﬁn@t éllyyconductors

ronic s accor

extefdedRiend S SRR MPah Ceimetoatel Spnd il & Fhbuctor

forntdahtsaROprbiofk RRNENGhG RE STl pdrtio laRd sﬁalsdcmcakeetn press-fit
conprises a press-fit socket arranged to engage said

engggemest-fit tip in a destructably renovabl e nmanner,
wher eby di sengagenent of said socket and said shaft
portion results in breakage of said shaft portion;

5. said at A easperabastGaNuciiély empaitdialaly tdidnit séaﬁfaﬁtordinc to
t hrough said shaft portion and is breakable in
claitnedpaits eVieseipr Bk agRENBRNISHPY 18 higpatedolft RofEnsiigd cieyidy and

comPhh a3 hoRNTHAEAGah & RESAL AL PR, 2 | east one

or t'i on and sal I't socket and
IS operative to provide a renotely nonitorable
i ndication of the integrity or i ntegri

f .
. said at A dHBPCIIRAUSBYNERRAISLY ema@qualﬁizelwozt?oael%%fg@émg to
claith 3/ Anhmggnf gaﬁa Ttrarf %m@ haPARIhsLTh ﬁEEs ﬁte[EﬁEtebMe frangible

noni tora ectroni c sea ccordln claim3

locatibe heving selativelt weakasecloneat sireshgtht aS\mnmaIdd with dihker pextions of
;% conductors ext endi ng through said shaft portion

the sfftaR in electrical contact wth a conductor
forned in said press-fit socket when said shaft
portion and said socket are in press-fit engagenent.

7. 5. A tarz?peampeesrpsstamtt rqnm’tdyennymtmnbl@ cleditonice pesd tacepriding to

di 3 .and d
el T e brrer sd BT SRR B Toul vy anc

8. A tamper-resistant remotely monitorable electronic seal according to
claim 3 and wherein said at least one conductive path comprises at least one reed switch
which is operated by a magnet associated with said socket whereby when said shaft
portion is separated from said socket for any reason, said at least one conductive path is

broken.

9. A tamper-resistant remotely monitorable electronic seal according to
claim 2 and wherein:

said shaft portion comprises a frangible shaft portion having a lockable
portion;

said socket comprises a locking element arranged to engage said lockable
portion in a destructably removable manner, whereby disengagement of said locking

element and said shaft portion results in breakage of said shaft portion;
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comuni cat or housing integrally formed with said shaft
portion. 6. A tanper-resistant renotely nonitorable
webk@anesm ¢ seal according to claim3 and WhePEI/IL2963/@0677

frangi bl e shaft portion conprises at |east one
frangi ble 1ocation having relatively weak nechani ca
St enot 5@ QP e ot ldwve I RRAE AN%ecdf thrblih SHafhaft
portion. 7. tanper-resistant renotely nonitorable

portieh @od rSdncai(aébah response d brgakage of kaif shat peronrradei n sai d

press-fit . ti ses toothed £,

t anper - P48 |“§F:L nB "hvATe Eﬁ’]ataef’}l‘%ﬂle%t lepérté)rﬂle of saig shaft
portid6 @Al dhidGoti@t afd B dPetiadith praeideiatemdiely Mbnit@able indieation of

conductive path conprises at |east one reed swtch

the injety drdackpsdrieasity loy sad AelgHe PRacASRFEteadtini t h sai d
socket whereby when said shaft portion is separated
fromsaid socket for any reason, said at |east one

10. conduct AV eanstr-RediSant bremloeshy n%nibearatbanrmEntromsi sealaratcording to
renot el y nonitorable elecironic seal accor .
clairg Onehveiessitl Saifl @t kpt:ong soRAuSHYF PatR GPIPEIFS b B twg Jeed switch

whidh 8¥He tfdetﬁ? af ﬁlag‘r’% ta‘ss%@xaré"av b s§1d| Qﬁk&%ﬁereﬁp%bﬁ Raid shaft

sal d “soc conpri ses a Ing el enent arranged to
portion da gpaste difrdra chidlioeket frany oerson, siddedeastioneadsinguctive path is
renovabl e manner, whereby di sengagenent of said
brokegcking el ement and said shaft portion results in
breakage of said shaft portion; 13 WO 2004/ 021300
PCT/ 1 L2003/ 000677 said at |east one conductive path
11. ext ends Aatarhpeagesistintoiggiotednindoniteaghle emrrpm@nseah@ccpcgdmg to

abl e .in response to aka of said ft
"12“rﬂ(§>ralnll‘(\i Vﬂ’ef%lﬂaa@é? Ee Ofl&cggcgucg %ﬂ%ﬁlcgglp i é%eaagts%lg regdgyviteh
whicd Isho;f&até@@ﬁa ARen@fassriatedsWah tsaido Sdcketowherdbly sdel said shaft
socket and is operative to provide _a renotely

portipprip sepazeitdirpmridhrockst forr anytrpasonntaidtileapt epe ?Qi’éik%‘fe path is
inte I‘I t

B

in el@@t@@ﬁl&ioﬁ@ct @ith a conductor formed in said socket when said shaft portion and

said socket are in lockable engagement.

12. A tamper-resistant remotely monitorable electronic seal according to
claim 9 and wherein said communicator is located in a sensing circuitry and

communicator housing integrally formed with said shaft portion.

13. A tamper-resistant remotely monitorable electronic seal according to
claim 9 and wherein said frangible shaft portion comprises at least one frangible
location having relatively weak mechanical strength as compared with other portions of

said shaft portion.

14. A tamper-resistant remotely monitorable electronic seal according to
claim 9 and wherein said shaft portion comprises a groove adaptable for lockable

engagement with said locking element .
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claim9 and wherein said at | east one conductive path

conprises at |east one reed switch which is operated
whyooa/omesgnet associ ated with said socket wher ebgT/I2e08/000677

said shaft portion is separated fromsaid socket for

any reason, said at |east one conductive path is

broken. 11. A tanper-resistant renotely nonitorable

el ectronic seal according to claim9 and wherein said
15. at | east GWRPEHHITAL i WEIOFAY MABIRFAYIS slechipnic e¥sh agfveding to
Clalm?%ﬂd %‘fq SaIWII‘% géOI%B%l tSIdlS l%.y{r .et aSS.OCI at ed
socket ere eh Said Sha portion is
separated fromsaid socket for any reason, said at
| east one conductive path is broken, and is defined
by conductors extendi ng through said shaft portion and
which are in electrical contact with a conductor
formed in said socket when said shaft portion and
sai d socket are in |ockable engagenent. 12. A
tanper-resistant renotely nonitorable el ectronic sea
according to claim9 and wherein said comrunicator is
| ocated in a sensing circuitry and contmuni cator
housing integrally formed with said shaft portion. 13.
A tanper-resistant renotely nonitorable electronic
seal according to claim9 and wherein said frangible
shaft portion conprises at | east one frangible
| ocation having relatively weak nechani cal strength as
conpared with other portions of said shaft portion.
14. A tanper-resistant renotely nonitorable electronic
seal according to claim9 and wherein said shaft
portion conprises a groove adaptable for |ockable
engagenent with said | ocking elenent. 14 WO
2004/ 021300 PCT/1L2003/ 000677 15. A tanper-resistant
renotely nonitorable electronic seal according to
claiml and wherein said wireless comunicator is a
transceiver. 15
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