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WD 2005/027079 1 A SEAL THIS INVENTION rel ates to a
seal . PCT/1B2004/ 001957 A | ocki ng nechani sm of a door
wo@bkoos/okmeawn type of freight container includesPQEIE2804/001957
defini ng therethrough holes that can be brought into
regi ster during |ocking of thﬁ 5 nmechanismso as to
provide for a shaft of a matchinhg seal to be inserted
through themto seal the nechanismin its | ocked
position, such a seal including, in use thereof, two
heads at opposite ends of its shaft. The invention
relates particularly to a seal which may be used to
seal such a | ocking mechani sm although ot her
applications for it may possibly be found. 10
According to a first aspect of the invention there is
provided a seal including a first part including a
shaft and a head at one end of the shaft, the shaft
havi ng engagenent neans in its end region renote from
the head; 15 an electronic circuit carried by the
first part and including a radio frequency
identification (RFID) tramsB8EfLer and sensing neans
for sensing severance of the shaft of the first part,
the circuit being in a normal state and configured to,
upon sensi ng WO 2005/ 027079 PCT/ | B2004/ 001957 2
severance of the shaft of the first part, change into
a warning state, the state change being detectable by
means of an interrogation device conpatible with the
RFID transmtter; and 5 a second part defining a
receiving formation for the shaft of the first part

\ﬁ%\\" ?&?ﬁné ans for irreleasibly engaging
THlt@ﬂg\len :rcfagll\gﬁg% e Shaft of the

A locking mechanism of a door of a known type of freight container includes parts
defining therethrough holes that can be brought into register during locking of the
mechanism so as to provide for a shaft of a matching seal to be inserted through them to
seal the mechanism in its locked position, such a seal including, in use thereof, two
heads at opposite ends of its shaft. The invention relates particularly to a seal which
may be used to seal such a locking mechanism, although other applications for it may

possibly be found.
According to a first aspect of the invention there is provided a seal including

a first part including a shaft and a head at one end of the shaft, the shaft having

engagement means in its end region remote from the head;

an electronic circuit carried by the first part and including a radio frequency
identification (RFID) transmitter and sensing means for sensing severance of the shaft of

the first part, the circuit being in a normal state and configured to, upon sensing
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first part that has engagenent neans, via this
engagenent neans, when received in its receiving
wo eoosmrioon, the second part forming a head at PEEIB20@/001957
of the shaft of the first part renote fromthe head
of the first part, when so enﬁaged. 10 It is envisaged
that, in use of the seal of tfie invention, an audit
trail nay be kept in respect of it in which the seal
is associated with data stored in its RFID
transmtter, which will include at |east an identity
sevavéndeof 'Emaa$haﬂ of thedast part c¢’r&1ﬂgetihto anvarginigt statsf, thérstate change

RFIDtrans tter I,nterrogate
beingedhfectiie, to MARRL P 2L TORENOHOViER GEDPREbISTyitn the RFID
trandthitt@ridnsmtter of the electronic circuit carried by
the first part may be a transponder. It may, nore
particularly, be any one of an active transponder, a
true passi ve transponder and a battery assisted

PRt LREEREE = By Rl ER Aol ot SRR B R et anc
havrﬁ@rehgsglembm trh;antslfosrrrenmsﬁbly rehgaﬁ!ﬁgahe remaisiegidresf tvelshaft of the

re58$nd to being interrogated a conﬁatr bl e
first pagt atagaﬁngagawn&@ews{\r'aﬂaﬁﬁw@g@n trReags @/Haern received in its

N n t t f the first
oo P RERRAARAR i £l e BB nalr e s
part Atmetenfrdimvibe\headtofrthg fibst p26t, evvehi syuerghgad. t hat, i n

both the normal and warning states of the electronic

circuit carried by the first part, its RFID
transmitter will respond to being interrogated by a

It is @RURALEAt8at, iMUSE IHIRE sl BEMeCRVENtidH, a41S BLdit itra@l rady Be kept in
signal i ncorporating an identity stored in it as_ well

respast ahitiimavhieh itha seal istasseciated witht ¢ataSteredl in. |tsv\BFID transmitter,

SRS AR B0 I 68T ARy of

seall the'RFID r8hsmitied MBbe Kitei cgated Bl aheais 6C4 compRtiBlédnterrogation
interference with its operation. The recei Vi ng

devie®yr mati on defined by the second part for receiving the
regi on of the shaft

The RFID transmitter of the electronic circuit carried by the first part may be a
transponder. It may, more particularly, be any one of an active transponder, a true

passive transponder, and a battery assisted passive transponder.

The seal may be configured so that, in the normal state of the electronic circuit carried
by the first part, its RFID transmitter will respond to being interrogated by a compatible
interrogation device by transmitting an RF signal incorporating an identity stored in it,
and that, in the warning state, such transmission is disabled. Alternatively, it may be
configured so that, in both the normal and warning states of the electronic circuit carried
by the first part, its RFID transmitter will respond to being interrogated by a compatible
interrogation device by transmitting an RF signal incorporating an identity stored in it as

well as an indication of the state of the circuit.
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5 of the first part defining its engagenent neans may
be a socket fornmation defining a generally round
wa@ydosoziiorcal i nner surface of a dianmeter matchPCmIB20@t001957

of the shaft in the region referred to. The seal may
include an electronic circuit_carried by the second
part, including an RFID 10 tPansmtter and sensi ng
nmeans for sensing tanpering with the second part, the
circuit being in a normal state and configured to,
upon sensing such tanpering, change into a warning

The stat maytihclude atspachafaeatienrfgr deeratively|spasingntherf3F kb transmitter
an interrogation device canpatible wiith the RFID

from g RRler 14 etk PEIeRiO Y SHOTIA B Gt RIS BRI
be a transponder. It may, nore particularly, be any
one of an active transponder, a true 15 passive

transponder, and a battery assisted passive )
The receigpe frererationiefineddivrife seanad part ferecejving thermegion of the shaft

[ | , : .
o ] 5t b SR B PR B A e o gning
gendraipesind eylinddcsldenacsptace dfra dibmetlerdaatuling that béthe shaft in the
_second part, when engaged with the first part,
regioreepiered 9.or its renoval fromthe first part, will
cause severance of the conductive path, the circuit
bei ng configured to undergo the 20 state change
referred to upon sensing severance of the path. The
The skelahay ralude amakketroniceircpicarried hytbeskeesond partcincluding an RFID

oS s B Do A B LR B o o
being‘;i‘r;/ bhrelesiaioand céhﬁg?défga t6,aigdnesbridihd &t tafierP@l Ehange into a

1 define a primary ~ 25 electrically conductive path _
warning state nifestategchangel keing Metdctatie bytmaeans of apdnterrpgation device

conble SR8 S A ARGATN g my e
tran§phderr St M), tmave! partisuisdly ey eingnsite of ahhectivetttarspsader, a true

the circuit "‘being configured to  undergo the_state .
passiveitigespasder rang a battgry aSsistesirassivedranshengdal fhepgasing means of
Lpati.on..of . i i . ; .
e GRERLRE 1 Rpaye s REL g P 541 88008 oh B soncuctve

path3f & Eenfigurstiorpaith respectied theeseconidgsartlin whichedaneangh togthe second
along the length of the shaft  of thg%first VP . .
partpuben ereeasd pai) ihebiskpas wsikingd Jar s remeval iromgthe first part, wil

caud g&\tléréﬁgé loy tﬁé’?gHS&étW% pRhD Y citdlBt BéiRgIdovigtred f-thdergo the
carried by the first .
state change referred to upon sensing severance of the path. The electrically conductive

path of the electronic circuit carried by the second part may be defined by an electrically

conductive element.

The sensing means of the electronic circuit carried by the first part may define a primary
electrically conductive path extending along the length of the shaft of the first part in a
configuration in which severance of the shaft between its engagement means and the
head of the first part will cause severance of the path also, the circuit being configured to
undergo the state change referred to upon severance of the path. The combination of
the primary conductive path and the RFID transmitter of the electronic circuit carried by
the first part may define a closed loop extending along the length of the shaft of the first
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part may be defined by an electrically conductive
el ement. As such, at least a part of the conductive
we@b@serto7of the el ectronic circuit carried by PCEIBE20044101957

part may be inside the shaft of the first part. As

such, the shaft of the first O‘Eart may be at | east

partially made of 5 a noulded el ectrically

non- conductive material and the part of the conductive

element of the electronic circuit carried by the

first part inside the shaft of the first part may be
part.ndhié gethairpetectrically nontectvepmtio bf theeeledteartic oincuit carriediby the first

ot L e a0 o R R Bk s prtof e

concﬁJc’EnOé’ idlernBit setheBed@ldific ir6GE eagdRUYbYEIHRCfinst 9§H|rﬁay be inside the
conductive path which extends al ong the Ien?th of the

shaftofahe fiest pfl’ie As sugh, fhershadief thefiesh paa may be et legat wqmally made of
amd TR EE BT b o B e SRRSH T KB sBPLd 1pd Bl Blomonto

the €beRbiit GcuR @arded bhehudrst pars msmlm shiaft pdtthe flréﬂpart may be
arran?errent may serve, in sonme applications of the

moulglegl inta i i npair restoration of the 15 electronic
circuit toits normal state, after severance of the
pri mary conductive elenent, by nmeans of a substance
. such as a conductive resin or paste. Such restoration
In theegse oﬁthm&alemimm«:t:ircajimrbed twﬁre ﬁr‘sepant inchudinga grimary electrically

con@cglggﬁejle%gﬁora%uaeﬁ 3}&3 ﬁrﬁé% dpay gefquraérl]%)re F’:\:.'sae%ptnggry electrically
condRlchige bbﬁﬁl\/hiﬁéh‘é&@*&télaﬁ? Bt IBngth ofthe skafe6t thefirst part and which is

circuit carried irst part may be defined by an
elechslcetty isoteded youotmtprtma@ comuetl‘@ream Merciravéieing eorfigured to be

second t t.he d th t
n eSS AR (Shsiho, EBte8l tsbesh pBhaffe patns. Thi
arraM@@ﬂehhmapasfetr% ah&onid apENAABAY of Y sb8!, FRiapaif réstoration of the
anper resist ant material. 25 I'n one partl cul ar

electnsm@mlrngmto it3 nomeal state, afterseverancerfitbe pPrimamn cerdydiive element,

o 3 ] OB, 500, 3EGPR B Pl 1 588543 ftoraton moy

caus‘é eohtacparso, bethesent the pamasy and se@badar}gagwdhctlve eiaments thus
a tanper, resistant material, the sealI ‘i
rendleﬁngdheg,gyrq:wbﬂdl ins )ATBINg-Stateg The primary e ectnca ly conductlve path of

the electronic circuit carried by the first part may be defined by an electrically conductive

element.

The head formed by the second part at the end of the shaft of the first part remote from
the head of the first part, when the parts are interengaged, may be made of a tamper

resistant material.

In one particular embodiment of the seal of the invention in which the head formed by
the second part at the end of the shaft of the first part remote from the head of the first
part, when the parts are interengaged, is made of a tamper resistant material, the seal

includes a third part and
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- 5 PCT/1B2004/ 001957 the third part is nade of a

tanper resistant material and includes a shaft and a
whead/ozto7one end of the shaft, the shaft havi nBCT/IB2004/001957

engagenent neans in its end region renote fromits

head and the part defining therethrough a passage for

receiving the shaft of the fYrst part, the passage

dayl i ghting on opposite ends thereof in the head of

the third 5 part and in the end of its shaft renote

fromits head; the second part defines a receiving

f cthesgthird paftos nodde ehaftamper gsistant matesial andnncluges a shaft and a

vea SRR oLl SRR 50 el s ond region

rem&t8 Wﬁf@ﬁéad@ﬁ@me péirﬁdéfmlﬁg PREABRIRIMa PRAGe fmh@eewmg the shaft
received in it 0 receiving formation; and the

of thaﬂ@t@aaptm nasspgedau@rﬁwguqmmsﬂ@ endg therepbin the h?ﬁ@ of the third
f he third t
part @Héé@g}? ‘6\5“? ﬁP t?l\gnégé%rhg @1&% Saﬁ%ao&r’t |eon Io1[ tﬁ:rshaft

of the first part is received in the passage defined
through the third part, the head of the first part i's

15 adj acent to the head of the third

P AFean iRt dBTaS fSaanng forsiali o dus it & ird part and

has Eﬁg?&,gﬂ%ﬁll m8E or ﬂ?ﬂé%&?ﬁ/ %ﬁg%ﬁ]éﬁlﬁe%?ﬂfrb an ditGe ERaft Gf the third

s receive Irrel eaSibly engaged
part hiyattﬂms eegaagemegt Mmeanst viarthise¢ngagenient meaby, when received in its

secopd The receiving formation defined by the

recegggbﬁwngg Pp; ARy receiving the region of the shaft 20
of the third part defining its engagenent neans nay be
a socket formation defining a generally round

cylindrical inner surface of a dianeter matching
of therpartseretshiaped e provids arm lrraqsespe@fwttrah@m@f Ma&ea* mwhlch with

the sgwg‘fttocfg]gé ﬁ’ﬁl%oép% §rg%z$£egi \?/ ith maet e nglg?gr{ ?ﬁor{lgl’? of {hres%r]aft of the first

part [sreadivedlin tHy passlage iefineé mrbagleth?e‘th&dqjaahﬂ‘teemead of the first partis
mat chi ng that of the shaft in the re i on rteg;)?rred

adjagentinitae hapd A Nednird PAEs araq/therf@gr%w he shafs of htecfirst prrt defining
its e@@%éjeﬁ%&%ggﬁﬁ {)'@)ﬂj i ’fréﬁ]otﬂg%hbﬂ Bk 1 LH’ pr%nE‘?% F@i‘:{?we'dqmthm and

par inent e sea

irreléavitsintengaged byithe Ine¢driﬂ’ngé®dneitmrmmekﬂyfot Hdbystbe sedopaipart.

at the end of the shaft of the first part renote from

the head of the WD 2005/ 027079
The receiving formation defined by the second part for receiving the region of the shaft
of the third part defining its engagement means may be a socket formation defining a
generally round cylindrical inner surface of a diameter matching that of the shaft in the
region referred to and that for the corresponding region of the shaft of the first part may
be a socket formation defining a generally round cylindrical inner surface of a diameter
matching that of the shaft in the region referred to, co-axial with the former cylindrical

surface, the latter socket formation daylighting in the former.

In a further particular embodiment of the seal of the invention in which the head formed
by the second part at the end of the shaft of the first part remote from the head of the
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6 PCT/1B2004/ 001957 first part, when the parts are
i nterengaged, is nmade of a tanper resistant material,
wo bws/os®2ad i ncludes a third and a fourth part BCTIE20€4/001957

third part is made of a tanper resistant material and
includes a shaft and a 5 he at one end of the
shaft, the shaft havi ng engagenent neans in its end
region renmote fromthe head; the fourth part is nade
of a tanper resistant material and defines a receiving
formation for the shaft of the third part and has

first padagker the pedsard mteriengayedss ibhadel of & tajapemntgsistentanaterial, the

of ft f the hird part that has

Sea'@i’fg‘a‘g‘%?@ﬁtt'"géﬁaéafw PR athgagenent means when
received in its receiving formation, the fourth part
formng a head at the end of the shaft of the third

part renote fromthe head of the third part,
entiegbiid past lwmade pka tampgr m&taew@atﬁiwl \ﬁﬂﬁhn@H@eS a shaft and a

noad SR % LT8R Bl EEabeE B g e

remée ftdmtm@ﬁggﬁtlve parts and the shaft of the third
part interconnecting them the seal body defining
t heret hrough, particularly also through its shaft, a
passage for receiving the shaft of the first part, the

%%ﬁrtﬂj)’%ﬁrt @Ha@g & Rﬂﬁﬁ?f‘ leis® %W\Smbt@rfa?%fnd' dben'é% a receiving

respectlv eads of the sea ody; and the parts
formatien Sbia trexdl shaft pf dhe deirdupartnand é!as afgagemeartoneans tfcbfelrreleasmly

seal .in ich hi par ed W|tht
engd g e B teaion shp sbalof kiasbire BRE AR Gltabebll Means via ts
engd e meand Wpephatived i ierddeivihg Ririation, tt%?f@iu\flﬁ%arﬂformmg a
e passage defined through the seal 25 body and t
head artbe eparaf the skhafyatibe third part remetedeem tlpeheaﬂtpf tlnetthu,sd part, when
headsd of these parts on opposite sides of the seal
SO €B839C%wWo 2005/ 027079 PCT/ | B2004/ 001957 7 The recei vi ng
formati on defined by the fourth part for receiving the
regi on of the shaft of

with the third part engaged with the fourth part, the combination of the two parts
defines a tamper resistant seal body comprising the two heads of the respective parts
and the shaft of the third part interconnecting them, the seal body defining therethrough,
particularly also through its shaft, a passage for receiving the shaft of the first part, the
passage daylighting on opposite ends thereof in the respective heads of the seal

body; and

the parts are shaped to provide an in-use configuration of the seal in which, with
the third part engaged with the fourth part to define a tamper resistant seal body, a
portion of the shaft of the first part is received in the passage defined through the seal
body and the first part is engaged with the second part with the heads of these parts on

opposite sides of the seal body.



10

16

20

25

the third part defining its engagenent neans nay
define a generally round cylindrical inner surface of
wa2asarwrer mat chi ng that of the shaft in the PeERIB04/001957
referred to. 5 Generally, for all the enbodi nents of
the seal of the invention, a of the conductive
paths referred to nay be defihed by a suitably applied
el ectrically conductive ink. Any of the conductive
el enments referred to may particularly be a
mcrofilanment. Generally, for all the enbodi nents of
The tdueiiegfornfatibhelefined by ite fourthepartios recgivieg tise tefgiormef the shaft of

e P A G s Ml B 5y Ao ovincrcl

innef ¥|§’r?ac§éf ofsﬁﬂfdrﬁ@t W%lﬁ@&hﬁ%%hé‘ghéﬁ% {H Bgfin referred to.
mat i on, | cative of tanpering, of the shaft of
the first part e.g. a strain gauge, a piezoelectric
elenent, and the I|i ke_. As such, what is stated above
Gen'g%]lg/ie t' 3[119}19311?9(?3}%' 5 Mé' & I tﬁ‘ﬁwee‘n ?‘IEI8HI §rpg fHé’ onductive

I'nC es an el ectri

path€ eeraHetity enzp/ tsﬁr@@ﬁnaicusy & ssuamyutapplieu éléctriuaW\cbmiuctme mk. Any of
seal including another type of neans for sensin

the epsdyetivg eleme a.r@fgrreoléomay partishiarlybe arﬁac'?iﬂﬁsngw i es
to the electronic circuit carried by another part,
where provided. It is envisaged that the seal of the
invention will nostly be used for sealing the | ocking
Genggllgefohalhttenembbdiimeitg bf thecwetbofitbe invelntiommm seasing means of the
hat such a s

ctecf 3R 55k gt YEL el Bt Btk B A buce oo

anotﬂ@ﬁ Nﬁeb%ﬂ s@ﬁ%i‘?ﬂd PﬁéaW@yfonseﬁéﬁ\@péIW ¥binh ofefeTb@AsEort, Gndicative of
as illustrated in the acConpanying diagr amat’i ¢

tamrmrm@ nbthe Shaﬁtd‘féh@lfleﬂmﬁgse g28 skagugaude, Al piezrelectss element, and

o SRR KR S AR i
carri@@ TS first P Helridsoam SWRtAGHIN ohtiCBve element applies, mutatis
PCT/I 82004/ 1957 8 Figure 2 illustrates

mutatidigta mseel ioeluting anethesiypeeloneans fopaensing defarmation indicative of

taméefrl sea[J e %anag ggkﬂ Aﬁ’?‘rgﬁ }’@Zg?ét?&ﬁﬂ}' ?rngé c?gr'i‘kt[o?%g’angther part, where

prov&ﬁ;zpnd enbodi nent of a

It is envisaged that the seal of the invention will mostly be used for sealing the locking
mechanisms of freight containers. It must be appreciated, however, that such a seal may

similarly be used for other sealing purposes.

The invention is described below by way of example with reference to and as illustrated

in the accompanying diagrammatic drawings. In the drawings:

Figure 1 illustrates diagrammatically, in long section, a first embodiment of a seal,

in accordance with the invention, in an assembled configuration;



10

16

20

25

5 seal, in accordance with the invention, in an
assenbl ed configuration; Figure 4 illustrates
wale@gozmmat i cal ly, in ong section, parts fronP@iiB204/001957
the seal of Figure 3 was assenbled; 10 Figure 5
illustrates diagrammatically,_in long section, a third
enbodi nent of a seal, in accdrdance with the
invention, in an assenbled configuration; Figure 6
illustrates diagranmmatically, in long section, parts
fromwhich the seal of Figure 5 was assenbl ed 15
Fi kjlguee 7 |IIulstratasrchagmnUnatycraailrsrmaﬂmraga$¢c;l;on| patts;frgm which the seal of
tion urth enbodi nent of a seal, in accordance

Flgu\r,@ HVE{%%SQ‘%W@\%% on, in an assenbl ed configuration:
Figure 8 illustrates diagrammatically, in |ong
section, parts fromwhich the seal of 20 Figure 7 was
assenbl ed Figure 9 illustrates diagrammtically one
of Fighee pdlustratss dingiaramatically; idopg seelion@ %ﬁconéirerramdlment of a

Seal:jﬁ)éal Xgﬁigdﬁqul 'I(Taﬁq wégnt':(#rf T g ”rlf‘%éﬁb"e@ ?ﬁ%@“’ah‘?’} ‘ection
arrows X-X of Figure 9; and WO 2005/ 027079

PCT/ | B2004/ 001957 9 Figure 11 illustrates
di agrammatical ly the

of Flggfep 6\|,Uéls§(pte>§| dlggrapr?rggprea?lyom I rlpjé g_@%lﬁngpfq 3 Q%H \?/élc'h%e seal of

F ’s_eal i n accordance with the
Igufér:sglgétgl%n I'S gesn gnated 5 generally by the reference

numeral 10. The seal 10 includes a first part 12 and a
second part 14. Wth reference particularly to Figure

o Fiotte polpsteltes idatipdbaiE. R 950 Setlind &MREpmuggiment of a
sealsiﬂlaédcord&ﬁ:es\hﬁ theldvanton, e aherderbiddcanfiguratiegr al |y

formed of an injection noul ded pl astics material. The
shaft 18 defines a tapered |eading end 22 renote from
the head 20. A peripheral slot 26 is defined in the

Figure 6 illustrates diagrammatically, in long section, parts from which the seal of

Figure 5 was assembled;

Figure 7 illustrates diagrammatically, in long section, a fourth embodiment of a

seal, in accordance with the invention, in an assembled configuration;

Figure 8 illustrates diagrammatically, in long section, parts from which the seal of

Figure 7 was assembled,

Figure 9 illustrates diagrammatically one of the parts of Figure 8 in the direction of
arrows |1X-1X of Figure 8;

Figure 10 illustrates diagrammatically the part of Figure 9 in the direction of

arrows X-X of Figure 9; and



10

15

20

25

shaft 18 in and end region thereof including the end
22. As such, the shaft 18 defines engagenent neans in
wo bmshoiom of a peri pheral shoul der formati on 2BCDIB2064001957
side of the slot 26 proximate to the end 22. The
pur pose of the shoulder formation 28 will becone 15
apparent fromthe remai nder "of this description. The
second part 14 also is nade of an injection noul ded
pl astics material and defines a round cylindrical
outer surface 30. The part 14 defines a receiving
f oFigate dnl ilostrétesfdiagnanuhaticallycthet pdrbofidtigune 34n ftbe direction of
regtéir%i r}g:.the d region of the shaft 18 including the
arroyg AT dd9Y ot rat i on 28. The socket formation 32
defines a round cylindrical inner surface 34 matched
to that of the shaft 18 to provide a snug fit of the
shaft in the socket formation. The socket formation, K
In Figarenh.a firstembedimentof gsepb ifeacgordanse wigh therinverfial, sugepignated

. ¢ . ¢ . .
gendrgly BRTic el 4 RE PaflerdGRY TreRenl o kBl BlSia ofid 1 2Rpd second
part48. The engaged configuration is shown in Figure 1 and

in this 25 configuration, the second part 14 forns a

head at the end of the shaft 18 renote from the head
20. Wth reference still particularly to Figure 2, the

v BRSSO DS O B pCHt Al genrly e
cylindrigakshiaft £ add®a heag Z0retopesindaf the shafy. The sioafs182nd Tiee head 20

PCT/ | B2004/ 001957, - 10 ' | : .
are iglggraiiy,formed Il |0W(§Lﬂg$<ﬁtglq\§§8§ n%{%@%dﬁeoﬂbaf{ 18 defines a
tape'gﬁd;ﬁéﬂiée end P2 reRwlté frdfh MRthddd 20190 pbhAghéaosien26fs H8fned in the

ining the slot 26, and a secondary _
shaft 48 duend eadgegioarther®f includiag the end @2al Ashguethdhe shaft 8 defines

enggyetianmaans ibeTpan gl peEbhgs! Yoy Bt Riiyoh 28 e side of the
slot P8k EXidhats & theashdP2 R ard M@rgbé_é@ﬁ prnstegulddifermation28 wilDbecome
is nmoulded into the part 12 with the transmtter 42 in

appargst fleautherengiedgn of thiskieseBpithat i on of the primary
conductive element 44 and the RFID transmtter 42
defines a closed | oop extending along the I ength of
the shaft 18. In an alternative enbodi nent of the seal
The g&coiepamnvdraismis njaae ofsdminjection imeouRiédplasics meatenial enddefines a
42 be of h f . ] L
rouqdrcgﬁéggﬂ? @(,Exteg%%gcg ,r3l9te %’pa?f th géfines a re%rélv?r% forthation in the form
of a socket formation 32 for receiving the end region of the shaft 18 including the
shoulder formation 28. The socket formation 32 defines a round cylindrical inner surface
34 matched to that of the shaft 18 to provide a snug fit of the shaft in the socket
formation. The socket formation 32 has received in a peripheral slot 36 defined around it
shaft engagement means in the form of a circlip 38 for engaging the shoulder formation
28 of the shaft 18. The engaged configuration is shown in Figure 1 and in this
configuration, the second part 14 forms a head at the end of the shaft 18 remote from

the head 20.

With reference still particularly to Figure 2, the first part 12 carries an electronic circuit 40

including a radio frequency identification (RFID) transmitter 42, a primary electrically
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passive transponder. The circuit 40 is shown in a
normal state in which its RFID transmtter 42 wll
wo e®porm74 0  bei ng energi sed by an external PCT/IB2004/001957

i nterrogation device (not shown) by transmtting an RF

15 signal incorporating an |ﬂ§ntity of the seal 10

stored in the transmtter. ul'd the elenent 44 be
severed, the state of the circuit 40 is changed into a

warni ng state, in which transnmi ssion of a signal by

the transmtter 42 is disabled. As such, in use of the

conduetivVe enoéntF4g deéinibg & lﬂshapaoﬂwhiohdhell@gmaxtend atnovibe length of

e SRS SN S0 ¢ S BRBRG PRl SPBpeconcen

conduclivé @ldmént 48 alsbad@erdihg aldr@ tharend cﬁttﬁé 8hbfl 18 and electrically
response thereto. In an alternative enbodi nent of the

isolatahifrood théreléemenhéd onT e trassoviter 42 parkeulatyniis achattarytassisted

oLl bt e A5 A R R e B2 A G

the Héa%ﬂfé(m Uléé Zy\nthé dofsMeAtbN 6 th@lprmnanvt@frfdn@at/@@ldmem 44 and the
npati b 5 interrogation device by transmtti

RF'@?FGQS@!"FEQF 421@@‘if]&§r%1t3||0ﬁ9d {00 exdanding aeng the lepdth ot Hioe 'shaft 18.
well as an indication of the state of the circuit. The
requi renent nerely is that the state of the circuit
is changed in a manner detectable by an external

In anrdlernatpa ieatbattiment of The seal ofithedidvestiarorfnotyshesn), ahe RFID

t [ teif th i I
wan<IBHER AR MU e aNebet Bt g e PEAR AD ABTBREAUST and a true
eshaft 18, and accordingly the WO
Pas s T | Bo00ar 00165y 15 conductive el ement
44, be severed during use of the seal 10 (see Figure
1) an attenpt to "repair" the conductive el enent 44

e BTG o 548 St v BRo B FREEH Rl fitef 22\ Rlsponato
bem?%h‘é@gﬁébd b? 2Rl s infeérrédiliontle vides@ot Ehown) Byld@hsnﬁltmg an RF

~ the circuit 40 in its warning state. 5 The second
signalainparposating aptideniity ofi theuseal 46 ﬁmﬁe@é@ thﬁéf@éﬁm'tt% %Bhould the

elen{e:ﬁg Hﬁ;ﬁ:‘ t':.évergg I Be ét%?éqﬁfqht t&Fcuﬁoé}OSl etd%WS g warning state, in

and an” e trical CORAuRt Ve
whichZrargemissioh o atdigatthy the trfa@smnaert‘AZJSQﬂsdameo Assutln Aahluge of the
shown |2_ The circuit 48 is shown in
seal 10 of Figure 1, the conductive element 44 serves as sensing means for sensing
severance of the shaft 18 and for changing the state of the circuit 40 from its normal

state into its warning state in response thereto.

In an alternative embodiment of the seal of the invention not shown, an electronic circuit
similar to that described above may be configured so that, in both its normal and warning
states, its RFID transmitter will respond to being interrogated by a compatible
interrogation device by transmitting an RF signal incorporating an identity stored in it as
well as an indication of the state of the circuit. The requirement merely is that the state

of the circuit is changed in a manner detectable by an external interrogation device.

The circuit 40 is configured to be in its warning state if there is direct electrical contact

between its conductive elements. As such, should the shaft 18, and accordingly the
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normal state in which its RFID transmtter 50 will
respond to being energised by an 10 external
WO pdosoezogat i on devi ce (not shown) by transnittPCIE004RB1957
signal incorporating an identity of the seal 10 (see
Figure 1) stored in the tranj itter. Should the
el ement 52 be severed, the state of the circuit 48 is
changed into a warning state. In this state,
transm ssion of a signal by the transmitter 50 is
di sabl ed. A portion of the elenent 52 defines a ring
conchsttiee elemieritiel, becsleaerefd)dwm’tg wse Gxhelseal $0 ¢sea Bigyeal1) an attempt
. that, dama to the 15.s art 14, .when en ed .
to e PRGN AHERe Spmens 3R MBR of ot sy Sk 9T &F A gqnouctive
resirf &epad‘té A iRt ﬁkéﬂ' béué@él@@tr&@}/@érﬂﬁéﬁoé}ﬁlebh%@ eRIREts 44 and 46
. The circuit 48 will then be in its warning state.
alsomusmemerlng beddicuitdt Ocindiskvanming stetgyrity of the seal
10 of Figure 1 by neans of a 20 conpatible
i nterrogation device, both the RFID transmtters 42
and 50 are interrogated and only if both respond is
The sbéondpad f1i4th/asoén ehtoaid cicrémgimouided medelnA Ibmnm‘dieB an RFID
of  having two electronjc circuits is .t

trangriter 99 q@ﬂa@’fqatlpq transraitigs A 3ngl 3P &I(aectrlpg\gl conductlve eflement 52
condr;d%)i}:fbg{h?f’%%% e atc‘Poéi’aQFB (bé’mgf\fsﬁ&% ). Trhe Ei!F&JlPﬁQ?Jshown ina

belnterrogate ermne I1ts identi
normai statédn wihich dsnRFIY ttamemitbed 50 2l ﬁdzstpqmdrbsbe;ﬁgtﬁtergsed by an

exted b NGOG AV orelrt anann By ERRsmRing 3FnsRaF bbSorating an
|denﬁ?%l?1 %@élmt(&@é‘gfdﬁré’ﬁ §tB?ed5|ﬁQhetr§n§‘m1tteﬁ* ShauId hERMEment 52 be

serves to indicate whet her or not there was
Sevelrea!rpﬂalel $tgte/v|of tthe Iorceig A8 |socrrrmrgedemb@ca wamisg oftatehe In this state,

wansifiision olg Sepetinbine B lRbSa R anas et 14 PRIGLENRR sigment 52
deflr’lé%r@hﬁ@%ﬁ%rouﬁ‘@tﬂ@%éﬁéﬁ@ﬁﬁam 82 B2084isked thaﬂaamlage to the

Figure 3, a second enbodi nent of a seal, in accordanc
secopdtpart hé, Wherengaged math ta@s‘qrgtrfearbaZg@wrrgmfg)r by ran@val from the

first Bgﬁte\k@gcca%g@u@e% 01,5 of W%Sﬁa%rgs& Weugl?a.llf4é{2\&i‘ﬁt hen be in its

Sécon part a third par
warniig btatef erence particularly to Figure 4, the first
part 58 is identical to the part 12 of F| gure

As such, in order to check the integrity of the seal 10 of Figure 1 by means of a
compatible interrogation device, both the RFID transmitters 42 and 50 are interrogated
and only if both respond is the integrity of the seal deemed confirmed. A benefit of
having two electronic circuits is that, if one of them is rendered in its warning state, i.e.
inoperative, due to damage to the seal 10, the other may still be interrogated to

determine its identity in order to identify the seal.

All parts of the seal 10 are sacrificial. The seal 10 may be used to seal a locking
mechanism in an application where mechanical strength of the seal is not a requirement.
It merely serves to indicate whether or not there was tampering with the seal. Other
embodiments of the seal of the invention provide mechanical resistance to tampering

also. Such embodiments will be described hereinafter.
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2. ldentical features, where designated, are thus
desi gnated by the sane reference nunerals as before
waemsaescri pti on of these features nmay be f oORPCIB2004/001957
the description above of Figures 1 and 2. 10 The
third part 62 includes a sha{é 64 and a head 66 at one
end of the shaft, integrally'“fornmed of a corrosion
and tanper resistant material in the form of
alum nium The shaft 64 defines a tapered end 68
renmote fromthe head 66. In an end region of the shaft
In Figdre 8nal setomg emmbodimier@Sof atseddf innascardpree prithr te #vention, is

.70, and a ri pheral shoul der far iaon . on the sjde
desighpdtgerirBly b METRIENGs biieral S ahe 88a! St led Bl Fart 56, 2
secon@bERIEP NG4S thrddeirt p2s engagenent means for the shaft

64, as Wl be described hereinafter. The part 62

defines through it a passage 74, which daylights on
opposite ends thereof in the head 66 and the end 68

, f f i . i .
win i ORI T I 5yl OB SRR 0 oo
2. Idl@ﬁti%al&éatﬁmeé,hﬂherfeh@eﬁ@mmd,lﬁremMshiEsf'agnegéd byetbei saeue reference
numaa s beBre e e Rl P NPS P alTo8 sbay be figd Aghs gscription

: 7 he shell 78 is nade of a strong but
abov%lr&fﬂgﬁ@é%ﬂasdl%—.s mat eri al susceptible to damage due

to tanpering and, as such, serves as tanper indication
nmeans for the part 60. The part 62 has a sl eeve 80

he (5003 Fuiite TB4R Ein S Rest ot Alaft Bhde Bl sfit rtegrany
forméscg&]fé ¥higsibR bﬁattéﬁ\ﬁgf residigntiRatrial inahs Rskebf alli@iinTain. Ohe shaft

2 for receivi ng t re% on of the shaft 64 of the
64 defmes spaperad entd 0§ remetestioml the heaf e iagrerihregioneof the shaft 64

o555 ¢h8 58k 8RR 81 PR Bt YA A SRl opmatir
72 oflitReBid offBieChIBl 700rehittte GrirR thalihaalt68. Thet Sttouider forfdtion 72
to provide a snug fit of the shaft in the socket

defines engegenesbmeans ferdbrehaft Sdnas mohbe deaethatbierginalies. The part
62 défﬁweg tﬁ%ﬁbﬁﬂeiﬁéssﬁbgtm, which daylights on opposite ends thereof in the head

66 and the end 68 of the shaft 64. The diameter of the passage 74 is matched to the
outer diameter of the shaft 18 of the part 58 so that the shaft 18 may be snugly received
within the passage 74.

The second part 60 includes a part 76 made of aluminium and an outer shell 78 for the
part 76. The shell 78 is made of a strong but brittle plastics material susceptible to
damage due to tampering and, as such, serves as tamper indication means for the part
60. The part 62 has a sleeve 80 made of the same material and serving a similar

purpose.

The part 76 of the part 60 defines therein a receiving formation in the form of a socket
formation 82 for receiving the region of the shaft 64 of the part 62 including the shoulder
formation 72. The socket formation 82 defines a round cylindrical inner surface 84 of a
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86 in which a circlip 88 is received. The circlip 88
serves as engagenent neans for irreleasably engagi ng
wo bwsstmomd der formation 72 of the shaft 64 of peEIFRA4001957

62 when the 5 end region of the shaft including the

shoul der formation is within_the socket formation 82.
Engagenent of the end regidn1 "the shaft 64 with the
part 76 is effected by nmerely forcing the end region
into the socket formation 82, the |eading tapered end
68 of the shaft 64 forcing the circlip 88 open and

dianetter roatobled io 88 suties diumestet gf tharshiaftl G4ytol prdgidea $m@ﬁltfof the shaft

b8 5 b B SOPhA M Eh4 podERELE) £onras
86 w?ﬂ/ﬂﬁﬁ%j C%ﬁph88 he rélﬁaﬁ\yemeﬁ@rd'PcﬂQ 88 ﬁ@é’s fa@fenbhgeﬁfé@\i tneans for

on i1ts end renote fromthe hea . The shel
rrel&a‘sabtyeemgmgﬁmer&i'@uaierébrémtmT% Of:'ihle(ﬂhiatﬂ %OfrfbaIMZ when the

end rfﬂ%?qrq?éﬂggﬂqafi ne rﬁ Ié%%gogldgﬁ ton}‘rg@[ag %Wmlwtﬁ‘%: Eélg{ett fo‘ﬁ%atlon 82.
Engé’%tﬁﬁéhtb@ﬂjthé%ﬁlﬂéﬁnéh of tike bRAft 64SNitH it phtt I®|§@Wedté@by merely
i's envisaged that darraetothemﬁ@nt 60 required

forcingithe ead regioudntorthgreocket foamatiern 82 leﬁﬁ@gptap?gedaw 68 of the

shaf{cﬁ% gﬁﬂ%@@ﬁ%l@‘%‘é&v\% ﬁqj{rﬂg déﬂ&ll?%%ﬁlﬁgggué?{tly%‘ﬁ ally Iodging itself
in theaglbt 80. tethisednfigeration, dlustatedr incEigure'§, ftive partsod? iamd 60 are
the formof a 20 socket fornation 9f2for C ntg
Irreleeaas@bfye@igﬁgeéfmtmw%aﬂ 7ggormieg ad1eag foRk ?\@EP“ end remote
from tﬂ% g 28 The socket formation 92 defines a
rical inner surface 94 matched to the outer

di aneter of the shaft 18 of the part 58 to provide a
snug fit of the shaft in the socket formation. The

The Shel B STpeiRAr b the ah elatlpRi it B iRy PE Ry The'drouitoois
S|m|IfaP'idTﬂé elli‘cmﬂﬁ% '(ﬂfﬂlﬁé pbit 146f FRuRE 2 arld)eas2Suc @hkhot be described
formation defines around it a peripheral sl ot

herefroinreetaib nS@f@cwntttn isay iratdtis gneiseged thatgemagertedee pag 60 required

or 4 i b YR et i b il

char?eeoﬁﬁétcﬂ’@bbt'%hh@ﬂ%jwéﬂﬂng batend regi on of the shaft
4 of the part 62 30 renpote fromthe head 66 is

linearly displaced into the socket formation 82 until
t he WD 2005/ 027079 PCT/ | B2004/ 001957 - 14

The part 76 of the part 60 defines therein also a receiving formation in the form of a
socket formation 92 for receiving the region of the part 58 including the shoulder
formation 28. The socket formation 92 defines a cylindrical inner surface 94 matched to
the outer diameter of the shaft 18 of the part 58 to provide a snug fit of the shaft in the
socket formation. The surfaces 84 and 94 of the socket formations 82 and 92,
respectively, are co-axial and the latter socket formation daylights in the former. The
socket formation 92 defines around it a peripheral slot formation 96 within which a circlip

98 is received.

With reference to Figures 3 and 4 generally, in order to assemble the seal 56, first the
parts 62 and 60 are suitably aligned and the end region of the shaft 64 of the part 62
remote from the head 66 is linearly displaced into the socket formation 82 until the
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shoul der formation 72 is engaged by the circlip 88.
The part 58 then is suitably aligned wth the
waeeovbiozrard on of the part 60 and 62 and the shab¢T/IRR0©f001957

the part 58 inserted into the passage 74 defined
through the part 62. The shaft 18 then is linearly
di spl aced along the passage194 until the shoul der
formation 28 is engaged by the circlip 98. In this 5
configuration, a portion of the shaft 18 is received
within the passage 74 and a portion thereof

shouin‘emfommr@ T2 mng@edrtajfthe&{rclus 88 edbie\pait 5Gthemeds §Utta@y allgned

A o R k0 M 5 1850y SR er o
the p%%%bgé@zﬂ éefir?écsf?ﬁ‘?u%‘ij the 8@&‘6? dﬁfﬁéesh\d'ﬁt’fB WeH isl Ihearly displaced

stat eéd above, the shaft art 62 is inserfed
along m@p@sa@m?émméfherﬁmwdﬂfd@@natmz isengagedby thgycirclip 98. In this

conHFAPH, 3BEkaf o 98 sk, P KOs T3P anc  portr

theréﬁi"{‘aﬁﬂmcﬁ from thersmhertess |b@éde|¢em:|he|de 80ckest drineationi 32.tTree head 20
seal | parts of the seal I’Esee Fi gure 3)

of the part $$ is asiacen toriheingadH650f t’ﬁ\emﬁ @%r@i@@r'w@ﬂfor&?trh& seal 56 is
sssey 1 PREEEE O S 8 M B0 e S S o2 i

insertéd twdaghandiés aefimed thraugh pastscefnal logking mebbahiscalof taodoor of a

the f t d d ts 12 and 14 t
eighhGowainer schieoF (itsBanhosbeencssennaE Barpesy ehanism is

I
e O B R o Ve PRSI0 it et a0 ar o

designated again by the sanme 20 reference nuneral s as
before and a descrlptlon of these features may be
above Figures 1 and 2.

Al pfﬁg{% Ogg}ﬂ Sﬂ%%ﬁ& Qadeaf'afﬂﬁ'Q'a' part 102 conpri sing

a shaft and head |dent| cal to the shaft 64 and the
head 66 of the part 62 of Figure 4. Like features,

wher e desi gnated, 25 are thus designated again by
In Figuiiee, adthisd enthodimeetofiasest imagenrdansrvith H@s'everpﬂqrbrﬁ deS'gnated

geneg%%@?g% ;E?%r%ﬁégﬁuﬁ% Ibl%of %’%%éap 19@ ﬁwucﬂ.géséég ;% fﬂ’gi géh and a second

part identichl fathe ﬂ:@ﬂand&;&onﬁ wmmmaummme@@éxﬁlv@mm@he seal 10 of
PCT/ | B2004/ 001957 - W reference particularly to
Figurg §uPs sechithesepaits atRRATAIEs SURDEY e RamedElerphge numerals as

befol®" MRE! RBtures, where designated, also are designated again by the same
reference numerals as before and a description of these features may be found in the

description above of Figures 1 and 2.

The seal 100 includes also a third part 102 comprising a shaft and head identical to the
shaft 64 and the head 66 of the part 62 of Figure 4. Like features, where designated,
are thus designated again by the same reference numerals as before and a description
of these features may be found in the description above of Figure 4. The seal 100

includes also a fourth part 104, made of aluminium.
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106 defining a round cylindrical inner surface 108
mat chi ng the outer dianeter of the shaft 64 to
w@emgiozi®7a snug fit of the end region of the skel/1B266¢4/001957
including the shoulder formation 72 in the receiving
formati on 106. The receiving1%ornat|on 106 defi nes
around 5 it a peripheral sl ot'¥11I0 within which
engagenment nmeans in the formof a circlip 112 is
recei ved. When the shaft 64 of the part 102 is engaged
wth the part 104, the shoulder formation 72 is '
Witheefpaerek particularly ite Eigupe 6.1the pari 194ataiineg thereinanrgogiving formation

106 3efifg roudinliraldet droui e, B B g 3R Ryte gamoter of the

shaff 94 & providd al sHIRERt dfetheSErantegianbf reoshkL64 ¢addingithg shoulder
the shaft 64, the head 66 at one end of the shaft 64,

formah@ln 42 incthe reeeiiiag feRmatios 106 (Theogceaivingfermaalipry] 06 gefines around

o PR TR VPR Bosdieltoedils A e b 1121

receRRAOWhEN Halsisaft 64 bee part 1 ORisherayaged \mt‘rdtrtefmrpam the shoulder
104. _Also in the confjguratio show? her e, Shatg[
formaion721if,@ngagec by (NS BRsHI4.nBSEAIBHIATNTS STauddnE igure 5.
116 so that a part 15 thereof is received in the
passage and an end region including the shoul der
formation 28 (see Figure 6) of the shaft 18 is
In the eorfigurdtion shown ihEigsioz &ghefcombinatiom QthQ pads F)gand 164 forms a

tamiaraesiatart saetiaiy TG eaEpnsRg BE st 4, FRneAERE %t 8fe end o the
sha@@@%ﬁié&héhé‘f@rrﬁé&bﬁﬂfa pa® 164 lat B &8d 6f tHehﬁmaﬁﬂe@ci rékfABte from the

are sacrificial %aln the seal 100 may be used to
heath66h Mbeksealrbdyeal4 Lafivek theratbronghi @ rassager 1§ gaylighting on

onn BT e A A EROAZE Ry Faftfaton shown

hereg tHEesIadft ¥8 bY tHehgart aRarRsseminsetted intd $he phssagzal 1648 that a part
I ncl udes sonme 25 features that are sim|a

thereqfiis wspbiediinheg Ragsageangranansd regign lq@ugmgpﬂpéghgu@er formation 28
seeds-'e@ e%; &%a%lté[fﬁﬁls 'ﬁ%%‘ﬁ?@@ﬁ gggck(gtrfs rﬁé‘l‘r&n 32 (see Figure 6) of

the peef ®4.€Tieehead20 ahd tiae hbad tDTmemr‘my taecﬂaastc‘m autayaofst the seal body
these features may be found in the description above

114 gp oppgsite sidesdharesf. wo 2005/ 027079 PCT/ 1 B2004/ 001957 -
16 Wth reference particularly to Figure 8, the seal
118 of Figure 7 includes a first part 120

All parts of the seal 100 are sacrificial. Again, the seal 100 may be used to both lock

and seal a locking mechanism of a freight container.

In Figure 7, a fourth embodiment of a seal, in accordance with the invention, is
designated generally by the reference numeral 118. The seal 118 includes some
features that are similar to corresponding features of the seal 10 of Figure 1. Similar
features, where designated, are thus designated, both in Figures 7 and 8, by the same
reference numerals as before and a description of these features may be found in the

description above of Figures 1 and 2.
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i ncluding sone features that are simlar to
correspondi ng features of the part 12 of the seal 10
w@bookiogore 1. The seal 118 includes al so a thipdr/m20e4/001957

and a fourth part identical to the third and fourth

parts 102 and 104 of Figure SGand desi gnat ed agai n by

the sanme 5 reference nuneral s“as before. It still

further includes a second part 14 simlar to the

second part 14 of Figure 2. General descriptions of

these parts may thus be found in the relevant
Withpeferéncespartictlaey de Figure i, the sdab148 offFidure dfinclades a first part 120

ot 4650 Btretngl 8 See L CorEtpontty hi8g o 59512 o ne
seal F0GHFRyute 1Thrhd el 118 2hdledddwiso bNRir® partandRarRirthdsarf igentical to

receiving the part 104 and a peripheral lip 124 for

the tbm@a@drfgumth@aptsrwa@nd 10#10f Rigurertenre desionated agaip kyothe same
refereﬂgt%J nglf‘rhega@ V\% &gﬁqﬁg i@%ﬂltfgétég&!?gcﬁ.lrogesgz? @88%@(% g Pt'a’fz* Qi'FniIar to the

seconhd®dicrtofiAguiaR.oBensidl deddriptibne of these partd neay thus be found in the
transverse end wall 128 at the outer end of each wall

relevep portigas i te descrigtion@boy§acer formation is to

operatively space the RFID transmtter 42 (see Figure

8) fromany netal surface to prevent interference

with its operation. The spacer formation nmay include
WithRefererfidespartiveladly énBiguse 8 dhe pantdi20idedinas eih@adH22 corresponding to

ine RAeELIT R e 1% B 2 FASRERH %2, SRS Gopape 123 for
receﬁnrﬂj fHledureq O@%n@jaeﬁéﬁ%eréﬂlpaﬂm fﬁi%r@fagm@ethéqﬁdrﬂm
[] ustrated in the draw ngs, simlar spacer formations

may be provided to operatively space any of the other
RFI Dtransmtters illustrated fromany netal surface

i BN 5 B Do 60 BB 27w oot
includfhg@kwe raalls wese@@@dngam g)feitbﬁdlagaﬂromf tﬁdﬁheaﬂv’em imopposite

not shown, another suitable ty 1\gagement feaﬂ-,
direqtigps gad atransverecend wall 48§ abthe Qjﬁe'iw igaghwal 1 & purpose

of th%gp%?épan ahg@?ﬁé\foe&hﬁ%@?p%é?ﬁ% B?ﬁéﬂa?ﬁsgﬁﬁép@éa?ge Figure 8)

fromianyenéiadsurfade ohsrementinterfesericedeititits bperation. The spacer formation
may include RF reflective elements for enhancing a signal transmitted by the RFID
transmitter to facilitate “reading” of the data incorporated in the signal over a distance.
Clearly, in any one of the seals illustrated in the drawings, similar spacer formations may
be provided to operatively space any of the other RFID transmitters illustrated from any

metal surface to prevent interference with its operation.
All parts of the seal 118 (see Figure 7) are sacrificial.

In an alternative embodiment of the seal of the invention not shown, another suitable
type of engagement means may be substituted for any one of the circlips referred to

above.
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above as being made of al um nium may be nade of
anot her type of tanper resistant naterial, e.qg.

W@ @snk®3ss steel. Such a material may parti cul BeT/IB20@/@1957
corrosion resistant material. 5 Also in another
alternative enbodi nent of the_seal of the invention
not shown, the sensing neans’may include another type
of nmeans for sensing deformation of the shaft of the
first part of the seal, e.g. a strain gauge, a
pi ezoel ectric element, and the like. As such, what is

In arsdltereativwbembodiment loftheoseal of thespedntiomotaishognaany part described

s b bt SFBLANE i 5o RS o BRU 52 5Bbfer essan

materf2y, égﬁ?ﬁ@bss@é&f @Idh%‘ma'tériél%@n%éﬁiégl%ﬂyﬁéf’é cbfi@sion resistant

seal e Invention w nost | e used for sealing
matefriaki ght contai ners. Using matching interrogation

devices |l ocated at strategic positions along a 15

transportation route of a container sealed with a

seal, in accordance with the invention, the integrity
Alsodh éﬁcﬁ%@eé&k%rﬁ_auv@@nm}meged{) thd sthleofstl infvention tém shown, the

respond to bei ng energise y an jnterrogation devic
sensiig Means maytlnﬁlgga.annmqntmﬁfan?a&s (Péﬁ?@?'@gtdreg?fgﬁilqni Cﬁghe shaft

of th% @?sg g%gﬁf%é‘ SpalBY, '%estﬁatir?Bgﬁge,%f)i%zéabegg%ﬁgyh Yridithe like. As

ain use o I"ure. 027079
suchP@Hdt B2 Gldteadiive in dfaticiLil BSseadl .indludiegl an etdatriéally d&nductive

a first part including a shaft and a head ,at gne en .
clermgnt ppgiosh 1A TRIATRS {6 AagRCIOQHg 2G8TER D A GedTs for sensing

ttsiend region renote fromthe head; an electronic
defot‘f‘%&ﬁ?t carried by the first part and including a

radio frequency identification (RFID) transmtter and

sensi ng neans for sensing severance of the 10 shaft of

. the first t, t i I cUi ' ' . :
i SsobRA B bl o0 bR Lo DAL ERePu L Bk hbEaing rioh
contgifafd. Wind ARtéHiRG intdRbGaticH@edeed Ipkated attmritegc positiens along a

the state change bei ng detectable by neans of

transgperiation gattedt aontaisecseaiad withe §@alnin accordance v?iph the invention,
the integrity of its seal may be monitored. If the seal fails to respond to being energised
by an interrogation device by transmitting an RFID signal, a vehicle transporting the
container may be stopped by a relevant authority to ascertain the cause of the failure.
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the RFID transmtter; and 15 a second part defining a
receiving formation for the shaft of the first part

wa@oashzoerng engagenent neans for irrel easi bl ypentegoanm1957

the end region of the shaft of the first part that
has engagenent neans, via thiS engagenent neans, when
received in its receiving ‘fd mati on, the second part
formng a head at the end of the shaft of the first
part renote fromthe head of the first part, when so
engaged. 20 2. A seal as clainmed in Caim1, in which

CLAIM8 RFID transmtter is a transponder. 3. A seal as

claimed in daiml1 or in Cdaim2, in which, in the
normal state of the electronic circuit carried by the
first part, its RFID transmtter will respond to being

2R sedtiper@gRf ed by a conpatible interrogation device
by transmtting an RF signal incorporating an

identity stored in it, and in which, in the warning
state, such transnmi ssi on i s disabl ed. WO 2005/ 027079

2 bt pBTIRLFARG Y BRAP ARG néad BRbNE B! A'tAB Snbfl, HeAlHHft having
or in arm 2,7 1n I'ch, Tn bo the normal "ahd
vaTgageesit aemsoh itstencetegidn mmaotediomdhée heady i ed by

the first part, its RFID transmtter wll respond to

being interrogated by a conpatible interrogation

device by transmtting an RF signal incorporating an

'éﬁe'éﬁédtﬁbn% ‘éfr@&#t icArrdd :b? ! hrs@%)aﬁ*ﬂ an8 lhBIﬁiJUﬁi};t aOfadi frequency

the state of the circu A seal as clained in any
ddentificatine ( BFH@)etmm@n@teaand,semnmnem fonsensingsgyerance of the

r5hat o RB Sl el hB B hFRERY §Bolhel Shle phy oD isilto. upon
Vddr3irid Se\aRER@d bPthe dibfbof ﬂ’\eSﬁEr@{ Eéﬁ chaigeEidtd B wairgnstate, the
of the preceding clainms, in which the receiving

fejateeahiapgedsin epiablerey meansaf @awerfqgatp@&@vme@mweélble with
rtﬁg'FQﬂDotfraH?ﬁitt%RaJr{d of the first

a second part defining a receiving formation for the shaft of the first part and having
engagement means for irreleasibly engaging the end region of the shaft of the first
part that has engagement means, via this engagement means, when received in its
receiving formation, the second part forming a head at the end of the shaft of the

first part remote from the head of the first part, when so engaged.
A seal as claimed in Claim 1, in which the RFID transmitter is a transponder.

A seal as claimed in Claim 1 or in Claim 2, in which, in the normal state of the
electronic circuit carried by the first part, its RFID transmitter will respond to being
interrogated by a compatible interrogation device by transmitting an RF signal
incorporating an identity stored in it, and in which, in the warning state, such

transmission is disabled.
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part defining its engagenment neans is a socket
formation defining a generally round cylindrical

wo ey f ace of a dianmeter nmatching that of péEIERb@ft1957

in the region 15 referred to. 7. A seal as clainmed in

any one of the preceding claips, which includes an
electronic <circuit carried 6§the second part,

including an RFID transmitter and sensing means for
sensing tanpering with the second part, the circuit

being in a normal 20 state and configured to, upon

Yesebhgs al@imddaimp€tdimg] orhiar@laim r, dn aviah nimboths thet eqrmal and

R B R S PR VTG R st
:v}}]lgnlggf)%ﬁ&rto Bein) FfdHrogsted! B}/”Edcdrﬁpé%‘tﬂé nh?errdgét%' @8vice by

transmtter of "the electronic circuit
dsansimitlingyan HeF ssignal dnpenporatingaanridasitynstered & ltAa%em" as an

ascl i megd. in aim7 or in Caim8, in which the
é'éﬂ'g? Hgg‘ﬁ’sStgfe ?fﬁhe UFWt ronic circuit carried by
t he second part defines an electrically conductive

path WO 2005/ 027079 PCT/|B2004/ 001957 - 20 in a

configuration with respect to the second part. in which
dhsageas slaimedde @mnepat the pissrdBElgEs W igh ifdudes a spacer
f \ (AN
{apbud o ofGRLER SRl e FP) RnfR8) by i Shiomal meta
sbjeg to pnévantimerfeencedeittyits bberailbat e change ref er r ed

to upon sensing severance of the path. 5 10. A seal as
claimed in daim9, in which the electrically

conductive path of the electronic circuit carried by

tﬁ%g%?%@"tﬁalﬁﬁid il §n9%ﬂ@8ﬂtt@’p%e@hﬁfﬁaﬁrﬁ§' inywhlch the receiving

conducti ve | ement . . A seal as clainmed in
doemafion deflrmceta)eﬂmer&gcondpaﬁ fori nreceaivingthenieg IQ@@;@,thﬁﬁhaﬁ of the first

e et SRR o 4 g O ey
eoLRA S MNHrRlaPRa el SEfARY S Uigmetdrengtaning tedt dfftee Shafsih the region

part ih a configuration in which severance of the
gkfdrredtst ween its engagenent neans and

A seal as claimed in any one of the preceding claims, which includes an electronic
circuit carried by the second part, including an RFID transmitter and sensing
means for sensing tampering with the second part, the circuit being in a normal
state and configured to, upon sensing such tampering, change into a warning
state, the state change being detectable by means of an interrogation device

compatible with the RFID transmitter.

A seal as claimed in Claim 7, in which the RFID transmitter of the electronic circuit

carried by the second part is a transponder.

A seal as claimed in Claim 7 or in Claim 8, in which the sensing means of the

electronic circuit carried by the second part defines an electrically conductive path
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the head of the first part will cause severance of the
path also, the circuit being 15 configured to undergo

wo bmssramre change referred to upon severance OPCT/IB2004/001957

10.

11.

12.

13.

14.

path. 12. A seal as clainmed in Caim1l, in which the

conbi nation of the primary c% ductive path and the

RFID transmtter of the el ecttonic circuit carried by

the first part defines a closed |oop extending al ong

the length of the shaft of the first part. 20 13. A

seal as clainmed in daiml1ll or in Caim12, in which

tinea gornifigargtice! with resedt yo trmenmdipm ipawhichdantage to the second

AT T GposLitn BE Bt ipaRt ertirett DB s PERbxerom the st part,
A/vﬁl%gsé%e%ladn%%f e Shthi fﬁeléﬁﬁcullt'bémgnééhf@uré@whn@ergo the state

part he conductive el enen e electronic
cthangetrefarred tadupgn sersing severnaace of he paihde t he shaft
of the first part. W 2005/027079 PCT/I|B2004/ 001957 -
21 15. A seal as clainmed in Caim14, in which the
shaft of the first part is at least partially nade of

aa ngeial dedelgingsd fin Gihityy 90 om-wihierd tred iewe;tnim;nqrctcmdlmnde toa¢h of the
part of the conductive el enent  of t_hegz) ectro

celpetipnic cupvit earmisg byrbe speand part is delie ytarfbe'gﬁ%lrs?"y genductive
(?g é kst part is nmoulded intoit. 5 16. A seal as
arved in any one of Clainms 11 to 15, in which the
el ectronic circuit <carried by the first part defines
al so a secondary el ectrically conductive path mhich

pét e }r\h%yleyré%i){]tpgbrégr}edmg S{ai[pggnM ¥ sensmg means

p(ST‘ ﬂ%r )éle%%ﬂlécbi'ré’lﬁt eafrfed b Qhé'ﬂr§tJbbrtb@éﬂ?ﬂascéWﬁﬂlrﬁéf)ﬁdlectrlcally
be inits 10 warning state during electrical

cmnchmtlvbmaABserxtem@ngmiqmg:ttlwéewm@f thez shaft s thefist part in a

cl d Cl
crauiraidh § BufhetieroBodtl i bR REFERTRE Eagpgement means anc
CiheCtddd 6Rfhel fet part Wik chliss beparahce of ded batitlaley, te circuit being

electrically conductive elenent., 15
configured to undergo the state change referred to upon severance of the path.

A seal as claimed in Claim 11, in which the combination of the primary conductive
path and the RFID transmitter of the electronic circuit carried by the first part

defines a closed loop extending along the length of the shaft of the first part.

A seal as claimed in Claim 11 or in Claim 12, in which the primary electrically
conductive path of the electronic circuit carried by the first part is defined by an

electrically conductive element.

A seal as claimed in Claim 13, in which at least a part of the conductive element of

the electronic circuit carried by the first part is inside the shaft of the first part.
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18. A seal as clained in any one of the preceding
clains, in which the head forned by the second part

warooshozroend of the shaft of the first part renptBIE2001M01957

15.

16.

17.

18.

19.

the head of the first part, when the parts are

I nterengaged, is made of a 't er resistant material .

20 19. A seal as clained in aim 18, which includes a
third part and in which the third part is made of a

tanper resistant material and includes a shaft and a

head at one end of the shaft, the shaft having

eh gagleasesiainmahingClaim i ¢ sineviich g shaft ofdhefiestfipaotis iat keast partially

hea d the rt efining therethrou for

TBede vitng Rul3E eREoaly hamcorduti:% JhaforBf SRl art of the
%Hd'u%ﬁ\'}é Bﬁn%ht%lpﬂ%sélbétr@rﬁlgélr&@%m’bd'w th8 Firdt Rt m@iﬁe the shaft
the third part and in the end of its shaft renote from

i ofghédisst;pavids To0Wded TUpdt. PCT/ | B2004/ 001957 - 22 the

second part defines a receiving formation for the

shaft of the third part and has engagenment neans for

irrel easi bly engaging the end regi on of the shaft of
tReehhas d:lalmedtlntdﬁyt o@sf Orgagenttd 16panwhichi taetdiestronic circuit
engagenent npeans, when received in its recei

rasTied Py fhe firstipart driinesalee aaﬁesoaﬂw@deqtacﬁlyoqﬂr@@%ﬁvﬁ path which
I

R, SRR 1 oPind S8 S8 kUi etecicay

asplated immdhetdnmarya:bhdoétmdmthfihesctirquarbtelrngscmmfmre@m be in its

in the passage defi nedthrou t he t |rd ar.t

s ie aling slechizal cpuEfiPatusen ke ol  ne
third part, and the region of the shaft of the 10

first part defining its engagenent neans projects from

the shaft of the third part and is received within
a@n@eakas;a;lamed)inﬁ@m d§eitr which ke secamidannglectically cepductive path

ned by, the. second part. ,

5L ok Pl e R PR i, PR, 2 enofiecticaly
d&fﬁmu@gvé)metrﬁ@ﬂ_ 15 second part for receiving the
region of the shaft of the third part defining its

engagenment nmeans is a socket formation defining a

generally round cylindrical inner surface of a
g?i%gcl???ﬁﬂlg%yt&%t ofthe bRty Liaints, iM@hicth@Mead formed by

the second part at the end of the shaft of the first part remote from the head of the

first part, when the parts are interengaged, is made of a tamper resistant material.

A seal as claimed in Claim 18, which includes a third part and in which

the third part is made of a tamper resistant material and includes a shaft and a
head at one end of the shaft, the shaft having engagement means in its end region
remote from its head and the part defining therethrough a passage for receiving the
shaft of the first part, the passage daylighting on opposite ends thereof in the head
of the third part and in the end of its shaft remote from its head,
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20.

21.

that for the corresponding region of the shaft of the
first part is a socket formation defining a generally

wo ooos2yd | ndrical i nner surface of a di anet er POEIB2004791957

that of 20 the shaft in the region referred to,

co-axial with the forner cylé' drical surface, the

| atter socket formation dayl gh”ting in the forner. 21.

A seal as claimed in any one of Clains 1 to 17, which
includes a third and a fourth part and in which 25

the third part is nmade of a tanper resistant materi al
thedsecoat peetsdefinesaf necaivihgformation fr thmehafh df e thing part and has

E b ird s by TR RS b R Bt i
Eﬁ_ Mﬁﬂgg%ggﬁént méans t\)’hﬁthf@éﬁg;d@)dﬁ@éﬂt m&ardpenireeived in its

anper resi material and detines a receiving
fanenang tornfadiont Aedshaft of the third part and has
engagenent means for irreleasibly engaging the end
region of the shaft of the third part that has
engagenent neans via its engagenent neans when

treCearvedrd shériéd toggrevidenan fneuseatonfiguraticn 6dilet $eata1 tvhich, with
formng a head at the end of the shaft of the t

i Shal o She TTicAT HRDIEEAIVEN therRecoPAiRPH, B RPLICFIZAS shaft of the

f
g%??gﬁ?% (reélﬂce'é)\&)& ||ﬂe([15 ?agg?@?ﬁéﬂrﬁ%ﬁ’g%m%hw ﬁ)e drOWe Read of the
fisstpart is adjaseatto thedtieabaﬂyh@mmtpart regndtthe reg\nnhéafais siéft of the

UAF e RIp b e B Sl PSRl BB e i or

bh& fs@e‘&é%ﬁ%ttﬁﬁ%ﬁb Wél@éélblyaérﬁ{égteﬁrwq% réééivnﬁb%ltmatﬂ)n defined

passage for receiving the sh the first "part

fdret mpatheagpeomaypartht i ng on opposite ends thereof in
the respective heads of the seal body; and 15 the

parts are shaped to provide an in-use configuration of
the seal in which, with the third part engaged wth

gedlay ElRirRéd tin mauﬁeﬂgnm Whtoanmerrec@wur@t wntnaﬂealdeflned by the
body, a portion of the shaft of the first part

secend e@rt forteseyings i rewion idhersiaipRf e third part defining its
engagement means is a socket formation defining a generally round cylindrical

inner surface of a diameter matching that of the shaft in the region referred to and
that for the corresponding region of the shaft of the first part is a socket formation
défining a generally round cylindrical inner surface of a diameter matching that of
the shaft in the region referred to, co-axial with the former cylindrical surface, the

latter socket formation daylighting in the former.

A seal as claimed in any one of Claims 1 to 17, which includes a third and a fourth

part and in which

the third part is made of a tamper resistant material and includes a shaft and a
head at one end of the shaft, the shaft having engagement means in its end region

remote from the head;
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22.

23.

seal body and the first part is engaged with the
second part with the heads of these parts on opposite

weeaem2i9 t he seal body. 20 22. A seal as cl ai PETIB2004/001957

Caim21l, in which the receiving formation defined by

the fourth part for receivi the region of the shaft

of the third part defini ng'ifg " engagenent neans

defines a generally round cylindrical inner surface of

a dianeter matching that of the shaft in the region
referred to. 25 23. A seal substantially as described

ther &unthwpartt is ehadenf @ tanperdresistantl matersd eadi definas a receiving

?o(ff?n%rtri%n?gri tplg sgllaﬁ%rf %%tlridcpag{gr\{g has éngagement means for irreleasibly
engaging the end region of the shaft of the third part that has engagement means
via its engagement means when received in its receiving formation, the fourth part
forming a head at the end of the shaft of the third part remote from the head of the

third part, when so engaged;

with the third part engaged with the fourth part, the combination of the two parts
defines a tamper resistant seal body comprising the two heads of the respective
parts and the shaft of the third part interconnecting them, the seal body defining
therethrough, particularly also through its shaft, a passage for receiving the shaft of
the first part, the passage daylighting on opposite ends thereof in the respective

heads of the seal body; and

the parts are shaped to provide an in-use configuration of the seal in which, with
the third part engaged with the fourth part to define a tamper resistant seal body, a
portion of the shaft of the first part is received in the passage defined through the
seal body and the first part is engaged with the second part with the heads of these
parts on opposite sides of the seal body.

A seal as claimed in Claim 21, in which the receiving formation defined by the
fourth part for receiving the region of the shaft of the third part defining its
engagement means defines a generally round cylindrical inner surface of a

diameter matching that of the shaft in the region referred to.

A seal substantially as described herein with reference to and as illustrated in the

accompanying diagrammatic drawings.



