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1 A VDR Capsule Unit FIELD OF INVENTION 5 The present invention
relates broadly to a voyage data recorder unit. BACKGROUND 10 Similar
to the "black box" flight recorders for aircraft, voyage data recorders
(VDRs) are used for recording relevant information of ships to facilitate
investigation of accident or maritime incidents for ships or more generally
for water bound vessels. 15 Under regulations from the International
Maritime Organisation (IMO), passenger ships and ships other than
passenger ships of 3000 gross tonnes and upwards constructed on or

after 1 July 2002 must cagr to assist in.accident investigations,
under regulations adopt% %@ﬁm’r‘&t@% into force on 1 July
2002. Performance standards for VDRs were adopted in 1997 and provide
details 20 on what type of data is to be recorded, and general VDR
specifications. For example, the standards provide that the VDR should
Fiohirftio INKEMBIONIn sequential records of pre-selected data items

relating to status and output of the ship's equipment and command and

contral of the s i%VZS Geni thedy Ris installgd in a gr tective
g

[ rall
capsulgeo?rﬁsé?lrér, W?'ﬁt(’t:i itk ?/%lgc/gﬁ?/abr Qtfs)i/\“'(:Qé’fl?‘)ggjerze(":f1 Ttii‘)rﬁ'fcm St rQ/Ei%ual

location, and should be fitted with an appropriate device to aid location,
BACHGR@ acon device. Typically, the VDR installed in the protective
capsule will be fitted on the deck area of the ship, to ease recovery and to

maximize the probability of survival after an incident. The relevant 30 data
is suﬁﬁwaréﬁ&%r%\ﬁﬁgﬁ% RGP J8G AR nERERR AP SGrae™

(\é8RakativHectdtnezteiog/BRvant inéevantreqligiipe it deilieisngegtgation
oPadisedar withiarieLonanand BeidgaintyeicalbreadéRirds, instaliegkin bound

v& % nction with a main unit installed at the command bridge or proximate
to the relevant equipment from

Under regulations from the International Maritime Organisation (IMO),
passenger ships and ships other than passenger ships of 3000 gross tonnes and
upwards cons‘cructed on or after 1 July 2002 must carry VDRs to assist in accident
investigations, under reguiations adopted in 2000 which entered into force on 1 Juily
2002. Performance standards for VDRs were adopted in 1997 and provide details
on what type of data is to be recorded, and general VDR specifications. For =
example, the standards provide thai the VDR should confinuously maintain
sequential records of pre-selected data items relating to status and ouiput of the
ship's equipment and command and control of the ship.

Generally, the VDR is instalied in a protective capsule or boiler, which is
typically brightly coloured to facilitate visual location, and should be fitted with an
appropriate device o aid location, such as a beacon device. Typically, the VDR
installed in the protective capsuie will be fitted on the deck area of the ship, to ease
recovery and o maximize the prohability of survival after an incident. The reievant
data is supplied and continuously maintained in seguential records via suitable
connections between the VDR and relevant eguipment on the ship, in particutar
within the command bridge. Typically, 2 VDR is installed in conjunction with a main
unit installed at the command bridge or proximate o the relevant equipment from
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2 which data is to be collected. The main unit controls and facilitates the
-upload of the relevant data to the VDR for the continuous maintaining of
the sequential records of the relevant data. 5 The overall VDR system,
including the Final Recording Medium installed in the protective capsule,
and any associated main unit, are subjected to periodic performance
tests, and new VDR systems have to_undergo a certification process
under the IMO. 10 In the design of VBRS installed in a protective capsule,
certification is related to meeting certain environmental conditions for ‘
WIHELTHEE kRS cRGCSBtn bR MEl HIRPBIRID FINAiRIft i HEIRe d pfithe
rel@tenstoiatg daithth F VD RiThestdrdi adsle tanainthstagb L8RGEqudliitioersaiachf
tAd QA& fpE daaour. As such, a number of existing designs for VDRs
installed in a protective capsule have been proposed. In one such 15
design described in CA2361797A1, a boiler including a bifurcated
cylindfi@lcyaeh DE? Ropusisattibis Being itie iElasihBasriringokisdiom dasted in
thelapteccivecaaiainie phasechangeimatenaloutheraal sugssadieh soisdic
(RS REALS IS HRP el NE AL RAKIRR A the hifyrcated eylindiical o ress
member defines a storage compartment for a stack memory. The two
UDSRidHS e separated by a demising wall, which includes 20 a fusible
valve which opens at a predetermined temperature to allow the thermal
mass iPeiIsiEe StYBES FRMMIMantaBIvtechRaIsiackiRamAnNs Fled

"Religwersene disadhaninde aseodlaled wilnfhat desin ISthatihe, .
majorlty 0) practlca W_a'&er; asegq ermal ma ses_, mcfu{:lﬁw plain ,wate;?, .
SHiEPBa R el shenthecifetions ip dhicidt siagiy oty orisidmehie o
wRtistae 268 CsiacH Svaderstage t126 thésmbhmasyesdyghicallyurmee e asting

dRERRE Rh et bk P RCiGd A TRELaHN R 2 70 RCA M UE 'R WHE G B

S e S T e R
mgpRerirwialieerinragiratichive SBihempautstisnaiprovddly edastats focontain a
pigatifyingiontberesavered Vs WivthelciBeas a heat sink, is used. The
other portion of the bifurcated cylindrical member defines a storage compartment for
a stack memory. The iwo portions are separated by a demising wall, which inciudes
a fusible valve which opens at 2 predetermined temperature o aliow the thermal
mass o enter the sforage compartment to protect the stack memory' from fire,
However, one disadvantage asscciated with that design is that the majority of

‘practical water-based thermal masses, including “plain” water, may damage or more

generally affect the integrity of the stack memory. Furthermore, such water-based
thermal masses typically undergo a phase change at the specified temperature of
260°C or 1100°C, resulling in pressure built up within the boiler, which again can
negatively affect the integrity of the stack memory.

Another challenge with existing designs for VDRs instalied in a protective
capsule is to provide a means for identifying from the recovered VDR, whether the
memory component has been subjected to conditions which, while not entirely
destroying the memory component, may have adversely affected the integrity of the
stored data. '



memory component has been subjected to conditions which, while not
entirely destroying the memory component, may have adversely affected
the integrity of the stored data. 3 A need therefore exists to provide a
VDR installed in a protective capsule that seeks to address at least one of
the above mentioned problems. SUMMARY In accordance with an aspect
of the present invention, there is provided a VDR capsule unit comprising:
a capsulesadfiséehembeistispasedidsHe R papskie intheplisst ahanshpsule
' iabati rial; t omponent
piedrd b R T o
the first chamber; a vent mechanism for venting gas or steam from the
gisyiahaRber when a temperature ambient around the capsule causes a
phase change in the thermal mass liquid; and wherein the data storage

compaRepiis-disResathinsidsacescorbriambRlisRAsakin e fiiMed a

qh ber, e}nd wherein the second chamber, seals the data _stqra%e
COMpPGHEATEM TRt LR CeRRCR TREFRRIN PRASS RGERA "Re YamFapsule,
mectishishamiey dsinprisecarsdloedinyirrflufiiesaimuniietivin avithtghstorage
ficstehambtispdéel iadie: Unit fna\ckompriise amepateniadehnaen sipbshatnside

okt satmuef the dnatrtialamaid fiidkranyaupication s closed Ard SUchber
that in a. melted state of the mated'lil1 ata terzé)erature at which sal%gphas

Ehihge BT TRE TdfmaTRIELs iRt SR ehio RS EdarTcAtBIes ™ e
BisemaTREitHGy A HEE EThpAsE R VERFERH €I MG E oMk i diside a
wdththechahreutitptize v entippirdethgraseanged {oreveintithg abthadasamnber

SIBAh el 5y SR RIP R IHRY R R I CRMIMAIE AN NIth-AR P RERINGL AL
venting of the gas and steam, the opening comprising a further material
chosen such that in a solid state of the further material, said opening is

closed, Fng seahihahinarmelsdsinteics thesweherimatatial vdemsaistion
phase-changs.afithe thermal mass

The valve unit may comprise a material chosen such that in a solid state
of the material, said fluid communication is closed, and such that in a melted state
of the material at a temperature at which said phase change of the thermal mass
fiquid occurs, said fluid communication is open.

The unit may further comprise a vent pipe in fluid communication with the
valve unit, the vent pipe being arranged for venting of the gas or steam.

The vent pipe may be in fluid communication with an opening for venting
of the gas and steam, the opening comprising a further material chosen such that
in a solid state of the further material, said opening is closed, and such that in a
meilted state of the further material when said phase change of the thermal mass
liguid occurs, said opening is opened.
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liquid occurs, said opening is opened. 4 The unit may further comprise an
indication material member on the second chamber, wherein the

indication material member is chosen such that it undergoes a permanent
shape change when exposed to a temperature above a pre-determined
safety level, for indicating exposure of the data storage component to said
5 temperature above the safety level upon recovery of the unit. The unit

as claimed may further comprise a bgse structure for mounting the unit to
an external structure, and one or more |locking mechanisms for releasably
|ockinﬁhﬁ]{é’&%%?ﬁlé”fﬂ‘?ﬁé‘ﬁa%sﬁﬁjbm&%F@ﬁﬁeﬂ‘% BRI MiedimnRseRd
chrenberieviesrbiadbd suckrihansitmehysahdrdowmeandsnebtibat dfungrdiess a
pepvBlamhierapershaidb e rRIPegIbRIpRKN BMsshals B TRIeasesH 8 rmined
s5& S“lsvféP'gotrh?n'a?cs%ns”%"t“é&rér ng upt 'Qgééf“sr%}%r SO 13 said
more wirés dispose QRn At each wire is Broken when the respective

TR YRR PR dRFSaIRDbISE RSP T reapYBat oL Bipistiing the unit. BRIEF
DESCRIPTION OF THE DRAWINGS 20 Embodiments of the invention

will be-petiar wadersipad-andiRadin ARRAERt HA NS QAL BAM KR he

the art from the foIIowin(]% written description, bgﬂ\ga’% of example only, and
1

U B GHE T RlR it afRR R T HIER® GRS T8 WU Qi eieasably
lagigBe-Serethmmakir dwithy dfasey BRIcps Ul ardtn 28adedidhgneshanisms are

4%@%@@@0%@%&%@@&@%@% expleged vipwaf &B@p\{%ﬁﬁ levers
S j igure 1. Figur : rspective top view o
oI R 008 RS YL e
VDR capsule unit of Figure 1, illustrating unlocking of the capsule from the
capsulbsbasié n38y Figtne Sosarsehemsadic ronos sasestidapbsirawing dhat each
witetadl efdie, \Aian CRRSIEHBINET BIHE hddBhRALERPERRE HOMmper

proofing the unit,

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

~ example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic cross-sectional drawing of a VDR capsule unit
according to an example smbodiment,

Figure 2 shows an exploded view of the VDR capsule unit of Figure 1.

Figure 3 shows a perspective fop view of the VDR capsule unit of Figure 1.

Figures 4z to d show side views of the VDR capsule unit of Figure 1,
Hiustrating uniocking of the capsule from the capsule base.

Figure 5 is a schematic cross-sectional drawing of a detail of the VDR
capsule unit of Figure 1.

DETAILED DESCRIPTION
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5 The described example embodiment provides a design for a VDR
installed in a protective capsule in which a water or water-based thermal
mass is utilised for protecting the data storage component, while
facilitating release of vapour or steam resulting from a phase change of
the thermal mass to prevent or reduce damage to the data storage 5
component. Furthermore, in the desgribed design direct contact between
the data storage component and thé water-based thermal mass is
prevented Furthermore, in the described design, means are_provided to
identify’ SiRFEeg RTHR ?JB?&‘E‘E&%‘Q%W&@%%H&W%%’ aupitetBiabed i @
pteiepiecatepeuibovd @ prevaiefinedateféastaMibetng mass irediidad ontmgeding
(HeaceH ER et SRBdred YT he HatR S lelagR CoMpRNLBI éﬁbﬁ?ﬁ rdditing from

ISpoueIcd DR Fldlie . Shouis & giossssedlianal disuing OLAMBR orage
apsule Gt 100 |ﬁ 3escr38e% example %e um?T&% com erlses 8079
C%@B%?é{loﬁ?ﬁﬂﬂ%‘?‘@ pioigedefftived @ﬁ@'ﬁt’c@’!’@@?é‘d’%ﬁtlﬁﬁhﬁ%ﬁh the data
siexigenadispsface shertef wEhe tapsilest02 ismsade frovanttd. SFA3084rmore, in
td@%&ﬁﬁédsé%gﬁ%]eﬁhé%éj BRAIRRG XML WARRALIBPAE tﬂ?&%ﬁ?k&ﬂé‘ge

rovided inside the capsule 102. In the described example, t

- c%ﬁ%?ﬂﬁﬂ%%ét%?%???%§ FEREEHA %%%Vi@ﬁﬁ?‘é?{%ﬁs?ﬁ%d%ﬁﬂﬁﬁﬂﬁﬁay

restiiblvatioirateridagaraaddptssickiuceshthallpovidata thieraag o0 2n Ahe

réepstei@asse 108 is provided for mounting the unit 100 onto an external
surface of a ship, such as on the external roof structure of a command
brldge of a ship. Wire .connection clips 110 are provided within the

caps(if€¥ase T8 of reeitataiPEBh AR BrasdiRBIeariee Wbt %Wn‘f‘e
déorriteth ¢erangfer tGreefimdl te¢aaimgsaedivapdd? tithehiDR papiide witht a

ASH- lsuHes %ﬁiﬂy%@%@g%%@fﬁg& %ﬁéhté%fv aﬁgf@eeeﬁe w?zt léqg%(géfmm
com 0 re ective cable connections
S%i&é%ﬁf %@g%@b@c}r\‘%gﬁsﬁb?{ﬁ%e kS the final recording medium
112. A sealed cable coupling 206 is provided in a sidewall of the capsule

base AQ&didtui-maselemaie Gab@oﬁaealimgla@&ipéouaiediet aogablen the
delsd g!@%%%gn%&‘é“rﬁ%o%ﬂ% ei‘qQ? i *}WBQU%‘I& igot0 1S4 V%a is

e capsule base 108 w ent e capsule 102 is mounted to t
encapsulated within the adiabatic material 104 and position centrally within the capsuie

102. A capsule base 108 is provided for mouniing the unit 100 onto an external surface
of a ship, such as on the external roof structure of a command bridge of a ship. Wire
connection clips 110 are provided within the capsule base 108 for facilitating connection
of suifable wires (not shown) for data {ransfer o a final recording medium 112 of the
VDR capsule unit 100. Figure 2 shows an exploded view of the VDR capsuls unit 104,
rotated by 90° compard to Figure 1. Respective cable connections 200, 202 and 204
are provided for data transfer to the final recording medium 112. A sealed cable
coupiing 206 is provided in a sidewall of the capsule base 108, with a maleffemale cabile
coupling 208 provided at a cabie housing 210 secured on the capsule 102, The housing
210 is recaived inside the capsule base 108 when the capsule 162 is mounied to the
capsule base 108, In the described example, there are two lines for data transmit, two
lines for data receive and two power lines providing +24V in each of the cabies 200, 202,
and 204,
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30 capsule base 108. In the described example, there are two lines for
data transmit, two lines for data receive and two power lines providing
*24V in each of the cables 200, 202, and 204. 6 Turning now to Figure 3,
which shows a perspective top view of the VDR capsule unit 100, two
locking mechanisms 114, 116 are provided at opposing portions of the
cylindrical capsule 102, to releasably,connect the capsule 102 to the
capsule base 108 for recovery. In the described example, the locking
mechagnism 114, 116 comprises a 5 lever base mechanism, Release
handIed™48 "PYOHHE e ah VN DPpS A RSP AN B M R &8 HB capsule
UOERHY vedheliieninetarisigs Tempaf proofraiesd1aomRsingefitiods of the
csmﬁalbm @aﬁmi@g@:l.&a,rééﬁs@fnglw@am;émé%@@%%zﬁ@ﬁﬁ@@ﬂ@gﬂfd%as_éPqoa
0sitio ough openings of anker ele ts, (hidden in

A B R e I R BT s =
RGBS R R 121 8 1.0 20 BT M HPASA RV roispied
sthgreicd, ttiwe jocldngotrbihdes an dasy shd Tuickere feasevafecapisule21 02 draxad
s greseie-Bese 05 bymHlingihe Telerse fandiesclig. 420, sidewaited

ownwards to unlock the locking mechanisms 114, 116 respectively.
m%%ﬁf’éii??g*“@
caBsWiRI bRRindthél dagpapieetio B9 byrether sras ek dn1ios afir vthilsi desvairdsahits,
dovinemitasnospenpebihrvels ans ondesdds ah228/\wis S0R10skng: of
cRRYR'S aﬁm%?‘%h%W@ésg@%QS 969,33%!? &:&ﬁ“tﬁ%c%@%s'é' ystrated g 1330

Figures 4a and b. During that moveme _empe%roof wires 119,
siisaitasy dovprEkeh g Slede s der sipe RechanisirthE u dihisnertvely.
movement of the handles 118, 120 results in downward movement of the

lockingyelagns 490 4Pewihaienerablingreprsepkiie e 4M0swAfi

f . h el ts.404, 40, the capsule base 108, and jllusirated in
Bt Ayl i S S o L
menRsaeRy of the tiefsshattiey 0 2Sadl) phoits the depthe Jeaoars4Us, 434 away
irthushenapling upvanthoeoxemenbiel therighaaps ules ) 20aidg mavabinment,
i RABOSHEPRRELR, REIUFING BPNBBIRH'S belifidtplsERRr g

medium (FRM) 112 is locate

Further downward movement of the handles 118, 120 results in downward

- movement of the locking clamps 400, 402, thereby enabling release of the clamps 400,

402 from catch elements 404, 406 on the capsule base 108, and illustrated in Figures 4¢
and d. Upward movement of the handles 118, 120 will result in pivoting of the clamps
400, 402 away from the caiches 404, 406, and thus enabling upward movement of the
capsule 102 for removal from the capsule base 108.

Returning now to Figure 1, the final recording medium (FRM} 112 is located
inside an FRM case 126 disposed inside the can 10€. An FRM case cover 128 is
sealingly secured to the FRM case 128 at a bottom thereof, ufilising bolts 130, 132. A
mixture of water and antliresze 134 is used as the thermal mass in the described
example, and is contained within the can 106. In addition to withstanding a high
temperature environment, the thermal mass is chosen to withstand low temperatures,
e.g. -25°C for about 10 to 16 hours. More particular, the water and antifresze mixture in

the described exampie is capable of staying in a semi-solid state, similar to that of
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inside an FRM case 126 disposed inside the can 106. An FRM case cover
128 is sealingly secured to the FRM case 126 at a bottom thereof,

utilising bolts 130, 132. A 30 mixture of water and antifreeze 134 is used

as the thermal mass in the described example, and is contained within

the can 106. In addition to withstanding a high temperature environment,
the thermal mass is chosen to withstand low temperatures, e.g. -25C for
about 10 to 16 hours. More particuIaF, the water and antifreeze mixture in
the described example is capable of staying in a semi-solid state, similar
crystest e nc Hh S REEETH AP B8 YR iE P g &S ARPEIrRSale Essq@modate
ireseavedtosimedmingostate thempeal expansion during phase changes. A
vent pipe 136 is incorporated in the can 106 structure, and includes a
valve 5 structure 138 disposed at a top portign of the can 106 in the
escrb S LA RrEO B Ao TAe TRATBHUE A e e
ststurel 378 iseesan af soldifedietart ihesars TRAdcn Pratetorkbetieenhs
vihe issidenef 1be eanpliesandihevperaRirendai8; via Wierhaffle shaieiste,
s&A9 nbit AR QLS DRlIR Sh D RS RS H&g‘{%?%%@ the! Qf'&%tﬁ’;!?e M i
the inside of the can 106 via a vent opening 143, whereas the other
DP AR P NEAD RS 169 iSRRI REER AR 08/ Bifdc e mpirgtion
witb Soeibsdiexbimp e ntheshrM detlossomgtiidalyharmetisediiertbeambteri 42 is
in@dd dohRpiesinoheRMnidRe Ry within the FRM case 126 to avoid '
direct contact between the FRM 112 and the water 134. This
advantageously avoids exposure of the FRM to 15 the water 134, while
maintgifip garaibgd eramplotieioRM e dptettinEats IgIMgrass orin water 134,
fylpstamnitigiyfaimtizirothethermaFridsssk e 2o adervdd4iirdhedascrifieden
ufXPRIR P02l SALE 10e, 1710 HRRELIREAPRI0R:02583./0 PAIEUIRN o

stear%proguced from a phase change of the water 134 above the boi mi__%a

TR Tatex i i BaR T SR S B eI RAPrRE A B ReEIOHEE TRM

1haapiriaotialbedifr odthie tre dsreabuils sl evititet 84 dathd O6sdilmrd example.
particular, the low temperature metal 137, in the example embodiment, is

a tin/lgtatg‘ alloy, is chosen such that.it.melts substantially at the boilin
emp e e SRS HET bR i bion Sheet A Perd it Pileuped
i RPBASCHPNSR B MpsRiRirE34 above the boiling point can exit the can 106, thus

preventing detrimental effects that may be caused from a pressure built up within the
can 106. More particular, the low temperature metal 137, in the exampie embodiment, is
a tinflead alloy, is chosen such that it mells substantially at the boiling temperature of the
water 134, As will be appreciated by a person skilied in the art, the low temperature
molied metal becomes permeous fo fluids, including gas or steam, thereby engbling the
steam to exit the can 106 via the valve siructure 138 and the vent pipe 136.

The vent pipe 136 terminates at the base 146 of the capsule 102. The gas or
steam is thus fed into the internal volume between the capsuls 102 and the capsule
base 108, and from there the gas or sieam is vented to the outside using a vent opening
148 formed In the capsule base 108. The opening 148 is stoppered by & low melting
point metal 150, a finfiead ailoy in the described exampie, which melts on application of
heat to release the expelled gas or steam. The metal 150 is chosen such that it has
melted by the time iemperatures are so that the gas or steam is can be discharged from
the water can 106 via the vent pipe 136 and the opening 148.
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molted metal becomes permeous to fluids, including gas or steam,

thereby enabling the 25 steam to exit the can 106 via the valve structure
138 and the vent pipe 136. The vent pipe 136 terminates at the base 146
of the capsule 102. The gas or steam is thus fed into the internal volume
between the capsule 102 and the capsule base 108, and from there the
gas or steam is vented to the outside using a vent opening 30 148 formed
in the capsule base 108. The openin@ 148 is stoppered by a low melting
point metal 150, a tin/iead alloy in the described example, which melts on
application of heat to release the expelled gas or steam. The metal 150 is
chosensuph tiXatidt deasrat eledpyf the dipeite nlarsity eanetaythaicker 146

3% USIARY I563Re USChREeDIRmitbg WALHLSARN ik H1EVE the
pipe 136 and the opening 148, 8 A pinger 144 is secured on top of the

PERSEUIE 1D UG 4RO GRER D PEEKBE- 148 i Beesibey ekiifsiergieed
caniude Wapreciated by a person skilled in the art, the pinger 144 is an
underwater acoustic beacon, which aids in recovery of the submerged 5
capsule 102. Figure 5 shows a.cross-sectional view of the can 106 ... .
e R B AR o 8 PR ARG i e
2dighmis|1aie RSP H OTidrST0 o e R L S3ES 1 BTRedgNo Y of the
F&itteveal 302 of theneylindrical $dewk0GOA vintddikglibOricedtedpitie 504ing-like
mieldgdodhe isidewad! RARd QRGP MO BRSO HEG RIS RAEIRRE 3 ion

5§¥ means offscrews, e.g. 506. The FRM case cover 128 comprises
e@fﬁ%%??ﬁt%r%%ﬁﬁ%c? , 508 for data transfer to the FRM 112. In the
described example, the FRM 112 consists of a known 15 data storage
structue sREN @8dearer MeslktethHasd dremealyiasipon/higbigepe il
tﬂélélﬁ%?tt'%g‘?é%'%ﬂ‘em gl ?és‘%ﬂﬁéﬁcé{a‘?%@,‘%ﬂé Hg I B'\_éof@&% SPg %hown

128 in the described example. The material member 510 is designed to
IRt PP AR RTHER BRRFES MU ISB VBRI ERES temperature

range. In the 20 described example, the material tin/lead alloy. The
mateﬁaqk@q@ﬁﬁ%ﬁy@hhm@étmmm?%liiﬁiémgakmﬁé%wbgmgmQR@WM
C &r@&%?q%% t%g %gggzﬁgg%déga%é%mpﬁ\rg t:%%%eriai member 510 is designed io

have a pre-determined shape in a normal environmental temperature range. in the
described example, the material tinflead alloy. The material is chosen such that the

- material member 510 will change shape permanently when subjected o a temperature

above a pre-defined safety level that may result in untrue or incorrect data in the FRM
112. Therefore, upon recovery of the VDR, the material member 510 advantageously
functions as an integrity indicator fo determine whether or not the FRM 112 was
subjected to a temperature leading to untrue or inaccurate data in the FRM 112, at any

stage prior {o recovery of the VDR capsule unit.

It wili be appreciated by a person skilied in the art that numerous variations
and/or modifications may be made o the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects o

be fllustrative and not restrictive,
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above a pre-defined safety level that may result in untrue or incorrect data
in the FRM 112. Therefore, upon recovery of the VDR, the material
member 510 advantageously functions as an integrity indicator to
determine whether or not the FRM 112 was 25 subjected to a temperature
leading to untrue or inaccurate data in the FRM 112, at any stage prior to
recovery of the VDR capsule unit. It will be appreciated by a person skilled
in the art that numerous variations an®/or modifications may be made to
the present invention as shown in the specific 30 embodiments without
CL&é'ggrting from the spirit or scope of the invention as broadly described.

Thepresent eDRedpacikistitedherefiaee, to be considered in all respects
to baea'gﬂgtt_ﬁgtive and not restrictive. 9 CLAIMS 1. A VDR capsule unit
comprising: a capsule; a first chamber disposed inside the capsule, the

firstehHFoEM B SlisRespsulatiaen i sarmieic hatdifal ghmmper being
enciptagescbbyponatitdisfoseddnaide the first chamber; a thermal mass

lquig dispensd oside e ietaamber, syeptpedhanismdor venting gas
or steam from the first chamber when a temperature ambient around the
cap@diernaseess it LreprRpdinairednefiat chemRas liquid: and
wheseiarhendatastonafie centprngas isrdispasefidnsite disecprehebamben a

tengéépaaﬁéi M@J@ratrgn@mggr'n@ibgMYQGJ&&@&Q%S gnd cha eeEnS§ﬁ%Stwermal

ata storage component ect contact with the thermal mass liquid.
mags iIh @0t as claimed in claim1, wherein the vent mechanism
compiiisesn ahealisastoiadllidoropomeniicatinspeddrthes first £haoter cBamber
disgQe4Ni aRLlpimed ingaim g e Lyt F(Pr% e h
[Sé—naterial ghosen sucﬁ}{hatin aso\ﬁﬁgsfg;ﬁquﬁigé%a?er%?, sai%fuel3 's the data
StOraGA FRINIRSRRSH from direct contact with the thermal mass liquid.

2. The unit as claimed in claim1, wherein the vent mechanism comprises

a valve unit in fluid communication with the first chamber.

3 The unit as claimed in claim 2, wherein the valve unit comprises a
material chosen such that in a solid state of the material, said fluid communication is
closed, and such that in a melted state of the material at a temperature at which said
phase change of the thermal mass liquid occurs, said fluid communication is open.

4, The unit as claimed in claim in claims 2 or 3, further comprising a vent
pipe in fluid communication with the valve unit, the vent pipe being arranged for
venting of the gas or steam.

5. The unit as claimed in claim 4, wherein the vent pipe is in fluid
communication with an opening for venting of the gas and steam, the opening
comprising a further material chosen such that in a solid state of the further material,
said opening is closed, and such that in a melted state of the further material when
said phase change of the thermal mass liquid occurs, said opening is opened.
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20 closed, and such that in a melted state of the material at a temperature

at which said phase change of the thermal mass liquid occurs, said fluid

communication is open. 4. The unit as claimed in claim in claims 2 or 3,

further comprising a vent pipe in fluid communication with the valve unit,

the vent pipe being arranged for 25 venting of the gas or steam. 5. The

unit as claimed in claim 4, wherein the vent pipe is in fluid communication

with an opening for venting of the gas &hd steam, the opening comprising -

a further material chosen such that in a solid state of the further material,

30 Bid opéhfig RitcRsetlaiirAsiitrehatane fielted Biaredntherirserfurther
comateifial wihdndisaitbphaseabangenubéhetheraalsbass inudidmacuihesaifl the
tnd%@gwgﬂgtﬁﬁﬁnﬁghq@erQST&% gtlxt Qﬁc%aﬂﬂé?d mt%.'é/ rﬁogle% Oa]: the [aen%% Hape

claims, further comprising an indication materl PBer on ?he Seco d

Ch%mﬁn%%f\/ﬁm&th@ mamﬂ%ww&emmm&@@awsa@wmwl for
inditetiargeesa peratahent shapershangepheshexpases {ondteaiparalbive the
saf@RPl‘é‘?IQ Q;S‘Brfi?et%@ ?ﬁéeﬁ}g eveI for 5 indicating exposure of the data

storage componentt temperature above the safety level upon
recovery of the unit. 7. The unit as claimed in any one of the preceding
claims, furthes compisicigimbase sHuctare fer nﬂwrﬁ%@@ébmglr&témn further

corﬁ%ﬂ%rxﬂ@l astsggwgmﬂﬂ??% SO rt%éoﬁ}w(#]%rgﬁc&?%ﬁe ford 6'863%9'%ne

locking the capsule to the base structure, wherein the Toc ln mech
or ﬁ@r@vg}cﬁﬁ‘ge(ﬂnﬁ%‘ﬁQW%IJ@W&?@W‘HOWd tﬁﬁ)tﬁﬁf’%‘ﬁ*ﬁaﬁ@lé@e base
streguEedritedevetsabirntesretiirasoeking Im@ﬂb&@t&ﬂ@fﬁi&ﬂéﬁ&@éWays and

dc\ﬁfmﬁ%e Eﬁ%ﬁoﬁh‘e&asr%ﬁtﬂé%t“rc%nﬁeﬁ 'lEQe n%OE as SP' Sd & {élép ve' locking

further com%lsmg one or more wires disposed such that each wirs is
MeRPERETMAHEIR FRES X ERRTE RGN EEFR RENRUERe opened, for tamper

proofing the unit.
8. The unit as claimed in claim 7, further comprising one or more wires
disposed such that each wire is broken when the respective iocking mechanisms

are opened, for tamper proofing the unit.



