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The apparatus relates to a low-cost and rugged apparatus for the assessment of damage to a ship and to the ship’s hull in particular.
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known apparatus thus gives a warning that, once the aircraft has | anded, a
further inspection of the aircraft is necessary. I n a naval environnent
the situationis different. If a shipis for exanple hit by a mssile,

i medi ate action is necessary. Until now the assessment of danmmge is done
by visual inspection. This is a tinme consum ng and possi bly dangerous task.
I n accordance with the present invention, apparatus for the assessnent of .
physi cal changes in a ship's hull, conprises an-optical sensor arrangenent
positioned near the ship's hull (3), and optical connecting neans,. '

~connecting the optical sensor arrangenent to a central unit (1), designed

for monitoring in reflection the changes in the optical sensor arrangenent,
characterized in that the optical sensor arrangenent and the optical
connecting nmeans consi st of optical fibres (2,7,8) and that the central
unit (1) is
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?arranged for transmtting optical signals into both ends of each of the

optical fibres (2,7, 8)—andfor—receiving-reflections of t .L.cal
<’signal s, WB?‘@%&%H ng possible holes or tears in the shi pgﬁmﬁgﬂﬁand for

measuring the width of Sheet lagedar s. WO 96/ 08706 —

PCT/ EPO5/ 03541 L I l “l 2 [orus SHEETTHASSBEEN fpr

whi ch at | east substanti [ |y stretches al qqmgt.{mﬁ@ I nteyior
e

perimeter of the ship's hull via the stern. This t
‘addi ti onal advant age

Apparatus for the assessment of damage to a shi

The invention relates to an apparatus for the assessment of
' the damage to a ship, for instance to the ship’s hull,

5 comprising a distributed system of optical fibres
positioned near the ship’s hull, which optical fibres are
connected to a central unit designed for determining the
transmission or reflection characteristics of the optical
fibres, for enabling the assessment of any possible damage.

10 .
It stands to reason that the apparatus is required to be-
extremely rugged and reliable such that also in the event
of major damage to the ship, the apparatus will continue to
yield reliable information. An advantageous embodiment of

15 the invention is thereto characterised in that the central
unit is disposed in an at least substantially central
position inside the ship. This position is all the more
favourable because the information supplied by the central
unit will usually have to be passed on to a command station

20 that also takes'up.a central position inside the ship.
It will be obvious that damage reporting will be more
accurate as the distributed system of optical fibres is
more extensive or in fact, as the number of the optical

25 fibres per unit of surface area increases. A favourable

- compromise in this respect is characterised in that per

deck the system of'optical fibres comprises at least one
- optical fibre which at least substantially horizontally
stretches along the entire interior perimeter of the ship’s
30 hull.

'In case of larger ships, the system of optical fibres per
deck may comprise at least one optical fibre which at least
substantially horizontally stretches along the interior

- 35 perimeter of the ship’s hull via the bow and at least one



t hat damage to the ship's bow and stern can be accurately 5 assessed at
the sane tine. A vertical application of several substantially
paral | el WO9%@8i06cal fibres is also possible, for instancePGIERISOAH: re
gaps, which enables a nore accurate danage assessnent in 10 vertical

direction. - : A further favourable enbodi nrent of the invention is
. characterised.in that for each optical fibre, the central ounit
conprises an Y splitter at a first end and an Y 15 splitter at a second
end, each provided with a |ight source and-detection neans. This
~enables the optical fibre to be operated in transm ssion and in
refl ection, which ensures’ an optimal wuse. In this enbodinent, the

det ection nearfPticalfikre sthich @t keash suketantigddsr haxizentaldad f or
the 20 detectdtdotdHed g smepri.ntféndzg Beratidtierd 651 ﬁl‘h!i‘ SHig"s hull

. source connected tqQ the seco et
the second end 6. q%ﬁ‘l%ﬂé’b‘ ﬁ’é‘ eé'& lglrf e Waditibha1 adcvanr%%%teed Lo
that damage to the ship’s bow and stern can be accurately

5 assessed at the same tinme.

A vertical application of several substantially parallel
optical fibres is also possible, for instance with 1 metre
gaps, which enables a more accurate damage assessment in

10 vertical direction. _ ‘

A further favourable embodiment of the invention is
chéracterised in that for each optical fibre, the central
| ' unit comprises an Y splitter at a first end and an Y
| ) 15 splitter at a second end, each provided with a light source
'~ and detection means. This enables the optical fibre to be
operated in transmission and in reflection, which ensures
an optimal use. In this embodiment, the detection means
connected to the first end are generally arranged for the
20 detection, in transmission, of light emitted by the light
source connected to the second end and the detection means
connected to the second end are arranged for the detection,
in transmission, of light emitted by the light source
connééted'to the first end; furthermore, the detection
25 means connected to an end are arranged for the detection,
in reflection, of light emitted by the light source
- connected to said end.

To prevent mutual interference of the four combined

30 measuring systems thus obtained, an advantageous embodiment
is characterised in that the light source connected to the
first end and the light source connected to the second end
are at least substantially alternately active.



in transm ssion, of light emtted by the |ight source connected to the
first end, furthernore, the detection 25 neans connected to an end are
Xarr anged W@96/408786 det ect i on, in reflection, of |ight enPETERIIS4he
i ght source connected to said end. To prevent mnutual
interference of the four conbined 30 neasuring systens thus obtained, an
advant ageous enbodi nent I's characterised in that the |ight source
connected to the first end and the |ight source.connected to the second

end are at |least substantially alternat®ly active. WO 96/ 08706
PCT/ EP95/ 03541 :

Since one of the objects of the present invention is te-use
the apparatus for assessing the size of a hole in the
ship’s hull, the 1ight source will one way'or another have
" to be modulated for thus creating a range resolution at

'5 least in reflection. A further favourable embodiment of the
invention is thereto characterised in that both'light
sources alternately emit a light pulse with a length that
matches the desired range resolution.

10 an extremely rugged embodiment of the invention is

| characterised in that the means for affecting the -
transmission or reflection characteristics comprise passive
means only, which implies that platform infrastructure
provisions, such as power supply lines or cooling water

15 pipes etc. are locally not required for measuring a hole in

the ship’s hull. This is evident as the means is in fact a
break in the optical fibre.

According to the invention, additional useful information
20 can be obtained by measuring the temperature at the ship’s
"~ hull, in which process the modulation can be obtained, as
known from the prior art, by the temperature-dependent
behaviour of the optical fibre itself. According to the
invention, the temperature-dependent Raman scattering is
25 preferably measured and used for determining the local
temperature of the optical fibre. The temperature
"measurement enables the rapid detection of seats of fire.
" Particularly in the event of damagé to the ship’s hull, for
instance caused by the impact of a missile, it is of utmost
30 relevance to ascertain the presénce and locality of a fire.

In case of an emergency, the invention furthermore enables

a member of the crew present in a room contiguous to the

ship’s hull to simply raise the alarm by pressing a button
35—which causes the passing optical fibre to transfer this



3 Since one of the objects of the present invention is

t o-use the apparatus for assessing the size of a hole in the
shi p's huMO960B#6| | ght source will one way or anot her havePCI/EPIS/3541 to
be nodul ated for thus creating a range resol ution at 5 least in
reflection. A further favourabl e enbodi ment of the I nvention
Is thereto characterised in that both Iight - sources
alternately emt a light pulse with alength that mat ches t he
desired range resol ution. - 10 Avdextrenely rugged enbodi nent of
the invention is characterised in that the neans for
affecting the transm ssion or reflection characteristics

conpri'se passialarm. A further favewrahile emhadimentyafedhendinvention m

infrastruct Urgapable of realﬁ:.cﬁéj A, i%‘@ha%%d&ﬁrsew% YeHdth&hed!
coollng wat er etc. are IocaHéa not yi red-for.

measuring a h&adylation meansp com W%Iﬂeﬁr@%ﬂ ] mﬂﬂ"é‘-? on, meaAns £0% he
means is in fadeally increasing, by mechanically distorting the optical

5 fibre, the reflection in the optical fibre. By periodically
pressing the alarm button in a predetermined way, it will
also be possible to convey coded messages indicating for
instance fire, leakage etc.

10 The inventioh will now be explained- .in greater detail with ‘

reference to the'following figures, of which:
Fig. 1 schemetically represents a cross-section of a ship
| ~ and the course of a optical fibre;: ,
Fig. 2 schematlcally represents a cross-sectlon of a shlp
15 and the course of two optical fibres,
Fig. 3 schematlcallygrepresents the disposition of the
light sources and the detection means.

Fig. 1 schematically represents a horizontal cross-section
' 20 of a ship in which is disposed centrally, in order to
reduce vulnerability and to Keep the lines of_coﬁmunibation
with a centrally situated command station short, a central
unit 1, from which an optical fibre 2 sﬁarts, runs along
the ship’s hull 3 and returns to central unit 1 via the bow
25 4 and the stern.5. According to the inventive principle of
the invention, central unit 1 can send a light pulse
" through the optical fibre in both directions and can thus
assess, in a manner known in the prior art, the location of
" a hole 6 in ship’s hull 3 by determining the point of time
30 at which the light pulses reflected at the interrupted ends
of the optical fibre are received back. By thus running one
or more bptical fibres.Z*around the ship on each deck, it
is possible to accurately_end'instantaneously assess the
damage‘caused'to the ship’s hull 3 in three dimensions. If
35 'desired, the floors of the various. decks may'also'Bel

-



‘oreak in the optical fibre. . - Accdrding to the invention,

addi tional useful information o 20 can be obtained by neasuring the
Tt enper at W@ 9908Me shi p' s hul I, in which pro@@é@“?ﬂ@ﬁ4l

modul ati on can be obtained, as known fromthe prior art, by

t he tenperature-dependent behavi our of the optical fibre

itself. According to the I nventi.on, the tenperature-dependent

Ranman scattering is 25 preferably measured and used for

determ ning the | ocal tenperadure of the optical fibre. The
. tenperature nmeasur enent enables the rapid detection of seats
cof fire.. _ Particularly in the event of damage to the ship's

hul |, for provided with;one O fevaral aRtdGat fdbras pyithg kasig of

of f ut nost which a Yhriel-ddaieis iichads ghidtiire (0 e SRRy ichussditid y of
a I re.

cnabl o5 the entire ghigf e nd DI Oheg s R SR Y Fous 1 o
t he largesiships where tthesiogtiicaliilosdsds ial @ mingle agiizal
?ﬁ.t ton 5 fibre’arll)ddhdidEren WY B Gl S e TP oddi b o
- split optical fibre 2 up into a first optical fibre 7
running via the bow and a second optical fibre 8 running
via the stern, as represented in Fig. 2. An additional
‘advantage is that damage occurring coincidentally to the
10 bow and the stern can be accurately evaluated.

Fig. 3 represents the method in which an optical fibre
- according to the invention can be operated. To this end,
optical fibre 2 is at a first side provided with an Y
- 15 splitter 9, well-known in the art, to which a light source
10 and a detector 11 are connected that have been selected
such that they can be combined with optical fibre 2.
Similarly, optical fibre 2 is at a second side provided
with an Y splitter 12; a light source 13 and a detector 14.
20 The Y splitters can be incorporated in central unit 1,
which entails the advantage that optical fibres 2 can be
connected to central unit 1 using single, low-cost
connectors. '

25 The central unit 1 is. further provided with a central
"control unit 15, which generates controi pﬁlses for the
-various light sources and which, in a manner obvious to a
" person skilled in the art, processes detected signals into
data which are suitable for presentation on for instance a

30 display connected to central control 15.

In a first mode of operation, the verification mode, light
source 10 for instance delivers a signal to be received by
- detector 14, which reveals that at least the relevant

35 optical fibre does not sustain any damage. The same can as
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4 ‘alarm A further favourable enbodi nent of the invention capabl e
of realiswopetos?es, i s characterised in that the nodul atPCIfEPSS/@asdl
conpri se mechani cal nodul ati on nmeans for | ocal Iy increasing, by

mechani cally distorting the optical 5 fibre, the reflection in the
optical fibre. By periodically pressing the alarmbutton in a
predeterm ned way, it wll .al so be possible to convey coded nessages-

i ndicating for 6

10
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a matter of course be ascertained by using light source'13
“and detector 11 so that the apparatus has a certain measure
of redundancy.

In a second mode of operation, the measuring mode, the
position of a rupture in optical fibre 2 can be assessed.
Light source 10 again produces an 6ptica1'signal, but the
rupture in optical fibre 2 will prevent this optical signal
from reaching detector 14. The optical signal will cause a
substantial reflection at the position of the rupture,
which reflection can be detected by detector 11. By
subsequently providiﬁg the optical signal produced by light
source 10 with-a suitable modulation, it is possible to
locate the position:oflthe rupture,'starting-at_the first
gide. Similarly, the rupture can be defined starting from
the second side by means of light source 13 and detector
14. This reveals the location and size of the hole, at
least in the area determined by the optical fibre. Also in
this mode, the apparatus has a certain measure of
redﬁndancy, in view of a single rupture in an optical fibre
hardly affecting the proper functioning in the second mode
of operation.

Suitable modulation types are well-known in the art. In
this respect, an obvious modulation type would be an
amplitude modulation, the light source, usually a solid-

" state laser or a LED, emitting a short light pulse, for

instance with a duration of 1 ns. However, also optical
signals provided with a linear frequency modulation from
which the distancé to a rupture in the optical fibre can be
determined in a manner well-known in the prior art, deserve
consideration. |

A third mode of operation, the temperature mode, offers the
—possibility to ascertain, in .a manner known in the prior

o,



“instance fire, | eakage etc. . 10 The invention will now be explained in

greater detail with reference to the follow ng figures, of which:

7Fig. 1 SVASRERTOal |y represents a cross-section of a shi pPCTEPSSIO3SAL  5pg
the course of a optical fibré;.-... "Fig. .2 schematically represents a
cross-section of a ship 15 “and.the course of two optical fibres;
Fig. 3 schematically represents the disposition of the : | i ght
sources and the detection neans.. Fig. 1 schematically represents a
hori zontal cross-section 20 of a ship in which is disposed centrally, in
order to reduce vulnerability and to keep the lines of conmmunication
with a centrally situated command station short, a central unit 1, from

whi ch an opt | @t .f thee pesitdansdenendent kpmperatire i9fy they aptirahd
returns to cemtivile Uridd botiskquehtigw o2tie AP M In D mlldy, t 0
the inventive Yl 10 £d SAdbiRd s8N Ypdhlds S£HRL S Whtn
: will scatter in optical fibre 2 as a function of
5 temperature. This scatter, preferably the Raman scatter
well-known in thelart, is detected by detector 11, which
yields the position-dependent temperature. Detailed
information pertaining to this method can for instance be
found in "New fiber optic distributed temperature sensor",
10 SPIE Vol. 798 Fiber Optic Sensors II (1987) pp. 131-136.
The third mode of operation is of particular relevance
since it is suitable for detecting seats of fire in general’

and those occurring in the proximity of damage incurred in
‘particular. ' )

15

' A fourth mode of operation, the alarm mode, enables crew-
members to raise the alarm from a certain room containing
an optical fibre. To this end, the room is providéd with
for instance an alarm button by means of which the optical

20 fibre can locally be sharply distorted, which causes the
attenuation of the optical fibre to increase. This also
involves an intensity increase of the reflected optical
signal. Such a distortion can for instance be realised by
using a micro-bend apparatus as for instance known from

25 EP-A 0.240.100. Such a micro-bend apparatus comprises a
system of two plates, each of which is provided with a
' system of mutually complementary ridges between which the

" optical fibre runs. By moving the plates towards each

other, the required distortion of the optical fibre is

30 obtained. Since the location at which the reflection occurs
can be determined in said manner, for instance by means of
light source 10 and detector 11, the room in which an alarm
is generated is known. Since the locations of the alarm
buttons are exactly known, they can moreover be



through the optical fibre in both directions and, can thus assess, in a §
manner known in the prior art, the |ocat] a hole 6 in ship's hul

3 by det s¥@D6/08706 t he. poi nt of ti g wﬁle@% tthe |i ght PCH/ERS/8S41] ect ed
at the interrupted ends of t } e-hbre received back. By thus %
running one . or nore optical nd the ship on each deck, it '
i's possible to accurately and inst aneously assess the damage caused

to the ship's hull 3 in three dinensions: If 35 desired, the floors of the
various decks may al so be WO 96/ 08706 8

PCT/ EP95/ 03541 ' : 5

advantageously used for the initial calibration of the
apparatus. ' '

The optical_fibreszuSed may be of the known 50 micron type
5 and are not required to be provided with a protective'
sheath. Tape is preferably used to glue the optical fibres
to an insulating layer usually situated on the interior of
the ship’s hull. Only that part that runs from the ship’s
hull to central unit 1, can be proVided with a suitable
10 protection. o - ‘

Aithough'the apparatus has been described with reference to
a ship, it will be obvious that it can also find
application in an airship or an aircraft.

“‘ﬁli‘iiﬂ‘r’iiifﬂﬂi i



}provided wi th one or several optical fibres on the basis of whi ch a
t hree-di nensi onal picture of the damage cause the entire ship can
sbe obt ai NWQ.96(88W6des, in case of - a ere t h&@@ENIS/BIS4] osses
in a &Jgﬁ@%@p%rea%——ﬂTT‘bre are TOonsisH g0 beltoo great,it S

T

possi bl e to cal fibrg'2 flbre 7
-runni ng \ﬂﬂ“ W“ second o] tl_cal——‘FT'b'rQ—éa—S runnin via thestern,
as repre An addi ti onal advant ag s eethBe

occurring c0|nC|dentaIIy to the 10 bow and9the stern tely
eval uat ed. Fig. 3 represents the nethod in mhlc |bre
according to tﬁﬁ jnvention can be operated. To this end, fibre
2is at a fir provided with an Y 15 splitter 9, mell-knomm |n t he
art, to which a light source 10 and a detector 11 are connected that
have been sel ecte h c p I

2. Slﬁ\lgf1yQA%EE é#ghf% aégé Sysgégmgggoﬁgba gg%1%§|§ %his %9?

an Y splitter instance ke thershipn’sdhall, deomprising a distributed
5 system of optical fibres positioned near the ship’s hull,

which optical fibres are connected to a central unit
designed for determining the transmission or reflection
characteristics of the optical fibres, for enabling the
assessment of any possible damage.

10
2. Apparatus as claimed in claim 1, characterised in that
the central unit is disposed in an at least substantially
central position inside the ship.

15 3. Apparatus as claimed in claim 2, characterised in that
- per deck the system of optical fibres comprises at least

one optical fibre which at least substantially horizontally
stretches along the entire interior perimeter of the ship’s
hull. ' '

20 ——
4. Apparatus as claimed in claim 2, characterised in that
per deck the system of optical fibres comprises at least
one optical fibre which at least substantially horizontally
stretches along the interior perimeter of the ship’s hull

25 via the bow and at least one optical fibre which at least
substantially horizontally stretches along the ship’s hull
via the stern.

5. Apparatus as claimed in claim 3 or 4, characterised in
30 that for each optical fibre, the central unit comprises an

Y splitter at a first end and an Y splitter at a second

‘end, each provided with a light source and detection means.

6. Apparatus as claimed in claim 5, characterised in that
35 the detection means connected to the first end éréﬂarranged
for the detection, in transmission, of light emitted by the

=



20 The Y splitters can be incorporated in central unit 1, which entails

t he advantage that optical fibres 2 can be Mﬂw.connected to central unit 1.
usi ng si n§YQ96/4830¢ cost connect Qr.s- e central urRGI/RPISH34dr t her
provided with a central C i ch genera

pul ses for the — various lig i ch, mﬂeé?’ﬁgy]grnlge Mcegus to

a pers ' ses detected SI dat a
whi ch are smlll " "m Bnt ation on for instance a ,ﬂu nn_ect ed -

to central coentfolt13% s In a first nod® of opera

verification node, |ight source 10 for instance dellvers a signal to
be received by det ect or veal s th Ie st the reIevant
35 opti cal fib}egﬁse§°H5FesﬁgPﬁ?ﬁ aﬁﬁﬁese?ﬂg 38 that the

detection means connected to the second end are arranged
for the detection, in transmission, of light emitted by the
light source connected to the first end.

7. Apparatus as claimed in claim 5, characterised in that
the detection means connected to an end are arranged for
the detection, in reflection, of light emitted by the light
source connected to said end.

o _ o | P

8. Apparatus as claimed in claim 6 or 7, characterised in
that the light source connected to the first end and the
light source connected to the second end are at least
substantially alternately active.

15 ' o
9. Apparatus_as claimed in claim 8, characterised in that
both light sources alternately emit a light pulse with a
length that matches the desired range resolution.

20 10. Apparatus as claimed in any of the previous claims,
characterised in that the means for affecting the
transmission and reflection characteristics comprise
passive means only.: '

25 11. Apparatus as claimed in claim 10, characterised in that
the means is in fact a break in the optical fibre.

. 12. Apparatus as claimed in claim 10, characterised in that
the means is a scatter, increased by heating up of the
30 optical fibre, of the light emitted by the light source.

13. Apparatus as.claimed in“any of the claims 1-10,

characterised in that the means comprises a mechanical

distortion of the optical fibre for localiy increasing the
35 reflection in the optical fibre.

R 23
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15

6 a matter of course be ascertaiqiged: by using |ight source-13 and
“det ect or WD %M870sat t he apparatus‘fhas a certain measure PCITEPOFORIAHancy .
5 1n a second node of operation, the measuring rmde t he posi.tion of a
rupture in optical fibre 2 can be assessed. nght source 10 again
produces an optical signal, but the Ept ure in optical fibre 2 wll
prevent this optical Signal  from reaé i ng detector 14. The opti cal
signal will cause a '
2
41
A -5
H 3
ﬂ
17. %
49
5
it =" Fo======== =
! 10 1 L 31
! 7 | ! 7 I
| | 2 | l
l ‘ | | -
Nm | 2 - nk
[ - | " | |
| 11 ] 2 } b |
1 } I | 4 !
1 !
I |
I !
| !
l I
) I

L___-_...__.__.._..... ————— ....!."_-__.._...J

FIG. 3



3 ﬁ\"' RALS o
1Q substantial reflection at the position of the rupturg : -

ireflection can be detected by detector 11. By SubSﬁoiﬁﬂwpﬁ%ﬁNiﬁﬂﬁEE
the optical signal produced by |ight source 10 withl ¢ suitable
nmodul ation, it is possible to locate the position of |t He2 MAR 1887
starting at the first 15 side. Simlarly, the rupture can be deflned
starting from the second side by nmeans of |ight soupGEItm=3 = tjor
14. This reveals the location and size of {he hole, at 3

area determned by the optical fibre. Also in this node, th ;
has a certain neasure of 20 redundancy, in view of a single ruftHi$ SHEET HAS BEEN

optical fibrapparabasdifyrafthecids’eddent QFeHahdee itNiadGHip t he sedERLACED
node of operation. Sui t abl e nodulation types are wel | =kmowr—n
the art. In 25 this respect, an obvious nodul ati on type woul d be an

anpl i tude no@hkatinventtiba ikejlattesotocan appalrbyus For the assdsimedtassy or

I T e R T
modul ati orf f FBRPrising a distributed system of optical fibres
positioned near the ship’s hull, which optical fibres are
connected to a central unit designed for determining the
traﬁsmission characteristics of the optical fibres, for the
assessment of damage to the ship’s hull.
10 _
From DE-A 36 29 430 an apparatus of this type is known, for
assessing cracks in structural parts of aircrafts. The
known apparatus thus gives a warning that, once the
aircraft has landed, a further inspection of the aircraft
15 is necessary.

In a naval environment the situation is different. If a
ship is for example hit by a missile, immediate action is
necessary. Until now the assessment of damage is done by

20 visual inspection. This is a time consuming and possibly
dangerous task. The present invention aims at generating
more detailed information about the damage by extracting
more information from the distributed system of optical
fibres and is characterized in that the central unit is

25 also designed for determining the reflection
characteristics of the optical fibres, for locating the
damage and for assessing the type of damage.

-_
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30 which the distance to a rupture in the optical fibre can be -
determined in a manner well-known in the prior art, d %&%MQCEMENTSHEET

consi derati on. A third node of operation, the tle
offers the 35-possibility to ascertain, in a manner kjn r
WD 96/ 08706 _ PCT/
7 " art, the position-dependent tenperature of the
' 1 A

It stands to reason that the apparatus is required to be
extremely rugged and reliable such that also in the event
of major damage to the ship, the apparatus will continue to
yield reliable information. An advantageous embodiment of

5 the invention is thereto characterised in that the central
unit is disposed in an at least substantially central
position inside the ship. This position is all the more
favourable because the information supplied by the central
unit will usually have to be passed on to a command station

10 that also takes up a central position inside the ship.

It will be obvious that damage reporting will be more
accurate as the distributed system of optical fibres is
more extensive or in fact, as the number of the optical

15 fibres per unit of surface area increases. A favourable
compromise in this respect is characterised in that per
deck the system of optical fibres comprises at least one
optical fibre which at least substantially horizontally
stretches along the entire interior perimeter of the ship’s

20 hull.

In case of larger ships, the system of optical fibres per
deck may comprise at least one optical fibre which at least
substantially horizontally stretches along the interior

25 perimeter of the ship’s hull via the bow and at least one



fibre, and consequently of the shi'io' s hull. IIn' this node,..... ~—--ght-—sTUr ce
10 for instance emts an optical signal, which Wi kkﬁgwgmmﬁﬁ%@t cal

fibre 2 as a function of 5 tenperature. This scatte eferably th
Raman scatter wel | -known in the art, is detected By dﬁ?emgngg?,
yi el ds the position-dependent tenperature. Detailed i hfformati on
pertaining to this nethod can for |nstance be foundijn.-= f
distributed tenperature sensor”, 10 SPIE ¥ol. 798 Fi ber Optic Sense+s—I |
(1987) pp. 131-136. The third node of operation is ©Of particular

rel evance - since it is suitable for detecting seats of fire in general
and those ocAFAHRISPUSTE H8Q ey B1e dumdgie ) makitacption of gehei cul ar .
15 A fourddparedmusnf operation, the al arm nobde, enables crew

menbers to raise the alarmfroma certain room contai ni ng an opti cal
fibre. To this end, the roomis provided with for instance an alarm
button by nmedlhe eptitiah fiereptused ndp Bd e ttan Mmsal 150 hei Shed [ype

di storted, i t . uat.i fythe.optical, fibre to

i ncrease. %‘Aﬁﬁlag?‘% Ilrbﬁq/uoﬁ/eeqsaéaénq{len%erlnog{}td%q r‘i’@'r%é’asae RORSE T8 | ect ed
opti cal sheath. Tape is preferably used to glue the optical fibres

to an insulating layer usually situated on the interior of
the ship’s hull. only that part that runs from the ship’s

hull to central unit 1, can be provided with a suitable
10 protection.




si.gnal . SWn for instance be realised by using a_.

m cr o- bend apparatus as f i-nstance known from 25 EPFAT0"Z74( Ogys a
m cr o- bend mmm‘\m M‘Hﬂwes a system of two pl & LA AR
i's provided em of mutually conpl enent a rj do

whi ch the 6pt|c fibre runs. By noving the plateq to‘tvﬂr@gkgﬁg\lze
other, the required distortion of the optical fibre is 0 obtained ce
the location at which the reflection occurs can bq determned in said
manner, for instance by neans of l'i ght source 10 and u'cL ECTOr 11, the
roomin which an alarm I's generated i s known. Since—the—~tocati gg%of
the alarm Cladmsg ons are exactly known, they can nor eptis SHEET HAS
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1. Apparatus for the assessment of damage to a ship, for
instance to the ship’s hull (3), comprising a distributed
system of optical fibres (2,7,8) positioned near the ship’s
hull (3), which optical fibres (2,7,8) are connected to a
central unit (1) designed for determining the transmission
characteristics of the optical fibres (2,7,8), for the
assessment of possible damage to the ship’s hull,
characterized in that the central unit (1) is also designed
for determining the reflection characteristics of the
optical fibres (2,7,8), for locating the damage and for
assessing the type of damage.

2. Apparatus as claimed in claim 1, characterised in that
the central unit (1) is disposed in an at least
substantially central position inside the ship.

3. Apparatus as claimed in claim 2, characterised in that
per deck the system of optical fibres (2,7,8) comprises at
least one optical fibre (2) which at least substantially
horizontally stretches along the entire interior perimeter
of the ship’s hull (3).

4. Apparatus as claimed in claim 2, characterised in that
per deck the system of optical fibres (2,7,8) comprises at
least one optical fibre (7) which at least substantially
horizontally stretches along the interior perimeter of the
ship’s hull (3) via the bow (4) and at least one optical

fibre (8) which at least substantially horizontally

stretches along the ship’s hull (3) via the stern (5).
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advant ageously used for the initial calibration of the
The optical_fibres used-may—be of the Kk

required to be prOV| ded wi rqﬁ@ic ééQHASBﬁh at h. rall y
used to gl uemmm“l “IM\ “ﬂ %—ﬁtmﬂmsul atjng |l yﬁ g |1g$7 si{tjuat ed
on the interi |p sLbull Orly—i-hat! parg at runs fro he
ship's hull fo Eentral unit 1, can be prOV|ded W | ha_sult-ab

protection.

Al t hough the apparatus has been desfribed with refELEnce

to a ship, it will be obvious that it can also fin application in
an airship or an aircraft.
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5. Apparatus as claimed in claim 3 or 4, characterised in
that for each optical fibre, the central unit (1) comprises
an Y splitter (9) at a first end and an Y splitter (12) at
a second end, each provided with a light source (10,13) and
detection means (11,14).

6. Apparatus as claimed in claim-5, characterised in that
the detection means (11) connected to the first end are
arranged for the detection, in transmission, of light
emitted by the light source (13) connected to the second
end and in that the detection means connected to the second
end (14) are arranged for the detection, in transmission,
of light emitted by the light source (10) connected to the
first end.

7. Apparatus as claimed in claim 5, characterised in that
the detection means (11) connected to the first end are
arranged for the detection, in reflection, of light emitted
by the light source (10) connected to the first end and the
detection means (14) connected to the second end are
arranged for the detection, in reflection, of light emitted
by the light source (13) connected to the second end.

8. Apparatus as claimed in claim 6 or 7, characterised in
that the light source (10) connected to the first end and
the light source (13) connected to the second end are at
least substantially alternately active.

9. Apparatus as claimed in claim 8, characterised in that
both light sources (10,13) alternately emit a light pulse
with a length that matches the desired range resolution.
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10. Apparatus as claimed in any of the previous claims,
characterised in that the means for affecting the
transmission and reflection characteristics comprise

passive means only.

11. Apparatus as claimed in claim 10, characterised in that
the means is in fact a break in the optical fibre (2,7,8).

12. Apparatus as claimed in claim 10, characterised in that

10 the means is a scatter, increased by heating up of the
optlcal fibre (2,7,8), of the light emitted by the llght
source (10,13).

13. Apparatus as claimed in any of the claims 1-10,

15 characterised in that the means comprises a mechanical
distortion of the optical fibre (2,7,8) for locally
increasing the reflection in the optical fibre (2,7,8).
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fefdection the changes in the optical sensor arrangene
fthat the optical sensor arrangenent and the optical cof
consi st of optical fibres (2,7,8) and that the central
for transmtting optical signals into q?th ends of eac
fibres (2,7,8) and for receiving reflections of these op |caI

| ocati ng possible holes or tears in the ships hull (3) p
the width of these hoIe

char act er ABB3L y i 2
conprises at Ieast one optical fibre (2) mhlch at Ieast substantlally
-horizontally stretches alqQng the entire int eri.neter of the, shj

hul | (3).The3inkgpiiaputed@t&Saitvedn RPORLA uf rEﬂﬁeﬁ?%%%sn%th%t per

deck the gyat emnat;eoetal aalsHiig)r gor( a,né,t&hc@omfwnﬂﬁé stiip esshubbg opti cal
fibre (7) which at |east substantla I%
comprising a distributed system of optical fibres

OI’ tears.
ASSeSSne

positioned near the ship’s hull, which optical fibres are
connected to a central unit designed for determining the
transmission characteristics of the optical fibres, for the
assessment of damage to the ship’s hull.

From DE-A 36 29 430 an'apparatus of ‘this type is known, for
assessing cracks in structural parts of aircrafts. The
Xnown apparatus thus gives a warning that, once the
aircraft has landed, a further inspection of the aircraft
is necessary. '

In a naval environment the situation is different. If a
ship is for example hit by a missile, immediate action is
necessary. Until now the assessment of damage is done by
visual inspection. This is a time consuming and possibly
dangerous task.

In accordance with the present invention, apparatus for the
assessment of physical changes in a ship’s hull, comprises
an optical sensor arrangement positioned near the ship’s
hull (3), and 6ptical donnecting means, connecting the
optiéal sensor arrangemént to a central unit (1), deéigned
‘for monitoring in reflection the changes in the optical
sensor arrangement, characterized in that the optical
sensor arrangement and the optical connecting means consist
of optical fibres (2,7,8) and that the central unit (1) is
arranged for transmitting optical signals into both ends of
each of the optical fibres (2,7,8) and for receiving
reflections of these optical signals, for locating possible
holes or tears in the ships hull (3) and for measuring the
width of these holes or tears. '



stern (5).

10 © 4.} Appar.
claimed in cI acterlsed in that for each pt‘i Z:étlé @ﬁ@
central unit Im ME Y splitter (9) at a first
ca se

splitter (12) »
and detection nmeans (11, 14).

, each prayided with a light

Claims

1. Apparatus for the assessment of physical changes in a
ship’s hull (3), comprising an optical sensor arrangement
positioned near the ship’s hull (3), and optical

connecting means, connecting the optical sensor arrangement
to a central unit (1), designed for monitoring in
reflection the changes in the optical sensor arrangement,
characterized in that the optical sensor arrangement and
the optical connecting means consist of optical fibres
(2;7,8) and that the central unit (1) is arranged for
transmitting optical signals into both ends of each of the
optical fibres (2,7,8) and for receiving reflections of
these optical signals, for locating possible holes or tears
in the ships hull (3) and for measuring the width of these
holes or tears.

2. Apparatus as claimed in claim 1, characterised in that
per deck the system of optical fibres (2,7,8) comprises at
least one optical fibre (2) which at least substantially
horizontally stretches along the entire interior perimeter
of the ship’s hull (3).

3. Apparatus as claimed in claim 1, characterised in that
per deck the system of optical fibres (2,7,8) comprises at
least one optical fibre (7) which at least substantially
horizontally stretches along the interior perimeter of the
ship’s hull (3) via the bow (4) and at least one optical
fibre (8) which at least substantially horizontally |
stretches along the ship’s hull (3) via the stern (5).




5. Apparatus as clainmed in claim4, characterised in that _t eetion

neans (11 irst end are arranged fo F&¥@A§EMENTSﬁn€TF
ransm ssi on, . ht emtted by the light source (13) &3@ ( )

second end uiﬁt"! (Iﬂﬂl etection neans connected tlo}t 1:‘5;3) ndl i( 14

are arrangeﬂml”m I n transm ssion, of IigtWZn't gggby the

| i ght source (10) connected to the firstoend. 6. App I-med; in

.claim4, characterised in that the detection neans (11} connected . to.the

first end are arranged for the detection, in reflectionof [ight emtted
by the |ight. sppasraths) asorladimed tin claif 2sbredd ehdrhldeddtssat ilon neans

‘(14) conne the eco re arranged t et t|on '

reflectlonqagg: %IQﬁéiqi}t re, eggap%g 81§§ g Aﬁ quﬁ%ﬁ??

second end.an Y splltter (9) at a flrst end and an Y splltter (12) at
a second end, each provided with a light source (10,13) and
detection means (11,14).

5. Apparatus as claimed in claim 4, characterised in that
the detection means'(ll) connected to the first end are
arranged for the detection, in transmission, of light
emitted by the light source (13) connected to the second
end and in that the detection means connected to the second
end (14) are arranged for the detection, in transmission,

of light emitted by the light source (10) connected to the
first end.

6. Apparatus as claimed in claim 4, characterised in that
the detection means (11) connected to the first end are
arranged for the detection, in reflection, of light emitted
by the light source (10) connected to the first end and the
detection means (14) connected to the second end are
arranged for the detection, in reflection, of light emitted
by the light source (13) connected to the second end.

7. Apparatus as claimed in claim 5 or 6, characterised in
that the light source (10) connected to the first end and
the light_source (13) connected'to the second end are at
least substantially alternately active.

8. Apparatus as claimed in claim 7, characterised in that
both light sources (10,13) alternately emit a light pulse
with a length that matches the desired range resolution.

9. Apparatué as claimed in claim 6, characterized in that
the central unit (1) is arranged for measuring optical
scatter in the optical fibres (2,7,8).



7. Apparatus as clainmed in cIa|n15 or 6, characterised in tggt the light-
source (10) conn end and the |ight soufce g@ﬂﬂ&&ted
to the second end are at | east i“bstantlally alternately é‘ %ﬁ%ﬂ

Apparatus as cl a m l \ﬂmﬂﬂ characterised in that bot ces
(10, 13) alternatu m“ pulse with a length tha nﬁizggngﬁE

desired range resél ut i on. para& s as clained in ¢l |n16
characterized in that the central uni t ? |s arranged fdr measuring _
optical scatter in the optical fibres (2,7

10. Apparatus as claimed in cla1m 9, characterized in that

the central unit (1) is arranged for measuring optical
Raman scatter in the optiéal fibres (2,7,8) and for
deriving from the optical Raman scatter a temperature
distribution along the optical fibres (2,7,8).



10. *Apparatus as claimed in claim9, characterlzed in that the central .unit

(1)

is arranged for neasuring optlcaP ‘Refrrain: gcatter int
(2,7,8) and for deriving fromthe optical Ranan scatter
di stribution along the optical fibres (2,7,8).
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Abstract

Apparatus for the assessment of damage to a ship

Low cost and rugged apparatus for the assessment of damage
to a ship’s hull (3), comprising an optical sensor
arrangement positioned near the ship‘’s hull (3), and
optical connecting means, connecting the optical sensor
arrangement to a central unit (1), designed for monitoring
in reflection the changes in the optical sensor
arrangement, characterized in that the optical sensor
arrangement and the optical connecting means consist of
optical fibres (2,7,8) and that the central unit (1) is
arranged for transmitting optical signals into both ends of
each of the optical fibres (2,7,8) and for receiving
reflections of these optical signals, for locating possible
holes or tears in the ships hull (3) and for measuring the
width of these holes or tears.

Figure 1



