1 2219440 FLEXI BLE HOUSI NG The present invention relates to a flexible -
housing for use in protecting one or nore mcrowave transmssion lines in a
pressurised environment and in particular, a hydrostatically pressurised g
envi ronment. The invention originates from a requirement for a n1cromave=t
transmssion line to operate wthin a submarine mast environnent.

Modern submarine- mast design dictates the placenent of electronic

equi pnent in an electronics pod at the Mast head connected by m crowave

transm ssion li.nes to processing-equipnment in the hull. This arranﬁnzn'ng‘_A_O
creates the requirenent for a mcrowave transm ssion |ine capable

w t hst andi ng a hydrostatic press 5 f 3@2 psi  (6.89 x [err] [err])

and yet able to flex through an a bend radius of 150mMm

when the mast head is raised. In the past various "wet nmast" techni ques _
‘have invol ved the ruggedi sing of coaxial mcrowave cables so as to limt to
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O ten under such pressure conditions it is the dielectric within the
coaxi al cablgséhatn axyteceieg bone Obrt i r@mierdwevd oteansmission

lines in a pressurised environment and in particular, a

hydrostatically pressurised environment.

The invention originates from a requirement for a
microwave transmission 1line to operaﬁe within a
submarine mast environment. Modern subﬁarine mast
design dictates the placement of electronic equipment
in an electronics pod at the mast head connected by
microwave transmission lines to processing equipment in
the hull. This arrangement creates the requirement for
a microwave transmission line capable of withstanding a
hydrostatic pressure of up to 1000 psi (6.89 x 106

Nm'z) and yet able to flex through an angle of 180° (

with a bend radius of 150mm when the mast head is

raised.

In the past various "wet mast" techniques have involved
the ruggedising of coaxial micfowave cables so as to
limit to an acceptable level the-émount of hydrostatic
pressure felt by the cable. Often under such pressure
conditions it is the dielectric within the coaxial

éable that absorbs the bulk of the compressive forces



2 alterjing the. mcrowave characteristics. of the cable. The use of a nore
rigid dielectric material to overcone the problem of conpression under

- hydrostatic pressure has an .adverse effect on cabl e performance,
furthersapre this technique limts the types of cable which. can be used,
their- '_"ununber and . their application and consequently has = a
detri nment al ef f ect on t he performancg of the systemas a whol e. The
above techni que al so requires the use of sone form of cabl e nmanagenent
systemto ensure that 'the cables hang and remain in a defined position
under the various dynam c conditions of the submarine. “Each m.crowave -
transm ssion | iaktéring ndhehemiteowaoei cchanactar idte cmstofheateni chblee
processi ng equi pnent in the hull will contain. a flexure through [err],
the point ‘of Thexuse 0fi agndgecrmiigictl dieleatria material gbo soverchne
term nations of the transmssion line and the point of flexure will thus
change as the r&h® PZopdpRePf CcORpressien reRydsosteticot PERSFUrRas
to allow for the snooth_change in position of the point of flexure but also

has to ensure@d 2R pfEers@neffestorn |Gakle RRLLQFMANGR« ckUBYheFRRORRgI e
of dive of the subreg) ne, uhich ey e of {he order Oy d Ghkeneddobg™ ©
used, their number and their application and
consequently has' a detrimental effect on the

\/ _ performance of the system as a whole.

The above technique aiso _fecjuires the'usé:_of s_oine- fort;\'

- of cable management .system. to ensure that the §ab1es

- hang and réméin in a defined posit\ion under the various

‘dynamic conditions of the. submarine. Each microwave
-transmission line 1linking the electronics pod .at: the

rﬁast head with _the processing equipméni: in the hull

Y will contain a flexure through 180°, the point of
‘flexure being determined by the relative-héights of _t:.he

N tefminations of the transmissiqn'_iine and the point of
flexure will thus _change. as the mast is raised. The

cabie nlnana.gement. s_ystem not only.. has. to allow- for the

smooth change in position of the point of- flexure but

also has to ensure that the trénsmis_sion lines are

| unaffécted by the. .angle of dive of the submarine, which

" may be of the order of + 10°, or the angle of tilt of

the submarine caused by a surface swell énd possibly.of

the order of + 30°.
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t he submarine caused by a surface swell and possibly of O the order of
[err]. 3 The present invention is concerned with the provision of a
barrier between a pressurised environnent and a microwave transmnission |iné
thus enabling the use of cables selected. for their microwave ~ 3
characteristics rather than their ability to wthstand hydrosi#tic
pressure.. Thi s is obviously beneficial to the performance of the
systemwhile the barrier, in the foBmof a flexible housing, enables the
transm ssion line to mnthstand far greater hydrostatic pressures than

her et of or. The design of the present invention also elininates the need
for a cabl e managenent systemthus sinplifying the mast desig
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housi ng for use in gr tecting a nmcrowave transm.ssion line in a
: of barrie etween a pressurlseu env1ronment and a

microwave transmissicn line thus enabling the use of

cables selected lfc* Eheir microwavé characteristics

rather than the:r zbility to withstand hydrostatic
pressure. This is ocbviously benefiéial to the
perform’ance of the system while the - barrier, in the J
form of a flexible =ousing, en'ables the transmission

line ¢to withstand Izr greater hydroStatic greésures'

than heretcfor. Tws design of =he present invention

also eiiminates the':;ed for 3 cablé ménagement system

thus 51nnl*f";n§ the ~=st Zesign.

.
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pressurlsed enV|ronnent conpr|5|ng a conduit contained mnthln encasi ng
‘means, - the conduit being constructed of a plurality of segnments, each
QondU|t segnent having an opening therethrough defining a through axis,
the seghents being arranged in series and caused to abut adjacent segnents
in sdgg a way that the opening through each segnen is in

communi cation wth the openings through each of the said adjacent
segnents so as to orovide a passageq4 to contain a mcrowave

transm ssion line, each segnent being flexibly linked to its adjacent
segnents by a -pair of flexible liganents running throughout-the |ength
of- the conduit and passing in turn through each conduit segnent in

dedi cat ed channel s.  di spl aced from the openi ng 5 t her et hr ough. .
Al t hough the present invention originated froma consideration of the

probl ens of m crowave transm ssion in submarine mast design, protective
flexi bl e housings enbodying the invention are equally suited to other
appl i cati ons wherein a mcrowave connection i$ required within an

envi ronment t hat mo%]d b u itable for,_an %Fhermnse unpr ot ect ed
t ransni ssi on ?Fﬁ@ %iﬁy résent invention

there is provided a flexlble housing 3£or use in
protecting a micrcwave . transmission line in a

pressurised environment comprising =z conduit contained

"0

M\h/ ' within encasing méans, the conduit -elng ‘censtructed of
| a plurality cf Segmehts, each;conduit'segment having an.
openipg. therethrough defining a <chrough axis, ihe
segments being arr .'.ged in series :nd caused td abut
adjacent' segments iﬁ such a way that the égening
:h:cugh each segmén: is in cmmunicaticn with the
openld- thrcugh =ach -f the said :zdjacent segments so -

as =5 provide
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catain .a. micrewave
transmiésidn_ Iine, -=szch segment being £lexibly iinked
pedo] its_ adjacent segments Ly & sair :£- erxib1e
1i§éments running-::::ucnout the .zngth of zhe conduit
and cassing in turz -“rouu sach condui: segment in

dedicated  channeils displaced Irom zh opening



even though the prior art has been discussed wth reference to the use of
coaxial cables it is understood that this is in no way intended to limt-
the scope of the -invention, the present invention being equally -
applicable to other mcrowave transm ssion neans. Flexible housings & .
enbodying the invention will now be particularly described by mawyﬁof
exanple, wth reference to the acconganying drawi ngs in which: Figure 1 is
a cross-sectional view of part of one of the flexible housings;, Figure 2 is
an expl oded perspective view of two adjacent conduit segnents in the
- housing of Figure 1; Figure 3 is a lateral view of one of the conduit -6
segnent s othérgbheodlghki gure 4 .is an axial view of the conduit segnent of
Figure 3; Figure 5is a lateral view of another of the conduit segnments of
Figure 2; Figure 6 is an axial view of the conduit segnent of Figure 5;
Figure 7 is_a cross-sectional view of part of another of-the flexible
housi ngs; Although the present invention originated from a
consideration of the problems of microwave'transmission
in submarine mast design, protective flexible housings
 embodying the invention a:e_'equaliy__suitéd to other
applications wherein a microwave connection is required
within an environment that would be unsuitable for an \j _
otherwise unprotected transmission 1line. Similarly,
even though the prior #ft_ has been discussed with
reference to the use of coaxial cables it is understood
that thisfis in no way intended to limit the scope of .
the invention; the present. invention being equally

applicable to other microwave transmission means.

Flexible housings émbodying the invention will now be
éarticuiarly described by way of example, with
referenée to the accompanying drawings in which:

Figure 1 is a cross-sectional view of part of one of

the flexible housings;

Figure 2 is an exploded perspéctive view of two

adjacent conduit segments in the housing of Figure 1;

" Figure 3 1is a lateral view of one of the conduit



#lgure 8 is,. a detailed cross-sectional view of - an insert shown in
Flgure 7, . and Figure 9 is a cross-sectional view of part of a further one
of the flexible,housings. The  flexible housing shown in Figure 1
conprisgs a conduit 10 and encasing nmeans 12, in turn conprising an i nner
sleeve&;4 and a protective outer jacket 16 The conduit 10 is
constructed of a plurality of conduit se nts 18, the nunber of segnents
bei ng determined by the | ength of housing required, and in the enbodi nent
7 shown the segnents are of one of two configurations. The first
configuration Qfedndiifhl tofSSfidite 182 i s of biconcave cross-section while

t he second -confi dguration of condU|t segnent 18b, - is of circular
cross-section. The segnents 18 are arranged in series, the tw
configurations of conduit segnent, 18a and 18b, alternatlng al ong

the length of Ritmmonduiis 30 agidh ceierd ¢ Bhet culidcant segaBREt OFf
The cross-sectional radius of the second configuration of conduit segnent

.18b is of substPiguirs [3; simlar value to the radius of curvature of the _
first conflguratlon 18a so that the convex arcuate surfaces 20 and 22
of -the second : : B

F1gure 5 is a 1atera1 view of another of the ‘conduit

segments of Figure 2;

\/ o Figure 6 is an axial view of the conduit segment of

Figure 5;

Figure 7 is a“ cross -sectional view of part of another.

of- the flexible hous1ngs,

Figure 8 is a detailed cross-sectional view  of an

insert shown in Figure 7; and

. ' Figu#e 9'15 a cross-sectional view of part of a further

one of the flexible housings.

The flexible- housihg shown in .Figure_ 1 comprises a
conduit 10 and_encasing means 12,'in turn comprising an
inner sleeve 14 and a protec#i#e.oﬁfer_jaCket 16. The
" conduit 10 is constructed of a plurality 6f conduit
segments 18, the number of segments being detérmined.by

the length of hoﬁsing required,'and in the embodiment



configuration of conduit segnent 18b are received by the concave arcuate
surfaces 24 and 26 of the adjacent segnents of the first configuration 18a.
Each conduit segnent 18, irrespective of configuration, has an opening 28
t herethrough, the segnments being arranged in series so as to abut

adj acent segnents in such a way that the opening 28 through each segg#nt 18
IS in comunication with the openings,;S t hrough each of the said adjacent

segnents. - In this way a passage is prlovided along the Ilength of the
conduit 10 to contain a mcrowave transmssion line, the mcrowave
transm ssion line being of any suitable form -8 1In a preferred
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ends so as to create ger entrances wt t he openl ngs of adj acent

segnents #Rg PPrsé NcohTHUMatA0Oof Ahddt eseghehbe HPHr a8 Obefl exure
in the conduit may be increased, that is the bend radius may be decreased,
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with each other and the passage created thereby of sufficient m ninum

Cross-sect bfin ¢endwit asegmentcrb8by e ils aonciscobaki mross-section.
The segments 18 are arranged in series, the two
configﬁrations of conduit segment, 18a and 18b,
alternating. along. the _length' of the conduit 10, and
caused'to abut adjacent segments. The cross-sectional_ \u)
radius of the'secbnd configuration of donduit segment
18b is of substantially similar value to the radius of
curvature of the first configuration 18a so that the
convex arcuate surfaces 20 and 22 of the second
configuration of conduit segment 18b  are received by

the concave arcuate surfaces 24 and 26 of the adjacent

segments of the first configutation_laa;"

Each conduit segment 18, irrespective of'configuration,
has an' opening 28 therethrough, the segmenﬁs being
arranged in sgries so as to ébut'adjacent segments in
such a way that thé'opening-za thrdugh,each segment 18
is in communication with thg dpenings 28 through each
of the said adjacent segmenté. In this way a passage
‘is p;ovided .along the length of the conduit 10 'to
- contain a microwave transmission 1line, the microwave

transmission line being of any suitable form,



The copduit segnments-of biconcave cross-section 18a are provided with a
first set. of oppositely-facing, spaced-apart butting surfaces 38

di sposed at edges of the segnent to one side of the opening 28, the butting
surfaces 38 . being generally perpendicular to the through axis 36 of

t he sakg opening. As nay be seen fron1Fiq¥re 1, when the two

configurations of conduit segnents, 18a®and 18b, are arranged in -
series alternating along the Iength of the conduit 10, pairs of :

opposi tely-facing butting surfaces 38 are brought into close proximity with

one anot her - ongy byt b} 88 £446RLBA1 hBRe PLhe Skt PVALoY a0, ec o e

two segnents of bicohcave cross-section 18a dis

segnent of circddgier¥ 0$8- 18C1H U ekBPat 0P§o§§‘f:a e‘i{HEjuéS a%i%%r%é@ebies

flexibly linked to its adjacent segnen y coupling nea
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flexible ligaments 34 runni ng t hroughout the |engt e con

passing in turrsddmentgh eayh dbegniat démminiestfened A@ngel sedn1i Sg&ced
fromthe opening 28 therethrough. The flexible Iiganments 34 may be

term nated by edres of tidesiure rip ndsnscodwit may be increased, that

is the bgnd radigs may be decreased, whilSﬁ,maintaining'
the'openings'throngh adjacent segments in communication
with each other and the passage creatéd thereby of
sufficient minimum cross-section to contain a microwave

transmission line..

The conduit segments of biéoncaVe'crOSS-Section 185 are
.provided with a-'firSt set of oppositely-facing,
spaced-apart butting surfaces 38 disposed at edges of

the segment_to one side of the opening .28, the butting
sﬁrfaces 381 being generally perpendicular to the

througg éxis 36 of the s'aid_opening._ As may be seen

.K,/  from Figu:e 1, when the two configdrations of conduit
' segménts; 18a and | lgb,' aré arranged in series
altefnating along the length of the conduit 10, pairs

of oppositely-facing butting surfaces 38 are brought

into' clqse éroximity with ~one another, one. butting
surface of the pair being provided by each of the two
segments of bicdncave cross-section 18a.disposed_either

‘'side of a segment of cirgular_crosS—section 18b.



shown) at the termnations of the conduit® 10, and preferably .
tensi oned to approximately 133 Newtons (30 Ibs force). In the flexible
housi ng shown in Figure 1 and in the conduit segnents shown in Figures 3 to*
6, the flexible Iiganents 34 are shown passing through each conduit
segnent 18 at a distance away fromthe through axis 36 of the openi ng,gand
nearer the first set of butting surfages 38. That is, the plane defi ned by
the passage of the two flexible Ilganents 34 through a conduit segment
18 does not contain the through axis 36 of the opening 28 of that segment
so that the tension in the flexible |igaments acts at a distance fromthe
t hr ough axEscB6.condaitf f segmohta 18rcis adilexibly cHiriked of té heibvgt ural
axis of the segnments is,.in the regions of the conduit 10 away fromthe-
poi nt of fadxacentt csegnents hdypatoupdbingumeans surAscasad8beo mbst each
other. - 10 Since the butting surfaces are generally perpendicular to the
through axfiesslyheeencdm Figuxet %oscthegronplingnyeangecamprisetain a -
straight disposition w thout recourse to_a nore el aborate conduit

managenent Pay 5t & arfdiStidike ¢ d igaments Sdnfaguring Shseughbost tﬂééprlor
' | length of the conduit 10 and passing in turn through

each segment 18 in dedicated cha_nnels 35 displaced from
the opening 28 ,.t.:herethrough. The flexible ligaments 34'
' may be terminated by variable tensioning :means (not \j
shown) at the terminations of the conduit 10, and |
preferably tensioned to apprdximately 133 Newtons (30
1bs force). | ' |
"In the flexible_- houshing shown in Figure '1. a_nd' in the
conduit segments shoim in Figﬁréé 3 to 6, the flexible
ligaments 34"aré 'shpwn 'passiné' through each conduii’:‘
segment. 18 at a diétance— away frém the through axis 36
of th_e opening and nearer the first Set. of buti:i_ng
surfaces 38. That is, the plane.defined' by the passaée
of the two flexible ligaments' 34 thrbugh a conduit
segment 18 ddes.not ‘contain t':h'e"t'hrough axis 36 of the
opening 28 of that ségfnent so that the "tension' in the
flexible 1igamenté ‘acts at a distance from the through
axis 38. The'effect. of a force ‘acting off centre of
-thé natural axzis of the s-egm-ent':s-' is, in the regions of
" the cor_ldnit 10 away from the point of flexure, to cause

the pairs of butt_'ing surfaces 38 to abut each other.



ért. . Wthin the region of the point of flexure the butting surfaces 38
open out, to allow a snoothly curving flexure through [err], the
position of the point of flexure being dependent wupon the relative
hei ght s, of the term nations of the conduit. The mninmum inside bend

radi us,of - the flexure is determined by the configuration of a second
set of oppositely-facing, spaced-apart but%?ng surfaces 39 provided on
the  conduit segnent s of bi concave cross-section 18a. The second
~set of butting surfaces 39 are similarly disposed at edges of the segnent

set. ng sur | . .
rowever . unl i REEbeRo tAp; PRECIRE S0 £8chR I Serd iy bibpelifhauides
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of the conduit 10, pairs of the second butting surfaces 39, like those of
the first 38, peCoRFsR9Bb o Mieré! elabRr@teTdonduith Miifagem&®t Bgsteml N

the regions of the conduit 10 away fromthe point of flexure, pairs of the
second butting snaicgess 3o dehaocadle meardgendet systemshefsuecpsior
art. -W.ith.i-r'x the région of the point of flexure the
bﬁtting surfaces 38 open_ out _to- allow a smobthly
curving flexure through 180°, the position Of the
point of flexure being dependent. upon the relative

heights of the terminations of thelconduit._

The minimum ihside -bend radius of the flexure is
determined. by'_the configu:ation of a second set of
oppoéitely-facing, spacéd-apart' buttihg surfa¢és 39
provided on the conduit segments of biconcave
crossesection 18a;,'The-second set of'bﬁtting surfaces
‘39 are similarly disposed at edges of the segment but
Q/' | on opéosité sidés of~the opening 28.to those of the
first set 38. However, 'uﬁlike the first set, .the
'second'set of buttingléurfaces_BQ are not spaced so far
apart énd are inclined to a plane perpéndicglar té the
through axis 36. When the two configurations of
condﬁit segﬁenté, 18a and 18b, are_arranged‘ixx seties
alternating along the length of the conduit iO, pairs
of ﬁhe second butting shrfaces.39, iike those of the

 first 38, are brought into close proximity with one



are not spaced so far apart as the first and so do not i'nterfere with.the
straight disposition that the conduit is urged to maintain as a res
the action of pairs of the said first butting surfaces 38. Wthin the
region of the point of flexure however, pairs of these second butting
surfaces 39 are urged into contact with one another until the incl

surfaces abut each other preventing jjurther novenment of the segment s

agai nst each ot her. Thus the maxi num angl e at whi ch one segnent of.

ul t of.

nag

bi concave cross-section 18a nmay be di sposed relative to a segment of
simlar cross-section |ocated adjacent to an adjacent segment of circular

Cross-sectanotidP., i s Igethier pedibyst E abBée cnduid | not i el £kb@ surf aces

39 and hence gives rise to a-mnimuminside bend radius. OMng" to
desi gn’ of the cpoilntt ofegfibexusre, 8 gdird | @f blthéhosecond | bubbingcapabl e

of

t he

flexure in one plane. The housing is additionally urged to maintain a

pl anar di spesfaces B9 leovhdtngbuke eachiaotheur sincenftheesuvofidaes segnent

wi th guide surfaces while the arcuate surface of the adjacent
segment abafei gt SRARcefyHNsFar japapk oasdshe fimst mnthssot@o nogo

interfere with the straight ‘disposition that the
cpnduit ié'urged to maintain as a result 6f the action

of pairs 0£ the said first butiiné surfaces 38. Within

- the region of the poiht ofiflexure howéver; pairs of

these second butting surfaces -39 are urged into contact
with one another until the inclined surfaces abut each
other preventing 'further movement of the segments

against each other. Thus the maximum angle at which

-one segment of biconcave cross-section 18a may be

disposed relative to a segment of similar cross-section:

located  adjacent to an “adjacent segment of - circular

‘cross-section 18b is determined by the angle of

inclination of the surfaces 39 and hence gives rise to

- a minimum inside bend radius.

Owing to the design of the conduit segments 18 the
flexible housing is only capable of flexure -in one

plane; The'housing is additionally urged to maintain a

condui t

planar disposition by providing the arcuate surface of

‘one conduit segment with guide surfaces while the

arcuate surface of the adjacent conduit segment

abutting thereagainst is provided with means to

M



6ooper§te with the guide surfaces to.prevent relative |ateral novenent
between the segnents. - The guide surfaces and cooperating nmeans may be
of any conveni ent design, for exanple a ridge on the |ateral edges of one
segnent. received in grooves of the adjacent segnent. In the enbodi nent
shown (P Figures 3 to 6 the guide surfaces are in the formof a [err]

radi al’ abutment 40 while the neans coopera&?ng therewith is a [err] radial
chanfer 42. In the enbodinent shown the radial abutnment is applied
" to the segnment of biconcave cross-section and the radial chanfer is applied.

to th jment | s - j I 1 tood that
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material of thefded sHEddd St méSnslCREPABRL 0P Yy éé’l@‘v%nient
appl i cation of  the housi ng an the characteristiCs of the

envi ronnent aga@dsiignyi £6ri bxample @f frddge Wrecthedn d8srdPYedgel Co¢ | onde of
ext rudeg pol yur et hane. The material of the inner sleeve is selected

to have sim | arsddmsmtnl recpadnedonimr grepiess db ithescadfatbntowsesment.
prot.ective jacket as well as having a |ow coefficient of friction and
sone elastic In the embodiment shown in Figures 3 to 6 the guide
sui:faces--are in the form of a 45° radial abutment 40
__ while thé_ means. codpera.ting. therewith is a 45° radial
A chamfer 42. In the embodiment shown th.e radial
. abutment. is _app_lied to the segme_rit of  biconcave
cross-section and the ra.diar chamfer is applied to the
‘se'gment of circuiar _cfoss-section ~although it is
understood that these features may be applied in the

-oppbs’_ite sense.

The conduit is _enclosed ‘within an inner sleeve 14 of
preférably shrink-fit ~material which is in turn
v o contained within -an- outer _prot_ective jacket 16. The
material of tbe_outer protective jacket is dependent
upon the applicatioﬁ of the. housing a_nd ~the
..charact_:er_i_.stics of the e_nvitonnient against which it is
to offer protection but may. t_:y_pica_il_y be of extruded
polyﬁret’:han.e. The material of the inner sleeve is
seiected Eo_ have: simila.r themial expansion properties_
to those'o_f the outer protective jacket as well as -

_having a low coefficient' of _fric'tion'and some elastic



13 properties. The inner sleeve 14 prevents the adherence of the out.er
jacket 16 ‘to the assenbled conduit segnents thus allow ng the:novenent
of the jacket 16 over the conduit segnments during flexure. . The inner
sleeve 14 is itself prevented from being pinched between abutting _
segnents during flexure and in particular between pairs of the figst or
second set of butting surfaces 38 or 3% of the segnents of biconcave
cross-section 18a, by strips 44, preferably of nylon, the length .of _ the
conduit placed between the inner sleeve 14 and the conduit 10. In the
housi ng shown in Figure 7, the strips 44 are replaced by inserts 46

recei ved werhpergiesves Th@ dinner sheenetl4cgreventst the cadherence
cross-section 18b. As may be seen from Figure 8, each insert 46_conprises a
base secti 8f 5¢heor qukaht i PrCKLEhi ASon&oof thee AfseRPIRAesconduitt he
base section 50 having _shoyl der surfaces 52'ang 54 conti nugus
respect i veFEIMEDES: nehes nfdiowing sthe mgvement of the J?fke%f 16he

conduit segnment jn which.the insert ,46 .is. received ang,an external
portion 56°N&¥i nbﬂ?nrfé?n oRegments dugiag ﬂf’%‘b‘fet he 8% e} A2FE por t i on

56-being cgiugeled 1l Yl bASG PR PBvaREbY MBRh O'bdk P GEAREa oMD"
between abutting Segménts during flexure and in
particulai between'pairs of the first or second set of
butting surfaces 38 or 39 of the segmenESWOf“hiconcave ._;‘)-
'cross-section'laa, by strips 44, prefera:bl'y of ﬁylon,'

the 1length of ' the conduit _blaced' between the inner

sleeve 14 and the conduit 10.

- In the-hdus_ing shown -in- Figiu’:e 7, the strips 44 are
replaéed by inserts 46 received within_ grooves 48 of
the conduit segments of circular cross-section'lsh. As -
may befseen_frcm.Figure 8, each insert 46 comprises a -
base sectioh 50 for receptiqn'within one of the said
grooves 48, the- base section' 50 having shoulder s
surfaces 52 and 54 continuous respecti&ely with the
convex arcuate surfaces ZQ ahd 22. of thef.conduit'
segment in which the insert 46 is -receivéd, and an
external portion 56 having inner and outer_surféces-ss
and.so, the external portion 56 being connected to the

base section 50 by means of a cbnnecting'mémbé: 62.

In the embodiment shown in Figﬁre 7, each conduit



n the enbodinent -shown in Figure 7, each conduit 14 segnent of
C|rcular Cross- section 18b is provided with two grooves 48 orientated
perpendi cul ar to the through axis 36 of the conduit, the inserts 46

recei ved thereby being designated as inner and outer bend radi us inserts,
46a aan46b respectively. As may be seen, the configuration of the
inserts is such as to receive pairs of a- fﬁrst or second set of butting
surfaces 38 or 39 within "the openings created by - respective shoul der
surfaces 52 or 54, the connecting nenber 62 and the i nner surface 58 of :

cxtennal por ! Shofns, 56 AFLEE RSB REL EoRLHHE Fa e 08080 Shi®
bi contave or oSeosh{ErE8 | 48" ord¥nedtla or d%?fatf?”“wi-ﬁ‘%{*ﬁ‘?%ﬁ

configurations ;af sCRBIYE IROBIHEL LB R dSOrt 8 862redRIVEA tHEHdRP i N
this way wi.th the segnent conflguratlons al ternating along the |ength of

the conduit 10belifiy ©Xd€sIghatedti @8s Ianelr i nAwd t Soderantehlh awaivy a
portion of each of -the two adjacent conduit segnents of biconcave . .
Cr oss- sectlon 181:sertts,he46aegand af&mal respécawlmnd OAs may be seen,
| the configuration of the inserts is such as to receive
_paifs of a first or second éet of -butting - surfaces 38
or 39 within the openings .created by :espedﬁi#e
'shoulder surfaces 52 or 54, the connecﬁing'member 62
and the inner surfaée_sa of_GXternal portion 56. Hence'
fhe convex arcuate surfaces 20 and 22 of the conduit
segments of circular cross-section 18b may be received
by the concave arcuate surfaces 24 and 26 of the
adiacent -segments of bicbﬁcave crosé-section ~18a as
previously described. When the two configurationé of
- conduit segments, 18a and 185, are arranged in -series
in this_ﬁay ﬁith.the_segment configuraéions alternating -
\_ along the 1length of the conduit :10,_ the external
portiqns 56 of inserts 46a and 46b overlay a_porﬁion of'.
'each.oﬁ'the two adjacent.conduit:segments of biconcave
crds;-section 18a in the région of pairs of a second or
first set of butting surféces, 39 or 38 reépectively,
- preventing the innef sleeve.14 of the conduit encasing

means 12 from being pinched therebetween.

It will be appreciated that in this form of the



. . . {
first set of butting surfaces, 39 or 38 respectively, preventing the inner
sleeve 14 of the conduit encasing neans 12 from bei ng pi nched therebetween.

It will be appreciated that in this formof the 15 housing, the conduit =
managenent system operates in a manner simlar to that previously

descri bed. The conduit segnments 18 in the regions of the conduit 18 away
fromthe point of flexure are still urged, as before, to maintain a '
straight disposition as a result of the tension in the |iganments 34 acting
at a distance from the through axis 36 of the conduit. In the

housi ng under consi deration, however, pairs-of the first butting surfaces -

38 abut theowodImgrt ithe "eshenit2 minddemenk esyBeas regerateBseias #6b, the
connecti ng menber 62 being generally perpendicular to the through axis 36

of the condamier Asimitlate, toitbhatt hgreedoaslel descpdbed.of flmheire, the
butting surfaces open out to allow a snoothly curvi ng fl exure
but not cerduitesehgmeatst dddeino tlemgeegieasi wefl thiehi conhdeibpad ngs
created by the shoul der surfaces 52 or 54, the connecting nenber 62 and the
i nner sur faway 5Erom t kbeexpeinkl 9br tilkex® ofrehesthldr turgdde @s er
-surjace before, to méintain a straight dispOSition as.a resulﬁ
of the tension in the iigaments 34 ac£ing at a distance
from the through axis 36 'of the conduit. In Ehe_
hdusing_:under consideration, however, pairs of the. \-)
first butting surfaces 38 ébut.the cbpnecting member 62
of the outer bend radius inserts 46b, the cénnecting
member 62 béing generally perpeﬁdiculat to the through
axis 36 of the conduit. As before, within the region
of the point of.fiexure, the-bufting surfaces open out
to allow a smoothly Cuﬁving-' flexure but not
sufficiently'las to be no longer received within the
openings created by the shoulder surfaces 52 or 54, the
connecting member 62 and the inner surface 58 Oof ‘the J
exﬁernal'portion 56 of'the“insert.- The outer surface
- 60 of the external port'ion. 56 of the insert 46b is
provided with a curved profil'e" so as to optimize the
smoothly curving profile of the cohduit io in the
region of the flexure énd minimize the possibility of

damaging the inner sleeve 14.

Similarly the provision of inserts 46 in place of the

strips 44 does not affect the possibility of



60 of the external portion 56 of the: insert 46b is provided with a curved
proflle sQ as to optim ze -the snDotth curving profile of the conduit
10 in t he region of the flexure and mninize the possibility of damaging
t he ingéer sleeve 14. Sinilarly the provision of inserts 46 in place of the
strlps\¢ 44 does not affect the p0f§|blllty of 16 determ ni ng
the minimum. inside bend radius of the flexure. As has been

previ ously described, the second butting surfaces 39 provided on the
conduit segnments of biconcave cross-section 18a are not spaced as far apart -

- as those of thaidtiemiiming haghe n miwimegi oivside t lbes@ndyadih8 avay them

- the flexure, .like that shown-in .Figure 7, pairs-of the second butting
surfaces 39 do fisxumdut Ashmasnbeemlpgevmeubéy desdrilied; nbike  beodnd
radius inserts 46a. Wthin the region of the point of flexure however,
pairs of thesehuttwnntnnlfa@pSnBBapeeV3@edrenutgajQanduxttmegmenhscofng

. menber 62 until they abut . thereagainst’  preventing further novenent of the
segnents agai riskcongave. oross- Tsechion ABreawst nodeisppcedi ast faedapgrthe

~fact that the external portion 56 of the ‘inner bend radius_ inserts 46a
are- capable (¥ those of the first so that in the regions of the

_condu1t 10 away from-the flexure, like. that'shown in
hl.Flgure 7, pa1rs of “the second butt1ng surfaces 39 do -

" not abut the connect:mg member 62 of the inner bend

,&vk o ; radius 1nserts 46a. W1th1n~the reg1on of the point of
| 'flexure'however; pa1rs of these second buttlng surfaces

.39 are urged toward the connectzng member 62 unt11 they
.abut thereagalnst preventlng further movement of the

segments agalnst each other, th1s movement being

. fac111tated by the fact that the external portlon 56 of

'~fthe_ 1nner' bend radlus' 1nserts 46a are- capable of

he angle at

i'fn.“ndergolnq'Eflex1on.rﬁ?1h@ ;e

'f};gwh1ch one segment of'bxconcave cross- sectxon 18a may be

"f”dlsposed relatxve to a segment of S1m11ar cross -section

'*.can _ocatedagadjacent an adJacent segment of circular
“fcross-sectlon 18b is 11m1ted g1v1ng r1se to a-: m1n1mum_
'='1n51de bend rad1us of the. flexure.a-In th1s partlcular
' embodlment .however, that 11m1tat10n 1s determlned by
the dimensionsgof the connectlng'memberIGZ_oﬁ the inner
bend'radius'insert 46a'that is receiuedﬁn;thin a groove
48 Of':the .Said:.adjacen£¥iéegﬂéﬁf;féf;"circular Cross

" section.



under goi ng fl exi on. Thus, as before:, the angle at which one segnent
of biconcave cross-section 18a nay be disposed relative to a segnent of
simlar cross-section and |ocated adjacent an adjacent segnment of circular ¢
cross-section 18b is limted giving rise to a mninmminside bend radius of
the flexure. 1In this particular enbodi ment however, 'that I|n1tat|9ﬁ IS
determ ned by the dinensions of the cgmnecting nenber 62 of the inner bend
radius insert 46a that is received within a groove 48 of the said

adj acent segment of «circular cross section. 17 Furthernore, it wll
be appreciated by those skilled in the art that the inner and outer bend

i nserts 46gugtetadrelBd theiql i ndipFPéciPéd Oby atheBel ¥kiqa%A Ofn
manuf acture or nmay ‘be of differing configuration so as to optimze their

slightly ¢hef erdtngthétndhieoninner nandr outigrarbéh® tABBEESi MGaEadm®r 62 of
the inner bend radius inserts 46a my be provided wth surfaces _

i nclined td46b,pl mag pee pofdi ideaticelt heonfiigugatbons Bérsceaset ofmte Wit h
the inclined surfaces of the second butting surfaces 39. Alternatively,
the insertBangfagfurnes eeghant beofoki differing oconfiguretiongiscmhyas

to optimize their shghi_:ly differing functions, in
particular the connecting member 62 of the inner bend
radii.ts inserts 46a may be _. provided w.ith surfaces
inclined to a plane perpendicular to the throueh axis - \)
36 so as to,mate_ with the inclined surfaces of the
second butting surfaces 39..- Aiternativeiy,' the inserts
46 and the segment«of c1rcu1ar Ccross- sect1on 18b byu
wh1ch they are received may beé made as one piece thus
'dlspensing with an assembly operation dQuring the

production stage'of the conduit.

_' In -the hOusing,-' sh.own in Figure 9,  the pl'uralitj of
-segments that compnse the . condu:.t 10 are of a single d
configuration 118. As in' the first. embod:.ment
'described' above, the segments 118 are prov1ded wzth an
opening. 28 therethrough and arranged in serie.s and
caused to ebut adjacent segments in such a way that the
opening 28 through each segment 118 is in cemmunication
with the openings through each of" the said adJacent
"segment:s. In centrast to the_ prev1ous embodiment
however, each segment 118 is provided with a convex

arcuate surface 30 and a concave arcuate surface 32,



Which they are recelved may be made as one piece thus dispensing with an
assenbly .operation during the production stage of the conduit. In the
housing,. shown in Figure 9, the plurality of segnents that conprise the
conduit, 10 are of a single configuration 118. = As - in the first

enbodi pent descri'bed above, the seghent s é£8 are provided with an opening
28 therethrough and arranged i'n series and-caused to abut adjacent segnents
in such a way that ‘the openi ng- 28 through each segment 118 is in

comuni cation with the openings through each of ‘the sai d adjacent segnents.

In contrast toehbﬁ--paeaﬁaeé_eg@péag é?:gﬂgx £ s%etaiecq'sq&te%%ﬁu

proovided with a convex arcuate sur a concave arcu sur ace 32,

* 18 each raggust ®f %f@@ﬁxréesag Wat Sthst eohvek ! ¥rcahbh! durkadieus Of_
curvature so that. the convex arcuate surface 30 of one segnent may be

received by Bbe ofonenae segmeite sy ate 3Zeekivedadpgceghesegondave |t
w |l be appreciated by those skilled in the art that the features such
as the provi aronatef suklferebB2 bifganeedyazedt begmeng. surfaces that
conpri se the condult; managenment system the- provision of guide
-rIt will be appreciated by those sk111ed in the art that -
the features such as the prov1s1on Qf ‘flexible
ligaments = and bﬁtting "surfacesh'that ’comprise the -
_eOnduit' management éyétem.':the':éfoviSion 'of'.guide.“'
‘surfaces ‘and means codperatiﬁg thereﬁith preVenting
relatiQealaterel mofemenfehetheeﬁ the’eonduit'segmentS'
"-__and the prov1s1on of overlaymg stnps, gieferahly of
" nylon, ‘to prevent the 1nner sleeve of the encasing
means from be1ng _p;nehed between -abuttxng segments
'fduting flexure- " all of" wh1ch '*hAGE' beea | eatlier

':.«§L76eseribeq, are’ applicable in an’analogous manner to the;'TV“':

' emﬁéﬁlﬁen':shewnfinﬂFigﬁ:eQQ

0153b



strfaces and neans coeperatiTig therew th preveriting relative |ateral
novenment between the cond the prOV|S|on of overl ayi ng
sirips. pretoranty of i (NIAHTIEMERMre” Thner ' oTeeve™ci” “he
encasing neans from being ¢Inche&d sbetween abutting segments during
flexure all of which have been earlier described, ‘are applicablgin an

anal ogous manner to the enbodi nent shown in Figure 9. 0153b CLAI V5

19 1. é R&Eélble housi ng for usa in protecting a mcrowave

transm ssi in a pressudrised environment conprising a
conduit contained wthin encasing neans, the conduit being constructed of
a plurality of segnents, each conduit segment havi ng an openi ng

t herethrough “defining a through axis, ‘the segnents being arranged in
series and caused to abut adjacent segnents in such a way that the opening
t hrough each segnent is in comuni cation -with. the openings through

o ot ansn oo e BIE houltnls, H05 P 12" BYORBRRAS, 871" °
_adJ acent sqQiElSavedy %raﬁ%ﬁxssﬁfonflei(i%e in a pressurised

.envirbnment comprising a conduit contéined within

encasing means, the conduit bei#g const#ucted of a

pluialiﬁy of segments, eaéh-édn&uit segment having an

opening therethrough defining a through axié, the

segments being arranged in series 'énd caused to abut

adjacent segments in ‘such a way .that the opening

through _éach segment is in. communication with the

openings through each of the said adjacent segments so

as to provide a passage to contain a microwave

ﬁrénsmissipn line, each.seqment being fléxibly linked
éc its édjacent: segments by' a_ péir '6f flexible

ligaments runﬁing‘throﬁghout thellgnéth.of the conduit

'and_passing in turn through each _éonduit segment in \)
dedicated channels _disﬁiaced from the opening

therethrough.

2. A flexible housing in accordance with claim 1
wherein some or all of the conduit segments are |
provided with 'a first set of oppositely-facing,
spaced-apart 'butting- surfaces orientated generally
perpendicular to the through.axis, paifs of said first

butting surfaces  being caused to abut each other in



LS

ti ganent s runnrng throughout t he Iength of the condurt and passrng in turn
through each conduit -segment in dedlcated ' from -

the” opening therethrough. 2. Bexrble n accordance mnth
claim 1 wher ein some or .all -of - -th - condui mgﬁt"' pr ovi ded

with .a first . set. of oppositely-facing, spac surfaces
orientated generally perpendlcular to the through axis, palrs of said
first butting surfaces being caused to abut each other in 20 regions of

the conduit spacedgbpah bherhberbibnsk gaaeaL® b6l e hexialyieRls

to maintain rai ght di'sposi
accordance -wit FEHRE prERRdi ﬁ&’-dcl aH%’-‘WrﬁareFﬁ mAlntadn et sj:ralght

adj acent. condui t,.segnent.s is such that a convex arcuate. surface of one

. segnment is recmqﬁﬁéai} icave arcuate surface.of an adjacent segnent of
correspondi ng curvature. 4. A. flexible housing in accordance wth
any preceding claim mherein t.he - openi ng, through each conduit segnent is-

winany TR S pemintd MU {0 Ueddiod W Sy
| preceding claim wherein' tne. abutment of ad:acent
_ conduic Segments is.such.that_a_convex}arcuate;snrface

of one_segmentris received.byha concavefarcuete-snrfacej

of an adjacenthegment of'corresponding curvéture;._

4. A flexible housing . in eccordance- with- any’

preceding' claim wherein the: opening: through each

. condu1t segment 1s flared at OppOSlte ends.

TS; o A flexlble housrng 1n':accordance_ with . any

_ precedlng clalm wnereln the pa1r of .

7'*through'axzs.

6. A flexrble housrng _1n accordance with any
| preced1ng clazm whereln the flex:hle llgaments are

ten51oned to approx1mately 133 Newtons (30 lhs force)

flexzble llgaments” jﬁl”::



precedi ng claimwherein the pair of flexible Iiganents pass through each
conduit segnent defining a .plane that does not contain thé through- axis of
the opening in the said conduit segnment so that a tension generated by the -
pair of liganents acts at a distance away fromthe said through axis. 6.
A fle In accordance wth any preceding claim whggein
t he fl)rmmlu"lnlgmum' are tensioned % approximately 133 Newt ons ?%0 | bs
force). * ®24- %. % * A flexible T ﬁéing in accordance wth any
preceding claimwherein sonme or all of the conduit segnments are
provi ded W th a second set © of oppositely-facing, - spaced-apart

' ' a_ plane

oot pondi cul Tt to thel nEdgdiBle SRopsing' oin ﬁécsigf}?a?%eégna'i%& A {1 ng

| o g | R . T ting.
condui ¢ gi 3??8*@5@%oéiaﬁﬁﬁfﬂﬁ%?%fai%%ﬂﬁgaﬁ s 88 “tné Egnayl E_Blg ©
cone ! B . ! . / t »
segments ar EoBPEOREcG fren oBratlish JCRLER oL nsteRhR. T A TR cui i
S0 as to pr8¥§3§iEE&§LE¥Eih§Eeralsﬂ2¥8339£art;: butting surfaces .

orientated so as to be inclined t6. a plane

perpendicular to the through axis, pairs of the said
second set of butting surfaces being caused to abut .
each other in the region of a bending in the conduit

giving rise to a minimum inside bend radius.

8. A flexible housing in. accordance with any
preceding claim wherein | adj.'aée'nt. conduit Se'gme_rxts are
provided with guide surfaées' and means ~cooperéting
therewith so as to prevenf, relative lateral movement

between the segments. .

9. A flexible housing in accordance with claim 8 g,/'

O  radial

wherein the guide surfaces cbmprise 45
abutments and the means cobperating therewith comprise

45° radial_chamfers.

10. A flexible housing in accordance with ~any
preceding claim wherein the encaSing'means comprise an
inner SIQeve-and an outer protedtive jacket;'the ihner
sleeve being provided between the plurality of conduit

segments_and'the protective outer jacket to prevent the
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Betméen t he segneﬁts: 9. A flexible housing in accordance with claims8
wherein -the qguide surf aces comprise [err].. radial abutnents and the

neans cooperatlng‘Theremrrﬁ—toﬂprrse—[err] radi al chanfers. 10. A
f | exi bke, housing th any preécedi ng clai mwherein the
encasilq,g\ means corrp””"ﬂglj[jn ﬁﬂm] "pneve and an outer- protective jacket, the

I nner sl eeve being prow etween the plurakity of conduit segments and
the protective outer Jacket to preveﬁt t he -22- adhesion of .the jacket
to the conduit segnents. o flexible housing in -accordance

wi.th any preceding claln1mhere|n the conduit is provided with at |east one.
nyl on strip to adkesiontof phechacketftohthencasduitnsegmenbsiween abut ting
surfaces during any relative novenent of adjacent conduit segments. 12.

A flexible housing in accordance with any one -of clainms 1 to 10 mherein
sone or all  of the conduit segnents are provided wth inserts to

prevent . the pikkhing ofA thtexithtesi housingnsinet acenrdanceti witbur anyes

during any relative novenent of _adjacent conduit segnents.
ST preced1ng c1a1m wherein the: condult is provided with at

least one nylon strip to prevent the pinching of the
encaszng means. between abutting surfaces durxng any“

'relatlve movement of ad]acent conduzt segments.

B 12. - A flexible housrng 1n accordance w1th any one”t'i
:?_ . of claims 1 to 10 'whereln some or all of the condu1t€fﬁ;'
.segments are prov1ded w1th _rnserts.-to prevent - the
;p1nch1ng oﬁ_ the:_encas1ng means- betﬁeen-.abutting

”._surfaces durznq anyf relat1vefﬂmovement; of adjacent '

condn1t segments.}i!{ni_“;;=5

1ded are made as one n1ece.qf11;eﬂ_~

C14. - A’Tflexible housingf*' : accordance with any =
'preceding c1a1m wherezn the protectzve outer Jacket is

_of extruded polyurethane._;fh

15;'[_ _ A flexlble hou51ng in- accordance~ with 'any
precedlng c1a1m whereln the plurallty of segments wh1ch."

comprise the conduit are of ‘one of two different



13. A flexible housing in accordance with claim 12 wher&in the conduit
segrrents and the inserts vmth whi ch they are provided are made asone piece

sin accordance w th any preceding. claim ?
wher ein t tjive out er Jacket i s of extruded pol yurethane. 15. . A
flexible MBM I,Mrdance with any preceding claimwherein thé
plurality % conprise t conduit are of one of ‘two
di fferent -23- confidurations, the cofifTgurations al ternating al ong the

| ength of the flexible housing:; the first segnment configuration being a
segnment of biconcave cross- section and the second segnment confi-guration

bei ng of Sl ICHEYor fEfonECt | e (Ionel6FFafRohEONaLebalbbEng’ bignECCON

configuration € Cross-section s of

curvature ofg éwé%hﬁi h pf tg%rﬁ é)%ﬂliblﬁ%tﬂ@ﬁsiﬁﬁ S%ﬁgndf%)#;l gﬁ@%hen nmay

be received t er housi ng™ 1 n accor ¢l ai m 15

the said Pﬁi“?‘?ﬁ‘* ﬁ%‘ﬁ&??ﬁf‘%b' P e S S
section and the second segment co_nf:.gurat:.on. being of
circular cross-section. the cross—sect:.onal radius of
the second conf:.gurat:.on being suhstant:ally equal to
the cross-sect1onal radius of curvatu_re of the first oo
confiquration so that the secoxid configuration may be | \J

received thereby.

16. A flexible housing in accordance with claim 15
wherein the conduit segments'of. biconcave cross.-section
are provided w:.th the sa1d fJ.rst set of op9051tely-

facing, spaced-apart buttlng surfaces.

17. " A flexible housing in accordance with claim 15
or claim 16 wherein the"condtiit segments of biconcave _ u
cross-section are prov1ded with the said second set of

'099081tely~fac1ng, spacec -apart but ng surfaces.

18, A flexible housng in accoidance.with any of
claims 15 to 17 wherein the conduit segments of
circular cross-section are. provided with the said
inserts to prevent the plnchlna cf the encas:.ng means

between abutting surfaces.
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i7. - A fl exible housing in accordance with claim 15 or claim 16 wherein
t he condui,t segnents of biconcave cross-section are provi ded vm'th the sai d
second set of. oppositely-facing, spaced-apart’ bUtt|‘|‘lU aUI faces:

fl exi bl.e housng in accordance with any of clains the
condui {_ segnents.. of ciréeular cross-section are ﬂk}“lmﬂmhe
said inserts to prevent the- pi nching of t he2dmcasi ng weans tmveén abutting

surfaces. '19. .A flexible housing in accordance with claim1 and
~ substantially as hereln described with reference to Figures 1 to 6 or

Fi gur es 7 and .8 °i9F' gureAgfféx{Qfeaﬁgaggﬁay' 170 a(jégg\f.'fagrxce with claim 1

7 and suhstant:.ally as herein descnbed with

re'fefence to F:.gures 1l to 6 or F1gures 7 and 8 or.

F1gure 9 of the accompanyzng draw1ngs.




