- 1 - Gas Turbine Engine Systens This invention relates to apparatus
and net hods for attachi ng conponents/systens to a gas turbine engine.
In particular, the invention relates to a rigid raft assenbly for
carrying fluid conponents/systens of a gas turbine engine. 5 A

typi cal gas turbine engine conprises a nunber of conmponents and/ or
systens that need to be attached thereto in order for the gas turbine
engine to function in the intended manner. Such systens and/ or
conponents include, for exanple, flui-d-systens, electrical systens,
nmoni toring systens and various electronic control units. These
systens/ conponents may be referred to as auxiliary (or ancillary) 10
conponent s/ systens, and/ or sBy way of exanpl e,
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Convent i o'i’PaT”PV”te R ihessemsat gy Ofﬂat'of‘?r the formof wires and

cabl es which are assenbl ed together in the harness 102, 104.
Such fluid and/or electrical systems/components are conventionally mounted directly

20 to the engine, often using a plurality of separate mounts or brackets for each
system/component. Thus, the various systems/components conventionally form a
complex array of pipes, leads, wires connectors and other components, each of

which typically requires individuaily mounting.

With regard to the electrical system, a typical gas turbine engine such as that shown

25 in Figure 1 has a substantial number of electrical components which serve, for
example, to sense operating parameters of the engine and/or to control actuators
which operate devices in the engine. Such devices may, for example, control fuel
flow, variable vanes and air bleed valves. The actuators may themselves be
electrically powered, although some may be pneumatically or hydraulically powered

30 (supplied, for example, by a fluid system mounted on the gas turbine engine), but
controlled by electrical signals.



In such a conventional harness 102, 104, each wire may be surrounded
by an 5insul ating sleeve, which may be braided or have a braided
cover. Each conventional harness 102, 104 therefore conprises a

mul titude of insulated wires and cables. This makes the conventi onal
har ness bul ky, heavy and difficult to manipulate. Wth regard to the
fluid systenms, these may conventionally conprise fluid pipes 116
provided to the engine, for exanple in spaces between the electrical
har nesses. The 10 fluid pipes 116 mayzhave separate
nmount s/ attachnments to the gas turbine engine. The fluid pipes 116,
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20 various individual wires and/or bundles of wires, pipes, supporting components (such
as brackets or cables) and electrical and/or mechanical connectors, the
assembly/disassembly process is complicated (and thus susceptible to errors) and/or
time consuming. Thus, in many build and maintenance (or repair or overhaul)
procedures on a gas turbine engine, removal and subsequent refitting of the

25  conventional engine dressings may account for a very significant portion of the
operation time and/or account for a significant proportion of the potential assembly

errors.

Still further, the conventional dressings, such as the fluid pipes and/or the electrical
conductors in the conventional harnesses, may be susceptible to mechanical

30 damage. For example, mechanical damage may occur during installation (due to
exposed components and/or complicated assembly procedures) and/or during

service (for example due to vibration and/or due to being exposed to the rest of the



gas turbine engine. The rigid raft assenbly conprises a rigid
material. The rigid material carries (for exanple supports and/or
conprises and/or includes) at least a part of a first gas turbine
engi ne system The first gas turbine engine systemis a fluid system
that conprises at |east one fluid passage that is at |east partially
enbedded in the rigid raft assenbly (for exanple in the rigid
material). The rigid raft assenbly also carries at |east a part of a
second gas turbine engine system Thi-g-arrangenent allows a fluid
systemto be securely nounted to a gas turbine engine in a
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25 engine. These advantages also apply during engine disassembly, and thus the

arrangement is particularly advantageous during engine service/maintenance.

The rigid raft assembly may comprise at least a part of at least two systems, for
example 3, 4, 5, more than 5, for example at least 10 systems. In this regard, the

term system includes components of the gas turbine engine.

30 At leasta part (for example some or all) of the rigid material may be in the form of a
rigid raft. Such a rigid raft may be a thin element having an upper major surface

separated by a thickness from a lower major surface. The first and/or second gas



The rigid material may carry the first and/ or second gas turbine
engi ne systens in any appropriate manner. For exanple at |east a part
of the fluid passage is enbedded in the rigid raft assenbly. This may
mean that, once assenbled, the fluid passage is fixed relative to the
rest of the rigid raft assenbly. This nmay nean that the fluid passage
can be assenbled to/renoved fromthe rest of the engine sinply by
attaching/renoving the rigid raft assenbly. Such an arrangenent nay
ensure that the fluid passage is always in the correct position
relative to the raft assenbly 20 (and thus relative to the
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25  Other systems/components may also be at least partially embedded in the rigid raft
assembly (for example in the rigid material). Alternatively, the systems may be
carried by the rigid material (for example by a rigid raft) in any cther way, for
example using any other mounting method, such as using bespoke and/or

conventional mountings/brackets.

30 The second gas turbine engine system may be any system, such as another fluid
system or an electrical system. Such an electrical system may comprise electrical

conductors embedded in the rigid material. Thus, the rigid raft assembly may



20fl exi ble printed circuit in close proximty, thereby providing a
conpact structure. The flexible substrate of a single flexible
printed circuit may provide electrical and/or nechani cal
protection/isolation to a | arge nunber of electrical conductors. It
wi |l be appreciated that enbedded el ectrical conductors (whether they
are provided as enbedded electrical wires or as conductive tracks in
a flexible printed 25circuit enbedded in the rigid material) nay be
described as being fixed in position_lgy.the rigid material, for
exanple relative to the rest of the electrical harness raft. It wll
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EEC/ ECU tlgrov%mg%e electrical conductors as tracks in a flexible printed circuit may allow the
size of the resulting electrical harness raft to be reduced further and/or substantially
minimized. For example, many different electrical conductors may be laid into a
20 flexible printed circuit in close proximity, thereby providing a compact structure. The
flexible substrate of a single flexible printed circuit may provide electrical and/or

mechanical protection/isolation to a large number of electrical conductors.

It will be appreciated that embedded electrical conductors (whether they are
provided as embedded electrical wires or as conductive tracks in a flexible printed

25  circuit embedded in the rigid material) may be described as being fixed in position by
the rigid material, for example relative to the rest of the electrical harness raft. It will
also be appreciated that embedded electrical conductors may be said to be
surrounded by the rigid material and/or buried in the rigid material and/or integral
with {(or integrated into) the rigid material.

30 Incorporating both electrical conductors for an electrical system and a fluid

passageway for a fluid system into a single rigid raft assembly may be particularly



nore el ectrical conductors that may optionally be enbedded in the
rigid material. The fluid passage may be said to have an axi al
direction along which, in use, fluid 20 flows. The rigid material may
be arranged to surround the fluid passage over at |east one axi al
portion of the passage. As such, enbedding the fluid passage in the
rigid raft assenbly may involve conpletely surrounding the perineter
of the passage over at |east a part (for exanple sone or all) of its
axial length through the rigid raft agssenbly. Such an arrangenent may
be an effective way of immobilizing the pipe 25 relative to the raft
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pr ot ect edCePVEPicEkAFHIIEMEND ATFRERE allsyingrarsiq) P@thrﬁaﬁ@msdP be @ttﬁﬁlﬁd

axi al regtmeﬁd’u@éusﬁ\ﬁ a%bee%ﬁdR@n@émbm@e hédH 8 naRé 8lcbbentidhg f1 uid
passage na or med by fluid pipe that is at |east Rartlall

enbedded ﬁPécff'ﬁ@ hermgsa: QFJP@U%@%!ZV of ftieecanventipnl ghectiies) hermeps.gvd or
flexible peb@brdtfg @@cﬂ@a%ab&déaﬁltolahgl@ faft sl HavEBddpkidatablediéftional

manufacture of the id raft may conprise formng the rigid materi al
arounds a B%ree '%é%@da@ﬁﬁ/'ﬁﬁermﬁroé Wﬁ&hhé&)e (prghagingh |"$e°ﬁﬂ'9‘°%llﬂf‘8ﬁi3tt%e

shape andifd/oséase dnbiQr tigedTBESerfbIPSsS- sectional area) of the fluid -
7 - passageway to be accurately set and determ ned, for exanple in

advance ofhdegiomfbgsseaitly by hhes amékctwﬁ@mtw 0t (E@J dnsurafiferton.

t her ei n. onal or alternativel rov
LT Ls nt ¢ SRSEELRRL b o e e Bk ast g SronE e gas e apgine
manuf act ug@terils So¢h amECEinhRbé an BRiceohiakngiR E:enht]ybuby( . Thefigriafp! e

l'y, .such | e ude L ast h as PTF PEEK tal
(suth 8 SR Ce Bl Ao PO ifFod fh waiship Elpbem Pkt g

or cgr bonae BGXYBEC. Tlr?]newefré thedhigibestageembBly compfisssaectival (:@ﬁdUcfb)rs t he
| mat er n.arran ment., nay no [ lreas arat

o o e et BRlRE ST 4 RviRRy wif ot SXerg S BRE Snbedded o
may f Er t hizereirgdincstedifi| wmr@btog’gﬂdf{eomas bam?b@f:ortrbeteﬁ it@h@ﬁﬁéﬁﬂ%ﬂ?@‘i‘ﬁﬂ Y,
t t r thre Cl n the nu nent t hat e ri r
oty Y] s P ER ECU e ML Be, el rohide e e
wet t eds Sumglaﬁ'dtér)a of the ngtdl‘reft apsdnatshe ( Shus, h&ir@d &afm@émblyeﬁlaybpfoglbea

odl nent s

fluid in use oat n lied, in 15e

- whi ch SePPQ oD R REERESSRR F sp R R e AR ol

Purely ECUSs/EECs to the engine, and/or for electrically connectlng the EEC/ECU to one or
more electrical conductors that may optionally be embedded in the rigid material.

The fluid passage may be said to have an axial direction along which, in use, fluid

20 flows. The rigid material may be arranged to surround the fluid passage over at least
one axial portion of the passage. As such, embedding the fluid passage in the rigid
raft assembly may involve completely surrounding the perimeter of the passage over
at least a part (for example some or all) of its axial length through the rigid raft
assembly. Such an arrangement may be an effective way of immobilizing the pipe

25  relative to the raft assembly. Additionally or alternatively, the fluid passageway may
be protected (for example from damage) by the rigid material in the axial regions that

are surrounded by the rigid material.

The fluid passage may be formed by a fluid pipe that is at least partially embedded in
the rigid raft assembly. The fluid pipe may be rigid or flexible prior to being

30 embedded in the rigid material. Thus, manufacture of the rigid raft may comprise
forming the rigid material around a pre-shaped and/or (pre-formed) pipe. This may

allow the shape and/or size (for example cross-sectional area) of the fluid



by way of example only, such coatings may include polynmer coatings.
The rigid raft assenbly may conprise two rigid rafts fornmed by the
rigid material. In an enbodi nent conprising a fluid pipe, the fluid
pi pe nmay be enbedded between the two rigid rafts. Such an arrangenent
may be straightforward to manufacture. 20For exanple, the rigid rafts
and the fluid pipe(s) could be manufactured separately from each

ot her, and then assenbled (for exanple bonded) together. Each of the
rigid rafts may be a thin el ement havifng an upper mgjor surface
separated by a thickness froma |ower nmgjor surface. The fluid pipe
may be | ocated between the upper major surface of one raft and the
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sur f aces, Thaifivig pastagamiay haye mocogiing dm thehwettedi sukfnes(s), te.rtbe surdate(sind
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for exanple conmpared with some other materials. The rigid conposite

materi al PR FUDAGIS Pafts hhyPb&a WA cleffdnd hlifd'ah Upser nfjor stiakab! e
fibres may be used, such as carbon fibres, glass fibfes, aramd
fibres, separated by a thickness from a lower major surface. The fluid pipe may be located

between the upper major surface of one raft and the lower major surface of the other
25 raft. Such an arrangement may be straightforward to manufacture and assembile.
The resulting rigid raft assembly may be particularly stiff and/or provide good
protection to the embedded fiuid pipe. Two or more pipes could be laid side-by-side
between the two rafts, resulting in a compact arrangement for carrying multiple fluid

pipes in a rigid raft assembly.

30 Two or more pipes may be iaid side-by-side, for example, if the fluid pipe(s) has a
cross-section that is narrower than the width of the rigid rafts. Alternatively (or

additionally), if the fluid pipe(s) has a cross-section that is narrower than the width of



and/ or para-aramd fibres. The fibres may be of any type, such as
woven and/ or chopped. Any suitable resin nmay be used, such as epoxy,
BM (bismaleimde), 25 PEEK, PTFE, and/or nylon. The rigid raft
assenbly may further conprise a fluid connector in fluid

comuni cation with the fluid passage. The fluid connector nmay be
arranged to connect to a conplinmentary fluid connector. The fluid
connector nmay be enbedded in the rigid material so as to be fixed
relative to the rigid material. The flgui d connector coul d be 30any
type of fluid connector, for exanple a male fluid connector, a female

fluid connector, or a connect or with a flange arranged to abut
anot her f [ngdigid rafts (ige. nappwen tham theraxtent PhyRPSr ant loxies @amnpuipeas of the
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for 15exassaltien). r educe part count and/or wei ght and/or engine assenbly
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exanpl e erel1s a
materials. The rigid composite material may comprise a fibre and resin structure.

Any suitable fibres may be used, such as carbon fibres, glass fibres, aramid fibres,
and/or para-aramid fibres. The fibres may be of any type, such as woven and/or
chopped. Any suitable resin may be used, such as epoxy, BMI {bismaleimide),

25  PEEK, PTFE, and/or nylon.

The rigid raft assembly may further comprise a fluid connector in fluid communication

with the fluid passage. The fluid connector may be arranged to connect to a

complimentary fluid connector. The fluid connector may be embedded in the rigid

material so as to be fixed relative to the rigid material. The fluid connector couid be
30 any type of fluid connector, for example a male fluid connector, a female fluid

connector, or a connector with a flange arranged to abut another flange.



25rigid raft assenblies when they are installed on the engine and/ or
if they vibrate relative to each other. The flexible cable may take
any suitable form for exanple a flexible printed circuit as

descri bed el sewhere herein. The flexible cable nay be used to connect
an electrical harness raft assenbly to another electrical conponent.
Accordingly, there is provided (and aspects of the invention nmay be
used with/as a 30 part of) a gas turbine engine conprising an

el ectrical systemarranged to transfeg-el ectrical signals around the
engi ne installation. The electrical systemconprises a rigid raft in
the formof an electrical harness raft conprising nultiple electrical
- 10 - coRtyEing the dgisrgti agsembly wWith gicgnhegterr(pamore than ene eenrestsr) may
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the fluid system(s), to the gas turbine engine. Thus, such an arrangement may, for

15 example, reduce part count and/or weight and/or engine assembly time/complexity.

Where the gas turbine engine includes (at least) two rigid raft assemblies as
described herein, they may both comprise electrical conductors, for example in the
form of electrical harness rafts. In that case, the electrical conductors, for example in
electrical harness rafts, may be connected together. The electrical conductors may

20 be connected together using complimentary connectors provided to the respective
raft (for example embedded in the raft). This may be desirable, for example, if the
two rigid raft assemblies are placed adjacent each other. Alternatively or
additionally, the electrical connectors may be connected together using at least one
flexible cable. This may be desirable, for example, if there is a gap between the

25  rigid raft assemblies when they are installed on the engine and/or if they vibrate
relative to each other. The flexible cable may take any suitable form, for example a
flexible printed circuit as described elsewhere herein. The flexible cable may be

used to connect an electrical harness raft assembly to another electrical component.

Accordingly, there is provided (and aspects of the invention may be used with/as a
30 part of) a gas turbine engine comprising an electrical system arranged to transfer
electrical signals around the engine installation. The electrical system comprises a

rigid raft in the form of an electrical harness raft comprising multiple electrical



enbedded fluid pipes could be either flexible or rigid. Using
non- enbedded fluid pipes may help to accormbdate any rel ative
novenment between the fluid passages of the two rigid raft assenblies
bei ng connected together, for exanple caused by zovi bration.
According to an aspect of the invention, there is provided a nethod
of assenbling (or dressing) a gas turbine engine that conprises a
rigid raft assenbly as descri bed herein. The nethod conpri ses
nmounting at |east one rigid raft assembly to the rest of the gas
turbi ne engi ne. The nethod conprises fluidly connecting the
respective %? fluid assa way of the or each raft assenbly to
anot her p&PRAYsiors REPEAdRY deewteﬂékgmwﬁcaéha@@ss[ @tdpmengadrsie i n
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According to an aspect of the invention, there is provided a method of assembling (or
dressing) a gas turbine engine that comprises a rigid raft assembly as described
herein. The method comprises mounting at ieast one rigid raft assembly to the rest
of the gas turbine engine. The method comprises fluidly connecting the respective

25 fluid passageway of the or each raft assembly to another part of the fluid system.

Assembling a gas turbine engine in this way using at least one rigid raft assembly

allows the engine assembly (or dressing) to be simplified. The number of engine

assembly operations and/or the number of parts required for engine assembly may

be reduced. The resulting assembled gas turbine engine may have any one or more
30 of the advantages described elsewhere herein, for example in terms of weight,

packaging, size, protection and/or simplicity, amongst others.



20Furt hernore, conponents that are conventionally nounted to an

engi ne without anti- vibration nmounts (for exanple because of the

wei ght and/or cost penalty), but which are now nounted to a rigid
raft assenbly, nmay benefit fromvibration isolation wthout any

wei ght/ cost/assenbly tinme penalty. This may reduce the possibility of

damage occurring to such conponents and/or increase their service
life. Such conponents 25may include, for exanple, ignitor boxes (used

to provide high voltage power to engime-ignitors), and pressure
sensors/switches, for exanple for fluid systens such as oil, air,

fuel, pneunatlcs and/ or hydraulics. According to an aspect of the
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engi ne_bej erv ed. The sec| |d raft assenbly may be prepared
and optio @1 Rymbgr a@ﬁk?ﬁﬁfﬂt@" Yyns thetpre required to gesermtlg an
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anot her platdl asdenitied bightartystretdehé fikeliRBod dferfodd eddupthgduriag a fl uid
transfer z?%%tg . The step of installing the pre-prepared second raft

assenbl y nprise connecting the respective fluid passage (which

may be fornmed by a pipe) to the other part of the
20 Furthermore, components that are conventionally mounted to an engine without anti-

vibration mounts (for example because of the weight and/or cost penalty), but which
are now mounted to a rigid raft assembly, may benefit from vibration isolation without
any weight/cost/assembly time penalty. This may reduce the possibility of damage
occurring to such components and/or increase their service life. Such components
25 may include, for example, ignitor boxes (used to provide high voltage power to
engine ignitors), and pressure sensors/switches, for example for fluid systems such

as oil, air, fuel, pneumatics and/or hydraulics.

According to an aspect of the invention there is provided a method of servicing a gas
turbine engine as described herein, wherein the rigid raft assembly is a first rigid raft
30 assembly. The method comprises removing the first rigid raft assembly from the gas
turbine engine; and installing a second, pre-prepared, rigid raft assembly onto the
gas turbine engine in place of the first raft assembly. The second rigid raft assembly

may be of the same (or similar, for example upgraded) specification (for example



20fluid system The rigid raft assenbly nay be prepared before the
gas turbine engine is assenbled or dressed. Thus, according to an
aspect, there is provided a nethod of dressing a gas turbine engine
conprising preparing a rigid raft assenbly as described herein in
accordance with the invention for installing on the gas turbine
engi ne and storing the 25prepared rigid raft assenbly in a storage
facility. When the gas turbine engine requires dressing, the nethod
conprises installing the prepared rigi2l-raft assenbly on the rest of
the gas turbine engine. The prepared rigid raft assenbly may thus
format |east a part of the engi ne_dressing. The rigid raft
assenbl y HRS Bes ERlingidrait gssgrjblyarbe Hist andseraad rigidgati aswamplise mayor
30exanpl ept elecitRal RinERTEM BssHMHliRE hEARE cRBFATLoABSISE PHHEIBEd in 2
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cor r espongydiém tahangeimeanseter bR ciabicdigridls drsudd tha@hgme. for exanple to a
portion of an outer surface of a fan casing to which they are

nmount ed. 0t i : | I.ne- engi be
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2 shows ac@rnpis-alaching fortrhewntigt) ihtoghs restipbihagae hgbine ehaine miging arfixgigd
raft 10 agseidhYoi Bra@dskperdance with the present invention; Figure 3
shows a sﬁem&t |y?: o? an)oexanpl e of arigid raft assenbly according to
the presept jinventiagn:.Figure 4 sh a schematic of .an exanple of a
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shows a smiagsihificantfy radusxaepligofaferdcs iirgé df ihaldas agbiagtzhyina®emigdi ng t o
the pr esegléwilcga/_e?ﬁé S&tond rigid raft assembly may be prepared and optionally tested, for
example whilst the first rigid raft assembly is stiil operational on the gas turbine

engine.

15  The step of removing the first rigid raft assembly may comprise disconnecting the
respective fluid passage (which may be formed by a pipe) from another part of the
fluid system (which may be referred to as a fluid transfer system). The step of
installing the pre-prepared second raft assembly may comprise connecting the
respective fluid passage (which may be formed by a pipe) to the other part of the

20 fluid system.

The rigid raft assembly may be prepared before the gas turbine engine is assembled
or dressed. Thus, according to an aspect, there is provided a method of dressing a
gas turbine engine comprising preparing a rigid raft assembly as described herein in
accordance with the invention for installing on the gas turbine engine and storing the

25  prepared rigid raft assembly in a storage facility. When the gas turbine engine
requires dressing, the method comprises installing the prepared rigid raft assembly
on the rest of the gas turbine engine. The prepared rigid raft assembly may thus

form at least a part of the engine dressing.

The rigid raft assembly may be provided to any part of the gas turbine engine, for
30 example to the fan casing and/or core casing and/or engine birfurcation (or splitter)

passing across the bypass duct of a turbofan engine. The rigid raft assembly may



Figure 6 shows a schematic of an exanple of a rigid raft assenbly
according to the present invention; Figure 7 shows a schematic
of an exanple of a rigid raft assenbly according to the 20present
invention; Figure 8 shows a schematic of an exanple of a rigid raft
assenbly according to the present invention; Figure 9 shows a
perspective view of a flexible printed circuit; Figure 10 shows a
side view of the flexible printed circuit of Figure 9; 25 Figure 11
shows a schematic of a fluid connectith- between a rigid raft assenbly
and a fluid pipe; Figure 12 shows a schenatic of a fluid connection
bet ween t idraft as enblles - gure 13 shows a

schenat i cg\%ﬁ haped, 19 corretRond &4 r?OH@P{R%@ﬁo t"WS’hr”i I§PHashe fopexaImpie 3

Fi gure l4pshiemes a'm S@besacs oﬁé fah ddshhiglo WPRGREY A8 RRIN&RE A M@nﬁdrﬂbd
raft assenblies; éﬁ”e 15 shows a schematic of a fluid connection

bet ween t ASSYIIPHerelt @ SpsdWbHle 9inedRay BEPided ethawsRdhan one rigid raft
Cross-sechssembnermal to the axial direction through a gas turbine
engi ne according to an enbodi nrent of the invention. Wth reference to

Fi gures 2, v ﬁW?ﬁt a&@ﬂo@%ﬁ ded rmeaebfﬂg&gﬁeﬁﬁﬁ{b% %Iﬁ%lffggfe?@ﬁc%qo e 10

has a princl pa rotational axis e engli conprises, in
axi al f| o@¢coEERYNg figuses; inwielke 11, a propul sive fan 12, an
i nternedi ate pressure conpressor 1013, a high-pressure conpressor 14,
conbust i oRigeeul ghoevsta d&s tuebife @iginy WAl torerehtivrial ied dpes and eisdtrieaimedi at e
pressure turbine 17, a |low pressure turbine 18 and a core engi ne
exhaust n%???%s ¥9. The engi ne al so has a bypass duct 22 and a bypass
exhaust nozzl e 23.
Figure 2 shows a cross-section through a gas turbine engine having a rigid raft
10 assembly in accordance with the present invention;

Figure 3 shows a schematic of an example of a rigid raft assembly according to the

present invention;

Figure 4 shows a schematic of an example of a rigid raft assembly according to the

present invention;

15  Figure 5 shows a schematic of an example of a rigid raft assembly according to the

present invention;

Figure 6 shows a schematic of an example of a rigid raft assembly according to the

present invention;

Figure 7 shows a schematic of an example of a rigid raft assembly according to the

20 present invention;

Figure 8 shows a schematic of an example of a rigid raft assembly according to the

present invention;
Figure 9 shows a perspective view of a flexible printed circui;
Figure 10 shows a side view of the flexible printed circuit of Figure 9;

25 Figure 11 shows a schematic of a fluid connection between a rigid raft assembly and

a fluid pipe;

Figure 12 shows a schematic of a fluid connection between two rigid raft assemblies;



The gas turbine engine 10 works in a conventional manner so that air
entering the 15intake 11 is accelerated by the fan 12 to produce two
air flows: a first air flow Ainto the internedi ate pressure
conpressor 13 and a second air flow B which passes through the bypass
duct 22 to provide propul sive thrust. The internedi ate pressure
conpressor 13 conpresses the air flow A directed into it before
delivering that air to the high pressure conpressor 14 where further
conpression takes place. 20 The conpréssed air exhausted fromthe
high-pressure conpressor 14 is directed into the conmbustion equi pnent
15 mhere | xed with fuel and the m xture conbusted. The

esul tant TS LA 3 awema&ae&? Ui IEeRN_SERR REESFA SNG SRl 283 iy
drive, the hlgh i nternedi ate and | ow pressure turbines 16, 17, 18
bef or e beFigyrekhaimrscriseiemalighf a fleidropnd¢ation Yetweeptwe ridid raitl @sscinias;
propul sive thrust. The 25hi gh, internediate and | ow pressure turbines
16, 17, 18iguaspesiidwsed ychibimatie of Bduillicghneétion bbtvwierelb abid raft assaitidies;
conpressors, 14, 13 and the fan 12 by suitable interconnecting shafts.
The gas tf P%lne engi ne 10 shown in Figure 2 may be at |least a part of
a gas turbine engine or gas turbine engine installation according to
the pr éseﬁtguf%%%lqv‘@rﬁ CrpRESeEion DORIKP ﬁ'@ a¢r) dinectiop tyangh a ges tusbing east

one r'9'deﬁ@ﬁéa&ﬁﬁ&ﬁ@hyaﬁgﬁboJP@nﬂﬁghngQHEn 15 - assenbly 200
conprises a fluid passage 21 | uid passage 210 is enbedded in

passage S%ﬁfréfeiﬁsn%?eas b fﬁhﬁ'f%fgféﬂfeséagéms%%é'%'?%é'r%‘rémﬁ g g,
The ri gi dhasé priaspa @bt yot2tdhat hvust)Or'ﬁ['me enginentfl eorapriides] in awial fbdéwa ]1: | uid
2 ' t
Pesenty su FhATTTe b aekyEaEni2 BaFicrERba® pibalfe bafbfmetfa
provi des fiB.a !uigln-prersempmmmWeassof 14, merr@astlctrwdnlmmer&ngl mblgm{ibrmdr‘a)r
transport fur t} '16I aéﬁrdq % gte%?éssh}érte%{ﬁe %%‘ Igﬁé)}%ssyaefr@rbéljleui %r’?&lgt em

is a part o I ' hé "engl ne eri sse 200
of Figur ec@*elesgmbmh@;smmommn Tlhe ehgind alsc hbs a bypasstducs22 8252 by;bass

Fi gure 2, r conductors 252 are al so enbedded in the
rigid raf f %@ggﬁk% in particular in the rigid nmaterial 220. The
el ectri cal conduct ors 252 formpart of an electrical glstemthat

transf er s B¢ 88% {URIng eRginm 49 wofks "&BﬁBBY?éWPréa'maﬁnﬁés‘{:ﬁ‘@t UPBFHRE BRgi ne

10 and§ or inlkeunds bbdldaRdioyihé 2@ 1engiphRiudl twd Bie flele & firktCad ro%’ATirﬂm i's
part of the as t rbi ne engi ne 10. 15The I‘Igld raft assenbly (or

assenbl i e®f! 18 PressHisFABrester 188pd geetend galow ﬁm'%oaéﬁ@% ne 10
usi ng rmumw‘r@gmﬂe bytise iubER2 Brévidd preptEiRe tR0st( AW intBiwiMdtate pressure

compressor 13 compresses the air flow A directed into it before delivering that air to

the high pressure compressor 14 where further compression takes place.

20 The compressed air exhausted from the high-pressure compressor 14 is directed
into the combustion equipment 15 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then expand through, and
thereby drive, the high, intermediate and low-pressure turbines 16, 17, 18 before
being exhausted through the nozzle 19 to provide additional propulsive thrust. The

25  high, intermediate and low-pressure turbines 16, 17, 18 respectively drive the high
and intermediate pressure compressors 14, 13 and the fan 12 by suitable

interconnecting shafts.

The gas turbine engine 10 shown in Figure 2 may be at least a part of a gas turbine
engine or gas turbine engine instailation according to the present invention. The gas

30 turbine engine 10 comprises at least one rigid raft assembly 200. The rigid raft



In Figure 2, arigid raft assenbly 200 is shown in cross-section at
dianetrically opposite positions around the engine 10. The two
cross-sections through the rigid raft assenbly 200 in Figure 2 may be
part of the sane rigid raft assenbly 200, or 20part of different
rigid raft assenblies 200. The rigid raft assenbly or assenblies 200
may have various specifications/constructions. Figures 3 to 8,
described in nore detail below, give exanples of possible rigid raft
assenblies 200. It will be appreciatetsthat the present invention nay
also relate to many ot her specifications and/or constructions of
rigid raft as anbl 200 ot her than those shown in, and 25described in
relation ?%‘3,9“% %ch‘éor@ortsﬁsﬁ.ﬂulﬂ RAFFRIS2Wh olle i B3esRRE 816 s enbadgrd
raft asseithy rigidQaft Bsxealy demierigire 2. tMBaEQse Me AUlY BaYshgO 210 B i gure
3, the fl‘%‘gdtec%assla%e 218 1s forned uslggqa pi pe, or conduit, 212. Any
sui tabl e FEEEHATANY EGPEGOERINGRAC PEterst 420 nENGigié rafhasseaby208dhusyy way
of exanpl praskysingkniniSiHivindN L0 padage 278 IS bilizbh PEIBHARNGARY rest of
conposite, mat eJ 30 Tfégofl uid pipe 212, and the passageway 210

i al.
that it fBEH @%@SB%IF'PIV a fluid systemof the gas turbine engine.
This may be any type of fluid system such as, by way of - 16 -
exanpl e ohhg/fluid passage @181y paft o Bid eviem ¢hdipravides fluid tblvemprosrgs of
section s [ ' ' ' : 1 qi
racor al - D3usoine hfe to ardfor Bt ful fardtiid AUURE Rrpe BnGihng .
mat er i al , TReiBid a¥stemns gipart of tetdas turhie@nginedi0d conposite materi al .
The rigid conposite nmaterial nay be of any suitable
Smat er i al Tiongit raftassemblhs200hof Eigurd @ $€algh pRVideY Wikl ddtriceX édrailEtors

| sewh in T i 21 t t he fl uid 210, i
Choe L cat R e 8 B skaniearirltobs A gishiaitieoHas Bre G928t | o e
[) i gi d raf asseRBY, 2R paﬁmlal;]riilgikﬂ r{g&fh ﬂhtste32122_202 Zgnlerzwe)ttrﬁvaﬁm cmmddbtg@m to

e a Ssin e rprqgi raft, Wt hi | e , | enpedded.
oAt or nefinaf of oh Slebirtir s B Babhatsigs BleRfioAslorial Gitag ranents ofibe
separ at e gasdurirdueigineaf@ sndietareen thhigah turbiee pngiee 102 Tha ergbirdded. The

rigid raft assenbly .200 comprises.at, |east a part of another gas
t ur bi ne e?ﬁ%r%’s gttogﬁt;eglq.?tﬂﬁ)éneﬁrqueeﬂg exanple, the rigid rafts 222,
224 have el ectrical conductors 252 enbedded therein. As such, the

rigi di¥ af Theygid rast @,ssgm@lydpr ﬁsgmb@eg 208 ipeattaghsd to the rest of the gas turbine

engine 10 using mounts 400, which may be anti-vibration {AV) mounts.

In Figure 2, a rigid raft assembly 200 is shown in cross-section at diametrically
opposite positions around the engine 10. The two cross-sections through the rigid
raft assembly 200 in Figure 2 may be part of the same rigid raft assembly 200, or

20  part of different rigid raft assemblies 200. The rigid raft assembly or assemblies 200
may have various specifications/constructions. Figures 3 to 8, described in more
detail below, give examples of possible rigid raft assemblies 200. It will be
appreciated that the present invention may also relate to many other specifications
and/or constructions of rigid raft assembly 200 other than those shown in, and

25  described in relation to, Figures 3 to 8.

Figure 3 shows an example of a rigid raft assembly 200 in accordance with the
present invention. [n Figure 3, the fluid passage 210 is formed using a pipe, or
conduit, 212, Any suitable material could be used to form the pipe 212, such as, by
way of example only, any suitable plastic, metallic, fibre and/or composite material.
30 Thefluid pipe 212, and the passageway 210 that it forms, are part of a fluid system
of the gas turbine engine. This may be any type of fluid system, such as, by way of



15at | east a part of an electrical systemof the gas turbine engine
10. However, the rigid raft assenbly 200 shown in Figure 3 (or indeed
in any enbodinent) nmay alternatively or additionally conprise at

| east a part of any other gas turbine engine systemin addition to
the fluid system The electrical conductors 252 in Figure 2 are part
of a flexible printed circuit, or 20 flexible printed circuit board
(FPCB) 250. An exanple of such an FPCB is described belowin relation
to Figures 9 and 10. Any suitabl e nusib@s of FPCBs coul d be laid in
the rigid rafts 222, 224 in any arrangenment. For exanple, a plurality
of FPCBs may be offset from ach other in the thickness direction

(1 abel | ed ®¥aTR[€ eNYuihesefeferied RAlRpVheERt'sne FPCBs are shown as bei ng
enbedded either side of the fluid passage 210, 25 this need not be

t he case. lmtiw ceagistsapian showarng Eigara 3,dhe PiPER4 2 imsirtbubdedibyed rigiamaterial
exanpl e,

210 (and t hus ove dtﬁﬂdﬂé%}l g%é g‘% b%\é% Sm%lé @Hrﬁgét%ié;esu% %gfﬁ?osagg%

el ectri caﬁn@@hﬂuﬁ@@ﬂsosztsznatavalbéhprlg@mmoslﬁa @JﬁSEFIQUhﬁ)ab‘P ef dryravitalpler

exanpl I r I
i nt g’pt ﬁe W?EQ%HS?U%%E %2%46% tgééér SCri W%‘FI n no e @ﬁrgih%%ﬁel )al.tl on

to 30Fi gurde pipeBAa, andghus theffluicrassaes 91@®nthuﬁembgd¢@ iB the dgid owtgyial ses
stiffeningygibs 230. These - 17 - stiffening ribs 230 may be forned
fromthe same rigid material 220 as used to formthe rigid rafts 222,

22 0n | IRENBRIL 390 PR ghine B0F 2R TR % R
attached cemsidegedorista sunglemlgldcbftmamrvaﬁd:h the pipet 12 i2@thbedded. st i f f eni ng
(i bs 380 A EReyahel e 728 iy o Chnsiobtsd RpecteoB el PRl ar 1
222, 224 eafte bpawvetenonicr thg pi[:hilZ‘ﬂZ(lSBﬂTbh&déchl ckness direction r) and/or
wi de. The ribs 230 may extend in any direction as required, such as

in the axTid rigl FEEAds@Pbly iﬁiﬁco‘iﬁ}ﬂ%s bﬂegét%a?t &)anoihlaegau diindlbndsd i on
g, or any other direction, axi al

fo
pl ane. 109+ (Wthe Eégéié%éémp'?s i)t(?e wasd raﬁs a&z a’ﬂ24d‘ia?’%§kep¥5'ﬁa|§(°aﬁ'éfﬁ@5

whi ch fl upsp Qﬂﬁ&fdé'd'tb{erfainm#% sul:ﬁ tht GHiGaR esddntbnr 20 @br Elhir8 ot dopfbriBed S
into the endi cular to the thickness direction r and

the widt hg’fd‘rgff*%étqa&?f efestricabyygiene At the gas \%H‘P'Eﬁ epgige flPuHews s sigeway

210 is forgmebft@sseﬂmb T00oRodAdn EFRURS A% indeal P AMEmbadifmkaY iy3) , the
pi pe 212 nay be enbegded in the ;‘@I gy dﬁﬁnéterl é.| over sdbsfgtzntl ally the

whol e axi &l em%&\f@Wf grditienally spinpaseqtiesst apRe chRnyPthar sasiurking enainsg

onl'y oversyatgp®nddatiodfto tHeflaxsy@terhengt h. In Figure 3, the fluid
passage 210 is conpletely surrounded by the rigid material 220 over

Ceast o pryoaned oREIANE 252 MAali 3 1€ riltih fedBiebrld o o
of t ho ri igixiblevprinded aermearcb(fP@a) €hd. Anexaniple gfevcman EPCBfis téseribédii d
Pipe 212 MuidDHei88R % FHANS\Rind WA dUREbIL SUMber of FPCBS could be laid in
the rigid rafts 222, 224 in any arrangement. For example, a plurality of FPCBs may
be offset from each other in the thickness direction (labelled r in Figure 3). Although
separate FPCBs are shown as being embedded either side of the fluid passage 210,

25  this need not be the case. Any suitable arrangement of FPCBs could be used. For
example, the FPCBs could extend over (or around) the fluid passage 210 (and thus
over the pipe 212 in the Figure 2 example). The electricat conductors 252 may be
provided in any suitable form. For example, they could be laid or formed as tracks or
wires directly into the rigid raft 222, 224, as described in more detail in relation to

30 Figure 6.

The rigid raft assembly 200 in Figure 3 also comprises stiffening ribs 230. These



20" enbedded” (or derivatives thereof) is used hereinin relation to
the fluid passage 210, this does not necessarily require the fluid
passage 210 to be conpletely surrounded by the rigid material 220
over any portion (although in sone cases it may be). For exanple, as
shown in Figure 4, the fluid passage 210 may be formed by a fluid
pi pe 212 | ocated between two rafts 223, 225, but not surrounded by
the rigid 25material. In other words, there nay be a part of the
perineter of the fluid pipe 212 that-#®-not enclosed by the rigid
material, which may be referred to as a circunferential gap in the
rigid naterlal 220 %pn the case of a fluid pipe 212 with a circul ar
cross sectiTsHNG PR3P RAY byfoemedirer the same sigidimaterial 220 g reed toderipl e

are separ eafbid rraﬂmzﬁ,@cimobh@ém%%ﬂfbréﬁ%%ﬁ'élhTﬁél)anQB@ g% f8imddhe
rigid raft asserrbl 20 ure 4, the fluid pip is held in

pl ace bet FkRgR! kyﬁﬂt"‘t%r?f?f%%z % or iy hﬁsfpmeqwa@t@mnéeﬁac@gm%ch

of which @éﬂs&ﬂ&ﬁ)ﬂfdﬂﬁﬁ@ Rl RESABII206. rraéfsuf?e%r?ng 230! Ray hét?oewea{u.rédfm
fluid |pe 212, and - 18 - thus the flu passage 210 formed bythe

f1uid pi pal-#09 mayfipt Be P@P&@Hdﬂw fits %%Qemw 5‘? Ba’F"é#'%”Ya‘é"‘@éLﬁHI ipr oxamPleach

cl aw 232, thdFiidmasts be2 fourpd phﬂt@lgﬂya{ri.ry(mﬁehmamS@rd.réétm r} Bfy/§Be.
rigid materlal 220 as the reerectlve rigid raft 223, 225.

Al t er nat i VR§ [Ps 23max exiRndin 2 ed'rr'f"ﬁmﬁ%%'ieﬁk“é%# SkenAnindhe axialgifectien p

respect i v@srsibivn 32BiguR2d), medieth dreBibnRe ofBRbIAEE difRbon SoMdkathple in
different materia I n the enbodi nent shown in Figure 5, the rigid

mat eri al t’f‘?@"%i“’ hip-ahpl8M&r (in the r direction) rigid raft 226. In
the Figure 5 enbodinment, the raft 226 is thicker than the outer
di amef@r ofe ﬂm@pamﬁgawgi/ g&0 haan fugal dieglipl palaog adichtfhig gdnerallyWiodsh of

the raft Liof ofid ?%ggl he
fluid pi p@ag%urg ;ﬁTg éxﬂaﬁdfrécﬂi‘oqfo | 'u rgo e . %Q%fbélcggt %l;tgé P‘h&ﬂ? t

wi dt h (i ndifgséiory and ﬂS‘@thétﬁ)dlreW@ Qi @etnntrcvifmenismlmclytf@d@rmassawaw 5
nmay be a f A

or i qur e2 9 SITERIANG 4 (80 212 fuch 3 bl 8hbu R FEAEREIRG ol TR oo
of the Fi %el@bgddeidgn@erw@ n@ﬁ%@hbwsnwa@w&btr@mdle exialengihgf e nore

as t g bi H%xéq_ngpl edded in
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bet ween tower seueastahecwosgsdotroafshswﬁWtheZ@Bre bnd thoks Sveyt ledshe pblioh df

Vart aescRum BB THOA I e ErbotiRe 08 TTsieta e i

exanpl e aaireumaaaeametér bfmmﬂeaiqﬂpe)ﬁmewnmdmt 'ghq& Z%Wé\eknﬂme (He)term

g: 55?%& On‘egbetdcri]gd”ré) eriva vest ereo IS L}/seg%ereln In ref klon 9) tRe wd passage
210, this does not necessarily require the fluid passage 210 to be completely
surrounded by the rigid material 220 over any portion (although in some cases it may
be). For example, as shown in Figure 4, the fluid passage 210 may be formed by a
fluid pipe 212 located between two rafts 223, 225, but not surrounded by the rigid

25 material. In other words, there may be a part of the perimeter of the fluid pipe 212

that is not enclosed by the rigid material, which may be referred to as a
circumferential gap in the rigid material 220 (in the case of a fluid pipe 212 with a

circular cross section).

The two rigid rafts 223, 225 in the Figure 4 example are separated from each other
30 inthe width (q) direction of the rigid raft assembly 200. In Figure 4, the fluid pipe 212

is held in place between the two rafts 223, 225 using two claws 232, 234, each of

which extends from a respective raft 223, 225. In this way, the fluid pipe 212, and



narrower (in the q direction) than the rigid rafts 227, 228 (although
in other enbodi ments this need not be the case). At |east sone of the
space between the rigid rafts 227, 228 that is not occupied by the
fluid pipe 212 may be filled with a suitable naterial 262, 264. This
material may be chosen to have any desired 25property, such as | ow
density (and thus weight) and/or high strength. For exanple, the
material 262, 264 nay be a honeyconb construction of any suitable
material, such as, by way of non-lintt&tive exanple only, netal,

pl astic or conposite The rigid raft assenbly 200 of Figure 6

conpri ses e g @ con ors 5 of the electrjca
conduct or g‘”ﬁ he Uy p@?ﬁ?@a ‘?rﬁ‘eg ylfb%é“ @t?e cti@égeiembegaed e ower
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upper rig raft e C rs t e lrectly
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assenbfy B¥P %@%Fi fsﬁys'%ﬁb‘“ﬁ%?mdﬁat%a ctonductors 253 enbedded
directly in the raft (with or_w thout sheath/coating) and conductors
252 enbedehe gmbrpim @B@erwlgtémﬁh@\e rigifl MAterialARd formsia tHickeefin theirgi d

rafts. 5l 8?&%9.21) gtrtiFéﬂeizsaﬂﬂthé'ﬁzj;tﬁéB%n%dﬁ\#én@ﬁﬁ'@lﬂalftvﬂsys tikel RRRLhs O
ucto
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feature of t he ure 7 exanple, the passage 210 is

the ri gi dosfoxidedfthersig. W%@’T‘P'e’ﬁﬁl‘}@ddﬂt@ tlﬂi‘- goid éafy2&anpl e does not
include 15 a separate fluid pipe 212. A coating rmay be applied to the
wet t eds suFifaredsshwiwstehdillffunthet epamrgd azngm raﬁcaSS@NhIHﬁD@,foraJse @dthiting rray
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rigid rafts 227, 228 that is not occupied by the fluid pipe 212 may be filled with a
suitable material 262, 264. This material may be chosen to have any desired
25  property, such as low density (and thus weight) and/or high strength. For example,
the material 262, 264 may be a honeycomb construction of any suitable material,

such as, by way of non-limitative example only, metal, plastic or composite.

The rigid raft assembly 200 of Figure 6 comprises electrical conductors 252, 253.

Some of the electrical conductors 252 are embedded in an FPCB 250 embedded in
30 the lower rigid raft 228. Other conductors 253 are embedded directly into the upper

rigid raft 227. The conductors 253 that are embedded directly into the rigid raft 227

may optionally be sheathed or coated, for example a protective and/or insulative



25mat erial s and/ or construction) as other rigid rafts described

el sewhere herein. As with the Figure 6 arrangenent, the gap between
the rigid rafts 272, 274 may be at |east partially filled with

anot her material, 262, 264, which nay be as described above in
relation to Figure 6. The rigid raft assenbly 200 shown in Figure
8 conprises a conponent 280, which is 30 at |least a part of a gas
turbi ne engi ne system In Figure 8, the conponent 280 is nounted to
one of the rafts 272. Muunts 282 coul th be used to attach the
conponent -20 - 280 to the raft 272. The conponent 280 could be a

conmponent of a r bi ne For exa may be an
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20 may not be required in some embodiments of the examples of Figures 3, or 5 to 8.

In the Figure 8 example, a fluid pipe 212 is embedded in a rigid raft assembly 200 by
being sandwiched between two rigid rafts 272, 274. The rigid rafts 272, 274 in the
Figure 8 arrangement do not have electrical conductors embedded therein.
Otherwise, the rigid rafts may be substantially the same (for example in terms of

25 materials and/or construction) as other rigid rafts described elsewhere herein. As
with the Figure 6 arrangement, the gap between the rigid rafts 272, 274 may be at
least partially filled with another material, 262, 264, which may be as described

above in relation to Figure 6.

The rigid raft assembly 200 shown in Figure 8 comprises a component 280, which is
30 atleast a part of a gas turbine engine system. In Figure 8, the component 280 is
mounted to one of the rafts 272. Mounts 282 could be used to attach the component



-21 - shapes that could be used. Any suitable regular or irregular
cross-sectional shape of the rigid raft assenbly 200 coul d be used as
desired, such as, by way of exanple only, circular, and triangular.
The rigid raft assenbly 200 nay conprise any nunber of rigid rafts,
for exanple 1, 2, 3, 4, 5 6, 7, 8 9, 10 or nore than 10. 5In all of
t he exanples shown in Figures 3 to 8, the fluid passage 10 has a
circular cross-section, i.e. the flowarea is circular. This nay be
desirabl e (al though not necessarily e8%ential) in sone cases, for
exanple if the quid being carried is at a high pressure. However,

the fluid ) may alternatively be any suitable regul ar
(such as 6@6%@%&? ‘ irregul ar shape, such as, by way of
non-limtative 1l0exa rectangul ar, triangular, oval, or
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di recti onpsghat bYe), th ekBBpRIGHhALLAX BBid gisy. exanple, the fluid passage
210 may be substanti al | y aI igned with the 20 ci rcum‘erentl al
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nmenti oned el's re-herern asse |es accor
presend i gasethimnemgiye.i ncl ude eI ect rical conductors 252 enbedded in
flexible printed circuit (FPC) 250. An exanple of such a FPC 250 is

shown in RigiiaéssSerbibs tRat &h@ﬂé@p&i§6@@as&uﬂﬂf§&@id tev RivuAtediohe
FPC 250, and Fi %urcg 10 Sh%‘ﬁ\/ ide view. 30 _Such an FPC 250 nay
B Py

conpri se A4NNLA the Fise B A% 1189 PY 245 ARV SHU%?I?%t e
255 wi th eomistisetdlettridal ecreicidhs? HatiedlampleNBe Hif\eE 8idirandbr@chtithay2816o may
22 - comprise electrical conductors 252, 253 embedded in at least one of the rigid rafts
20 272, 274. In that case, the component 280 (which may be an ECU, EEC, or EMU)
and the raft 272 may have complimentary connectors, which may be connected
together. In that way, the component 280 may be electrically connected to the

conductors in the rigid raft 272.

A component such as the component 280 of Figure 8 may be {electrically and/or

25  mechanically) mounted to a rigid raft of the rigid raft assembly 200 in any
embaodiment, for example in any of the examples of Figures 3 to 7. Indeed, in
addition to the fluid system formed at least in part by the fluid passage 210, any rigid
raft assembly 200 méy cbmprise components from any one or more (for example 2,

3,4,5,6,7,8,9, 10 or more than 10) gas turbine engine systems.

30 The cross sectional shapes of the rigid raft assemblies 200, and the components

thereof, shown in the examples of Figures 3 to 8 are examples of the cross-sectional



t hus be deformable. The FPC nay be described as a thin, elongate
menber and/or as a sheet-like nmenber. Such a thin, elongate nenber
may have a major surface defined by a length and a wwdth, and a

t hi ckness normal to the major surface. In the exanple shown in
Figures 9 and 10, the FPC 250 may extend along a length in the 5
x-direction, a width in the y-direction, and a thickness (or depth or
height) in the z-direction. The x-direction may be defined as the
axial direction of the FPC (which nay2br may not correspond to the
axi al direction p of the fluid passage 210). Thus, the x-direction
and thus the |rect| nge al ong the length of the FPC 250
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may depend on the signal(s) to be transmtted through the particul ar
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252 runni n>9es For example, the fluid passage 210 may b b
y be substantially aligned with the
20  circumferential direction of the engine (as shown in, for example, Figure 2), the radial
direction of the engine (for example in an embodiment that has a rigid raft assembly
200 passing through the splitter or bifurcation in the bypass flow duct 22), or the axial
direction of the engine {as shown in Figure 16, described below). The axial direction
p of the rigid raft assembly 200 may be aligned with any combination of the

25  circumferential, radial, and axial directions of the engine 10.

As mentioned elsewhere herein, rigid raft assemblies according to the present
invention may include electrical conductors 252 embedded in flexible printed circuit
(FPC) 250. An example of such a FPC 250 is shown in Figures 9 and 10. Figure 9
shows a perspective view of the FPC 250, and Figure 10 shows a side view.

30  Such an FPC 250 may comprise a flexible (for example elastically deformable)
substrate 255 with conductive tracks 252 laid/formed therein. The FPC 250 may



- 23 - through a substrate 255 could be fewer than 6, or greater than
6. Indeed the nunber of conductive tracks 252 could be far greater
than 6, for exanple tens or hundreds of tracks, as required. As such,
many el ectrical signals and/or power transm ssion |ines may be
incorporated into a single FPC 250. 5 A single FPC 250 nay conpri se
one |l ayer of tracks, or nore than one |ayer of tracks, for exanple,

2, 3, 4, 5, 6, 7, 8 9, 10 or nore than 10 | ayers of tracks. An FPC
may conprise significantly nore than-2aD-1ayers of tracks, for exanple
at | east an order of nagnitude nore |ayers of tracks. In this regard,
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25shape. ere re and I'sus
t r eat ment twistea amaapyendneamoeemf/tm xpr, essdirectiongat nent) nmay be used to
produce the rigid material 220. The treatnent nmay be conducted in,

for exanphies flekibi@blisaeatyas5 g be Eldm]&:trﬁf‘drﬁee.ﬁjbgtré&@fﬁ%ém mecem)rl se
a sheet of )lthterwoven fibres, or strands. The strands maﬁ Oextend in

any one oV@Biexapipleenly.prlyarude. A% villbg readly appRaiept othes s ndi cul ar

di recti onsubsithre ﬁétéﬁaeabﬁléné@%tuv@yb@eswe i npr egnat ed (or
"pre-pregged”) with the resin. -

The conductive tracks 252, which may be surrounded by the substrate 255, may be
formed using any suitable conductive material, such as, by way of example only,

20  copper, copper alloy, tin-plated copper (or tin-plated copper alloy), silver-plated
copper (or silver-plated copper alloy), nickel-plated copper (or nickel-plated copper
alloy) although other materials could alternatively be used. The conductive tracks
252 may be used to conduct/transfer electrical signals (including electrical power and
electrical control signals) through the rigid raft assembly (or assemblies) 200, for

25 example around a gas turbine engine 10 and/or to/from components of a gas turbine

engine and/or an airframe attached to a gas turbine engine.

The size (for example the cross-sectional area) and/or the shape of the conductive
tracks 252 may depend on the signal(s) to be transmitted through the particular
conductive track 252. Thus, the shape and/or size of the individual conductive tracks

30 252 may or may not be uniform in a FPC 250.

The example shown in Figures 9 and 10 has 6 conductive tracks 252 running
through the substrate 255. However, the number of conductive tracks 252 running



Any suitable nmethod could be used to produce the rigid raft assenbly
200. For exanple, the strands/fibres need not be pre-inpregnated with
the resin. Instead, the fibres/strands could be put into position
(for exanple relative to a fluid pipe 212) in a dry state, and then
the resin could be fed (or punped) into the nmould. Such a 5 process
may be referred to as a resin transfer nethod. |ndeed, in sone
constructions no fibre may be used at all in the rigid material 220.
After the treatnent, the rigid raft agsenbly 200 may be set in the
desired shape Sui t abl e connectors and/ or sockets (which nmay be

el ectrical_and/or fluid connectors, such as those described el sewhere

her ei n) nHVO 3 $Ylsiate; 2% qouid b fewspthan &, erareaiep iized: drdeasde pamber
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ot her conponents of the gas turbi ne engine 10, as discussed in
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at t ached/ connect ed sui t e connecti on e thosSe Shown
in Fi §uregxample éhq'mmcﬁmrﬁggagdéﬁwpmmew tahersroéyacksf witheaemigyere 10.

Thus any gd@bfdided fradesabl y 200 according to the invention may or
may not be provided with at |east a part of a fluid connector for

connecti ng. t af.t._ass Ir est o a fl system
ot o RioldlYan sk ialed dno 3R 3 ik Zad et e hag be Tenufhetirs
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rigid nmate
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220 for omjemema‘l comiucora s, 1886, P, tvhizh rhdvebd érubéldc&ylsﬁ a@mPC 250 May
also be placed into the mould, for example between layers of the flexible material
from which the rigid material 220 is ultimately formed. In rigid raft assemblies 200 in
20  which the fluid passage 210 is formed directly in the rigid material 220, a further
mould having the shape of the fluid passage 210 may be used, around which the
material forming the rigid material (such as the flexible layers) may be formed. Parts
of the mould may have any suitable form and/or construction, for example that could
be readily removed when the rigid raft assembly 200 is formed into the desired
25  shape.

Where fibre and resin is used in the construction, suitable treatment (for example
heat and/or pressure treatment) may be used to produce the rigid material 220. The
treatment may be conducted in, for example, an autoclave. Such fibre and resin
compound may comprise a sheet of interwoven fibres, or strands. The strands may

30 extend in any one or more directions as required, for example in perpendicular
directions. The strands/fibres may be pre-impregnated (or “pre-pregged”) with the
resin.



enbedded fluid pipe 212, extends fromthe rigid raft assenbly 200.
The fluid pipe 312 terminates in a nmale connector 313 which may be
formed as part of a hem spherical surface 314. The mal e connector 313
is received by a corresponding femal e connector 315. The fenale
connector 315 nay be a cone shape. The 5 fenal e connector 315 may be
connected to another part of the fluid system such as a fluid pipe
319. The fluid connection 310 of Figure 11 nay have a tightening nut
317 to forma fluid tight connection-®tween the nal e connector 313
and the femal e connector 315. The tightening nut 317 may have a
corresponding .c troI feat re 318, such a ange, to prevent
over 11 onibhPWEoR Holad Spyd kg enento Stoee ikt pomay 200 5F 5t e
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connets orFigaesil4 tg howhow exdngles ef d&ssiblhfiuid nenriestorasdiite 32& 3380340,
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descri be e t|
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f1 exi bl e ngit pe pBABledMithsatdeash agartehe flnaiycobeeajsrébuctonnfecﬁr‘rgethpog|dtratbn of

two Com%ggﬁqu%% to ﬁf}—:gre‘sts %%m@%%'ﬂ{nqt L% llé?toa\ggerﬁé'!ﬂ{sgog tF‘nat apg

transm ssi on of Vibratl on rom o ot her vol ded. The
| engt ¥ ofprovided Witk b isbidalld penr@4®r mey have at least a part of the connector

embedded in the rigid material 220, for example in the rigid raft. In rigid raft

assemblies in which the fluid passage 210 is formed by a fluid pipe 212, the fluid

connector may be integral with the fluid pipe 212 embedded in the rigid material 220,

such that the connector and optionally a part of the pipe 212 extends from the rigid
30 material 220 for connection to another part of the fluid system.

Figure 11 shows a fluid connection 310 that fluidly connects a rigid raft assembly 200
with a fluid pipe 319. In Figure 10, a fluid pipe 312, which may be an extension of an



10be particularly well known, for exanple as a result of its

manuf acturi ng net hod. Hence, a bend may be required in the flexible
pi pe 346 to acconmpdate any additional |ength and thus avoi d excess
tension/stretching of the flexible pipe 346 which m ght damage the
pi pe and/ or conponents 200, 349. Figure 15 shows a fluid connection
350, which conprises a (rigid or flexible) fluid 15 pipe 356
extendi ng between two parts 200, 359 of a fluid system either one or
nore of which may be a rigid raft ass2fbly 200 as descri bed herein.
The two parts 200, 359 are connected to the fluid pipe 356 using

right angle con tors 352, 354. The right angled flange
Connect of ST EP L LEL IR 21 £ b e R aiduAt so0uby 388 e e pive
respect i ve1d tepatkesin, méiéBonn&io@MBW}ﬁlthnéﬂSé naed ta@Béﬂlatef & h%ml-h

olts uc
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11 to 15 fe ot her a t ui d conne cou e use
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di recti onaHui pdof19a gas turbi ne engi ne conpr|5|ng rigid raft
assenblies 200. Figure 16 shows seven rigid raft assenblies 200A- 200G

(which nma t4i i :200) .
Each 11 g1 o5 o Sadiecih R0 B0 G0 Earhae didhehidha AT I SR
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Al though not shown in Figure 16, any one or nore of the rigid ft

assenbl i e "ORRIASPEGE nay conprise el ectrical conductors 252, 253, 254
that may, for exanple, take the formof any of the el ectri cal
conduts or Ehe2bigure2B3;onpBatiobdi2ecs sitmsthndibhesiméardo tieat eescribBd gbove iaf t
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to a corr [
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200A.

20  The arrangement described above in relation to Figures 11 and 12 may be
particularly useful if the positions of the two components 200, 319/329 were
accurately known, or if they are mounted on anti-vibration mounts which allow the
components 200, 319/329 to adjust their position in response to the pipe connection
310/320 being tightened together. Additionally or alternatively, the Figure 11 and 12

25  connection may be useful if there are no concerns over vibrations being transferred
between the connected components - such as when both components 200, 319/329
are mounted on anti-vibration mounts and/or when the components 200, 319/329 are

in the same vibration environment.

An in-line fluid connector 330 is shown in Figure 13. The in-line connector

30 comprises two flanges 332, 334 connected together using fasteners 338, such as
bolts, so as to form a fluid tight seal. The flanges 332, 334 are formed at the end of
respective fluid pipes 312, 336. The fluid pipes may be connected to, or form a part



Rigid raft assenbly 2000 conprises a further fluid pipe 285 in
addition to the enbedded fluid pipes 210. The further fluid pipe 285
may be part of a different fluid systemto the fluid pipes 210. 15
The rigid raft assenblies 200A-200G nmay be attached to the rest of
the gas turbine engine 10 in any suitable manner. For exanple, as
shown explicitly in relation to rigid raft assenbly 200B, nmounts 400,
whi ch may be anti-vibration nounts, may be used. Using anti-vibration
nounts 400 may, for exanple, allow al26€onmponents of the rigid raft
assenbly 200 to be isolated fromvibrations. Thus, conponents of at

20l east t as _turbin | ne syste may_ be V|brat|o sol at ed
using a s\é\ﬁé%ge%té’fe p&f‘sgﬂﬁ%iOEPJKJ?%?Y%%@GW.OFWrFIOBWh'CBMéﬁea 210
I's visibl dgit haft Asehibguz0® dddesciedtiersingi d raft assenbly 200D. This
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of Figure 1 However, rigid assenbl 1 es such as those descr bed

by way of h@&%ﬁ?ﬁsée%'éﬁépwqfﬁﬁpgB@"fﬁ‘i’r%\ﬁ‘fé@dﬁ%lmttb@eﬁwméﬁ@’lr@nthrh\‘@

engi ne 10iekRLibRAATPS£5. TARGrRINgERER: rﬁéﬁb@uéé%ﬁltuﬂﬂé 85hb d+ @ﬁwgoo': 200G
may be nounted between 30 an engine core casin an engi ne core

fairing 26°mMpQneptsRPOWAYR isokreawntaly kpawn and/apif gwertragismlasmofa{ alionl i es

200E may #&n%@\(é ﬂ'm%q)tlé?ér |§fo HeLARdeR. %Etler%fth bf tﬂé flexuglg plpe%rmé)enétn) a
passage across tI e ﬂgl?ss duct 22, such as a bifurcation or splitter.
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In ot her beByley (T examplg Ss@vesylbef den@nté%pttm@vm@th@d on the
engi ne mpehR, a%ﬁ&%@ylaéereqlﬁ}eaqmﬁexrb@é ﬁbé‘ 34% Qéc'aﬁmu%?e Ay

accordance with the invention, Any o igid raft assenbl’i es
200A- 200G 4AitiPnaLIPRIE Fpd éwﬁﬁva&it%ﬁsaﬁpngﬁ@fémtﬁhlaapf the|flexible; rirg 34fhd

fluid conggigh gt dbMagB8eheObipdBREo SMpdERIEI0, 3493, 4, 5 or nore than
5) other conponents/systens of the gas turbine engine 10 and/or the

rest Figure 15 shows a fluid connection 350, which comprises a (rigid or flexible) fluid

15  pipe 356 extending between two parts 200, 359 of a fluid system, either one or more
of which may be a rigid raft assembly 200 as described herein. The two parts 200,
359 are connected to the fluid pipe 356 using right angled flange connectors 352,
354. The right angled flange connectors may be connected to the components 200,
359 using respective flanges 351, 353, which may be fastened to their respective

20 components 200, 359, for example using bolts. Such bolts may be received by

fixings in the respective component 200, 359,

Although specific fluid connections 310-350 are shown in Figures 11 to 15, any other
suitable type of fluid connection could be used.

Figure 16 is a schematic showing a cross-section perpendicular to the direction X-X
25 of a gas turbine engine comprising rigid raft assemblies 200. Figure 16 shows seven
rigid raft assemblies 200A-200G (which may be referred to collectively as rigid raft
assemblies 200). Each rigid raft assembly 200A-200G comprises a fluid passage
210 at least partially embedded therein (although in some embodiments a gas
turbine engine 10 may comprise some rigid raft assemblies 200 with a fluid passage
30 210 at least partially embedded therein, and other rigid raft assemblies with no fluid
passage at least partially embedded therein). Each rigid raft assembly 200 in Figure

16 also comprises at least a part of another gas turbine engine system. The rigid raft



of the gas turbine engine 10 itself. Exanples of such connections are
shown in Figure 16, and described below, but it will be appreciated
that a gas turbine engine 10 including rigid raft assenblies 200 nay
have connections that are different to 10 those show in Figure 16.
For exanple, where only a fluid connection is shown between two
conponents, such as two rigid raft assenblies, there may al so or
alternatively be an electrical connection. Simlarly, where only an
el ectrical connection is shown betwee®7two conponents, such as two
rigid raft assenblies, there nmay also or alternatively be a fluid
connection. 15 An cal connection 291 is shown between the
rigid raf ?S%F?%té‘ﬁﬁ?66%éééé?ﬂe%ﬁﬁon#wgaweee&‘?mp@élOf(E'Ser@E?F%ﬁﬁnbi'Qi may

be fl exi beccditlg Eate ifvehticx amtHoagh hakshotvinan FRjura 04, ar’hyfohéblr Ih__"lof?e @Fthé‘t ed
in _Figures

circuit su the fle inted circujt 250 s u

and 1o, SHAraT pssres HhoA 208G ey GiamEes Blro6s Goaoiom A2c b aden
the rigi dtrraafrtayatsseidmhme 28R hanehnPofEy tof @fe ddctiaddl f:ém:lmmr@nszalzsfs I 257

i nstal Lati,on Og i‘Ch 20may, for exanple, be a pylon. A fluid
connecti ofl® '5 gaey ?fﬁeﬂef"?}”or alternatively be provided between the

airframe 500 and a rigid raft assenbly, as illustrated by the
connect i oRiPb&ftAssembl 2004 hab efaompensT@8amacurtasd thersiod. The rafhgdnbl vy

200C. Therrfés?mcmr%szar%&@ BB B@é&ﬁb@é‘bﬁ éfé&.&@&i ﬁgt%@%%e%e such as

t hose described above in relation to Figures Slmlarly,
fluid conﬁ%?@WéZ%@aym@ alzgl@ctf@@s?oﬁﬁﬁ;c’@%/\ﬁh@tm; gdenhepgtsdteen rigi d

raft assepidsBen@nglcHiiietor Qgﬁ@ﬂﬂﬂgtrlgrd rﬁé‘t%halaﬁ' hRURSY er‘i éﬂ%%r@é%ple

assenblies. A direct connection 290 OB i1s provid et ween
rigi d1f af iheé@m{iﬁ”té@o’é@@%e!?ﬁtlfcﬁ’d}{)@nﬁﬁd?ﬁ@ F'Bgfﬂfﬁ@ cogdupter aﬁé&r@?ﬂ

Such a di Qg@htﬁ@ngg%ﬂgggew $yppri se a connector 290A provided on
(for exanple enbedded in) one rigid raft assenbly 30 2000 connected

to a conp r 90B o) d,on (f Ie enbedded

i n) anot hlélgrga%tg% )"(e'% prégsse%‘lpnsgzsoéggl}4 @Hd B'Pau%agért eon may,

for - 29embeddemi1fluei plp@&)MQjeTHel furticerdiodi mipe 28% otay ibe lartad ardﬁfdrerﬂ filuid

bet ween té\fg rxv?o{he%% 1%ssenbl ies 200B, 2000. Where reference is
0

made her el a gas th |ne engine, it will be appreciated that this
term may |nclude a gas turblne engi ne/ gas turbine engine installation

and 51%ptdePna$' yafé%ﬁﬁ%@#%%%?o My bermtiaches Qe rest pidhg g3s tuikipe ne

engi ne maynddee 10 in any suitable manner. For example, as shown explicitly in relation to
rigid raft assembly 200B, mounts 400, which may be anti-vibration mounts, may be
used. Using anti-vibration mounts 400 may, for example, allow all components of
the rigid raft assembly 200 to be isolated from vibrations. Thus, components of at
20 least two gas turbine engine systems may be vibration isolated using a single set of
anti-vibration mounts 400.

No fluid passage 210 is visible in the Figure 16 view of rigid raft assembly 200D.
This may be because the rigid raft assembly 200D comprises an at ieast partially
embedded fluid passage that does not cross the plane of Figure 16, for example

25  because it runs substantially circumferentiaily around the gas turbine engine 10.

The rigid raft assemblies 200A-200D are all mounted to a fan case 24 in the example
of Figure 16. However, rigid raft assemblies such as those described by way of
example herein may be provided/mounted anywhere on the engine 10. For
example, one or more rigid raft assemblies 200F, 200G may be mounted between

30 anengine core casing 28 and an engine core fairing 26. Also by way of example,

one or more rigid raft assemblies 200E may be provided as at least a part of (for



connected to or interact with and/or any connections/interfaces with
surroundi ng conponents, which may include, for exanple, an airfrane
and/ or conponents thereof. Such connections with an airframe, which
are enconpassed by the term'gas turbine engine as used herein,

i nclude, but are not limted to, pylons and 10nountings and their
respective connections. The gas turbine engine itself my be any type
of gas turbine engine, including, but not limted to, a turbofan
(bypass) gas turbine engine, turbojet28turboprop, ranmet, scranjet or
open rotor gas turbi ne engine, and for any application, for exanple
aircraft, indystrial, and nmarine a |cat id raft assenpblies
200" such’ SATHE M AR Bt 16 B AR RO 25 PUHERe MEVERbor PR
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gas turbine engines conprisi n?Sle gid raft assenblies 200 other’ than

those desErreian feberceragonealysyRiems of thengassivdiine eriginentd and/eribe st
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resulting rigid raft assenbly 200) may f hin the scope of the
i nveni® onthafeishRyy inddoywred@; IFpr afﬁfﬁﬁ”@«rﬂ’hetf% OE"M@ fw FREGClEYis SROWM om t he

di scl osur getREeY MALEbIASIRN R, s&htﬁmtrigwberaﬁraewﬁar&niharéﬂﬁnaﬁQaa%istI ons
(for exampl e mechanical, electrical and/or fluid) between the rigid

raft assedimavelbs arrledatalevinechen. rpigilary. aheragraplelesticabo ot her

conponent gore¥tidrab shoih Bétvebh B 6aRSorhtd B&cH é&/ﬁ}&tﬁwra?{%s&me@be
readily apparent to the skilled person fromthe disclosure provided

herei n. FleteBayBlee or a¥gnatvaly hec? Hed epmnssiiomand/ or cl ai med herein nay
be conbined with any other conpatible feature described in relation
t 0 t hes safmelgrtrigalaoheectiont28dissmwn betw@ the Qoitll v agserdbly 20A andf t

assenbl y ﬁ(%ﬁp ) Tﬁe éde&n?agﬁoﬂ c? érg g? £ Eﬁ%g & ﬂg%gga antdgﬁay[, (lgcgrlset(;(a@%%;'ﬁatig ngr‘g 'y

corrpr|S|ngar|g| carri es
first gasformobafiexiergrintedayrsuibsnchras the fiéxikzle priateg airtuin2Ststemmond gas

turbi ne ie@ggﬁégtgafnﬁim&%%{ﬁﬁbﬂ ele%ﬁ a%onﬁ%ct%ﬁ%gﬂi%pi?o‘aeg'BQV&%%FZ%%[ em

is aflu fises one assage
that is atgid m%pmbmwobﬁw@rﬁammg‘cbn airfralve, of gjifinmeainstabiatoar@ywhizh A

rigi dzJ af %a?%éﬁ%%l@%%%@l&g A Rui§ lcg‘hﬁgcglon M‘f'&? %Hfﬂona]ly or alternatively be
provided between the airframe 500 and a rigid raft assembly, as illustrated by the
connection 296 between the airframe 500 and the rigid raft assembly 200C. The
connection 296 may have any suitable arrangement, such as those described above
in relation to Figures 11 to 15. Similarly, fluid connections 292, 293, 294, 295 may
25  be provided between rigid raft assemblies and other components, such as other rigid

raft assemblies.

A direct connection 290A, 290B is provided between the rigid raft assemblies 200B
and 200C in the Figure 16 arrangement. Such a direct connection may comprise a
connector 290A provided on (for example embedded in) one rigid raft assembly

30 200C connected to a complimentary connector 290B provided on (for example

embedded in) another rigid raft assembly 200B. Such a direct connection may, for



10t he second gas turbine engine systemis an electrical systemthat
conprises electrical conductors (252, 253, 254) at least partially
enbedded in the rigid material. 3. Arigid raft assenbly according to
claiml1l or claim?2, wherein: the fluid passage has an
axial direction (p) along which, in use, fluid flows; 15and the rigid
material surrounds the fluid passage over at |east one axial portion
of the passage. 4. Arigid raft assenbly according to any one of

t he preceding clainms, wherein the flugd-passage is forned by a fluid
pi pe (212) that is at least partially 20enbedded in the r}gi? raft
assenbly. 5. ri raft enbl according to an one of clains 1
fo 3 e PRTPIENR oY HaHo 4805 Gecinbat Grelon petRsty e e Feld et al | 6. A
ri gi d raf asasssigbbgoRcmodi ng to claim4, wherein: t he
rigid raft assenbly conprises two rigid rafts (223, 225, 227, 228,

272, 274 il

o rbedaed WHREIERNGY s M L (0B 0B i Gbing BRI 1P a%gpéﬁ?d that
accor di ngthistesmanayi igcludhe gés furbing engingiods ttmfbms epgine trtstaﬁancbrearmwlt S

h t ower
hav! g anouRgly B} Bngh 6o RERRL Bl Pt Iy GIRIBNELAD A, | over
maj or sur Fernectsd topeiniespet Withegd/ar 2y campictiors/intewecemwitosursuntimge  of

t he ot her cérﬁﬁ&ne@]?szahlc%%@y lnglud@‘ fﬁll Q!a%prl@ ah aﬁ‘?rﬁl%@hajn)ﬁlo?%gr?lbgﬁé}ﬁs to

claim7, wherein the flud as a cross-sectio I'S narrower
than the Hegof ﬁ@hlfz@nn%ﬁmﬂﬁwlﬂmgp@h’fr@na whioleareramjcompagsesiyfthe tssmt hat

it is | Oc%tag‘f‘.lrgi%@éﬁﬁme thelﬂﬁﬁsiﬁclgdéjg[lf%l@ of Ihﬁltéﬂ%cﬁy[&%t n the

upper maj or surface”of sal (?%one raf OV\BI’ maj or surrace of
sai d @89 hefopalingsianditheir Egregtive canmrstieys ot @@rtw@tn@r@g(@e@elfmwe 9. A

rigid raf hnpgseabhds RRFY gk, i, Blufhot MARES ) a turbofan (bypass) gas
turbine engine, turbojet, turboprop, ramjet, scramjet or open rotor gas turbine engine,
and for any application, for example aircraft, industrial, and marine application. Rigid
raft assemblies 200 such as any of those described and/or claimed herein may be
15  used as part of any apparatus, such as any vehicle, including land, sea, air and
space vehicles, such as motor vehicles (including cars and busses), trains, boats,
submarines, aircraft (including aeroplanes and helicopters) and spacecraft (including

satellites and launch vehicles).

It will be appreciated that many alternative configurations and/or arrangements of

20  rigid raft assemblies 200 and gas turbine engines comprising rigid raft assemblies
200 other than those described herein may fall within the scope of the invention. For
example, alternative arrangements of rigid raft assemblies 200 (for example in terms
of construction, layout and/or shape of fluid passages 210 and/or rigid material 220
and/or second gas turbine engine system comprised by the rigid raft assembly 200

25 and/or the resulting rigid raft assembly 200) may fall within the scope of the invention
and may be readily apparent to the skilled person from the disclosure provided
herein. Alternative arrangements of connections (for example mechanical, electrical
and/or fluid) between the rigid raft assemblies 200 and between the rigid raft
assemblies 200 other components may fall within the scope of the invention and may

30  be readily apparent to the skilled person from the disclosure provided herein.
Furthermore, any feature described and/or claimed herein may be combined with
any other compatible feature described in relation to the same or another
embodiment.



the rigid rafts (223, 225) are thin el enents having an upper major
surface separated by a thickness froma | ower major surface; the
rigid rafts are placed side-by-side with a gap between the respective
maj or surfaces, but substantially no gap in the thickness direction;
and the fluid pipe is located in the gap between the rigid rafts.
10.Arigid raft assenbly according to any one of the preceding
clains, wherein 15the rigid material is a rigid conposite materi al.
11.Arigid raft assenbly accordi ng to3@ny one of the preceding
claims, further conprising a fluid connector (313, 332, 342, 352) in
fluid conEERb%ﬁtion with the fluid passage, the fluid connector being
arranged nect the fluid passage to the rest of the fluid

system the flui.d cannector ional |y being 20e dded jn the rigid
nat eri al so1a§Jij f'%dﬁgfp??%‘? Iyr@pgif?’(/@g?%t‘{rﬁ@egp@l‘ﬁmtt&?i”g'ld.ra 2. A gas

t ur bi ne engi neassempiyicempgsiag eir'gidnaaf-iﬁl (@aseani carrs e Idhisnig pho oaﬁlﬁrs@ned
of the preceding.,clains. .13, as rLbi ne engi.ne conprising two. rigi
raft assenbl i éjsag(ufhw,e %Q@Fﬂglfﬂ‘a%rbdg#{é‘?%éat%ﬂ% ﬁisﬁ?%,gatsﬁ‘érb&@s%@&ei ve
flui d passagesysient, vbeteivo rigid raft 25 assenblies being fluidly
connected via respective connectors (315, 334), the fluid connection
bet ween t he r dbegptinst gasctuftiing ehgiaes Syestprs isopiiuid npdidry titarpmpgsatgatdeast

Connector s (af5t HeffREabezn Al sl ARERierfiRPad (A Mihor

engi ne that caspeblgs a rigid raft 30assenbly according to any one of
the preceding clainms, the nethod conprising: - 32 - nounting at

| east one r 2giAdrigigifaft agseemhyl gecorgingde claiwtl, whertefre gas t ur bi ne engi ne;
and fluidly connecting the respective fluid passageway of the or each
raft &senbl y heseaent as tysbipe epging sestemiis an §@§tﬂéﬁh system that comprises

electrical conductors (252, 253, 254) at least partially embedded in the rigid
material.

3. Arigid raft assembly according to claim 1 or claim 2, wherein:

the fluid passage has an axial direction (p) along which, in use, fluid flows;
15 and

the rigid material surrounds the fluid passage over at least one axial portion of

the passage.

4. Arigid raft assembly according to any one of the preceding claims, wherein
the fluid passage is formed by a fluid pipe (212) that is at least partially
20 embedded in the rigid raft assembly.

5. Arigid raft assembly according to any one of claims 1 to 3, wherein the fluid
passage is formed by the rigid material.

6. A rigid raft assembly according to claim 4, wherein:

the rigid raft assembly comprises two rigid rafts (223, 225, 227, 228, 272, 274)
25 formed by the rigid material; and

the fluid pipe is embedded between the two rigid rafts.
7. Arigid raft assembly according to claim 6, wherein:

the rigid rafts are thin elements having an upper major surface separated by a

thickness from a lower major surface; and



515. A nethod of servicing a gas turbine engine according to claim12
or claim13, wherein the rigid raft assenbly is a first rigid raft
assenbly, the nethod conprising: renoving the first rigid raft
assenbly fromthe gas turbine engine; and installing a
second, pre-prepared, rigid raft assenbly onto the gas turbine
10engine in place of the first raft assenbly. 15
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the fluid pipe is located between the upper major surface of one raft (228,
274) and the lower major surface of the other raft (227, 272).

8. Arigid raft assembly according to claim 7, wherein the fluid pipe has a cross-
section that is narrower than the cross section of the upper and lower major
5 surfaces that it is located between, and at least a part of the space between
the upper major surface of said one raft and the lower major surface of said

other raft is filled with a honeycomb structure (262, 264).
9. A rigid raft assembly according to claim 8, wherein:

the rigid rafts (223, 225) are thin elements having an upper major surface

10 separated by a thickness from a lower major surface;

the rigid rafts are placed side-by-side with a gap between the respective major
surfaces, but substantially no gap in the thickness direction; and

the fluid pipe is located in the gap between the rigid rafts.

10. A rigid raft assembly according to any one of the preceding claims, wherein

15 the rigid material is a rigid composite material.

11. A rigid raft assembly according to any one of the preceding claims, further
comprising a fluid connector (313, 332, 342, 352) in fluid communication with
the fluid passage, the fluid connector being arranged to connect the fluid
passage fo the rest of the fluid system, the fluid connector optionally being

20 embedded in the rigid material so as to be fixed relative to the rigid material.

12. A gas turbine engine comprising a rigid raft assembly according to any one of

the preceding claims.

13. A gas turbine engine comprising two rigid raft assemblies (200, 329/339)
according to claim 11, the respective fluid passages of the two rigid raft
25 assemblies being fluidly connected via respective connectors (315, 334), the
fluid connection between the respective fluid passages optionally comprising
a non-embedded fluid pipe (319, 346, 356) and/or complimentary connectors
(315, 334).

14. A method of assembling a gas turbine engine that comprises a rigid raft
30 assembly according to any one of the preceding claims, the method

comprising:
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mounting at least one rigid raft assembly to the rest of the gas turbine engine;

and

fluidly connecting the respective fluid passageway of the or each raft

assembly to another part of the fluid system.

15. A method of servicing a gas turbine engine according to claim 12 or claim 13,
wherein the rigid raft assembly is a first rigid raft assembly, the method

comprising:
removing the first rigid raft assembly from the gas turbine engine; and

installing a second, pre-prepared, rigid raft assembly onto the gas turbine

engine in place of the first raft assembly.



