- 1 - Electrical Harness This invention relates to a network for

di stributing signals and power around a gas turbine engine using an
el ectrical harness. In particular, aspects of this invention relate
to enbedding el ectrical conductors into a rigid harness for use in
distributing 5electricity around a gas turbine engine. A typical gas
turbi ne engi ne has a substantial nunber of electrical conponents

whi ch serve, for exanple, to sense operating paraneters of the engine
and/or to control actuators which operate devices in the engine. Such
devi ces may, for exanple, control fuel flow, variable vanes and air
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turbine engine including two conventional wiring harnesses 102, 104, each provided
with a respective connector component 106, 108 for connection to circuitry, which
may be for example accommodated within the airframe of an aircraft in which the

engine is installed.

25 The harnesses 102, 104 are assembled from individual wires and cables which are
held together over at least part of their lengths by suitable sleeving and/or braiding.
Individual wires and cables, for example those indicated at 110, emerge from the
sleeving or braiding to terminate at plug or socket connector components 112 for
cooperation with complementary socket or plug connector components 114 on, or

30 connected to, the respective electrical components.



Conventi onal harnesses conprise a | arge nunber of conponents,

i ncluding various individual wres and/or bundles of wres,
supporting conponents (such as brackets or cables) and el ectri cal
and/ or mechani cal connectors. This can make the 10 assenbly process
conplicated (and thus susceptible to errors) and/or tinme consun ng.

D sassenbly of the conventional harnesses (for exanple renoval of the
conventional harnesses froma gas turbine engi ne during maintenance)
may al so be conplicated and/or tine egnsum ng. Thus, in many

mai nt enance (or repair or overhaul) procedures on a gas turbine
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25 According to the present invention, there is provided a gas turbine engine installation
comprising an electrical system (which may be referred to in general as an electrical
harness) arranged to transfer electrical signals around the engine installation. The
electrical system (or harness) comprises an electrical harness raft, which comprises

electrical conductors embedded in a rigid material.

30 According to an aspect of the invention, the gas turbine installation comprises such
an electrical haress raft comprising multiple (or more than one) electrical

conductors embedded in a rigid material. The electrical harness raft may be at least



conprises connecting a flexible cable between the el ectrical harness
raft and another (second) engine installation conponent conprising

el ectrical conductors so as to electrically connect electrical
conductors of the electrical harness raft with electrical conductors
of the other engine installation conponent. 15 Aspects of the

i nvention described herein may apply to the nmethod of assenbly of a
gas turbine engine (or gas turbine engine installation) as well as to
t he apparatus (for exanple the gas turdi ne engine installation). The
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The gas turbine engine installation (which may simply be a gas turbine engine) may
comprise any number of electrical harness rafts. Any one or more rafts may be

20  connected together and/or to other components using flexible cables. For example,
one electrical harness raft may be directly electrically connected (for example using
a flexible cable) to one, two, three, four, five, six, seven, eight, nine, ten or more than

ten other components, such as other electrical harness rafts.

It will be appreciated that the electrical signals transferred around the engine using

25 the electrical harness rafts may take any form. For example, the electrical signals
may include, by way of non-limitative example, electrical power and/or electrical
control/communication signals and/or any other type of transmission through an
electrical conductor. Transmissicn of signals around the engine may mean
transmission of signals between (to and/or from) any number of

30 components/systems in the engine and/or componenis/system of a structure (such
as an airframe) to which the gas turbine engine is (or is configured to be)

connected/installed in. In other words, an electrical harness raft may be used to



10conductors than a conventional harness. For exanple, the rigid
and/or hard material (which may be a rigid and/or hard conposite
material) in which the conductors are enbedded may provi de greater
protection (for exanple greater mechanical protection) to the
enbedded conductors, for exanple due to being resistant to breaking
and/ or snappi ng and/ or piercing and/or puncturing. Purely by way of
15 exanple, the use of electrical harness rafts nmay reduce, or
substantially elimnate, the chance ef4-foreign bodies comng into
contact with the electrical conductors, for exanple through fluid
ingress. The electrical harness raft(s) nay provide inproved

prot ect i ofPRECHIERINICAS PRIPOSSHIRIERIAtiN Hielrg rieahtionals irasy Red Bl v

of the rapid giasind dhidhdRsianstiodl dratreRied EHdkampRWiddially andior
servi ce/ oper ati on/ mai nt enance of the gas tUI‘BI ne 20 engine. This may

resul t i nMEGHRTCAM CAMNSSIET] streduriomnaperifsy®sMe due to fewer damaged
conponents requiring replacenent/repair and/or due to the possibility
of ext endThrjeleriealicandyaiers esmbeddekinihe dgidmatenal nsly Heatsed dmtramsfprect i ng

t he el ectg f : r i, 1 A i .onl

Comvent | ocfibalSKRaRErol o BAEMHIS EUTRET Efplidil Bettion SONIRIAY PR

may si gni figid armtenial tte dirate dueledtricilhamsiss aaft)16e mgireat.nuRther ekadvahtegesise

of el ect rycakRathm %léc?rctaﬁsigﬁafs 8Lif bfdoﬁﬁé?'ﬁiBXalrhﬁ%ggattm%sE%rﬁe gpunt
I'y Conp wth a a

i nvol ved I n engl ne asse are convention arness

ar r angenewhich Brredipeusbed herety. or conpl exity of the operations required
to assenble an engine (for exanple to assenble/install the electrical
syst em ( oThenelewticd haards aaftsahdepropide igpdaeradroteoipao & Slectvibaich may be

referred to jin general as engi,ne 30 dressin .he reduced. For
anmhe. ek REh Bioaferioth Meritss Friduditle FngF ahfor it

W res andfwhichwnay b alrigiiandia geidiesmsusite eaterdg) inevhichsh@bbraducfs afst may
only be n to attach ctrical

| .at.i | f el
or mess. 1 anpeEeney oByiE Stk Pu R BHN It 5 BBb e T el a1 o
hagdl e,h pprs}etntimn_,to ﬂeoaml lgedaied condunts t,.foﬁ‘éumqﬂéf I H%tlohﬁinwie@istdmﬂd af L S
t ectrical components usi.ng the exi.bl e_cabl e(s e
Sart L cur GRS RUIR S RPPRARTOlcr TS At e PHEY Sty 8y § e
har ness refanple, thauggps qieéqtr]izjapbam?ﬁ afts ataiyaedmy;;rre&ﬁg%_ti@l@%ﬁhﬂate,lt i me
d/ 5t h il i of .error ccurrin uring, asse .
Cee of o D8 Reia S ABRE Lo R PP r e Tl b il O RERRS Ages
during naéxmmirattnwghs‘hutdﬂin;gmss.e}ﬁlaé Eleatridal@mmdsam?ft(s)%a)dﬁmus&adroab@ve,
th | tri . h t ti i
i ar gnt (PRl BURE B RalBr AnTtoB SRR e HeRlyelegheutbti 8 mtvers 1
:el gjti on tudiresiestattdtipnagan/gr dmngis/em&rrzhkaltibpﬁﬁ?w%anb_@ oﬁtt@”gdsh&rbf;mf t
ur bi enai ne. ny . air/overhau requi res noval of a
ot 08 SRS TRy A if BB RN ot I RN il TR
speeded ufanidgedwgmposents feqiringtreplaedmératirepsdisandadridae té tre psaibilityeof
d wi.ths i har r , f electrical ft
oy al | ot e P8 o RN R B R e BB LA e SRR ror
exanpl e, syotem, rier exaspinaengared eil B egstamyusiy gnly conventional harnesses.

Use of one or more electrical harness rafts may significantly reduce build time of an

25 engine. For example, use of electrical harness rafts may significantly reduce the part
count involved in engine assembly compared with a conventional harness
arrangement. The number and/or complexity of the operations required to assemble
an engine (for example to assemble/install the electrical system (or network) and/or
other peripheral components, which may be referred to in general as engine

30 dressing) may be reduced. For example, rather than having to install/assemble a
great number of wires and/or wiring looms together on the engine installation, it may

only be necessary to attach a relatively small number of electrical harness rafts,



15require access to a certain portion of the gas turbine engine that
only requires a part of the harness to be renoved. It may be
difficult and/or tinme consum ng, or not even possible, to only renove
the required part of a conventional harness froma gas turbine

engi ne. However, it may be relatively straightforward to only renove
the relevant electrical harness raft, for exanple by sinply

di sconnecting it fromthe 20 engine and any other electrical harness
raft s/ components to which it is connedt-ed. Decreasing nmaintenance
times has the advantage of , for exanple, reducing out - of service
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may béd pa?'lQ'WTHH"V other electrical harness rafts/components to which it is connected.
Decreasing maintenance times has the advantage of, for example, reducing out-of

service times (for example off-wing times for engines that are used on aircraft).

The build/assembly times may be additionally or alternatively reduced by pre-

assembling and/or pre-testing individual and/or combinations of electrical harness
25  rafts prior to engine assembly. This may allow the electrical and/or mechanical

operation of the electrical harness rafts to be proven before installation, thereby

reducing/eliminating the testing required during engine installation.

The electrical harness rafts may be a particularly lightweight solution for transferring

electrical signals around an engine. For example, an electrical harness raft may be
30 lighter, for example significantly lighter, than a conventional harness required to

transmit a given number of electrical signals. A plurality of conductors may be

embedded in a single electrical harness raft, whereas in a conventional arrangement



severe, with, for exanple, high |evels of vibration and/or
differential expansion between conponents as the tenperature changes
t hrough operation and as the conponents nove rel ative to each other.
Providing at | east one flexible cable to connect an el ectrical
harness raft to another conponent may allow the electrical 20 harness
rafts and/or conmponents to acconmodate vibration and/or relative
novenent, for exanple of the conponent(s)/assenblies to which they
are attached/ nounted during use. For-exanple, the flexible cable(s)
used to electrically connect electrical harness raft(s) to other
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20 harness rafts and/or components to accommodate vibration and/or relative

movement, for example of the component(s)/assemblies to which they are
attached/mounted during use. For example, the flexible cable(s) used to electrically
connect electrical harness raft(s) to other component(s) may have sufficient length to

accommodate such vibration and/or movement during use.

25  For example, providing separate (for example more than one) electrical harness rafts
and connecting at least some (for example at least two) of them together using at
least one flexible cable may allow the electrical harness rafts to accommodate
vibration and/or relative movement of the component(s)assemblies to which they

are attached/mounted during use.

30 The rigid material may be any suitable material, such as a rigid composite material.
The rigid composite material may comprise any suitable combination of resin and

fibre as desired for a particular application. For example, any of the resins and/or



bypass fl ow duct fornmed between an engi ne core and an engi ne fan
casing (the gas turbine engine may be a turbofan engine, for

exanple); and the electrical harness raft may format |east a part of
a radially extending splitter (which may be referred to as a

bi furcation) that extends across the bypass flow duct. In this way,
an electrical 20harness raft (which nay be referred to as a splitter
el ectrical harness raft) may provide an el ectrical connection between
a fan casing and an engine core. The-gplitter electrical harness raft
may be el ectrically connected to other conponents (for exanple to one
or nore other ele trlcal harness rafts) using the flexible cable.

Al t er nat i Y¥E§ dgser aalh?ieah%aﬁwe uged ) ﬁ’rf’gléﬁe %T‘@EPPm88$'teHH?tﬁ6%'§°rrtH‘Pt may
be el ect r kralricy RApsBnget ed to one or nore other el ectrical harness
rafts directly, for exanple using connectors enbedded in the
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splitter electrical harneSs ra y be provi ded By way of further
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enbedded, . i ng, splitter urca structure.
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splitter ectnnactingrceblef.or exanple a drive shaft in the 10 case that the
case turbine engine has a fan nounted accessory gearbox to which
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For exanphgasétiow 8astfomnddtdciwddn ANengiMd £drk @hd Bh@pbink §aH cdWHd1@RSgdsaf t
Crosses ttﬁ?blr?eygr%slr?e may be a turbofan engine, for example); and the electrical harness
raft may form at least a part of a radially extending splitter (which may be referred to
as a bifurcation) that extends across the bypass flow duct. In this way, an electrical
20  harness raft (which may be referred to as a splitter electrical haress raft) may

provide an electrical connection between a fan casing and an engine core.

The splitter electrical harness raft may be electrically connected to other components
(for example to one or more other electrical harness rafts) using the flexible cable.
Alternatively or additionally, a splitter electrical harness raft may be electrically

25  connected to one or more other electrical harness rafts directly, for example using

connectors embedded in the respective rafts.

Any of the features described herein in relation to any electrical harness raft

(including components/systems attached thereto/mounted thereon) may apply to a

splitter electrical harness raft. For example, the splitter electrical harness raft may
30 be provided with appropriate connectors, which may be used to connect to a

corresponding connector, for example provided on the flexible connecting cable



15 fl ow between the engine core and the fan case. Thus, any external
surfaces (which nmay be fornmed by the splitter electrical harness raft
itself or by a surrounding splitter structure) are of particular

i nportance because they are gas-washed by the propul sive bypass flow.
Because the electrical harness raft is nmuch snmaller than a
conventional harness for a given nunber of electrical conductors, the
size of the 20 splitter may be reduced, and thus the detrinental

i npact on the bypass flow may be redu&ed, thereby inproving (i.e

r educi ng) specific fuel consunption. In order for electrical

conduct ors éﬂge fron1travelllnaharpund the fan case to go
through a2 %%Pﬁ M ePer GaRRPIRBIE O WHIEHERM BRITET flectiPd hatnees trjhmay be
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t herein afgo\,@é},roﬁoghﬁ,s%gg@@,gdto accommpdat e a direction change of the
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P reduced, taﬁere%y improving (i.e. reducing) specific fuel consumption.

In order for electrical conductors to change from travelling around the fan case to go
through a splitter, they need to change direction through approximately 90 degrees
(for example to go from a circumferential/axial direction to a radial direction). As

25 mentioned herein, conventional electrical harness are bulky and have large minimum
bend radii. Thus, a significant amount of space (and material, which contributes to
weight) is required in order to effect such a direction change. However, use of a
splitter electrical harness raft alleviates/eliminates this problem, because the large
bend radii are not required. For example, the splitter raft itself could be

30  manufactured to have a low radius, compact, direction change at one {or both ends),
such that the electrical connectors embedded therein become substantially aligned

with those of another raft (which may, for example, run circumferentially around the



At | east sone (for exanple a plurality) of the electrical conductors
may be provided in a flexible printed circuit. Thus, at |east sone of
the el ectrical conductors nay be provided as electrically conductive
tracks in a flexible substrate. The flexible printed 20circuit nay be
flexi bl e before being enbedded in the rigid material. Providing the
el ectrical 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 mnimzed For exanple, many different
el ectrical conductors may be laid into a flexible printed circuit in
cl ose proximty, thenebg Provlding a conmpact structure. The
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enbedded Iémprovi ded with) at |east one electrical
connector (or socket). The or each el ectrical connector may be in

el ect ri caftledicame ((RF exeraple agiwelitshef the clepldcal capdieators anay kecerevided
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provided as electrically conductive tracks in a flexible substrate. The flexible printed

20  circuit may be flexible before being embedded in the rigid material.

Providing the electrical conductors as tracks in a flexible printed circuit may allow the

size of the resulting electrical harmess raff to be reduced further and/or substantially

minimized. For example, many different electrical conductors may be laid into a

flexible printed circuit in close proximity, thereby providing a compact structure. The
25 flexible substrate of a single flexible printed circuit may provide electrical and/or

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

Any given electrical harness raft may be provided with one or more electrical wires

embedded therein (which may be sheathed) and/or one or more flexible printed

circuits embedded therein. As such, a given electrical harness raft may have wires
30  and flexible printed circuits laid therein.



20Providing electrical harnesses with integral electrical
sockets/ el ectrical connectors (for exanple by enbedding themin the
raft, for exanple to secure themin place relative to the raft) may
provide a particularly quick, efficient and reliable neans to connect
(for exanple electrically connect) conponents to the electrical
harness rafts and/or to connect electrical harness rafts together
(either directly or indirectly). 25The or each flexible cable
(connected between the first electriec#ad-harness raft and the second
el ectrical harness raft) nmay conprise conplinmentary connectors that
are connefkﬁg?to correspondi ng el ectrical connectors enbedded in the

el ectri caft fayerigied (hat thg gmbedded glscircab cidlyriprowhetier ley@re i cal
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el ectrical harness raft 1n any surtable manner. For exanp

ot her conf@Resfraftsipgetws may be nounted on one or nore el ectrical
harness rafts. 15 Thus, a surface of an electrical harness nay be
used as aAheasibnaglestiichbtendssrrabhiegrhaga entbetdedidersirgionenay be provided

conponent Y. sych.as ancillary/apxiliary co nent s/ syst ens.
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20 Providing electrical harnesses with integral electrical sockets/electrical connectors
(for example by embedding them in the raft, for example to secure them in place
relative to the raft) may provide a particularly quick, efficient and reliable means to
connect (for example electrically connect) components to the electrical harness rafts

and/or fo connect electrical harness rafts together (either directly or indirectly).

25  The or each flexible cable {(connected between the first electrical harness raft and
the second electrical harness raft) may comprise complimentary connectors that are
connected to corresponding electrical connectors embedded in the electrical harness
raft(s). In this way, assembly of the electrical harness raft to other components
(including to each other) may be facilitated. For example, it may be possibie to

30 connect an electrical harness raft to another component (such as another electrical

harness raft) simply by connecting one set of (or in some cases more than one set



20control ler (EEC). The electrical harness raft may provide a

conveni ent surface on which to nmechanically nmount such an ECU EEC.
The el ectrical harness raft may be provided with (for exanple have
enbedded therein) an el ectrical connector/socket that can be
connected to a corresponding (or conplinmentary) connector on an

ECU EEC whi ch may be physically nmounted on the raft. Thus, the

el ectrical harness 25raft nmay provide a convenient, conpact, and

| i ght wei ght sol ution for nmounting andips connecting ECUs/ EECs to the
engi ne, and/or for electri caIIy connecting the EEC/ ECU to one or nore

of the electrical conductors_in the electrical harness raft on which
i's m)uﬁféHCh as tworffree, Ty gl negre thardived caupimant&Y conpl i nent ary

(or cor r esgradioRgiodkesnegdtRsrsat 386 Rl ded to the ECU (or EEC) and the
correspondl ng el ectrl cal harness raft, the ECU EEC may be
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15 Thus, a surface of an electrical harness may be used as a mounting surface for other

gas turbine engine componentis/systems, such as ancillary/auxiliary

components/systems.

At least one electrical harness raft may have an electronic control unit (ECU)
mounted thereon. Such an electronic control unit may be an electronic engine

20 controller (EEC). The electrical harness raft may provide a convenient surface on
which to mechanically mount such an ECU/EEC. The electrical harness raft may be
provided with (for example have embedded therein) an electrical connector/socket
that can be connected to a corresponding (or complimentary) connector on an
ECU/EEC which may be physically mounted on the raft. Thus, the electrical harness

25  raft may provide a convenient, compact, and lightweight solution for mounting and/or
connecting ECUs/EECSs to the engine, and/or for electrically connecting the
EEC/ECU to one or more of the electrical conductors in the electrical harness raft on

which it is mounted

Thus, through the use of suitable complimentary (or corresponding) connectors
30 provided to the ECU (or EEC) and the corresponding electrical harness raft, the
ECU/EEC may be electrically connected to one or more of the electrical conductors



fluid around the engine may be nmounted to the el ectrical harness
rafts (for exanple nmechanically nmounted using a bracket), and thus to
the engine. The fluid pipes may be arranged to carry any fluid as
desired, including gas (such as cooling air, sealing air, and/or
nmuscle air (for exanple for pneumatic systens)) and/or |iquid (such
as 20fuel, water, oil and/or hydraulic fluid). O course, nore than
one set of fluid pipes, for exanple for carrying different or the
sanme fluids, may be nounted on the safe-el ectrical harness raft.
Exanpl es of ot her conponents/systens that may be at |east in part
mounted to an Fl ical harness raft include, by way of
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el ement s; compadiparRUphesifidmam@asuring air tenperature (for exanple
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mechanically mounted using a bracket), and thus to the engine. The fluid pipes may

be arranged to carry any fluid as desired, including gas (such as cooling air, sealing

air, and/or muscle air (for example for pneumatic systems)) and/or liquid (such as

20  fuel, water, oil and/or hydraulic fluid). Of course, more than one set of fluid pipes, for
example for carrying different or the same fluids, may be mounted on the same

electrical harness raft.

Examples of other components/systems that may be at least in part mounted to an
electrical harness raft include, by way of non-limitative example: fire detectors and/or

25  fire detection elements; thermocouples for measuring air temperature (for example
within a particular engine zone); vibration monitoring processing equipment (for
example a signal processing component/box containing electronics used to process
a vibration signal that may be measured elsewhere in the engine); equipment for
measuring fluid quality (for example a probe for oil debris monitoring may be

30 provided to one or more pipes mounted to the raft, and/or a signal processing box for

processing the oil quality measurements may be mounted on the box); and pressure



15connect ed/ att ached/ nounted to the gas turbine engine using at | east
one anti- vibration nmount. Using an anti-vibration nmount to attach
the electrical harness raft to the gas turbine engine may reduce (or
substantially elimnate) the anount (for exanple the anplitude and/or
t he nunber/range of frequencies) of vibration being passed to the

el ectrical harness raft fromthe gas turbine engine, for exanple
during 20use. This may help to prolong the |ife of the electrical
harness raft. Furthernore, any other-tdbnponents that nay be attached
to the electrical harness raft (as di scussed above and el sewhere

her ei n) al so enefl from bei ng nmounted to the _gas turbine englne
via the aﬁ NSO Pieari N RRET "% RENtHET SEMRNR A Jid pipasyyeounted on

el ectri cathehtaftsiess raft. This may nean that any conponents that woul d
25conventional Iy be nounted directly to the gas turbine engine and

require ahg'gﬁ@ﬁéi @%rﬁscdatdri.gfagﬁéhoféﬁﬁbﬁﬂvgﬁ-h% BohfpRGE Fatf equire

their cated anti -vi nt's nay
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total assenbl ed wei and/ or reduce t errors
occurri ngdﬁ@F'Fﬁﬂ@aa’ﬁémﬂ yFor example, aFgmbpdimedt @ay baypalieast one hat ar e
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This may reduce the possibility o damage occurring t

conponent Ravarfigyice ?R,‘Tdé'é@é‘-‘ ‘PrﬁB‘FCidegéF@fP@e life. Such conponents may

i nclude, for exanple, ignitor boxes (used to provide high voltage
power to /@Hgést@nbglﬁictrmabbarnmdatb(fesmnmle;emmebsélsw fhelalestricéld‘ramﬁsarrpl e

for fluid as_oi nd/ or
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fan casing eogsImg anti oxAbY &t on
above andrasbsetshtbe eldetrical mrnedsl raft fromdhé ghsitunigiss engine, for example during

20 use. This may help to prolong the life of the electrical harness raft. Furthermore,
any other components that may be attached to the electrical harness raft (as
discussed above and elsewhere herein) may also benefit from being mounted to the
gas turbine engine via the anti-vibration mounts, through being mounted on the
electrical harness raft. This may mean that any components that would

25 conventionally be mounted directly to the gas turbine engine and require at least a
degree of vibration isolation no longer require their own dedicated anti-vibration
mount. Such components may include, for example, Electronic Engine Controllers
(EECs) and Engine Health Monitoring Units (EMUs). Thus, the total number of anti-
vibration mounts that are required to assemble an engine may be reduced. This

30 may reduce the number of parts required and the time taken to assemble an engine
or engine installation and/or reduce the total assembled weight and/or reduce the

likelihood of errors occurring during assembly.



15 rafts may be connected together and/or to other conponents of the
gas turbine engine using at |east one flexible cable to electrically
connect electrical conductors of the conponents together. The

el ectrical harness raft(s) and/or the connecting flexible cables may
conprise or be provided with any of the features described herein,
for exanple in relation to a gas turbine engine installation. 20 One
or nore of the electrical harness rafts nmay be shaped to correspond
to a portion of an outer surface of tie-fan casing to which they are
nmounted. In this case, the fan casing my be said to be at | east

artially_suyrrounded by electrical harness rafts. Conformng the
bl ect r | caF UGS SPRPPRSHS HoharectomiaBrabHEowaRY 1081 PRINT BQK aR! e

to the shapetioh nidi@tsqtireiamplel Regusy oftthewbight SaBor ekt nsa-héltﬂeb@t which
particul arl roviding electrical gnal s

act 25sol utjon for
Bround e FRIEEAL 80 6ICHECokGeSR anfb IRy HERR Lo VIPEOR IRt of
L hedC| rcuwhgmgag wefghtbestaaserhibly Binepeasig). fTIEhls mage remu\éeltﬂiei ﬁUbsthU offOW
e descrihe e on reference to
accorrpényg é‘ﬁﬁ“@ﬁ"g tPr?“%g@HPOrﬁ“gﬁr@/% IRgreRGe t e'bé@""@ﬁ”ﬁ n%‘GBngl ne
with a commnenmamamrcmﬂssrm é%n;gel,r@mt%rsb;ca@queecctb%@w@@ﬁ*ghoaltatg@rOugh
a gas turbine eng I.ne. P@Egan%n el ectrical har raft in accordance

with the B?V'éesréﬂP Q'H%EWE Presgure gangasewiic ?ﬁ) Xaupigdralyie of an

el ectri cabydtansessh asadilt aiprfuell phicunaaiss hd/v: hyidrgies, 4 shows a schematic
of a cross-section through an electrical harness raft prior to

assenbl y; Accordlﬁ%Wér?a&e%h%e e RIeHCisY) oﬁd&f@%rﬁﬁﬁb'f@% %&r ough

the el ectrical harness raft of S5Figure 4 a ter asse re 6
shows 18 skHERRENGN® florexampiaa é@@thy@ﬁS& BHe gas'ntwibl ne B@@me) nravndmawnﬂes@

raft pri ogebfcAafERS Yaft, which comprises electrical conductors for transferring

electrical signals around a gas turbine engine embedded in a rigid material. One or
more electrical harness rafts may be attached to the fan casing (for example using
anti-vibration mounts, as described above and elsewhere herein). Electrical harness

15 rafts may be connected together and/or to other components of the gas turbine
engine using at least one flexible cable to electrically connect electrical conductors of
the components together. The electrical harness raft(s) and/or the connecting
flexible cables may comprise or be provided with any of the features described

herein, for example in relation to a gas turbine engine installation.

20 One or more of the electrical harness rafts may be shaped to correspond to a portion
of an outer surface of the fan casing to which they are mounted. In this case, the fan
casing may be said to be at least partially surrounded by electrical harness rafts.
Conforming the electrical harness rafts to the shape of the fan casing (for example to
the shape of the outer surface of the fan casing} may be a particularly compact

25 solution for providing electrical signals around the gas turbine engine, for example

around at least a part of the circumference of the gas turbine engine.

The invention will now be described, by way of example only, with reference to the

accompanying Figures, in which:
Figure 1 shows a gas turbine engine with a conventional harness;

30 Figure 2 shows a cross-section through a gas turbine engine having an electrical

harness raft in accordance with the present invention;



Figure 7 shows a schematic of a cross-section through the electrical
harness raft of Figure 6 after assenbly; 10Fi gure 8 shows a
perspective view of a flexible printed circuit; Figure 9 shows a side
view of the flexible printed circuit of Figure 8; Figure 10 shows a
top view of the flexible printed circuit of Figure 8; Figure 11 shows
a cross-sectional view of the flexible printed circuit of Figure 8;
Figure 12 shows a cross-section through a gas turbine engine
according to an 15enbodi ment of the ifyvention; Figure 13 shows a
Cross-section thr ough a gas turbine engine according to an enbodi nent
of the in ent| Figure 14 shows a cross-sectjon through a gas

t ur bi ne e%@f“ﬁ’e %Fﬂ{f“ﬂ%‘cﬁa@ﬁ%ﬁicﬁ@ﬁm%ﬁ r@fﬁgrlqrﬁggﬁeqr@tp{y, 20Fi gur e
15 shows a schenati c of a splitter assenbly having an el ectri cal

har ness r bigreat glorvdi mgchematinef kivvasstseotion thrmgigh Binglacicabharhesssralt
Cross-sec éﬁgg!h, a splitter assenbly having an el ectri cal

har ness rg?q%rg%% ng to the invention. Wth reference to Figure 2,

a ducted tur e _engi ne gener ind d at 10 25h

or i ot pal PR T St Srdieniate o7 & o8 3R iorneh 55 S6efia bawess A o
fl ow seri Egureahaftdrrassarhblge 11, a propul sive fan 12, an internediate
pressure conpressor 13, a high-pressure conpressor 14, conbustion

equi pment Filgre Bskivdhs BEHRSTHIE BF a trok8-sectidi th}dﬁgh %ﬁ’elé%ﬂfial MrREdEdRat e

pressure turbine 17, a | ow pressure turbine and a core engl ne
exhaust nB3Fteasspmbiyie engi ne al so has a bypass duct 22 and a bypass
exhaust nozzle 23. The gas turbine engine 10 works in a conventi onal
manner soFigh®t7 shawsensaremecbhe cross-section through the electrical harness raft of

Figure 6 after assembly;
10  Figure 8 shows a perspective view of a fiexibie printed circuit;
Figure 9 shows a side view of the flexible printed circuit of Figure 8;
Figure 10 shows a top view of the flexible printed circuit of Figure 8;
Figure 11 shows a cross-sectional view of the fiexible printed circuit of Figure 8;

Figure 12 shows a cross-section through a gas turbine engine according to an

15 embodiment of the invention;

Figure 13 shows a cross-section through a gas turbine engine according to an

embodiment of the invention;

Figure 14 shows a cross-section through a gas turbine engine according to an

embaodiment of the invention;

20 Figure 15 shows a schematic of a splitter assembly having an electrical harness raft

according to the invention; and

Figure 16 shows a cross-section through a splitter assembly having an elecftrical

harness raft according to the invention,

With reference to Figure 2, a ducted fan gas turbine engine generally indicated at 10
25 has a principal and rotational axis X-X. The engine 10 comprises, in axial flow
series, an air intake 11, a propulsive fan 12, an intermediate pressure compressor

13, a high-pressure compressor 14, combustion equipment 15, a high-pressure



5intake 11 is accelerated by the fan 12 to produce two air flows: a
first air flow Ainto the internediate 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

hi gh pressure conpressor 14 where further conpression takes place. 10
The conpressed air exhausted fromthe hi gh-pressure conpressor 14 is
directed into the conbustion equi pneptt615 where it is mxed with fuel
and the m xture conbusted. The resultant hot conbustion products then
expand through, .and thereby drive the high, internedi ate and

oo br eso ITEE 1P oAMEHbSTRETEts Prags s EHEE B biegneX RIRvER BAP R SaBHAL he
nozzl e 19cbre anghei skpadddiokzional The epgihs biee HabaUshassidiet 22Bh@ B bypass

i nternedi ate apd | ressure turbines 16, 17, 18 respectively drive
t he high SHH“Fﬂwg?Eg%fate pressure conpressors 14, 13 and the fan 12
by suitable interconnecting shafts. The gas turbine engine 10 shown
in FigureThe sag‘/tttsféngﬁnsuieaég wrksdn e eenventigaal manmisr Ae theh gir setesng s
turbing elahiae 1 sbadidaldddy (e LR i Brddudbifio B F5RLa fraVafid A e
gas 20turbine engine 10 conprises at |east one electrical harness
raft 200 fherintefraedaetrressyra sumreesorildgndasecendalr flew Bryehieh passes
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signals) around thée engine and/or to/fromthe engine 10 T |
conponent §0MBTEEEPTAS coptRsesEnthe A flmAdlirested into it-prtore deliveriomthahair
construct kamhigH pleBfrgloBibfdssal 14\h I IFHRLOmERIsiof Ukeb Biace.

el ectri cal / mechani cal 25connecti ons between different

har ne r 2 t el egtrical harness rafts ,20Q. and, ot her
compondnt it SefRirsshtl BRiIERR st Peiid iSO SaRrlttara T drddpe
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Fi gure 2 thebagidneathe hibie istesotdiate ahd hayv-pessureddrbin2806] 7, 18defaed Wi t h
a further i in f or m. of Luid pipes of conduits
300 (whi cﬁgﬁéﬁ%ﬁ%%l}e%g@%%n%f' gr{gc']éorzrz {‘/3 |t8lﬁr?il'é;en%¥6tpnal r?’.(’)&%‘ﬁ%{*ﬂ‘ igHSi pes
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be. pr ovi ail HiiRefRR: el pmalsSford B M iRred® REPESHERE Thereroy

ot her sysin@areoraediirgrshafisponents relating to the gas turbine engine
10. Sone rafts 200, on the other hand, may not have any additi onal

conponent $h@g4k Rifbine engine 10 shown in Figure 2 may be at least a part of a gas turbine

engine or gas turbine engine installation according to the present invention. The gas

20 turbine engine 10 comprises at least one electrical harness raft 200 for
transmitting/transferring electrical signals (or electricity, including electrical power
and/or electrical control signals) around the engine and/or to/from the engine 10 from
other components, such as components of an airframe. The function and/or
construction of the electrical harness raft 200, and the electrical/mechanical

25  connections between different electrical harness rafts 200, and between electrical
harness rafts 200 and other componenis/systems, may be as described above and

elsewhere herein.

In Figure 2, the electrical harness raft 200 (which may be referred to herein simply as
a raft 200) comprises at least one electrical conductor 210 embedded in a rigid

30 composite material 220. In the Figure 2 embodiment, the electrical harness raft 200
is provided with a further gas turbine system in the form of fluid pipes or conduits 300
(which may, for example carry liquid and/or gas). The fluid pipes 300 are attached to



5 systens nounted thereon. The raft 200 (and any conponents/systens
300 with which it is provided) is connected to (for exanple nounted
on) the gas turbine engine 10 using a nount 400. In Figure 2, the
raft 200 is connected to a fan casing 24 of the gas turbine engine 10
usi ng the mount 400. The raft 200 may thus be radially outward of the
fan 10 casing 24, between the fan casing 24 and the outer surface (or
nacell e) of the assenbled engine 10. The raft 200 (or other rafts
200) may, however, be connected to otfigsr parts of the gas turbine
engi ne 10. The nmount 400 nay be any suitable nount. By way of

exanpl e, the t 400 may be an anti-vibration (or AV) nou

confi gureH‘etraggﬁﬁHﬁlégmo% brarksta sy @'It?rﬁ‘?WQfYéjr\?ﬂB&t'@W'Mnthﬁre!ﬁﬂr'cal
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conduct or SOraéOafwmo dathd dthér Hdrdl fhafRbERdvalany AaMitibh4 lcdmﬁaﬁ@ﬁé ahd/may
be suitable, such Lﬁr?%bd conposite material 220. It wll

appr ect at@ﬁztet'ﬂ%fno'dﬂt}‘?d | e method may be used to construct the
20el ectrical harness raft(s) 200. Figure 3 shows conponents of an
exanpl e ofhamficdGddand aay conpanests/syatemszY with which 8 isoprevided)iod of
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treat nent exanp eat treat nent oduce a ri
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a sheet of |nterm0ven bres I gure
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type, such as woven and/or chop . Any suita si n may Be’ lise
for exanpiQ® Bgwted twon(qyingﬂ%{préfhﬁna@ PEEK (pol yet her et her ket one)
PTFE (pol ytetrafl ouroethyl ene), PAEK (poI yaryl et her ket one),

pol yur et heeeelectrickl barness$ yeiisi 206 so(rprisd elastringll conduct&rduy 0 $)ttivica=,ld|uea
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220. It will be appreciated that any suitable method may be used to construct the

20 electrical harness raft(s) 200.

Figure 3 shows components of an example of an electrical harness raft 200 prior to
one method of construction. The electrical conductors 210 are provided between
two layers of material 230, 240 that, after construction, form the rigid material 220.
The material 230, 240 may be a fibre and resin compound. Such a fibre and resin

25  compound may, after suitable treatment (for example heat treatment) produce a rigid
composite material 220, for example an organic matrix composite material 220. In
the example of Figure 3, the fibre and resin compound is formed of a sheet of
interwoven fibres, or strands. The strands in Figure 3 extend in perpendicular
directions, although the strands may extend in any one or more directions as

30 required. The strands/fibres may be pre-impregnated (or “pre-pregged”) with the

resin.

Any suitable fibres may be used, for example carbon fibres, glass fibres, aramid



mat erial 220 need not be a fibre/resin, or a conposite, material. For
exanple, the electrical conductors 210 may be enbedded in any one or
nore of the followng materials: epoxy, BM (bisnaleimde), PEEK
(pol yet her et her ket one), PTFE (pol ytetrafl ouroet hyl ene), PAEK

(pol yaryl et her ket one), pol yuret hane, and/or 10 pol yam des (such as
nylon). Thus, fibres may or may not be included in such materials
that may formthe rigid material 220. Were fibres are not included
inthe rigid material 220, a suitabl eiglternative manufacturing
process may be used. The el ectrical conductors 210 (which may, as
described_jn nore detail elsewhere herein, be of any form such as
conduct i vEPiESrW/orinzeqrpEAMEd fikigh dLhe fitres Ry be of amulyee: sUshas mosen

f1 exi bl e ehé/BHERdppedC ANRSUitBRSRsiFSS/ bdasbdN B @kimpiB erpskﬁfén@n to
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240. Prior to any treatment, both the first and second layers 230, 240 and the
electrical conductors 210 may be flexible, for exampie supple, pliable or malleable.
As such, when the layers 230, 240 and the electrical conductors 210 are placed
20  together, they may be moulded, or formed, into any desired shape. For example, the
layers 230, 240 and the electrical conductors 210 may be placed into a mould {which
may be of any suitable form, such as a glass or an aluminium mould) having the
desired shape. The desired shape may be, for example, a shape that corresponds
to (for example is offset from) a part of a gas turbine engine, such as, by way of
25  example only, at least a part of a casing, such as an engine fan casing or engine
core casing. This may enable the final raft to adopt shapes that are curved in two-

dimensions or three-dimensions.

In order to produce the rigid raft 200 from the material layers 230, 240 and the

electrical conductors 210, the assembly (which may be in a suitably shaped mouid,
30 as described above) may be subject to a suitable hardening, stiffening, and/or setting

treatment. Such a treatment may involve raising the temperature (i.e. heat

treatment) and/or applying increased pressure. The treatment may be conducted in,



Any suitable nmethod could be used to produce the rigid raft 200. For
exanpl e, the strands/fibres need not be pre-inpregnated with the
resin. Instead, the 5fibres/strands could be put into position (for
exanple relative to the electrical conductors) in a dry state, and
then the resin could be fed (or punped) into the nould. Such a
process may be referred to as a resin transfer nethod. After the
treatnent, the rigid electrical harness raft 200 may be set in the
desired shape. Suitable electrical cotthectors and/or sockets may be
fitted to the raft 200. 10 Such connectors may be fitted prior to

stiffening treatnment of the terial layers 230, 240 and the
el ect ri cal”’ EEHORIEL Y} aUtoglgve. olrm]?i? way B EleciricabiangretorsH ednkrstibis

may be i nbebawiwicheal bebosaremt iupperdridnowdremsenaugieps 332 PAoand may have
pi ns or connectors for connection (electrical and/or nechanical) to

ot her Conﬂﬁﬁﬁﬂfa@le%e%ggcgﬁéb[e%gﬂfbepr‘s erxﬁe%g.d(r @gg fg}% délu%“ bl e

connecti on cabl es and ot her el ectrlca arne scussed
i n gr eat eftralgedibresdiesd prthepiedmpregnatedgithethe regimwisstgad ethanpl e of a

cr 0SS- §eCfib@dstraideahid t it Podi Qr@EﬁPle%I 'tl@é/{%rtﬁ %fégt(nggﬂo and

el ectrical conductors 210 prior to being p aced oge y novi ng
t he upper cangyielers) pa ry stale. @ﬁdr@éﬂ therresin capiddw fad rduntped) ipiethe| ayer

240 in t hgodiur eubh hredesd mf)WeFhfedied t 5@9#83% tr né?érqﬁggﬁ gt he
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O e SR ARldHE R AR HRLRRN 1B 2L HARERL2h soPpdioL o <
30pl ated mﬁ@eahéﬁpumdIllﬁg&ateaddtaﬁeiséwmledwar@n produce an el ectri cal
harness raft 200. Figure 7 shows a cross-section through the

el ectri catiglirarangesraaldxariple dr0sosesbdlin throwdh upper and lower material
layers 230, 240 and electrical conductors 210 prior to being placed together (by
moving the upper iayer 230 in the direction of arrow A and the lower layer 240 in the
direction of arrow B) and treated to produce the electrical harness raft 200. The
20 upper and lower layers 230, 240 in the example shown in Figure 4 (and Figure 6,
discussed below) may comprise at least one layer, for example multiple layers, of

fibre and/or fibre and resin compound.

Figure 5 shows a cross-section through the electrical harness raft 200 produced by
the Figure 4 arrangement, for example after stiffening treatment. The Figure 5 raft

25 200 has five individual electrical conductors 210, but the electrical harness raft 200
could have any number of electrical conductors 210 embedded therein, for example
fewer than 5, at least 5, at least 10, at least 50, at least 100.

Figure 6 shows an example of a cross-section through an alternative arrangement of
conductors between the upper and lower material layers 230, 240 prior to being
30 placed together, moulded, and stiffened to produce an electrical harness raft 200.

Figure 7 shows a cross-section through the electrical harness raft 200 produced by



the Figure 6 arrangenent, for exanple after stiffening treatnent. In
the Figure 6 and 7 arrangenent, the electrical conductors 210 take a
variety of different forns and/or are provided in a variety of

di fferent ways. The conductor 210 on the left hand side of Figures 6
and 7 is provided with a sheath, or coating, or 5 sleeve 212. The

sl eeve 212 may provide protection to the conductor 210 and/or

el ectrical insulation. The conductor 210 second fromthe left in
Figures 6 and 7 is unprotected. Thus;2@he conductor 210 second from
the left in Figures 6 and 7 nay be for exanple a conductive (for

exanpl e tgl, faor exanple W I e id directly into the rigid
conposi t%@?%ar%%fﬁt ‘%‘i 6’1" '&@ﬂébﬁﬂﬁemﬁ?aﬂﬁh n the exanpl e
shown in Fitgures 6 and 7 may be provided as part of (or in) a
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Figures 12, 13, and 14, flexible printed circuits may additionally or

al ter nat i BRIfgr HEMple: @ EadeEA élor exarrle Metal fer exasele cermerhdiraleiss raf t s

200 t oget Gitdctly HIE tHeaRfiE cShposRt WiReil 2bd exi bl e printed zo circuits 250
used to connect rafts 200 together and to be enbedded in the rafts

200 I bel
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rel ation i rlnted ircuits
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printed c2t& whmh ma{ ol Qlﬁhﬂfamndfe:onwcﬂme 28d¢ks, Iélcgutoea &Mmmmsﬁate 255.

perspecti i : L . I ed circ
D50, "and it Bimy BRGk 28D 184y el oB b, I W8 SpBlsbBid el R
vi ews 15 esgleditital dhgnesSai2M0rmeEpPeoraFiseray nuotoer Dfsmyaon‘el andsk ef (heor
exanpl e eliastd I ve tracks
252 | ai d/%lor ng??%rug%ne%%%%@&&ggg* ﬁ%‘%’??t %%Hsté%@%%ggggémbl e. The
FPC may gg%ﬁescrl i?ed as. a . thj g el ongat e nenber, and/or a sheet-1ike
menber . ISCUSSRE ! gfsﬁ'ﬁﬁast@é REWpEF SxRPIR AV Elafiopds Gloussrade and2y -
defined by, alekuemginhtearmlrcaats/may Bddifdrdllpof élte@ﬂ@i@é@ beQUsBBko EshneBemaRIr OF
surface. Int e | e sh bn F| ure to 11, the FPC 250 may
ext end al 'Bﬂrﬁ tréﬁagggrnpﬁs Eq%t\é% toget er. The ba5|c structure of flexible printed
20 circuits 250 used to connect rafts 200 together and to be embedded in the rafts 200
themselves may be substantially the same, as discussed below in relation to Figures
8to 11. Thus, the description of a flexible printed circuit (or flexible printed circuit
board) 250 below in relation to Figures 8 to 11 may apply to flexible printed circuits
used as flexible cables to connect rafts 200 together, or to flexible printed circuits laid
25  into the rafts 200.

Figure 8 shows a perspective view of a portion of a flexible printed circuit (FPC) 250,

and Figures 9, 10, and 11 show side, top, and cross-sectional views respectively.

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
30 thus be deformable. The FPC may be described as a thin, elongate member and/or

a sheet-like member. Such a thin, elongate member may have a major surface



direction, a wdth 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. Thus, 5the x-direction (and thus the
z-direction) may change along the length of the FPC 250 as the FPCis
defornmed. This is illustrated in Figure 9. The x-y surface(s) (ie the
surfaces forned by the x and y directions) may be said to be the
maj or surface(s) of the FPC 250. In the exanple shown in Figures 8 to
11, the FPC is deformable in the z dizeection, i.e. in a direction

per pendi cular to the major surface. FPCs may be 10additionally of
alternatlmgly defornable about any other direction, and/or may be
twisted aBFlEddp igngth apd goyidihgang & dnisknegs nesmay tathe msiersieacerhla the
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si gnal s) edN 8GRI PHBST fe(agiongface of Pes gy ke
arounto a @ﬂ&[&dﬂﬁbﬂﬁemt@]@ défdrrasslé abolitehl loeidr apEaRA eI Bordha@bdas
turbi ne en LD anLg/ or an ai rfaj,\%n& attached to a gas turbine engine.
The condu abqul ARy, 0B or R fXR 6[1?9'5‘9%'09% 11 may be equival ent
to the 25 conductive tracks 210 shown in the FPC 250 laid in the raft
200 of Fi Hhgftexiple aghstrateo?id mey be aslidleatitat Theeupstrath enatenald oetyibeeby r acks

252 ShOV\’f\«véy‘ofték%m'ﬁFé%rW Mgﬁh‘éH{c?es As 4M pLle5RY o SEB ﬁfgtr&jgs&'[a?ﬁbsf er

el ectrical ‘signals ectrical harn or exanple
by using quétrﬁp@azgraﬁlagulaafte@ﬁtl\tﬂlseb@mcb to connect two or nore rafts
200 together. 30 The size (for exanple the cross-sectional area)

and/ ot5 t hEnesttmpectvk ttaoks 25@)cnidh may be askeundba byene :d_eﬁfrat@ 238, g be

i | gr tted t t - duct
track eedoartnd A TihE Cohdi v B ROk s hydien el s ve
tracks 25®ppey coppemaiioy,th-platedicodper (oritin- maat&PEb;ﬁﬁﬁalloweslleetmh bﬁ SEOWn
in Figur n e. 252 ruynni ou t he
Subst rat £29be GrhebERet FBBR M) Ficke RiRan Somre (PrtRLbaled Hined ng
t hr ough allbysalthstglradibelmbtetials| cduliealenatively bans@d “Dme @:ﬁ’ﬂﬁtﬁﬂﬂé tkdeRa 6
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6T ob? exanit e Fended Rl Eebt A8 Hed Bong8 trlydie sforRarEi anda
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and/or an airframe attached to a gas turbine engine.

The conductive tracks 252 shown in Figures 8 to 11 may be equivalent to the

25  conductive tracks 210 shown in the FPC 250 laid in the raft 200 of Figure 7.
Additionally or alternatively, the conductive tracks 252 shown in the FPC of Figures 8
to 11 may be used to transfer electrical signals between electrical harness rafts 200,
for example by using the FPC 250 as a flexible cable to connect two or more rafts
200 together.

30  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



A single FPC 250 may conprise one |ayer of tracks, or nore than one

| ayer of 10tracks, for exanmple, 2, 3, 4, 5, 6, 7, 8, 9, 10 or nore
than 10 | ayers of tracks. An FPC may conprise significantly nore than
10 layers of tracks, for exanple at |east an order of magnitude nore
| ayers of tracks. In this regard, a |layer of tracks may be defined as
being a series of tracks that extend in the sane x-y surface. Thus,
the exanple shown in Figures 8 to 11 conprises 2 |layers of tracks,

wi th each | ayer 15conprising 3 tracks2252. Figure 12 is a schematic
showi ng a cross-section perpendicular to the direction X-X of a gas

t ur bi ne engi pe n ele cal harness rafts. gure 12 shows
four el ecf’%’c@'ﬁf tg%\‘e??g QF?st 6@9 sizgq the 'E@G@U?WWEPPtWﬁQFaB@
referred s anlloeatdyvek ve asif@hesbrAraabshar ness rafts 200) . Each

el ectrical harness raft 200A, 200B, zo 200C, 200D conprises
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arranged (for exanple actured ve a s at corresponds
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is, inthe Figure 12 exanple, connecte onen usi ng
flexibl e BRpPEINMAretRd iy aisingleFRER288 to as "flying | eads”) 261,
262, 263, 264, 265. The flexible cables 261, 262, 263, 264, 265 may
be ref errAdinge ERC @50 neytdooprisabhe tayer tietracks i hioee telal e |&&E of 262,

E,\Icht %?ga & a?‘%{ag?ra%‘%l ggoileeg %gqéé’g%@e%ﬁbqglg‘?eetr%QﬁFﬁ?"% H8t ween
two or noFeCahaotommist srgaumne:stly ma‘bttlsar?ﬂﬂ)l%yer%&ﬁ Bacl&O&Esxﬁ:ﬁBl@ ammzh/spr
xanpl o ofhaek Sl BE Ry BB RS, b MG rRER 20%0 ShtaRes may o6
conponent gefiokd as rbelngta&sbriss Dﬂtracjusehatwtdmdamtmrsamerﬁ y aumaceT e | texi bl e
exanpl e CRETE shelin Fdes §°51 BAmBER AverSH 18 a&w'ﬁpﬁéa”%aﬁ%ﬂ. se a
flexi bd e gomiprised fStnaGkStﬂStZ such as the flexible printed circuit 250
descri bed above in relation to Figures

Figure 12 is a schematic showing a cross-section perpendicular to the direction X-X
of a gas turbine engine comprising electrical harness rafts. Figure 12 shows four
electrical harness rafts 200A, 200B, 200C, 200D (which may be referred to
collectively as electrical harness rafts 200). Each electrical harness raft 200A, 200B,
20 200C, 200D comprises electrical conductors in a rigid material. For example, each
electrical harness raft 200A, 200B, 200C, 200D may be as described herein, for
example as described above in relation to Figures 3-7 in particular. Each electrical
harness raft 200A, 2008, 200C, 200D is arranged (for example manufactured) to
have a shape that corresponds to at least a part of the fan casing 24 of the engine
25 10 to which it is attached.

Each electrical harness raft 200A, 200B, 200C, 200D is, in the Figure 12 example,
connected to other components using flexible cables (which may be referred to as
“flying leads”) 261, 262, 263, 264, 265. The flexible cables 261, 262, 263, 264, 265
may be referred to as connection cables. The flexible cables 261, 262, 263, 264,
30 265 may provide electrical connection between the electrical harness rafts 200A,
200B, 200C, 200D, for example between two or more electrical harness rafts 200A,
200B, 200C, 200D and/or between electrical harness raft(s) and other components,



8 to 11. Additionally or alternatively, the flexible cables 261, 262,
263, 264, 265 may conprise one or nore conductive wres surrounded by
an insulating sleeve. In the sane engine installation, and indeed

bet ween two conponents (such as two el ectrical harness rafts), sone
flexi bl e cables 261, 262, 263, 264, 265 may be 10fl exi ble printed
circuits, and others may be insulated wires. The connection, for
exanpl e the electrical connection, between a flexible cable 261, 262,
263, 264, 265 and an electrical harne®s-raft 200 nay take any
suitable form For exanple, an electrical harness raft 200 may be
provided with an el ectrical conpector, or socket, which is connected
Do (for elChmofaPp&tEr FaEPEReiE of aed ENG,g)9me 10 BrathRsisaranig of a
connect or reMted sekcttireofudhhe anefmeatel ve flexible cable 261, 262, 263,
264, 265. A schematic exanple of such an arrangenent is shown in

Fi gure 12Thé‘ﬂé>@élék£t§1?s bg1,1039 ﬁéfg%'/g%gﬁﬂé}!‘ %5%9% sJi-g%l?ffbﬁﬁ(.i pLe_cabl e

263 has an el ectrical connector el ther end. These
el ect ri caPxafgiadbe dedble rolles P@1, 26N, 2841 29500aY euprrisdiatfiexiblepintecal
connecg or é’rc%ﬁ,oﬁc'n%sttﬁ'@ﬂ&ﬁlﬁébﬁht%@'cir IR sFﬁ"tgetdsa 00 re 3%5&)29@@%@9
connect ed toget her. I'n this way, electrical conductors of “the
el ect ri caf thit.nbdditionafly er gisnmtivelyothe iayiblecables @61 i 262, R§3.E6An26 mdy t o

the flexi BhRofsaRIng of Gidre MHUCHHSWIrE ﬁgFJngéC@ﬁ an iﬂ@ﬁlaﬁlllgeﬂgé\;eq ah the

connectors 2/0B nmay be provided to t arness rafts 2000,
200D i n affMeangias netataliniernd Mdpedhemsre twhegmprnentsesestbesited i n t he
rigid mat getiaba Phrrlcls ra, tsdmeGiUinILOPRs a1 Gﬂ%g e 288 hkytae 25

connection 270A/ 270B bet "een the one flexible cable 26§ and two rafts
2000, 1@00fexitde Brifgas cirqyiiieanskothers may e ipeulalggmérebat ed t hat such a
connection coul d exi st between any conbination of the flexible cables
261, 262, T6&Hnn26ihn, 26examdiedhe eleettitalicoahedlian NatBedred flexio @abls @60

ot her co ively. ar addit] I nd optiqnally on
the sams BRSEAS 204ersr PR PoHEHeRbP P rab e bk AR g R e fork

ar r angenentrekawipleods eteotrice! Hzenessed(t 200 cmyvegtroideal witkanpleetrical

ol cot i caroisEEShder 3758 KRR o REBHIP B o580 rhisd tRYEHY ) est
of t hes gas coresiponding nginestcl Or sockahgf tbeirdspbtiverfiaribercablere@ih2sFi2gor e 12
exanpl e, egtry . S f are connected to the. gas
t ur bi ne e%egl?r%gé'l Sﬁ'%ig'ﬁ%t'%m%ze 91#(’%0% %5%8%1%%" V7 niFtrlguﬁ? &%F 12).
The nount reladion tcthealfiexib kb6 3s Uihedlekiblef cabla 26@Hes axaaqptiea) codrectpunt s

400 in t thOE\' &H\rfﬁec}‘g‘t Sfﬁgf@rl.qe, 'H%e%?ecﬁmai 6o\ﬁingtr:t%$si /b4 are connected to

corresponding electrical connectors 270B in the electrical harness rafts 200C, 200D

20  being connected together. In this way, electrical conductors 210 of the electrical
harness rafts 200C, 200D may be electrically connected to the flexible cable 263,
and thus to each other. The electrical connectors 270B may be provided to the
electrical harness rafts 200C, 200D in any suitable manner, for example they may be
embedded in the rigid material of the rafts 200C, 200D. In Figure 12, only the

25 connection 270A/270B between the one flexibie cable 263 and two rafts 200C, 200D
is shown. However, it will be appreciated that such a connection could exist
between any combination of the flexible cables 261, 262, 263, 264, 265 and/or
electrical harness rafts 200 and/or other components. Alternatively or additionally,
and optionally on the same engine installation, other suitable connection

30 arrangements/methods could be used to connect (for example electrically connect)

such components fogether.



nounts, so as to reduce/substantially elimnate the vibration
transferred to the respective electrical harness raft 200. In the
Figure 12 exanple, each raft 200A, 200B, 200C, 2000 is provided with
at |east two respective nmounts 400A, 400B, 400C, 400D for nounting
each raft 200 to the rest of the gas turbine engine 10. 10 However,
any suitable nunber of nounts 400 nay be used as required, for
exanple 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or nore than 10 nounts 400 per
raft. One or nore electrical harness-2afts 200 nmay be provided to
(for exanple attached to/enbedded within) any part/region/ conponent
ne engi ne/ gas turbine engine jinstallation 10, for

f
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fl exi bl e cables 264, 2 for exanple ctrica
and/ or neendirs walallgtionciin i esamplesisingeneyto 0G0 the higsre 121@xamplc25 -

el ectri Cableﬁﬁ&é]%%e%@?éffs 2ol WL %Oéomél%q:ohﬁ%ﬁ@d &4 fa'h%%%né 9l of

aircraft, or other structure/velcle) whi ch t
connect edthe3e tyhingrengine 0t shs pudha B t® AR D rHORBY QQ 460Pimay be

harness r ﬁlfotn%eaggm%%%@%ﬂ cebifg 24 hnd MK o é&tﬁvé mﬂ?ﬁ?}dﬁh%b@é %200C

Addi ti ona or alternatively, "a corrponen e gas turbl ne
5engi ne/ g&%¥Q-ur bi ne engi ne installation 10 | s attached may be
provided with one or nore electrical harness rafts.

Purely by way of non-limitative example only, electrical harness rafts 200 may

20  additionally or alternatively be provided on/attached to/embedded within the engine
core casing 28, the engine core fairing 26, the bifurcation between the engine core
and the engine fan case (as discussed in relation to Figure 14), nose cone, structural
frames or elements within the engine (such as “A-frames”), the nacelle, the fan cowl
doors, and/or any connector or mount between the gas turbine engine 10 and a

25 connected structure (which may be at least a part of a structure in which the gas
turbine engine 10 is installed), such as the pylon 500 between the gas turbine engine
10 and an airframe (not shown). For the avoidance of doubt, the pylon 500, together
with other connections or mounts between the gas turbine engine 10 and a
connected structure (such as an airframe) may be a part of a gas turbine engine

30 installation.

In the Figure 12 example, two of the flexible cables 264, 265 are connected (for
example electrically and/or mechanically connected) to the pylon 500. Thus, the



Figure 13 is a schematic cross-section through a gas turbine engine
10 in a plane normal to the engine axis X-X. Figure 13 is simlar
view to the arrangenent of Figure 12. The description of
correspondi ng features described above in relation to Figure 12
applies equally to the Figure 13 exanple, and will not be repeated in
relation to Figure 13. In Figure 13, at |east one of the electrical
harness rafts 200 is used to nount other conponents/systens of the
gas turbine engine 10. In general, an$5conponent/system or a part

t hereof, of the gas turbine engine 10 could be mounted 15on/to (for

exanpl e ph /rrec njcal |l y nmount ed/ connec nd/ or el ect r| cally
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mount s/ br(ﬂmﬁ'ﬁéﬁbe used to communicate electronic signals (for example electronic control
25  signals) with the rest of the engine, for example through the electronic harness rafts.
The fluid pipes 300 may be used to transport any liquid, gas, or mixture thereof,

around the gas turbine engine installation 10.

The EEC 320 may be electrically connected to the electrical harness raft 200A on
which it is located in any suitable manner. For example an electrical connector 330A
30 provided to (for example embedded in) the EEC 320 may be connected to a
corresponding, or complimentary, electrical connector 330B provided to (for example
embedded in) the electrical harness raft 200A. The connector 330B provided to the



As mentioned herein, the fluid pipes/conduits 300 nay be used to
transport any fluid 15 around the engine as desired. Figure 13 shows
3 pi pes 300A, 300B, 300C extending in a substantially axial direction
relative to the engi ne 10. Any nunber of pipes could be nounted onto
a raft 200, for exanple 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or nore than 10
pi pes. Furthernore, pipes 300 could be nounted in any suitable
direction, as desired. For exanple, in Figure 2, pipes 300 are shown
as extending 20circunferentially arouPgl-the engi ne 10, whereas in
Figure 13, pipes 300 are shown extending axially along the engine 10
priate manner, for exanp
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more than 10 pipes. Furthermore, pipes 300 could be mounted in any suitable

direction, as desired. For example, in Figure 2, pipes 300 are shown as extending
20  circumferentially around the engine 10, whereas in Figure 13, pipes 300 are shown

extending axially along the engine 10. Each pipe 300 may be mounted in any

appropriate manner, for example using a bracket. A pipe 300 on one raft 200 may be

connected, for example fluidly connected, to a pipe 300 mounted on a different raft

200. Such a connection may be implemented using any suitable connector, such as
25  a fluid-tight connector which may have portion(s) adapted to connected with

complimentary portions on one, two, or more than two pipes 300.

As mentioned elsewhere herein, any suitable component/system or part thereof
could be mounted on an electrical harness raft 200. Components mounted on
electrical harness rafts 200 may be connected to each other, for example a

30 component mounted on one raft 200 may be connected (for example directly
electrically, mechanically and/or fluidly connected) to one or more components
mounted on another raft 200. By way of non-limitative example only, an electrical

harness raft 200 could be used to mount electrical cables, for example to carry



340 may conprise, for exanple have enbedded therein or be at |east
partially formed by, an electrical harness raft, such as any of the
el ectrical harness rafts 200 descri bed herein. Such an el ectrical
harness raft 200 may be connected to the fan casing rafts 200D, 200B
and the core casing rafts 200E, 200F using flexible cables 15266,
267, 268, 269. Connection between rafts 200A, 200B, 200C, 2000
nounted on the fan casing 24 to the rafts 200E, 200F nounted on the
core casing 28 may be provided at | eaT-in part by neans ot her than
an additional electrical harness raft, for exanple using wire

conductors I nNs t ee\ze . 20F| gure 13 also illustrates a
G rect - coRlEBlER sieniRel 88t SRt emusig ks Dngetor 24P hinered Bt s
200C, 200Barnékeraftsi2e0t connection may be between a connector or
socket 280A pr ovided with one raft 200C, and a conplinmentary
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i f requi rewhductors with insulating sleeves.

20  Figure 13 also illustrates a direct connection 280A, 280B between two electrical
harness rafts 200C, 200D. The direct connection may be between a connector or
socket 280A provided with one raft 200C, and a complimentary connector or socket
280B provided with another raft 200D. The connectors 280A, 280B may be provided
in any suitable manner, for example they may be embedded in the respective raft

25  200. Using direct connection between the rafts may avoid the need for flexible
connecting cables 261-269 where they are not required. Thus, for example, an
engine installation 10 may have some rafts 200A, 200B connected using a flexible
cable 261, and other rafts 200C, 200D directly connected together.

Figure 14 is a schematic cross-section through a gas turbine engine 10 in a plane
30 normal to the engine axis X-X. Figure 14 is a similar view to Figures 12 and 13. The

description of corresponding features described above in relation to Figures 12 and



As nentioned above, a flexible cable 327 is used to connect the ECU
325 to the electrical conductors in the splitter 340. However,

al ternative enbodi nents may 15have a direct (i.e
connector-to-connector) connection between the ECU 325 and the

el ectrical conductors in the splitter 340. Such a direct connection
may be simlar to the direct connection between the el ectrical
harness raft 200B and the splitter electrical harness raft 345 (see
Figure 16), in which a connector 335A2&nbedded in the electrical
harness raft 200B is di rectly connected to a connector 335B enbedded
20i n the zglltter el B}f:trlce H}ess raft 345. The ECU 325 may be
mount ed t &° ERBIgs&gpallytoth Figyee 14 pmmple. éW& wiknetbeapeated t”e[SiaBO’PrH’nner
For exanpFiyurd M.Figure 14, the ECU 325 is shown as being directly
connected to the fan casing 24 (for exanple via a nmount, such as an
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the electrical harness raft 200B is directly connected to a connector 335B embedded

20 in the splitter electrical harness raft 345.

The ECU 325 may be mounted to the rest of the gas turbine engine in any suitable
manner. For example, in Figure 14, the ECU 325 is shown as being directly
connected to the fan casing 24 (for example via a mount, such as an AV mount).
Other mounting methods could be used. For example, the ECU 325 could be

25  mechanically mounted on a raft, which may be similar to the electrical harness rafts
200 other than in that it may not necessarily comprise elecfrical conductors. Such a
mounting raft could be used to mechanically mount other systems/components (such
as any components/systems described herein that could be mounted on an electrical
harness raft including, by way of example only, fiuid pipes) of the gas turbine engine,

30 and may be provided anywhere on the gas turbine engine, as required.



15 aerodynam c i npact nmay be reduced, and thus engi ne efficiency may
be inmproved. In the Figure 15 and 16 exanple, the |eading edge of the
splitter 340 is the line 343 of the wedge shape, but other shapes
could alternatively be used. The splitter electrical harness raft 345
shown in Figures 15 and 16 has el ectrical conductors 345A enbedded
therein, which may take any suitable form such as 20electrical wres
and/or flexible printed circuits, as described hereinin relation to
t he enbedded el ectrical conductors 2129-1n general, features of the
el ectrical harness rafts 200 descri bed el sewhere herein nmay apply to

the splitter elec cal harness raft 345. The splitter el ectrical
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harness raft 345 may be nounted on anti-vibration (AV) nounts.
The splitter eleCtrical harness raft 345 shown in Figures 15 and 16 has electrical

conductors 345A embedded therein, which may take any suitable form, such as

20 electrical wires and/or flexible printed circuits, as described herein in relation to the
embedded electrical conductors 210. In general, features of the electrical harness
rafts 200 described elsewhere herein may apply to the splitter electrical harness raft
345. The splitter electrical harness raft 345 may be connected (for example
electrically connected) to any other components, for example as explained above in

25 relation to Figure 14. For example, connectors may be provided at radially inner
and/or radially outer ends of the splitter electrical harness raft. Such connectors may
be connected to other components directly or via flexible cables, as explained
herein. In the Figure 15 example, a flexible printed circuit 346B and a conventional
flexible wire 346A are shown extending from a radial end of the spilitter electrical

30 harness raft 345. Further cables 347, 348 are also shown extending from the splitter
electrical harness raft 345, for connection to other components. Such cables may be
connected to the splitter electrical harness raft 345 using a complimentary connector

connected to a connector 349, which may be embedded in the raft 345.



Optionally, and as shown in the Figure 16 exanple, the space 360
between the splitter electrical harness raft 345 and the splitter 340
may be filled, for exanple using a foam such as: pol yethyl ene foam
or pol yurethane foam reticulated foam 15open cell foam Pl astazote
ID (from Zotefoans(r) ), high density closed cell polyethylene foam
visco elastic nmenory foam flane retardant foam Such foam may
provide protection to the splitter electrical harness raft 345, for
exanple fromvibration, and/or fire pawtection. Optionally, the
splitter 340 that contains an electrical harness raft may act as (or
20may be) _a firewal |l . For exanp a fireproof coating and/or
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Optionally, the splitter 340 that contains an electrical harness raft may act as (or

20 may be) a firewall. For example, a fireproof coating and/or material may be provided
around at least a part of the boundary of the splitter 340, for example at the inner
and/or outer radial end surfaces. Referring to Figure 15, the outer radial surface 361
may be fireproofed in this way. Accordingly, the splitter 340 may form at least a part
of a fireproof boundary between an engine core fire zone and a fan case fire zone.

25  The engine core fire zone may be between the engine core casing 28 and the engine
core fairing 26. The fan case fire zone may be between the fan casing 24 and the
nacelle. It may be necessary and/or desirable to isolate the fan case fire zone from
the engine core fire zone s0 as to prevent fire crossing therebetween.
Conventionally, a firewall may extend across a conventional bifurcation and splitter

30 assembly. Using the splitter 340 according to the invention as at least a part of a fire
boundary may reduce the size (and thus weight) of the required additional firewall

through the bifurcation and/or substantially eliminate the need for a separate firewall.



may include, for exanple, an airfrane and/ or conponents thereof. Such
connections with an airfranme, which are enconpassed by the term'gas
turbine engine installation' as used herein include, but are not
limted to, pylons and nountings and their respective connections.
The gas turbine engine itself nmay be 15any type of gas turbine

engi ne, including, but not limted to, a turbofan (bypass) gas
tur bi ne engi ne, turbojet, turboprop, ramet, scran et or open rotor
gas turbine engine, and for any appl+8ation, for exanple aircraft,

i ndustrial, and marine application. It will be appreciated that nmany

alternati confi gurations ar.ran ments of electrical harness
rafts 200\{'5% 'Efﬁégﬁﬁ”lﬂ %éﬂ%%‘@@ 88@1?,5 Irisg! haraess it 345 1mdhedain
20raft's 2@fy ot diedf theredm ;ﬁch@ﬁ&ls@@féﬂ‘fsl thgtvdid esulyBYss kdughial ddinertidfal
scope of t For ex alternative arrangenents of

q i nventi o

el ectricafP ﬁtﬁF n'ég‘ge‘feé'frhys“%a €i a”é?(séniﬁ’feé'qer?’ldé’l’ tonaYRENERHERS i on,

| aé;)ut aﬂdﬂmnor&ilﬁaﬁ)Eahﬁm?t?ﬂ@Uﬂ{eqﬁo F&Ie?égﬂltt@ﬂﬁkls@mbw rgaydbma &Ecas%’%&

an or t esultin scope O e
et F onhah Etmbre Bai e foCdnpiRt Bmoytd. 1Bl [eHass S aF SRt orm ¢ he

di scl osur aurp-rgmwd&ﬂahm ein. 25 Alternative arrangenents of
connections between the rafts 200 and between the rafts 200 ot her

component WH@é/reffé}leﬁcé’thrﬁHdé ﬁelﬂ&n #°8B8s Rfrbﬁ@@n? ﬁé’ﬁﬁfa’” brefiBy be

readily apparent to the skilled pefson from osure provided
herei n. FaPRIAdRigE that tfaﬁserméa@nmélua@maﬁMama@ag@e aof gptieellierei n may

be conbi ngghiphetd) c@rﬂﬁor@gﬂ?@fo mmbldag%rﬁﬁaw@ﬁe%%z%é aﬁﬂeb@d kgbation

to the same or anot 30 enbod gas turbine
engi né% | n¥eEastyithANJEH RpY FRMRgtiens/Btedaces Wit suspsinding &pmn@@ms twdhich

transfer glbg¢ididedtor ékaﬂﬂ@bsa@é:ﬁwﬁ% értb%@daaip'aﬁeme%&ééfatsm t he

el ectrical Systemconprising: 5San electrical harness raft (200/345)
conpr i si nEPHEFINSIEthaeRiiamea Which Rae eRenmpasad PE IS AP e g8 dikiaei n a

rigid natgidimd ink@#fion” 4h8seR I'%ﬁ;élﬁ'tr%deh%t'ﬁéﬁof]ﬁlfedftgrﬂﬂd?ﬁ AAdf i rst

englne installation conponent a second engl ne i nstall"ati on conponent
( 200/ 325) MEBMNGE SNFl dhed] reerastiva ForeRtRNs: Jhs:gagAurbinganginedisell max be

flexibie sablge 628k tudR) erfghit) fhRfhgPBLMMRE Imidifioth @bbah Rbypass) gas

turbine engine, turbojet, turboprop, ramjet, scramjet or open rotor gas turbine engine,

and for any application, for example aircraft, industrial, and marine application.

It will be appreciated that many alternative configurations and/or arrangements of
electrical harness rafts 200 and gas turbine engines comprising electrical harness

20  rafts 200 other than those described herein may fall within the scope of the invention.
For exampie, alternative arrangements of electrical harness rafts 200 (for example in
terms of construction, layout and/or shape of conductors 210 and/or rigid material
220 and/or the resulting raft 200) may fall within the scope of the invention and may
be readily apparent to the skilled person from the disclosure provided herein.

25  Alternative arrangements of connections between the rafts 200 and between the
rafts 200 other components may fall within the scope of the invention and may 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

30 embodiment.



harness raft and the second engine installation conponent so as to
electrically connect electrical conductors of the electrical harness
raft wth electrical conductors of the second engine installation
conmponent . 2. A gas turbine engine installation according to
claiml1, wherein the rigid 15material is a rigid conposite materi al

3. A gas turbine engine installation according to claim1 or claim2,
wherein the second engi ne conponent is a second el ectrical harness
raft (200A-2000) conprising el ectricab2conductors enbedded in a rigid
mat eri al . 4. A gas turbine engine installation according to
claim1l ongbﬁ%n12, wherein the 20second engi ne conponent is an

el ectroni rol unit (325). 5. A gas turbine engine installation

according t one .of the precedi ng clains, erein: the gas

Furbi ne angiind prtBine et BRIt ByR 2ol Sisiam eudyoadpired
bet ween an engianefee eketriaaidigialeagimetht angiva shotglatien dn Slebeicglsysibmi cal
har ness raft (3#}5&. forns at |least a part of a radially extendi ng
splitter (340)co it""dxt ends across the bypass flow duct. - 33 - 6. A

gas turbine engine installation according to any one of the preceding
cl ai ms® wher eid® igctiicahBamgseraff(200{34B|cerprisiva Multipirielectoea condypiarses

an el ect i cal Iy GOmMLhieaqul Ifa rid nbiélfP (3205 HhBERGANEdS LAl | ati on

according to any one of the preceding clal s, erein at |east sone
of the el ectrif@&NnEaftsepgine ingtallatipnosampegenth a fl exi bl e printed
circuit (250) as electrically conductive tracks (252) in a flexible
substrat e (25%)sec8nd Angjos instailbiionecoanmpnart (ROYB25 ) catripeising @tsatritang t o
any one of th%oﬁ(g c?c?rgjeﬂ% clainms, wherein the or each flexible cable
conprises at l'east one of: a flexible printed

10 at least one flexible cable (261, 326) connected between the electrical
harness raft and the second engine installation component so as to
electrically connect electrical conductors of the electrical harness raft with

electrical conductors of the second engine installation component.

2. A gas turbine engine installation according to claim 1, wherein the rigid

15 material is a rigid composite material.

3. A gas turbine engine installation according to claim 1 or claim 2, wherein the
second engine component is a second electrical harness raft (200A-200D)

comprising electrical conductors embedded in a rigid material.

4. A gas turbine engine installation according to claim 1 or claim 2, wherein the

20 second engine component is an electronic control unit (325).

5. A gas turbine engine installation according to any one of the preceding claims,

wherein:

the gas turbine engine installation comprises a bypass flow duct (22) formed

between an engine core and an engine fan casing; and

25 the electrical harness raft (345) forms at least a part of a radially extending
splitter {340) that extends across the bypass flow duct.



10circuit (250) having electrically conductive tracks (252) in a
substrate (255); and an electrically insulated conductive wire. 9. A
gas turbine engine installation according to any one of the preceding
clainms, wherein the electrical harness raft has enbedded therein at

| east one el ectrical connector (270B), the or each electrical
connector being in electrical 15contact with at | east one of the

el ectrical conductors enbedded in the rigid material and having
termnals for connection with a conptB®entary connector. 10. A gas
turbi ne engine installation according to claim9, wherein the

flexi ble cabl e conprises a conplinmentary_ connector (270A) that is
Commeat od & o tAGSRBIPES BORaT RG AUFET F9Eklina BARG B! BRINRANG JFiTRe

el ectrical harwiessinraafdast @Eldf.the glastritalldahMe:ters GbMBrisdtSdrpdIb@titmy
according to any one of the preceding clains, further conprising at

| east one quiﬁ%ﬂPgBeﬁﬁﬁb) mounted on an el ectrical harness raft
and/or at |east one electronic control unit (320) nounted on an

el ectrical Harh@astuwhkipg engineinstaligiioncaricerditsre reol oneiof theptréandind ojaitmei ng

el ectrically qmmaﬁta@gtagg%moﬂhe BRERicS! c%ﬂaﬁétse{?rﬁgmw%%épéﬂu&he

el ectrical harness ra on which it Is nmounte I'ng conplrnmentary
el ectrical corfiigtacorisuit 250Aas sBoBralpranideireitiackh@58) ina fieale cont r ol
unit and the cQpiesResslng el ectrical harness raft. 12.A gas turbine
engi ne installation according to any one of the preceding clains,
furthe

i Si - i-vib [ 400) th h
whi ch at - S0P at ERTre Ba A Ayt Py B8F PLok strckg e e
of the gas turfieneinitmsordachtierible cab:ce%ﬁnpriﬂsas & lgast ohur)bimmxb;mbﬁm%?
I ece .cl ai
LoeLebhat on AGEBt UenOnd el ey nd 5 PLESE 188 - BBl e
raft i s nount ehd ahkeldetiady insulatatdecomdgetive wirest al | ati on according to
claim 13 conprising at |east two

9. A gas turbine engine installation according to any one of the preceding claims,
wherein the electrical harness raft has embedded therein at least one
electrical connector (270B), the or each electrical connector being in electrical

15 contact with at least one of the electrical conductors embedded in the rigid

material and having terminals for connection with a complimentary connector.

10. A gas turbine engine installation according to claim 9, wherein the flexible
cable comprises a complimentary connector (270A) that is connected to the

corresponding electrical connector embedded in the electrical harness raft.

20 11. A gas turbine engine installation according to any one of the preceding claims,
further comprising at least one fluid pipe (300) mounted on an electrical
harness raft and/or at least one electronic control unit (320) mounted on an
electrical harness raft, the electronic control unit optionally being electrically
connected to one or more electrical conductors in the electrical harness raft

25 on which it is mounted using complimentary electrical connectors (330A,
330B) provided in the electronic control unit and the corresponding electrical

harness raft.

12. A gas turbine engine installation according to any one of the preceding claims,
further comprising at least one anti-vibration mount (400) through which at
30 least one electrical harness raft is attached to the rest of the gas turbine

installation.



5el ectrical harness rafts, wherein at |least two of the electrical
harness rafts are shaped to correspond to a portion of an outer
surface of the fan casing to which they are nounted, such that the
fan casing is at least partially surrounded by electrical harness
rafts. 15. A method of assenbling a gas turbine engine installation
conprising: 10installing an electrical harness raft (200/345) having
multiple electrical conductors (210/345A) arranged to transfer

el ectrical signals around the engi ne-&hbedded in a rigid materi al
(220); and connecting a flexible cable (261/326) between the

el ectrical rness, raft and another engine installajion conponent
(200, 355) dbprsihireeititts FRGIAEh cHdumodr & Soe Bkhe rarapeari y
connect el ect rfuttedr compelsiag afsn edsiid@spbe ehich e leabisrrassctical hametd

el ectrical condhlct ors of the other engine installation conponent.
raft Is mounted.

14. A gas turbine engine installation according to claim 13 comprising at least two
5 electrical harness rafts, wherein at least two of the electrical harness rafts are
shaped to correspond to a portion of an outer surface of the fan casing to
which they are mounted, such that the fan casing is at least partially

surrounded by electrical harness rafts.
15. A method of assembling a gas turbine engine installation comprising:

10 installing an electrical harness raft (200/345) having multipie electrical
conductors (210/345A} arranged to fransfer electrical signals around the
engine embedded in a rigid material (220); and

connecting a flexible cable (261/326) between the electrical harness raft and
another engine installation component (200, 325) comprising electrical

15 conductors, so as to electrically connect electrical conductors of the electrical
harness raft with electrical conductors of the other engine installation

component.



