- 1 - Method of Servicing a Gas Turbine Engine This invention rel ates
to assenbly and mai ntenance of gas turbine engines. In particular,
aspects of the invention relate to the use of pre-prepared rigid raft
assenblies in the assenbly and/or servicing of a gas turbine engine.
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and/ or systens that need to be attached thereto in order for the gas
turbine engine to function in the intended manner. Such systens
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Such fluid and/or electrical systems/components are conventionally mounted directly
20 to the engine, often using separate mounts 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 individually

mounting.

With regard to the electrical system, a typical gas turbine engine has a substantial

25 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, but controlled by electrical signals.

30 Electrical power, and signals to and from the individual electrical components, are

commonly transmitted along conductors. Conventionally, such conductors may be in



5circuitry is achieved through a multi-pin connector. The harnesses
102, 104 are assenbled fromindividual wires and cabl es which are
hel d toget her over at |east part of their |engths by suitable

sl eeving and/or braiding. Individual wires and cables, for exanple
those indicated at 110, emerge fromthe sleeving or braiding to

term nate at plug or socket connector conponents 112 for cooperation
with conpl enentary socket or plug connector conponents 114 on, or
connected to, the respective electricea- conponents. Each conventi onal
har ness 102, 104 therefore conprises a multitude of insulated wres
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assenbl y @fithQédard to the fluid systems, these may conventionally comprise fluid pipes 116
provided to the engine, for example in spaces between the electrical harnesses. The
20 fluid pipes 116 may have separate mounts/attachments to the gas turbine engine.
The fluid pipes 116, for example in combination with other engine dressings, such as
the electrical systems occupy significant space within a gas turbine engine (for
example within the nacelle of a gas turbine engine), and thus may compromise the
design of the enginefaircraft, for example the size and/or weight and/or shape of the

25 nacelle.

Thus, the complex arrangement of conventional engine dressings may be difficult
and time consuming to assemble and/or attach/remove from the rest of the engine,

difficulf to manipulate, heavy, and/or bulky.

Furthermore, because conventional engine dressings (including, for example the
30 elecirical and fluid systems) comprise a large number of components, including

various individuai wires and/or bundles of wires, pipes, supporting components (such



Still further, the conventional dressings, such as the fluid pipes
and/or the electrical conductors in the conventional harnesses, may
be susceptible to nmechanical 10 danage. For exanple, nechanica
damage may occur during installation (due to exposed conmponents
and/ or conplicated assenbly procedures) and/or during service (for
exanple due to vibration). In order to reduce the |ikelihood of
damage to the conductors in a conventional harness, protection such
as sl eeves/braiding my need to be rei3nforced/ provi ded, adding stil
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least two components or systems of the gas turbine engine. The method comprises
installing a second, pre-prepared, rigid raft assembly onto the gas turbine engine in

place of the first raft assembly.

Removing the first rigid raft assembly may comprise detaching a fixing (or mount or

25  bracket) through which the first rigid raft is attached (or mounted) to the rest of the
gas turbine engine. Installing the second, pre-prepared, rigid raft assembly may
comprise attaching (or mounting) it to the rest of the gas turbine engine using a fixing
(or mount or bracket).

Replacing a first rigid raft assembly with a pre-prepared second rigid raft assembly
30  may significantly reduce the out-of-service time of the gas turbine engine being
serviced. The second rigid raft assembly may be prepared and optionally tested, for

example whilst the first rigid raft assembly is still operational on the gas turbine



10be renoved. It may be difficult and/or time consum ng, or not even
possible, to only renbve the required part of a conventional
conponent/system from a gas turbine engi ne. However, it may be
relatively straightforward to only renove the relevant rigid raft
assenbly, for exanple by sinply disconnecting it fromthe engine and
any other rigid raft assenblies/conponents to which it is connected.
Decreasing 15 mai ntenance tinmes has the advantage of, for exanple,
reduci ng out-of service tines (for exanple off-wing times for engines
that are used on aircraft). Use of rigid raft assenblies may
significantly reduce the buil d/assenbly/disassenbly tinme of an
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Thus, assembling/disassembling a gas turbine engine installation using rigid raft
25 assemblies may reduce out-of-service time of the engine and/or reduce the

possibility of errors occurring during servicing.

The first and second rigid raft assemblies may comprise any feature described
herein. The first and second rigid raft assemblies may be substantially the same as
each other. For example, they may be provided with the same {or similar)

30  connectors/sockets and/or have the same (or similar) components/systems mounted
thereon (i.e. they may be provided with the same or similar dressings). The second

rigid raft assembly may be a serviced (which may mean inspected and/or repaired



may take any form For exanple, the electrical signals may include,
by way of non-!imtative exanple, electrical power and/or electrical
control /comuni cati on signals and/or any other type of transm ssion
t hrough an el ectrical conductor. Transm ssion of signals around the
engi ne may mean transm ssion of signals between (to and/or 20 from
any nunber of conponents/systens in the engine and/ or
conponent s/ system of a structure (such as an airfranme) 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
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to gas turbine engine installation or a related (for example electrically and/or

25 mechanically connected) structure/component/system.

The electrical conductors embedded in the rigid material may be used to transfer
electrical signals around a gas turbine engine. Embedding electrical conductors in a
rigid material (to create an electrical harness raft) has a great number of advantages

over transferring electrical signals using a conventional harness.

30 The electrical harness raft may provide greater protection to the electrical conductors

than a conventional harness. For example, the rigid and/or hard material (which may



t he desired shape. As such, each electrical harness raft my be
shaped, for exanple, to turn through a tighter corner (or smaller
bend radius) than a conventional harness. The el ectrical harness
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flexible printed circu é"f‘@*@ow de el ectrical and/or nechani cal

prot ect i orfTREBE Y"lt%ﬁCPBV%F MHiffber of electrical conductors. Any

given electrical harness raft may be provided with one or nore
el ect ri calheglpetical mpegge cafisiaayhe a panicelarinighteigktrsiution dor t@mdvemngone

or noge f%@ﬁh@i@ Hélg%&s%d%ﬁgavﬁeé Vﬁgggg@g %lf‘%)%@tm?al H%ﬁe%??%t gLven

electric arnesra cuits
| ai d t herlighier, fot exgmple ﬁianéﬂp@?t@dlgategdhamaponwmmr@l hareesaretqumect@nbl y

conpri sestaggp.ﬁ[déj Ch&rbéd #al ﬁggpgilgri?q)sr r provi ded
as enbeddé e ec@?? ca V\/léres or as con(ﬁect ?@/%é%tv}l%@qs [ nt?ea flexible
printed crardevlarlyadvactagerusnfor ksamplgi Whernisedi qil gasrtunpirigesngines on

aircraft. Reduced weight means that the electrical harness rafts are easier to handle

20 during assembly/servicing, and has performance advantages, for example in terms

of engine fuel consumption.

Electrical harness rafts may be more easily packaged and/or more compact, for
example than conventional harnesses. Indeed, the electrical harness rafts can be
made into a very wide range of shapes as desired. This may be achieved, for

25  example, by manufacturing the electrical harness rafts using a mould conforming to
the desired shape. As such, each electrical harness raft may be shaped, for
example, to turn through a tighter corner {(or smaller bend radius) than a
conventional harness. The electrical harness rafts may thus provide a particularly
compact solution for transferring electrical signals around a gas turbine engine. The

30 electrical harness rafts may be readily shaped to conform to neighbouring
components/regions of a gas turbine engine, for example components/regions to

which the particular electrical harness raft is attached.



described as being fixed in position by the rigid material, for
exanple relative to the rest of the electrical harness raft. It wll
al so be appreciated that any enbedded el ectrical 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. - 8 - conprise including an electrical system Using an
el ectrical harness raft assenbly may reduce/elimnate the use of
conventional electrical harnesses. Thizs may reduce assenbly tine
and/ or reduce the possibility of errors occurring during assenbly.
For exanple, rather than having to install/assenble a great nunber of
wires andAbleast et iy ¢lemineal corbicinss emheddnd bty electiiead hamess rafhmay t

may only B@aﬂ%@%ﬁ&éﬁ;&’cén@u@ﬂv’e%& arrreedraerabw@iexmawéoneuan@w@fmay be
el ectrical harness raft assenblies, which thensélves may b

pr e- pr epaf@EPUNgRe Py An stacHicgiht mwlwlwehmueh i@wﬂvalaﬁresgwmeelald
and/ or comn%tv eme,gaéh ihihk ASRBPhdRSsS Bf &R éé%h%re%&ﬂ;é L&& tohar ness

rafts may or not co rise at |least a part of anot her corrponent or
syst en? of tr@ﬂﬁé@f@&@ Qf (RAE FEeckisd| signals brvghithe et anderewddhe ergiged raf t

assenbl i esrdvﬁayngb@sueé@s@qﬁe Id@ddial @frés a5 BRvlde@ira ARafEaSPafkbrT 1 g d
raft assenblies may conprise a rigid nounting surface on which at

| east a p@lPEINEA PERICFHIORSTOIHIRB- of the conponents or systems of the gas
turbine engine is nounted, or attached. Thus, regardl ess of whether
or not théat Ieiagisdmeadfﬁhade@ﬁtﬂlicesdtmtnrpmasé)eeiredded ioa flexibtedprotied s (so
as to be I i.cal ave at

| east a gﬁztﬁo? ﬁ&é a?Peas{]%d’@ee?)fr%hés%fe&r%gls&%{'&%ﬁmt hﬁ;ﬁﬁ'ei &r% (@%éfgg to be a
dr essed reigctdcallafcmdmtleertmym ln"ﬁﬁleslbletétémtratgl dhe déxiblegsietedl diresit may be
(or have ies, dressed
rigid raf %@ﬁéﬁﬁ@@e@h} bﬁhgg&%&@%d |R%%ﬁg¢ﬁc&ﬂhﬁs&%ﬁﬁﬁgﬁ% surface of a
dressed r , enp the rigid material in
wht oht heP @i F%sf&ﬁﬁﬂ'&%{ds@éﬁaﬁ ke tasrapiad heed Tk har o
20 enbeddgge offihe résufiing eﬂ@ftﬁcaaﬁéraa@ ftafSo BYeddeed fubthe EX@THH fubstah AR
corrp05|te raft g enbl , havy}geéa fibre and resin construction. A

f

dressed ri"gig'“¢ Oraes’%El FpEiecticy Cq"é’élgt?rsd“ﬂép? 3t N> or
nmor e g NPl pr.ra@aibmuutsryslbeérp;oxfnﬁxfy meaéml ovadifg blcampactaswaclurary or
control ent s/ sy ched The rigi.d nountin

SOt hot AT R YRS e ShbA A H A SRS ek el TRy PO

which to élmtﬂ&albhwovﬁrebmmcﬁp&ﬂmhmm@ﬁwa&rgéf hémBergeneiical syst ens
may be nounte |n any suitable manner, such as using bespoke and/or

standar d $A9U#8Es. The second rigid raft assenbly may be dressed by
the tinme that the first rigid raft assenbly is renoved fromthe
engi ne. DhRsgVeryelepEcal dRNGS? rajt mep be pervidedarithomesn/mare lsiegbicahwirgsas

tur bi eélﬁbéH%ie erBf (RhRAM ﬁééﬁe'axﬁee bbb fo Ao r8ff|e£|E|QLb‘ﬁhfé@ t he

asse ytlrreo a asturbl engi ne and/ or Ing the conplexity
of the asY®Hilt wbaﬂ%gdh@ﬁtns AgrRichra giysh éi?ﬁtrleéllrf@é@sﬁg%f} mey hape wires

provi deT 3 Rt Srirted Lirddsth R ferdie

It will be appreciated that, where the raft assembly comprises embedded electrical
conductors (whether they are provided as embedded electrical wires or as

25  conductive tracks in a flexible printed 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 any 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 Thus, the first and second rigid raft assemblies may be electrical harness rafts, with

the at least one component or system (or part thereof) that the rigid raft assemblies



- 9 - assenbly process. This may nean that those systens/conponents
do not thensel ves need to be attached/connected to the engine during
assenbly (or at least their connection to the engine is greatly
sinplified), thereby reducing engine assenbly tinme. This may be
particul arly advant ageous for exanple due to reduced 5 overal
assenbl y/ di sassenbly tine and/or due to reducing the tinme (and/or the
proportion of tine) that the engine is required to be in the

rel atively expensive assenbly/di sassemgbly facility. In enbodinents in
which the rigid raft assenblies are dressed rigid raft assenbli es,

the rigid nounting surface of each of the first and second rigid raft
assenbl i e§°fﬁ’ﬁr)',5910<a%‘@9 an elegirgalgivplent. o¥sing am stestricaimpragsgiraflt assemidy t he
engi ne at Fr@wﬂ@&ctamﬁqﬁ{a@e thehBe olr eortleRiidil BRYriPS rAFHRBEE ITHiO nad rEducanY
fluid as deSired, including gas (such as cooling air, sealin a|r
and/ or rudegeEbly fme faaﬁ!f%s@&#m thernoesipiiyaheimoes aspyriBa)ingasseily. oFor

(such as Exthple WatHeF thaﬁlhlawﬁg% métamé@gé}#ﬂ)ré% Jréét'rﬂl}nbeg)f\ﬁl%éra?ﬁjformr e
t han one set of fluid pipes, for exaglglt f or carrél ng different or
98,

t he safre Mfiﬁlﬂd&omwemr e thereagingringt ismae ORly GE MepaTsere fHapN &

One or mfeﬂ’atfvbh}'s%dﬂ'rﬂﬁ‘fbel‘@b’e]&ﬁnéﬂ%lﬂﬁn@éis%%@&mﬁf& Wh@h%én@éehves may
assenbly. The pipe may be at |east a part of a fluid transfer system

Thus, theP$ P%ereaweds%w&f&trﬁlgaﬁwaq fo %@@Tﬁpaﬂt@ FESHE ABYPpeREEE!. at
| east a pRigid @ft a3séhblicd fesdaaubind dlectAek! hbﬁ@sgraﬂasna%raﬁéﬁﬁd’i%bm\bﬁsé 0

an electri cal system). I n such an arrangenent, the step of renoving
the firstalPgitd F}aatqu aRQBhEANPGREYt SRySiept pidhe aﬁ%wfm@sm@ t he
respective pipe fromanother part of the fluid transfer system The
step of i hise tist ambsached poid-rpit eprenddics ewy e drésped rigif raft assemtidies. may
conpri se V. i : id
Cranst or Soof Bertddidd B ES0REhes BaPLaioiedts if FlouBfid sloct dFvHidH |
f or exanpéideasiagiehier apiepet aneuni thedcampaneotsiue systemis df thefgas dgbietsngine

This may fe,q f@uCUF gt’tac?l'éﬁa | ﬁgé’g;#@%gs Wans Hbtcthe?‘gtdr}gﬁi aggermblles

assenbl i ng and/ or di sassenb
turbine eeqprise efestricakednsluetoriso@stabe euglqsmcabhanmeasheftfa‘ammbly)r ﬁmsf er

system arg, VP.?FE Stfle pdaQt' & B oﬁéﬁmgétgﬁl rfwgl.ﬁ'ﬁeoetiﬁ@@% Fsod#rtb B a

preparation’ o Ior to engine a y reqwre
conpl i mndraswcalqitétﬂﬂtrmembkyh was,rt{as powldat gsgeanhlies ofaytbledor haviedeatures

transfer §f%f Efe@ﬁbél%ah?es ngge%ll%ggﬁéﬁ% nﬁ]ﬂrra@to?ﬁgtﬂd)%?@ AhBE thE O

30provi de e entire f UId transfer s as turbine engi ne,
or renoverigig moyatined swiace of a dressed rigid raft assembly may be formed by the rigid

material in which the electrical conductors of an electrical harness assembly are
20 embedded. The rigid raft assemblies may be, for example, rigid composite raft

assemblies, having a fibre and resin construction.

A dressed rigid raft assembly may comprise at least a part of one or more
components and/or systems, for example ancillary, auxiliary or control
components/systems, attached thereto. The rigid mounting surface may provide a
25  stable, regular and convenient platform on which to mount the various
systems/components. The components/systems may be mounted in any suitable

manner, such as using bespoke and/or standard brackets.

The second rigid raft assembly may be dressed by the time that the first rigid raft
assembly is removed from the engine. Dressing the raft prior to installation on/with

30 the gas turbine engine may be a particularly efficient way of reducing the assembly
time of a gas turbine engine and/or reducing the complexity of the assembly.

Components and/or systems (dressings) can be provided to/on the raft prior to the



- 10 - The first and second rigid raft assenblies nmay each have an
ECU attached to its respective nounting surface. Such an ECU nmay be,
for exanple, an EEC (El ectronic Engine Controller) and/or an Engi ne
Health Monitoring Unit (EMJ). An ECU nmay, for exanple, be provided as
a part of another conmponent. The rigid raft assenbly may provide a
conveni ent surface on which to nmechanically mount such an ECU.

Enbodi nents having an electrical harness raft assenbly may be
provided with (for exanple have enbedded therein) an electrical
connector/ socket that can be connected to a correspondi ng (or

conpl i mentary) connector on an ECU which may be physically nounted on
the raft.?@ ly Rigegssa iy Mgy frepafhat fose sy emseempPerite o got

conveni enthenfzeBafited RV Atta@hédedrBBEea b tHd Q@iﬁe@uriﬂ?%@éérﬁ!ﬂy gt or
connectin to the enqlne,_and/or for electrically connecting the

ECUs el )
EQU to onlasiinsipeannseion o tas ehging s greatl simeliis)s herebyreavaioa sngiog
har ness 1 aéddenfhs@hi®)! Yhi® PayhieCiartiduldigyadbentagatiis sk exAdhld dunairédudet
alternativel ano ?cig con%gre_nt or system or part thereof, of a gas
15t ur bt neo\éerﬁé, ??éeﬁé’i}’ RASSPHOY e MY dusito mAUCcigdhs fing (andiey 8 cond
rigid raf propsgienf 1ras) thiihe eXGA® istreq@rad tBdktin e ralakivély eaitmsRe nore of

the follow n - be vided with the rigid raft assenbly: a fire
det ect or %??&?f@ﬂn%ﬁ%eﬁ@@ef@f't'%n el enent:; a thernocouple for neasuring

air tenperature (for exanple within a particul ar engi ne zone);

vi br at i onlnespbadiments inpwivele 8 rigif wuispemblies(dre drassedmigid raft assgmilies,
processin PiLAg: -8l | : a
U1 brat; on S G D Ap oo s, kR o o SR id RGeS AP aifa

equi pagnt hdvgra fidsipeifergramisterinadflvid anoynd therengingrailached thewte Tlag flidd |
debris nogi j i ORNK o ' .10 the
raft, and?g% ﬂfiéygbf% gérfga?ﬁggﬁgog%agg n QIgfgga for “’%‘?’d‘g‘gé"g?%gfﬁgag%gﬁﬂ{;i ty
measur enedl. SEAHNY e aRdohmeacie aAlr {Resxsyxle fampaepnatssustensaherdayidand/ or
signal 25 i UbiPERE : I j i on
the raft s@bler?\giﬁflgggvla?rrée}h?g In FVUXP@‘{?“%@H?.%E%’Q’E%% %M éésiggh%ﬁé Sggérig&]?ges
an el ect rpiees feraxaepts foasarmyingsdfgret orttivesqroe fldidemaxbemerntedlonti?g ness

ar L BTy Bt BB SO HRIRIHIER! DS BRI AR e 2t

| east one el i cal conniector (or socke hat is in el
cont act wiaftiesaemblgadhe pive rody behet leass paeartiof @ fwiddeansfer gystewndiies.dhe 30

enbedded i 4esdebi ﬁgim@ééﬁhbﬁg@mg%cgsaegaﬁé B Ea00 Parl Ga A8 ORGEH ON

with a conplinentary Ctonnector. Provid el ectrical harness raft
assenbl y i eddition @@san alteenative oAn geeieal sSy€p@btri cal connectors (for
exanpl e by enbedding themin the raft, for exanple to secure themin
pl ace r el latsucke ab arrbhgemeritt the stey g ravoviey theiast rigtlubfimkyembly may

20 comprise disconnecting the respective pipe from ancther part of the fluid transfer
system. The step of installing the pre-prepared second rigid raft assembly may
comprise connecting the respective pipe the other part of the fluid transfer system,
Such other part of the fluid transfer system may be, for example, ancther pipe
mounted on another rigid raft assembly. This may be a secure, straightforward, and

25  quick method for assembling and/or disassembling a fluid transfer system on a gas
turbine engine. For exampie, once various parts of the fluid transfer system are
mounted on rigid raft assemblies (for example during preparation of a raft prior to
engine assembly), it may only require complimentary attachments on corresponding
parts of the fluid transfer system to be connected together (or detached) in order to

30  provide the entire fluid transfer system to the gas turbine engine, or remove it

therefrom.



qui ck, efficient and reliable neans to connect (for exanple

el ectrically connect) conponents to the electrical harness rafts
and/or to connect electrical harness rafts together (either directly
or indirectly). 5 According to an aspect of the invention, there is
provided a nethod of servicing a fleet of gas turbine engines. The
met hod conprises the steps descri bed above and el sewhere herein of
renmoving a first rigid raft assenbly froma gas turbine engi ne and
installing a second, pre-prepared, righd raft assenbly onto the gas
turbi ne engine, the gas turbine engine being a first gas turbine

engi ne. The nethod 10conprises servicing the first rigid raft
assenbl y fhafrshaad seeond rigidgol @asserepfics mayraach haygan EGltinshedhigiiife. The
net hod copgepk&Re nhdliag bifehel BRicE @R \HAfhal/ibeSor Ekahsle! & EE@ssenbl y
onto a sec¢ond %as t ur brne enal ne, The first rigid raft assenbly

(whi ch, atflPFTONRE e Corfollelangios an £raiae dleaith Manitering Uil yAn
and/ or a doessey f6i dathpledbk prsseidlsya paredr 4MtHER 8mbbnaior age before

bei ng 15put onto the second gas turbine engine. For exanple it may be
held ip s - hej |

urbi e ony A0t sl el pRidst SuaREM &hfloe SR I msBhaliBlly .
Ser vi ci ngmenet suchan BGlYyi Bmbadimeatssmvinigyanmigetiical bamess radirssembly naayd/ or
(i gidr af b BevidelRh'(cF e e B Aol o Al 2, “Lsseml v

this my Forleaiossecketihet eap ke caertedito 8 eotiespooding éotetisithentary)he r af t

itsel f angdecP¥ndh 'gﬂ@a @%A@r@?ﬁaﬁ ﬁ&ﬁg%ﬁ;ﬂé@ﬁk%ué}%ﬂéeé

corrponent syst em provi de CCOr e serviclng of

t he f i@ st rigif gaftlassemblyasay pisivide cagenyenipntr ¢anpasd andtligbiweight solufenfong an
i npact on : _af - i ' ' ' i ne,
oo’ LR SRR £yl St Bl A7 BLUER Ry BB,
test ed betherRCY ipseng orimereiof tharglecticat cerstyisiors e elesticatbamres & The

bui | d/ assEéE*éHbg}é ﬁicﬁﬁ%%ﬁ:@ﬂgb%&”al ly or alternatively reduced by
[ ual an

pre-testing indivi or conbinations of rigid raft assenblies
D RO B T P RS b AP o as
15  turbine engine may be provided with (or by) the first and second rigid raft
assemblies. For example, any part or all of one or more of the following may be
provided with the rigid raft assembly: a fire detector and/or fire detection element; a
thermocouple for measuring air temperature (for example within a particular engine
zone); vibration monitoring processing equipment (for example a signal processing
20 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 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 sensors and/or signal

25  processing equipment, for example for fluid pipes mounted on the rafts.

In embodiments in which the rigid raft assembly comprises an electrical harness raft
assembly, the (or each) electrical harness raft assembly may have embedded
therein (or may be provided with) at least one electrical connector (or socket) that is
in electrical contact with at least one of the respective electrical conductors

30 embedded in the rigid material and may have terminals for connection with a
complimentary connector. Providing an electrical harness raft assembly with integral

electrical sockets/electrical connectors (for example by embedding them in the raft,



- 12 - be proven before installation, thereby reducing/elimnating
the testing required during engine installation. The nethod of
servicing a gas turbine engine or a fleet of gas turbine engines nmay
conprise renoving the gas turbine engine on which the first rigid
raft assenbly is 5installed froman airfrane. This step may be
perfornmed before (or indeed after) the step of renoving the first
rigid raft assenbly fromthe gas turbine engi ne. The nethod nmay
conprise refitting that gas turbine engine to an airframe after (or

i ndeed before) the step of installing the second, pre-prepared, rigid
raft assepbly thereon. The ajrframe to which the gas turbine engine
i s i nst al foeg*raRe R seqEe theminplacedplative 9ithe Eafld Aavirsovidea particeladyre
from whi chuith, effRfent 8RPMBELIc WRing &5 cdrHebi q&_eﬁaﬁlb%ﬁe!&ﬁ%éﬂy Bénde2oved
fromany assenbly or application in which it is installed, for

exanpl e  aCHBRENERMSEIPEHCR hRtness (Rl and/ox Ipermeckylastiie hamesgrafts
vehicl e (@ggmeaﬁmaemg@kgﬁbﬁﬁmﬂﬂﬂypr an aircraft, including for
exanpl e an aeroplane and a helicopter). In any of the nethods

descri bed L0 ' A ol : L4Vt

15el ectpr i égﬁﬁggkdeéhsg\érljae% Po@ﬁ%g&%ﬁﬁ@b% N?gé gip@{'&ee e@t% Wgﬁfls%rg?n{hgsas raft
assenbl y #eey obgasciurhirecerginaso Tawonéibod edreprises dizd stephrgesvehed alfovelamdgas
turbi ne engi ' i pl.e: ' 1 ake
any  or m S Sinrerd Refih B blrBiD o EleFran BaCerhbip Rl £oaPbi T BigNG
conduct i vand ingteking arseaonsliipsa-preparedariald ;aft aasemblycinté thel dag tunbingl at ed
conductiv 1 %ﬁg’ | ] i b hit.ed
circuits %a%we_{’)gﬁ'eu edtu toé eécﬁ?gglﬁrgflbg%nuﬁ@g? gb%é'e?—@%ﬁeli@gl har ness
r af t s19 ogeantsises Ferviciadhe st rigidwaft agsermdy that lkas heegirdmpega frem deanfirsly
fromthe ar i { | I - G : xi bl e
cabl e froﬁﬁ?ﬁ%bér S eglng*cepﬁ?ﬂgg%! cﬁgpﬁ%ésszﬁ?tgailp '?gcﬂg%gﬁ}(i)dt glrrétg gf:ﬂtaﬁi cal
conponent aseaMblyeont aseenshgasdurbingngéte. el ectrical harness raft
assenbly or an ECU. Thus, there may be a plurality of electrical

har ness rTid firaistghartafi esehbir(which Xaggin, enayte, fdrsRamplel e cletoigsl,rafti ve,
si x, seven, eight, nin ten. o re t te ravided to.th as
Cur bi ne. eptsPieY Rasiitacpsns ot relReesmpRbmey Bt npl A piofiae et afie
assenid i egutbagpethbeecarsl gag thibe driginec dok exapletymdiebeahglain storagar | y
conveni ent fand shr at%eght forward technique for providing an el ectrical
connect i ofr BEtNEER TETY ge%lﬁe% gas turbine engine. The environnent of

The fleet of gas turbine engines may be provided on, for example, a fleet of aircraft.

Servicing the first rigid raft assembly may involve inspection and/or removal and/or

repair and/or refitting and/or refurbishing of the rigid raft assembly. Depending on
20 the type of rigid raft assembly, this may include servicing electrical conductors

embedded in the raft itself and/or any dressings, such as any connector/socket

and/or component/system provided on the raft.

Accordingly, the servicing of the first rigid raft assembly can be performed without
having an impact on the out-of-service time of the first gas turbine engine, from

25  which it was removed.

The first rigid raft assembly may be tested before installing it onto the second gas

turbine engine.

The build/assembly times may be additionally or alternatively reduced by pre-testing
individual and/or combinations of rigid raft assemblies prior to engine assembly.

30 This may allow electrical and/or mechanical operation of the rigid raft assemblies to



30a gas turbine engine during operation nmay be particularly severe,
with, for example, high levels of vibration and/or differential
expansi on between conponents as the tenperature changes through
operation and as the conponents nove relative to - 13 - each other.
Provi di ng separate (for exanple nore than one) electrical harness
rafts and connecting at | east sone (for exanple at |east tw) of them
together using at |east one flexible cable may all ow the el ectrical
harness rafts to acconmodate vibratiof2and/or relative novenent of

t he conponent(s)/assenblies to which they 5are attached during use.

For exanp Ije, f|6XIP| e cabl e % used to el ectrically connect
el ect ri caP® REIVRRStrinsQlitige theEsby refuGing/RlinipRiRe thi tesfirg fequired during

har ness r afdind mstngidner el ectrical conponent) may have sufficient
| ength to accommmodat e such vibration and/or novenent during use.

The et hog JRRATRLLRRIAIDN Al ﬁgpﬁ@aﬁa A8 of Ll e gnq]‘ﬁ SRRy

fromthe gas urbine engrne an l'aci ng eac renove
assenbl y o@mprisg remevieg prngasiyrbins engireepawbigh the figbtaigichfaft eﬁssr@hlylwy

Accor di ”g\ngféllé’@fr@tﬁ%%rf@%et hgyid él&ﬁ%?% pe%ﬁﬁ%j betol(BVihdes gﬁérgﬁqﬁod

of assenbling a gas turbine engine conprising preparing a
rigid raf stepos@msmngrtoe fi rsmggldlrafi ﬁgsemblst tiem dfessgasLip dineeenging. nkhe t he

rigid raf beAReeR) domsteeroRhidy habgdslr Q{Bﬂ{elté'arﬁ rfidne! AP

Lor%q‘%@ﬁt
of at |east one conmponent or system of gas turbine engi
met hod mabefesnde %@p gtipstaltino th@esegp@bmr%arerpﬁgaddn@!amft assgmﬁm frefaona

storage fagd Litfame W\ﬁﬂcﬁﬁ%&%ﬁu%%@n@ﬁme‘?@%&ﬁeéﬁﬂ bk 8Re iReakNg. the

prepared rigid raft assenb e Insta he rest of the gas
turbi A& edifjereat ﬁOn@ﬁa'allrframeo'wm wh@h freasaeagved. ding geafturbias segiseroridype

thus for n?e%ovle@%f;n éhy%"sémﬁify otr*aspl?daabmﬁ. m lsNstalRd, %P%xﬁ{aae%r ed

rigid raft assenb any suitab orm such
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descri beda @)/ Brctar) ficRidhg fzhés%mm@sn%b Ankahl am&;pgézt may be an

el ectrical harness raft assenbl y having e ect rical ors
SrPeced heh & 4 SrBiEie e PEoBl BRI BOPAE P LRaP e
el ect 13 caélestiicpl hhseas mafnassemblye thgi fingt. elsbtiitiat harnedd rpftassahble meythevel y,
compr | o nirneb el EERRta Rl RuberRER Sk o b e 5o S Sh & ooty
| east onecabie.t Tree fxipiocabie sagtaleystydomn,clch hea dasibieytibtetecirenighadng s
mount ed. ég&ncally conductive tracks in a substrate, and/or an electrically insulated
conductive wire. Any combination of wires and flexible printed circuits may be used
20  to electrically connect two electrical harness rafts together. The step of removing
the first rigid raft assembly from the gas turbine engine may comprise disconnecting
the flexible cable from the first electrical harness raft. The other electrical
component may be, for example, another electrical harness raft assembly or an
ECU. Thus, there may be a plurality of electrical harness raft assemblies (for
25 example one, two, three, four, five, six, seven, eight, nine, ten or more than ten)

provided to the gas turbine engine.

Connecting (at least) two electrical harness raft assemblies together using flexible
cabie(s) may be a particularly convenient and straightforward technique for providing
an electrical connection between rafts on a gas turbine engine. The environment of
30  a gas turbine engine during operation may be particularly severe, with, for example,
high levels of vibration and/or differential expansion between components as the

temperature changes through operation and as the components move relative to



30dressings, and optionally their connection to the rigid raft
assenbly and/or to other conponents, may include any dressings

descri bed herein. - 14 - Preparing a rigid raft assenbly for
installation may include preparing it for installation to the gas
turbi ne engine, for exanple by providing fixtures and/ or connectors
and/ or mounts and/or dressings and/or any other conponent to the
rigid raft assenbly, such as, by way of exanple only, those described
herein. 5The step of installing the pt®pared rigid raft assenbly may
conpri se connecting the rigid raft assenbly, including the conmponents
and/ or systens incorporated the rigid raft assenbly, to the gas
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with the GEENER]CBMRANRGTAR havg sufiigiery Igoth iodcgpminrgats syFR yRratANT i gi d
raft asseﬁhzllyrraﬁmrﬁ@tﬂgnﬁg)u@]y met hod descri bed herein nay conprise
attaching (which may include nounting/connecting/fixing) the prepared
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| east one anti-vibration nount east on _
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be attachgd. 40,488 r@ﬂprahlérspérﬂﬁ engi ne using at |east one

anti-vi bration mount an anti-vibration nount to attach the
rigid raf to t as turbine engi ne, na .
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Such conponents may include, for

20 The prepared rigid raft assembly may take any suitable form, such as those
described above in relation to the methods of servicing and/or as described

elsewhere herein.

Thus, the rigid raft assembly may be an electrical harness raft assembly having
electrical conductors embedded in a rigid material, the electrical conductors being at
25 least a part of an electrical system arranged to transfer electrical signals around the

engine.

Additionally or alternatively, the rigid raft assembly may be a dressed rigid raft
assembly comprising a rigid mounting surface on which at least a part of at least one
of the components or systems of the gas turbine engine is mounted. Such

30 dressings, and optionaily their connection to the rigid raft assembly and/cr to other

components, may include any dressings described herein.



- 15 - exanple, Electronic Engine Controllers (EECs) and Engi ne
Health Monitoring Units (EMJs). Thus, the total nunber of
anti-vibration nounts that are required to assenble an engi ne may be
reduced. This may reduce the nunber of parts required and the tine
taken to assenbl e an engine or engine installation and/or reduce the
5total assenbl ed wei ght and/or reduce the likelihood of errors
occurring during assenbly. Furthernore, conponents that are
conventionally nounted to an engi ne wi4 hout anti-vibration nmounts
(for exanple because of the weight and/or cost penalty), but which
are now npunted to a rigid raft assenbly, may benefit fromvibration
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across thé’snﬂg/@aglﬁagqﬁ;&mngﬁorarchttﬁﬁmvnéngu ne. The 25 rigid raft
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ar e att achlediricélorarressamgft assembliepony refuirefelctiricalii@hestivhitaothedf a fan
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Fi gur s, offasabciathd Wil Feggastubishewsnea gas turbine engine with a
conventional harness; - 16 -

The step of installing a prepared rigid raft assembly according to any method
described herein may comprise attaching (which may include
mounting/connecting/fixing) the prepared rigid raft assembly to the rest of the gas

turbine engine using at least one anti-vibration mount.

20  Atleast one of the rigid raft assemblies (for example some or all of the rigid raft
assemblies) may be attached to the gas turbine engine using at least one anti-
vibration mount. Using an anti-vibration mount to attach the rigid raft assembly to
the gas turbine engine may reduce (or substantially eliminate) the amount (for
example the amplitude and/or the number/range of freguencies) of vibration being

25  passed to the rigid raft assembly from the gas turbine engine, for example during
use. This may help to prolong the life of the rigid raft assembly. Any components
that may be part of the rigid raft assembly (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 rigid raft assembly. This may mean

30 that any components that would 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



Figure 2 shows a cross-section through a gas turbine engine having a
rigid raft assenbly in accordance with the present invention; Figure
3 shows a schematic of an electrical harness raft assenbly prior to
assenbl y; Figure 4 shows a schematic of a cross-section through
an electrical harness raft 5assenbly prior to assenbly; Figure 5
shows a schematic of a cross-section through the electrical harness
raft assenbly of Figure 4 after assenbly; Figure 6 shows a schematic
of a cross-section through an electritml harness raft assenbly prior
to assenbly; Figure 7 shows a schematic of a cross-section through
the electrical harness raft assenbly of Figure 6 after assenbhyﬁ

nits
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Figure 9 ghgus). arnskdfie YdtaWMutioet Beartil@rabbremBUh B afd Fetiirdd @f Figure
8; Figure 10 shows a top view of the flexible printed circuit of
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a gas turblngaggﬁﬂne accord 1 Ng to i ment of the |nvent|on

Fi gur e® 139t 7 WRiEnt ardienipreredhe dselifppeoistmoss prorEesdirise
assenbl i ngssafRthfyor servicing a gas turbine engine including a rigid
raft assenbly; and 20Fi gure 14 is a flow chart showi ng an exanple of
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it Rt e

a Iom#pressure tur I he a core engl ne ex aust nozzle
engi ne al ¥y helidg, ﬂgypmpla.ugmltczbowuaedagmgag\sde high voitage power to

engine ignitors}, and pressure sensors/switches, for example for fluid systems such

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

15 The method of assembling a gas turbine engine may comprise preparing at least
two rigid raft assembilies, installing at least two prepared rigid raft assemblies on the
rest of the gas turbine engine, and electrically connecting the at least two prepared
rigid raft assemblies {ogether using at least one flexible cable. The flexible cable
may take any suitable form, as described elsewhere herein, for example a flexible

20 printed circuit. The flexible cable may be used to connect an electrical harness raft

assembly to another electrical component.

The rigid raft assemblies may be removed from/attached to any part of the gas
turbine engine, for 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
25  rigid raft assemblies may be shaped to correspond to the component to which they
are attached, for example to a portion of an outer surface of a fan casing to which

they are mounted.

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

accompanying Figures, in which:

30  Figure 1 shows a gas turbine engine with a conventional harness;



- 17 - exhaust nozzle 23. The gas turbine engine 10 works in a
conventional manner so that air entering the intake 11 is accel erated
by the fan 12 to produce two air flows: a first air flow Ainto the

i nternedi ate pressure conpressor 13 and a second air flow B which
passes 5 through the bypass duct 22 to provide propul sive thrust. The
i nternedi ate pressure conpressor 13 conpresses the air flow A
directed into it before delivering that air to the high pressure
conpressor 14 where further conpressiq-takes place. The conpressed
air exhausted fromthe high-pressure conpressor 14 is directed into

t he conbustion_equi prent 15 where it is mxed with fuel and the

m xt ure 109D ERIETR CrrRESeetion) thraHeh Aes iwkipa engioa heviedadigid rafien
expand t hagidatbly ﬂ%cérﬁﬁﬁ@%itﬁfh'fgﬁe%?inbéﬂf&n; i nter medi at e and

| ow pressure turbines 16, 17, bef ore bei ng exhausted through the

le 19 I i 1. I | Sl th t. The high
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in Fi gsir eagsefibyy fiiordd adRadlly;a part of a gas turbine engine or gas
turbi ne engine installation assenbl ed and/ or serviced according to

t he presepi, i : <A i i east
one 11 g1 o PulerY Sl cn By afa bitsDieBGi b0y e GRIRGLEATES! piCar
el ect ri capssggbheafdiguie ¢ after asssetbl,y 290. The el ectrical harness raft

assenbly 290 (which may be an exanple of what is referred to herein

as ref errEidutetd stwal screnttic af & cAss-eattion thelgRah e@cticeBidrmassabl v)
conpri ses anirﬁectr' cal h%r ness raft 200 for

transni t t FRGMEVHIEY 89 55800 ectrical signals (or electricity,
including electrical power and/or electrical control signals) around
t he el nBonRd] Hhowss! sehematinef  Apsereedipnitironglbthecsiedtina bareassrafts

such as cgggg%%ﬁ:ig)jreg%ﬁ@}ég*ﬁmgr The function and/or construction
of the electrical harness raft 200, and the el ectrical/mechani cal

connecti different el ectric. har ness rafts 200, and

bet ween gﬁé%@%%@l%haaﬂr)eﬁ%%esc Yo'ty 66'1951'%% p(glpf]e C"(?H'rtrponent s/ syst ens,
may be as_described above and el sewhere herein. In Figure 2, the

el ect ri caTIWEhQWsagide vy of Hiniaxiiasprinted eeauit obRigues &ctri cal 30
conductor 210 enbedded in a rigid conposite material 220. In the

Fi gure 2 EatediOredntvs atthe vielwedtthd Bexibldprinted sirquitfdf FR@E: 8;s provi ded with
a further gas turbine systemin the formof fluid pipes or conduits
300 (whi cfigureyt1 shoivs @Xoe¥-chidl Yiew of the flexible printed circuit of Figure 8;

Figure 12 shows a cross-section through a gas turbine engine according to an
embodiment of the invention;

Figure 13 is a flow chart showing an example of a process for assembling and/or

servicing a gas turbine engine including a rigid raft assembly; and

20  Figure 14 is a flow chart showing an example of a process for assembling and/or

servicing a gas turbine engine including a rigid raft assembly.

With reference to Figure 2, a ducted fan gas turbine engine generally indicated at 10
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
25 13, a high-pressure compressor 14, combustion equipment 15, a high-pressure
turbine 16, and intermediate pressure turbine 17, a low-pressure turbine 18 and a

core engine exhaust nozzle 19. The engine also has a bypass duct 22 and a bypass



- 18 - liquid, such as fuel, and/or gas, such as cooling and/or
sealing air for cooling/sealing conponents of the gas turbine engine
10). Thus, in Figure 2, the electrical harness raft assenbly 290

i ncorporates part of an electrical system 210 and part of a fluid
system 300. The fluid pipes 300 are attached to the raft 200 using
nount i ng 5brackets 310. Alternatively or additionally, in sone
enbodi nents the electrical harness raft assenblies 290 nay conprise
(for exanple by having nounted on or-1D-the el ectrical harness raft
200) other systens and/or conponents relating to the gas turbine
engi ne 10, such as ECUs and/or EECs. Sone rafts 200 may not have any
addltlonaF}FUﬁHEEQ%%§EﬂuﬂcN systens nounted 10 thereon. Such

el ectrical harness rafts 200 that do not have any additi onal
conponent $hagay brbisy enging 1Bverksdal atchsyentinnatunarsier $4 thatair enteringthet 0 as
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oo S8 fan et (e R BhERR Rtutln dfiicad RS Brpariniolh, and
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Figure 2 J.S._connec e nmount ed. as_tur e
engine. 10af RRSIeB e b o R TR oA S P SRR 00T 25
connect edhlgm iatefrasdiata and ovizgresburehterbir@s 16Ut Hi18aespegtivgy divelttie Rght he
nount 400 en,the raft 200 and t in 10. The
1ot aeccat DESBRREHERLe SanpEiter 1S, Bfnh Pt T RoRBRiecasi ng. 24,

bet weeh tihterdanectagishgt®4 and the outer surface (or nacelle) of the
assenbl ed engine 10. The raft assenbly 290 (or other raft assenblies

290) nay,T Vi@ Foin fgaﬁ‘{@%% lh(i':lgllré‘@rm%éﬁ I@Jstb%rt%% g%@ tlrHinBi ne

engi ne 10. e nount be any suit mount
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conponents of the gas turbine engine bei ng
assembly 290 The rigid raft assembly 290 may be an electrical harness raft

20 assembly 290. The electrical harness raft assembly 290 (which may be an example
of what is referred to herein as referred to herein as a raft assembly, or a rigid raft
assembly) comprises an 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,

25 such as components of an airframe. The function and/or construction of the
electrical harness raft 200, and the electrical/mechanical connections between
different electrical harness rafts 200, and between electrical harness rafts 200 and

other components/systems, may be as described above and elsewhere herein.

In Figure 2, the electrical harness raft 200 comprises at least one electrical

30 conductor 210 embedded in a rigid 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



- 19 - passed to the rigid raft assenbly 290, and thus to any
conponent s/ systens 300 nounted thereon/connected to the raft 200 as
well as to the raft 200 itself. The electrical harness rafts 200
(which, it is enphasised, may on their own be an exanple of arigid
raft assenbly 200/290 in accordance with the invention) conprise

S5el ectrical conductors 210 provided in a rigid material. Any rigid
material nmay be suitable, such as a rigid conposite material 220. Any
sui tabl e met hod may be used to construgt the electrical harness rafts
200. Figure 3 shows conponents of an exanple of an electrical harness

raft 200 prior to one nmethod of construction, The electrical
conduct or 49uid,Gugh as fiiehAndion 9peskel AS £eR!iNg andipe realing airdereracling/serling 240

that, aft ecsmp&reﬁtsquﬁé §4% tumrﬁérbﬁcji@e 100 i TGhusBhH ﬁguaé 2 2tHQe|eEh@anaatrﬁé§sal
fibre and resin conmpound. Such a fibre and resin
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such as woven and/or chopped. Any suitable resin may be used, such as
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Whilst the description herein focuses on rigid raft assemblies 200/290 that have
electrical conductors embedded therein (and thus may be referred to as electrical
harness raft assemblies), other rigid raft assemblies 200/290 that are in accordance
with the invention may not have electrical conductors 210 embedded therein. Such
20 rigid raft assemblies 200/290 that do not have electrical conductors 210 embedded
therein may be dressed rigid raft assemblies that incorporate (for example have

mounted thereon) other components/systems of a gas turbine engine.

The raft assembly 290 in Figure 2 is connected to (for example mounted on) the gas
turbine engine 10 using a mount 400. In Figure 2, the raft assembly 290 is

25 connected to a fan casing 24 of the gas turbine engine 10 using the mount 400
between the raft 200 and the gas turbine engine 10. The raft assembly 290 may
thus be radially outward of the fan casing 24, between the fan casing 24 and the
outer surface (or nacelle) of the assembled engine 10. The raft assembly 290 (or
other raft assemblies 290) may, however, be connected to other parts of the gas

30 turbine engine 10. The mount 400 may be any suitable mount. By way of example,
the mount 400 may be an anti-vibration (or AV) mount configured to reduce or

substantially eliminate vibration from components of the gas turbine engine 10 being



The el ectrical conductors 210 (which may, as described in nore detai
bel ow, be of 30any form such as conductive w res, insulated
conductive wires, and/or printed flexible circuits such as those
described herein in relation to Figures 8 to 11) may be -20 - placed
in any desired arrangenent between the first and second | ayers 230,
240. Prior to any treatnent, both the first and second | ayers 230,
240 and the electrical conductors 210 may be flexible, for exanple
supple, pliable or nalleable. As suchjgwhen the |ayers 230, 240 and
the electrical conductors 210 are placed together, they 5may be

nmoul ded, or forned, intg any desired shape. For exanple, the |ayers

230, 240 Bapefie therigiq ﬁﬁ@éﬁe%'m&’&&%théw W%@Oﬁ?%&/éustﬁfﬁﬁéoa moul d
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rigid raf {trands may extend in any one or more directions as required.

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},

20 PEEK (polyetheretherketone), PTFE (polytetraflouroethylene), PAEK
{polyaryletherketone), polyurethane, and/or polyamides (such as nylon).

Any suitable material may be used for the rigid material 220. For example, the rigid
material 220 need not be a fibre/resin, or a composite, material. For example, the
electrical conductors may be embedded in any one or more of the following

25  materials: epoxy, BMI (bismaleimide), PEEK (polyetheretherketone), PTFE
{(polytetraflouroethylene), PAEK {polyaryletherketone), polyurethane, and/or
polyamides (such as nylon). Thus, fibres may or may not be included in such

materials that may form the rigid material 220.

The electrical conductors 210 (which may, as described in more detail below, be of
30 any form, such as conductive wires, insulated conductive wires, and/or printed

flexible circuits such as those described herein in relation to Figures 8 to 11) may be



simlar construction nethods may be used, but w thout the step of
sandwi ching the wires. Alternatively, any other suitable construction
nmet hod may be used. After the treatnent, the rigid electrical harness
raft 200 is set in the desired shape. Suitable electrical connectors
and/ or sockets may be fitted to the raft 200. Such 30 connectors may
be fitted prior to stiffening treatnment of the material |ayers 230,
240 and the electrical conductors 210, or after such treatnent. The
connectors may be in electrical conneggion with the conductors 210
and may have pins or connectors for -21 - connection (electrical

and/ or mechanical) to ofther conponents of the gas turbine engine 10,
as di scusBégeq v iy siepiesd freangemeni Relwaen hefEstand sepenglipyera 23BA9- an
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, at | east t | east . At | east : igure 6 shows an
oxanpl e ofateneealBlic adht afenssinanea e Ry o e e orsanecor
conduct or gimeetiseen t he upper and | ower material |ayers 230, 240 prior
to being placed together, noulded, and stiffened to produce an
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the electrical harness ra roduced by the Figure 6 arrangenent,
for exanphid e ekactricel sandHetars 210eBierasaembly@ivhich iInayriegn resuakin ghaped
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Figures 6 and
20  Any suitable method could be used to produce the rigid raft 200. For example, the
strands/fibres need not be pre-impregnated with the resin. Instead, the
fibres/strands could be put into position (for example relative to the electrical
conductors) in a dry state, and then the resin could be fed (or pumped) into the

mould. Such a process may be referred to as a resin transfer method.

25  In embodiments that do not have electrical conductors embedded in the rigid raft,
similar construction methods may be used, but without the step of sandwiching the

wires. Alternatively, any other suitable construction method may be used.

After the treatment, the rigid electrical harness raft 200 is set in the desired shape.
Suitable electrical connectors and/or sockets may be fitted to the raft 200. Such

30 connectors may be fitted prior to stiffening treatment of the material layers 230, 240
and the electrical conductors 210, or after such treatment. The connectors may be

in electrical connection with the conductors 210 and may have pins or connectors for



be, for exanple, a conductive (for exanple netal, for exanple copper)
wire laid directly into the rigid conposite material 220. The ot her
conductors 210 in the exanple shown in Figures 6 and 7 nay be

provi ded as part of (or in) a flexible printed circuit (FPC) 250,
which may be referred to as a 30 flexible printed circuit board (or
FPCB) 250. The FPC 250 conprises conductors 210, which may be in the
formof conductive tracks, laid into a flexible substrate 255. - 22
- The FPC 250 itself may be flexible-24t will be appreciated that the
el ectrical harness raft 200 may conprise any nunber of any one or
nore of the sleeved 212 or unsl eeved conductors 210 or flexible
printed cPPRECHY BRsiicabaniycnegenioph ietBar emrasenis| of Bt ep, tumbste
exanpl e i Bngifé &b, A Hisdus5e DiMlRestes ddtdiedsddiroREleiH. €d circuits may
additionally or alternatively be used to connect two or nore
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the FPC 250 as the FPC i f or med his is i1llustrated in Fi ure 9.
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t he exarrple shown in Figures 8 t is deforma int

di r ect i onthejFigure pgrrangerpgitt fobﬁx%@'%éﬁ@" %‘ﬁ?%ﬂf‘g treaimest.ngj or surface
FPCs may be additionally of alternatively deformbl e about any ot her
di r ec29¢ onln taenfigore Grayd Berrangaterd, thb electrzalcandectors 20rtekeod varety &f vy,

or z dir e&ﬁér@ﬂlsforms and/or are provided in a variety of different ways. The conductor 210
on the left hand side of Figures 6 and 7 is provided with a sheath, or coating, or
sleeve 212. The sleeve 212 may provide protection to the conductor 210 and/or
electrical insulation. The conductor 210 second from the left in Figures 6 and 7 is

25 unprotected. Thus, the conductor 210 second from the left in Figures 6 and 7 may
be, for example, a conductive (for example metal, for example copper) wire laid

directly into the rigid composite material 220.

The other conductors 210 in the example shown in Figures 6 and 7 may be provided

as part of (or in) a flexible printed circuit (FPC) 250, which may be referred to as a
30 flexible printed circuit board (or FPCB) 250. The FPC 250 comprises conductors

210, which may be in the form of conductive tracks, laid into a flexible substrate 255.



30 The flexible substrate 255 may be a dielectric. The substrate
material may be, by way of exanple only, polyam de. As will be
readily apparent, other suitable substrate material could
alternatively be used. - 23 - 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 exanple only, copper, copper
alloy, tin-plated copper (or tin-plated copper alloy), silver-plated
copper (or silver-plated copper alloy22-nickel-plated copper (or
nickel-plated copper 5al | oy) al though other materials could

alter nat| é g sed. The conductive tracks 252 may be used to
conduct/t p 25@I't§€'ﬂ‘ May Re flexigleal willibg @rpeaciaietinating islestricabisressend
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gas turbine engine. 10 The conductl ve tracks 252 shown in Figures 8
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t hrough the subsFra te . However e nunber of conductive tracks
252 runn|W@e‘ﬂWﬁFs@ﬂ%fl%'%wﬁt¢%@'$uﬂ55"¢@m@etﬁéﬂf‘q%ﬂﬁer than 6, or greater
than 6. Indeed the nunber of conductive tracks 252 could be far
greater tFigoreG sHoors ®panpiative eies ofia podivtird dsflerible rintddscircal (FROUE50ed.
As such, el e t cal, signal s, and/ or ,power m ssion |J nes 25
may be i ncodrq%'gy%?? gd ? s a %ngﬁ e Itﬂpcaﬁ%gmsﬁsg?tf?&? VigpTIesReCYRY-
conprise one |layer of tracks, or nmore than one |ayer of tracks, for
exanpfe, uchsan ZPC250 mayomprise a figgible( f%%@“?'ﬁaﬁ'ﬁsileaﬂyé&ﬁ&f @apie) t r acks.

An FPC rrayub@.ﬁa%rzsswm@mua%%h% mlﬁldﬁfb%d]tﬂeﬂeﬁfb’eﬂﬁe EPC bE@Rsy, for
exanpl e at |east an order of magnitude nore layers of tracks. I'n this

regard, aMaperelrmeblgcitse fR{ ey bodersripedas ashineionpaie membesan/or
tracks thath&tird theiibek. NSushPa i elongbitelrA&@ber AtShavemajor surface
defined by a length and a width, and a thickness normal to the major surface. In the
20 example shown in Figures 8 to 11, the FPC 250 may extend along a length in the 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. Thus,
the x-direction (and thus the z-direction) may change along the length of the FPC
250 as the FPC is deformed. This is illustrated in Figure 9. The x-y surface(s) (ie
25  the surfaces formed by the x and y directions) may be said to be the major surface(s)
of the FPC 250. In the example shown in Figures 8 to 11, the FPC is deformable in
the z direction, i.e. in a direction perpendicular to the major surface. FPCs may be
additionally of aiternatively deformable about any other direction, and/or may be

twisted about any one or more of the x, y, or z directions.

30  The flexible substrate 255 may be a dielectric. The substrate material may be, by
way of example only, polyamide. As will be readily apparent, other suitable
substrate material could alternatively be used.



exanpl e shown in Figures 8 to 11 conprises 2 |layers of tracks, with
each layer conprising 3 tracks 252. - 24 - Figure 12 is a schematic
showi ng a cross-section perpendicular to the direction X-X of a gas
turbi ne engi ne conprising electrical harness rafts. Figure 12 shows
four rigid raft assenblies in the formof electrical harness raft
assenbl i es 290A, 290B, 290C, 290D (which may be referred to
collectively as electrical harness raft 5 assenblies 290), each of
whi ch conprises an el ectrical harness2gaft 200A, 200B, 200C, 2000
(which may be referred to collectively as electrical harness rafts
200) . Each el ectrical harness raft 200A, 200B, 200C, 200D _conprises
el ect ri call & 6PRANCHWT €acky 252, WPkl MaytherSUEPUNdeskbydha spbsirate 225 may be

el ectri caforivet Mesg ahfbhitAMDnREAB mARR4, s BAR, BWaPSf éb?angﬁ‘é 6Riybed
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surrounded by an 1 nsulatin eeve e sane engline InNs at1on,
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el ect by cathe ot heviemiegdes sth el ahde Eab(dd&%e ﬁs&é B eGhHihG @kough
connection between the rigid rafts, althoug -

conponent §F YR EAIR 27D UHP‘HEVQSn“"? WémbePchoﬂﬁ‘Fftt@e ﬁﬂ?kss%'fta unpigg threegh a

el ect ri caduefaReshiRNIdtHe eivBethak 8MHAREAESthan 6. Indeed the number of
conductive tracks 252 could be far greater than 6, for example tens or hundreds of
tracks, as required. As such, many electrical signals and/or power transmission lines

25 may be incorporated into a single FPC 250.

A single FPC 250 may comprise one layer of tracks, or more than one layer of
tracks, for example, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more than 10 layers of tracks. An
FPC may comprise significantly more than 10 layers of tracks, for example at least
an order of magnitude more layers of tracks. In this regard, a layer of tracks may be

30 defined as being a series of tracks that extend in the same x-y surface. Thus, the
example shown in Figures 8 to 11 comprises 2 layers of tracks, with each layer
comprising 3 tracks 252.



The connection, for exanple the electrical connection, between a
flexible cable 261 and an el ectrical harness raft 200 nmay take any
suitable form For exanple, an 5electrical harness raft 200 may be
provided with an el ectrical connector, or socket, which is connected
to (for exanple receives or is received by) a correspondi ng connector
or socket of the respective flexible cable 261. A schematic exanple
of such an arrangenent is shown in Figure 12 in relation to the
flexi bl e cabl e 261. The flexible cabl® 261 has an el ectrica

connector 270A provided at either end. These 10el ectrical connectors

270A are connected to corresponding el ectrical connectors 270B in the
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t he nount t he Fi exa e anti-vibration munts,
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exanpl e, each rigid raft ass%gglﬁ%q)iogA 290B, %90C 900 is Pr ovi ded

with at |FRNeed (g PEAmRe many BYF 7 ShARP Haknsregpondsde @t lsasld ¢ o

nount  r af parbsfeatinyca2Rg®4i & theadrgineetd foaunied R is ditabhédr nmounting each
rigid raft assenbly 290 to the rest of the gas turbine engine 10.

However, ghiye ﬁgu;eabi &aw@%o%% tm%&aﬂgé}ng@yrahsze 0?% dr€9qui red,

for exanple 1, or nore nmount s 400
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exanpl e, electrical harness raft
other components, for example other components of a gas turbine engine 10 or

other components of a related structure, such as an airframe.

20 The flexible cable 261 may take any suitable form, For example, the flexible cable
261 may comprise a flexible printed circuit, such as the flexible printed circuit 250
described above in relation to Figures 8 to 11. Additionally or alternatively, the
flexible cable 261 may comprise one or more conductive wires surrounded by an
insulating sleeve. In the same engine installation, and indeed between two

25  components (such as two electrical harness rafts 200), some flexible cables 261 may
be flexible printed circuits, and others may be insulated wires. In a gas turbine
installation having more than one electrical harness raft assembly 280 none, some,
or all of the electrical harness raft assemblies 290 may be connected together using
one or more flexible cables 261. Alternatively or additionally, and optionally on the

30 same engine installation, other suitable connection arrangements/methods could be
used to connect (for example electrically connect) such components together, Of
course, rigid raft assemblies 290 that do not have electrical conductors embedded
therein may not need electrical connection between the rigid rafts, aithough



assenblies 290 are connected to a fan casing 24 of the gas turbine
engi ne 10. As such, the nounts 400 may be provided between the fan
casing 24 and the respective rigid raft assenbly 290. In the Figure
12 exanpl e, electrical harness raft assenblies 290E, 290F are

5provi ded on the core casing 28. Thus, electrical harness raft
assenbl i es 290E, 290F are provi ded between the engine core casing 28
and the engine core fairing 26. Electrical signals may be passed from
the electrical harness raft assenblieg85290A, 290B, 290C, 290D nounted
on the fan casing 24 to the el ectri cal harness raft assenblies 290E,
290F nounted on the core casi ng In the Fiqure 12 exanple, 10this
may be acRPERENEYSYSIENRS MGURiRe OBI”E-ﬁ:'i‘Q“i‘ £afls 'E?b%ﬂl"%q‘{"}?r%%w

bi furcati @dshr@m.@-pdoldﬂt\@rcomnémsthe bypass duct 22, which may be
formed at Ieast in part by an outlet guide vane spanning the bypass

duct 22. Q#rfe'dﬁ&?‘tférc&ﬁﬁé% tﬂgﬁue%ggareb&ﬁemw &%@gpgﬂﬁngné%aﬁfs%qded

t herein or or med an e ctri arness raft
such as afyd af elehisicell heenesscalt 26may dakerarfytitage fams dror beampler & n.
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340 may be connect a5| ng raft
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267, 268, ;aQlniok Epfﬂet &'idle Feéggctf'?r fIE;cigfeq:aB%f%@%?@deé ie2%arR¥ o

provi ded |n t he cation 0. _Connection t ween ra t asserrbr)l es
290A, 2908)chagvarangsuBnhis shewd iroiguies! X inelaordashatexiie cable Be1.r dhe

assenbl i eﬁeﬁb?@@abl%%@?hﬁ%%%@trﬁﬂl Reltdf &7 HGe%ﬁt ¥r Oy, gfr‘r'l:,-‘hékded

at least In means ot her than an additiona ectric ar ness
raft, 19or eieszfaﬁ@ilcenwtwg 2AfPA @reennigetedite coresponding Elgeiriagl aonaesiers.

Purely by y&yin ge e@efr.klfnrnafr@és's\f?rtsembsO?Bb%g cBhr%c@eéiélgE%trq?gslﬁWmﬁ' es

200, 290 may a t1ona ternative provi ttac

t o/ enbeddeay.\flediasl mféiugt@gﬁ AW ofde pleckiaali h@gﬂe@a JaftsnD0én gPeRe meybe
fairing 2@|ecth9£lg%f1Hé&é’& {o%fe h@%@%ﬁm&%ﬁ&ﬁ fAGs fPEfn Mkt "rﬂﬁeng' ne

fan case, nose cone, structural ranmes or elements wthin the engl ne
(such as elpctfi ,e%weangcto rs RE0B aay| hegoroyided fodhe elsairicaldwrnessaaity 40Aany

connegi or >§ig ﬂ%@%uﬁ@él&%ﬁnéﬁ‘%r%ﬁémbl‘érthéﬂ%aﬁ B8 'e%e&&’ecﬁﬂ%@\rﬁ@““eﬁ ed
structure (which [‘éast a part of a structure in

be
gas turbi ﬁ'éteé'ﬁb?fﬁ'ée msl@oﬁn%qoﬁ led), such as the 30 pylon 500 between
the gas turbine engine 10 and an airframe (not shown). For the
avoi danceTiod rigiduﬂft assehblipy P&hma e cbmga:ltéted:r Mb\lldi‘ed)bhbﬂé resoofteetgbgns or

rount S DLIRET o 89 WSS TINEE AEPRR FPISE LR o,
or gas tuhdthess ftgissembliest28D|aad cameatedrte ther gasdutbinehaigirient 0 using
20 mounts 400. The mounts 400 could take any suitable form. For example, the
mounts 400 in the Figure 12 example may be anti-vibration mounts, so as to
reduce/substantially eliminate the vibration transferred to the respective electrical
harness raft assembly 290. In the Figure 12 example, each rigid raft assembly
290A, 290B, 290C, 290D is provided with atf least two respective mounts 400 (only
25 one of those used to mount raft assembly 290D is labelled for clarity) for mounting
each rigid raft assembly 290 to the rest of the gas turbine engine 10. However, any
suitable number of mounts 400 may be used as required, for example 1, 2, 3, 4, 5, 6,

7, 8, 9, 10 or more than 10 mounts 400 per rigid raft assembly 290.

One or more rigid raft assembly 290, such as one or more electrical harness raft
30 assemblies 290, may be provided fo (for example attached tofembedded within) any
part/region/component of a gas turbine engine/gas turbine engine installation 10, for

example using mounts 400. In the Figure 12 example, electrical harness raft



In the Figure 12 exanple, two of the flexible cables 264, 265 are
connected (for exanple electrically and/or nechanically connected) to
the pylon 500. Thus, the 5 electrical harness raft assenblies 290
may be connected to an airfrane (or aircraft, or other
structure/vehicle) to which the pylon 500 is connected. The pylon 500
itself have one or nore electrical harness raft assenblies 290
enbedded therein and/or attached thereto. Additionally or
alternatively, a conponent to which {#6- gas turbine engi ne/ gas
turbine engine installation 10 is attached (such as an airfrane) may

be 10provided with one or nore electrical harness rafts. In Figure
12, the rP¥fembigs 90 arefonnecied tam@ngrsing24¢r &g 9asduibineaneines1d: afs

assenbl i esucdthei mouraedod Mal Bl BroviidieOSTOPB ¢aH SdshibSiAamR ther
dr essi ngs; of the girs turbi ne_engine 10. In general, any

conponent f&SPEFR ok raf agsgrpbly B80-eof , of the gas tur bi ne engi ne 10
could be nounted on/to (for exanpl e physically/nmechanically

nmount ed/ criheEigtke 15axaiple, eidaical harakbss/rafimsaenblias)29Re290F arere ri gi d
raft assephlises AW & cadfly 26N P écgég{sr@af’l{] s Ghr %@Q’ean?FQBQOE 290F

electrical harness r erern,
provi di ngag peyidecthatueeythemmymetcoreesasing 28 arbidaishginacdrd feighy R6i ght

mount i ng sREHEL Y ng%&%?%?a&%%ﬂﬂfﬂ%ﬂl n}%ﬁq@'n@gs Haﬁ%%gerhtﬂleQQ%Aon a

raft 200 %%/ pro Ion isolation 0se conponents
for exanp? EiQgﬂﬁ&mmpsn’i&@enmf@nzeﬁiogétﬂrtt(atﬂﬁe €t|¢térlqaaham2$}0raﬁo t he

rest of tg's%eﬁﬂ%@?%(i@ 2@6? HedVdn%é%bI%rba%Q%S In mqq%{rngéxgﬁhief o

harness raft asse rise conponent s/ syste noun
t he r a9t sthixonaxbe éme\{ﬂsﬂrté’l RASBiNg \Trt@welgtﬂﬂm ﬁtmﬁlmtlnrauglwe bfwraatiregr splittarhe

F 12

wht o rmy > har A ByreSs dletzznfnieh B tibofncd & R PEIE ) afbuidtbyBe™

300. The ¥FE SpAONIAG{hepypaseduct 28. fTbe Gwealiinc3tOcmay earprisei t@rgkagneles

(for exanplye LhirGiES e‘?exF:%F‘Bé errméb%ﬁ%%@mgah% tde |8§ﬁéalL r#eP agf‘g' ne,
ra]y ts )

for exanple through t |'ectroni c harnes pi pes
300 may bichgs@ny®f theaﬁh%qﬁdﬂei haiRgsy jaffai2@0 dg%@be@hemmtm@ arreleaudal

ar oungs t e, rgas hHBb @ﬁnb%ﬁ@éd"uﬁ th{sm&{t@wm bel ngﬁ gg?%erfﬁw be

el ectrically connected ectrical ess ra : on 30
whi ch it ‘F@'ﬂ%@ﬁﬁé%ﬁWW%ﬁ?@tﬁ&%@ fhﬁﬁﬁ@rcasmﬁaféﬁ%ﬁﬂm%eaﬁ%ﬁ &90Fi cal

connect or, WYOVAadde 267 Oisse%t?éTpthef‘dﬂaﬁ(}'%Q o Hg.dtrgﬁal Cg?@??gdmy

be connected to a correspondin conpl I nent’ar 'ectr

connect oerBGBPEﬂV&?ﬁdFéHTethfU(qﬂé@" g4nple - 28 - enbedded in) the

el ectrical harness raft 200A. The connector 330B provided to the

el ect ri caConmektiorhbetwesrs rali3Acmmblestzd OAn 220 90 Ce 200 manatetiodrihaVfanh at

| east _so electrical,c c nbedded t her ej

conne%cforg'3 aﬁ%@/éﬂ?ér\‘ﬁ ( d"]SP %mt;: h%%é%’ %@#ng}"tﬁg YLECPTR ?Q mayr?:e

connecti qnovmematdbe:dnrr pardby meard ether than can(alddmumailale(cfr&al harness raft, for
example using wire conductors with insulating sleeves.

Purely by way of non-limitative example only, rigid raft assemblies 200, 290 may
additionally or alternatively be provided on/attached to/embedded within the engine

25 core casing 28, the engine core fairing 26, the bifurcation between the engine core
and the engine fan case, nose cone, structural frames or elements within the engine
(such as "A-frames”), the nacelie, the fan cow! doors, and/or any connector or mount
between the gas turbine engine 10 and a connected structure (which may be at least
a part of a structure in which the gas turbine engine 10 is installed), such as the

30  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)



5exanpl e control circuits) in the EEC 320. Thus, circuits in the EEC
320 can be in communication with other conponents through a

el ectronic raft harness 200, thereby allowi ng signals (for exanple
control /conmuni cation signals) to be transferred between the EEC 320
and the gas turbine engine installation 10 (and optionally to other
conponents/parts to which the gas turbine engine installation is
attached). 10 The connectors 330A, 330B nay take any suitable

form shape, such as that described abgwe in relation to the
connectors 270A/ 270B connecting the flexible cable 261 to the rafts
200A, 200B. The EEC 320 mmy be nechanically connected to the

el ect ri caMaybefeRAt ol gasigtine gnginesrgas|tebhe eagtnedestaligtiomas rferregbie
into the gkeairical harness raft 200A and/or by using suitable
nmount s/ brackets. The EEC 320 15 coul d be another type of ECU, such as

an engi ne |-t i j i L her ei.n he
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300 are s i i I 0, E I 00
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mannedd f provided withenelos mergpelecttiod hamesbea®smounted to the rigid raft
assenbly 290, for exanple using a bracket. Figure 12 also shows a

”ﬁc h;alni Cgln Kigiret12| theGRseraftion hﬂlbaﬂ@ﬁ@&ﬁtﬂwecﬁﬁfél h@h@@@mfttaggirﬁbl:rgegoszgaoo-
The ui d. connection 350 is provide two connectors 350A, )B.
L S L L Ay RS ¢ SRR
Ei gid L af uo.as}aﬁnib]tey, a?@(}zﬁrr@anerhsyﬁemneﬁé pakt treredfheithe ysd @rmﬁe:@ﬁgnwd ents
or other parts,of 30 the.s syst.enf conponpen j orporated In
ot her o 1BEA R ety TR SR ey e P TR e g
cour ses beandisesledtricdllg adnadctdd) ahe shdore i FdfCadsknbiies FoogRE0eady?ond or t he
exanple of Figure 12 he t rigid raft enbl i es 290B, 290D t hat
Aae comBRiE S ety b sl e Binebn 3R AR s d R se0 el o -
29 - as providing a particularly compact, easy to assemble and lightweight mounting
solution, mounting components/systems at least in part on a raft 200 may provide
vibration isolation/damping to those components, for example if the mounts 400 used

20 to attach the raft 200 to the rest of the engine 10 are anti-vibration mounts.

The electrical harness raft assemblies 290 comprise components/systems mounted
to the rafts 200 which, purely by way of non-limitative example, in the Figure 12
example include an Electronic Engine Controller {or EEC, which may be an
Electronic Control Unit, or ECU) 320 and fluid pipes 300. The EEC 320 may be used
25  to communicate electronic signals (for example electronic control signals) with the
rest of the engine, for example through the electronic harness rafts 200. The fluid
pipes 300 may be used to transport any liguid, gas, or mixture thereof, around the

gas turbine engine installation 10.

The EEC 320 may be eleciricaily connected to the electrical harness raft 200A on
30 whichitis located in any suitable manner. For example an electrical connector 330A
provided to (for example embedded in} the EEC 320 may be connected to a

corresponding, or complimentary, electrical connector 330B provided to (for example



el ectrical harness raft assenblies, but this need not be the case.
For exanple, the two rigid rafts 200B, 200D nay not have el ectri cal
conductors 210 enbedded therein. As nentioned el sewhere herein, any
sui t abl e conmponent/system or part thereof 5could be part of arigid
raft assenbly 290 (which may be an electrical raft assenbly 290). By
way of non-limtative exanple only, a rigid raft assenbly 290 could
have el ectrical cables nounted thereon, for exanple to carry

el ectrical signals that are not carrizg. using conductors 210 in an
el ectrical harness raft 200. Figure 12 also illustrates a direct

el ectrical connection 280A, 280B between two 10 el ectrical harness

rafts 2008mbedssg. inyhe elficirisat hasarssdakt 2BPA n&le pennselon8aeB aravisiedde ther or

socket 28@|éctﬂ&éwaﬁﬁglm%§ bo@ﬂﬁaap %Mn agaﬁcal%ﬁln@nsﬁmh b%ﬁé@ome of the
connector or socket 280B provid wi t h anot her raf
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uni t s sym@e@mem%mrzeor% QQMWuﬂablefforﬁw/Q%%etwchldQQhaﬁngl ne.
The rmdulkc g by way of exarrple Ol’nl%f/ g corrpressor
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xanp! o, b Shical fatacss ot PbOE hESiarmme Bk Spegiin et 920 vees 12,
one or rmél@ctﬁd:eﬂ iherreas Pafamm{d/&eoyzgﬂlg(s\mgm@ nivtsifadietL T TIRER© 320
si npl "raft assenblies 290" [n relatjon to Figures 13 and 14 for

conve en%qéﬂd b anolaerdups %fo'?%yo‘ﬂ{‘}f!é‘a anpRgeefgalth RPBIBIHWEN ur e of
the base rigid raft (which 30may be an el ectrical harness raft 200)

and/ or drAsgientionedrherein, the fluidxpinesicondiitstB00i npay( lsg uSBIto Aradswart EQULD)

320. For gxanPln entielRTshEd/ BEueOPRMRGALESPRY3RA, 3008 Gonc
extending in a substantially axial direction relative to the engine 10. Any number of
pipes could be mounted onto a raft 200, forexample 1, 2, 3,4, 5,6,7, 8,9, 10 or

20 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
circumferentially around the engine 10, whereas in Figure 12, pipes 300 are shown
extending axially along the engine 10. Each pipe 300 may be provided to the rigid
raft assembly 290 in any suitabie manner, for example the pipes 300 may be

25  mounted to the rigid raft assembly 290, for example using a bracket.

Figure 12 also shows a mechanical (in this case fluid) connection 350 between two
pipes 300. The fluid connection 350 is provided by two connectors 350A, 350B.
This is one example of how systems/components incorporated in one rigid raft
assembly 290B can be connected to other systems/components (or other parts of

30 the same system/component) incorporated in another rigid raft assembly 290D.
Other connection methods may, of course, be used instead of that shown explicitly in
Figure 12. In the example of Figure 12, the two rigid raft assemblies 290B, 290D

that have components 300 mounted therecn and connected together 350 are



nounted to rigid rafts at this stage to produce a rigid raft
assenbly, which may be an electrical harness raft assenbly 290. Once
again, an electrical harness raft 200/290 w thout any additional
conponents nounted thereon nmay also be a rigid raft assenbly 290. 5In
step 516, the assenbled rigid raft assenbly 290 may (optionally) be
tested. Any suitable test may be perforned, for exanple testing

el ectrical functioning of the raft 200, which may involve testing

el ectrical conductors 210 enbedded in2¢he rigid material 220. The
testing step S16 nay additionally or alternatively involve
appropriate testing of any conponents/systens incorporated in the
rigid raf gle¢sadientnsy rafhassemhlios Luib iy repdnok Be Hin $askalFey oxasapledhe
rigid raf wegse rdits 2eBTRY0 h@? neEhleIEGridiNEbidutRMb I Eemb&ideassenbl y
on an engine. Steps 514 and 516 may be conpl etely I ndependent on

st eps s10thgfRin-s12, for exanple perforned at the sane or different
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340. Thi Sdipéacﬁy Egﬁ/n%lc%{e%’toéé{ﬁer.exa”pl e, installing the gas

Figure 13 is a flow chart that represents an example of a process for assembling

20 and/or dressing and/or maintaining (servicing) a gas turbine engine.

Step S10 involves assembling modules, which may be units, systems, subsystems
or components, of a gas turbine engine. The modules may be, by way of example
only, any type of compressor, fan, combustor, or turbine module. The modules may
then be tested for correct operation if appropriate in step $S12. Some modules may

25 not require or be suitable for testing.

In step $14, which may, for example, be performed at the same time as step $10
and/or step $12, one or more rigid raft assemblies 290 (which may be referred to
simply as “raft assemblies 290" in relation to Figures 13 and 14 for convenience) are
assembled/produced. This may involve manufacture of the base rigid raft (which

30  may be an electrical harness raft 200) and/or dressing a raft, for example with
pipe(s) 300 and/or ECU(s) 320. For example, systems and/or components may be



turbine engine 10 into a vehicle, such as an aircraft and/or a
boat/shi p and/or a roadgoing vehicle. Alternatively, step 340 may

i nvol ve installing the gas turbine 5engine 10 into, for exanple, an
i ndustrial application, such as a power station. In step S50, the
installed engine is used in service in whichever application it is
installed. Steps S10-S50 may be referred to as a self contained
process A for assenbling (including, for exanple, dressing) a gas
turbi ne engine. Steps S60-S140, descsaded 10 in nore detail bel ow,
relate to an engi ne mai ntenance process B, which may be independent
of process A or nmay be used as a subsequent process to process A In
step S60, MeupfeditaTigid rafts aidhie siRve o Pregaeela figiduak apsamily evhisly My be ap

Mai Nt enangiBctREN HAFHLSS rareaideh®fy 2408 G ird, 8n BRcHRADYRReds 12 bE990
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from an aMiRGUb£RY additina prIPPeNesEs meyided ¥iprean Mavalsn Be agidit@fur e i s
one that xddempnesgo.re at least one rigid raft assenbly 290 to be
renoved. If the engine cannot remain installed (S60 = then it is

ronget ol b1 ik 2l rar s RE 20l e BBl R B0 Rl o
mechani casditpblgitsgtomaysed parfprmed.gor exginmple testingeslsetntdl yur(otioniag setmblrafes)

f ' . . ' A /

Fr om ot heto Puh/e H0 e 1l oR8y R Bpiidhs 216 ¥ BladeP e A0, o'
(such as matesakr220afTihe testingtsiterhS tthmag additienallg or slitaxnativelyéavollen st ep

380, th i i i , i nbl
dopend oreiTopEe EMAG ary i ARERIRIAns R Bmoaigh indhe AGRRAR D! Y TR
i nvol Y& raasembly?I0nd heiagsemblet {arabemiobhliyetestad)ridid mit assembligs may then
Modul es (@J&Pregqg%ﬁeg&@p@?%s%nﬂﬁ plélxp%ngx&&]grrs) of the gas turbine

er S

engi ne may al so noved at t stage” IT'n step 382, any raft

assenbl i es, and/ or | es (or indeed any other co oentg%s t ens)
oo servi Sl S48 pof B s ete SRR R R op SRR igincor 12 or
over haul i &@mpldperf@ined ae thersahie Grsifendhtitiates( aid BithesatoBPOIFeRhs) My
then be 30 testg?d..it.n step S84, for exanple in a simlar manner to as
descri bed°®B0¥ AN $%I ation to steps S12 and/or S16. - 32 - After
servicing and optionally testing, the rigid raft assenbly 290 may go
into &% orlagtepr a‘fﬂeﬂﬁ Yding infessemidedr &Bisimaydnyahiecdssembtingiiednodules
dressed ridgifle FiglilraR8SEMVIY (o 203erhhIRt) PRYuLLS i sldpe F10%nd d1@ftbgether
assenbly 290 ma)a/ be stor edygssenbl e% é@ﬁ’a raft gsasenbl y 290 o '
separ at el This majinvaiveyfor gxaraple seanppeling toe modrlent rsit ssrmidies, and any

other components of the gas turbine engine together. The or each rigid raft

assembly may be attached (for example connected to or mounted on) the

20 appropriate part of the gas turbine engine (which may be a module) before that part

(or module) is attached to the rest of the engine. Alternatively, the modules and/or

components of the gas turbine engine may be connected together before installing

the rigid raft assembly 290. Indeed, any suitable assembly method may be used.

The engine assembly step S20 may also involve connecting components mounted

25 on the raft 200 to corresponding components of the gas turbine engine. For
example, it may involve connecting fluid pipes 300 to other parts of a fluid system,
which may be incorporated in (for example mounted on) other rigid raft assemblies

290.

~ After the engine has been assembled, it may be tested in step S30. Step S30 may
30 involve testing the performance and/or reliability of the assembled gas turbine engine

10, and/or any part/system thereof. Step S30 may, in some cases, be omitted.



5may be placed into storage. Steps 82 and 684 are shown as dashed
because they may not be required for the engine that has been

di sassenbled in step S80 to be reassenbled in step S90, as expl ai ned
bel ow. A process in which steps S82 and 384 (al ong with anal ogous
step 3122 and S124, which are explained below) are explicitly omtted
is shown in Figure 1014, which is otherwi se the sane as Figure 13 and
thus will not be explained in detail. In step S90, the engine 10 is
reassenbl ed. One or nore rigid raft assenblies 290 that have been
stored or prepared for the reassenbly nay be used in step 690. Thus,
the raft assenbly 290 that is refitted to the engine during

reassenbl y" ?Ha%iuélﬂ”%%g'ﬂ%ﬂoésttéﬁn Setated ik @ gase ?‘i')%th)rfﬁTrIﬂﬁ”GW ithe

sane raf t wARsaTOtyh e dtif sleponarhid REPWREIVE rfgmamﬁﬂ@ HHtAAnd ReHasP
S80. The raft assembly 290 that was removed fromth engine in step

680 may bErkiae @F@E%imwt%?élﬁh'g@zs%ﬁ‘cﬁscﬁ" qiecsafeand/er %‘?‘?ﬂsb'lwnﬂforﬁhe sane

tine as (ﬂfadgtfﬁgvéﬁlblér)Altéﬂhﬁtnﬁél‘)gls% $40 rﬁn@?ﬁﬁ@ﬁ@hrﬁéﬂam tﬁégas fP8lne f Or
exanpl e wi th anot her, reﬁare raft asse | ndeed, the

raft assefdige QHq. ﬁ%{t trig} %‘Pﬁ"?ﬂ@”eﬁ‘@%r?é 3 POVrsiationo Iy

ul ti mat el ytep@s5pUthe Mit4lled edgfnéeg@ggd i6 88rvRBLin WhichReveaRgpnatiditin a fl eet
at sone future tine after being optionally serviced, tested and/or

st or ed. BW‘S"@Q?%g a different, pre-prepared, raft assenbly 290 to
rebuil d/ reassenble the engine in step S90/ 3130, the process nay be
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step S70. Removal of the engine in step S70 may comprise, amongst other things,

disconnecting (for example electrically andf/or mechanically disconnecting) the rigid

raft assembly (or assemblies) from mounting structures, such as an aircraft pylon

20 500, and/or from other rigid raft assemblies that form part of the structure (such as

an aircraft) to which the engine 10 is attached.

In step S80, the removed engine is disassembled. The leve! of disassembly may
depend on the type of maintenance to be performed. The step S80 may involve
removing the rigid raft assemblies 290 from the engine 10. Modules (such as

25 components and/or systems) of the gas turbine engine may also be removed at this

stage.

In step $82, any raft assemblies and/or modules (or indeed any other
components/systems) are serviced. Servicing may mean inspecting, repairing, or
overhauling. The serviced raft assemblies (or other components) may then be

30 tested in step S84, for example in a similar manner to as described above in relation
to steps 812 and/or S16.



5 After reassenbly of the engine in step 390, the engine 10 nay be
tested in step 3100 and (re-)installed in step 5110. Steps S100 and
5110 may substantially correspond to steps 330 and 340 descri bed
above in relation to engine assenbly. If, in step 360, it is decided
that the engi ne mai ntenance can be perforned with the engine stil
installed, then the process noves to step S120, in which the rigid
raft 10 assenbly 290 is renoved fromthe engine. The rigid raft
assenbly 290 may be renoved as a wholsz-or by first renoving the
dressings 300, 320 (where fitted), then renmoving the raft 200. The
renoved raft assenbly 290 may then (optionally) be serviced and
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step S130, a “pgchgra t assenbly 290 is fitted to the engine 10. Once

agai n, 5 as MY 08 ifotoragdee raft assenbly 290 that is fitted to the
engi ne 10 may not be the sane 20 one that was renoved in step 5120
(al t houghSteps @ayand & 8dfars shawmas dadhey behaussdhey may nanbauedairetifor the
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storing t ; LLt) ol :
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descr ilbed1alydven iswthesvigeitimnsante 83 EiguB3T) andathds wilenat bgienplaimag irt tedail.
return to service in step 850. Figure 13 may represent an assenbly

and mai nt mramsgm)rm@edgm@m(yreass“dﬂmﬁce @RYbNRoRNYidPrafifEembliedpone
that is p provided to a f]eet of
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15 oy o Bomiad Bt P e Bl DL H SERinR 1 e SeRaRie st tapecten
with an Smegame tameslad @r kegraaftdrpihe\sndmeBiicatssmitiee int Sep B0, G000 A le
10/raft as"?heanother pre—[:?repared raft assembly 290. Indeed, the raft assembly 290 that
was removed from the engine in step S80 may ultimately be put onto a different gas
20 turbine engine 10 in a fleet at some future time after being optionally serviced, tested

and/or stored.

By using a different, pre-prepared, raft assembly 290 to rebuild/reassemble the
engine in step S90/5130, the process may be significantly speeded-up, for example
because it is not necessary for the original raft assembly 290 to be serviced before
25 the engine can be reassembled. The pre-prepared rigid raft assembly 290 may
simply need o be attached/connected to the rest of the engine in steps $90/S130.
Alternatively, some components or systems may require mounting on the pre-
prepared rigid raft assembly in steps S90/S130, although such steps should be
relatively straightforward. For example, for convenience of storage and/or assembily,
30 it may be preferable to attach some systems/components to the raft assembly 290 at

the same time as attaching it to the engine.



Where reference is nade herein to a gas turbine engine or a gas
turbine engine installation, it will be appreciated that this term
may i nclude a gas turbine engi ne and/ or any peripheral conponents to
whi ch the gas turbine engine may be connected to or interact with
and/ or any connections/interfaces with surroundi ng 10 conponents,

whi ch may include, for exanple, an airfranme and/ or conponents

t hereof. Such connections with an airframe include, but are not
limted to, pylons and nountings and-3heir respective connections.
The gas turbine engine itself may be any type of gas turbine engine,

i ncl udi ng,, but n mted to, a turbofan ass as turbine
engine, ¢ biPBBY e saiﬁrﬁttv 2% hpkyas gem%}iﬁ PSZ§B %Rt Gfittepty the
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assenbl i esced88ed/edrdics®t hods of assenbly thereof, and gas turbine
engi nes conprising rigid raft assenblies 290, including nmet hods of
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provi ded he ein. Fur ‘nore, any feature described and/or cl ai med

her ei n may e o”r‘r%far{e W th any ot her corrpati bl e 30 feature descri bed
in relatlontothe sane or anot her enbodi ne - CLAIMS 1. A

met hod of TRefMAEHfathagpesnh £ may H'Wﬁl(ﬂ%ﬂo(@@) beﬁﬁé"ﬁ?@tﬁﬁ'@de@%‘rﬁ'u si ng:
removi ng @tetas S$:§2 Bh@Bfl24, ahl t@eﬁﬁﬁﬁtbhémy(s?&eat frﬁ@EéM&S (SfD) L dEdhigne

engine, the rig raft assembly i ncorporating | east a part of at
| east 1Bne(868ﬂrbetfb$t9ra<se nswget%wﬁtaﬂ tigfly eot?ﬁc'aﬁedtab@veﬁsretaypﬁ hEterhghhe;
and and 584. Other components/systems of the engine 10 may be serviced/repaired, for

example whilst the raft assemblies are not attached to the engine.

In step S130, a rigid raft assembly 290 is fitted to the engine 10. Once again, as with
step S90, the raft assembly 290 that is fitted to the engine 10 may not be the same

20 one that was removed in step S120 (although it may be of substantially the same, or
an updated, specification). The raft assembly 290 that is removed from the engine
10 in step S120 may subsequently be fitted to a different engine 10 (for example

after any of the steps of servicing, testing, and storing the raft assembly).

After refitting a rigid raft assembly 290 to the engine, the engine may be tested in
25 step S140 (as described above in relation to step S30), and the engine may then
return to service in step S50.

Figure 13 may represent an assembly and maintenance procedure for a single
engine and/or for an engine that is part of a fleet, for example engines provided to a
fleet of aircraft. The raft assemblies 290 (and other modules) that are held in storage

30 may move between engines as the fleet is serviced, such that a single raft may be



installing a second, pre-prepared, rigid raft assenbly (290) onto the
gas turbine engine in place of the first raft assenbly. 2. A nethod
of servicing a gas turbine engine (10) according to claim1, wherein
the first and second rigid raft assenblies are electrical harness
raft l1l0assenblies (200) having electrical conductors (210) enbedded
inarigid mterial (220), the electrical conductors being at |east a
part of an electrical systemarranged to transfer electrical signals
around the engine. 3. A nethod of serg4cing a gas turbine engine
according to claim1 or claim2, wherein the first and second rigid
raft assenblies are dressed rigid raft 15assenblies (290A-290D

conpri si ngttaeher ¢ a nrewRt Piiifarantengines dudng dslifelime.cZys, theyigid raff  at

| east  oneaodentdhe(cF ABRMMAREPmMAY b X8t Be Gbtdbke. gas turbine engine is
nounted. 4. A nethod of servicing a gas turbine engine according to
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thereof. Such connections with an airframe include, but are not limited to, pylons

and mountings and their respective connections. The gas turbine engine itself may

be any type of gas turbine engine, including, but not limited to, a turbofan (bypass)

gas turbine engine, turbojet, turboprop, ramjet, scramjet or open rotor gas turhine
15 engine, and for any application, for example aircraft, industrial, and marine

application.

It will be appreciated that many alternative configurations and/or arrangements of
rigid raft assemblies 290, and methods of assembly thereof, and gas turbine engines
comprising rigid raft assemblies 290, including methods of assembly and servicing

20 thereof, other than those described herein may fall within the scope of the invention.
For example, alternative arrangements and methods of construction of rigid rafts 200
{for example in terms of construction, fayout and/or shape of conductors 210 (where
present) 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

25 disclosure provided herein. Alternative arrangements of connections between the
rigid raft assemblies 200/290 and between the rigid raft assemblies 200/290 and
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

30 feature described in relation to the same or another embodiment.



- 36 - respective rigid nmounting surface: an ECU, a fire detection
system a thernocouple; a vibration nonitoring system a fluid
pressure nonitoring system and/or a fluid quality nmeasuring system
for nonitoring fluid pressure in pipes nounted to the respective
rigid raft assenbly. 57. A nethod of servicing a fleet of gas turbine
engi nes, the nethod conprising: the steps according to any one of the
preceding clainms of renoving a first rigid raft assenbly froma gas
turbine engine and installing a secongs-pre-prepared, rigid raft
assenbly onto the gas turbine engine, the gas turbine engine being a
first gas turbine engine; 10servicing the first rigid raft assembly
that has Fe8M¥enpved fromthe first gas turbine engine; and

installing the serV|c d first ri raft assenhly onto a second gas
turbine engine’ method of Servigingse fat wg%in%?n%er (ﬂ.%.tﬁ% methodRomPYFingas

turbi ne engines according to claim?7, 15wherein the step of servicing
the first rigiremosing adissiaisis @ft@@ﬁ@nblyé@&)ém/thﬁgaengblne edgies.shaggid

fromthe fi rs"raft'a@éﬁnﬁl? oo (ﬁpla}’!eagf'éjf)m onﬂ é@&ﬁ@g%rflgértemfor o

conprises testin servi ce irst rd raft asse
instalfing it 9dﬁ1961 28, &y ohthegas tlt!rbrnmerﬁlélnén@ﬁdm 209. A met hod of
servicing a gas turbine engine or a fleet of gas turbine engines

according to dngtaltmea eécdridieprerepateagigid &iﬁrmserhbllyT(M‘I) cB@MpEigas Ng:
renoving the gas.turbine e flrst rigid raft
assenbly is |%§rts°éﬂeleé1§ '}er'Bl?ragﬁ Oime][}p%w,@f?% éythe step of renoving
the first I’Igld raft assenbly fromthe gas turbine engine; and

o5refitting2t Hamegied of sewicH 2ap WEPRGengine(!R) Aegerding faglairb vdheein o

instal ling thehsaePasl séofd m@%naﬁ%eserﬁmag@réaé&tn@aﬁ%smégyréfher eon.
10. A nethod of servjcin ine engine or a fleet o

r bi
t ur bi A& engi n@S%E'@Sd?a@ ﬁ%‘"&rﬂﬁ%"ﬂf@' mnwﬁ@r%eb@n?@id@m ?ré[g'd

wher ei n: material (220), the electrical conductors being at least a part of an electrical

system arranged to transfer electrical signals around the engine.

3. A method of servicing a gas turbine engine according to claim 1 or claim 2,
wherein the first and second rigid raft assemblies are dressed rigid raft
15 assemblies (290A-290D) comprising a rigid mounting surface on which at
least a part of at least one of the components or systems of the gas turbine

engine is mounted.

4. A method of servicing a gas turbine engine according to claim 3, wherein the
rigid mounting surface of each of the first and second rigid raft assemblies has
20 a pipe (300) for transferring fluid around the engine attached thereto, the pipe
being at least a part of a fluid transfer system.

5. A method of servicing a gas turbine engine according to claim 4, wherein:

the step of removing the first rigid raft assembly comprises disconnecting the
respective pipe from another part of the fluid transfer system; and

25 the step of installing the pre-prepared second raft assembly comprises

connecting the respective pipe the other part of the fluid transfer system.

6. A method of servicing a gas turbine engine according to any one of claims 3
to 5, wherein each of the first and second rigid raft assemblies has at least a

part of one or more of the following components or systems attached to its



- 37 - the first rigid raft assenbly is an electrical harness raft
assenbly having an el ectrical harness raft which conprises electrical
conductors arranged to transfer electrical signals around the engine
enbedded in arigid material, the first electrical harness raft
assenbly being electrically connected to another 5el ectrical

conponent of the gas turbine engine using a flexible cable; and the
step of renoving the first rigid raft assenbly fromthe gas turbine
engi ne conprises disconnecting the f{&kible cable fromthe first

el ectrical harness raft. 11. A nmethod of dressing a gas turbine engine
10) conpri sing: . . _.pQreparin rigi aft assenbly (290) for

i(ns% alling on r[q'ﬁ%eca‘él%”@B %Bn%gﬂ?ﬁ‘f& grlgphéa ﬁfegg‘?ie?tﬁ’f‘tsyg@%ﬁbl y
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(210, 300) of thep_gasd}ur iﬁe eptgi ne; storin %he r_erpar?d rigid raft
assenbly in a ¥PGMhGRIPLE MG Q Al mpasuning s ¥ men§geng THe PisesERgi ne
requi res dresdnppesimiin®d to gk feBpeqiive pgidadst asgEntbly.aft assenbly on the
rest of the gas turbine engine, the prepared rigid raft 15assenbly

form ng at b?%he%o@%‘f%eﬂfcjr#;fﬂ@é?% ﬂFméﬁ%es}M%ﬁB@eanBﬁi%g:

dressing a gas turbine engi according to claim 11, erein
rigid raft as§§nbl

[ trical .h f1 nbl . 0Q). .
e o' o o BERe BB 5 DA B R
(220), the el esft assEmhbly fromecdaerterbire ergirat arlddastillieg paetoraf paA
| ectrical t to t 20 trical s I d
The engi ne. 13 SoGLHON g carertdy Rgiedhg 5% HEFhY kEdbndheBoabedhding <o
claim 1l or clengimeljngrhicsbgas tuibing erggire;r aft assenbly is a dressed
rigid raft assenbly (290A-2900) conprising a rigid nounting surface

on whhgh at | e@plicify PafivstAigiderhftla8S&hbIP iRt Abs b&S RO EBHMIhOfirsBYsd ems
of the gas turbine engine is nounted. 2514. A nmet hod of dressing a gas

t ur bi ne engi ndUPREEAOINE; #¥h according to any one of clains 11 to 13,

wher ei n:
installing the serviced first rigid raft assembly onto a second gas turbine

engine.

8. A method of servicing a fleet of gas turbine engines according to claim 7,

15 wherein

the step of servicing the first rigid raft assembly comprises removing engine

dressings from the first rigid raft assembly; and/or

the method further comprises testing the serviced first rigid raft assembly

before installing it onto the second gas turbine engine.

20 9. A method of servicing a gas turbine engine or a fleet of gas turbine engines

according to any one of the preceding claims, further comprising:

removing the gas turbine engine on which the first rigid raft assembly is
installed from an airframe before the step of removing the first rigid raft

assembly from the gas turbine engine; and

25 refitting that gas turbine engine to an airframe after the step of installing the

second, pre-prepared, rigid raft assembly thereon.

10. A method of servicing a gas turbine engine or a fleet of gas turbine engines

according to any one of the preceding claims, wherein:



the step of installing the prepared rigid raft assenbly conprises
connecting the rigid raft assenbly, including the conponents and/ or
systens incorporated in the rigid raft assenbly, to the gas turbine
engine; and/or - 38 - the step of installing the prepared rigid raft
assenbly conprises nounting the prepared rigid raft assenbly to the
rest of the gas turbine engine using at |east one anti-vibration
nmount (400). 15. A nmet hod of dressing a gas turbine engine
according to any one of clainms 11 5to3A44, conprising: preparing at
|l east two rigid raft assenblies; installing at |east two prepared
rigid raft assenblies on the rest of the gas turbine enqine; and
electrical ly dBRfStngidgaft awsegbdly 'éagte'q%agfﬁ%rpawaﬁ @sgREPly Aaying an
assenbl i es t 0ggddiedal AAMEENGahidE@&HprRRS efck@ihitoRd Gk &rranged to

transfer electrical signals around the engine embedded in a rigid material, the
first electrical harness raft assembly being electrically connected to another

5 electrical component of the gas turbine engine using a flexible cable; and

the step of removing the first rigid raft assembly from the gas turbine engine

comprises disconnecting the flexible cable from the first electrical harness raft.
11. A method of dressing a gas turbine engine (10) comprising:

preparing a rigid raft assembly (290) for installing on the gas turbine engine,
10 the rigid raft assembly incorporating at least a part of at least one component

or system (210, 300) of the gas turbine engine;
storing the prepared rigid raft assembly in a storage facility; and

when the gas turbine engine requires dressing, installing the prepared rigid
raft assembly on the rest of the gas turbine engine, the prepared rigid raft

15 assembly forming at least a part of the engine dressing.

12. A method of dressing a gas turbine engine according to claim 11, wherein the
rigid raft assembly is an electrical harness raft assembly (200) having
electrical conductors (210) embedded in a rigid material (220), the electrical
conductors being at least a part of an electrical system arranged to transfer

20 electrical signals around the engine.

13. A method of dressing a gas turbine engine according to claim 11 or claim 12,
wherein the rigid raft assembly is a dressed rigid raft assembly (290A-290D)
comprising a rigid mounting surface on which at least a part of at least one of

the components or systems of the gas turbine engine is mounted.

25 14. A method of dressing a gas turbine engine installation according to any one of

claims 11 to 13, wherein:

the step of installing the prepared rigid raft assembly comprises connecting
the rigid raft assembly, including the components and/or systems incorporated

in the rigid raft assembly, to the gas turbine engine; and/or
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the step of installing the prepared rigid raft assembly comprises mounting the
prepared rigid raft assembly to the rest of the gas turbine engine using at least

one anti-vibration mount (400).

15. A method of dressing a gas turbine engine according to any one of claims 11

to 14, comprising:
preparing at least two rigid raft assembilies;

installing at least two prepared rigid raft assemblies on the rest of the gas

turbine engine; and

electrically connecting the at least two prepared rigid raft assemblies together

using at least one flexible cable.



