AN ENG NE CORE STAND ARRANGEMENT AND METHOD OF REMOVAL AND

TRANSPORTATI ON OF AN ENG NE CORE The present invention
relates to arrangenents and 5 nethods for renoving engine cores from
gas turbine engines to facilitate transportation. It will be

understood that for naintenance, installation and refurbishnent it is
necessary to transport gas turbine engine§: It will also be
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complete engine and swapping out a replacement core in that

removed engine. It is known to provide engine core removal
25 on wing and one method of achieving such removal is

described in US patent number 5860275. It is alsc known to

remove engines using ground support equipment. Clearly, it

ig known to.provide transportation stands which will allow

a fan and core module to be transported together but only
30 once the engine is removed from its wing location.

In view of the above, it will be appreciated that
prior art engine core stands and methods of removing
engines required the engine core to be shipped on a
dedicated transportation stand with a large overhead gantry

35 shipped separately for loading and re-assembly etc. The
large overhead gantry was utilised to lift and attach the
engine to the aircraft structure. Furthermore, additional
features of the engine such as the nacelle reverser may
need to be removed to allow rails for removal of the engine



5In accordance with aspects of the present invention there is

provi ded an engi ne core renoval frame arrangenent for a gas turbine
engi ne, the arrangenent conprising a platformw th a conveyor path

for a dolly carrier to carry an engine core in use and suspender
nenbers for securing 10 the platformto an engine pylon in use. The
arrangenment characterised in that the suspender nenbers have spaced
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Typically, the conveyor path comprises a zrail or
rails. Additionally, the conveyor path includes rollers to
facilitate movement by the dolly carrier along the conveyor

20 path. Possibly, the dolly carrier is captured on the
conveyor path. Typically, the dolly carrier comprises a
cage to engage and retain an engine core.

Posgibly, the suspender members are arranged to hang
vertically towards the platform from cross beams secured in

25 use to a pylon. Generally, the sugpender members are
adjustable for -altering platform and therefore conveyor
path posgition relative to an engine in use. Possibly, the
platform has couplings to secure the arrangement to an
engine in use by alignment with the conveyor path.

30 Possibly, the conveyor path and/or dolly carrier can
be driven on the conveyor path. Possibly, the conveyor
path and/or dolly carrier can be driven by a driven screw
thread or hydraulic piston relative to each other.

Possibly, the conveyor path and/or dolly carrier have

35 a lock to secure relative location to each other.

Pogsibly, welights can be added to the platform in
order to alter the centre of gravity of the combination of
an engine in use secured upon a platform.



3 Typi cal ly, the suspender nmenbers have an adjustable length in
order to allow the platformto be |lowered or lifted as required in
order to renove the engine. Typically, the platformincludes
means for nmovenment or 5 anchoring in a transport container.

Al'so in accordance with aspects of the prgsent invention there is

provi ded a nmet hod of renoving an engine core froma gas turbine
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Further in accordance with the present invention there
ig provided an engine core removal frame for a gas turbine
engine, the stand comprising a platform, the frame

20 characterised by defining a conveyor path upon which a
dolly carrier is secured by a lock, the dolly carrier
including mountings for association with an engine in use
and the lock ensuring retention of carrier position
relative to the platform upon the conveyor path.

25 Embodiments of the present invention will now be
described by way of example only and with reference to the
accompanying drawings in which:-

Fig. 1 is a schematic front perspective view of an
engine core stand arrangement  -in accordance with aspects of

30 the present invention associated with an engine core;

Fig. 2 is a schematic end cross section of an engine
stand arrangement in accordance with aspects of the present
invention associated with an engine;

Fig. 3 is a front side perspective view of an engine

35 core associated with a fan unit and a pylon just prior to
removal in accordance with a method of the present

invention;



35 core associated wwth a fan unit and a pylon just prior to renoval

I n accordance with a nmethod of the present invention;, 4 Fig. 4
Is a slight rear perspective view of an engine core with engi ne core
stand arrangenent in accordance with aspects of the present invention
upon initial core renoval; Fig. 5is a part rear perspective view of

an engine 5 core upon an engi ne stand arrangenent in accordance with
aspects of the pregegt unient enigpenredirt pakspetbhivawe ewfot hgn engine

engi ne core i cor.dan .t h t of esent_invention: )
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with aspects 6P EhéRFes¥ht PHVERL SRR SHTG 98 PR a e HEHH PG eV th
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aspects of 1nexa es8The! BYSA! AN ALHSLARELO! w1 th CRONOELGLT Se T EHD VAL esent
and, Fig. 9 1S a schematic view of the engine core renoved from
associ ati on wPHeRLEGR/ assenbly in accordance with 20 aspects of the

present invention. FAgLndi ¢at @dabiyies reagdy grRadepReeivent ity ass POkt ath§ine
of gas tuq@ n%o%gggﬂe§hgssggﬁérggighééhent in accordance with aspects of
the present invention lowered to ground level;

Fig. 7 is a schematic side view of an engine core just
prior to zremoval of the engine core in accordance with
agpects of the present invention;

15 Fig. 8 is a schematic side view of the engine core
with stand arrangement in accordance with aspects of the
present invention just prior to engine core removal; and,

Fig. 9 is a schematic view of the engine core removed
from association with a fan assembly in accordance with

20 aspects of the present invention.

As indicated above, ready and convenient
transportation of gas turbine engines 1s desirable. In
such circumstances, provision of a gas turbine engine stand
arrangement which allows removal of an engine core from the

25 gas turbine engine and also facilitates transportation
would be advantagecus. Clearly, removal of the engine core
will require specialist ground support equipment. This
ground support equipment should conveniently be of a
minimised size and weight to allow easy transportation.

30 In accordance with aspects of the present invention, a
gas turbine engine's existing pylon is utilised to enable
removal of the core and a boot strap type arrangement
utilised in order to facilitate 1lifting of the engine
either out of engagement with the fan or intoc engagement

35 with the fan unit of a gas turbine engine as required. As
will be described later, essentially a platform is provided
which is suspended by suspender members, that is to say
boot straps secured to the engine platform. The platform
includes a dolly carrier to support and engage with the



such circunstances, provision of a gas turbine engine stand
arrangenment which allows renoval of an engine core fromthe 25 gas
turbine engine and also facilitates transportati on would be

advant ageous. Clearly, renoval of the engine core will require

speci al i st ground support equi pnment. This_ground support equi pnent
shoul d conveniently be of a mnimsed sizé and weight to all ow easy
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the centre of wipayi ty of the conbi nation of the engi ne core and
pl atform pgst be cmtéﬁaéﬁdt@nﬂamtm%@ﬁﬂqw ey_rtcemtlhqgecaé;s;sleécmted
dolly will general| mprise frane haln sgaced mount i ngs .t o
provi de the eEb@Ee %ﬁ tre of gravity o ombination of the engine
core and platform must be controlled and in such
circumstances the carrier dolly will generally comprise a
frame having spaced mountings to provide the engine with
25 topple stability and also within the confines of the
conveyor path on the platform limited lateral displacement
distance or translation range for the engine. Thus, the
suspender member locations upon the pylon as well as the
centre of gravity are controlled to ensure stability as the
30 engine is removed. The spacing of the wountings of the
carrier dolly will therefore define the safe positions for
the centre of gravity for the engine core/platform
combination on removal and/or installation.
Fig. 1 i1llustrates an engine core 1 secured upon a
35 platform 2 in accordance with aspects of the present
invention. The core 1 takes a conventional form and as
will be understood can be associated with a gas turbine
engine with compressor fan stages and other parts to

constitute a gas turbine engine.



25 topple stability and also within the confines of the conveyor path
on the platformlimted |lateral displacenment distance or translation
range for the engine. Thus, the suspender nenber |ocations upon the
pylon as well as the centre of gravity are controlled to ensure
stability as the 30 engine is renoved. Thg spaci ng of the nountings
of the carrier dolly will therefore define€ the safe positions for the
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10 ext ends be?JBnot% §ﬁari%98f cIik?r.ltr;h’pl ﬁf"]c% }?anﬂhlalq‘&er&?tf‘ﬁg Bt ey €ach
extremty, thektremity safy Wwhthtidwe tarrihge dolly 3, swpsharhealglatform
adj acent o the eRd fadl SHCcRO PLALTOrBiend ddydtla YL HAabldkhe 1

engine core 1 wi extend beyond that platform 2. I n such
Ci rcumst ancesSUER GEFFUBREARERS Stbodhe HAN B REd OPs SeRp6Feant nwFig - 1
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boot straps extend beyond that platfeorm 2. In guch circumstances, it
will be understood that balance is important with regard teo
the combination of the platform 2 and the core 1 and
therefore the mountings 4, 5 and their spacing will be
30 chosen such that stability is provided and the centre of
gravity retained between the spacing between the mountings

4, 5.
In use the platform 2 will be associated with
suspender members typically in the form of boot straps
35 which extend down from mountings associated with a pylon to
support the engine in use. It will be appreciated that
these boot straps and associated crossbars generally
provide appropriate presentation of the suspender members

for stable manipulation of the core 1 but are of limited



35 which extend down from nountings associated with a pylon to
support the engine in use. It will be appreciated that these boot
straps and associ ated crossbars generally provide appropriate
presentation of the suspender nenbers for stable nmanipul ation of the
core 1 but are of Iimted 7 weight and SI7ZE and therefore will be
convenient to use as will be described |at'er. Fig. 2 provides
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and core in plate aflsbhilsee stadersingbd fliaontaf antoasseéngicnewnubintads or

not disconnected..t Re hans6aseuts R ot HhSeRaRgEt $138n" Hechanisn may
be utilised for moving the transport dolly in use.

25 Fig. 3 illustrates an engine in accordance with
aspects of the present invention just prior to removal of
the engine core 1 from a fan assembly 30. As can be seen,
both the engine core 1 and the fan assembly 30 are mounted
upon a pylon 31. A collar or other form of ground support

30 equipment 32 is provided to support the fan module assembly
30 during an engine core 1 change. Furthermore, additional
gtiffening 33 is provided to support the association
between the engine rear fan case and pylon 31 floor to
again stabilise the module or assembly 30 during an engine

35 core change. It will be noted that the intake remains
attached to the fan case of the engine. Otheér mountings
are retained to hold the fan case and core in place at this
stage and a front fan <case engine mount 1s not
disconnected, the fan case to pylon disconnects are not



8 broken but the outer panels and casings of the engine are renoved

to all ow access. In such circunstances, the engine core 1 is secured
to the pylon 31 through an appropriate nmounting 34 and the

arrangenent depicted in Fig. 3 is ready 5 for renoval of the core 1.
Fig. 3illustrates a second stage with regard to renoval of the

engine core 1 fromthe fan assenbly 30. Thus, the fan disc curvic
coupling and bebkénabuthéhbas@itel tﬁa&e&tsr detuilsihat oft lefe HHdflthe are

vanes are reaned I core i.ne_fan ass ly 30
to engi ne cor&°1° Vé(gtgir’rs%épco% 5 ngs ar e\%?brrﬁ\}ggugﬁaag??sblgﬁ r%ll?,%]rne
connections efere ﬂerﬂm/e%leqlb'feiil’@w tibeaplydent 34f thrpualgiare spprodriate

fromthe fan ﬁéﬁﬁﬂ@ﬁg 3P. aﬂ&'EﬁEBéﬂ%&ﬂ%e%bhﬁahbﬁﬂc§é§pfﬂdﬁ{ args; dlyeagy
42 are 15 red to t"PJy ‘5%\,5?{19[ 31 with suspender nenbers 43 hangi ng

substanti a I ertreay &% ®pttat f or m 44 upon which a carriage
dolly 45 is pr esenfiagl. Suchlaprangeemnta ofsetbadsm;mg'mewlmnbeegaﬁ@ to

ensure these f e e pr. d e
presentation g%qﬁéefp%gt p%?em g%blﬁé %Srse %hgggranr rtfh\ag eg oII ELBE&, 30

i ncl udes mounThig. nedefan Ml sg Fugtls \ﬂ?l“@ﬁlﬁﬂea’éﬁg]i’%%t%o?fe ‘Z_Lh%d?ﬁs’rfé of

associ ated. Thhs, sthecaﬁtganefmr@lﬂlw deindly xfaa-resdla&ss)cr@tdx@a ftrcDrBllow
t he f an a enbl %( A7 ggraxpaft f OEm 44t Eggu SSEI’F‘.? agg engi or
general | y up'ﬁ% S H%e core 1, anﬁoug as %5°be seengr courﬁ r“:r'g
by nounting 3dyabemst hred C@%HWMGaa‘lee yewovedt aknéd alltmb,ectrlcal
st age. | boMhdde Agndindes st guthRled @ash1ibe suspendss: bels diyine

the formof boot str gq{ﬂél erél be IPLg:lVI dual ly adjustable to align

t he pl atformﬁﬁr‘ﬁmjc éﬁﬁ L RF§ePBY 3p° easy core 1 renoval and

wi t hdrawal in viewnf thel | abnese sitweiddroesiiapender 1 amst akllatioh are
attitudes gr separah etéd?ﬂét ?%%nf aat H!Jlec% Qi %rbltldellr&)e'r@tqﬂt I'}?anglng

transportatlon stand. Referr In% . in-order to remove
core 1 it 35 Swpstantimder s‘f%qaﬂéy GWEi hgsa3Biayogh |44 b‘éPon Wh1Ch a
respectively eglebspd Goddyvt he py opr&dermed.hat stk weirghfiement of the

suspender members 43 ensure these members do not foul the
core 1 and provides for stable presentation of the platform

20 44. Thus, the carriage dolly 45 includes mounting members
46, 47 with which the engine core 1 can be asscociated.
Thus, the engine core 1 is ready for dissociation from the
fan assembly 30. The platform 44 through the carriage
dolly 45 generally supports the core 1, although, as will

25 be seen, coupling by mounting 34 and other couplings 46 are
also retained at this stage.

It will be understood at least the suspender members
in the form of boot straps 43 will be individually
adjustable to align the platform 44 with an engine axis for

30 easy core 1 removal and withdrawal in view of roll, nose up
and toe 1in core 1 installation attitudes or separate
adjustment features could be built into the transportation
stand.

Referring to Fig. 4, in orxrder to remove the core 1 it

35 will be understood the mountings 34, 46 will be
respectively released from the pylon 31 so that the weight
of the core 1 is taken by the suspender members 43 through
the arms 41, 42 in association with the pylon 31. In such

circumstances, the carriage dolly 45 is able to move in the



of the core 1 is taken by the suspender nmenbers 43 through the arns
41, 42 in association with the pylon 31. In such circunstances, the
carriage dolly 45 is able to nove in the 9 direction of arrowheads B
to disengage a front inlet end of the core 1 fromassociation with
the fan assenbly 30. Thus the dolly 45 traverses fromone end of the
platform44 to the other over a transl ati on range dictated by a

conveyor 5 paihirabthbn bhahy Bhid LdNet4o /aﬁstea b@@t §df961%ﬁ“i)ﬁ'fé1§’ end of
this wll geneﬁ_‘all taketheformof a rai,l |l ers such t hat

h
the dol Iy car FPEgE°ER IsTEEP: 2SR5 3N N&ﬁh E Ptﬁ@?nﬁ?%emHBWe%%nt Brus
the transportithg daiiyagé 4raveysbe swoh bhat entl iof dtievqrlanfoamscrdewo

thread and heg(ﬂe"\’%‘%‘ﬁ o1 Q- .rg)t@fansla]tlo}_xo ﬁng aldl%@.g% ?J&gbaf Oc?nveyor

prevent S uri n S} initial tran atlon may, be
t enporari | IQ?&H t"ﬁetkﬁ{nat'f%ﬁ‘?n PlAEEREMt G4the éﬁglﬁéilé"@:leﬁg BOeVigHslY,
fixture coul dthhenwiglnuuedrande aeke wH&dfcamm of SalraGan@litiie. rollers

It will be ap I al t rri transla es_and no
al ong the plangﬁnli%géagggnus:&@? %gfrlggo énsutre tHal Fﬁﬁyénr??ﬁfned
core remains Euabh@rm@ﬁesu@ﬁV@m¢@©n§§aﬁ@§sHnaanprtbeguﬂééKSﬁgedﬂﬂuﬂay

the arms 41, 2@ 44cAn@hasseei akedrsspendes SBADL! ShAP M def wheel
r obust caq§ or stand for the engine core anchored upon the pylon 31
tar

which in n°Fs™eERtired to an air craft. In such circunstances in a
first situation asTdepaid echliiriiegt 4ahfie fo oniresmeitl2sehyt hducite Ithe

extends beyond,tbeapl ALLALNAS 41 bl Lty | Bol NG A1 MAAL LKe EXiIERs1y

an exhaust cone exten eyon orn1 In elt
si tuation, as ﬁﬁahcabedplﬁﬁéoamréhg%néﬁt tﬁué‘P%@“@ﬂ&Bl £383NPghaP -t hfhis
centre of gravikyufer tbeldonttiamtiten aloviede eace lcand tdhtrlgdfdwsAge is
45/p|atfoq@|44 ﬁh?%ég remain within the nmounting 30 spacing 48

bet ween th& b&SLY raps beans 41, 42.
It will be apprec1ated that as the carriage 45

translates and moves along the platform 44 care must be
taken to ensure that the engine core remalns stable. In
such circumstances it will be understood that the arms 41,
20 42 and associated suspender members 43 provide a robust
cage or stand for the engine core anchored upon the pylon
31 which in turn is secured to an air craft. In such
circumstances in a first situation as depicted in Fig. 4
the front end 12 of the core 1 extends beyond the platform
25 44 whilst in the alternative extreme an exhaust cone part
10 extends beyond the platform 44. 1In either situation, as
indicated, the arrangement must be stable so that the
centre of gravity for the combination of the core 1 and the
carriage 45/platform 44 should remain within the mounting

30 spacing 48 between the boot straps beams 41, 42.
Once the core 1 has been removed from the fan assembly
30 it will be lowered to the ground. Fig. 6 illustrates the
lowering process. It will be understood that this lowering
is achieved principally through extension of the suspender
35 members 43 until the platform 44 engages with the ground or
transport pallet. In such circumstances the front mount
and fan case systems remain in place as well as the intake
fan, fan cowl doors and thrust reverser can be retained

although not shown on the drawing for clarity.



Once the core 1 has been renoved fromthe fan assenbly 30 it will be

| owered to the ground. Fig. 6 illustrates the |owering process. It

W Il be understood that this lowering is achieved principally through
extension of the suspender 35 nenbers 43 until the platform 44

engages with the ground or transport pallgg. In such circunstances

the front nount and fan case systens remain in place as well as the
intake fan, fan coWitdobhs sedet Hr ustd rebhand eromrati diaor éthe ekt form 44

al t hough not &hawaaealhgs @BahﬁhnGhEO?r§uﬁcZ|4 iy. ‘auiﬂ be ap %&iﬁﬂ%}ﬁ it is
orm an Cal‘l‘l age on

core 1 and stand_.co ? gg {: 4 ?
ground it wilFB8Y gg’ SHCFE2F£°F eady FoPOPFaRSPoPE affifn COFKe 41 on
posi tion of théecpletddronsédhaayl dtef Grdnubtednysund adjarstten seothritdst is

the carriage igra n@éﬁtfﬁw aljlaegregat Sgttb@éﬂ‘e%eth é&%ﬁ@%&ges gf the
t he conveyor path and | ocked in p05|t|on he suspende ers

and arms 41 aR@N4SYRay %t}i‘ erfiifed: O‘Fﬁﬁdplh?fﬁcfﬁ%@% || néPfal Fyspender
i ncl ude anchomembast &shoswd amsaldjo\mnd 4T20nh@' %Cwéﬁdvé@ Or Thé t il 4t Borm

transport CO”EE'Q§F1 8@%aiﬂf'%%§ and an brs 8t QHort?'totgfgo%r%t to

t hrough t he rénov Irocess cor I'n associ ati on Wi
ot her parts sb@hsasurﬁé by |on WdEhine At nassediie. cawaingt -t hat

procedureigs to engdrenhihabréeapsvt) eief igr avidorcabet %a@ormizr&{glrprthe
of the core 1 and g atform44/carr|?_ e .45 15 rennins within,t

spaci ng bet we&fMPKR’ s RFESES: Memb& et MY £978i tHer 35°q515 l?ﬁe with
core 1. If thpsheaypprosesdichf reulthe plydoni 81lw [dembénumsdebidtood Rahat of

proporti Onatetﬂ@thkécQBMr@elép%' %ﬁsh?ep%htaﬁ Qhet g:%FLEE%tf%r rBItaQIlty of

adj ust the centre of gravity of the conbination an eref%;
mai ntai n st abFPet yoméﬂaﬁw%nteft ﬁé\emseﬁ?. Agh RyFEfi8To fatmftﬁaigeat%
ground | e\uél whrAainasSwi tithcailed, sgdd ngabkeitagendthposigpondd0 mditbers 41

bl at form may eaadjuisiegylbrough novergat alono;the senveyer paph.o oy

Clearly, care nust i tTonhal "wei gh $ no
over-stress tHeERECRYE onthEnotifer Wbk t Heofunded séaghind/hitn gpreRer Y e te

Flh g. 7 providggighss dﬁa?(rj 98S a@@q&ﬁant@f pa&t@n@fne;hw ';Clrattf%rﬁlewaeldﬁjst |
the engine core in accordance with as resent tio

Simlar referEﬁE ?ﬁfﬁf‘éﬁ’?cl SF urEF HadY) be g’fd F8r|;'&bjrrg§ﬁlo% BP ﬂbesreﬁﬁre
30 conpar i2@onmahdtaiar stgbiThts, rehetfvm essthbl wo80thagsr enaitied pitlson

intake 71 attaghedrt® acf aR-£@A%e. 1R 100N t QSURRPIdatle faf (carriage
assenbly nmodul e 30, that i's to say fan bI ades during renoval of

engi ne core 141grBORHCERMpot? ddtfi pRREISI™ nMEKe P%rn?‘%?u%‘FﬁfEkstlh‘?%lgh
| ocat ed bet \AeﬁﬁvéthenBSabeﬁdeth&sejﬁaivleQSraIIda,tﬂ'he fame@ﬁwngciie Wbiskstbe

t hese chocks 32, are.inser I; p ti ff ner
33 is provi deg % sﬁhagrttﬁ'l%he%fdl%l%ggg g}r%ggh %?%‘é l%%I Isé re
is rem)ve§5aga}{ih@tl aF détl’ﬁi? Resctanett ﬁhasﬁn%wéwmg \mqumtbégﬁnderst ood

that the remai ni ngrp@Unti Ngsovddes a side cross section of an engine
prior to removal of the engine core in accordance with
agpects of the present invention. Similar reference
nomenclature has been wused to previous drawings for

30 comparison and clarity. Thus, the fan assembly 30 has
retained its intake 71 attached to a fan case. In order to
support the fan assembly module 30, that is to say £fan
blades during removal of the engine core 1, ground support
equipment 32 in the form of chocks are located between the

35 blade assemblies and the £fan casing 71. Whilst these
chocks 32 are inserted a further wmounting support or
stiffener 33 is provided to support the fan case and intake
whilst the core 1 is removed against side torque and thrust

loads it will be understood that the remaining mountings 72



11 which secure the engine to the pylon 31 will be retained.
Furthernore, other parts 73 will be adjusted for access but may

remai n attached and supported eventually by pylon 31 through
appropriate nountings in the engine casing etc. 5 Fig. 8 illustrates
a situation in side cross section of the engine core 1 prior to

removal of an engine core 1. Thus, as can_be seen, panels and ot her
parts of the ¥RgFhe SEFYTEebe@NEdNSl (oW ASs G AH G ofild prat Fokwimed.
supported on $u$ﬂﬁﬂdﬂbréEHbEMSrQﬁxﬂﬁﬁumfdMAH.&eﬁﬁdﬁhbﬁgdeﬂdr8éc&@séhﬁut

10 pylon 71 apd. at p d Bl orm.44. u ed
platform 44 i @g ca?‘% g’? %&H& ?ET %\Insc?hggﬁ? ﬂ‘?%%egg%rguﬁﬁ; E
associ at ed. Tﬁmoaehoepemmaﬁe@ msangipgby 1R ht ke gndsigisestag ﬁ‘ﬁﬁe

normal Iy wig | be tb&gugb riquesrceauég @M&hﬁﬂ&ohetlwegld&%l@éé'%cﬂﬁon
and the core 1 ce,secured and ot her co Qgs have, been
r°

< 1
det ached or r?ﬁo&gﬁ §L9ABECSSEFy ?ﬁeOHOF?yr%%?Y? PR SR oV 1
in the directThnsof aar cemhbadseBnt opangbsi andnotisedephctedi nclié gendine
However, as 'Q%C%ﬁgvéQOMS aiioxb’“aléschﬁa‘t&%ﬁr %EOdeQQE%?mUi‘@tséﬁﬁrQ&ed

t he suspender nmbers general ly dj usted to cause
appropriate aPPgﬁHﬁﬁ?nﬁ%¥v@%WP?4ﬁa?ﬁmﬁ?cPréﬁdth@ BakRE&p9 4204 Bh tRvFhe
the core 1Qt opheofroved afid okta shngpteeringhi ehdt heo pydhen ﬁlatﬁorm 44,
secured. This t .0 f.ro

30 will genera ?§£§§ h Fe % %é%kﬁégﬁiﬁ% ar g!%gﬁggggeﬁéiﬁgbera ﬁ@thh
away fron1thethﬁdGPé6361 A8 BSERERRLER . thEhSﬁsﬁéﬁ@@¢a¢ﬁ9ﬁnﬁ%¥zh?vﬁ4mply
ensure that tRereQEheGhe YHENbALI Qﬁoﬁé trmmeqmyeyv@ﬂpam i ehaebgﬁvaﬁbre

It will be understpod as describ Itht
45 moves. 5l ongoR Con Ve gE-BaEn TOBER |15 S0¥or et B9 A SLUF ¢ RPRe. I

t he pIatfd£h10nceThesereélhedthélebbherdeéupﬂx@gexha@amﬁeﬂncﬁ&ﬂ&unﬁﬁ or
for the carri %mééeapgg ﬂfebeesé kS docap bermyved s Uardeiachiry i

fromthe fan assenb g wll be noted that the, centre o ravity
for the 35 corB®afdr ﬁElﬁﬁnBFnﬁfF?WP?ﬁ T He Tore RPFHIM 377 Agighed in
44/ carriage 45ighoald Hewevemymaéuxndﬂnatmduabbngs 4t enitll 42e oinddwestood

carriage 45. h C n t t.he
assenbly %b kggﬁggntgkgb%qg gt%%%h at %?nﬁ%ﬂﬁgg%uéijeg} “generally
suspended hrbagﬁdﬂhet%@sﬁenﬁ@msejgpproprlate alignment between the core

1 and the carrier 45 to allow the core 1 to be moved aft of
a wing upon which the pylon 31 is secured. This extraction
of the core 1 from the fan assembly module 30 will
generally require a precise axial displacement laterally
25 away from the module 30. Adjustment of the suspender
members 43 will ensure that the correct orientation of the
conveyor path is achieved.
It will be understood as described previcusly that the
dolly carriage 45 moves along a conveyor path typically
30 formed by rails within the platform 44. These rails
therefore defining a translation range for the carrier 45
upon which the core 1 can be moved for detachment from the
fan agsembly 30.
It will be noted that the centre of gravity for the
35 core and the combination of the core with the platform
44 fcarriage 45 should remain within the mountings 41 and 42
of the carriage 45, In such circumstances during
detachment the whole assembly will remain stable with the
platform 44 secured and suspended through the suspender



menbers 43 to the pylon 31.Cenerally, in order to facilitate renoval

of the core 1 fromthe fan assenbly 30, it will be understood sone
manoeuvring wll be required to clear certain features within the
associ ation therebetween. 5 Thus, for exanple to may be necessary to
initially pull the core substantially reajyards for a certain

di stance along the main axis of the association between the fan
assenbly 30 andmblescor® rcandhthepyleowerithe cegmedaldycer ial Nnorder to

O onante Dol oGtk el PLRLAT e LI QLS T AR (R TP AULLAR

al ong the rai orm 44. circunstances
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wi t hdrawn frorpthe swé)ﬁtast,;eﬁbly 3eapW@ncii@le§orgr eatamrtadeestidtemce along

in-situ repai gget qla% raecrlsorapokw meocel%&ua% (Hért%:e@dt eﬂérefa!aprar@ééamy
an engl ne core w l be. | ower ed 8r ound eve trans orted awa

upon the 20 pPat fad'idm EAR CRFF ajge 81 1Y e }oR certain
repairs etc. distahtewibdfdre appizgi aizeadastllaatmgssemal yafe a1l upon the
repl acene C y ceQr c p ts f

t he preseﬁp |§\%glﬁ?9§% \%I5| fﬂb"gﬁze‘% strélg%?aﬁgrcet\q/%r g%)‘[’\éﬁ{bﬁ d IB Sudch
as descri bed gbsoenstar@es t hit pvhatl open wpderstreqhgenals %lqr?fawgad?eetween

stand for thetgagidaecor eai! krehe t;fa&aspQrﬂ eﬂq@sﬂyﬁaﬂl medntOng® may be

I f. nbl I
o1 T oumst anceesVakaERt s TP hBIARBEERE: ST rREnt TOre DTV IaP chyisens

core stand arpangéfkingtiohal $Wﬂndmsp@mbarsoﬁéaﬂd regwisgd ofttetcdree to

froma ga3st Ushinexeagiliey JRdiRkcbhangarpggessity of providing a

I arge gantry, appreci ated .that the existing | on of
engine is utilised Wt iFCEi?ppfﬁ’F’?nne"ﬁHéT BTy tﬁEO‘Foﬁﬁ‘%f f%%‘ b?)%?erglff%psw

whi ch extend doemides agpéatdorancass tfheninhsotughreppiopriatis: gerrefatmed
translation OI} a ﬁ@réﬁ&ﬂ?e d%xllé/ ﬁ\l}f e’ n Hal.?f r%%ﬁé’;ﬁé OBy Wlll be

associ ation V\Ath a fan~ asse stan arra errent IS use
accordance w LAWEreSt Hod Wﬁ@iuééy 1eival appg tﬁ’éalf-%H’P’%ﬁﬂe &H&Yot‘h@?n the

parts of 203 platform and carriage dolly as described above for repairs
etc.

It will be appreciated that assembly of a replacement
core upon a fan assembly in accordance with aspects of the
present invention will be a substantial reversal of the

25 method as described above. Thus, the platform and carriage
as a transport stand for the engine core will be
transported as required to an appropriate aircraft location
for assembly.

In the above circumstances, aspects of the present

30 invention provide an engine core stand arrangement to allow
transportation and removal of a core from a gas turbine
engine. Rather than a necessity of providing a large
gantry, it will be appreciated that the existing pylon of
the engine is utilised with support members in the form of

35 boot straps which extend down to a platform and then
through appropriate careful translation of a carriage dolly
the core can be removed from association with a fan
agssembly. The stand arrangement is used in accordance with

a method whereby initially the fan case and other parts of



the gas turbine engine are appropriately chocked and ot herw se

secured to ensure they remain supported and associated with the pylon
when the engine core is renoved. Once the fan casing and other parts
of the gas turbine 5 engine are appropriately secured, panels are
renoved to allow the platform carriage apg suspender nmenbers access
to the engine core. Munting ends of the suspender nenbers are

associ at ed wi thet heagy| barkengr oxidiasn frghl epbasprisbely envvadked and

the engi ne coeenelRngeal éé/aun!éd ' %one€ﬁ§§§éy Elrgaylo radlyst Eﬁ‘ﬁ?orted and
suspender nenbers to ov1d1% 1;:gtktllgn nt '??}?Je %en ne core
dolly carrier aﬁFOSiLﬁ ptt Cthe R a NG RRKs st g gremoved.
conpl et ed couphirgshset feen chlsengnginte coner apdrthe dfantnasgaand:urblne
pyl on are mel angd.4 h .
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ground. The suSpende
pl at f orm and &amevayecforhy amin@ecgmst a@ﬁlil%?ra%/lyspédi fig rt&ﬁ%sary to

particul an Oengtiﬁlﬁslt: YIQﬁea@Jdﬂéﬁ@telrngz%nwetﬂ& regapsodad hg1P¥hREnt of the
associ ati on. However r’ré g}évﬁfﬁleto use the sanme carrjage N
pl atf orm and Qggé’ﬁ%pgﬁﬁgr YiHsRp U ¥di STt Engfh e’fyB@§t§\n pf the
appropriate adfasénmentOreared pPaiti pubaety if tdoeplerght aigtlinget imrween
within the plehfoemyeadl Re-AUne!ad (FanCeaRENaAL ol Sin Uid S eMllased and

wei ght di strlbutlons and sizes with respect to the engine core
altering the pBSi EPGLRBT CSBCt RE COREY é‘l&Pwﬁi‘iaﬁPt JOe P& re g riage
ensure thdb cealle atrgsavit yohespbAsputbhiforhée sﬂachagpnetwaem t hahe

suspender p d ﬁgg

pr esent i nven{g%%ﬁg‘lgs&% ]ﬁﬁgslusspréer?&%ll%d %%E{I‘qgg%:{ﬁh? %?Qé OI’ m O%rs
35 conventionbP bosurst sapPlilinEseCBeBt ther gpginay derecdl emnffficiently
can be det aCh@ﬂsﬁI‘é’c@@Sffdmtﬁﬁé\SBQﬁteﬂséﬂ eng Wtherapa&egsol@e%mi& ahgine

1 0oL YR Y alEre B e HRR N ol B sl TPBBb Ry b

i s securel) | oemteed upon the pl atformthrough robust | ocking of the
carriage upon the platform |l Wil Itfagmungﬁastegﬁrfat@é RIALGFt iM81  be
covers and boxi ng é’ al so 5 used where requjred
substan ially spec1f1c to a particular engine type and
mountings with regard to the pylon association. However,
it may be possible to use the same carriage platform and
25 suspender members with different engine types with
appropriate adjustment and particularly if the weight
distribution within the platform can be adjusted to
compensate foxr different weight distributions. and s=sizes
with respect to the engine core altering the position of
30 the centre of gravity of that core to ensure that centre of
gravity remains within the spacing between the suspender
mountings of a stand.
One particular advantage of the present invention 1is
that the sugpender members c¢an take the form of
35 conventional boot straps. These boot straps may be cables
which can be detached and easily transported along with a
cross beams as described previously reducing transportation

costs and complexity.



Modi fications and alterations to the present invention wll be
understood by those skilled in the art. Thus, for exanple nore than
two suspender nenbers may be utilised where required in order to
potentially enhance stability 10 and in such circunstances the centre
of gravity consideration with regard to tfy conbinati on of the engine
core and the platformw Il then be retained between the extremties

of the outside sushbendeillhedser epprneoiadeedt o aredent & seapihet ycors is

indi cated, theepbaddonm vid | sddugener ablyrde Hsbd ¢aRt in1&tEd Al d8rdiynh

nove fromone end of.the, platformto the other in.,order to facilitat,
renoval of thﬁog'ﬁfﬁ n?ao‘té]léjr'ggf? T i HeCRGIIRE P FThe s o Wi-ng It will
In summary, the pnésestoodvidmt grdtecaifeamevéns amdroveoxind hesengliste be

core 1, orga paty $herEHdeqfifred 9as 20 turbine engine which is
attached to the pylon, or (ﬁ_her ai rframe suspensi on system The frane

conprises a pl atf ofeRBE oA ifnsh apde GhFEyBFE1pat ht¢ oFhe BT lc ab st ion
3, 45 to carryiab bagun@eedteod Lor thast theleed)ihntuse aatd Thus, for

suspender nenbe 3 S in he tformt engi.ne, 25 nyl.on
31. The arranﬁ’é’%ﬁ%ﬁei g“%(% aretgb 1’lerig‘gée)d srl)l)%bt% ceiggusmﬁglr%%rs rrrgér%e%jg tlised
havi ng spacedvheudt rgguired posieTdeis &Ad PAdtenssaldyorenhanivedefiaiesl iay
translati g0 range fiar tBacdol | yifadencke enswee wheran edgi Nnepis icy
secured to the carrier_as a cqnbinati n tfg’gett comhi nat.i onr#as a ,

centre of 30 GrAFHISFPetFeett s‘ﬁ%%é})??g 48 VESIPAORE 1Rpu S e engine
posi ti ons. Advant agedusihs phatfore wadlneheor k& pacstastoed kstaeen the
conpr essor St@ﬂ@rerﬁ@clyjié}ae 5@”‘%\&%3 Jdt%{ﬂdteh%ﬂ}@n@%r"‘ménﬁoetﬁf Ix‘?”B'rEi%?r to

of the engine Is st] connected to the aircraft. This allows much
faster mai nt ePaHRERIR et aNAI35 cur A8nt TPAAERFER of thenhdif e will
entire engbnegenerall Wid sie Bhdegmoivd g ivaitike thomege fgom one end of

specification ti tq.tho r [V |
believed to bt-éﬁ%fg%ag%c?‘{:%ﬁ%r ﬁq%p(#thae%cgﬁj ng%uﬁg gelc%gl eér%i gltt;égdotq;k%&t of
t he Appli canttlket snsing cioaet ifegem fihpespaine o &bp aigcpafenvapye

feature or conbi natd or@akgat uFRS heipicnbel ofgedefRirad te antdmd for

shown 10 Uhe diawngs petch;ol 1oL G 87 SIS DS gas

turbine engine which is attached to the pylon or other
airframe suspension sgystem. The frame comprises a platform
2, 44 with a conveyor path for a dolly carrier 3, 45 to
carry an engine core 1 (or part thereof)] in use and
suspender members 43 for securing the platform to an engine
25 pylon 31. The arrangement is characterised by the
suspender members 43 having spaced mounting 4, 5 positions
and the conveyor path defines a translation range for the
dolly carrier to ensure when an engine is secured to the
carrier as a combination; that combination has a centre of
30 gravity between a spacing 48 ©between the mounting
positions. Advantagecusly, the core engine, or a part such
as a compressor stage, may be removed from the engine while
the remainder of the engine i1is still connected to the
ailrcraft. Thig allows much faster maintenance times that
35 current practise of removing the entire engine.

Whilst endeavouring in the foregoing specification to
draw attention to those features of the invention believed
to be of particular importance it should be understood that
the BApplicant claims protection in respect of any



Clainms 1. An engine core renoval frame arrangenent for a gas turbine
engi ne, the arrangenent conprising a dolly carrier to carry an engi ne
core in use, a platformwith a conveyor path for the dolly cattier
and suspender nenbers for securing the platformto an engine pylon in
use, wherein the suspender nenbers have gpaced nounting positions and
t he conveyor path defines a translation range for the dolly carrier
t0 ensure thatatexiedwlen feagiume i soopisdtiont ké dgrtueesadeyeinbefore
conbi nati on, td¥e QDI HEt LAR/HAS sRoGBNE Ofie JHAUWENGHCWARRR® or not
spaci ng between the nounti 0osjitiaqns. ﬁ. A [ran enment as cl ai ned
'hoclaim 1 WRAREY ARG EBRUGSLY R e BrSEs BRPES oy rails. 3
An arrangenent as clainmed in claim1l wherein the conveyor path
includes rollers to facilitate novenent by the dolly carrier along

t he conveyor path. 4. An arrangenent as clainmed in claim1l wherein
the dolly carrier is captured on the conveyor path. 5. An
arrangenent as clained in claiml wherein the dolly carrier conprises
a cage to engage and retain the engine core in use. 6. An
arrangenment as clainmed in claim1l wherein the suspender nenbers are
arranged to hang vertically towards the platformfrom cross beans
secured in use to the pylon. 7. An arrangenent as clained in claim1l
wherein the suspender nenbers are adjustable or altering platformand
t heref ore conveyor path position relative to an engine in use. 8. An
arrangenment as clainmed in claiml| wherein the platformhas couplings
to secure the



arrangenment to the engine in use by alignnent with the conveyor path.
9. An arrangenent as clained in claiml wherein the dolly carrier can
be driven on the conveyor path. 17 10. An arrangenent as clainmed in
claim9 wherein the dolly carrier can be driven by a driven screw
thread or a hydraulic piston. 11. Anl@rrangenent as claimed in claim
1 wherein the conveyor path and/or the dolly carrier have a lock to
secure re: ative location to each other. 12. An arrangenent as

cl ai med i#2¥ai m wherein 1 weights can be added to the platformin
order to alter the centre of gravity of the conbination of the engine
in use secured upon the platform 13. ar r angenent clainmed in
lal m 1 nor o' PRE SsBRi P e merd et iy AT SRl PR
order t o campidsimgtaiellpbatiéros canty en begilceweriedseor pldtiofih @dth asonvegpu patie éor i
order to regnmove th ngine. . 14. An_ arran n s.claiped in clai.ml
oner ci n. (R B G pOFRiAT Bmethion i@ AT AR AR b RE R b PR

t r anspor tthecospeaden memberd Bave gpacadinmodtingfposiepmwindie emvesngpatiededioeser from a
gas Lo PUBRIEIALAG of A€ (IRI A GO GhIhR IPARIAG B0, &IOS HE DY

removal of extern ane attaching ah engi core stan

ar r angenepnbipafion] thd spetbiniaporgiani pantre bieravaiy hetivaep a specing bepyeepride mepntber s
to a pyl QBsitON whi ch the engine is nounted, associating the engine
with the pﬁat ormusing the dolly carrier, noving the dolly carrier
al ong the conveyor path and lowering the dolly carrier with the

engi ne for appneRiiedinentlhl @RTR@McBh @ Wherethhe DivesHYah@ompAddda fa0lor Ai19AS
turbi ne engine, the stand conprising a platform the stand defining a

conveyor path upon which a dolly carrier is secured by a | ock, the
dol Iy canri er shRghlidintd a@iifkd AGRirh QRvhaBHAKd Ahvest paihtikchals @NgE pe core

in use and_the | ock ensurj retentiogon of carrjer position relative
to the piasias IHPY?ﬂ’t%ﬁ’[yﬁlée %ﬁﬁ@é@%ﬁgﬁ%‘%ﬁ conveyor path.

4. An arrangement as claimed in claim 1 wherein the dolly carrier is captured on the

conveyor path.

5. An arrangement as claimed in claim 1 wherein the dolly carrier comprises a cage to

engage and retain the engine core in use.

6. An arrangement as claimed in claim 1 wherein the suspender members are arranged to

hang vertically towards the platform from cross beams secured in use to the pylon.

7. An arrangement as claimed in claim 1 wherein the suspender members are adjustable or

altering platform and therefore conveyor path position relative to an engine in use.

8. An arrangement as claimed in claim 1 wherein the platform has couplings to secure the

arrangement to the engine in use by alignment with the conveyor path.

9. An arrangement as claimed in claim 1 wherein the dolly carrier can be driven on the

conveyor path.
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10. An arrangement as claimed in claim 9 wherein the dolly carrier can be driven by a driven

screw thread or a hydraulic piston.

11. An arrangement as claimed in claim 1 wherein the conveyor path and/or the dolly carrier

have a lock to secure relative location to each other.

12. An arrangement as claimed in claim wherein 1 weights can be added to the platform in
order to alter the centre of gravity of the combination of the engine in use secured upon the

platform.

13. An arrangement as claimed in claim 1 wherein the suspender members have an adjustable

length in order to allow the platform to be lowered or lifted as required in order to remove the

engine.

14. An arrangement as claimed in claim 1 wherein the platform includes means for

movement or anchoring in a transport container.

15, A method of removing an engine core from a gas turbine engine, the method comprising
exposing an engine core by removal of external panels, attaching an engine core stand
arrangement as claimed in claim 1 by securing the suspender members to a pylon upon which the
engine is mounted, associating the engine with the platform using the dolly carrier, moving the

dolly carrier along the conveyor path and lowering the dolly carrier with the engine for

appropriate transportation.

16. An engine stand for a gas turbine engine, the stand comprising a platform, the stand
defining a conveyor path upon which a dolly carrier is secured by a lock, the dolly carrier
including mountings for association with an engine core in use and the lock ensuring retention of

carrier position relative to the platform upon the conveyor path.



