An Alignnent Tool Technical Field The present invention generally relates
to an 5 alignnent tool for aligning connecting pins for connecting a
shaft and a radial bearing. Background It is sonetines desirable to nount
a radial bearing 10 to a shaft. In one such application, it is necessary to
install a radial bunper bearing dmtdlagwheit Bdoln aircraft engine. During
installation and refitting of aircraft engines, the radial bunper bearing
needs to be connected to the shaft to allow the bunper bearing to 15
rotate with the shaft. Shoul der préashnf¢£iimiéid@lly installed in holes
provi ded on the shaft. The installation requires the radial bunper bearing
to be preheatedThd aRfEffNed ETEQRELEANt eFFaCcABdAd befokL i n§OC i vt al | ed

in precise i h i : e 0 fte. The ] | ation
process %an%gggﬁﬁgﬁstﬁg ?‘y%O?ns%%el%gglbb%oﬁgtﬁr%ﬁg%al aasl ofr?ro%ﬂaﬁg}t.al%e
instal |l ati oa shafheanddaakabiiapebebeangng to the shaft has previously been
conducted with a bunper bearing pin restraining ring. The bunper bearing
pin restraining 25 ring conprises an annular ring that is capable of being
nounted to the shaft. The bunper be@adkgrRund €straining ring i s provided
with three knurled screwing nuts extending through the annular ring. The
knurl ed nuts areltcadpabi@niines adeshapordyvéremowrd ar #addededdar B0

| oCkeL P, SLEES AR | eBseIAL, SRS (6708 (9ISl I, P 0
is providedihatahl ahtenpiiisd eibsupert hatathegpidist@r ea kegiafin add grarent
for mating Wt eroagerEn Mol s Oyt s A RPEN P8 iy o
aircraft engines, the radial bumper bearing needs to be
connected to the shaft to allow the bumper bearing to
15 rotate with the shaft. Shoulder pins "are initially
installed in holes ©provided on the shaft. The
installation requires the radial bumper bearing to be.
preheated to a required elevated temperature before being
installed in precise alignment to the pins mounted to the
20 shaft. The installation process cannot be visually
inspected by the installation operator.

The installation of the radial bumper bearing to the
shaft has previously been conducted with a bumper bearing
pin restraining ring. The bumper bearing pin restraining

25 ring comprises an annular ring that is capable of being
mounted to the shaft. The bumper bearing pin restraining
ring 1s provided with three knurled screwing nuts
extending through the annular ring. The knurled nuts are
capable of rotational movement and are turned in a

30 clockwise direction to thereby exert a compression force
against the pins inserted in the shaft. The compression
force exerted by the knurled nuts is provided in an

attempt to ensure that the pins are kept in alignment for

mating with engagement holes of the radial bumper bearing.
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A problemw th the known restraining tool is that application of the
conpression force by the knurled nuts against the pins is that it does not
al ways maintain the precise alignnent of the pins for mating with the 5
correspondi ng holes of the radial bunper bearing. In fact, the torsional
conpression forcé exeshlsnbyitthe thaurdredvmutrsshagininf§adiodleadst ochidite pi ns
bei ng subject _to one r t.ion _and hence m_salignnmen Thi s m sal i gnnment
may result Pﬁpééﬁﬁgéopo Ci%i“%%nﬁ@‘pﬁgﬁﬁﬁa dﬁs?rrick‘?g %pég?e&‘%rﬂeﬁ]st% Ation
and refitti agaghsthem rerad t ienghae. ild dsledraget ogeuagst adike Jiadi @he
bunper bearing, during installation and re-fitting of the aircraft engine,
the |ife cPEFELERd Perfvmeiitce OF tHee raBiaf bliRper MBE&NONg Widdd tiHee

shoul dered pj LAenal resall engi ca 1 t Ln .t he nt
t hat theﬁr agibg?egg(r)rpern%earél; ngéi S unggllee P?gf?r%lt gol?maé{rct gagﬁgﬁl'der e%r?ns
due to m safrghpenthet heorsadnal booperebesaonngfheset oebertetovied aridet he

our . par ¢ FEUFAPHy PHESL RavbiRpaAChed ity ha T LT P (T et

preheat ed pebRe L@UISIA | #hdORentheng 451 Byriiead 1 0 AHAW dei s Bddgament
tool that overcones, or at |least aneliorates, one or nore of the
di sadvant agB3Yd&§&eril bed NafgPa@ge? % oSiHhfa MRt drei g d I g stereperd  of

the in ti .| i .an.alig to i gnj.ng. con ting
bins T conseettag Rl har asa it aPToane e rbRerEn R 30 he
radi al bear tiagagespecicurel y tavi tige at rhdasl t bompelres Hearr iregei dungiride

connectin ins, _the alignnent tool .conprising: an annul ar ring capabl e of
bei ng |chtgasﬁag&éghoan%uﬂf re—%gttlngnRxE thg aircrait englng, é%e

life cycle and performance of the radial bumper bearing
and the shouldered pins of the aircraft engine can be
15 affected.

In the event that the radial bumper bearing is unable
to mate with the shoulder pins due to misalignment, the
radial bumper bearing has to be removed and the entire
installation procedure repeated. This may result in lost

20 man hours, particularly as the bumper bearing and the LPT
shaft must be preheated prior to installation.

There is a need to provide an alignment tool that
overcomes, or at least ameliorates, one or more of the
disadvantages described above.

25
Summary

According to a first aspect of the invention, there
is provided an alignment tool for aligning connecting pins
for connecting a shaft and a radial bearing, the shaft and

30 the radial bearing respectively having at least two holes
for receiving the connecting pins, the alignment tool
comprising:

an annular ring capable of being located between and

about the shaft and the radial bearing; and
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about the shaft and the radial bearing; and 2 at |east two engagenent
menbers extendi ng through and disposed around the annular ring and being
capable of noving toward and away fromthe bearing surface , each
engagenent nenber havi ng an engagenent armon a distal end 5 thereof for
retaining the costedeirsg pwes anyag]amgmie mente r seretilendingy comrmaodh ngngi ns

t ith th ti hol i ded on the shaft and i al
bear i ng. ACCOPBPRGCY o FOGRRorih s FEREIGE. t hEnP Vel | B et B52PLepr i ded

an al i gnnentosysbeMEAAY | $haldawh o sdiaf thBaveagialy |Qastadawo, hol &sch or
receiving respectively, at |east two connecting pins therein; a radial
beari ng havER§2aETERASICMREThEPEFS NHoRY CEGSIGEMEY &t FE™atoT] easdiglpl end

connectiqg pi erein, ; Lgrument l. for_ .ald gnj i | east
two 15 Egc]onﬁ&elg?lerﬁg p?lr?g o?%el?fgéﬁ r?'glthe r%g%é&g?yelﬁéo%g!s%l%&%hg t and
the radi al beabileg,thechecahngmoient pdok wongugsgeagwiah ameul sespeagicapabl e

f bei I d _betw d ab h d.th dial b i ng; d
at Tonst twoURGaBEREHoRBeF EoakPaRA: A% PBubAAAd 205 SFosed around

the annul ar ringnardrBehgd teapabs&c-ohd g@%&@_ﬂ bevwanhd antawaed,r omhd he
bearing surface, each engagenent nenber having an engagenent arm provi ded

on a di st afSeRgovhereofnf 8f igamanki AYSERB €6MAEEEEAG pins in alignnent to
enabl e {he connegti QQaEE{‘Z}llé%brgggaagce Vfﬁta@tt he.2° BS%B?“H!E @éc?%ixg{r&)q' ded

on the shaft and the ra ring. According to a third aspéc he
i nvention, trkepectiscpyoviadedeasnethodcohnakbtgngngiaennreteng;pi ns for

connecting a shaft and,a_ radial ,bearing, the shaft and the 30 radi al

t
bearing respecti el §?aﬂé9ilngb§§rilﬁ_asjthf‘ Nfol 85 fHFASteckYVi ngPtee Tor
connecting pipeiving RBEhad ¢eAREi 8BIcbRBecting pins therein; and

an alignment tool for aligning the at least two

15 connecting pins for engaging the respective holes of the

shaft and the radial ©bearing, the alignment tool

comprising: an annular ring capable of being located

between and about the shaft and the radial bearing; and

at least two engagement members extending through and

20 disposed around the annular ring and being capable of

moving toward and away from the bearing surface, each

engagement member having an engagement arm provided on a

distal end thereof for retaining the connecting pins in

alignment to enable the connecting pins to engage with the

25 respective holes provided on the shaft and the radial
bearing.

According to a third aspect of the invention, there
is provided a method of aligning connecting pins for
connecting a shaft and a radial bearing, the shaft and the

30 radial bearing respectively having at least two holes for
receiving the connecting pins, the method comprising the
steps of:

locating an annular ring between and about the shaft

and radial bearing;



steps of: locating an annular ring between and about the shaft and radi al
bearing; 3 noving at | east two engagenent nenbers, extending through and
di sposed around the annular ring, toward the radial bearing surface, each
of the engagenent nmenbers having an engagenent armon a distal end
thereof; and 5 repdEingngathel @thedmiongepoagengndl | gemears usiextending
engagi ng ar t.o _enabl he connecting.pi.ns to engage with .the respective
hol es proviggaoo gtﬁ%mgég?p%ﬁﬁptﬁgongiahe ﬁ&%éﬁ%y 16" Bet &VEF 'é%ﬁosure
of Enbodi nept&ikXxenpdaryng NGudiatd,| ngaerbosl memies ehgagemkhgnmsibet®ol

wi |l now be disclosed. In one enbodi nent, the shaft nmay be the shaft of an
engi ne. ThebP@NgPHe2Ra§rBBISHSELr BERf PRefglhetalneBAetheEeRADoBNeNt, t he

shaft may be a | ew:pLass r%hteuréﬂrggecge{g ﬁﬁ?é‘fin alaanm%&ﬁ%ﬂg{git the at

| east two engagenent nenbers nmay ng novenent throu e annul ar
ring 20 | n engagabgdiemmst tot leaadlliegriinentcanpecting hpeim st dnprérsesia wiEsi ng

fovard the T BngiCaATaN a8 5t TR SHE o | BB 8Rbodiert e (HECHt asi ng
menber may beaaispling nounted to bias the engagenent nenbers in a radial
direction toward the
10 Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of an alignment
toel will now be disclosed.
In one embodiment, the shaft may be the shaft of an
engine. The engine may be an aircraft engine. In one
15 embodiment, the shaft may be a low pressure turbine (LPT)
shaft.
The movement of the at least two engagement members
may be a sliding movement through the annular ring.
In one embodiment, the alignment tool further
20 comprises a biasing member to bias the at least two
engagement members in a radial direction toward the
longitudinal axis of the shaft. In one embodiment, the
biasing member may be a spring mounted to bias the
engagement members in a radial direction toward the
25 longitudinal axis of the shaft. In another embodiment, the
biasing member may be an elastic annular membermounted
arocund the circumference of the annular ring and the
engagement members to bias the engagement members in a
radial direction toward the longitudinal axis of the
30 shaft.
The radial bearing may be a spacer to be connected to
a shaft. The radial bearing may be a bumper bearing. In
one embodiment, radial bearing may be a main engine

bearing. In one embodiment, the bumper bearing may be



25 longitudinal axis of the shaft. In another enbodi nent, the biasing
menber may be an el astic annul ar nenber nount ed around the circunference
of the annular ring and the engagenent nmenbers to bias the engagenent
menbers in a radial direction toward the |ongitudinal axis of the 30
shaft. The radhgktbdaridigceny e a spader tfo dse npommewtsiche dearighpfte The

radi al bearin be a bunper_.bearing. In_one, enbodi ment, radi beari ng
my be a napﬁggrggf\énesu%%%ﬁhg?hlen 888g8ﬁ%689ne%r}stﬁ?ybu ers%%%fé%e‘ﬁay be
4 connect edpadisacertie t ecanaerbal fpves M) 65w Gewbearpitgs I 0ThRr O¥bwiel

support. The connecting pins may be shoul dered pins. The connecting pins
may be dowePlpfnsta¥h&adGnef PRt n@PrREFE 1A | PRYL cHMPe& | B prabkhape

to enablg 5 RO WM CQL, ' ' h e e vi ded
on the shar T HharTTEY &raceeragoret e bing e B e o 3 st o
end of the goweldpinent Gdhenabladtl0 Tiet img s tdorireesthiolee papriovddegee imay he

shaft. The dowel i ns, may hav econd cannecti rt.shape to bl e
mating wit hgfahémr1°3)lpleoge%r%§\;i e lO'Sﬁ:at e aP%n%%el ng%ﬁ%la BhBBdi“ren r,laekfnﬁ%
second conngatiing paith shape Heledeprpiovededibetweenside: di shal @mekrnd

proxi mal end of the dowel pin. In one enbodi ment, the connecting pins
are 15 subBitBfiti?dY yh3gGare SBaped oFomrAstidrd i BRIy reraraglibarenable

10 mating with the holes provided on the bearing. In one
embodiment, the second connecting part shape may be
provided between the distal end and proximal end of the
dowel pin.

In one embodiment, the connecting pins are

15 substantially square shaped or substantially rectangular
shaped in cross section to the longitudinal axis of the
pins.

The engaging arms may Dbe shaped to engage the
proximal end of the connecting pins. In one embodiment,

20 the engaging arms may comprise two fork arms. The fork
arms may be disposed from each other sufficiently to allow
engagement of the connecting pins.

The engagement arms may be of sufficient size to
prevent further {ransverse movement of the engagement

25 member away from the longitudinal axis of the shaft.

The engagement members may be non-circular in cross-
section. In one embodiment, the engagement members may
have a substantially square shape or a substantially
rectangular shape 1n cross—-section to the longitudinal

30 axis of the engagement members. In one embodiment, a
handle is provided on the proximal end of each engagement
member. The handle may be of sufficient size to prevent
further transverse movement of the engagement member

toward the longitudinal axis of the shaft when the handle
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shaped in cross section to the longitudinal axis of the pins. The
engagi ng arns may be shaped to engage the proximl end of the connecting
pins. In one enbodiment, 20 the engaging arns may conprise two fork arns.
The fork arnms may be di sposed fromeach other sufficiently to allow
engagenent ePnthetsoridectamyupinsriffbie @hgadeareiite arae hay ibe tdfe stdfmci ent
size to prevent furthgr transverse mpvenent. of the engagenent. 25 nenber
away fron1t§§ %oﬁﬁifugﬁﬁalc%&iga%fg?hgegﬁgﬁp.%?héjghﬁé %%ﬁﬁe%%ﬁﬁ%r eﬂay be
non-ci rcul abyi na ckaps-sSeal i @dpabn eoOnef esedwivnt , eidiyangagenarh nemder s
may have a substantially square shape or a subhstantially rectangul ar
shape in cr 68§288RENGn MEFRERe G0yt teii Fap Bandkester bene ffaifshehtom
member s.s | ncgnegpRgdiEBRAt neAnehandl e is provided on the proximal end of
each engagenent nmenber. The handl e nay be of sufficient size to prevent
further transverse novenemtbofdingamtengddersent smgdmmmenttowarainidiss are
| ongi t udi na .axisegf the gyaft when HQ; Q$ndle 5 contacts the annul ar_ring.
P

and cexte A8UEBp Ty G SEEIFEETES (hE

I
The handl e ﬁé?pggll1 heTor M of SR Tap.

engagenent mRebesnnbyad CAECr @WeCapabke Mn@GLfamdmy eRgALeIENha tihet he
engagenent nenber. to allow the handle to be released from 5 the engagenent
nmenber. | n SRECERbGA nenflubehraéladdigamitl nidhderacar érogi §3cded|idtind

and_ext@nd LhEoUaNthBe o HEGHILPEARE 08T tnbNEnANRYLAL hENd. The thr ee
engagenent nenbers may be spaced at a substantially equal distance from

each other 10 adoumdet mebgidignarfter erlce ahnthar anhobamayi bgvel ra oherst

enbodinent,rg gainggkggsﬁgggoga% fggéigfdénto enable it to be seated

onto an end of the shaft. The annular ring may have a

second radial dimension on a second side, opposite to the

15 first side, to enable it to be seated onto the
corresponding facets of the shaft.

The annular ring may be made from any material of
suitable strength. In one embodiment, the annular ring is
made from steel such as steel.

20
Brief Description of Drawings

The accompanying drawings i1llustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It is to be understood, however,

25 that the drawings are designed for purposes of

illustration only, and not as a definition of the limits

of the invention.

Fig. 1 discloses a top view of an annular ring of an

alignment tool of a disclosed embodiment;

30 Fig. 1A is a cross-sectional view of the annular ring

through the plane shown by line A-A of Fig. 1;

Fig. 2 shows a cross-sectional view of the annular

ring of Fig. 1;



radi al dinension on a first side to enable it to be seated onto an end of
the shaft. The annular ring may have a second radi al dinension on a second
side, opposite to the 15 first side, to enable it to be seated onto the
correspondi ng facets of the shaft. The annular ring may be nmade from any
material of suiFabhle3stslemgs h.a | sidee ehdwdicenkbn t brgagautat mand:s

made from steel such as steel. 20 Brief Descy.iption ofﬁ%{aMAn gs Th

acconpanyi nge Ut Bt As SPPRPEERFELe 24y P8c idSe 81 sdido dNfe %&%& i

expl ai n thecpei a¢i ghRsnef tbbe ofhsainsad anbedbuBAt helbihy tO be
under st ood, however, 25 that the draw ngs are designed for pur poses of

iIlustration onl ¥, g angAnoghgﬁsa.ékﬁdﬂggéigédgldﬂgiIlsqugs v9Et heri tion.

Fig. 1 discloses a top view of an annular ring of an alignnment tool of a
di scl oséd eehgdgemant Bembey. ofAFig.a3eross-sectional view of the annul ar
ring through the plane shown by Iine A-A of Fig. 1; Fig. 2 shows a
cross-sectional View 6f Bhewannalasideingiam Fie. ¥ Gdradile 3 tdtwows s si de

vi ew of an engagegegi ngnbﬁé havin an_en enen% ?rn1o its distal end
that is used®Fi=c &l Fgn ﬁtePaaﬁ ﬁBBdP BrdPScfoded’herein; Fig. 3A
shows a cross-sectional side view of the 5 engagenent _nenber of Fig. 3;
Fig. 4 shows a sfdg- v?e®h8ﬁsaEhaﬁﬁ?%sTﬁ%ft?%nagoﬁﬁééﬂéﬁl@SF@“FHQ'éﬁﬁﬁbenent

menber of Fihg. 23 ddhgehahOVReAbeE 0958000 LANa o p@ﬁé'éhnﬁ%é%”’%‘mgv'@ﬁv of
an engagenent nenber assenbled to the annular ring of 10 1;

10 Fig. 1;

Fig. 6 shows a close-up assembly view of the
alignment tool being used to align a connecting pin to a

shaft of the disclosed embodiment;

Fig. 7 shows an assembled top view of the alignment

15 tool; and

Fig. 8 shows a cross-sectional view of the alignment
tool being used to align connecting pints on an LPT shaft

during installation of a radial bumper bearing.

20 Mode of performing disclosed embodiment
Referring to Figs. 1, 1A and 2, there 1is shown an
annular ring in the form of support ring 10 that is used
in an alignment tool 8. The support ring 10 has three
holes 12 extending around the support ring 10. The three
25 holes 12 are spaced at an angle of 120° relative to each
other so that they are equally spaced around the
circumference of the support ring 10.
The support ring 10 has a first side 16 having a
annular inner radius that is dimensioned to be mounted to
30 the end of a shaft in the form of low pressure turbine
({LPT)} shaft 20 of an aircraft as shown in Fig. 8 and as
will be described further bellow.
7



Fig. 6 shows a close-up assenbly view of the alignnent tool being used to
align a connecting pin to a shaft of the disclosed enbodinent; Fig. 7

shows an assenbled top view of the alignment 15 tool; and Fig. 8 shows a
cross-sectional view of the alignnment tool being used to align connecting
pints on an LPT ghaf supd@ritngcimst 4P| dwisorarof oppeadital skgapdr ek iy, 20

Mode of per fopalng disclased enbediyent, Refer Lind. b Bhos, L. 1A gnd. 2,
there is sho an annularringint &’ f of m of suppor r|n99ﬂfﬁrmﬁ I'S” used
in an alignteat ticoldHuerndicorsappodt ehigigiel h hasdidl ebumpelebekd igxf esnsli ng

around t he suggort ring 10. The three 25 holes 12 are spaced at an angl e of

120 rel ati v8"P8RedBhFi8t Rer so that they are equally spaced around the

circunfeyence of REber3yRROEL FiBY 0. rEle JURRRY trid Ng LG, dWas £ fiKSin side
16 having a annular innér radius that i's dinensioned to be nmounted to 30
the end of a strdagementhe mepwmrof ihowipr efoume ofir B néopuPThddhaflit ROnof an
aircraft as_sk ixh Fi 8 and as , wi,lJ ,be described further bellow 7 The
support rinaggg$ﬂ&§'anﬁ%ﬁ%o%%?eggéggnai%iQﬁf:ﬁﬁl e%%%%%FFB t 61 't %é%e 16,
havi ng an apauharof naagagafieds fdet bemdi ENSbaned Hoseagagend badi ad

bunper bearing as shown in Fig 8. 5 Referring to Fig. 3, Fig 3A and Fig 4,
there i s shb#heageenfedénert eﬁgwdé?l% FRECYSR mlbf RIPSABRLUGNSRl pliRe

Por k. ars 24 bh 8t Sra’ ol ana 3 T caded Rore D8 exreR g {Hroun Tte.
proxi mal endf mhedl® 2Arehded hol €186 #s capabl e of receiving threaded stem
30 of handl e ZSTEQO%%Ee%Jgé}sé%m 30 of the handle 28 is capable of
screwing into threaded hole 26. The handle 28 includes a
cap 32 which has a knurled surface to enable adequate
15 gripping of the handle 28 by an operator in use. The cap
28 also includes a recess 34 for receiving an elastic
annular member 40 to bias the pin guide 18 towards the LPT
shaft 20 as will be described further below.
The shaft of the pin guide 18 is sguare shaped in
20 cross-section and is dimensioned such that it is able to
slidingly fit into the square shaped cross-sectional
holes 12 provided on the support ring 10.
The support ring 10 is made from steel and may be
made by lathe machining.
25 Referring to Fig. 5, to assemble the alignment tool
8, three pin guides 18 are inserted through each of the
three holes 12. For each of the pin guides 18, a
respective cap 28 is connected to each pin guide 18 by
screwing the threaded stem 30 into the corresponding
30 threaded engagement hole 26. The size of the cap 32
prevents the pin guide 18 from sliding toward the shaft
when the cap 32 abuts the surface edge of the holes 12 as
will be described further below. Additionally, the fork

arms 24 prevent the pin guide 18 from being removed from

8



The threaded stem 30 of the handle 28 is capable of screwing into threaded
hol e 26. The handl e 28 includes a cap 32 which has a knurled surface to
enabl e adequate 15 gripping of the handle 28 by an operator in use. The cap
28 also includes a recess 34 for receiving an elastic annular nenber 40 to
bi as the pi Bhguisterpdtt cuWdrdslf hesLiklie stigda @0 dBewifbirkbe raesd?d babdut
further bel h f..t i i,de .18 is uar e ,shaped i n. .20
Cross-secti gﬁlea%ggfﬂs? %lilgﬁg%gfeo%gig%s&cfﬂl{t eathoﬁtesi slslgbafseetthoe Eg i %lgﬁi? ‘TL?t
into the squaideshapeg¢ crossthectb@nabB shalfes202 provided on the support

ring 10. The supgort ring 10 is made fromsteel and may be nade bg_lathe
machi ni ng. 25 ReREFRERGNP0NRIGEOs Fidy Lssdiifi%e the SoYhreneEsectivet hree

pin gui dgs 18oaceupnseblednthbaugheeanh Qfuilds fdﬂr@@ir@'ﬁ%&%o Fo1; gach of
the pin guides 18, a respective cap 28 is connected to each pin guide 18
by screw ng tdmnduteadenist eim 30hentootme oforsixepbielied 3Ant hBeaded a

' f th . 32 [ ,de 18 f
S Paing towaraethe EnarrohfinkR hatelptiseanipe ERe kst sbetedgR of the

holes 12 as wilffhbestesattiebed bumnt e Hael ew.ciAdditdonmddy witte 4§ ofkat arms
24 prevent the Ein guide 18 _from being renoved from8 the support ring 10
as the sizeMof9fe FUTUEA n8624 DUt MRS ifvkEh s GORZESPONGE NG Bl RBI es

12 as the phB1gYi 48 18he skhdesavamddomihe; LET B shaliy 296BR%ffﬁr{1i1@g now

to Fig. 6, there is shown a perspective 5 cloSe-up view one of the pin
gui des 18 behngldseddt pial Bgnisasqoamecsbrppidn i-n the form of shoul dered

Choul der od i n- 36 Riad "8 T PE U ol Wity ti TH L PPAFCofh dBFE B8A7orr P36k T or
mating W t htger L.espendifiig 20BGIM&Er the support ring 10 is located such
that the side 16 is mounted to the end of the LPT shaft
15 20. The support ring 10 is rotated around so that the pin
guides 18 and their respective engagement forks 24 are
respectively disposed over the head 36B of the shouldered
pins 36.
The shouldered pins 36 have a square shape in cross-
20 section and are dimensioned to be inserted into mating
holes 38 provided the LPT shaft 20. The angular position
of the three pin guides 18 on the support ring 10
correspond to the angle of the hole of the bumper bearing
22. As such, the fork arms 24 are capable of engaging the
25 head .36B of the shouldered pins 36.

The pin guides 18 are moved in a direction that is
transverse to the longitudinal axis 42 (refer to Fig. 8)
of the LPT shaft 20. The fork arms 24 engage around the
head 36B and surround the middle section 36A to ensure

30 that the shouldered pins 36 do not move and are held
precisely in place for mating with corresponding the holes
(not shown) on the radial bumper bearing 22.

The square shape of the shaft of the pin guide 18

permits unhindered sliding movement but very minimal



10 holes of the radial bunper bearing. The head 36B of the shoul dered pin
36 is square-shaped. . The shoul dered pins 36 are inserted into holes 38 of
the LPT shaft 20 after the support ring 10 is located such that the side
16 is nmounted to the end of the LPT shaft 15 20. The support ring 10 is

rot ated arotdnadasdonhit mpNempnf thuictigh M®lamwd ttheind rlespeet fyel bhigagesent
forks 24 ar §uir%sp(_:(‘actt_:i1 venllélntdi S %segié)é/grathe rr11ead 6B, of %2@( shoul deé%ed
pins 36. Th Shoul et pi'ns have™ a %q%%?%'%hg e TMcross: 26™§ectfon
and are di neishonad t ehbaltesedt pdni B60 mating hol es 38 provided the LPT
shaft 20. The angul ar position _of the three pin_guides_18 on the support
ring 10 correspoR8 Pd1t KRigRyI B ofnepkehoParsfathd Nsthddtiear i9fg the. As

such, the fgﬁ&u@%ﬂ?eadfp@'h% capahle ofe eggaggmgghp§e§2§e%%%g 36B ofi1be

shoul dered pi ns The pin guides 18 are nove rection that 1s

transver se epsthénpoggbtiudhgabemrns 42threfemiselEpgme8). of the LPT shaft
20. The fork ar 24 .engage around the ead B and surround the m ddle
section 36A to rerzis:u'rweﬁgoa%na‘—’fp];ﬁeeck%tﬁﬁ d@?%ﬁ ggﬁsag_égagleﬁgt eeBan%a%re
hel d precisshyrbd phacerig@l aratddig tidh €0rErspoRULNG dehedhqlies 34 ned

shown) on the radial bunper bearing 22. The square shape of the shaft of
the pin gui 882t8 ther htke umdi nBBRedPYIPRF ndevEEnt2 bureer §ni Fehal 9

rotationpl gy AL+t hrgugh ho 12 an cilj es jguick. .
engagenent anésgﬁsengagengnt o#ﬁghe for%hgﬁgggﬁéé mﬁ%%ﬁ%he % ouI%E%%%gpin
36. The pinigatdéla8ienabl es partial installation of the 5 shoul dered pins

56 and Lhe 120! ahy BUEL, boak 10,22, 000 1S3 1a 004 engageront i thout
arms 24 can be disengaged after connecting with the radial
bumper bearing 22 by simply sliding the three pin guides

15 18 away from the shouldered pins 36 in a direction away
from the shaft. This is simply done by pulling the cap 32
away until the engagement forks 24 are fully retracted
into the support ring 10. This ensures no interference
with the LPT shaft 20 before removing the support ring 10.

20 Referring to Fig. 7 there is shown the support ring
10 with an elastic rubber annular member 40 extending
around the support ring 10 and located in each of the
recesses 34 of the caps 32 of the three pin guides 18.
The rubber annular member 40 impart a biasing force to the

25 pin guides 18 to bias them towards the LPT shaft 20. The
pin guides 18 thereby travel in a transverse direction to
the longitudinal axis of the LPT shaft 20. The advantage
of the rubber annular member 40 is that it imparts an
equilateral biasing pressure force to pin guides 18.

30 It is also will be appreciated that rather then using
rubber annular member 40, other embodiments may use some
other biasing mechanism, such as a spring arranged to

impart of biasing force.
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control the angular position of the shouldered pin 36 so that the hole of
t he bunper bearing 22 are in total 10 alignnment with the shoul dered pins 36
during installation. The three pin guides 18 and their respective fork
arnms 24 can be di sengaged after connecting with the radial bunper bearing
22 by sinply sli8efigrrhedt hree Foign gBii dédiek® 18sawheovir oithehez shgwhelet ed
pins 36 in di.rect.i on awa fromthe shaft. This js sinply do b ul I'i ng
the cap 32 %gﬁ%y%ﬁﬁ??+ngh8¥8ﬁgéﬁéﬁ%ﬂhg?ogﬁg 24£&ﬁ%i$%ﬁ?@ppépﬁag§%d¥h$5to

t he support atieng nkdrtBi sireitsUh63e803BNntaidaRRCein WwhE tihre |FEEhady. 20
before renoving the support ring 10. 20 Referring to Fig. 7 there is shown
t he supportAlsi%é‘e Teren t B BAlefadnpc thebireki wHrttarofrefiber 4vheyddaertg

around tde supporgeri 0 o] edin =h o - r S t he
caps 32 %f ?Eggth?gé B?%égU| esé'l(BE.ﬁ'I % g rﬁ%ggr %ﬁ%gﬁgr ﬁ%ﬁ%%? i%éwﬁ%%rt a
bi asi ng f or bearénghé&225rpi mogmitees t18 tthe biiaklltcheradtdwar B35 herd fr shaf t

20. The pin.quides 18 thereby.travel i.n a tragsversg directiaqn to the
Iongitudina?lQXigsofo$h§hfPT éRQP d§6?dTH€jﬁﬂv3§tage§h%fr@ﬁé%iﬂﬁﬁwp%ﬁnular
menber 40 i pekRahgi L2 MRArdShrAdttRUEd af ehainbeaging PeRISWE F0r Cend® pin
guides 18. 30 It is also will be appreciated that rather then using rubber
annul ar nenbBf POMPSIh&CEHEGi T3S ageuseosbrRttedt her thicadiBly seehiani sm

such a SpRi N r i t of _hiasing r 0 i.ng Fi g.
8, the?gﬁiseghoa%ﬁ%hgﬁa%fg%ﬁgnth?%oﬁPBC%gi?%ngggi%gxé iSﬁS%EEES od%gered
pi ns 36 thamovang ithsehtedlent?@ holags f38®mproe dedhgimuidiendiPesslhaf42 208  As
the tool 8 intﬁigs éBe al i gnment of the shoul dered 5 pins 36, the hol es
of the mai n“8figfR8Fadral bunper bearing 22 are nounted to the middle
section 36B (refer to

Applications
15 It will be appreciated that the alignment tool 8 can
be used to correct and maintain the alignment of the
shouldered pins 36 during mating with the radial bumper
bearing 22 and the LPT shaft 20. It will also be
appreciated that the fork arms 24 minimize torsional
20 forces imparted to the head of the shouldered pins 36,
thereby improving alignment during assembly of the bumper
bearing 22 to the LPT shaft 20.
By achieving improved alignment of the shouldered
pins 36, the alignment tool 8 minimizes damage due to
25 misalignment and also minimizes any undue wearing of the
radial bumper bearing during repeated installations. It
would be appreciated that this improved alignment provided
by the alignment tool 8, increases the life cycle and
performance of the bumper bearing 22 and the shouldered
30 pins 36.
The improved alignment of the shouldered pins 36 for
mating with the radial bumper bearing 22 reduces any
instances of installation failure and thereby reduces

installation time. This may result improved efficiency of

11



Fig. 6) of the shoul dered pins 36. The radial bunper bearing 22 is
connected to a main engine bearing 44. Once the bunper bearing 22 has been
connected to the LPT shaft 10 20, the alignnent tool 8 can be rel eased
therefrom by noving the handle 28 away fromthe |ongitudinal axis 42 of
the shaft 2@nshpplatabhenparksdulamlly de &appr écimateed bhéatinde aald grinent
tool 8 can used_to_correct_an intain the ali t._of the shoul dered
bi s 36 dur PR MEPEhQTRRENDENBEPABR AP bARDRF CBoMPFRGLISESHR the LPT Shat
20. It will alsonbeitappreti/at ed thatl the dppked Med4tAhNI Buge doorsional
20 forces inparted to the head of the shoul dered pins 36, thereby

i nprovi ng aPigARBAL AFRAWETESSerf yEBE PRE ISIWSAS, bar L Ag PRSP lenet @ PT
' anmert Toar B o eg e e L I8 PREk RSS2 AP, the T
m nim zes aapdupduéehweherdgodf thhe shdiuatebeadpeinbedating during repeated

installations. i wayl.d be appreciate hat this inproved alignnment
provi ded by the&ﬁlﬁﬁﬁ&eﬁ¥at _a%EDFnEg@gsgérﬂﬁlef¥ ‘%@d?%ﬁié&?atlons
performanceazall thRdummensess i fBe22nakattiba shaul deg edppdPeRtNg 36:hd he
i nproved alignnent of the shouldered pins 36 for mating with the radial

bunper bear PR§S2R reldubbed adyr {thst antes aftamseapdandonthai | irreemiong

t her eby, 4 edyc i al l.ati tine. . Thi r It & 0 i.ci engcy of
111 notd] Paty e LosURe ey Mol (b (BT bol FRECKER Bop 21 st
be preheat etdhpri aintent ixat al batli onit Addist | obatéydedt wHdt beaappr echett ed
that due to t slidin arran%%nent,of the pin guides, it is possible to

e .. . .
5 qui ckly a@ggﬁﬁFEaEﬁﬂn i 88858 PéaFHQHFoF?mﬁrW§%§4m e (eope of the

appended claims.
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end of the head of the shouldered pins 36. It wll be apparent that various
ot her nodifications and adaptations of the invention will be apparent to
the person skilled in the art after reading the foregoing 10 discl osure

w t hout departing fromthe spirit and scope of the invention and it is
intended that all such nodificatiofbasmd adaptatlons conme within the scope

of the anpended ol 3iinel? C1ai Mo AN AlIANTENL LOPL, L Ok i3l 9k g

connecting pins for ~“connecting a's St he 'shaft and
t he rad|aboheattmggrespehhfvebmdhaylmgd&hll&a&hnhwp hohes shaffer awetei ving
t he connec t he al i gnnent t.ool qpr|5|ng an annul ar ring

capabl e of Se ﬁ&llagcé’teé‘&ll?)‘@t e&rjf&ve&léfoﬁ’(a RS Safkeaatd T hakfal

bearing; zad a%e&§§§iné“QﬂﬁﬁgégﬁﬂﬁﬁklﬁEWQ§I§sexﬁﬁﬁﬂ'leﬁﬂﬁgﬂgh td& and
di sposed around t he annul ar ring and béi ng capab e of foving tomard and

away fronceherigdingl: bearing surface each engagenent nenber having an

engagenent ar”‘Br%%h%ﬁgr %q (ﬁ reof f%&e&ﬂgggu%ghthe

connecting pins |gnnen o ena e “Cohnec ins 10 engage with
15 the respecti tachehestpradi dad eadtihe bbaktinghdahbe radlal bearing. 2.
An alignnment tool as clainmed in claiml, wherein the two en%ygenent

menbers are capibl L23$L s|HH nERERFBTUGRAL L MEMRRY SinRHE&PIiPAG. ©
al'gnﬂ?ntahgohl%go%%@'%%@uh@ ral Mnky 14 1y £ P LA diasing menber

to bias the at Ieast two engagenent menmbers in a transverse direction
t oward t hmov2sgl grigiandli madl awey dfrarhetbbdatedidl Aeagdingnnemtfaosl as
claimed in cha|n13 wher.ei n the
each engagement member having an engagement arm provided
on a distal end therecf for retaining the connecting pins
in alignment to enable the connecting pins to engage with
15 the respective holes provided on the shaft and the radial

bearing.

2. An alignment tool as claimed in claim 1, wherein the
two engagement members are capable of sliding through the

20 annular ring.

3. An alignment tool as claimed in claim 1, further
comprising a biasing member to bias the at least two
engagement members in a transverse direction toward the

25 longitudinal axis of the shaft.

4. An alignment tool as claimed in claim 3, wherein the
biasing member 1is an elastic annular member mounted
around the circumference of the annular ring and the at

30 least two engagement members.

o, An alignment tool as claimed in claim 1, wherein the

connecting pins are shouldered pins.
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bi asi ng nmenber is an el astic annul ar nenber nounted around the
circunference of the annular ring and the at 30 | east two engagenent
menbers. 5. An alignnent tool as clainmed in claim1, wherein the
connecting pins are shouldered pins. 13 6. An alignment tool as clainmed in
claim1, ®herePn BHdgngentedciodg asi msladmed ubstakrtimlly wheges n stiaped or

subst anti al r ngul.ar. sh d Ln.cross.section. 5 7. An alignnent too
as claine%okﬁegﬁgbﬁl1%”%H%ré?ﬁ§thgubgﬁaggﬁﬁgi rn§qgﬁgesh§%gﬁm¥g é%@age t he
proxi mal enthsabnttibé lgompettingglpirtnsShaPedAinakirgegestctooh.as clained in
claim1l1, wherein the 10 engaging arns conprise a pair of fork arns, the

pair of fork arnms being disposed fromeach other to enable engagenent of

the conneqtingapi BY jLRGEARELWMRAN a5 L 1Ak 1gNMEN ;1 o) @feféﬁh”ﬁqe' n claim
1, wherein a 15 handle is provided on the proxinmal end of each engagenent
menber . 1engAgiabi g@imnt areolshepes at reénigagel dile 1prokemeln enide ohandle is
of suffick%gtc%h%% %gngrev%gt transverse 20 novenent of the engagenent
menber toward the ongltgalnal axis of the shaft when the handl e contacts
the annular ring. 12. An alignnent tool as clained in claim1, wherein 25

t hree engagenent nenbers are disposed around the circunference of the
annul ar rPng afPadddBsfgRti &0 A&y faiaigest dit S kaidin rachetdist . ths. An

al i gny@ent oheakiy CldBbhf L4&1 I Laiphesel e apiyl i Nge has a
first rad?a% gﬁnénsion on éyﬁfrst s%ﬁé to eﬁ%% eafﬁgfoggg g%ﬁf%dggnto an
end of théoghaf armg4. bAnngl i ghepntetioofras ckachedotimerx| atm 1Syalber ei n

the annul g ring has 2 sgeond radial digension ona ...

9. An alignment tool as claimed in c¢laim 1, wherein a
15 handle is provided on the proximal end of each engagement

member.

10. An alignment tool as claimed in claim 1, wherein the
handle is of sufficient size to prevent transverse
20 movement of the engagement member toward the longitudinal
axis of the shaft when the handle contacts the annular

ring.

12. An alignment tool as claimed in claim 1, wherein
25 three engagement members are disposed around the
circumference of the annular ring at a substantially

equal distance from each other.
13. An alignment tool as claimed in claim 1, wherein the
30 annular ring has a first radial dimension on a first side

to enable it to be seated ontc an end of the shaft.

14. An alignment tool as claimed in claim 13, wherein

the annular ring has a second radial dimension on a
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14 second side, opposite to the first side, to enable it to be seated onto
a side edge of the radial bearing. 15. An alignnent tool as clained in
claim1l1, wherein the 5 engagenent nenbers are capable of noving radially
to the longitudinal axis of the shaft. 16. An alignnent system conprising:
a shaft hé@FﬁQdaﬁH@%ﬁnOHRQﬁ#Rﬂe%@f%@eréééﬁvlﬁgdét tp0 gredsie tido &@nnect i ng

pi ns_ther glnoeackadigl Jeacking havkng Atyleasttyopighenglor  receiving ¢ he

at | east two connecti ng plns th an alignmen ool for aligning

the at | east tmo connectlng pins for engaging the respective holes of the

15 shaft dlal b ar|n t he al. nt tool conprisin an annul ar

ring capagge 0 nbé—ll g6t &§° bé’ﬁ/\é“elr?]é’%‘d{m dgbtiaHe ]s'ha“l’l?e%‘?&fgtmeradl al

beari ng; andagadheh@asdenintd enpagerBRiLIBNBEr fi09%hendideg Sihrough and

di sposed around t he annul ar rlng and bei ng capabl é of 20 noving toward and
&

away fromlehgibegdinad suiraed, téackhadftgagement nember having an engagement
armprovided on a distal end thereof for retaining the at |east two
connecting pins in alignnment to enable the connecting pins to engage with
t he resped®i.veAhobhédgpmenitdegsarmt bemp2isshaf:t and the radial bearing. 17.

An al i gnnent syst gﬁg§ cl aj mred |n claim 16, wherein the shaft is the shaft
of an aircraft eé% BRyvaEd AR $QﬁﬁﬁnﬁW0599%%ﬁ1§§rd¥§9ﬁ%Y%Wgc?%ln117

whereid thgsghalb b%nﬁeb%@hgr%&%Br%hEQEthe shaft. 15 19. An alignnment
systemas claimed in claimi7, wherein the radial bearing is a main engine

bunper beari ngaof radiadi rl@q‘:@nn@ngﬁisei.nf;ﬁ 2. Aemstthotwof hblgai nfor

Connectlngeggg%l%%rt %ng%c&%g%t two connecting pins therein; and

an alignment tool for aligning the at least two
connecting pins for engaging the respective holes of the

15 shaft and the radial ©bearing, the alignment tool
comprising: an annular ring capable of being located
between and about the shaft and the radial bearing; and

at least two engagement members extending through and
disposed around the annular ring and being capable of

20 moving toward and away from the bearing surface, each
engagement member having an engagement arm provided on a
distal end thereof for retaining the at 1least two
connecting pins in alignment to enable the connecting
pins to engage with the respective holes provided on the

25 shaft and the radial bearing.

17. An alignment system as claimed in claim 16, wherein

the shaft is the shaft of an aircraft engine.

30 18. An alignment system as claimed in claim 17, wherein

the shaft is a low pressure turbine shaft.
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a shaft and a radial bearing, the shaft and the radial bearing
respectively having at |l east two holes for receiving the connecting pins,
the nethod conprising the steps of: 10 |ocating an annular ring between
and about the shaft and the radial bearing; noving at | east two engagenent
menber s extSendifig altigmmeght a1h s pasedlainadd inhe ladmul f, rilmgréomar d t he
radi al bearing suyrface,_ each of the_engagenent nmenbers 15 .having an
engagenen?kgr%ﬁﬁiﬁ% S on'% o s a?aéﬁdgggﬁﬁgrggppegn}%%ﬁ%QQH the
connect i ngipictra fith edlgiganent with each of the engaging arns to enable the
connecting pins to engage with the respective holes provided on the shaft
20 and the radial bearing. 21. A nmethod as clainmed in claim20, conprising

movings {he.al A aashddG, SNIROSHEAL EBRRELS hG Bidld G OBy, i dgom the
g surface to release the engagenen 25 arns fromthe
connecti ng pihmsft 18nd a radial bearing, the shaft and the radial
bearing respectively having at least two holes for
receiving the connecting pins, the method comprising the
steps of:
10 locating an annular ring between and about the shaft
and the radial bearing;
moving at least two engagement members extending
through and disposed around the annular ring toward the
radial bearing surface, each of the engagement members
15 having an engagement arm provided on a distal ends
thereof; and
retaining the connecting pins in alignment with each
of the engaging arms to enable the connecting pins to
engage with the respective holes provided on the shaft

20 and the radial bearing.

21. A method as claimed in claim 20, comprising moving
the at least two engagement members in a direction away
from the radial bearing surface to release the engagement

25 arms from the connecting pins.
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