An Alignnent Tool Technical Field The present invention generally relates
to an 5 alignment tool for aligning connecting pins for connecting a

shaft and a radial bearing. Background It is sonetimes desirable to nount
a radial bearing 10 to a shaft. In one such application, it is necessary

to install a radial bunper bearigg ggnﬁ skafhoqf an aircraft engine.
During installation and refitting o?ﬂ |rgraft gngines, t he radi al bunper

bearing needs to be "connected to the shaft to allow the bunPFrdbeaan? to
15 rotate with the shaft. Shoul de ins ate_initially installed in holes
provi ded on the shaft. The insta#?gtPﬁﬁa e§aPtds the radial bunper bearing

to be preheatedrhe a gesgined ehouatednt enparatars, befof g being,, i ngtal | ed
in precise alignnent Ji the pins nmounted to the Zdﬁghaft. T%e |nstaI§at|on

process anfbi IBBEDE s faoly famaddandachycanmedtistal pits ofoopesanect idge

installatio e dia e ing to the shaft has previously been
conduct ed m?tﬁﬂgkguﬁ%grhbgg?#%g Esgggbgétraining ring. The bunper bearing

pin restraining 25 ring conprises an annular ring that is capable of being
“nmounted to the shaft. The bunper bearing pin restraining ring i's provided
with three knurled screwing nuts e nanchr ough the annular ring. The

knurled nuts arertcapablsndf ; 04 ahbQnakLiRVeENt, ar & 444=1eq,4 0 &, 30
n :he

cl ockwi se direction to thereby exert a conpressio orcé agains pi ns
insertéd i nteha shaffit. Théncomper essitoreppbicat toey t &0 Hy trhedesadedeaut s

i's provided, ] attenpt,.t nsure that the pins are kept in alignnent
forp natingl%§¥%f%ng%ge ﬁ%aﬁofggmg?rt CPEHPAl BUhPerdbezhidfly. of " an

aircraft engine. During installation and refitting of
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 1is 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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1 A problemwth 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 alignment of the pins for mating with the 5
corresponding holes of the radial bunper bearing. In fact, the torsional

conpr essi on forcg §xesh e by ithe tggurﬂ,ﬁgﬂrpyglsﬁgihqnga%?gfaﬂSt 0,4 he pins

bei ng subject to sone rotation and hence m salignnment. S m'sal rgnnent

- may result PRAPYaRa§écno athetieinpemplearsiiog diviar bgp&&éed{rﬂlﬂ:]ldt’s&ﬁh::atl on
and refitti h ircraft.engine. .if _danage occurs to the radia
bunper bearlg 39 83?%% RS af?a?’lpgﬁ and PEF| 8Pitn§‘ YendaiTt it t TBRgi ne,
the life cyekeiand parkemearce of thigeragiak bygper Re3HNG waAN tPRe
shoul dered pins of the aircraft engine can be 15 affected. In the event

that the radPaFeBBAPErNBedi? RS i ©Tunbre redight dowiper t beagtiog.der phns
due to m safhgpmentne tPgrsfaHkal Qgr;ﬂggésgﬁgﬁ' ng.hag t%}((gf%écﬁo ved and the

entire installation procedure repe 'S may resu st¥ 20 n
hours, partkearaedynasst heybinpénchedriany tandhdepidd beiaf tsubfdcbeto
preheated prior to.installation. There is a need to pravide an alignment

tool that OVEYcMEEG! a?n‘flegepcﬁné‘l‘%scﬁja]t%g?e%e ot s @njpiathgnment
di sadvant agegy desstl bednabame ge2 oSHHER Y mAGC Bl échﬁﬁf%#fge pecy of
the invention, there is provided an alignnment too or alighing connecting
pins f8r cbavertiablansiard andiatiadi abf bedre ngirchefshafgiard 30 Ihe
o0 o DTS DEEL Y M o LSRR A AL

installation and re-fitting of the aircraft engine, the

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
ovércomes, 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




conprising: an annular ring capable of being | ocated between and about the
shaft and the radial bearing; and 2 at |east two engagenent nenbers
extendi ng through and disposed around the annular ring and bei ng capabl e
of noving toward and away fromthe radial bearing surface, each

engagenent nenberahalkengtanwengagenpnicalr Nphbykdedxe8naidigs talr fith Sand

thereof for retaining the c nn cting pins in alignment to enable the
connecti ng p?%%p?%e‘gng%\@%u a%é’é‘p‘éb‘fl VénohoPBd prottdedsmhhe shaft

and the radi rln cco d| S n C fit [,0¥eption, .y
there is pf%%lgld aﬁ%i nﬁ%n %§ ?e%?c%%%r%ggggf %Sgrl ﬁaﬁt ﬁaV|n ac
| east two hotresigkwoent ettsaetber nglv1mesp@cqn9webyeniatarmemv1tdm @@m@etstﬂbhemdns
therein; za r earing . h vi.n lLeast two hol es f recei,ving the at
| east twd coﬁﬁéﬁ%lﬁg %l %s there| ﬁlg & a%o%lf‘?%wrfé%tp’t%%l lflofﬁ g %he
at | east twoendbleonhectddrthgiitibng OpisBgagh NenkAger GRACIENS &@Is%%&fmtéﬂe
shaft and the radial bearing, the allgnnent tool conprising: an annul ar

ring capabl &V¥ehdPFgvioedt €d thet abehtapadabde rerd adhde@ring t he radl al

bearing; and at Adeastql EBQ%Q reat%tfe”cqj* ”911%\%8{:‘9? ang,; 20 ere,

di sposed around the annul ring an elng capable © novi ng Otar

away fromthes @mvi@e@uamaab;gxﬁmehtfe}ggagmnmpmﬁ@b?ﬁ:ha;n Ing a? 1(_'angagement
arm proyjded on a .di,st d there or retainin e at |eas WO
connect #zu pins ih 4 VI erfdbl &3 c&r‘f’r‘?ecgpﬁéspl hSTt oTBRGATE TR t h

the 25 resDQ@dp@:M@ﬁyPrﬂ“P'@Qs@”t&BecéﬁﬁEEtﬁﬂg bhRs’ aflbdle s gbea“ ng.

According to a third aspect of the invention, there 1s provided a nethod
of aligning connectifRf¥ihs Horring having at least two holes for

receiving the at least two connecting pins therein; and
an alignment toeol 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 éhaft 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 at least two connecting pins in
aligﬁment 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 sha;t 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;




connecting a shaft and a radial bearing, the shaft and the 30 radi al
bearing respectively having at |east two holes for receiving the
connecting pins, the nmethod conprising the steps of: |ocating an annul ar
‘ring between and about the shaft and radial bearing; 3 noving at |east two
engagenent menberseveRgenalt ngledsit ougio arshgli gposed afeaiing- 4 he il Bing

rin t owar the I earing, surface, each of the engagerrent menber's
haV|gng an e%gagen%rﬁt Egim%r %%?j GROANE stk eRBULAST éblfngranHOEaFéltdﬂ'rﬁ ng

the connectingipins HendldgneRiteWid,h eaeh, of ¢t hgyo e '5@%
t he connecting pins to eng(gge with 'the respective hol provi de% on
shaft and tHewiadi ah ebgaydmegt i6mDetavidet Bhsel @t ehdErhet sBNtasia

I d t f an,align tool wi.ll now
oo oaed 1 ond naarierts TR Sians T be trveRaTy ‘Hfthaﬁacﬁn@%)ntehe The
engi ne nay Begaying camhs eagenablen tore cdinerdogy n@ﬂﬁs EBeeﬁ?@fgb ay-Hoe a

| ow pressure.turbine (LPT) shaft. The novenent of the at |eas
eng‘agemant Eé’rﬁ) efsSP ?Wﬁ@ hodesdinrg Hsleden theogdte fithearsdinthar neidigl | n

one enbodi mptaritthe al ignnent tool further 20 conprises a biasing member
to bias the at Iéggset two engagement nmenbers in a radial direction toward
the longitudinal axis of the shaft. In one enbodi rrent the biasing nenber

i tectiTh Toward the 25 PERBLERH RAPoIRRERR i BRAREIISRTP anot her
embodi ment, the mieg Mg FENRSH-T8Y:iRE RN @h@%hhﬁeﬁegul&f merogs FyHAL R
tool 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
kmay 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 direcfion toward the
longitudinal axis of the shaft. In one embodiment, the
biasing member may be a spfing mounted to Dbias the
_ engagement members in a radial direction toward the
25 longitudinal axis of the shaft. In another embodimenf, the
‘biasing member may be an elastic annular  membermounted
around 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. I
The fadial bearing may be a spacer to be connected to
'_a shaft. The radial bearing maj,v be a bumper bearing. In
one embodiment, radial bearing may be a main engine

bearing. In one embodiment, the bumper bearing may be




around the circunference of the annular ring and the engagenment members to
bi as the engagenent nmenbers in a radial direction toward the |ongitudinal
axis of the 30 shaft. The radial bearing nmay be a spacer to be connected
to a shaft. The radial bearing nay be a bunper bearing. In one

enbodi ment , cbﬁﬁbé{:egeﬁﬁgﬁgeﬁlﬁy ke aaggﬂﬂt%xe@lé‘ee Qex?dér?cg%rh? nl?%alélﬁgnggr

enbodi nent, the bunper bearing nmay connect ed-
five main engbﬁedbeaﬁmp@prb ﬂﬂuyidenaepmdhg- ﬂhﬁsCOMﬂﬁCbbngs@bﬁ§d€E¥dbe
shoul der ed ins. e connec% ins may be dowel pins, The dowel pins

may have a PIPgt ct ‘%eSPPH §ﬁHﬁ% {6 Yerk®| SoFedat PHYS wi {Thea dowel
correspondi pgnsBtndlg saare of ﬁfﬁgﬁuﬂdghneg&q%bdegagg éﬁﬁﬁﬁpagg gg {irst

connecting part shape may be provided on a di'stal dome prns to
enabl e “natPAbiwgt HitHe ol esrpesvicsednian mh’emgafshaprdne cdowehe phokesmay

h cLin ar, ape.to e 10 mating with the hol es
have, & SeCOERERNBRCNIALLSIANGLE SIAN € 0. IR WD Lhe hol s
shape may blee pmowuded.bﬁtwaemﬂéﬁakhéﬁﬁlo@nihaNHéW@%lgghse@$(%né$@b

dowel pin. In pne enbodi pent, the connecting pins are substantial ly |
squarepshadgﬁtb?gsﬁﬁgghanﬁlﬁyﬂﬁﬁttﬁﬁﬁﬁﬁéﬁd sifapélei rshafdss Thet idewed t he

| ongi tudi nabi aXi il khee R NSecThe SMAMAG A TBAIRY he shapsd Loyengace

the proxinmal end of the connecting pins enbo
engagi A§ armathdy oumlr | $bet weolesk mrawidetheohorkhar teardyighe dhspssed

[ om each oLaFHLILE! ALY, LacaRlon cengaganent of he comnect ng pi s
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 lohgitudinal axis of the
pins.

The engaging arms may be 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 transverse 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
rectanqgular shape in 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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prevent further transverse novenent of the engagenent 25 nenber away from
the longitudinal axis of the shaft. The engagenent nenbers nay be
non-circular in cross- section. In one enbodi nent, the engagenent nenbers
may have a substantially square shape or a substantially rectangular

shape in cresstseeli Athd OahRg1 hPNgihudi ] the engagenent |

menbers. In one enbodi men?, a han&l gdi :ﬂ{per g@?@%%goﬁg%g%prlorgi ﬁ'ﬁ? gﬁ’amof

each engagefén® gemvbefhe Thaphaadl denmedieraf suffhei enyagement omprewent
menber toward the

further trapsverse_novenent of the engagenent [
| ongi t udi nal%axel[s%gp t%%r%‘ﬂaﬁagﬂ?;? tﬁg HEAd'e "% bR demsnthevdihulle
ring. The handhegen@ytbendnbdherd oM oRf teCHAngIRE t%ﬂﬁoémi‘e?&a%&%t%n& Oh

t he engagenent nenber by a cap screw capable of screw ng engagenent wt

the engagehBRt SREATENENG BEMG®RTt-he handle to be released from 5 the
engagenent nenbeg,, | ne ?gﬂ%%i , t e _engagenent nmenbers are

di sposed around and g)?’%en through the %]Te%%nf%?g%%%m%qt tlﬂﬁm%ﬁﬁﬁl af'Ifi ng.
The three edgaperedt amriedsamay detespacedaigha sHEStARdM A 8Ll of

di stance frgﬁn each o%her 10 arqund the circunference of the annular ring.
In one enbodi'frer Y 1her anmdl%r %y FBFSRavelgasenert menbarsdi meysiba on a

first side tpagaablae id LApBeaReaLady AlheaANaeBdafle g ofNalder, Thenapnul ar

ring may have a second radial dinmension on a second sid€, opposi 0 the
15 firdd sjdeourg thabrérrumferpacseatfedhentanufier edangespondi ng facets of
the shaft. The appul any material of suitable

rordn dmebce de fro ¢
strength. In one enbodi me"#i J’[r%él dnnular APPRGPF sTIREdBEY SRS el f3Eeh as
steel . 20 radial dimension on a first side to 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 illustrate 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
tllustration 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;




Brief Description of Drawi ngs The acconpanying drawings illustrate a
di scl osed enbodi nent and serves to explain the principles of the

di scl osed enbodinent. It is to be understood, however, 25 that the draw ngs
are designed for purposes of illustration only, and not as a definition of
the limts of t I ngengq Fi g..:1, di scl oses_a top view of an annul ar
ring of an aliggﬁghtgto%¢8@ éidf§c‘%s¥&e¥nb8ﬁiﬁHhtFU§@%$ﬂ5Pt|AmF§bar
Cross-sectilmaingi ew ehgbhlyemannulaaim ramdit4 ougin tdeq ptigge shoubegyihi ne
A-A of Fig., J1; cross-sectional view of the annular ring of

PR Fi .2 shows )
Fig. 1; 6 Frg® 3 gﬂﬁﬂgnﬁ 5raé emerddrenn digsdesedt hegeder having an
engagenent armon,its_distal end that is used in the alignnent tool
embodi nent di scl b58d RRreFROVE @ IXxeFOVRSCL kousk- sdatd ovdlewsi dé vikew of

the 5 gngaggﬁgﬁémgggbﬁémﬁnggg.F}gngg. 4 shows a side view of a handle

that is connectable to the engagerént nenber of Fig. 3; Fig. 5 shows a

cross-sectional tial nbly vie of .an engagenent nenber assenbled to
t he annul ar ringfo . %O %ﬁéssl;gFiS} sHoW a H oe- UPHERNbIRA Vi el of

the alignmemné¢coibbei bg tsedehgagbimghtamenpeechbicngiginsto a shaft of the
di scl osed enbodi nent; Fig. 7 shows an assenbled top view of the alignnent

15 tool; and Fi gri§. ShowhoasCl-DSEr666150RAL Nk EWLal +the ald Lnps! !
bei ng used to align connecting pints on an fPT S a%t gu%#%g |n3%éY#%¥ion
of a radi al®bufPeBSGaNfit member assembled to the annular ring of

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 is 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




20 Mode of perform ng disclosed enbodi ment Referring to Figs. 1, IA and 2,
there is shown an annular ring in the formof support ring 10 that is used
in an alignnment 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 angl e of

120 relative to h Rek sP; Abhat gt . Y..S round the
circunference of@?ﬁesg%%port%gykg 18.@$%%q%ﬁpgggggé¥ﬁg %%Eﬁﬁg-%fééri?’5|de
16 havi ng sopp@ditar tondérstadiiude t h&t havdhoemsi enedit2r benmerntedite 30

t he end of att. in the formof |ow pressure turbine (LPT) shaft 20 of an
aircraft aéggigwﬁsinﬁﬂﬁfs%?ﬁéalgg aﬁi%QQMﬁdE@éF?%e@umﬁﬁﬂuﬁe%kﬂq%mﬁS7 The

support ringhdénhas mhgopposite second side 14, opposite to first side 16,
having an annular inner radius that is dinensioned to engage a radial
bunper Bearing aRefeReWRO| ROFF§IS. 35 Réerdd md Fil ¢i, L hdie BA shdwki g 4,

there is s e nb i,n the formof a Longitudinal pin '
gui de 18. %ﬂgqﬁFﬁ”bU|ge T@ghggﬁénfén§%5%n§ﬁfmar iﬁitﬁ@ngﬂ%FgﬁBﬁlenﬁﬁﬁenent
fork arms 2guide aldi st dlheengimnduadet Nigeadad Aol englgentandianeg tiH ough its

roximal end. The 10 threaded hole 26 is capable of receiving threaded stem
go of handt @28 °hoWrIFFERERL 40 he2TRPeadedO8t e 9056R1t IRndhamade 28 i s

capabl e of tisesLedgnb Nt 02khreadediiin] e 16, ﬁeipgngkgxgﬁahngﬁﬂﬁes fh%cap
32 which has a knurled surface to enabl e adequate 15 gri pping of the handle
28 by af opdizaied nhase. 2fhd scapppatglal s6 rackidésga theeesied3stfen 30

(0°) 179 30k SLSRHE APTIMGH Jenber 40 Lo b as the pin gui de 18 {ovar s
The threaded stem 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 square 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 shaft of the pin guide 18 is square shaped in 20 cross-section and is
di nensi oned 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 i s made fron1stee| and may be nade by | at he machi ni ng. 25 F@ferring to

Fi 5, to 1.0 nt_topl t hr des_ nserted
th?ough eac OE?thég & gi eR Slzgch oft %engk §££8 E
respective tchaep 12’8’16313 SONALCE eddge eaclﬁhlél mzogwsdqzl&éoythes%ﬂw cﬁl@lcﬂ@ew |
t hreaded stem 30 into the correspondi ng 30 threaded engagenment hole 26. The
si ze of thé S AWEY AT st?%ég%?nlﬁuﬁﬂéf§829ron1sI|d|ng tomard the shaft

when the cap 32 mbuds- {48 §<swf@@eF§ggesof tm%eh%ess%fsareve e,

descri bed further bel ow.”™ Addi ti onal he fork arns
gui de 18 fradmdseivury viemwvede foHnthe plme suppest 18 g ity assetmetcslaielgrﬁ t he

fork arns 24 abut he inner ,surface e of t oles 12 as ;? pln ui de
18 slides amﬁ?nP?S Pthe’tbT s Eﬁ%fﬁﬁfgl qé&#%ﬁﬁ#iBIPI 661 reis
shown a persqeodd 38 ﬁsrcdmaaylpda/sle&\donﬁngé t@ﬁ Pha ﬂpﬂrd%a%% b@l ng used to
align a connector pin in the form of shouldered pin 36 in a recess 38

(shown by dashediid rdxquldexed pPr shahes2e. cmé:uéta@ulkmwdumm B6flals a
circul ar cﬂet h gckhgh J?dlf%rserﬁéjgi’ﬂ 3%e‘ matl ng 1n cor rtesrpondl ng
P radi a @8@ ofF the-t

mat i ng 10 es 0] bunper “beari ng.
shouldbﬁedhmleé%bfstﬁmﬁm&dsﬁhpbdmperTm%éﬁKnﬁdemﬁd meﬁﬁ3§63r©ﬂlﬁﬁ5t9d
into hol es ?8 f, the LPT shaft 20 after the support ring 10 is | ocated
such that %§i @I ThHuht e RPN of - t he LPT shaft 15 20. The

support ring 10?5%réﬁéﬁf@%@é@”ﬁ@n%°§@“§rérEhé%fEed into holes 38 of
the LPT shaft 20 after 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 1is
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 sguare shape of the shaft of the pin guide 18

permits unhindered sliding movement but very minimal
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gui des 18 and their respective engagenment forks 24 are respectively

di sposed over the head 36B of the shouldered pins 36. The shoul dered pins
36 have a square shape in cross- 20 section and are di nensioned to be
inserted into mating holes 38 provided the LPT shaft 20. The angul ar -

iti . i i,d 18 gn the support ring 10 correspond to
Phe angle ofFREIRERE: P AR Mtue wih i hies 262 *agds beflcer echontabams 24
are capabl eqof cengagiagerhdetr %5mheaﬂseﬁégg@ﬁehhe:§Po%hQ?rEQrQ'Fﬁg%§'ZEhe

in guides 18 are noved in a direction that is transverse to
Fong?tudinawlﬁkighﬁz ghepdfergdrpgn @F. of the LPT shaft 20. The fork arns

24 age around e :head,: d ng. _t i ddl e sectipn 36A
ensﬁpg go t hat tﬁgasﬁgﬁlgg?ggﬁp?ﬁsegéﬁgggngﬁlﬁgégzﬁﬂf%ﬁiﬁ#ﬁﬂ?P 8Fe%£§ély
in plac® foshpaldagedi phinsor¥espondihg trhaihol esmdawtbshomy 29 {he1eadi al

bunper bearjng 22. The square shape of the shaft of the pin guide 18
pepﬁits unh?ﬂ%gFéHgsPPaanﬁnﬁﬁggﬁﬁﬁF H&FEQEFymﬁﬁﬁ%ﬁﬂnmqyﬁfnal|onal novenent

. P L ek [seng nent
through hol es 12rangihencr fasitddaiess gHLE tﬁgg%ﬁ%’%ﬂée@%dg@ goads

of the fork arnms 24 with the shoul dered pin 36 I'n gui de 8 enabl es
partial insEartaelofhef angslay s tierredopi hbe36 mdiideeracadiial benper

bearing 22 ile SUr.i d,engagenent w thout msalignnment. It will be
apprec?atedwﬁﬁgt Iﬁg g#?%%n%ﬁf Fggl HERRT 2%%??%Tgtﬁi?a A at-PpokPERdn of
the shd®l deakilgpmenB86 swithhatthbe hol espbulderbynpepihgari 5g 22d@£§ngn
total 10 ag%gnneni wWith the shoul dered pins 36 during installation. The

i B

three pin e 4BEAAD- t hei r respective fork
The three pin guides 18 and their respective fork

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.

10




arnms 24 can be di sengaged after connecting with the radial bunper bearing
22 by sinply sliding the three pin guides 15 18 away from the shoul dered
pins 36 in a direction away fromthe shaft. This is sinply done by pulling
the cap 32 away until the engagenent forks 24 are fully retracted into

t he support ring LS epsurgs noginterference wth the LPT shaft 20
beforeplroem)v'i ng F%geé%;gb?rtﬁ?i nEngl'O. 890 RFET riTg FBOW g.the t RéAETMENEhown

the support tobiig 8 I0eimghuvardel tast hTigubhere ansybalgeaber, 4 eﬁ}e%ﬂia%g
around the sugpqrt ring 10 and | ocated in each of the recesses 34 of the

caps 32 of Phe tfiréd Bith trfdelolss Stheoraibbied ahnulthe detfbeshalti gpart a

biasing forag tad Nedb Bl haduedsnslde biasphlem Lovands the LOT shaft

20. The pin guides 18 thereby travel in a transversé direct e

| ongi t udi naPiBgi s36f thlee LMokdmf to20.tHEhe madvankageneof rhheanubbemparnul ar
eral  biasing pressure force to pin

[ it,nparts an equil at
35?332 lllg. I%ﬁ‘t"fb'%??%: ér?r%emﬂolu“t}gda%ﬁr etg}edt“é’diq]f?ats‘?%tim 3#n (asfAg teubber
annul ar nenpeg.4G) obherhenbodhanue rEBY ASEs SBEE  Obher 'Sdlngbﬁﬁﬁpém sm
such as a sgring arranged to inpart of biasing force. 1( Referring"to Fig.
8, there isPSRBWAIL RE &S ditEictadoto 8abmany esgdneo kaddgimd i shontder ed

i 36 tha a Lase ! 8 provided, i he LPT shaft 20. As
!tmhgstool 8 %%?n%gfnhgi %tg%glﬁnglﬁl%e?nﬁll%s ‘?%%8388{}?88%@ Opith'be ISTGE’Tt_ﬁ]éaﬁBI es
of the l®ai n2éngitie r adiighmbutpetcobed i BEn22par & dMUHYRS ttgetrggr%ddll)g
section 36B (refer _to . Fiq. 6)n’§0f t he shoul dered pins 36. The radial Dbunper
bearing 22 Iflév{:%‘ﬁnﬁﬁ?eaaflglﬁ i AV8NgitFeThéde Agnpd tutham ] tawi Hubdeot
bearing 22 s Hegp:copnected to the LPT shaft 10 20, the alignnent tool 8
~can be rel eased therefrom by

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
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noving the handle 28 away fromthe |ongitudinal axis 42 of the shaft 20.
Applications 15 It wll be appreciated that the alignnment tool 8 can be
used to. correct and maintain the alignment of the shoul dered pins 36
during mating with the radial bunper bearing 22 and the LPT shaft 20. It
will also b iated that. t fork ar 24 mininmze taorsional 20
forces inpa??gggggg?%g£he£§€§l?¢i?%ﬁ%u?ﬁer gﬁﬁ%P%%,bQQQ%Q%nﬁW%pr@ing
al i gnment dLPTnghassembky be phehkumRer prhear itagi%%ttaQJLfaf%fithn'?T shaft 20. By
achi eving inproved alignnment of the shoul dered pins 36, the alignnent tool
8 minimzes danef8ddtacrsliys ditsalighreat arndealisbedi mihaitz atuanyo undee
wearing of ghestadi al En uri.ng repeated,installatigns. |t
woul d be appreci ated hg{&t ein?efén%rg{’}gd Farti urrjg %S’prbl\ii dé&d p%ﬁﬁjﬁ}'ee to
ali gnmet tawicBlyi reseabds tdrel |dies cyahiel @nthe pebirr aaRce of tHe byaper
bearing 22 gnd the, shoul dere O pips 36. The inproved alignnent of the
shoul der ed %?%SO§GF$%rHeﬁ§t? t phspﬁélggﬁﬁglPbﬂﬁpéﬁ-bearing 22 reduces
any instances oftipstal lati 5§éﬁ@?€h§9dv%Q§6ﬁgycﬁﬁﬂ#fQ§olefé§%{ L on
o nstall a i'C

time. This nqg result inproved efficiency 111 Ion,  par %Iarly
as the bunp@tdpadpphgtiarast v tPT dhakentioest Wb lprisheapedrenitortd othe
installati itdonal ly, .it will be appreciated that due to the . sliding
' arrangenenﬁa%¥§9ﬂeﬁ%?gﬂﬁ%¥dé§, i eisa553§ﬁﬁfﬁft5ea§1&§ickpﬁ aSEFHP E ANnd
di sass@bl edisel donke awshaddt depthe inen @i thge headrof the %w#;degfd
a

pi ns 36. Ittmﬁll,be apparent that various other nodifications
adapt ati onsti6F  t HBViIEREM on2Bfl | He appar ehiterdedhe that all  such

modifications and adaptations come within the scope of the

appended claims.
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person skilled in the art after reading the foregoing 10 disclosure w thout
departing fromthe spirit and scope of the invention and it is intended
that all such nodifications and adaptations cone within the scope of the
appended clains. 12 Cains 1. An alignnent tool for aligning connecting
pins for connecting a shaft and a rgdi@gl, bearing, the shaft and the

radi al bearing respectively having at Teast two holes 5 for receiving the

connect i nd -pi ndn tdiel gitgmirenbollodior caMmihsh§y:cAhAMIHAr pi hHJ reapabl e of
being located b tvveen an about the shaft and the radial bearing; and at

| east two “ERY: 5 & Hbndi ipdirbugharingandhd sm@d andund t he
annul ar richg @ﬁ@l@q' Qg?&pﬁﬂ?é)'feQﬁec{Wéi‘;g hoyand apd,anay Hv E}e radial

bear i gg surface, each engagenent nenber” havi ng” an engagenen Br ovi ded
on a stéprenﬁe@ﬁéVéag folre r etaainsiaig icheptasnecthag i ingimdnt altbgmrrent to
enabl e the ﬁ@gggg g pins to engage with 15 the respective hol es provided
on the shafD € radial bearing. 2. An alignnment tool as clainmed in

claim1, wherekn talnﬁnujiauo ﬂﬁgﬁgﬁﬁﬁl&%ﬂaeﬁ&%elgggggaebg{wéghdbﬂg t hr ough
the 20 angular ring . An alignment tool as Clainmed in claiml urt her

conpri si ng°3ubi §§?n§‘hﬁ§r¥b§|ndt &b ¥9died Pedrdast; tamsl engagement nembers in
a transverse dptectiQp.tquard, Fggﬁ]eégnltor}g&%ud%ggl Xbi(lég .of Lgﬁﬁ%?g ; aﬁ An

alignnent tool as clainmed In c wherein
el asti®. aAndl disposeer armuntded hearaoumd dher g Cakﬁrcfleb@ﬂﬁ@ 8hpihec apaul ar

ring and thelng toward and away from the radial 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
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.

5. An alignment tool as claimed in claim 1, wherein the

connecting pins are shouldered pins.
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30 | east two engagenent nenbers. 5. An alignnment tool as clainmed in claim
1, wherein the connecting pins are shouldered pins. 13 6. An alignnent
tool as.clained in claim1l, wherein the connecting pins are substantially
square shaped or substantially rectangular shaped in cross section. 5 7.

An al i gnngnt tggl ' ' [ erein.the _en ing arns are
shaped tggéngagg taﬁzg%%%lﬁ@na do&n?%f&%%%g\%oﬁﬂeg}?ﬁlﬂ bt nggg§?gﬂn tH& gnnent
- tool as ctahnmedtimgcl giimsl, aher eisnbshenti®largagidigh @ MBskPPPAI S@ra pair
of fork ar the.pair of fork_arnms being disposed fromeach other to
enabl e eﬁggﬁEﬁEﬁﬂa Yt FE CLHRAELAN GRS tife reEsveest i®n .An al i gnment

tool as clainmed in claim1l, wherein a 15 handle is provided on the
proxi mal end of each engagenent nenber. 10. An alignnent tool as clained
inclami; whdrepdigheenfatdiod ias oflaimidd cientlsimel f owheexent theansver se

20 novene i hhe engag nt ,menber. toward the | ongitudi nal axis of the
shaf t mhe%ﬁgﬁélhgn e co%ngcfgm¥ﬁ% ahRulSA19295 nhe 1ProrAmali fene Lt ool as

cl ai med i bhhel abmmictwher eins.25 three engagenent nenbers are di sposed
around the circunference of the annular ring at a substantially equal
di stance fromeach other. 13. An alignnent tool as clainmed in claiml1,

wherein tge 3fnanAybakehikNgRas f'r§$ ial_dinmension on a first side
to enable it tpnbe sgatg onto aﬁ%éﬁg'o E%ﬁghgﬁagjﬁlﬁi éb@%ﬁ?ﬁnh%ﬁt t 00
as cl& meengagthgi @rid, wheyeise &headnnufr forRgabas, athecqnd * adka
di mensi-on.on, a _14 . .

fork™ arms being disposed from each other to enable

engagement of the connecting pins therebetween.

9. An alignment tool as claimed in claim 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 onto 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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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 claim
1, wherein the 5 engagenent nenbers are capable of noving radially to the
| ongi tudi nal axis of the shaft. 16. An alignnent system conprising: a shaft
havi ng at skeasld taaQid)0! ecgl yhng At 0.. east, two_connecti pi ns
therein; a radial biricﬁ%piﬁﬁéngggt %?jgas@ﬁsvtvcl) ol s %%ren?gggi \J/:;tng he at

| east twoPEoRREEEChgnBione tlickeiemigearat e atddinteMedrdalg for al i gning the
at | east two connecting pins for engaging the respective holes of the 15
shaft and the radial bearing, the alignnent tool conprising: an annul ar

ring capahbe ohnbaﬂﬁgnh@ﬁatQ@oﬂ“ﬁé%%ihfmﬁhaPﬁuéléﬂﬁ §ha&heﬁgq theradial
bearigg; and at |east two engagenent nenbers extending t rougH and
di spostd SPEAASMERE AeMbeHS rd%R) GABabéeng fcapatilng ofadiabyi hg taeard and

away frombhgibgarihng syktage, c gagenment nenber having an engagenent
arn1provided68n a dis?gﬁgegg Fﬁ%rggfﬁﬁﬁr retaining the at | east two

connecting pins in alignnment to enable the connecting pins to engage with
t he respefhive h0|§$ Brovided on the 25 shaft and the radial bearing. 17.
An al i gnmeRt s§Bt 8 EEMEPLi A¥GTPR COBPHRIBERGiherein the shaft is the shaft
of an aircraftsergizFe. mH; An gld S claimed jn claim1l17,
wherein the shaft is a Iaﬁﬁ%ressure tur i%eﬁéﬁggli%fE . %ﬂﬁ%@ia ment
syst éfh aslepafnbdoi Rornarking, piher theretine radial bearing is a main engine

connect g pi 08 15 3l TS "Hd¥ind St ALHIOLE fob 82! o
receiving the at least 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 least 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 least two holes for receiving the connecting pins,
the nmethod conprising the steps of: 10 locating an annular ring between
and about the shaft and the radial bearing; noving at | east two engagenent

menber s extendi t. ] a L sposed .around the annular ring toward the
r adi al begfﬁngp@ﬁfﬁﬁ%&?&%g%hgg?g?ﬂeagné: TenBe? $018 Thaviieg edm
engagenent-har magtioadi deshion@ dbSbameandsend MY a9fnpdndpest-ahyi B Lhe )

connectin .pinsfin alignment with each of the engaging arms"to enable the
connectin% 778 Ho ©T8H ge with the respective holes provided on the shaft
20 and the radial bearing. 21. A nethod as claimed in claim 20, conprising
noving the at | east two engagenent nenbers in a direction away fromthe

radi al® be&®i-ngAs ineftdsl tof r el égsénphecengagdmentpid abes chhadcihag
connectlng %HE%tlgnd 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 extendihg
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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