WD 2010/ 145018PCT/ CA2010/ 000918 PARTS MANUFACTURI NG METHODS,
SYSTEMS AND USES FI ELD OF THE I NVENTI ON The present invention relates to
t he fiel dwof20prsiisi on machi ni ng. BACKGROUND OF THE | NVENTICAY010580%8i1 Si on
machi ning plays an inportant role in the field of aircraft maintenance, as
t he proper maintenance of aircraft is a matter of utnost inportance for

safety and o[FARTSOMANDEAGTURING METHODS| SYSTHMSANDNYSESt of aircraft
mai nt enance i s | andi ng gear nai ntenance. Because of the significant
stresses which | andi ng gear experience, it is conmonplace to regularly

r ef UrRIELID OFYHEJINVENTIONS nornmal ly invol ves the renoval and repl acenent
of alT of the bushings. Since, in sone aircraft, there can be upwards of

1000 bushings in the landing gear, this can represent a significant

U“deﬁr@(bf&eﬁﬂﬂw\@@bn el fe8tb @Ak A6ld R ngé@l@haﬁaaﬁmn@as of ten been done as
part of a fairly |aborious 15process. each bushing is renoved, the

associ ated bore is inspected for corrosion. |If corrosion is found in or

ar ourgia ERGERVUKID O THECINVENATON Preci sely nmachined away. Measurenents
are taken of each bore. W1ih theseé measurenents, a replacenment bushing is

custom machined on site fromthe appropriate material and then plated or

ot-her rJeY; C
oS eSO R PPl AT ORI AR O AR IRAR PRI TN AIRACSs |
for rrﬂ:hermoaelpetalnm‘nahhe df mirendft ama Mbtter métuitowst $mportanse for safesy laatthe and

corrprc;pse(?_gtlt he steps of:

One area of interest from the standpoint of aircraft maintenance is landing gear
maintenance. Because of the significant stresses which landing gear experience, it
10 is commonplace to regularly refurbish landing gear. This normally involves the
removal and replacement of all of the bushings. Since, in some aircraft, there can
be upwards of 1000 bushings in the landing gear, this can represent a significant

undertaking and cost.

Historically, this replacement has often been done as part of a fairly laborious

15 process. As each bushing is removed, the associated bore is inspected for
corrosion. If corrosion is found in or around the bore, that corrosion is precisely
machined away. Measurements are taken of each bore. With these
measurements, a replacement bushing is custom-machined on site from the
appropriate material and then plated or otherwise processed, all according to the

20 appropriate maintenance standards.
SUMMARY OF THE INVENTION

A method for manufacturing a part forms one aspect of the invention. This method

is for use with a lathe and comprises the steps of:



WO 2010/ 145018PCT/ CA2010/ 000918 nmmki ng an arrangenent of (i) an expandi ng
collet which is operatively nounted on said | athe and di sposed in a rest
confi gur avoaniozrasni1§i i) a workpi ece in which a void is fecrhandovsisch has
a substantially annular outer surface, the arrangenent being such that the
collet is received by the Svoid and the workpi ece being shaped and

di mensi gnegakitean Bﬁﬁang‘eﬂwérﬂ‘eofe(ﬁf §H%€<’E§F\ngt b&1ek0hhieh i Dpepfflergd by the

void in a clearance fit relation and the rotational axis of the lathe is
subst ant i anpynteshrn skidvathe taing @tﬁpmeﬂ inoatrest @nffmatlom anie(iya kpi ece;

xpaNdi NG (LRRGSAL] L bRl BRPLALEABACHN! LANIPREOD 4 N e gt | et

engages sal in grip rel ece into

said part, outerrsgrfebe traat ﬂﬁangéﬁhenc(blerrvg)SUdfMtlﬁditetHeoédII@t i$ Peddiged Bgithe
configuratiaon, to enable renobval of saldtgart fromthe collet. A met hod for

menuf act urYHE aRddkie: WerRieseReingothaped an Airgngpngastchypas ipdhRs
15anot her zﬁ*?@ﬁgém@ﬁt Wg\% donl\é?naI F&élve-q]bz tﬁ@%ﬂiﬂ 8 cfl%rraHﬁg i bt zﬁjiche and

conprises the Steps o sel ecti ng, m a supp pI eces,

wor kpi ece thie r@tawjmaltam of heatatbeiiaselstaintially lroaxiab evitf tnmannsler@mnted, t he
wor kpi ece havi ng and a substantially annul ar outer surface; and 20
using the ffL(Lﬁ{ ﬁﬁ'@h‘fvﬂf fehe sel ected workpi ece into the selected part,

t he wor kpi ece, duri ng the machi ni ng step, being nounted to the lathe by a

Il et t ed t eof artslec ed,. erefn the collet is an
o pandi o SaEn g foldlol 45 Spatatil heraGabenan sachhe rollohSaoasks
efpgages t heydVdrRpREE ih '@grﬂfdlrﬁ)@'r@lgtlbﬁk ation.

e machining said workpiece into said part, using the lathe; and

e collapsing the collet to the rest configuration, to enable removal of said part

from the collet.

A method for manufacturing a part selected from a plurality of part types forms
15  another aspect of the invention. This method is for use with a lathe and comprises
the steps of:

» selecting, from a supply of workpieces, a workpiece of a type that is
associated with the type of part selected, the workpiece having a void and a

substantially annular outer surface; and

20 » using the lathe, machining the selected workpiece into the selected part, the
workpiece, during the machining step, being mounted to the lathe by a collet
associated with the type of part selected,

e wherein the collet is an expanding collet which, during machining, is received

by the void and engages the workpiece in gripping relation.



WO 2010/ 145018PCT/ CA2010/ 000918 According to other aspects of the
invention, in the latter nethod: the collet can have the expanded

oper at i ngvoanfo/gsriat i on during machi ning and can al so hace/caz2ewmidoeased rest
configuration, to enable renoval of said part after nmachining; 5 a
plurality of expanding collets can be provided; and each of the expanding
col | A oedingltavethar hispedts wfahkynveletidn, calthedatter mgethodls to facilitate

i nterchange on the lathe. A system for producing replacenent bushings for a
| andi ng gear using a |athe fornms another aspect of the invention. Each

bushi nge hapeaivllas sas ihaledhbanhedndetiigdratidy rongigaratisiddumhg machigingal | y
manuf actured, is classifiable, bci// its dinmensions, into one of a plurality

of bushi nnd/ers alseiaverashilapsed rstironfigyratidsiorenableiramoyahefiFaisl

external di f0digink ange thickness. The system conprises oversized
bushi ngs gdng cgﬁ%rets. @ggh oversi zed bushing is for replacenent of one or

nore of the bushing types to be replaced using the system and has a central
vQi d shaped A j i st.ant | identi,cal to that of each of
sgi d oné ot p@?@b%s%(?cﬁﬁ%ggﬁé% c%i‘n%t’%g:rweﬂgkgf %h di aneter | arger than
that of each of said one or nore bushing types and a flange thickness

| arger than th of each,. of sai.d one or re bushjng types. Each expandi ng
col Lot 3 SRR L PSSl e B LR err el g hERR g orp flg BIRS &
use, i s ngriaeiitare inedrdhhagdonah@ ldtisdosed in gripping 20relation within
the void of one of the oversized bushings, with the rotational axis of the

| at he substantially coaxial with the axis of the oversized bushi ng.

AccorAlisPeren® f@ngﬁd&tir@sﬁzﬁﬂéc@ﬁeﬁ@sugmﬁggtfbpa,%Mﬂgfgeéhtrr@mg/ai|§§1é)forme

oversi zed bushings can be annul ar. - According to another aspect of the
i nverAnasher aprecyafttbminuention.t fr@ch dwispingbas an associated bore in the

10 landing gear and, when originally manufactured, is classifiable, by its dimensions,
into one of a plurality of bushing types, each bushing type having a central void, a
nominal external diameter and a flange thickness. The system comprises oversized
bushings and collets. Each oversized bushing is for replacement of one or more of
the bushing types to be replaced using the system and has a central void shaped

15 and dimensioned substantially identical to that of each of said one or more bushing
types, a nominal external diameter larger than that of each of said one or more
bushing types and a flange thickness larger than that of each of said one or more
bushing types. Each expanding collet is provided for use with one or more of said
bushing types and, in use, is mounted on said lathe and disposed in gripping

20 relation within the void of one of the oversized bushings, with the rotational axis of

the lathe substantially coaxial with the axis of the oversized bushing.

According to another aspect of the invention, the central voids of the oversized

bushings can be annular.

According to another aspect of the invention, the system can further comprise
25 facsimile bushings, each facsimile bushing being for replacement of one of the

bushing types to be replaced using the system, each facsimile bushing having

3



25facsi m | e bushi ngs, each facsimle bushing being for replacenent of one
of the bushing types to be replaced using the system each facsimle
bushi ng havi2n/145¥@82010/ 145018PCT/ CA2010/ 000918 nomi nal PCmiGA2nBl00e916
external dianeters and flange thicknesses functionally simlar to those of
sai d one bushing type but otherwi se different. The system can be used,

al ongnynidl anderhBCand BxeerRBE ARfhdtefs BRaGIHHY %Qhrﬁmé%m%ave %ﬂﬁllépr a

| andi ng gear wherein each of the bushings to be rep een 5renoved
f r om tchdhasgrafisaid gearbushing heeabybetheraisehdifesentecondi ti oned as necessary.
The nethod conprises the steps of: in circunstances wherein the di nensions
of the bore associated with said each renoved bushing remain as originally
manuf Bee aysieém aan g wses, gllonghavitrae datiniel, én buskthys fqrrpreiddein gf repladeenentpe  of

id h re shin C ei n,t he, di nensi ons of
he. bE TGS RS fartt e oRd i Tein fa L AL LI bBERDA 10 B tebid i i va Beg e
org gi ferhbyedrirou aed WHrRiing @egpahattheelbobPEdd bbtes Fetonditibricd &, one of the
over si zed bushi ngs provi ded for replacenent of type of

sai d @e8¥SAhoved bushi ng, the 15nmounting being done through the use of the
coll et provided for the

The method comprises the steps of:

¢ in circumstances wherein the dimensions of the bore associated with said
each removed bushing remain as originally manufactured, using one of the

10 facsimile bushings provided for the type of said each removed bushing; and

e in circumstances wherein the dimensions of the bore associated with said

each removed bushing differ from those as originally manufactured,

o operatively mounting, to said lathe, one of the oversized bushings
provided for replacement of type of said each removed bushing, the
15 mounting being done through the use of the collet provided for the

type of said each removed bushing; and

o machining the oversized bushing mounted on said lathe to fit operably

in the bore associated with said each removed bushing.

The system can also be used, along with a lathe, as part of another method for
20 producing replacement bushings for a landing gear, wherein each of the bushings
to be replaced have been removed from the landing gear and the associated bores

reconditioned as necessary.

This method comprises the steps of:



type of said each renoved bushing; and o machining the oversized bushing
nmounted on said lathe to fit operably in the bore associated with said each
renoved bwehnngu4soike system can al so be used, al ong w t rca/daavtoeoors part
of another method for 20 producing replacenent bushings for a | anding
gear, wherein each of the bushings to be replaced have been renoved from

t he | andli rtgaeqeaVels;nﬂotJhang,sapgéiat|@@hé;czfr@orﬂ@@ﬁéﬁsiz@@e@mn%@f@ﬁﬁﬁ@é&- Thi s
met hod coqprises the steps of: WO 2010/ 145018PCT/ CA2010/ 000918

oper at i velf@r figRiacemgnt 0b tyre f saidheachorrmeyed Resbingr she daowItérg RGEIpr ovi ded

for relac&f;ﬁ@ | | t | ng
done tﬁroug t%}h(gr@&gh%ﬁ? ‘%fﬁe&%%@%g%‘sﬁgégq?gﬁﬁ% ?/Fpggg;%segi %\%{d
renoved busishimg; amd 5 rmachi ni ng t he oversi zed bushi ng nounted on said

| athe to fit operably in the bore associated with said each renoved

bushi ng. According to other aspects of the invention, the nethod can be
used feor mmaohihéed the ogelsisdd gshihgMmadantedadn shidndtmgt@eabperably in the
wherein the workpiece is an oversi zed bushing; and 3. 0Owherein the workpi ece

is a parti20RASTRERIGR WM Rsch removed bushing.

According to other aspects of the invention, the method can be used

. for manufacturing bushings for aircraft landing gear;
. wherein the workpiece is an oversized bushing; and
10 . wherein the workpiece is a partially-machined bushing.

Aircraft landing gear bushings made by the method form another aspect of the
invention.

According to other aspects of the invention, the system can further comprise: a
CNC lathe with a dimensional measurement tool; a data handling tool coupled to
15 the lathe to permit passage of data and instructions; and an electronic

measurement device coupled to the data handling tool to permit passage of data

therebetween.

The system which further comprises a CNC lathe can, according to another aspect

of the invention, be used in a method for producing replacement bushings for an
20 aircraft landing gear, wherein each of the bushings to be replaced have been

removed from the landing gear and the associated bores reconditioned as

necessary. This method comprises the steps of:

e for each bushing:



Aircraft |anding gear bushings made by the nethod form anot her aspect of
the invention. According to other aspects of the invention, the system can
further cwoppig@sola CNC | athe with a di nensional neasur ecemtA20mmog91& dat a
handl i ng tool coupled to 15the lathe to permt passage of data and

I nstructions; and an el ectroni c nmeasurenment device coupled to the data

handl i ng toob t# leastint cirAFRg@®ces wiriraint ther @bedveeis of e Byad em whi ch
further conprises a CNC | athe can, according to another aspect of the

i nvention, be ASQCiAked With sajd gash emoeNed RashiegidifenEem BeIE ags for an

20aircraft | andigk ,)ﬁm . npqeach of the bushings to be replaced have
been renoved f(rj(%)I Pﬁ@?man méﬁfégg’r and the associ ated bores reconditioned

as necessary. This nethod conprises the steps of: for each bushing: at

| east in circunstanc 2 £ L: | £ L r lated with
said each renoved bu@%?%@ﬁ@?klﬁ%?hﬁeo%ﬁgﬁ@stggzosoq—gr‘%”g'ﬁrtlg Ie$ecif§03ﬁ€actured,
msasuring the di nensineaswferhéret dovieewi th the el ectroni c Smeasur enent
device; operatively nounting, to said |athe, one of the oversized bushings

provided for replacenent of the type of said each renmoved bushing, the
mount i ng bei ng dore dguratigblyt Meuttingoto taid Iathd, adnepobrridiederdsiedt he type of
sai d each renoved bushing; 10and )

bushings provided for replacement of the type of said each

removed bushing, the mounting being done through the use of

the collet provided for the type of said each removed bushing;

10 and

» machining the oversized bushing mounted on said lathe to fit
operably in the bore associated with said each removed

bushing.

According to another aspect of the invention, the data handling tool can

15 automatically: cause the display to the lathe operator of information used by the
lathe operator to select the collet and the oversized bushing; calculate the required
machined dimensions of the bushing based on the measured dimensions of the
bore, predetermined interference requirements and predetermined coating

thickness; and relay to the lathe the required dimensions.

20  According to another aspect of the invention, the lathe can automatically machine
the oversized bushing according to a protocol calculated to result in the required

dimensions.

According to another aspect of the invention, prior to machining, the dimensional
measurement tool can automatically measure the dimensions of the collet and
25 oversized bushing to permit the operator to effect replacement in the event that an

error was made by the operator in the course of selection.

6



machi ni ng the oversized bushing mounted on said lathe to fit operably in
the bore associated with said each renoved bushi ng. According to anot her
aspect ofwoOhelo/ms@asti on, the data handling tool can l15arCor2iwmalobys cause
the display to the | athe operator of information used by the | athe operator
to select the collet and the oversized bushing; calculate the required

machimedrdthgrBHrOthe0bspdte JFURBIiRgGektase FoRbwiMterRARIRGAtISE BRAShSORalOf the
bore, predeterm ned interference requirenents and predeterm ned coati ng

t hi cKReasuregmrntrtephgan gutareaticalhemeassure thg Auneasinbn of she Mathingdording to
anot | BEEH i I Hﬁ?atr I ne the
overgtﬁfzsg S@tﬁl ﬁ%a%@%&@l ng S#@%acé)li]g'teoag}gpﬁ‘gg?gﬂ?gke tgﬁféglsamét@cﬁg t he

r equiregdirdd réimensiosis; Aoe dath hgntdlingbothem affgredte oppatienitytetheon, prior to
machi ni n t.he di si ognal _measurenent tool, can autpmatjically measure the
e FHGALor P QM TRSTEBT I exatt SB R IR o Ry S SRRt oper at or &0
ef f eiJethv@BhaeqUREH dnd fnR8sEMNEIn didioANtE R ObnWaR RISy tHae tRRerator in
the course of selection. According to another aspect of the invention,

f ol | GRMMRRNIREEhisITieflgctedhie mieaswsidotiatensienuthavaie auwsidecznedataronnedcal |y

e Sk ShTPRARRS: B LR AR S oo, PR e Bppiers o
handldangadtoehaticaily afaker otithe reaaningnoperationtdieobdingnatoprdtocelf f set the

| at he an anpbunt calcul ated to reduce the differentials
10  calculated to result in the required dimensions.

Other advantages, features and characteristics of the present invention, as well as

methods of operation and functions of the related elements of the structure, and

the combination of parts and economies of manufacture, will become more

apparent upon consideration of the following detailed description and the appended
15 claims with reference to the accompanying drawings, the latter being briefly

described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a prior art aircraft landing gear bushing;

FIG. 2 shows exemplary components of the system of the present
20 invention according to an exemplary embodiment;

FIG. 3 shows the structure of encircled area 3 of FIG. 2 along with a

further exemplary embodiment of this structure;

FIG. 4 shows the structures of FIGS. 2 and 3, along with another
exemplary embodiment of the structure of encircled area 4 of
25 FIG. 2;



bet ween required and neasured dinensions to nil; and, in the event that the
conparison is reflected in neasured di nensions that are outside

pr edet er woediov@b@sance and i n excess of required di mren®coea20toeodiat he,
after offset has occurred, can automatically carry out a machining
operation according to a protocol 10calculated to result in the required

di rergGoss. Ot her adwensagesstrii@atey 6SFERA fied asgethiesf i cs of the present
invention, as well as nethods of operation and functions of the rel ated

el enents of the structure, and the conbination of parts and econom es of

mnufacLwe, wll begews tHerstra@deé enkntiPBd&Pasi4lef BIG.0N opbrdtheely ol | owi ng
detail ed description and the appended 15clains with reference to the

acconpanyi ng dr awi nggoumtes foa2 Bhag briefly described hereinafter.

BRI EF DESCRI PTI ON OF THE DRAW NGS FI G 1shows a prior art aircraft |anding

gear bushing; FIG 2shows exenplary conponents of the system of the present
20i nvidRt i7on accor di rsows e sixestoreoy eagibddi eaa ;3 ¢f EG.32 leparativedy st ruct ur e

of. encircled area 3 2..al i upt her exenpl ary enbodi nent of
tRis structur e; FlI Grﬁég'ﬁ%i%stthge %’lgﬁtyﬁ%?l f%FI GS. 2 and 3, along with
anot her exenpl ary enbodi nent of the structure of
enc rIgllGe% area 4 of is?Saﬁlu%deeride view of the structure of encircled area 4 of

FIG. 2;

FIG. 9 is a view of a further exemplary embodiment of the structure of

encircled area 4 of FIG. 2; and
10 FIG. 10 is a view of the structure of FIG. 9 disassembled.
DETAILED DESCRIPTION

As indicated, the present invention relates, in part, to a system for producing
replacement bushings for a landing gear using a lathe. An exemplary embodiment
of the system is hereinafter described in detail, but as an initial matter, it should

15 firstly be understood that each bushing has an associated bore in the landing gear
and, when originally manufactured, is classifiable, by its dimensions, within one of a
plurality of bushing types, each bushing type having a nominal internal diameter, a

nominal external diameter and a flange thickness.

A “nominal” diameter in this specification should be understood to mean a diameter
20  which exists at a plurality of locations along the part, but not necessarily all
locations along the part, i.e. allowing for structures such as lubrication channels and

holes, grooves, slots, etc.



WO 2010/ 145018PCT/ CA2010/ 000918 FI G 5shows the structures of FIG4 fitted
together; FIG 6shows the structure of encircled area 4 of FIG 2

operativewp 2ooumasead to a CNC | athe; FIG 7shows the strecruraomiooensircl ed
area 3 of FIG 2 operatively 5mounted to the structure of FIG 6; FIG 8is
an underside view of the structure of encircled area 4 of FIG 2; FIG 9is

a Vi %r&%f@eﬁéé,té\@éxéwm %Usrﬁ‘rﬁ@,Qthh%r@fs ﬁ&ﬁa&tdﬂ{%@iheeﬁfioﬁﬁ%i rcled area
4 of FIG 2; and 10FIG 10is a view of the structure of G 9

di sastems] BdFIGHETAN fee MR @pnerak refeaeres rumeralelpr d9erushingnt i on
rel at i f ' reepl kngs for a
| anaitasfedpdisted el el 18 Sid s TGRS TaRePRIRDC | .
her eireédreace d8scid,b@D dare atestown, dnd tiees flange thickakssriat indicated bytibul d
15firstly be understood that each bushing has an associated bore in the
| andi ng gear

5 Turning now to the system, it should be understood to comprise collets and

oversized bushings, examples thereof being shown in FIG. 2 as 20 and 22,

respectively.

The oversized bushings are provided for each of the bushing types to be replaced
using the system. By way of example, only, a pair of oversized bushings is shown
10 in FIG. 3. Although each bushing is clearly dimensioned differently, each is
indicated by the same reference numeral 22, as they are functionally similar.
“Functionally similar” in this context means that each bushing serves a similar
purpose in use, notwithstanding that, in use, the bushings are deployed in different

bores in the aircraft.

15  Each oversized bushing 22 has a nominal internal diameter substantially equal to
that of said each bushing type, a nominal external diameter larger than that of said
each bushing type and a flange thickness larger than that of said each bushing

type. The oversized bushings 22 have an axis indicated as X-X.

The expanding collets 20 are provided one for each of the bushing types to be

20 replaced by the system and each have an axis indicated as Y-Y. By way of
example, only, the oversized bushings 22 of FIG. 3 are shown with a pair of collets
20 for use therewith in FIG. 4. For similar reasons as outlined previously, these

collets are indicated with the same reference numeral 20.

Each expanding collet 20 has a rest configuration, for receiving an oversized

25  bushing 22 of the type for which it is provided in a clearance fit relation, as shown
in Figure 5, such that axes X-X and Y-Y are aligned, and, in use, is mounted on a
lathe and disposed in gripping relation within one of the oversized bushings 22 with

9



and, when originally manufactured, is classifiable, by its dinensions,
within one of a plurality of bushing types, each bushing type having a
nom nal iwoenmal4sdBanet er, a nom nal external dianmeter aoa/Ga2biozogas

t hi ckness. A "nominal" dianeter in this specification should be understood
to nean a dianeter 20which exists at a plurality of |ocations along the

part ,whidh Jatd eéls esber 20 ¥s fdrl udegarith eine ratatiogal BrisBYZ of theelathé | owi ng for
structures such as lubrication channels and _hol es, grooves, slots, etc. WD

2010/sHbstar RNy cogrxialorivh dbe @xisoK-% ef Ehe Qyersizgd BYeNpBarA CBUI%%?Q]@% whi ch

for i i i ' : [ tdfd with
genglrssa rrg e(%uerﬁ%gttﬁ‘énlg?l’é Q%AﬂrF_}ﬁié%b%%}"%ébggﬁ;%dsﬁ?ﬂﬂﬁga%‘;g %Itﬁ{dt reference
nunermbuttdtmthd solfdtadyan FES.i hdi cated with reference 18. ID, OD are as
shown, and the flange thickness is indicated by T. 5 Turning now to the
system it should be understood to conprise collets and oversi zed bushings,
exanpleprdvide eoik fhactignahgwhe volfdtE.2PaspVided wth, a mesyreiiria besy or The

i zed bush i ded for egch of the bushing.types to be
¢ epl RIgEF 884 AgonABudial ik sesaERtay inasisRpPEensiAn Prof BIRg e &0 si zed
bushi AgGnfifig HeRYN IAGIE. i, Ginareif eyt 2960 FRYSBIOGhbANChSAIdeY, thagnsi oned

differently; each is indicated by the sane reference nuneral 22, as they
are ffeaturiesraaklipdichiad caspetvelythyoaalangd 28.niA turthémcallet 20cisrahextn ireans t hat

i G e SO USSR BV e e e o
10 interior surface of the extension 28 has a throughbore 30. One end of the

throughbore ends in a frustoconical cavity 32, indicated in FIG. 10, and at the other

end in a hexagonal socket 34, indicated in FIG. 8. Returning again to FIG. 10, a

bolt 36 is shown. This bolt 36 has a frustoconical head 38 and a threaded shaft 40,

the head 38 being of similar dimensions to the cavity 32.

15 In use, bolt 36 is fitted in the throughbore 30 and is threaded into a nut 42 which is
diSposed in gripped relation inside the hexagonal socket 34. Thus, rotation of the
bolt 36 causes the diameter of the extension 28 to expand. The dimensions of the
cylindrical extensions of the collets will be seen to vary, but it will be seen that in
each of the expanding collets, the dimensions of the mounting boss 26 remains

20 unchanged.

The bolt 36 should be rotated only sufficient to cause gripping receipt of the
bushing by the collet sufficient to permit safe turning on the lathe; excess rotation
will cause the bushing to deform, which will impact negatively on dimensional

tolerancing.

25  Precise machining of each collet so as to engage in a close clearance fit with the
oversized bushing type for which it is intended to be used, ensures that the axes

are substantially aligned and remain aligned after tightening of the bolt.

10



15Each oversized bushing 22 has a nom nal internal dianeter substantially
equal to that of said each bushing type, a nom nal external dianeter |arger
t han t hatwof20mei4sbieach bushi ng type and a fl ange thi ckness/daaogaoodiban t hat
of said each bushing type. The oversized bushings 22 have an axis indicated
as X-X. The expanding collets 20 are provi ded one for each of the bushing

t ypeSTHé?eQ%nthe BRR!iAcRdeRYnthe ﬁ%@@m&%&a&ﬂﬁ@w@srﬂﬁ%wb& tagecated as
Y-Y. By way of exanple, only, the oversized bushings 2 FIG 3 are shown

wi t h rgpfaged, &acsiolle dushrgst eachid@vitgenemind interPRGNG exkeinas didmaters easons

s oully fed DLRKI QUK LRSS ROLIGES BrRoLodiraal el LkRg B ef er ence

nuner a expan |ng CO rest con rgurati

receiothegwide differeitz enk éeseusiel mv%auoﬁat haeseylaee hot shbweh but it wopldovi ded
in a clearance fit relation, as shovvn in Figure 5, such that axes X-X and

Yoy heunfeigieed thafdhe Prigf/s®’t Rushipguift BI6oh '%L“F%fteﬁ%n%tifeoﬁ hepeRfed in

gri ppi t

S010 TaE6y Rl S0 SRS 1R St ARGt ARe SRR sl Sy 1 ¢ e
r ot atsivlal irasirsicl+g asf ta be shtaihandubgalbnsubstityted &xi e oniginat,he axi s X- X of
the oversiz shing. .A¢c hown mounted to a lathe 24 in FIG
6 aPaitrEendiS ShoB it B ustios oA ACHEBRTR to the col et 20 in FIG 7.
5To provide this functionallty, the collets 20 are prOV| ded with a nounting
boss gr plate and, a | on di nal, | e nted cyli ri extensi.o

e ot ritts BtERo R aneniaaskisly uBeaa e PReb Rt drnd RSt e Borer i
200 S |51HWR toRRPERERCE BESR 5&%%,@5 are indicated respectively by 26 and 28.
A further collet 20 is shown in FIG 9, and shown again di sassenbled in

FIG 10, and herein it will be seen that the interior surface of the

ext engj ﬁﬂép%g?th&?t@uggrtﬁé'gv R it ﬁ&g’é@? o@%rﬁé\ﬂstm@&!ﬁe otﬁe?l 8' |nnaa

frustoconi c cavit | cat e and at f
hexagﬁmmnasbmledtsoeals to piecisalgdeceiveiti®e nBouig bossgf agyiselaasedicGletlo, a

I RN X NN KT e e TR
substantially identical, so that once the lathe clamps have been machined to

15 precisely receive one, the clamps have been machined to precisely receive any and
all. The manner of machining depends upon the capacities of the repair facility and
machining for alignment is a skill that is a matter of routine to persons of ordinary
skill herein. As such, detail is neither provided nor required, but it is merely noted
that various options are possible: the lathe could have soft jaws, machined to

20 precisely receive the mounting boss; the lathe could have pie jaws, machined to
precisely receive the mounting boss; and the mounting boss itself could even be

received by or define a collet.

A supply of bushings is also obtained. Even in landing gears which are known to
suffer some corrosion, there will normally be portions which suffer no corrosion. In
25 these areas of the gear assembly, there may be procured facsimile bushings each
having nominal internal and external diameters and flange thicknesses functionally
similar to those of said each bushing type but otherwise different. In areas of the
gear assembly which are known to commonly suffer corrosion, oversized bushings

according to the system will be procured, as well as collets according to the system
11



15In use, bolt 36 is fitted in the throughbore 30 and is threaded into a
nut 42 which is disposed in gripped relation inside the hexagonal socket
34. Thus,woavsrissnisof the bolt 36 causes the dianeter ofcCrlazewimmason 28
to expand. The di nensions of the cylindrical extensions of the collets wll
be seen to vary, but it will be seen that in each of the expanding collets,
t he doreBsithasewith.t IFer MBaddnsetifors Réreireatuivies tREeNGagNgss beTdtstab@d 36
shoul d be rotated only sufficient to cause gripping receipt of tge bushi ng
by t HacgBlilehusnings gasht ha\ing somipak iternal eidre<te ! thameters: ansk Haage

r ot atthpiknWkéds fMEBNRIMNE sRHHAY ﬁgtﬁdged&fs%ﬁaﬂeam'b%@hmdniyger@@t%trr@m vely on
di mensi onal tol erancing. 25Preci se machining of eac ollet so as to engage
i n a diffesantcl earance fit with the oversized bushing type for which it is
intended to be used, ensures that the axes are substantially aligned and
remain aligned after tightening of the bolt. WO
2310/Usth6fl 8feCIy €AZDITO0EEIHhE Pérévrenarace dfea ahathodnehictidtsalninvbb/esyssem f or
each.of.ﬁhe byshing types to be replaced, facsim|e bushings, each having
nomi A3t ﬁ?ﬁ%ﬁ&ﬁhﬁﬁhréﬁp¥?hal di aneters and flange thicknesses functionally
simlar to those of said each bushing type but otherwi se different. As

t hese_are conventional, these are nqot shown, but it would 5be understood

that VHe SHR trfolipwed Rhrarpnditianiag of the Nogss ik astaifpOEe Wik: dispctives set
" Funcdjranpdde aft fﬂaf}{a{hdfé'cthpérs. AN orr TS predbnt E\e?ftﬁﬁ | fAd Bgl@"ﬁh' ng 1s

suffici ent*y SI mﬂ% In structure as to be safely an egally substituted
f or thypicatly diomed ouhdo weteseacadiogion haWheaiencorrdsion as poesenteon the facesait .

The stemi s _advant ageousl y used.in the refurbish t of landing gears
& PR SRR TR e BRE e oS R IR F AT spfost#0R 1o tse the
syst ef@mdvddandinedfage anaeviarpekiends e Iééét%fa‘?fasatHeaﬂ&ﬁg@bﬁtmﬁbsmﬂﬁ_ SO as
to precisely receive the nounting boss of any selected collet. In this

r egarl@, bg fecgived Hrerebndig. &g RrAMidE HeMANIAIERYViINGssEdaeh N POB! the col lets
are i e i t . .

o SBBA, BAKIAETH SBlod S HIBRUALGS BB IE ShaBRIIRS

pr eci &l tha Barge-eeagiyingnareal durrdinedingrinerThef stepslassbogtetbpdttids upon t he

itieg. of . th ir facilit d nmachi ni f li t i Kill
CRbe iecofa@in St ToitanilSt b, S 28HatBe trRe it e Brr T SR ieSeRt  such,
det aijhvéstiowe dMe mdresvédegdeN@owrt B bepsbnstftordindry JKRI A then8Hednbhat

various options are possible: the I athe could have soft jaws, nachined to
such, are not hereinafter detailed further.

Where no reconditioning of a bore or surrounding area was required, i.e. the
dimensions of the bore associated with said each removed bushing remain as

20  originally manufactured, one of the one or more facsimile bushings [each having
nominal internal and external diameters and flange thicknesses functionally similar
to those of said each bushing type but otherwise different] for the bushing type
within which said each removed bushing was classifiable on manufacture, if
available, can be fit into the bore associated with said each removed bushing in a

25 known manner.

Bushing replacement will normally take place after the component in which the bore
is defined has been painted, etc. Again, these details are well-known in the
industry, and not described herein.

12



20 precisely receive the nounting boss; the | athe could have pie jaws,

machi ned to precisely receive the nounting boss; and the nounting boss
itsel f combaosvemsoiBe recei ved by or define a collet. A sapmazowmiootushi ngs
is also obtained. Even in | anding gears which are known to suffer some
corrosion, there will normally be portions which suffer no corrosion. In 25
t heseInacn&msnsrbnténam@eaernmmwndrtrhatr&g way daeripd oty edwhaesinniaksintiles hi ngs
each nom nal E@ rnaI and external diameters angugbange t hi cknesses

Functis 95,41, A9} ayallab1g RbHEVBMEReENORROFUERLH RYSIOPHEUBIINGWHERS e
di f f &heae thé@c&rrsﬁ%rm‘s o h OBkl RIGRTBE the'BoR! #bSmEROWCH @ SAIME! theSuf f er

corrosion, oversized bushings according to the systemw || be procured, as
vveI | digensidnstef thedwreiare measwr@dsqm emappropietE0a ¢ rsirea 13O CARE.10/ 000918

r use rewith. For reason forth naboye al,so _be
ot aitiot HIEPhe Be BOe VRIS 2RE R hGK REPVIGHT Fet P famalit & e Barifa
di arra;k/péstd whieRgaid Bhekk resoeedibireindnak| yassiffdbianont Mahbfseurd] isai d each
bushi ng type but otherw se different. 5Use of the systeminvolves the

per f GHRWACEOBY the sAMYd which itself involves, as an initial step, bushing
rermval This step is followed by reconditi oni ng of the bores in accordance
with directives set out b%/ the aircraft manufacturer. \Were corrosion is

e

pr esekfte Pperatanpleo selretsshe cpliet pisivided forbuseeditbuthet lshim®bepe vHithii on.
wher &, iR Q% 89%& Pemit 9%8%ttrsﬂpmttmsfc"t‘§sesif%fblé % r?r%hgfaschl’,{{e ounding a bore, the

face 1s machi ne orrosion 1s renove ‘face machi ni ng
extends at | east as far as the flange of the bushing to be received

er i de h ecel. R [ n_bot h,si tions,
rrlgchﬁr%nﬁélteg '%ﬁ?'ﬂetggooﬂt ttﬁeafagﬁghy nqaoq ﬁé\ ﬁ? 5%1”@1%9 SIrarn%Fhst gﬁrbehFag €the bore
and tdreuhbdahgenoestny ibogs arﬁsath@wdn@uraehurtgamtps WaR BoPSreaBROL hfckthed,t h 15
recondi tioning of a bore and/or the surrounding area formno part of the

pr es it PIEWRMHHY discuasrel rtar%wérselbatﬂ,gkﬁmmc%etpwrtgctﬁg r@Fatdﬁftﬁh?a(r%/O%kr Il in
the ahk.agfdzas such, are not hereinafter detailed further. Were no
r econdi t| oning of a bore or surrounding area was required, i.e. the
di nensi ons of the bore assocr at ed with said each renoved bushi ng remain as

Lo ARl RO AL o805 S URL B P LE ARSI b, Pt e [ oo
fnsnctslmlnag the busrhnhgraround the collet, and tightens the bolt, such that the collet
expands, to grip the bushing. Machining is then carried out to the required
dimensions. Once the oversized bushing has been machined to the dimensions
required to fit properly in the bore [i.e. after any necessary post-machining
processing, such as plating, and with suitable accommodations made to to provide
20 the appropriate interference fit between the completed [machined, plated, etc.]
bushing and the completed bore [ground, painted, etc.] the machining operation is
stopped. Thereafter, the bushing can be removed from the lathe, by loosening the
bolt, and subjected to any further treatment that may be required for use, i.e.

plating.

25 Once all required post-machining treatment has been carried out, the now-
completed bushing can be fit, in the conventional manner, into the bore associated

with the bushing which it has been manufactured to replace.
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to those of said each bushing type but otherw se different] for the bushing
type within which said each renoved bushing was cl assifiable on

manuf act Wwe,20iof14s048i | abl e, can be fit into the bore assecratediomicodissai d
each renmoved bushing in a 25 known manner. Bushing replacement wl|l

normal |y take place after the conponent in which the bore is defined has
been AsioRt&Atbn BbtionAgai n, these details are well-known in the industry, and
not described herein. W) 2010/ 145018PCT/ CA2010/ 000918 I n circunstances
wherein bore reconditioning was carried out, or wherein facsimle bushings
are nofaReREhMRG HMrahgePeRPbf Bee8yfepsured, a custom bushing will be made
that corresponds to the dinensions of the bore. To make such a bushing, the
di rensi ons of the bore are neasured and an appropriate oversized bushing
[i.e. 5 one of i & ' ' f repl,acement
of the bushing t?‘?ﬁ%‘”&f‘?ﬁ? ﬁwﬁuﬁéﬁag‘guﬁdéﬁﬁ“?g&f-%?@&&ﬁihﬁﬁgt&g@’é’%é?@i fiable
on manuf act ur e]autemiatedmprébem t he supply. The operator al so selects the
coll et provided for use with the bushing type within which said each
removed bushing was classifiable on manufacture. The collet is nmounted on

t be | at he byeermdgiangandingrnoitis pgovitiadasdodoupied tathe Iathewoddringt mount i ng

boss. As the collet and cla were both precisely nachined, as previously
di scussed, thi soaﬁ'rség?é’gldi’lt%gBaHESVHEt'?ﬁ%? ]:I'gqre f"f’le%/’ﬁea'?%t ational axis of the
| at he Z-Z. Thereafter, the operator makes an arrangenment of the bushing and
the collet by 15slidjng the bushing around the collet, and tightens the

bolt, such thatt?‘FI‘FQOEBYIV@?'C@%B%P%g i BrepsHped Hoab GBALFRNIC BRITWEREM S t hen

cartied out 10 foRPrHAINICHERIY WRaREN o (i Gate Raifitdf Yo RitPRING has been

machi ned to the dinensions require It properly i i.e. after
any necessary massagecfidatagherebebgsemg, such as plating, and with suitable
accommodati ons nmade to to provide

10 In this arrangement, the data handling tool can be a fully-functional tablet or laptop
type computer, which is pre-programmed with data handling software and coupled
to the lathe by the Internet. The software includes a database which includes a set
of data for each type of aircraft maintained at the aircraft repair facility in question.
Each data set includes type and dimensional data [nominal dimensions, allowable

15 tolerances, required interferences, coating thickness and type] for each bushing in
the landing gear of the aircraft, as well as dimensional data for each of the
oversized and facsimile bushings provided for that aircraft and for the collets. The
type and dimensional data in the database is specific to the requirements and
desires of the repair facility; although two facilities may work on identical aircraft,

20 the replacement bushings they may specify can differ, depending upon, inter alia,

the capacities of the facility and preferred repair techniques.

The software also includes an order management facility, which manages work
order assignments at the repair facility and the type of aircraft associated with each

work order.
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20t he appropriate interference fit between the conpleted [nmachi ned, plated,
etc.] bushing and the conpl eted bore [ground, painted, etc.] the nmachining
oper at i oowp20sv@pped. Thereafter, the bushing can be remrovah2brommndiBe

| at he, by | oosening the bolt, and subjected to any further treatnent that
may be required for use, i.e. plating. 250nce all required post-nachining

t r eatysing thissarp@edernant,ithd tedhnicldierasponsivtafiret@e meaburgmentncde fit, in
t he conventional manner, into the bore assom ated with the bushing which it

has YRR drtediansling tosh| whieh Prammts 167 eREY1PEE At etieionaTBer
Aut OTEHEHP BF B WK '&d@a@@?@ﬁﬂeﬁ‘c%a%éé‘ﬂ%%ﬂ%a?@ td RPedtésd e4Ble viien gt he i's

a CNC | athe wth a dinensional neasurenent tool, 1.e. an autonated probe; 5
a dataa,lthawdlcrahg populated witlodietits efinebaolbipshédg tto beheeplatdteon dhpdamdingpassage

of. data an nstructipns therebetween; e tool by which the bore is
meas H% 9 néﬁ{eﬁq ect Fﬁﬁi%aﬁiééwe%%ﬂﬂ rFﬁJd'B SJ’\ﬁQ is coupled wirelessly to
the data handling tool to permt passage of data therebetween. In this
arrangenent, the dat ndl i ng too func nal tablet or
oot ol Bk e6 b Goeh DURAINGH Be sPalagradroihrianingionst o WSRAS HEMSt ¢ v e
and Qﬂ!ém&@n{éildrhéphéhhﬁ)tﬁktb §a\*é‘fc8Fr”&! outh@es ShilenRérf, 'B?)‘Pél@#ﬁ arist, abase
which includes a set of data for each type of aircraft maintai ned at 'the

ai r crBushingBseeuremdntiand kabealsendarationEach data set includes type and
di mensi onal data [nom nal dinmensions, allowable

Measurement Step

10 In the measurement step, the technician selects, from a list, the bore of interest
[for example, medial bore, left strut] and uses the measurement tool to measure
the diameter of the bore and the depth of the flange-receiving surface. The
measurements are automatically relayed wirelessly from the measurement tool to
the data handling tool; the electronic measurement, coupled with the automatic

15 relay of information, minimizes the potentials for measurement and transcription-

type errors.
Bore Comparison

The data handling tool compares the measured data against the stored dimensional

data associated with the bushing of interest:

20 e if the measured data is within allowable limits, the bore comparison step is

concluded

e if the measured data is outside allowable limits, the operator is advised
accordingly, and prompted to confirm the identifier for the bore being
measured. If the operator acknowledges that the bore measured was a bore

25 other than that originally selected from the list, the operator is prompted to

15



15t ol erances, required interferences, coating thickness and type] for each
bushing in the I anding gear of the aircraft, as well as dinensional data
for each wb 20toe4ena8r si zed and facsi m | e bushi ngs provi dedTicnotovaoisi r cr af t
and for the collets. The type and di nensional data in the database is
specific to the requirenents and desires of the repair facility; although

two facilidel&s tRBYappRofriste botenaneadheapiogiamt recdbhrhBRcéLtHeaBer@nt bushi ngs
they may specify can differ, depending upon, inter alia, the capacities of

the faci | i%3mBapdsyr &fedr r Hdthecpraratareedifirgireat the basptaRergdswas ¢ udes an
order man E%?ng.f.]agwt %}%E%’Eed"‘ﬁbﬁhtﬂ@ﬁ&g ﬁe‘ﬂ%ﬁkieﬂ%?i%n?fﬁgﬁa‘%ﬁfss at the

repair facility -a ype of al rcré?t assocl a each work order.
Usi ng t hi sbushiragipene nombirmetidre shimarodlad atbepainsitbée viathddueommatisar enent can

tuate t dat a _handl i t.ool whi ch, pr. ts for, t f k d
b BRI FoREXasTATe of Seg bhee i iRlicTRE da ilin pirebs Ar a halRagagL o
tabl e whi ¥ drﬁir\%Htlgzglﬁritﬁéhll‘Yorﬁ%w @f@l‘éfﬂérmm%tbét e @Eplhfol?lé?mﬂGn’f o0 be

repl aced on the | andi ng 5gear of interest, i.e. the gear that is being

r ef ur bi she®lutiviereafter, for each bushing to be replaced on the |anding
gear of interest using the Automation Option, four steps are carried out:
Measur enent, Bore Conpari son, Bushing Procurenent and Label Generation.
Meas Bushimg PRr@genr@nt Sthp neasurenent step, the technician selects, froma
list, the bore of interest [for exanple, nedial bore, left strut] and uses
t he neasurenent tool to neasure the dianeter of the bore and the depth of
t he flnatinigestrep; déheidata banflice todhes measut aabni atienebasadommtthe ahéysuredayed

irel essly from.th asurenment tool.to the data handling toqgl; the
doecidhi el hE BB aP A th TR ER S PE0 PHPEPBIF BRiaRCS mat i on,
g ni rﬁcrgcﬁéeﬁéﬂﬁ\irﬁ)ég By fatkinfl@ buBRmYUMREERME cRiRdditbadtafdaRt HRRendidise i&d.AT S.
or e arison
therE%se of a bore without or with only microscopic corrosion) can be used or if a

custom-machined bushing is required.

Where a custom bushing is required, the data handling tool transmits to the lathe

15 the dimensions of the bushing to be produced, as well as the appropriate one of the
oversized bushings to be skimmed and the collet provided for use with that
oversized bushing. The lathe displays this data to permit the operator to draw the
appropriate collet and oversized bushing from the supply and operably set same in
position on the lathe. The lathe also prompts the operator to signify readiness.

20 When the operator has completed bushing placement and securement, he or she
responds to the prompt, i.e. indicates readiness.

On receipt of a readiness signal, an error checking procedure is carried out, wherein
the probe of the lathe measures the dimensions of the collet and the bushing.
These measurements are compared against data in the database, to ensure that no
25 errors have been made in the selection. In the event of an error, the operator is
prompted to make appropriate replacements and enter a new readiness signal, to

begin anew the error-checking procedure.
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The data handling tool conpares the neasured data against the stored

di nensi onal data associated with the bushing of interest: 20 if the
measur ed wataigsomst hin all owable limts, the bore conpacraaoBiemiss
concluded if the measured data is outside allowable Iimts, the operator
is advised accordingly, and pronpted to confirmthe identifier for the bore

bei nmriragid gshrobtiatd eoedd BUshiplVEHgEs debaimihbe tbdeimpesitibedavas a
bore 250t her than that ori gl nally selected fromthe list, the operator is

pr onpDRENINHI WePI6 Forriab ouEPUTEER 60/ BHEIRETIsE 08¢ tNeCRES Ay IPBEN INHI%tDor €,
and Fé&ﬁn%%@ﬁi&g&Eﬁ‘@?&@ﬁrédﬂgirﬁeﬁﬁoﬁgm&{ téﬁmlf;}i|éﬁo%0-tplefprbp@ d?&@éat or

confirnms that th ore neasured was t bore origindlly selected fromthe
| i st latthecautei atic@tlyymiessures db e atichenisicsn shafsthienmabbineddombimat | on i s handl ed
ot herwi se than via the Automation 5 Option. For exanple, if the bore is
indicated to be in excess of 60 thousands of an inch |arger than nom nal,
t Be r@f compiletion bf tentreedsutdr@eEM tomparisoatafritheahessued dosdnsiuns

Procurenment Ste .this step, the data handling tool carrjes out
cal cLﬂgéﬂm%r%p@{&%éhgmew%nﬁéwpé@a%ﬁ“a,m@ & Dths feie Belingotaoh Beness and
i nt erdRi-eRras fhldlisethAtd anebk@nt OF fedRh é‘rﬁ‘@'tﬁé’fg%fé‘h@ﬁﬁlihé tEolf GHESLM | e

bushi ng (pre-nmachined to standard dinensions, i.e. Inh the Tase of a bore
wi t hdbe apporiurtityold therbperasentn offselr thesiating anaambenusaldulated to seduce

cust hi ned,bushing is required. \Wer cust om bushi i S required,
The. CIPARGARER B0k FalfiY 6 d Srealt Pl AreiBl AR T AL eVERY e

ks hithgt tife bertoireoduced is 8at3i@é kolagarides, apPbPRFAtAE Vi MR refally RRitRYBES| zed
bushi ngs to be skinmed and the collet provided for use with that oversized

bushithg.offseé whidhewHi disnage cafijed gt autanplicali by BePeRRSiai€or to draw t he

j . Col ' shi I d bl t
o O e P e P B P Y "oper ator to
signify readi ness.

The operator will also use his or her skill and judgment to offset the lathe from time
to time, even in circumstances where the previous part was produced within

15 tolerances. This skill and judgment falls within the normal skillset of average CNC
lathe operators and moreover, forms no part of the present invention, such that

detailed description is neither required nor provided.

If the measured dimensions of the machined bushing are outside tolerances, after
the lathe has been automatically offset in response to the authorization given by

20 the operator:

if the bushing is larger than allowable tolerances, the part is remachined, i.e.

the machining step is started anew; and

if the bushing is smaller than allowable tolerances, the operator is instructed
to scrap the part, install a new bushing from the supply and enter a
25 readiness signal, which recommences the bushing procurement step at the

error-checking step
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20 When the operator has conpl eted bushi ng placenment and securenent, he or
she responds to the pronpt, i.e. indicates readiness. On receipt of a

r eadi nesswei2gmal4so1@n error checki ng procedure is carri e@#CouMtA20v00€E8N t he
probe of the | athe nmeasures the dinmensions of the collet and the bushing.
These neasurenents are conpared against data in the database, to ensure

that ehedmessred dimeasheevfthdeddhitdars ligah itoRrahdes! Rfthey efterin an
error, the operator is pronpted to nmake appropriate replacenents and enter

a newntEAMNALYBINg gafter sepagrinbvnerRPesAEYTis dRgEketed tor witbdiave the once
t he owm&t&,gp,eltgg tﬁ@gg%ﬁ?' %U?é’rﬁeﬁfﬁ%pda ermned to be in position,

a machining step I's carrie erein I'at he carries out necessary
machi ning to skimthe bushing to the required di nensions. On conpl eti on,

t he rcb% f at he automatically nmeasures the di nensions of the
rrachﬁ‘nae ?d%s%trgr:tg?rl'S On conpletion of the neasurenent, a conparison of the
nmeasur ed di nensi ons agai nst expected dinensions is automatically nmade by

h ' | h i s.advised he. f
aevi A BEgShe BshiR prachBe PRt Su8b, oF 1EREBRE SRsbrastig 8 ne operat or
t o ofihs@iddd@sé af e BUsIHIABY Abcésatylsat&8ddrg prodessing heqdiréd ‘%f.@.néd)a?tirfgn)e sart

bet ween required and measured dinensions to nil. In the event that
pr od @t measyied diraengpes ghéke parhds ppivted andwasspciatedmiith/theupadr fare t he

of f se i.C . carr, Lcal A rapei ate
corrrru%\)faca lieb%y#gb%&ég%ggﬁéta <E;1 p#agcﬂjoé) F’ﬁ\%%tg Etgﬂlrt\ﬁ f%%elleg'? ﬁ%‘ﬁ e%ﬁ('aﬁ gper at or

wi || @lbstic ey ¢ slide-ldeérbaski IWharalfgastgitebushingsfdreeb hdrasédtlabelsrmayt i me
to ti even in cjrcungtances where the previous part was produced wthin
1%} o|32[]?3‘21#?(‘?5%8.”%“Fﬂ‘%d é*!&rgFora l ?W&&ﬁ%ﬁ?”?'é‘iqp@yw thin the normal skillset of

average CNC | at he operators and noreover, forns no part of the present

i nven(féi on, such that detailed description is neither required nor provided.
| f t e Me%¥8Ped di nensions of the machi ned bushing are outside tol erances,
after the | athe has been automatically offset in response to the

aut hori zation given bg?ZOt he operator; if the bushing is larger than

al | owdBeut fitendindeto be houpdrty thearyntidnibetiaved that eesyremsmnt step is

oy STEIRIEGr BRI BT e T AN UGS e e, e

supplip that sentesallaw for relatively low cost production of relatively highly-concentric

15  machined parts with relatively high turnaround rates even in situations of relatively
low production runs. These benefits can be obtained through the use of the collet
system alone, but can be improved upon through the Automation Option, which
reduces the skill level required of the on-site operators in terms of calculations and
knowledge, and also reduces the requirements for attentiveness on the part of the

20 on-site operators, flowing from the error checking and automated data transfers.
All of this opens the door to efficiencies of scale, and commensurate improvements
in quality, cost and throughput. Further, in the context of aircraft landing gear
refurbishment specifically, a substantial portion of the machining associated with
bushing production can be moved from the shop floor to specialist fabricators, i.e.

25 the amount of on-site machining of bushings at an aircraft repair facility can be
reduced by adopting the system and using oversized bushings machined elsewhere

by specialist fabricators. Reducing the amount of on-site machining at an aircraft
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25r eadi ness signal, which recommences the bushing procurement step at the
error-checking step |f the nmeasured di nensions of the bushing are within
t ol erancewo 2eiorasrisafter an initial machining or after a&craArammiondisng, the
operator is instructed to withdraw the part, which conpletes the bushing
procurenent step. Label Generation 5Foll ow ng the Bushing Procurenent Step,

an i napérlg gearsiee@biskiabat Fadaytda® 186 edeck Hafe 8ésddtteBUsRh BUshRCEessary

secondary processing required (i.e. coating) and neasured di mensi ons of the
par t , PIOSUFM ARk gvikin goayBeRs Hinke IMPTevarnenisantfackiby thseaghpet. by taggi ng t he
part, or placing the part and the inspection sheet in a plastic tray or
slide-lock bag. Wiere facsimle bushings are to be used, |abels may al so be
gener Whég Ui eemo pmizasiments e the prasiest émvantiabohayeibeen hareinositowmeeddi ng

: ! j ._and hgds of  th
or eocteer Bodn AR Yorkoeb 3o B oL SfindeaTe” YDkF ST Beithi Hebeb 1 na

same mrtsvarfdstepsatrigelout) meyclos madeaducti on of rel atively
hi ghl y-concentric 15nmachined parts with relatively high turnaround rates
even in situations of relatively |ow production runs. These benefits can be

obt ai FtexdinplegvHeneasd Bee pFevibEs @@b&rﬁit_i&vﬁc@%bgloﬂnekinhmngfc’w RRréiged oved
upon t hrough the Automation Option, which reduces the skill |evel required

of t HHSINGS tlesbpddorBdersteed fratonobiecasaetihendhan@verndved Byehingadisal so
U B A BRI BN SDhER. IERSR S UHIeEAL Ly BRI o
Al'l  ofoltimesbugieng mareufdouringopéfationeneaes bashisgak eut am@d MRS Wfahe
P OS%SHE“E% one of these steps, a billet or tube stock is mounted on a lathe in a
conventional manner, and some of the features of the bushing are cut. Thereafter,
the partially-machined bushing is removed from the lathe and remounted in
reverse. Once this secondary mounting has been completed, which can be quite
time intensive, as concentricity must be maintained, additional features can be
15 machined. This same relatively low-volume manufacturer could employ the
system by maintaining a variety of expandable collets, each matched to a
respective one of the bushings in its parts list. After an order is placed for a small
run of bushings of a given type, this manufacturer could fit billets or tube stock on
its lathes in a conventional manner to cut some of the features of the bushings;
20 once these features had been completed, instead of laboriously remounting the

bushings as previously done, the manufacturer can remount the bushings via the
collets to perform additional machining.

Thus, the invention can, in one aspect, be understood more broadly as a method
for manufacturing a part, the method being for use with a lathe and comprising the
25  steps of:

» making an arrangement of (i) an expanding collet which is operatively
mounted on said lathe and disposed in a rest configuration and (ii) a
workpiece in which a void is formed and which has a substantially annular
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in quality, cost and throughput. Further, in the context of aircraft

| andi ng gear refurbishment specifically, a substantial portion of the
machi ni ngwasoxi4aiied wi t h bushi ng producti on can be novedTtiaaamotdoadishop
floor to specialist fabricators, i.e. 25the anmpbunt of on-site machining of
bushings at an aircraft repair facility can be reduced by adopting the

syst em andowter R@rfavef eiez 8ekahyshiaht g BL AR thel GRVRIR iDYe&iesd Blithk
fabricators. Reducing the ampunt of on-site machining at an aircraft WO

2010/ 145016PEANGAIE1 8POTISIB DEAgasiRPaseand dimapsipandenchithat linthecan al so
reduce ti ”%r@ﬁi@@'eﬁ%,ﬁ%e"‘é&ll‘ét@é’? e’i"\QedJBleéﬁigr‘(gﬁn avﬂléé}aﬁemg’?%rtﬁﬁwean

i nprovenents | aci’lity throughput. ut a few enbodinents of the
present i ntnentatatioma\axih o€ bhd tatberis shbsiandiatly dessgial beth thd amnular loaiter
u:})derstood t?at Vfaﬂ‘i[??us changes in, inter alia, size and shape of 5parts,
amd steps Tdr75%Y WOPKRICte made. For exanpl e, whereas the previous
description focuses on 'skimm ng' of oversized bushings, it should be
under st ood t hat 'V\m%‘?igg es ot her than oversized bushi ngs as descri bed

her ei nbé&f oPPAUNGf P aBPPREILING ceRfigialion;iin wislrthe coliet eggges
| ow-vol U%Q&%&Sié@ﬂHfﬁ?ﬁﬁ%?SIaﬂBﬁ“ ations, each bushing is cut in a
I e

m ni mum of two steps. In thesé steps, a billet or tube stock is
mounted on a lathe in a conventi onal manner, and sone of the features of

the bUsRingaghfifybaid WBHERECInto W3 BaF! LRldoeEPGRhLegnbuUShing | s T emoved

fromthe |lathe and renpunt'ed 1 n rever C S sécondary nounting has
been conpl eted, which can be quite tine intensive, as concentricity nust be

owi vl umee Nahae T or e b hETea bo Mo 3808 L B b ik hn SR BT batT oYy o

expandabl efrool thet sglletach nmatched to a respective one of the bushings in its
parts list. After an order is placed for a small run of bushings of a given
type, this manufacturer could fit billets or tube stock onits lathes in a

conveTié tpmat’ darnmgrwap of ekasmpie, oy} bekd &8 fores obh religy ustisegfcratPonce
t hese feat ur?s had been conpleted, 1 nstead of |aboriously renounting the
bushing (for example, in circumstances wherein the bushing does not require
plating) or a bushing ‘blank’, which, after plating or other post-machining

processing, is ready for use in an aircraft landing gear.

15  Further, whereas it is contemplated that specific oversized bushings will be
provided for each type of bushing to be replaced, this is not strictly necessary: if
bushings of very similar but different dimensions were required, it could be
determined that the same type of oversized bushing could be used to minimize

inventory costs.

20  Similarly, whereas it is contemplated that a unique expanding collet would be
provided for each type of bushing to be replaced, again, if bushings were required
that had very similar but different ID bores, it would be possible to use a common
expanding collet.

Further, whereas in the exemplary embodiment, the collets shown are all

25  substantially cylindrical, this is not necessary, and depends on the shape of the
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bushi ngs as previously done, the manufacturer can renount the bushings via
the collets to perform additional machining. Thus, the invention can, in
one aspecwQ 2bw/u4pder st ood nore broadly as a nmethod for mramufAzetomodag a
part, the nmethod being for use with a | athe and conprising the 25steps of:
maki ng an arrangenment of (i) an expanding collet which is operatively

nountigflePRoRPbOtHeab lishiAg Gf MTPESKEGF, Ifor Bxafple, PR biglHIAg of hteRekt(hdd aa

wor kpi ece in which a void is formed and which has a substantially annul ar
WO 2020t 5@is PCTH CAE0Amseegtign oatcetet af sauare erressectingeaeit anéi ng such
t hat JvQSIdCI%’é Iugé I's received by the void and the workpi ece being shaped and
di mrensioned such that, in the arrangenent, the collet is received by the
void in a clearance fit relation and the rotational axis of the lathe is

subst q.al coaxial w nnul ar. ter f f the rkpiece;
expari B Rl BRFlsRs &kt SBrRAMHIsBhaR it Shesl s ikt BoL B o
engagee datachamlikgi tookis corgerated, thisat indb strittht hebédtargatibsetiolely ece into
said part, using the lathe; and collapsing the collet to the rest

conf i et Pyvay: of @Ripple, cahb\aMEUNGHEtE byafixed ligka hie dnfiegsatedTiRko apar t

can, é?b{gik@]?%r}i‘é’,fore 'aemeH{Hry’thEa@‘u%edE:\ﬂﬁlofaQJ%B]eO{o a%é Sg%s’h%ﬁ%m%t@dlf craft

bushi ng exanple, in circunstances wherelin the es not require
pl ating) or a bushing '"blank', which, after plating or other post-nmachining

e e e L S e e e
pr ovi thedlfternetathis tiy plsoaf otnesdeissgryt: mthers ephacefdcoupling, issich@is Btherredt], y

. . A  di f i .
P@aﬁisétg&?/arielt gquﬂﬁg,l glgé tr?é d\é?ar %aﬁldm\é %olbaund ﬁwle fa%ﬁg réanclalenﬁmrt]ggl;%t]gd \f\r/?troea

single unit.

Further, whereas it is contemplated that the probe of the lathe will automatically
measure and relay data to the data handling tool, it will be appreciated by persons
of ordinary skill that this step could also be done, albeit less efficiently, by a human
15 operator. If this were done, the human operator would ideally at least be provided
with an electronic measurement device coupled for direct relay of data to the data

handling tool, to minimize reading and transcription errors.

As well, whereas the workpieces [i.e. oversized bushings] are indicated in the
exemplary embodiment to have substantially annular exterior surfaces, it will be
20 appreciated that providing an annular surface is done only for convenience, speed

and safety in machining, and is not strictly necessary.

Further, whereas in the disclosure, it is mentioned that the oversized bushings have
internal diameters substantially identical to the bushings which they replace, it
should be understood that, in the context of bushings which are required to be

25  coated or plated, that the internal diameter of the oversized bushing is such that,
once coated or plated, the internal diameter of the coated, newly-machined
bushing, is that internal diameter required for proper functioning.
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determ ned that the sanme type of oversized bushing could be used to
mnimze inventory costs. 20Simlarly, whereas it is contenplated that a
uni que exweandiongs@sl | et woul d be provided for each typeprofi/dazstooogpiso be
repl aced, again, if bushings were required that had very simlar but
different ID bores, it would be possible to use a common expandi ng col | et.

Fur t has wewnenheasas it i$ kenterapipted YhandasthsiredtbushivgLalll bé sisetiavrpradacal |
25subst anti al | rical, this is not necessary, and depends on the

shapeCLl?Ito'i"ﬁ’e‘ac &W%ﬁ%%ﬁ@?mwbﬁwﬂéhs h%ﬁ&SSQG?Eﬁ%W'Wh@'Q@thg of
i nt ereehovdd budihg eREm! f%mt@m%t %Hé%r@%s'dﬁ@ﬁQW rﬁ‘ﬁ'ﬂjfgcﬁ?gd Qed of

square cross-sectfon, a col of 'square cross-section coul eId be
used Urmﬁlrstqo@inféialtyhlsvmmteawla’hesehemmdnfﬁemncm iion rnetroseopit hbammtn enment

th ndl ing.tool _is cont Iated this no rictly
noeBaare ia Bt TR e Ben Ao VB, SRR EP e ot B by 1 xed
I i nk, e@hah?ej W ﬁb@ﬁletéﬁs@rlg/ %diglteetnmu?,e oPb @BtéM BudAM@ry that is
downl oadable to the data handling tool. Simlarly, whereas the data

handling tool is indicated to be coupled to the lathe by the Internet, this

I's al mAthet WIHRGBSS ATiY: co‘ﬁt&ﬂﬁ?&té@rtfﬁt e Héé}éln't %erﬁ‘b@ﬂw@ﬁlo‘% &sB8tor QFIC

are possi ble, and the data andl i ng too and th e can be i1nteg rated
i nt o of therkyishings of aFainchaft |andieg geari this is cf)mlmspl avedtridubyt retchnarqdr obe of

t he |@t | d data . to . the data handl
ool T (O gtempl8 LR PRATE el B s M bl Sedtap MORBEE st on
cioul obea(bsai dud- fktlﬂﬁtlesaqobavﬁatwérsré%fsbh?tl@@bl*é’serh)ﬂn@em@ould be used by

any one or more of those sub-facilities.

Finally, whereas a specific type of collet is shown and described, it will be
understood by persons of ordinary skill in the art that expandable collets can be
produced in numerous ways, and the invention extends to all such embodiments:

15  the specific mechanisms shown herein are exemplary, only.

Accordingly, the invention should be understood as limited only by the claims

appended hereto, purposively construed.
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15 operator. If this were done, the human operator would ideally at |east
be provided with an el ectroni c neasurenent device coupled for direct relay
of data twothw/daiia handling tool, to minimze readi ng aou/GAz2arnao0491pt i on
errors. As well, whereas the workpieces [i.e. oversized bushings] are
indicated in the exenplary enbodi ment to have substantially annul ar

ext ergigximMsirfaces, it wll be 20appreci ated that providing an annul ar
surface is done only for conveni ence, speed and safety in nmachining, and is
not strictly necessary. Further, whereas in the disclosure, it is nmentioned

that 1he qyei&hagadoPusdHutastuiimgea pAHEARImEiRIEDB&RS oK DSE anth al lathd denti cal
to the bushings which they replace, it should be understood that, in the

cont ext ofarnsLieempgsinghinehstepe ofequired to be 25coated or plated, that the
internal dianmeter of the oversized bushing is such that, once coated or
pl ated, the internal dianmeter of the coated, new y-nmachi ned bushing, is
t hat i nt ermakingi ametr@ngestgritrafdif on expapdingf collet ivdricinds opaatively , wher eas

cust om mac RPHAGE i AR et 2B e ARl Eeet oonrRBriFE BB S i v
sai d each werkpvest inushichta doidf ierfarmedraridahichl hadie subsearataligrarinat | y

manuf actured, it wll be understood that this contenpl ates materi al
di f f er encedter surfage cihesaisngedsahHeNG sudh Hatbecdlehieteseived Pnéhe andi ng

gear flowipgq afngrth‘éx\ﬁﬁgp‘?ecesggmgysﬁarg‘éﬁl %Qhﬂ@nﬁélﬁ__@@@ﬁg tH\%liﬁi thet

necessarily require t use custom I ng. Furt ereas it is
cont enpl at@dandgementeghpraadlehis revedrad by thewod bea ws=dahoe filrélabibntdred
bushi ngs

f an aircraft | andi ear, this |s of course, not strictl
Cequi red. e ToraonAl s of the FhEia brostapfil¥ rOanel Wietsaenier eiteT or a
particul arsgfse GMipROSbrigRyE;al sub-facilities for whatever reason, the
present invention could be used by any one or nore of those sub-facilities.
expanding the collet to an operating configuration in which the collet engages

said workpiece in gripping relation;
machining said workpiece into said part, using the lathe; and

collapsing the collet to the rest configuration, to enable removal of said part

from the collet.

2. A method for manufacturing a part selected from a plurality of types, the

method being for use with a lathe and comprising the steps of:

selecting, from a supply of workpieces, a workpiece of a type that is
associated with the type of part selected, the workpiece having a void and a

substantially annular outer surface; and

using the lathe, machining the selected workpiece into the selected part, the
workpiece, during the machining step, being mounted to the lathe by a collet

associated with the type of part selected,
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Finally, whereas a specific type of collet is shown and described, it wll
be understood by persons of ordinary skill in the art that expandabl e
col | ets oap220m/@s@mduced i n numerous ways, and the i nvenrorcAantomocast o al
such enbodi nents: 15the specific mechani sns shown herein are exenplary,
only. Accordingly, the invention should be understood as limted only by

the clai may@aReNdRdcaRtat an @g_&ﬁﬁwﬂg%buetcwnw weding MBchining, is received
2010/ 145018PCT/ CA2010/ 000918 Al 1. A nethod for manufacturing a part,

t he met hododiegifandiergagasithe watkileegtn goppindsialefiehe steps of : maki ng
an arrangenent of (i) an expanding collet which is operatively nounted on
said | athe and disposed in a rest configuration and (ii) a workpiece in
whi chB.a vdh ihétbofl @caerting do whiich2 hwdereisubstcatiet by annul ar outer surface,
t he arrangenent being such that the collet is received by the void and the
wor kpi ece bei ng shaped and di nensi oned such that, in the arrangenent, the
col l et i s areesparatbchypedatingoiahfiguratien dariagoeathiningsl @id on and t he
rotational axis of the lathe is substantially coaxial with the annul ar
outer surface of the workpiece; expanding the collet to an operating

conf i gur ata owlldpsedhrieshcoiféguatibal tergabkesresaovhivasrdaid eart aftergr i ppi ng
relation; machi ning said workpiece into said part, using the |athe; and

col | apsi ng"@HE"EW-Tet to the rest configuration, to enable renoval of said
part fromthe collet. 2. A nethod for manufacturing a part selected froma
plurality of ttépes, the nethod being for use with a | athe and conpri sing

the t-eps AdMmethed&CPring tp A 3upprejeibra RRIKYeefeexPandipg Kkpllefedsof a type
that is ajjﬁ,gghj%tded with the type of part selected, the workpiece having a
void and substantially annul ar outer surface; and

5. A method according to claim 4, wherein each of the expanding collets has a

functionally identical mounting boss to facilitate interchange on the lathe.

6. A system for producing replacement bushings for a landing gear using a
lathe, each bushing having an associated bore in the landing gear and, when
originally manufactured, being classifiable, by its dimensions, into one of a
plurality of bushing types, each bushing type having a central void, a nominal

external diameter and a flange thickness, the system comprising:

oversized bushings, each oversized bushing being for replacement of one or
more of the bushing types to be replaced using the system, said each
oversized bushing having a central void shaped and dimensioned
substantially identical to that of each of said one or more bushing types, a
nominal external diameter larger than that of each of said one or more
bushing types and a flange thickness larger than that of each of said one or

more bushing types; and

a plurality of expanding collets, each expanding collet being provided for use

with one or more of said bushing types and, in use, being mounted on said
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using the lathe, machining the sel ected workpiece into the selected part,

t he workpi ece, during the nmachining step, being nounted to the |lathe by a
coll et aswocnaw@sisith the type of part selected, WD PCT/CA2010/000918

2010/ 145018PCT/ CA2010/ 000918 wherein the collet is an expanding coll et

whi ch, during machining, is received by the void and engages the workpiece

i n grippingtHeehad iddposed iA grpiphegl réleeion divibigint theol @d of Dnendfetrel ovdrgizedol | et
has an expanded operating conflguratlon during machi ning; and a coll apsed
rest conf iRHENIGDVILR 6h%ﬁ‘é‘lﬁt@nﬁ asisAf the '§Hi%5%%$tﬁn'él?|ﬂ\éﬁoﬁﬁéhwﬁhn@e 4. A

met hod aCC@&QRF‘Qhé gvg},ﬂéa Be Smﬂ&r ein a plurality of expanding collets is

provi ded. net ho accor ing"to claim4, wherein each of the expanding
collets has a functionally identical nmounting boss to facilitate

|t er phange <R HScL A 18 rafha SLARARne B} 081 dse PESRALBYS T NS

for a’lan gear u5|n ach bus havi an associ ated bore in
the | andi ngushérags aredanmien. ori gi nal I'y nanufactured belng classifiable, by

its dinmensions, into one of a plurality of bushing types, each bushing type
havi ng a central void, a nom nal external dianeter and a flange thickness,

the systenm egsmih sicogrdiny e siateds bustidigmmeadhg duesisiiaslidivsds, ngadhei ng f or
repl acenment of one or nmore of the bushing types to be replaced using the

system sa“@as'eatﬁmbwﬁmﬂglbféw FRISTRPIRFRAT T ONe 8hEH&PUSNG WREHAR Bend
di mensi ongg, ﬁt@é?ltn é@‘?ﬁ‘té fatcglrﬁhébugﬁln %lﬁ% n%%lqapﬁﬁemagmr e

bushi ng types, a no xterna dlarreter arg r th that of each of said
one or rmrzmd:)axtmrngl d|9Meeendnaﬂbhgagblcﬂdmeske&aﬁmctlangkby strhidar tdhthosefofeach

cach expartifGnE oS Brmeopt BiTerais 0P REt W t h”one or more of said

bushi ng types and, in use, being nmounted on said WO

2010/3‘.4501EPCTt/hO§2uosnr% g%gwe and the system of claim 8, the method being for
producing replacement bushings for a landing gear wherein each of the
bushings to be replaced have been removed from the landing gear and the
associated bores reconditioned as necessary, the method comprising the

steps of:

in circumstances wherein the dimensions of the bore associated with said
each removed bushing remain as originally manufactured, using one of the

facsimile bushings provided for the type of said each removed bushing; and

in circumstances wherein the dimensions of the bore associated with said

each removed bushing differ from those as originally manufactured,

operatively mounting, to said lathe, one of the oversized bushings
provided for replacement of type of said each removed bushing, the
mounting being done through the use of the collet provided for the

type of said each removed bushing; and
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| at he and di sposed in gripping relation within the void of one of the
oversi zed bushings, with the rotational axis of the |athe substantially
coaxi al wwohotohes@ri s of the oversized bushing. 7. A syeCeEmA2emmociigg to
claim6, wherein the central voids of the oversized bushings are annul ar.
8. A systemaccording to claim®6, further conprising facsimle bushings,
each facsim | e rRyghhitg Rl AdkrkRedrRBhate ilinted omneaigfiathetdfishi ng types to
be replaced using the system each facsimle bushing having nom nal

internal and experakly iaithadose asapdatehwid aid eReBIsEwYMegncti onal |y sinilar
to those of sa%ﬂlﬂpﬁ bushi ng type but otherwise different. 9. A nethod
using a | athe ang t e systemof claim@8, the nethod being for producing
repl acenent bushings for a | andi ng gear wherein each of the bushings to be

repl d ve ntre f i d t j gt ed bores
Fecort i U BB heELB e Iy AT SR ERE M B BRg AT

ci rcunst angreduringreplaceheerti bushmganforaf ldndéend gear adeocinadath of tHe sai d each
renoved bushing remain as originally manufactured, using one of the

h
facsi ni | e BIFOHIGG be soplaeed heiverasent ksRowRd Famytha landingneean apdsheng; and
in circung%g : i o\ i (=t id h said
each renove Bg'ﬁg%d.”ﬁg'r% r;éfc éﬁalftg}gr%et o@g('seasggl(r)gr'ihtg]iei:]}glEE yﬁngﬁﬁ] g‘%ﬁ%r%”,
operati velsgepoofiti ng, to said | athe, one of the oversized bushings provided
for replacement of type of said each renmoved bushing, the nounting being
done through the use of the collet provided for the type of said each
renoved busderativelgandouith@ Oti0édid 3807 CHeCGH 200 \H8 28 bueshings pig vi dhed

i zed bushi d id lath fit operably in the ol
Sesoel at edohFTACamaNEE Ry RbADSEd Srrtriamovad bustiREt Bt A e BPEahe and
the syst emde traligh fne 138 drthbediiBepRsyifed fér arlig)dof eabasRmRmANRNI ngs

for a | andi ng gear erein each of the bushings to be replaced have been
renoved fraushings ancthdi ng gear and the associ ated bores reconditioned as
necessary, the nethod conprising the steps of: operatively nounting, to
said | athe, one of the oversized bushings provided for replacenent of type
of sai d eavhchieimg/de bvaisizeg, budhéngonoynted dresaig ldtheeta fit opgrattihén tise of

the collet_provided, for.the.type of said each renoved bushing; and

mmohi ni ng BHRE A558r SN G CRISHI R TR TUP® | at he to fit operably in

the bore associated with said each renmoved bushing. 11. Use of the nethod

of clp) M udbr IR HIeRSod ok iRUs B M P cehh g Blshing " F8R 1anding
gear.

12. Use according to claim 11, wherein the workpiece is an oversized bushing.

13. Use according to claim 11, wherein the workpiece is a partially-machined

bushing.
14.  Aircraft landing gear bushings made by the method of claim 5.
15. A system according to claim 6, further comprising:

a CNC lathe with a dimensional measurement tool;
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12. Use according to claim1l, wherein the workpiece is an oversized

bushi ng. 13. Use according to claim1ll, wherein the workpiece is a

parti al | yoaetwmsdsbushi ng. 14. Aircraft |anding gear besmiaagsiomaeasby t he
met hod of claim5. 15. A systemaccording to claim®6, further conprising: a
CNC | athe with a di mensional neasurenent tool; WO

2010/ 1450 LBRSTH KARNHY QAWBpRdI! thehatl topetnd pasagkast daratdmel | at he to

permt passage of data and instructions; and an el ectronic measurenent
devi ce coupstEdctieNs; A dat a handling tool to pernit passage of data
t her ebet ween. 16. A net hod using the system of claim15, the nmethod being

for producing replacenment bushings for a | anding gear wherein each of the
bushi ngs ta BleckrepicadeasurareebedeVvice goypkeds tookha deta handling weito Medmithe

associ at echal%gggé oﬁ%%?ef‘ﬂkérjeggﬁﬂe necessary, the nmethod conprising the
or “eac ushi

steps of, ng: at Teast in circunstances wherein the
di mensi ons of the bore associated with said each renoved bushing differ

fromthose, as .origi nhal manuf act ur ed, i . di i of the bore
w0 19ie. ch BlRbH e R e PSR oL TR S'o08 et BBl AT PRa00¢Bb S

| at he, oneepfacehferR\RIshiROfIPUS RINAGTy PeaN Whedeihagadhed! treeh@sHings té be type
of said each renoved bushi ng, the nounting being done through the use of

the col | etreplaseddwyerren F@ﬂ_@y%fr@rm§aﬁda@aea_ge%mmdtnﬁj§$ﬁ_q¢@teamres _
machi ni ng rfe'esnawi‘ahga V%M%ﬁn&&?%&g g@ﬁ%éﬁ%dog)rﬁﬁggiphgmesées F L FoPREIAPI Y 11

t he bore associ ate h™ sai renove
bushing:

at least in circumstances wherein the dimensions of the bore
associated with said each removed bushing differ from those as

originally manufactured,

measuring the dimension of the bore with the electronic

measurement device;

operatively mounting, to said lathe, one of the oversized
bushings provided for replacement of the type of said each
removed bushing, the mounting being done through the use of
the collet provided for the type of said each removed bushing;

and

machining the oversized bushing mounted on said lathe to fit
operably in the bore associated with said each removed

bushing.
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WO 2010/ 145018PCT/ CA2010/ 000918 17. A nethod according to claim 16, wherein
the data handling tool automatically: causes the display to the |athe
oper at or Wb 20rfasomat i on used by the | at he operator to selceatA2btvewoeaBl et and
t he oversized bushing; cal culates the required nmachi ned di nensi ons of the
bushi ng based on the neasured di nensions of the bore, predeterm ned

I nt erifer encmatROd iacesRIM S ta kiR e6lelvherdineHe GRas inagdlingakoess; and rel ays
to the lathe the required dinensions. 18. A nethod according to claim17,

wher ei n t Reltom@Healdyit omati cal | y machi nes the oversized bushing according to
a protocol calculated to result in the required dinensions. 19. A nethod
according to claim 18, wherein, prior to machining, the dinensional

measur enefeusedthadisphan tothe lathe aperatoriafdnidirmaiivinousedby the latblel et and

oversi zed ' t rm.t t 0_ef r.epl acenent in the event
that an eroﬁgfgﬂﬁggor?%&%%gﬁgt%gggsgggbgr&ireﬁé'?%gbtéjgﬁéqgé of selection. 20. A
met hod according to claim 19, wherein, follow ng machi ning: the dinensional
measur enment , t oql tomati cal |y .nmeasures the di.nensi ons. o hi ned
buoning. Al s e R kEd encilREs HiiRnbiae TR P B S PettEgHTRE: "t he
requi red ghamdifredtfimenBpndadfaheasshtel poedatermmiddeintetfbreriep@iguiteinientso t he
operator to offset the | athe an anount cal cul ated to reduce the

di f f er ent ididsPsselREnned fgatiag thirknesasared di mensions to nil; and in the
event that the conparison is reflected in nmeasured di mensions that are
out side predeterm ned tol erance and in excess of required di nensions, the
| at he, af trelaysftbdée lpthe Bicequiced dmensiensal |y carries out a machining
operation according to a protocol calculated to result in the required
di mensi ons.

18. A method according to claim 17, wherein the lathe automatically machines

the oversized bushing according to a protocol calculated to result in the

required dimensions.

19. A method according to claim 18, wherein, prior to machining, the
dimensional measurement tool automatically measures the dimensions of the
collet and oversized bushing to permit the operator to effect replacement in

the event that an error was made by the operator in the course of selection.
20. A method according to claim 19, wherein, following machining:

the dimensional measurement tool automatically measures the dimensions of

the machined bushing;

the measured dimensions are automatically compared against the required

dimensions;

the data handling tool offers the opportunity to the operator to offset the
lathe an amount calculated to reduce the differentials between required and

measured dimensions to nil; and
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in the event that the comparison is reflected in measured dimensions that
are outside predetermined tolerance and in excess of required dimensions,
the lathe, after offset has occurred, automatically carries out a machining

operation according to a protocol calculated to result in the required

dimensions.
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