1 METHOD AND APPARATUS FOR REMOVI NG AN AEROFO L STRUCTURE FROM A

CASI NG SECTI ON OF A ROTARY MACHI NE This invention relates to
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25 vane which is to be removed. When the handle is swung, the arm impacts against the
collar, thereby driving out the vane.

Applying discrete impacts to the vanes can cause damage to the vanes and can
also result in the vanes tipping sideways and jamming, since it is very hard to apply a
consistent impact. Furthermore if the handle of the machine described in US 4,096,614

30 slips out of the fitter's hands, it can swing around with considerable force and cause
injury to the fitter.

Although the machine described in US 4,096,614 provides advantages over the
hammer and drift method, it cannot be used for shrouded vanes, because it relies on the
use of a soft metal collar or insert which fits over the vane from one end and is slid down

35 the length of the vane to the base section. This arrangement can be used where the

vane is supported at one end only, but not where the vane is supported at both ends.



In US 4,096,614, the vane renoval forces push the casing away from
the frame and up into the air. Between sonme vanes, in the casing
groove, are small netal parts called spacers. Any oil, spacer, vane
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kept really square to the groove with the most resistance, it will not be removed.
(3) Another method of reducing on-wing vibration is to place stee! liners along the
inside of the grooves on the casing and sometimes the shroud. During use the
vanes move very slightly, digging into, compressing and indenting the liners. They
30 fit snugly into these indents which make them extremely difficult to slide out. The
liners cannot be removed until all vanes are removed.
(4) The vanes are manufactured to an acceptable tolerance, which results in some
degree of variation in some of the dimensions of the vanes. Some vanes at the
limits of tolerance will be looser than normal or tighter than normal, increasing the

35 variability of the task of removing them. Effectively, every vane is different, so



(5) The use of hammer action in US 4,096,614 can cause damage to the
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20 Drive means may be provided for powering the torque multiplier. The drive means
may for example comprise an electric motor or a compressed air actuator or a hydraulic
actuator.

The apparatus may further comprise a torque limiter for limiting the torque which
can be applied to the aerofoil structure by the torque multiplier.

25 The arcuate casing section may pivot in the frame.

The frame may be adapted to support the arcuate casing section such that a
concave side of the arcuate casing section faces to one side or downwardly during
removal of an aerofoil structure.

The reaction arm may be rotatably mounted in the frame about an axis which is

30 coincident with a rotational axis of the arcuate casing section.

The reaction arm may be mounted on a shaft which is itself rotatably mounted in
the frame. The shaft may taper from one end to the other, so that the reaction arm
length does not have to change if the diameter of the casing is different at successive

rows of vanes. For example, the shaft may have the form of a conical drum



4 The shaft nay be provided with notches or spring-Ioaded pins
to locate the reaction armaccurately at the correct distance al ong
the rotational axis of the arcuate casing section. The shaft may be
sel ectively connectable to the torque nufttiplier, so that the 5
torque multiplier can be di sengaged and the shaft can be swung freely
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The apparatus may further comprise an insert which is located between the

reaction arm and the aerofoil structure.

The insert may be shaped to conform to the contours of the front or back of the
aerofoil structure. The insert may have a textured surface.

20 The insert may comprise a hook which hooks over the aerofoil structure and
engages the aerofoil structure on the side of the aerofoil structure opposite to the
reaction arm.

The insert may be made of a flexible material such as elastomeric or plastic
material.

25 The insert may be fixed to the reaction arm. For example, it may be permanently
attached to the reaction arm.

A plurality of inserts, each of a different shape, may be fitted to the reaction arm,
so that an appropriate insert shape can be selected and moved into an operative
position to engage the particular aerofoil structure to be removed.

30 The insert may be adapted to engage more than one aerofoil structure at a time,
on the same stage, more than one stage, or across several aerofoil structures and
stages.

Means may be provided to clamp the insert onto a respective aerofoil structure.
For example, the insert may be provided with a clamping member which engages

35 around the aerofoil structure.



30The insert may be adapted to engage nore than one aer of oi
structure at a tinme, on the same stage, nore than one stage, or
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The reaction arm may be adapted to engage inserts across several stages

20 simultaneously. For example, it may have a plurality of support arms, each support arm
or each pair. of support arms engaging a separate aerofoil structure.

Bolts may be provided to lock the reaction arm in position (axially along the shaft
and radially to set the length}. The bolts may engage wing nuts or clamps or the bolis
may be replaced any other locking/clamping device.

25 The reaction arm may be mounted on a bush or bearing, to allow it to run
smoothly along the shaft when it is repositioned.

An aerofoil structure catcher may be provided in the frame to catch the aerofail
structures as they are ejected from the arcuate casing section. The aerofoil structure
catcher may comprise a wire net, or a plastic net, suspended from the frame. The wire

30 net, or plastic net, may be suspended from corner members of the frame.

The frame may be floor standing and may comprise support blocks which are
fixed to the frame and to the respective ends of the casing section. The tforque
multiplier may be fixed to the frame at a position substantially equidistant between the
support blocks.



25The reaction arm may be nmounted on a bush or bearing, to allowit
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20 According to another aspect of the present invention there is provided an
apparatus for removing an aerofoil structure from an arcuate casing section of a rotary
machine, the apparatus comprising:

a frame which supports or is supported on the arcuate casing section,
a reaction arm which is rotatably mounted in the frame about an axis parallel to a

25 rotational axis of the arcuate casing section, a free end of the reaction arm being
adapted to apply a force to the aerofoil structure;

a torque applicator for applying the force to the aerofoil structure via the reaction
arm; and

an insert which is located adjacent to the reaction arm and one face only of the

30 aerofoil structure.

The insert may engage in and/or be fixed to the reaction arm.

In a preferred arrangement, the insert is inserted between the reaction arm and
the aerofoil structure from one side of the insert.

The insert may be shaped to engage at least a portion of one face only of the

35 aerofoil structure.



apparatus for renoving an aerofoil structure froman arcuate casing
section of a rotary machine, the apparatus conprising: a frame which
supports or is supported on the arcuate casing section, a reaction
armwhich is rotatably nounted in the frdme about an axis parallel to
a 25 rotational axis of the arcuate casing section, a free end of the
reaction arm bejng adapted to apply.a force to the aerofoil
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side of  hdeiip¥iapan aero Lo ROGATEUSIE FaRRY SRETCT S ralany diaenie. the
| east a porhéhnd edmpiing teasteydlof of the 35 aerofoil structure. 7
The use of an insert Ret vvegn t he reacti on arm and gge aer.of oi

. |
structure spredRCMGRITESERd Shpreacton am aering Adpes P Ge Agfldrushye and
evenly and/ or expRirg & eliystaviily tbstifuaas farte tdtheaaefich ArnstandCthereBy to the

Accordi ng to anot her aspect of the present inyention there i
provi ded aar?é‘%ﬂ' girgtug BYRsIY aaW“ﬁ‘@r@f’@P'l'ers%F[}%CGr ‘%%ﬂﬂ"ﬁi%ﬁ&fﬁ%o“

casi ng sEectih®RefffoiPsth@dt@eyin REbIisntiall eircRhiB RS OMRICSH B4 thid 8rctb@P8asing
of: placing a.free end of a reactioh arm against a face of the

aerof oi | st ﬁt‘ﬂ"hre; and applying a substantially continuous force to
the reaction ammme ragtod Fefyethdraohipisa @itebesihg Shiitkdrubewbyn teadscttih @m

Lo g Bl B Sy SRer Pl o0, 0 e face of 10/ the |
the arcuate casgihagnstfed iney. further comprise catching the aerofoil structure in a component
15 catcher situated adjacent the arcuate casing section when the aerofoil structure is
expelled from the arcuate casing section.

In embodiments according to the present invention, the disassembly forces push
the casing towards the frame and down onto the ground, so the present invention works
with gravity, rather than against it.

20 Using a device in accordance with the present invention, the casing section can
be positioned at a comfortable working height which makes it safer and easier to use.

The inserts in accordance with the present invention can be redesigned and
iterated simply, easily, and cheaply. As a fitter gains more experience with this
apparatus, he or she will understand more regarding how the insert could be improved.

25 A new insert could be manufactured and tested cheaply without having to change any
other part of the apparatus itself. Since the collar of US 4,096,614 must conform closely
to the aerofoil surface it would be more difficult to test new insert designs, compared to
the present invention.

A device in accordance with the present invention is able to work with vanes which

30 are held at both radial ends of the vanes.

The use of hammer action can cause damage to the vanes, shroud and/or casing
and can cause the vanes to jam, whereas the use of a torque multiplier in accordance
with the present invention ensures that a substantially continuous, easily controlled
force is applied to the vanes, rather than a series of variable impacts.

35 Using the hammer and drift method it can take 30 man hours to strip an IPC

casing, whereas using a method in accordance with the present invention will take



The nethod may further conprise interposing an insert between the
reaction armand the face of the aerofoil structure. The
met hod may further conprise catching the aerofoil structure in a
conponent 15 catcher situated adj acent t®e arcuate casing section
when the aerofoil structure is expelled fromthe arcuate casing
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rotary machine ed view of
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been ermveﬂo\l:wla Orrrpagg e prov:t}Mdr{g adjust the working height of the jig 1.

A vane catcher 40, comprising a rectangular piece of wire net, or wire mesh,

25 supported at its corners by the legs 20, 22, 24, 26, is attached to the frame 18 beneath
the upper frame rails 14, 16 in a curved configuration to assist in catching aerofoil
structures (comprising vanes 64) expelled from the casing section 2. In an alternative
arrangement, the vane catcher 40 could comprise a ball pool (not shown), or the vanes
64 could drop directly into a cleaning bath (not shown) below the jig 1.

30 A lubricant recycling tray 41 is fixed to the lower frame rails 32, 34, 36, 38 beneath
the vane catcher 40, to catch lubricant which falls from the casing section 2 or expelled
vanes 64. A pump and pipework (not shown) could be provided, so that lubricant
collected in the tray could be reused.

A torque multiplier 42 is bolted to the upper frame rail 16 and is operated by a

35 handle 43 which when turned rotates a drive shaft 44 which is of substantially square

cross-section and on which is mounted a reaction arm 46. The end of the shaft 44



When any conpressor nodule, e.g. an internedi ate pressure conpressor
(I'PC) nodule, cones in for overhaul, it is necessary to conpletely
strip the nodule to piece part level. This includes the renoval of
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30 directly from a side of the casing section 2, but instead must be slid circumferentially
along the recesses 67 in the outer casing 4 and shroud 66 until it can be expelled from
one of the free ends, 10, 12 of the casing section 2.
A first row of vanes 64 is illustrated in Figure 1, but a plurality of rows of vanes are
present in the casing section 2, spaced in an axial direction along its length. The

35 dimensions of the vanes may differ from one row to the next.



15Referring to Figure 2, in which the outer casing 4 has been renoved
for the sake of clarity, the first armportion 47 of the reaction arm
46 is hollow and is adapted to receive a bi furcated arm portion 50
having a shaft 52 which extends into thelthollow interior of the first
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embodiment illustrated in Figure 1, a plurality of vanes 64 are to be removed in a single

35 operation.



11 Wth the reaction arm 46 correctly aligned on the shaft 44,
it is fixed in position by tightening the bolt (not shown) which
engages the shaft 44 through a base of the first armportion 47. A
determ nation is then made as to the deslted region of the vane 64 to
whi ch force should be applred A determnation is also nade as to

what shape of insert is a riate to corre o th .cont.our
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casrng section until all of the vanes have
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process i s gugpeating 4 & JHeomyes bhie® the inserts 64 drips into the oil recycling tray from

where it can be filtered and re-used.
Once the vane 64 has been ejected, the handle 43 can be wound in the opposite
direction to align the insert 60 with the appropriate next vane or group of vanes to be
30 removed from the casing section 2. The process is then repeated to eject this new
vane, and any vanes in front of it, from the free end 12 of the casing section 2 until all of
the vanes have been removed. At this point, the bolt holding the reaction arm 46
relative to the shaft 44 can be undone, so that the reaction arm 46 can be slid along the
shaft 44 away from the torque multiplier 42 until the arms 49, 51 extend on opposite
35 sides of the next row of vanes, and again the process is repeated to remove those

vanes from the casing section. If the size and/or orientation of the next row of vanes is



vanes fromthe casing section. If the size and/or orientation of the
next row of vanes is 12 different fromthe first row of vanes, it
may be necessary to adjust the position of the insert relative to the
reaction arm 46, use a different insert,'#everse the insert or engage
an alternative portion of the insert 60 in order to better apply
force to the._nex erm"aerofoil struc

f, "
Loea i o hidrg it o o et 308 b vRARG At e b B EtRy 10 BNES edrorTRn et the
may for exaﬁ@értarelattvbmﬁlehearenalm @m 46, ade a @ﬁer@:ﬁt}lnﬁrﬁ%veﬁhe&hé@isﬁﬂ or engage

conponent which can onl rom a sI|d n
A R R T ST M T TN IR R
princi pl e cenkd be used to reane st at or vanes fromany conpressor or
10 turbipe on oul d ,al so be applied tpo non-gas
Lurbines? . g. orssraipl Sty nes sty FofimeretfalPt 8 dispded to be
woul d be naﬁﬂetﬂuéd)bmaa@rarﬂhﬁawwre&amplet|he|u@@smagefdrmmiesoﬁa@ pmer Hisorete
the shaft at the en tus woul d work, eve

casi ngs t hdt®® m\Hé’Pgntn & eﬁ"im an}ycge(,ﬂe JFFEinaas ORY MASHRPt Q%ISHQ'QQ it in a
wer e shapedifcompsntial Gnedtibe osthefrbtapomeaeaihdé.y. 151 n an al ternati ve

enbodi nent, not_illustrate cas section,2 could be rotated
o ound the’ shartheaTi BEEe et of Rach bBreits B fes MR A bompressor or

enbodi mamlt tuﬁbfm dreany erﬁg‘ncar cdild atolbd dppligd wedor- g\asomsumesoe gaetéahh@r water
torque mu ier

d raot the Si t|0n 2.1 tive
e react | dHBIIER AdTTeRb s{arsrblngis i UE R (RRFES  RGedqes O the casing
di ffelrent E@hg@yampb%mstilgeayheh aamelaejr@gret ax(;é Zﬁegrp@ﬁmf er&ﬁmdffwoﬁoéven with
exanpl e, the su rt blocks 6,8 .co adjustable fo eren
ehgines.  AGSTERANTt YT Fi SHACIEASY @ PBot M, Syihosk Hodke Sl ghaped to
section 2. daemo&)ﬂwmiaetcoh’eeme could be straps over the top of the
casi ng hold it

osi tjon a profi
frange B a cadh g Bedaiud ShbedeR ol Iiiadih e ol snatirbg oft batbted
support bl eedimdoth8 sheftlial ehthdr thar thesater why rOLﬁﬁThﬁthjsl emBodi®eht thereaction
nmount ed on whe t sh so th a ved by.
nana. o " atcs Sades R ROty &P bt itniet 45,50ua PR e Geing
t ake the va;eei&:rﬁzrdlhtrvemb the reactin drmsqBect i on st ati on. To avoi d
unnecessary duplication of eff and r i ti on of te in the 3
opeci 11 cat ] on. TEedEah dubts fiastbd e b iR Rlfeter P frridohinest B bRk
or seve2®l aasgapiess@r Forboadhipinttie alippdreblookess esuld H@Vw{tﬁtable ffori différent
be understood. t ha ere it is technic si bl e tur
Qescr bed. angr aktba e Lingy b8 LE6R0 Brir PRIk Safing sEHoRERer srpmPle,
may al so behars@duldi Benstedpy cvehttie tap petHe edsirgnib dicieRiorefirmien position, and a
I nvention. profile of a fixing flange of a casing section 2 could be machined into the top of the
support blocks 6,8 to hold it more securely.
25 The jig 1 could be mounted on wheels or castors (not shown), so that it can be
moved by hand.
There could be a conveyor {not shown) below the jig 1 to take the vanes 64
directly to an inspection station.
To avoid unnecessary duplication of effort and repetition of text in the
30 specification, certain features are described in relation to only one or several aspects or
embodiments of the invention. However, it is to be understood that, where it is
technically possible, features described in relation to any aspect or embodiment of the

invention may also be used with any other aspect or embodiment of the invention.



13 CLAIMS: 1. Apparatus for renmoving an aerofoil structure from an
arcuate casing section of a rotary machine, the apparatus conpri sing:
5a franme which supports or is supported on the arcuate casing

section; a reaction armwhich is nbinted in the frame about an
axis parallel to a rotational axis of the arcuate casing section, a
free end of %gﬁﬁ§eactlon arm being adapted to apply a force to the

aer of oi | ? and a torque nultiplier acting between

t he reactlon arm and the arcuate casing 10 section, the torque

mul tiplier peing operable to a t he aerqfoil. .
Structure it o SHERES ?fa{PWV'EE@&ﬁﬁHS@ﬁﬁvﬁvredf%an. gy ceRR sPElPR Y @
casi ng sechbﬁmynmzmnAphahﬁb@ﬁ&@&oﬁbﬁmﬁgd inclaim1l, further

conpri sing drlve means ng the t e multiplier. . 3.
ropar at Uhas. oI SrHHER WiFnaURPRSor R auret Shahialtyat g o6 ses an
electric 15 WDt@fea@forﬁarﬂOWﬁkE%ﬁhduﬂtbﬂ irathie fAtnes a@dutanray&r;muériecto a rotational
actuator. aratu as. cl ai a recedl cla m rt

conpr 1 o1 ng % BR B AR GBS BRI, ATt L4 Gealih S bie afPAe fo apply
appl i ed to 4 feecetenid aelofditstructuty; any the torque nultiplier. 5.
Apparatus as clained in in n th rcuate
g ect; on SPThde HuBREs 4GnG: ke Tidued igheem end ABhatarele sasing
cl ai medio n s@ﬂ&orpnreeceéqumgnolt[plleﬁbemebperablettbeapbryaﬁemrse adkhptaerbfdibstructure in

support the arc e casing section such, that concave S|de of the
SrPPole end RN B R OBt E Pt s SRS IRty g ¢ eaval

of an aerofDi| Adparsttisias claimed’in ofppar, dtrttser 2Bmplisihgridvé Meany farpeedhd the
claim wherein th |eactl on armis 25 rotatably nounted in the frane
about an aXPYUGIIYYPIFS coincident with a rotational axis of the

arcuat e casd.ng Appatdt@nas climéppasiainug, wherelnaihallive ey @hgrieds g electric
claim erein the reactio rp s bi furcat ed. 9. Apparatus as
eé{]%{r?ﬁ u

cl ai med'd n BHY" PreCUBPHRYS YRV YYHUCASHRIMoNn ar m conpri ses 30

t\g/o sepﬁr ate el/ppgaites as em&ﬁécsw/\ﬁmcbreaémng aléeﬁemdaatdcom;ﬁr&h@t@ltﬂme limiter
about the rotatij.on t he arcuate. ca

Aoparat us 49 MUNAGhe iR, WiiPa e i 0RIRCni0 MibeRgolp, HEicHER o e foraue
the reacti mmlﬁxflh‘rl S adj ustabl e. 11. Appar atus as clained in any
preceding i ed on a shaft

which is it eI ;lepaf rsg%?n 9]%1}1 %ﬁ%&:pggqeﬁlygf (:‘J%HJE wherelr? tihe arcuate casing section

20 is adapted to pivot in the frame.
6. Apparatus as claimed in any preceding .claim, wherein the frame is adapted to
support the arcuate casing section such that a concave side of the arcuate casing
section faces to one side or downwardly during removal of an aerofoil structure.
7. Apparatus as claimed in any preceding claim, wherein the reaction arm is
25 rotatably mounted in the frame about an axis which is coincident with a rotational axis of
the arcuate casing section.
8. Apparatus as claimed in any preceding claim, wherein the reaction arm is
bifurcated.
9.  Apparatus as claimed in any preceding claim, wherein the reaction arm comprises
30 two separate elongate elements which are independently rotatable about the rotational
axis of the arcuate casing section.
10. Apparatus as claimed in any preceding claim, wherein the length of the reaction
arm is adjustable.
11. Apparatus as claimed in any preceding claim, wherein the reaction arm is

35 mounted on a shaft which is itself rotatably mounted in the frame.



14 12. Apparatus as clainmed in claim 11, wherein the shaft tapers,
such that it has the formof a conical drum 13. Apparatus as
claimed in claim11l or claim 12, further conprising a ratchet
mechani sm bet ween the shaft and the toqu% multiplier. 5 14.
Apparatus as clained in claim1l or claim 12, further conprising an
adjustable ani_sm bet shaft . tor

il 1 pi e . ATRBEATR R DB T P T VAR D P ECRR G Erarsi el & e the

conpri si ng far ibhs esiicaifdrah. i s I ocat ed bet ween the reaction arm and

t he aerofoi], styuct adj ac to.on fac f .the aerofoil
structure. % I%) %B%ragtﬁ n&%dq éf%ﬁ r?rccf 1%5? Urifes reamprising @ ratchet
insert is shecﬂadlshobetwaémtmasrmfttdmd tl@@rmtrquermumgbhetrhe front or back of

th 1 t i 15
hher o % Pt DRRrAtS ap e Rl o 7 afinE B a8 B AR 28 aiiteble

cl ai med i n geay metharismmetwdent the $ait mteiheltdsrqu@aﬂﬂipaére a pI urality of
15|nserts1 ac of adflfer%gt shape, hatuag rlateln ni
shape can HE: sdearuth & ae RS N o cang s DB ERTRle AonsTEapEn is
t he aer of Olld)caséd bietiveie the k8 ctiohograr ﬁdﬁ&e&ércﬁdﬂb&tfmwre Tadpvendio dhedad®Bordlpof
to 18, V\:herﬁl n tF tnsert i s adapted to engage nore than one aerofoil

structure 4beaeP tructure, Apparatus as clained in any precedi ng
claim fartiger Appapitiss b glaimabimpaients, 2éhetéih chehsart iasha@ddito cohferm to the

frame, adapte h conponents ejected fromthe casihg section.

on " hppar ageyts oGt R P HRgh o BF Bl el m wher o1 1 Che

conponent ciat ¢ lippacampas slesnel i di@mme or 16, whepdiadid insérels, fixedtp endedction
fromthe frane. 22. A nmethod of renoving an aerofoil structure

froman ar@3te casi ng section of a 25 rotary nmachi ne, the method
conpri si ng 1t8he Apbaruhs clathediraanyngf daihisets end7 obhareineihetd ae @phirality of

B 4 Rk AR bt RS G e PRBHA B R oy st
t he aer of oidndstisvedtints @nlypermiaa posifioratot enggye thaddromll sRuictudehe force
being appl i1§q Apparatus as claimed in any of claims 15 fo 18, wherein the insert is adapted to
engage more than one aerofoil structure at a time.
20.  Apparatus as claimed in any preceding claim, further comprising a component
20 catcher attached to the frame, adapted to catch components ejected from the casing
section.
21.  Apparatus as claimed in any preceding claim, wherein the component catcher
comprises a wire net, or a plastic net, suspended from the frame.
22. A method of removing an aerofoil structure from an arcuate casing section of a
25 rotary machine, the method comprising the steps of:
{a) placing a free end of a reaction arm against a face of the aerofoil structure;
and
(b) applying a substantially continuous force to the reaction arm, and thereby to
the aerofoil structure by means of a torque multiplier, the force being applied
30 to the face of the aerofoil structure in a substantially circumferential direction of
the arcuate casing section.
23. A method as claimed in claim 22, further comprising interposing an insert
between the reaction arm and the face of the aerofoil structure.
24. A method as claimed in claim 22 or 23, further comprising catching the aerofoil
35 structure in a component catcher situated adjacent the arcuate casing section when the

aerofoil structure is expelled from the arcuate casing section.



30to the face of the aerofoil structure in a substantially
circunferential direction of the arcuate casing section. 23. A

nmethod as clainmed in claim?22, further Cﬁgprising i nt er posi ng an

i nsert between the reaction arm and the ce of the aerofoi

structure. 24. A nmethod as clained in claim22 or 23, further
conpri sing tchi,ng. t aerofoil 35 structure in. onent catcher .
ST hat od adihcentPpaials DEEBLRA aF uLIE WS i rHEPTRER 57 o 2 ShGkn n

st ruct ur e ithe ex@ehpagingrdvawinge ar cuat e casi ng section. 15 25.
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