1 A DEVI CE FOR | NSPECTI NG TANGENTI AL RECESSES IN A ROTOR DI SK The i nvention
relates to a device for inspecting tangential recesses or slots in a -
t urbomachi ne rotor disk 5 by using eddy ﬁurrents. More particularly, the
i nvention relates to an inprovenent nmakinhg it possible in particular to

‘position inspection nmeans qui ckly and accurately, to acquire data rapidly,
and to make neasurenents that are nore reliable and nore accurate. 10 Mre
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known that is associated with an imaging system, the

probe being specially shaped to slide along a tangential

15 recess in a rotor disk. The rectilinear probe is of
constant section; its cross-section has an outline that
corresponds to the section of the recess for inspection.
It contains a plurality of eddy current sensors arranged
for quasi-simultaneous acquisition of a plurality of data

20 series during a scanning stroke in the longitudinal
direction of the recess. Each data series corresponds to
scanning a longitudinal strip of the inside surface of
the recess by means of a single sensor. The probe is
moved manually.

25 The reliability and the accuracy of the measurement
depend on the probe being properly positioned in the
recess. That is why the sensors are grouped together in
a central segment of the probe, between two guide
segments that do not have sensors. This ensures that the

30 probe is properly positioned, even at the ends of the
recess when the sensors begin to scan the surface state
of the recess.

Although associating such a multi-element probe with
an imaging system is advantageous, the performance of the

35 system is limited by the presence of the guide segments,
i.e. by the impossibility of placing the sensors at the
end of the probe. As a result, inspection is not



Al t hough associating such a nulti-elenment probe with an imging systemis
advant ageous, the performance of the 35 systemis |limted by the presence
of the guide segnents, i.e. by the inpossibility of placing the sensors at
the end of the probe. As a result, inspéction is not 2 genuinely reliable,
unl ess the central segnment of the probe is caused to slide over the entire
| ength of the recess. That can be_done on a disk_that has been conpletely
di smant | ed genekaely heeptabtecalnbespnsbet 6815 ¢la SEHBECBAJIOSF thfe recess

and eXtrgCtﬁﬁolB?OﬂstlBng%BeEo fb@m_aéﬁbvekf thie batmeegaég@xth_t gfi (Iﬂ.ﬁl@legt da
rotor made up of a plurality of di sks positioned.si y.side (wel de
together), ¥ %ﬁs§uchTH69eﬁ§ﬁtb?s RBE ngéyglﬁgsgPBFeﬁafhgeﬁﬁvention makes
it possi bl ecémplapedyedisranfledndot chas thdeprobieckasube anselrttiedel enent
probe can be.used for .inspegting tangential .r es. | ro isk, in
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preci sel y, Hbeevavenifontpisvhdessaarynspednispectsadavitos meds mppedt i ng
tangenti al éeﬁfﬁ§§§it BfraﬁgksdPééitﬂi means ik eYduic NGRuSed he device
bei ng of the Type conprising a probe of cross-section with an_outline that
mat ches t hetegethas) of thAr 5uehi BAVEMEsc i SaNPéc 83¥aY§aP@SFLEEE -cont ai ni ng

a plurality of sepsoigvahtaBaefakes 2@ F@%!éiibil@_g t? Rmprahid ¥nef data series
during a scan stroke in the kgggg{udlgg directiqgn of the recess, .the
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nei ghboring.the_recess_for. 25.inspect.ion,.an li_di in i prment
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the probe is accypate Fearkbho. Dednlientlio Droficid 30, lindgledil, recess
and the neasurenents gte therefore nore reliable and nore accurate.
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advantageougbméggsiggsgr%rg%% g% %E%ggiﬁgﬁgxgygﬁﬁiléﬁ“%utline that
matches the outline of the section of such a recess, said
probe containing a plurality of sensors arranged for
20 acquiring a plurality of data series during a scan stroke
in the longitudinal direction of the recess, the device
being characterized in that it comprises both a support
having two positioning members that co-operate
respectively with two recesses neighboring the recess for
25 inspection, and sliding moving equipment carrying said
probe and arranged to guide it along said recess during
inspection. .
With the above-defined arrangement, the positioning
of the probe is accurate from the beginning of its stroke
30 inside the recess and the measurements are therefore more
reliable and more accurate. Progress of the probe along
the recess can be controlled more easily, even by hand.
In addition, according to another characteristic that is
advantageous, the sensors may be distributed over a long
35 length of the probe, or even over substantially its
entire length, including in the vicinity of its ends. 1In
other words, the above-mentioned guide segments can be



35 length of the probe, or even over substantially its entire |ength,
including in the vicinity of its ends. In other words, the above-nenti oned
gui de segnments can be 3 omitted, there making it possible to scan
recesses better over their entire | engths, even when the disk is beside
anot her di sk. According to another advantageous characteristic, 5 the probe
I's made up of ,two nnv%ng ﬁlock . _The sensors._are distributed within the
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monitor the position and/or the advance of the probe
within the recess for inspection.
15 In one possible embodiment, both positioning members
include expandable elements that are spaced apart from
each other by a distance corresponding to the distance
between said neighboring recesses. These elements are
shaped and arranged so as to be engaged and locked in
20 said neighboring recesses, thereby enabling the support
to be positioned in such a manner that said probe can be
engaged in said recess for inspection.
Advantageously, the device includes a multi-channel
generator-receiver. Such a generator-receiver serves to
25 activate all of the sensors simultaneously at different
positions along the probe within said recess for
inspection. During a reception stage, it serves to
synchronize acquisitions.
The invention can be better understood and other
30 advantages thereof appear more clearly in the light of
the following description of an inspection device using
eddy currents in accordance with the principle of the
invention, given purely by way of example and made with
reference to the accompanying drawings, in which:
35 . Figure 1 is a general perspective view of the
inspection device of the invention installed at the



30 advant ages thereof appear nore clearly in the light of the foll ow ng
description of an inspection device using eddy currents in accordance with
the principle of the invention, given purely by way of exanple and made
with reference to the acconpanying dramﬁ% in which: 35 Figure 1 is a
gener al perspectlve vi ew of the |nspect|on device of the invention

install ed at the perip her¥ of a rotor disk for, inspecti one of its
recesses bypﬁﬁéﬁgeBY eddg EQrpenfdsk for ipspecking ong &€?g¢§ vi ew show ng

t he i ndexi ngeR8B8E aydmaaﬁggbfeeadysc@m@@h@@ ;detail view show ng the
structure of the péobe giref rence t the drzjvé\entnl%? t.nere i s shown
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surface (ormebkase aadthe surface) in 10 tangential recesses 13 defined at
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I nspecti on. rdhegedpeki Lboni Thesertecesses reowd dywrpghmeilrdlaimdslada and
feet. Such a recess 13 includes in particular two so-
called "pressure surfaces" 17 against which the root of a
blade bears strongly under the effect of centrifugal

15 force. It is very important to inspect the state of
these pressure surfaces, particularly when performing
verifications during routine maintenance. This serves to
reveal the formation of fatigue cracks in the pressure
surfaces.

20 The device comprises a support 19 having two
positioning members 21 and 23 that are suitable for co-
operating respectively with each of the recesses
neighboring to the recess for inspection. These
positioning members are formed by parallel rods 2la and

25 23a, each having an annular expandable element 21b or
23b. These rods are provided with expandable elements
and they are spaced apart at a distance corresponding to
the distance between recesses neighboring the recess for
inspection, and more particularly in this example between

30 the two nearest recesses situated on either side thereof.
The support 19 is generally in the form of a bridge and
carries sliding movement equipment 25 having a multi-
element type eddy current probe 30 mounted thereon. The
moving equipment slides along a slideway defined in the

35 support. The assembly is arranged so that the probe 30
can engage in the tangential recess for inspection when
the two rods 2la and 23a are engaged in the two



25 23a, each having an annul ar expandabl e el ement 21b or 23b. These rods
are provided with expandabl e el enents and they are spaced apart at a

di stance corresponding to the distance t ween recesses nei ghboring the
recess for inspection, and nore particularly in this exanple between 30 the
two nearest recesses situated on either side t hereof . The support 19 is

generally in the formof a brldge nd carri sl idin venent equi pnment 25
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surfac 31. .The raqds 2 and 23a ect fromrespective ones of the
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side of the |sk ng equi pment e are exactly in
‘regi ster w sdrdncest the recess for inspection 20 so that said probe can be

engaged therein. pnce the two rods have been locked in the two
15 neighboring recesses, on either side of the recess for
inspection, the support is positioned in such a manner
that the abutment surfaces 31 bear against one side of
the disk 15 and the moving equipment and the probe are
exactly in register with one of the recess for inspection
20 so that said probe can be engaged therein.
The probe 30 could be constituted by a single block
of plastics material containing the sensors. Such a
block would have a cross-section of outline matching at
least a portion of the outline of the section of the
25 recess 13. Nevertheless, in the example described, the
probe 30 comprises two symmetrical blocks 35 and 36 that
are hinged on parallel pivot axes 38, being biased
resiliently outwards, i.e. away from each other, by means
of a spring 40. This arrangement guarantees contact
30 between the blocks and the corresponding zones of the
recess for inspection, and more precisely in this example
said pressure surfaces 17. This type of configuration
means that the blocks need to be moved towards each other
while inserting the probe into the recess.
35 Eddy current sensors 45 are placed on a plurality of
lines within each block 35 and 36, so as to obtain
overlap during movement of the probe along the tangential



The probe 30 could be constituted by a single block of plastics materi al
containing the sensors. Such a block would have a cross-section of outline
mat ching at |east a portion of the outlipne of the section of the 25 recess
13. Nevertheless, in the exanpl e described, the probe 30 conprises two
symmetrical blocks 35 and 36 that are hinged on parallel pivot axes 38,
being biased resiliently outwards, i fromeach other, by neans of a
spring 40. TﬁF@Sérraﬁ@@n@ﬁps@ﬁﬁréﬁFbé§aé%ﬁﬁ wWeh@Y@en the bl ocks and
tﬂe corr eslogu@sr&gn:teaaayofchbh@]prt&&%sae‘r@th S atid @#”romn]g imyleidireei sely in
this exanpl e _said pressure _surfaces.1l7. This ty of,__conf i ation neans
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to be disposed at the front probe 30 (relative to its djirection of

noverent ). PRePdeakibg ond |°§ G@%l%@qrﬁlﬁlaé‘@qeﬁg 158 RESGFERED e nunber

of sensors @bethffﬁqnﬁo@E eth Jeackouddb, so as to enable the end of the
tangenalal recess_to he s &n%%z even if it does not€%£ n out 10The wires
& | &
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acquisitions on reception. The generator-receiver is

15 used with the probe located in various positions along
said recess for inspection. Such a generator-receiver 48
can be installed in the unit 50 (forming part of the
moving equipment) to which the blocks are hinged. An
electric cable 52 for transferring signals connects the

20 generator-receiver to an imager device (not shown)
including reconstruction software and image processor
software enabling a readable acquisition to be
constructed for playback in the so-called "C-SCAN"
format.

25 In order to improve image playback, the device is
also fitted with index means 55 for monitoring the
position and/or the advance of the probe 30 in the recess
for inspection. For example, a pinion 56 is mounted on
the support 19. 1Its axle is connected to a pulse

30 generator 57 or the like. The pinion meshes with a
rectilinear rack 58 carried by the sliding moving
equipment 25.

Thus, data acquisition is relatively independent of
the operator, and in particular of the speed with which

35 the operator moves the moving equipment carrying the
probe. The moving equipment could be motor driven so as
to scan at a predetermined, constant speed.



can be installed in the unit 50 (formng part of the noving equipnent) to
whi ch the bl ocks are hinged. An electric cable 52 for transferring signals
connects the 20 generator-receiver to an inmager device (not shown)

i ncludi ng reconstruction software and i mage processor software enabling a
readabl e acquisition to be constructed for playback in the so-called
"C-SCAN' format. 25In order to inprove i nage playback, the device is also
fitted with index means 55 for nonitoring the position and/or the advance
of the probgeId8 in the recess for inspection. For exanple, a pinion 56 is
nmounted on the support 19. Its axle is connected to a pul se 30 generator 57
or the Iike. The pinion neshes with a rectilinear rack 58 carried by the
sliding novi nglequi prenhspbetion délise d@taLmspdcﬁﬁﬁgntangenﬂialveIy
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t he opera carrying ro e. The novi ng
equi prient deviite ﬁ@mpﬁﬂéinérlven so as to scan at a predeternlned const ant

speed. 7 CLA robe oflcrBBsl BER@GLnORi¥8Y ia6f St iiSRERId Ng tangenti al
recesses in a ro di sk_by neans_of eddy currents, the 5 device
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a plurality of _se sori.%rra@ged for acquirin ural.ity of data series
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respectl ve tWwo recesses nel bori ng ‘the recess for i nspectl on,
and a support with two p081tlon1ng members, each of said

positioning members includes a rod extending from the
support which is inserted and cooperates respectively
15 with two recesses neighboring the recess for inspection,
and
sliding moving equipment carrying said probe and
arranged to guide said probe along said recess during
inspection.
20
2. An inspection device according to claim 1,
wherein the two positioning members include two
expandable elements spaced apart by a distance
corresponding to the distance between said neighboring
25 recesses, said elements being arranged to be engaged and
locked therein to position said support in such a manner
that said probe can be engaged in said tangential recess

for inspection.

30 3. A device according to claim 1, including
indexing means for monitoring at least one of the
position the progress of the probe in said recess for

inspection.

35 4, A device according to claim 1, wherein said
sensors are distributed in blocks of the probe, the

blocks being hinge-mounted with outwardly-directed



sliding noving equipnment carrying said probe and arranged to gui de said
probe al ong said recess during inspection. 20 2. An inspection device
according to claim1l, wherein the two positioning nmenbers include two
expandabl e el enents spaced apart by a di stance corresponding to the

di stance between sai d nei ghboring 25 r&cesses, said el enents bei ng arranged
to be engaged and | ocked therein to position said support in such a nmanner
that said probe can be engaged in said tangential recess for inspection.
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di stri but edri inbpeeksoafl the probe, the bl ocks being hinge-munted with
outwardly-directed 8 resilient bias so as to guarantee that said bl ocks
make contact against the correspondi ng zones of said recess for inspection.
55. AXdevice aBcor dhndevicel acmordingeitedicigia mul tinghehing a

generat org rf gL ¥ﬁ58£§;te§‘éhb¥§ftb%1%'c'e1%11 %xﬁ%@&ﬁﬁa&%tﬂ% ity

S|nultaneous y at ent positions I N sald recess for
|nspectloﬁheléﬁnsﬂréeﬁpbété@§éﬁéﬂﬁgS@@Wﬁ?ﬁqﬁQPSRMKﬁQH4Fﬁﬁﬁ¥%%%sors are

di sposed gbsifeohsadlBAgeRlecObrbie RMORRXid recess for inspection.

10 6. A device according to claim 1, wherein the

sensors are disposed at the leading end of the probe.



