136741 1 METHOD AND APPARATUS FOR | NSPECTI NG DOVETAI L EDGEBREAK CONTOUR
- BACKGROUND OF THE | NVENTI ON The present invention relates generally to a
met hod ah¥7ppar atus for inspecting turbine engines. Mre specifically,
the present invention relates to nethod and apparatus for inspecting the
surface contour of an edge of a cutout formed in a disk for fixedly
receiving a turbine blade. In an aircraft gas turbine (jet) engine, air is
drawn into the front of the engine, conpressed by a shaft-nmounted
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periphery of the disk to receiyve a portion of the turbine blades referred

to as a Uy Yor 1ngpsciinghihs irfase colowr oisan gipecodia uiow damepdop ddiskhchi ng.
Broachimgrh§aﬁy9&ggggéggﬂbﬁﬁqmﬂkque whereby a cutter, typically referred to
as a broach, is used to finish cutouts or apertures of circular, square or
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' the compressor and fan. In a more complex version of the gas turbine engine, the

compressor and a high-pressure turbine are mounted on one shaft, and the fan and
low-pressure turbine are mounted on a separate shaft. The hot exhaust gases flow

from the back of the engine, driving it and the aircraft forward.

The turbine is composed of a disk having a plurality of complex, closely toleranced
slots machined along the periphery of the disk to receive a portion of the turbine
blades referred to as a dovetail. The contour of slots is typically formed by broaching.
Broaching is a production technique whereby a cutter, typically referred to as a
broach, is used to finish cutouts or apertures of circular, square or irregular sections.
In broaching, the action of the broach itself serves as a clamping medium so that the
operation may be completed in a minimum of time. The cutting tool or broach is
typically provided with many teeth graded in size such that each takes a small chip
when the tool is directed through the previously prepared leader aperture.

In the case of disks for securing the dovetails of turbine blades, broaching produces an
amount of disk material tear out that extends past the surface of the disk opposite the

surface in which the broach is first directed, or exit side of the disk. This tear out is in




136741 2 the formof jagged discontinuities or burrs typically forned

. along substantially the entire periphery of the broached cutout or
aperture.l36Btleri al al ong the broached area contains reduced strength
properties. Since this broached region is highly stressed in operation,
care nust be taken to renove these discontinuities to avoid the possibility
of stress-induced cracking, which canysignificantly reduce conponent life.
The process of renoving the tear out discontinuities is referred to as
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newly fabricated turbine disks.

Further complicating matters, commonly used techniques for inspecting edgebreaks
are time-consuming and prone to error. For example, a wax-and-trace technique
involves manually placing heated wax to the surface of the disk, waiting for the wax
to cool, properly removing the wax, i.e., without deforming or distorting the wax
impression, and then visually aligning the impression for mechanical trace to ensure
that the trace direction is normal to contour centerlines. Not only did this technique
expend up to ten minutes for each peripheral slot, but gage repeatability and
reproducibility approached 50 percent. In other words, the imprecision associated
with the wax-and-trace technique, even if done correctly, could account for about one
half of the total permissible range of dimensional variation of the edge contour of the
slot. Due to the time-consuming nature of the wax-and-trace technique, inspections
for edgebreaks may be further limited, thus increasing the probability of missing a

defect.




for edgebreaks may be further limted, thus increasing the probability of
mssing a defect. 136741 3 What is needed is a nethod or apparatus for

i nspecti n§674dr bi ne di sks that can be perforned nore quickly and having

i nproved gage repeatability and reproducibility. SUVMMARY OF THE | NVENTI ON
~The present invention is directed to a nethod of inspecting a contour of an
edge of a cutout of a plurality of catouts forned in a disk, each cutout
of the pIuraIity of cutouts for fixedly receiving a turbine blade. The

met hod | des %‘P ste S of . @grovi di n% a  first device for receivi ng t he
di sk; pr ithgeeeSelSch APPRAHY Lo g@ﬁ%mgatﬁdﬂ%dwkmw&%rhe

associ at p@fortiedindrRQurkBS ¢ hatvh‘g Me{rrlsor dgeaéggﬁ)reﬁtﬁﬁﬁ'i@ Jﬁi@'&d?&ﬁ e f| f st

predeterm ned orientation to th
devi ce; 5S|t| oning the instrument adjacent a cutout of a plurality of

cut outs PEMMARYYOFhBHEANMENHONCting a tip of the instrunent over a point
of tangency al ong an edge of a cutout of the plurality of cutouts, the tip

foll .al he.. h i |
coi not deLe RRERM By SRl 5 milnog itingRoh S etgur AakEBR ST Boi nt o
t angencycw@ost of o plﬂ@h’ébklﬁsdlﬁéﬁté Rirhd {05 ARk éz&htctlﬁ)uggﬂlﬁe ‘ﬁiurélpﬁ ofeib@r, the

i nstrunment being i phyS|caI cont act Mﬁth he surface of e contour;

t ransni t fardigedly rerejiug 4 wabine hladse ﬁé@rm@hgé dnalusten thmslawecrﬁ pofvidihg a

i nstrune I n the signal .received by

al gorit hﬁn}s% ggvé@@ (%rrg?&{qtngg#l © dlggi oy r%f %’l 8?1%?”‘? vicg haying ﬁrfﬁnscoéﬁﬁéraf‘ng t he

plural i tmsnﬁmms irt amslanonmﬁldeheesmsaedtheaﬁngeaeﬂte \ééddﬂﬁ% therdisidet gr m ni ng
acceptability of the contour of an edge of the cutout o thee&l urality of

cut out s. PIEAecHaINgAt aidentation e the ssasar; isaowning e idiski to th@qﬁurst vice;
SLID e B dohing IR sfBmbf) ADGRACR ufluPlse 31 Fhraf i o AULA SO il AR V' N

turb|ne antage o resent I nventl on

enhanceddigegdirecting at tifpioff It}nqlmtrdmeme@vawmmt bf tangervyf dlodgren eagky aﬂaage of
t he pr esen hat it is.c be easily perforned. O her features

and advatit %'bte‘i} tg‘gtpltl'i?fghlﬁ’f%é%‘ﬁ?m?n%rﬂﬂ gﬂlwng aﬂ@ﬂas edhe syrfens efiibe

contour that is substantially coincident with a plane defined by an axis of tangency
_ with the point of tangency and a line substantially normal to the edge of the contour,
the instrument being in physical contact with the surface of the contour; transmitting a
signal from the sensor based upon movement of the instrument to an algorithm;
converting the signal received by the algorithm to a plurality of positions along the
path; and comparing the plurality of positions to predetermined ranges of values for
determining acceptability of the contour of an edge of the cutout of the plurality of

cutouts.

One advantage of the present invention is it requires significantly less time to inspect

disk slot end contours for receiving turbine blades.

Another advantage of the present invention is it has enhanced gage repeatability and

reproducibility.
A further advantage of the present invention is that it is can be easily performed.

Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in




followi ng nore detail ed description of the preferred enbodi nent, taken in
136741 4 conjunction with the acconpanying drawi ngs which illustrate, by
way of exXafptle, the principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 illustrates a perspective view of a turbine disk. Figure
1A is an enlarged partial plan view of a turbine disk. Figure 1B is a side
view taken along section 1-1 of Figurg 1A of the present invention. Figure
2 is a perspective view of the inspection apparatus of the present
invention, . Fiqure. 3.illustrates fl.ow chart detailing the inspection
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showi ng thacipREVE eanddntDheps to performthe inspection of a turbine disk
usi ng the inspection apparatus of the present invention. Werever

possi bl e, the sane reference nunbers will be used throughout the draw ngs
to refer to the sanme or like parts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 2 illustrates one enbodi nent of an inspection apparatus 10 for

i nspecti mr’p R%W formed in a turbine disk 200.
Ref erri ngﬁztlgF I gures Tlioﬁgﬁqrfﬁ%b ur Iﬁﬁ@ di sk 200 i ncludes a disk portion
206 extending to a sleeve portion 208. A bore 204 is formed through both

di sk por Figuee Piliisaads alpesspectperdiéwof 2Q8bine dakgage a shaft of a jet engine
to turn the turbine disk 200. The periphery of disk portion 206 is

commonly referred to as root form 202. Root form 202 includes a plurality
of substHHS %Ililmhﬁ?lﬁr@F%pW?LB]@%H}eW%ﬁ%‘FWe diskwar dl y ext endi ng posts 210.

Each post 210 includes a plurality of dovetail protrusions 212 and

dovet ai | Figige B iPN§ide kvl ARE i ' ' he length
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surfaces_of adjacent post 210 connected by a base 216. Cutout or slot 222
r ecei ves Figusoy staparspestive vigwalghoinspection bppasativs afithe pa@ent invention.

Figure 3 illustrates a flow chart detailing the inspection method of the present

invention.

Figures 4-14 are perspective views showing the sequence of steps to perform the

inspection of a turbine disk using the inspection apparatus of the present invention.

Wherever possible, the same reference numbers will be used throughout the drawings

to refer to the same or like parts.
DETAILED DESCRIPTION OF THE INVENTION

Figure 2 illustrates one embodiment of an inspection apparatus 10 for inspecting a
dovetail edgebreak contour formed in a turbine disk 200. Referring to Figures 1 and
1A, turbine disk 200 includes a disk portion 206 extending to a sleeve portion 208. A
bore 204 is formed through both disk portion 206 and sleeve portion 208 to engage a
shaft of a jet engine to turn the turbine disk 200. The periphery of disk portion 206 is
commonly referred to as a root form 202. Root form 202 includes a plurality of
substantially uniformly spaced, radially outwardly extending posts 210. Each post
210 includes a plurality of dovetail protrusions 212 and dovetail indentions 214 that

are formed on opposite sides along the length of the post 210. A cutout or slot 222 is




Cutout or slot 222 preferably includes an axis of symmetry 224. Coi nci dent
~wWith both base 216 and axis of symetry 224 is a point of tangency 226.
Base 2161p6Eflerably includes a curved contour that provides symetric

poi nts of tangency 230, 232 with opposed sides of slot 222 having dovet ai

i ndentions and protrusions 212, 214, such as along an axis 228. As further
di scussed bel ow, the inspection apparatus 10 includes a process to inspect
sl ot 222, such as at points of tangency 224, 230 and 232, although it is

to be underst.god.that inspectipn apparatus 10 can be used to_inspect any
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that is connected to base portion 23 is an énd havinhg an aperture 27 for
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rotates abo iivot 24 having an axis of rotation 25 along surface 20 of

t p :
pl ate 188 t‘P’E@ gndgystopdthat inspeeiing ApRAratysalfirands used ter inspecoinyworkipsred e
carri agede%?re@@@i‘rﬁs (ﬁité(%en%f'al%ﬂg %%t%%r kpiece carriage 22 fully remains
[ | ate [

wi thin the tootprint , Wwhich in a preferred enbodi nent enabl es
wor kpi ece carriage to rotate approximately 180 degrees. To secure
wor kpi ecBefertng bagk 9 Figurea, duspectosh gosidtun i) irmheles urfrsPdevide Iakd portion 29
15, RGBS b RLULPLL LY L, LELE Sper tures 28 .l bl ate
aper t ur epgformbib@e Rhédnd! bt Bbefininka S ROA! WheSsisR 461 ich é)%ifs&?rv?ﬂ% | ocating
positions of the workpiece carriage 22. It 1s to be understood that any
nurber mred@tmr@n@cb@wpﬁr dsrspdeviag 1 Dear trolett 4 mblel b, evhich 486dnd aplate
18 having a substantially flat surface 20. Flat surface 20 of plate 18 supports a
workpiece carriage 22 having a base portion 23 that extends to a neck portion 29.
Opposite the end of neck portion 29 that is connected to base portion 23 is an end
having an aperture 27 for receiving a locating pin 26, such as a ball lock pin.
Interposed between the ends of neck portion 29 is a pivot 24 that includes a fastener
that is directed through both the neck portion 29 and plate 18, pivot 24 having an axis
of rotation 25. In other words, workpiece carriage 22 slidably rotates about pivot 24
having an axis of rotation 25 along surface 20 of plate 18. Pegs 30 limit the angular
range of rotation of workpiece carriage 22 about pivot 24 to ensure workpiece
carriage 22 fully remains within the footprint of plate 18, which in a preferred
embodiment enables workpiece carriage to rotate approximately 180 degrees. To
secure workpiece carriage 22 in a desired position, aperture 27 of neck portion 29 is
aligned with one of a plurality of table apertures 28 formed in plate 18, and locating
pin 26 is directed through both aperture 29 and table aperture 28. The plurality of
table apertures 28 define different locating positions of the workpiece carriage 22. It

is to be understood that any number of table apertures 28 may be formed in plate 18



and that any nunber of angul ar spaci ngs between adjacent table apertures 28
or arrangenents may be selected as desired. For exanple, a preferred
enbodi merdB6®Hn contain table apertures 28 in a first position, or hone
position, a second position that is achieved by rotating the workpi ece
carriage 22 approxi mtely 90 degrees counterclockw se about pivot 24 from
the first position, and a third positigon which is achieved by rotating the
wor kpi ece carriage 22 approxinately an additional 90 degrees

counterclo § se ab&g% 4 fromthe secong position. Thus, the third
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position. To permt workpiece carriage 22 to secure tur i ne
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sufficient conical elenent such that the d| aneter of the end of the

spi ndl e 36 opp05|te surface 20 is less that the dianeter of the base of
t he spi né Romigsferange forusepyihuthe diguses ispesition 84 iwhichiissidjapem ang side
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t he turblne I sk omere over sprn era splndle 36
i s coverdferehse &4, sh d&'\/ﬁzrseﬁommmt, tl&xﬂiasélqiSrtioﬁ 23 dxasrls 3aHtHehatht Sﬂpllvmmﬁs t he
peri pheréfg sl eeve 2 adj acent _the surface 20 of plate 18. Sleeve 32 and
base 34 SFitipg atiues gy ‘5“1% e Siglagyy @Prme%hqr@mame\ﬁéw SWHioRat er i al
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pl astics, non-netallic materrals’ or hon- narving materi so as not
t o damage’cldek positien204 of the turbine di sk 200 when the turbine di sk 200
is installed over the spindle 36. However, sleeve 32 and base 34 are

composedygfy it el Blick Dalrriafe 359 £LAL LSRR 98D, ik cExRgsShvel v when
includes a substantially vertically extending spindle 36 mounted on a cross-slide table
42 that is rotatable about an axis of rotation 38 independently of axis of rotation 25. It
is preferable that spindle 36 defines a substantially cylindrical profile with a sufficient
conical element such that the diameter of the end of the spindle 36 opposite surface 20
is less that the diameter of the base of the spindle 36 so that the bore 204 of the
turbine disk 200 is substantially self-centered in a substantially vertical orientation
when the turbine disk 200 is lowered over the spindle 36. Preferably, spindle 36 is
covered by a sleeve 32 that extends to a base 34 that surrounds the periphery of sleeve
32 adjacent the surface 20 of plate 18. Sleeve 32 and base 34 are preferably
composed of a layer of a relatively soft material as compared to the turbine disk 200,
such as any number of hard machinable plastics, non-metallic materials or other non-
matring materials, so as not to damage the bore 204 of the turbine disk 200 when the

turbine disk 200 is installed over the spindle 36. However, sleeve 32 and base 34 are

composed of material that is also rigid enough not to flex excessively when




7 conpressed between the turbine disk 200 and the workpiece carriage 22,
thus providing a repeatable, consistent orientation of the turbine disk
200 whenlB6isklal | ed. To install turbine disk 200 on spindle 36, the turbine
di sk 200 is positioned above the workpiece carriage 22 and the center of
the bore 204 is aligned with the axis of rotation 38. After alignnent
between the spindle 36 and turbine digk 200 is achieved, the bore 204 of
the turbine disk 200 is directed into contact with the sleeve 32 and base

34. In addition t ermtting.rotatignal novenent about axis_38
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frictionless interface between workpi ece carriage 22 and surface 20 of
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Colum 50 1S rotatable in directions 68 or 74 about its axis 52. An arm 54
is slidably novable along colum 50 in a vertical direction 72 and a
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22 and surface 20 of plate 18.

Second device preferably includes a table 44 that supports a base 48 having a
substantially vertical column 50 extending from the base 48. Column 50 is rotatable
in directions 68 or 74 about its axis 52. An arm 54 is slidably movable along column
50 in a vertical direction 72 and a horizontal direction 76, arm 54 preferably being
maintained in a substantially horizontal position while being moved with respect to
column 50 in vertical direction 72. Secured to one end of arm 54 is a tracer unit 46
that includes a tracer head 56 that has a wand 58. When used to take readings from a
substantially vertical surface, such as a slot surface 222 of turbine disk 200 when the
bore 204 is positioned substantially coincident with axis 38 of spindle 36 (Figure 6),
wand 58 is preferably oriented at an angle 78 that is substantially vertical while also
providing a horizontal component when wand is actuated along its axis 66. Wand 58
extends from the tracer head 56 to a stylus 60, stylus 60 preferably extending
substantially perpendicular to wand 58, and terminating at a tip 62. When tip 62 is

placed in contact with a surface of an object to be inspected with the wand 58 being




pl aced in contact with a surface of an object to be inspected with the wand
58 being 136741 8 directed to travel along its axis 66, preferably toward
tracer heag/436, a pair of sensors (not shown) preferably housed within the
tracer head 56 provide signals to an algorithm such as a conputer program
(not shown). One of the sensors is associated wth novenent of the wand 58
along its axis 66, while the other segisor. is associated w th angul ar
rotation 82 about axis 80 of the wand 58 in response to contact between

the tip 28%&? t he urface of the slot 222. The al gorithm converts the
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device for  future re ence machi ni n Pr ef er abl y, a caqntrol, program or
al gori t hiEHBXFmERt gt gf{ﬁﬂ@eeété &Fls%ép vy theotherepsrds agpcigsds r ol

panel (Nn@kthSheum,) rcﬁ@t{bnb@z y&&ﬁa&fa 8? lcij&bvlaﬁ(‘i'%‘x %P%s?ﬁdsg@o 93nt£<?%eMé%ﬁer head
56. Thi s nmovernent I ncludes any i Vi or conbt nati ons novenent of

t he wanthes® @‘altdrthc eurfdlreatf tﬁfﬁslat 20 Theeulgxmthmﬁﬁmvm{hz sighals froovekeent  of
the tracer hea on of ar , xertical. nrovenent of the
conbi ned FrEEH Oﬁéﬁ‘&’%’gs g‘ﬁ%‘ %ﬁ?%?a&ﬂlso‘f?@r ‘i‘tgs Sﬁ‘eo‘iiat%m‘ﬂﬁﬁa%gl%n;’ﬁgul ar
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and rotational novenent of the conbined tracer head 56 and arm 54 about
axi s 52 Opticeallymthesdata Moints ro:an @byranaferredavein@nplay @notashpwng,qurbitedhtaron of

t hese m)glevng%s can bg tlg téf forned an operator, if desired.

Fi gure 3°17FT (57 PRIOLY deipefor &y é‘%%?ﬂ“ffﬁga%’?’ﬁ‘@% nspecti on process using

t he inspection apparatus 10 of the present invention to inspect a dovetail
edgebr eaRref@abloys cbmaqﬂogﬂam & Alpoiihfeextcaled H9Q midi6prootssQbr poraestss of

Figure 3 can be perforned as a separate control ﬁ%o gram executed by a
ni cr opr 08@4%e PT 69Nt pape]| (nefeshiora) cagr byused e contre) dheppasptioncefithe HRCSr ocess
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i nspection appara ures ustra Sequence of steps of
t he proceasd 658 of eatarieat 56 alm@ﬁs: bxi® 66, horizontal movement of the tracer head

56 along an axis 76 of arm 54, vertical movement of the combined tracer head 56 and
arm 54 along axis 52 of column 50, angular rotational movement 82 of the combined
wand 58 and tip 62 about axis 80 and rotational movement of the combined tracer
head 56 and arm 54 about axis 52 of column 50. Alternately, all movements or any
combination of these movements can be manually performed by an operator, if

desired.

Figure 3 illustrates a flow chart detailing the inspection process using the inspection
apparatus 10 of the present invention to inspect a dovetail edgebreak contour formed
in a turbine disk 200. The control process of Figure 3 can be performed as a separate
control program executed by a microprocessor of control device, or a control panel or
control process can be implemented as a sub-program in the control program for the

inspection apparatus 10.

Figures 4-14 illustrate the sequence of steps of the process to perform the inspection
of turbine disk 200 using the inspection apparatus 10 of the present invention. The
process begins, after starting the process in step 100, with initialization of the

inspection apparatus 10 in step 105 as shown in Figure 2, which includes moving the




of turbine disk 200 using the inspection apparatus 10 of the present

i nvention. The process begins, after starting the process in step 100,

wi th init36it41zati on of the inspection apparatus 10 in step 105 as shown in
Figure 2, which includes noving the 136741 9 tracer head 56 to a hone
position and novi ng the workpiece carriage 22 to a honme position, such as
the 3 o' clock position, if the tracerohead 56 and wor kpi ece carriage 22
are not already at their hone positions. Although the process for noving

t he vvorkgi eﬁpg ggrrla 22 can be ontrolled by an operator, it is to be
under st o8& hsed PRdo agwener%osbv% moving the FaFkpigea prTiaRs kpiee dowsr ri age 22

and the LEQG&, sﬁ@@&’s €3 FRANK g{?sm%ﬁ 19RS gk ﬂ@é@?@bﬁ@“}ohﬁméc%r%hﬁagsd' sk 200,

can be conpl etely autonate I nspecti on aratus 1 been
initiali 2bdre not alrexdy bt Gheir thmxﬁwpctmtmdel Akh&(g(h ths prbcmdefdr movingndeal | ed

over the spindle 36 xt ends om t he workpi ece carriage 22 as
previ ousWy? 1?8&%@@&\,\??&3% e§HB\R?11‘? Y eREoy ItGS tnbg B?de(rﬁéo‘% thabihge di sk

200 has bagd ptoadedel &ﬁ@th%%@rkbﬁ?e b4 é 2f'§€(gth§6(r §6' 9ogdy in step

115 by an appr opriaté conbination o rota I on acér head 56
about  ad k)aémg/lmﬁcmdeig thie angpimex sk 200pEarabercdrpletebt amonmtedf ®he thand 58

i gur e roestdionheaie 1 e deeBanitteth i vobi ¢ (Bnetbud dikel0ns i p 02
cont act sjohB&i, o¥ idsafied 8erahe ls?ihdl%z}% WRicR @xtehdSREE BRI wolilfedei Brrfige D2YI NS
tracing the contour of the slot 222 in step 120 as the'tip 62 "is directed

t oward t#sepreviqusdy dﬁémﬂedialchmﬂhgwn@@ms@ér exanple, if the turbine disk
200 is positioned in the three o' clock position, tip 62 traces t he cont our

of the s e ( is.crihtically
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that is isuhgs ars bahh ﬁp}ﬁt@pﬁaﬂe dobiRRiopAMbtadbn 74 @Mﬁmycezaead)% bbsutsl ot 222,
with an accegt abl e vari ance of about plus or mnus three degrees between

axes def ¥ ng tmvel glang sy 76 1 asmy 7 setagen phthesyand é&zbowo%m%ﬁaﬁpqi
referringtioy %ﬂag%lg’/?saié% Yerfeal laRisif36st SHBY%R érgg‘gbféf'% B Erh'e s a"i@ﬂ&' 858 and

tip 62 contact s at cont act and ‘are Irected in
travel lhisr beni posi@énedhsac Inhatsthalt(p"lmaoansac%theamﬂfatcbadf asslcaozmattabevm th axis
228 that.is norpgal. to normal .Iine 236, no mai i he 236 beln gitantlally
normal  t &SBEs qjlpgg tip. l?e(gérés tracing the contour of the slot 222 instep 120 as t e t1p

is directed toward the tracer head 56 along axis 66. For example, if the turbine disk

200 1s positioned in the three o’clock position, tip 62 traces the contour of the slot 22

along point of tangency 230 (Figure 1A). It is critically important that the tip 62 is

directed along a substantially linear path that is substantially normal to the point of

tangency 230 of the slot'222, with an acceptable variance of about plus or minus three

degrees between axes defining the path and the surface of the slot 222.

For example, referring to Figures 1A-1B, in the three o’clock position, wand 58 and
tip 62 contact slot 222 at contact point 238 and are preferably directed in travel
direction 86 which is along axis 66, and that is coplanar with axis 228 that is normal
to normal line 236, normal line 236 being substantially normal to an upper surface
250 and coincident with point of tangency 230. Point of tangency 230 is along an
edge of base portion 216 of slot 222. When tip 62 is directed along direction 86, tip
62 traces a path from contact point 238 to point of tangency 230, or normal segment
240 which is coincident with line 236, then to termination point 246 that is located'

along the upper surface 250 of post 210. However, if wand 58 and tip 62 are directed




250 and coincident with point of tangency 230. Point of tangency 230 is

al ong an edge of base portion 216 of slot 222. Wien tip 62 is directed

al ong di negtgion 86, tip 62 traces a path fromcontact point 238 to point
of tangency 230, or normal segnment 240 which is coincident with Iine 236,
then to termnation point 246 that is |ocated along the upper surface 250
of post 210. However, if wand 58 and bip 62 are directed 136741 10 al ong
an alternate axis of travel 88 havind an angle of deviation 90 fromtravel
direction 86, the path of travel of tip 62 is different. Al though the
contact plopatamaipnate axkof siasel B8 heving arspagle o degiativotYhforhtawdnd 58 and

tip 62 a - dig-egti he..kd 2,10 t e a th 244 which
ext ends ?é;c?f%ogogﬁt gjtgtp%{glo‘%ﬁfa%ggteﬁ%%gn IES%HE& lgoug 3@3 A ar[’)fgp?lﬂézfe]gdlgjebreak of
t he tur btlrealedk baBlnsthin@s, ditectifg MeN@dddosB A 1 62418nE Habction 88lAGaked al ong

t he upper, surface 250 of post 210. It is clear that normal segnent 240 is
coi nci dethe i 0htq Heca 3 pathrldrmuhich gxtends fronmeontdct paing@as yo eataciointi ne 236,
and defi S st J t.he ebr eak of. urbi ne disk
200. Ay 2 Seiohp s bik ofbirl S R30S RIGEIERS, Plipt IR0 “hen

as devi atdcated abpgeint upps surfRe2509€ posttN6. Teipalehr bt AdHna] sdghrneB405ieen by t he
tip 62 and sensed b%glﬁthe sensors_associated with 1its nmovenent, can provide
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upper suthedme n2fifal tp thenpoinf ofttamgpany 24@ 30clc andeavidtionagmént 244, incdeasssdent wi t h

| ower syrface 252, which is opposite and substaptially parallel o upper
surf ace %d?ng_%‘mgﬁ@% s 198 baitgﬁﬂgsﬁ%&ﬁlgéﬁn%e it SQES@ISWCW%EE& ng

par agr apfis foveM¥et 8l prdWids errdf&us RR¥oRha®bn E@ﬂﬁ‘?{cb@}’at&:s% ANghdiREmpat i on
points 246, 248 are coincident with [ower surface 252. That 1Is, 1nstead of

the tip &lzchwakis dithisgeadissiblertoleomcecas pevintslP8Bcussed.poi nt of tangency 230
then to term nation point 246 al ong upper surface 250, the tip 62 is

di rect ed,,f.r nt.ac ol nt.238,t Qi.nt. of tan .230 .t hen to.
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pr ef er enggpeb tivieeN?2 §0) oA tangdhich 236 AaiiRRGtdlN el @MRIIdaM FiBCRwWD2, the
concept of operation is otherwse the same. For the tracer head 56 to

trace t hakagef ae veljah dbiropppsithend |sgbstantialls paralelvémapreg swface 250.
Therefore, the discussion of the immediately preceeding paragraph is inverted. Axis

228, point of tangency 230 and termination points 246, 248 are coincident with lower
surface 252. That is, instead of the tip 62 being directed from contact point 238 to
point of tangency 230 then to termination point 246 along upper surface 250, the tip
62 is directed from contact point 238 to point of taﬁgency 230 then to termination
point 246 along lower surface 252. Thus, other that a preference between the upper

surface 250 and the lower surface 252, the concept of operation is otherwise the same.

For the tracer head 56 to trace the surface contour of the slot 222 as the wand 58 is
directed along axis 66, the sensors associated with movement of the wand 58 and tip
62 along axis 66 and rotation of the wand 58 and tip 62 about axis 80, respectively,
transmit a signal in step 125 to the control panel, which then converts the signal to
data points, such as X,Y coordinates, in step 130 as previously discussed. After the
signal has been converted to data points, the data points are compared to
predetermined value ranges in step 135 to determine whether an acceptable contour,

i.e., such as chamfer, radius or other smooth surface transition, has been produced




directed along axis 66, the sensors associated with novenent of the wand 58
and tip 62 along axis 66 and rotation of the wand 58 and tip 62 about axis
80, respeggjmely, transmt a signal in step 125 to the control panel,

whi ch then converts the signal to data points, such as X, Y coordinates, in
step 130 as previously discussed. After the signal has been converted to
data points, the data points are corrg red to predeterm ned value ranges in
step 135 to determ ne whet her an acc 3t able contour, i.e., such as

chanfer, radius or other snmooth surface transition, has been produced
136741 13long|thgdgchecak Ridbe skok 232 tStep 4Bdinchpizs sayinp theadatapoinisemdsavi ng

the data i i FQN, ;sych,as acceptability of the
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an addi tP’SPI#' gflf‘f‘tt ?ﬁ‘?.ﬁlﬁefd}'ﬂﬁé%ﬁmst cehEntated tpdthe nexf slat@d2 forgnsnectin, to be
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control panel (or operator) determnes In step ?[5 et e|y to perform an
addi t i onalftet steje ¢35 bas bdee reafivemed, the bentrd Ipahel Z&2opemtot) eleteumixiesén diepk 200. | f

an additignal .trace is to be perforned, the turbine disk 200 is noved

al ong th!eﬁ;ﬁlla?tggeto fﬁnc,ﬂd gﬂeaf‘?’éleque PR agtag‘ﬂ)‘tlﬁﬂ%%_st‘j’égg kiR Qi_“to%lr‘?facguch as
the tweliestep A40GK npOSd bl PerfoMA¥iNEodtRR ofttHE PrORsHisSkhiBO tb ¥l vRs rotating
the turbi ne di sk 200 about axis 25 that is coincident wth pivot 24 by

r enovi ngWherein He sentre} nanel (26 operaier) desenmingseinstepr t50rwhaler tapdrfoimini at i ng

the air : | 4 revio i se nd. sh (" (Eigur 8.and 9.
Pri or togogi?ﬁ(%:r%g?%%pfgfglﬁesg%lg |°§%{5{1%f R Ofg%?d?l? ﬁ’ﬁ%‘t‘r @et%®e Ig 'F“g ﬁé‘ggﬁnaébout axi s
25, tip ke ibSo beperdeined, eomebiak UEkM0UShidved ARLE thSsiifick 20 Fplate! ear ance
between the ti p162 and the _turbine disk 200 or rotated about axis 80 to

avoi d dabhiesten 1phdo ainsvepositionygh 38 the twelve o’clock position. Moving the
turbine disk 200 involves rotating the turbine disk 200 about axis 25 that is coincident

with pivot 24 by removing the locating pin 26 from the table aperture 28, and

initiating the air bearing 40 as previously discussed and shown in Figures 8 and 9.

Prior to or contemporaneously with rotating the turbine disk 200 about axis 25, tip 62
is retracted along axis 66 until there is sufficient clearance between the tip 62 and the
turbine disk 200 or rotated about axis 80 to avoid damage to the tip 62 or wand 58.
Once the turbine disk 200 has been sufficiently rotated about axis 25 and the aperture
27 of the neck portion 29 aligning with the corresponding table aperture 28, the
locating pin 26 is directed through the aperture 27 and the table aperture 28 to fix the
position of both the workpiece carriage 22 and turbine disk 200. After fixing the
position of the turbine disk 200, the turbine disk 200 is then rotated about axis 38 in a
direction 70 (Figure 9) if required, to provide a favorable orientation for the tip 62 to
engage a different portion of the previously inspected slot 222 or even a different slot
222. Additionally, it may be necessary to provide minor adjustments, such as X,Y

axis adjustments as provided by the cross-slide table 42, to permit access to a different



Once the turbine disk 200 has been sufficiently rotated about axis 25 and
the aperture 27 of the neck portion 29 aligning with the correspondi ng
tabl e apdB6ltle 28, the locating pin 26 is directed through the aperture 27
and the table aperture 28 to fix the position of both the workpiece
carriage 22 and turbine disk 200. After fixing the position of the turbine
di sk 200, the turbine disk 200 is thep rotated about axis 38 in a

direction 70 (Figure 9) if required, to provide a favorable orientation for

the tip . fferent .portion of . revi qu i nspected sl ot
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cross-slide table 42, to permt access to a different 136741 12 region of
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ef f ecti venodifiad wathalit récadiitig adefdnge dobiie riabietdpagutle2 sVanki), G ot Allr i age 22
about pivot_ 24 can ?Isq be, nodified without requiring a change to the

tabl e ap&PRiiguEalions of fubine disks per bepqcomarndnted by dhs mapectibn appasitne1¥i sks can
be accommopdat ed by the inspection apparatus 10. Once the turbine disk 200

i's movedoaboms thibensSHE Q@@is%ﬁoﬁdgaﬂé@ gxe jsﬁlf'lfié&tzr%tac rl&tggggf? g%B% 55 td@l.ve

o' cl ock position, as shown in i'S"noved into
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tracer head. 56 is ea ubstantially in the desired position since it
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workpiece carriage 22. After the tracer head 56 has been positioned, steps 120
through 135 are achieved in a substantially identical manner as previously described.
Upon completion of step 135, the control panel (or operator) determines in step 140
whether to conduct the same trace on a different slot 222. If the same trace is to be
“performed on a different slot 222, the turbine disk 200 is rotated about axis 38 in step
145 in a manner as previously discussed. Control is then returned to steps 115-135 as

previously discussed.

After steps 115 through 135 have been performed, the control panel (or operator)
determines in step 140 whether to inspect an additional slot 222. If an inspection of
an additional slot in step 140 is not to be performed, control of the process is shifted
to step 150, wherein the control panel (or operator) determines in step 150 whether to
perform an additional trace on the same or other slot 222 on the turbine disk 200. If
the control panel determines that an additional trace on the same slot 222 is to be
inspected, in step 155, the workpiece carriage 22 is moved along the surface 20 of the

plate 18 about pivot 24 to the nine o’clock as previously discussed and as shown in




performed on a different slot 222, the turbine disk 200 is rotated about
axis 38 in step 145 in a manner as previously discussed. Control is then

r et ur ned 18&74t eps 115-135 as previously discussed. After steps 115 through
135 have been perforned, the control panel (or operator) determnes in
step 140 whether to inspect an additional slot 222. If an inspection of an
additional slot in step 140 is not tqsbe perforned, control of the process
is shifted to step 150, wherein the control panel (or operator) determ nes

in step et ditional trace he or ot her
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been pethtsamedrace biea edditiohal skon 222.( Hithe penatrade)ondat additionalsslotp2gtiep 140
whet her to for he nme trace . on an additional slot 222. If the sane
trace on°'$h E)%(gi i ’%qq](% h? pg’&aﬁ?neﬁ sontEpl Ogﬁ]éepprfﬁ?ﬁs 1% Slﬁg?d toosterel Y rihsreieg,
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(or operat org' determnes in step 150 whether to conduct an p orm an
addi t i onafl ad¢itieealftoacetfe theasamaopr othiseslat| 222 @2theomrhihe diskir2fionelfdhsk 200. | f

th con | . determ.nes that.an.additiopal trace r. the same sl ot
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22 to their respective honme positions as previously discussed. After the
appar at (e daeerihead 5§ ead the workpiege garriapie 22 to hieiracspestkved@me pasitiosseyed from
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is removed from the inspection apparatus 10 at step 165 before the process terminates

at step 170.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.




VWil e the invention has been described with reference to a preferred

enbodi nent, it wll be understood by those skilled in the art that various
changes may be made and equival ents may be substituted for el enents

t hereof without departing fromthe scope of the invention. In addition,
many nodifications may be nade to adapt a particular situation or materi al
to the te hiqgévof%#he invention w thout departing fromthe essentia
scope ther f Bre, it is intended that the invention not be linited
to the particul ar enbodi ment disclosed as the best node contenplated for
carrying out this invention, but that the invention will include al

enbodi nentls f alAl matjnovzu'otf linspettiveg a sonpar of art Edgearfpanmest dflaqjlmhtw&ﬁat is

clained is: cfA hod of inspecti rlllg a contour of an edge of cutout of a
pl ur al i tyCBfouisdg fIB%fi ng éwshé%OQ)ne%phon wt(@@m plugality of gw@uts f@f ﬁxwﬂym urality

of cut out C ). the nmethod

conpri si ng cteﬁ[m%%égghl\éfbl%?eo@bg Egegl S"%&(e(f’ge)%g Y receivi ng the

di sk (200); prprviding adirsedevice dey Feie eée’wﬂm hlﬁ’é/tli’s),ﬁ(frl’(‘)O)l east two sensors and
an instrument in association wth the at east two sensors, the first

devi ce (12) sepmvnﬁggtawecmds@wqez(dé) having apleasigwersensms and ARinsEument t o t he
sensor; securln to the fjirst devic itioning the

i nstrumanfn %58?%% tﬂc‘ﬁ? 8{111%a§ffm8 Sﬁ??ﬂrﬁlt"? gr%ge&‘}?&é) }’ %‘ 4‘\5?( the di sk
(200); gfﬂb?hﬂﬂpﬁed%te?mﬁfé%)oriéfntétﬂﬁtbﬁﬁé§ t over a point of tangency
(226, 230, al ong an edge of a cutout ‘the plurality of cutouts, the
tip (62) foll oswaugngtlpmdilsk(m(ljrtgthmﬁrs‘sdeﬁae:(alzo;‘ the contour that is
substantially coincident with a ne defined by an_ ,axis of tangency with
t he point of ta?@té?féli}g a@’@“ﬁ’@e‘? a%aguﬁophgfag%glgtgmf,cg}quys ’% ghiM t o the
edge of tpﬁ(ﬁ {: ., the instrunment being in physical contact wth the
surface of the con ’our; transmtting a signal fromthe at | east two sensors
based upon novédirestingaf tip (68) offilsd ingtrament Gveria pOiRtTithdience (2D6:230,288)t he

signal received by the algorithmto a plurality of posi t| ons along the
pat h; andalong an edge of a cutout of the plurality of cutouts, the tip (62) following a path

along the surface of the contour that is substantially coincident with a plane defined
by an axis of tangency with the point of tangency (226,230,233) and a line
substantially normal to the edge of the contour, the instrument being in physical
contact with the surface of the contour;

transmitting a signal from the at least two sensors based upon movement of
the instrument to an algorithm;

converting the signal received by the algorithm to a plurality of positions
along the path; and

comparing the plurality of positions to predetermined ranges of values for
determining acceptability of the contour of an edge of the cutout of the plurality of

cutouts.

2. The method of claim 1 wherein the step of providing a first device (12)
includes providing a first device (12) comprises:

a plate (18) having a surface (20);

a carriage (22) slidably movable along the surface (20); and

a spindle (36) extending from the carriage (22) for receiving a bore (204) of
the disk (200).
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conparing the plurality of positions to predeterm ned ranges of values for
determ ning acceptability of the contour of an edge of the cutout of the
plurality of cutouts. 2. The nmethod of claim 1l wherein the step of
providing a first device (12) includes providing a first device (12)
conprises: a plate (18) having a surface (20); a carriage (22) slidably
novabl e al ong the surface (20); and a spindle (36) extending fromthe
carriage (22) for receiving a bore (204) of the disk (200). 14 3. The

met hod of 3¢l ai Mhe nidtkéEbNclalif 2fWherbindy fieg dediek (i Mﬁéré&ﬂﬁﬁée?@S: a nmeans

for selectively slidably rotating the carriage (2 al ong the surface (20)
about a pivot Raneand forselensivelyr dliably(tatingfthe harrippea(22)(@l@®g the suifaee et hod

of claim rein the.carri.a 2 furt C ises: adjustnment neans
confi gur egzqyg‘%ﬁ}“%%”d@?g%&‘ﬂgﬁ? g‘ﬁfg&ﬁéy‘ﬁhﬁ%ﬁi’fﬁ?{kﬁ - per pendi cul ar axes. 5.
The nethod of claim4 wherein the carriage (22) further conprises: rotation
nmeans for rotating the disk (200) about an axis defined by the spindle
(36). 6. 4The rhhtmthod of¢laim33viiereintthe carviage (22)rfyrther cingmises:( 32) install ed

over the spindle (36). 7._The nmethod of claim®6 wherein the sleeve (32)
ext ends t@B S’B%Fé‘é"(e\?}-’li configurpd toREoYile adiugmentalong fige aruuallie sl eeve (32)

and base : sed of materials sufficiently soft so as not to mar
t he bore g%%ﬂgkgla? 9. The nethod of claim8 wherein the first disk is
further conprised of neans of providing a substantially frictionless
interface between the surface (20) and the carriage (22). 10. The net hod

of cl ai m 9- whed&e mathed aelaim 4rwhereinithe aarriage (2 tfurtberadomprises:i cti onl ess
interface_i,s,: i i 11,. T hod of .cl.al m erein t step of
provi o g aRuBTnRehe 8 FolaFl e e LRRgTLO B astia PR R P A B 1)
conpri si ng:
6. The method of claim 2 further comprising:
a sleeve (32) installed over the spindle (36).

7. The method of claim 6 wherein the sleeve (32) extends to a base (34).

8. The method of claim 7 wherein the sleeve (32) and base (34) are composed of

materials sufficiently soft so as not to mar the bore of the disk.

9. The method of claim 8 wherein the first disk is further comprised of:
means of providing a substantially frictionless interface between the surface (20) and

the carriage (22).

10.  The method of claim 9 wherein the means of providing a substantially

frictionless interface is an air bearing.

11.  The method of claim 1 wherein the step of providing a second device (14)
includes providing a second device (14) comprising:

a tracer head (56) movably supported from the disk (200), the tracer head (56)
slidably directing and rotatably carrying the instrument, one sensor of the at least two

sensors associated with slidably directing the instrument substantially along the axis
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a tracer head (56) novably supported fromthe disk (200), the tracer head
(56) slidably directing and rotatably carrying the instrunent, one sensor
of the at least two sensors associated with slidably directing the
instrument substantially along the axis 15 of the instrunent and anot her
sensor of the at |east two sensors associated with rotation of the

i nstrumentyeql2 i i vabl rt of the
tracer hetgg co%tp};'ﬁ}lﬁ%%!a%gﬁmg %@%éﬁewgéaﬁ{n&é %%S% a?%qﬁ%@d{i@i head; a
col um f orotatioflaPthe ifgeuhéntg the armin a fixed orientation along the axis
of the arm selectively positioning the armalong the axis of the colum
and rotatably carrying the arm about the axis of the colum. 13. The

met hod of .glaiml reip the.steps .of. the t hod are.gutomated., 14. The
met hod of &1 aj m“i%ﬁ?‘gf’#‘?ﬁ’élzi rein themova 'SPHP%"%&FJHSF%@%‘ngi ne. 15,
The met hodo@prising! m 1 wherein the disk is newy fabricated. 16. The method
of claiml erein the disk has previously been in service. 17. An

appar atus for engpuslidablyzonoedtedito thé tracerdubgd; of a cutout of a plurality of
cutouts forned in, a disk,..each cutout of t_hefpl urality, of cutouts, for

fixedly receivPrgumN forshidallyseciing the ermdp afiedorisaiasionsalong: th axisiof
device fo M Lisks I I I sensors
and an i no Eag ey BottidfimgIné HEpAbINE S oF the Vot hn o 3bralaby STV
devi ce secarrying the)erntlabdutahe axipo€det@lumned orientation to the sensor and
the instrunent being positioned adjacent a cutout of a plurality of
cutouts forned in the disk; and wherein a tip of the instrunent being

ol ural ity o1 carBatdhod ReLRRR T Rer e P Lol Sndhof R BLce o 1 e

contour that is substantially coincident with a plane defined by an axis

of tangency with the point of tangency and a |line substantially normal to
the edge of. t Hbe owmthediof claine liwlstreinrthediskds nspblewithyis b ¢arbinecemiginet Wit h t he
surface of the contour, the at |east two sensors transmtting a signal
based upon novenent of the instrunent

15.  The method of claim 1 wherein the disk is newly fabricated.

16.  The method of claim 1 wherein the disk has previously been in service.

17.  An apparatus for inspecting a contour of an edge of a cutout of a plurality of
cutouts formed in a disk, each cutout of the plurality of cutouts for fixedly receiving a
turbine blade, the apparatus comprising:

a first device for receiving the disk;

a second device having at least two sensors and an instrument in association
with the at least two sensors, the first device securing the disk at a predetermined
orientation to the sensor and the instrument being positioned adjacent a cutout of a
plurality of cutouts formed in the disk; and

wherein a tip of the instrument being directed over a point of tangency along
an edge of a cutout of the plurality of cutouts, the tip following a path along the
surface of the contour that is substantially coincident with a plane defined by an axis
of tangency with the point of tangency and a line substantially normal to the edge of
the contour, the instrument being in physical contact with the surface of the contour,

the at least two sensors transmitting a signal based upon movement of the instrument
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16 to an algorithm the algorithmconverting the signal received to a
plurality of positions along the path; and neans to conpare the plurality
of positions to predeterm ned ranges of values for determning
acceptability of the contour of an edge of the cutout of the plurality of
cutouts. 18. The apparatus of claim 17 being automated. 19. The apparatus

of claim aPI("Q@E Lt j & L Ce: dSes.. . . j a surface;
a carri agé(? ST aﬁpgn’n@\glggi a %ﬁ)éb?ﬁﬁlgggﬁ%lgggl;recéer%gecg{o‘g%ﬁlﬁgaﬁlﬁr §gtendi ng from
the carri positibag alogg ehe/paiB; ahdoore of the disk. 20. The apparatus of claim

17 wherein the second device conprising: a tracer head novably supported
from t he di sk, meaas tq eqrapamsdbeiphiralityiof positionstot pradetammined rangab b vaues yi ng

the instryne one sensar, .af t at Jeast t sensors ssociated with
slidably g?rr‘gei“%’?r ""%h%"?ﬂ%@‘?‘ﬁb’w%ﬂ‘?%ﬁﬁ 5ﬂf F‘%\fgg%ﬁ %’in %ﬁg“%goég'@?‘éf?ﬁ%e

i nst runenipfandugnot her sensor of the at |east two sensors associated with
rotation of the instrunent. 16a

18.  The apparatus of claim 17 being automated.

19.  The apparatus of claim 17 wherein the first device comprises:
a plate having a surface;
a carriage slidably movable along the surface; and

a spindle extending from the carriage for receiving a bore of the disk.

20.  The apparatus of claim 17 wherein the second device comprising:

a tracer head movably supported from the disk, the tracer head slidably
directing and rotatably carrying the instrument, one sensor of the at least two sensors
associated with slidably directing the instrument substantially along the axis of the
instrument and another sensor of the at least two sensors associated with rotation of

the instrument.
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