1 METHOD AND APPARATUS FOR | NSPECTI NG DOVETAI L EDGEBREAK CONTOUR BACKGROUND
OF THE I NVENTI ON The present invention relates generally to a nethod and
appar at u$3g/@i i nspecting turbine engines. Mre specifically, the present
invention relates to nmethod and apparatus for inspecting the surface
contour of an edge of a cutout forned in a disk for fixedly receiving a
turbine blade. In an aircraft gas tunbine (jet) engine, air is drawn into
the front of the engine, conpressed by a shaft-nmounted conpressor, and

passed « nEGHAP ANDAREAILERS foBt DV CBRG DeRar AT BRERRIARE o 1 on

gas turns the turbine by inpingengoNTRga®R Nst an airfoil section of the
turbi ne bl ades and vanes, which turns the shaft and provides power to the
conmpressor and fan. In a nore conplex version of the gas turbine engine,

the conBAES<OROEMND QFhIBRINVEDNSUPN t ur bi ne are mounted on one shaft, and

the fan and | ow pressure turbine are nounted on a separate shaft. The hot
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to receive a portion of the turbine blades referred tg as a doyetail. The
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product i ?d?t‘%é&l?@h&‘i’ﬁn%@%ﬁﬁ%b@ad%“”er, typically referred to as a broach,
is used to finrsh cutouts or apertures of circular, square or irregular
sections. In broaching, the action of the broach itself serves as a
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time. The cutti t oo r broach is typically,prgvided. with. many teeth
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securing the dovetails of turbine blades, broaching produces an anount of
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the section of the turbine blades and vanes, which turns the shaft and provides power to
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




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
typi cal | y3g@ined al ong substantially the entire periphery of the broached
cutout or aperture. Material along the broached area contains reduced
strength properties. Since this broached region is highly stressed in
operation, care nust be taken to rengve these discontinuities to avoid the
possibility of stress-induced cracking, which can significantly reduce

conponent, life. .The .process .of repoving.the tear, out discontinuyities is
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to inspect, newy fabricated turbine disks. Further caonplicatin tters,
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These disk re-inspections are in addition, of course, to the on-going need to inspect

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.




hal f of the total perm ssible range of dinensional variation of the edge
contour of the slot. Due to the tine-consum ng nature of the wax-and-trace
t echni quesg7ymspecti ons for edgebreaks nay be further limted, thus
increasing the probability of mssing a defect. 136741 3 Wat is needed is
a nethod or apparatus for inspecting turbine disks that can be perforned
nore qui ckly and having inproved gagg repeatability and reproducibility.
SUMVARY OF THE | NVENTI ON The present invention is directed to a nethod of
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sensor and an instrunent in association with the sensor, the first device

secur i ngSUNMARK Okt TRE INVENEIEONTi ned orientation to the sensor; securing
the disk to the first device; positioning the instrunent adjacent a cutout
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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




reproducibility. A further advantage of the present invention is that it is
can be easily perforned. Ot her features and advantages of the present

i nventi om36Mlll be apparent fromthe follow ng nore detailed description of
the preferred enbodi nent, taken in 136741 4 conjunction with the

acconpanyi ng drawi ngs which illustrate, by way of exanple, the principles
of the invention. BRI EF DESCRI PTI ON @F THE DRAWNGS Figure 1 illustrates a
perspective view of a turbine disk. Figure 1Ais an enlarged partial plan
view of a turhine.disk. Fiqure 1 Bi.s a si view t aken along,section 1-1
of *Fi gur et sl B acchirbapsipg dbiRe e Srits, b7 NED o sERRIETE | e o

t he i nspgehdifBs GPRaEIAEHSof the present invention. Figure 3 illustrates a
flow chart detailing the inspection nmethod of the present invention.
Figures 4-14 are perspective views showi ng the sequence of steps to perform
the inspection of a turbine disk using the inspection apparatus of the
present invention. \Werever possible, the sane reference nunbers will be

used thr ﬁ{@wfﬂg tI9R5W’1§f o the sane or |ike parts. DETAILED
DESCRI P‘I‘EWS@F I OiPEl gure G|S[fl ustrates one enbodi nent of an
i nspection apparatus 10 for inspecting a dovetail edgebreak contour forned

in a turBignee Hilkktr&60a pirepeetive mgw of aRughuimeediskk and | A, turbi ne di sk 200
i ncludes a disk portion 206 extending to a sleeve portion 208. A bore 204

is formed. t hr h both djsk.portiaon 206 and s).eeve portion 208 to engage a
shaft of 5‘?%&%@ %%AE%’P%H‘%“F‘& iaﬁ‘ér%m"s‘ﬁﬁ‘zoo. The periphery of disk
portion 206 is comonly referred to as a root form 202. Root form 202
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extendi ng posts 210. Each post 210 includes a plurality of dovetail

protrusions 212 and dovetail indentions 214 that  are forned. on opposite
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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




136741 5 defined by facing surfaces of adjacent post 210 connected by a
base 216. Cutout or slot 222 receives a dovetail portion 218 of a turbine
bl ade 220367@uwt out or slot 222 preferably includes an axis of symetry 224.
Coi ncident with both base 216 and axis of symetry 224 is a point of
tangency 226. Base 216 preferably includes a curved contour that provides
symmetric points of tangency 230, 2332 with opposed sides of slot 222
havi ng dovetail indentions and protrusions 212, 214, such as along an axis

228. As further discussed bel qw, the | ectian par at 10 j necl udes a
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used to 1 nspect any nunber of desired points of tangency al ong the sl ot
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| nt er pospcestivaspedt Bt 22 Suc asee phinpoof tangen2P 224 240 phd 832, 2&howghtit i ncl udes
a fastener that is directed through both the neck portion 29 and_.plate 18,
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22 slida i ving an axis of rotation 25 al on
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wor kpi ece carriage 22 about pivot 24 to ensure workpiece carriage 22 fully
remai ns Riefeniimg binek fodtigmei htingectpinaappatadys Whinshudes adirpt defvager Bdandetrbodi ment
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predetermined levels. First device 12 can include a table 16, which supports a plate
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




pin 26 is directed through both aperture 29 and table aperture 28. The
plurality of table apertures 28 define different |ocating positions of the
wor kpi ece3gydiri age 22. It is to be understood that any nunber of table
apertures 28 may be forned in plate 18 136741 6 and that any nunber of
angul ar spaci ngs between adj acent table apertures 28 or arrangenents may
be selected as desired. For exanple, ga preferred enbodi ment can contain
tabl e apertures 28 in a first position, or honme position, a second position

that is achieved by rotating,the workpiece carriage,22 approxiJmately 90
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base of tdfercsq 84 lieth@dfirsiopdsiiam, thedabopertizd23 ektenfieto the righhef pivetikk4200 i s
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peri phery of sleeve 32 adjacent the surface 20 of plate 18. Sleeve 32 and

base 34 atddogirmebidioabl y

To permit workpiece carriage 22 to secure turbine disk 200, workpiece carriage 22
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-
marring 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




conposed of a layer of a relatively soft material as conpared to the
turbi ne disk 200, such as any nunber of hard machi nabl e plastics,

non- et aljg7aimaterials or other non- marring 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 conposed
of material that is also rigid enoug? not to flex excessively when 136741 7
conpressed between the turbine disk 200 and the workpi ece carriage 22, thus

providing a re tabl e, consistent. grientation of .the turbi sk 200 when
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204 is |gne h the axis of rotation 38. After alignnment between the

spindle 36 and turbine disk 200 is achieved, the bore 204 of the turbine
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pneunatlc source (not shown), which provides a |ayer of conpressed air to
be trapped beneath the surface beneath the air bearing 40 and the surface
20 of  plmaddifién t® ppmniwh@rcnatimiakmvreh&ht gbdutiaxis 88| @ess-slivkectablrc®? bet ween
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directions 68 or” 74 about 1ts axis . An arm54 is sl |dabiy novabl e al ong
col um &l Yraxes.vBoe tetie 00n$1écrablorwe'ightarfctulzlmrtmhslzb®ﬁahambeeungéﬁ i¥6, arm 54
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air to be trapped beneath the surface beneath the air bearing 40 and the surface 20 of

plate 18 to provide a substantially frictionless interface between workpiece carriage

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



that includes a tracer head 56 that has a wand 58. \Wen used to take
readings froma substantially vertical surface, such as a slot surface 222
of_ tu_rbi e Adisk 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

provi ding a horizontal conponent wher, wand is actuated along its axis 66.
Wand 58 extends fromthe tracer heag 56 to a stylus 60, stylus 60

preferably extendin bstant i al | di, cul
t erm nat ﬁ%@"t%{ toér*{"ie alBégltgl\ﬂg‘g 6I§1a Heé"é%?%g)e"?ﬁrg gﬁglrhﬁg%g&fnd rS% Steﬁsoés surface
of an Ob{rﬁ)‘%tshBan ?}Eéf@% 8 Hsed Whhhﬁlé"@fﬁé’er%aﬁ%@%ré@@g 4ien8lsdior geted to

travel along iIts IS 6 preferably toward tracer head 5 a pair of
sensors al(gnntlmstsovmas @C@ﬁputaﬂ)pmgm@@dsmml Pnerd the sensers M@O%ﬂbr ovi de

signals to,an One of
t he sensSfi® IP%W gg8f&'?3%ﬁa %\L/Jiﬂ]ﬂ f"tkgg‘ ﬁ& é Otrf%%gg@% &axi s 66,
whil e the;i@th ﬁlaﬁf‘d%a?tﬁfn 8§ BalRus Bk eowtha/waﬂu S HegonkOtatdntitt Bawabout axi s
80 of the wan in response to contact between the tip 62 and_ the

surface dfe tifh@ aiddile maceﬂféh%tf’rl@o?r22t mhe@éew@hmffonv%tséh@ﬁamés frewrihe he
(S:SRS? LGl %tggrsg%t gfa?@'@?}%tg s%c pars Cf(Y A0 §o%1'1aste P%S Jﬁ‘ﬁleﬁlﬁé a points

et i ne raneo Rat are

consi der ggm Q&ﬁpﬁoabhﬂedetaiﬁin@daﬂahge dfhealgat ehapcaréltcsmsﬁareldeactdeptabfeer red to a
di spl ay é)not shown), printed, or saved to a_nenory VI ce for future

ref erenc p@pnﬁbﬁ thh ﬁﬁ‘g pofpta fcan &g tyansteried i radirlSPﬂ?X)é‘P(& BWn}aIFﬁB’F‘?C{’ ¥ execut ed

by a m cro ? e?r; (a,E:w(c\Qﬁ;rert!ureg?e\f%rﬁ ’orﬁ{acﬁl(ﬁﬁfg“)l panel (not shown) can

be used ts% he operation o tracer "head 56. This novenent
i ncl udes any |nd|V|duaI or conbi nations of novenment of the wand 58 of
ggaCFr h@wfeﬁﬁlyah&ngtroltlﬂogmnsoﬁﬂgoﬁnﬂlm eaottel byoyeieoproofsserher cordtdr head

al ong an axis 76 of rt venent t he co racer
head 56 &R¥CSHF r‘FPSt&"lé?aB%gé?ﬁ&ﬁ?“ﬁlg CH g?:B*felgD 'ﬁfmléﬁ?gﬁl?eé?mfno? b‘f gr%%e% novenent
82 of the, %@5@ O%Hl nPi8c1aack énkﬁncﬁ%dﬁﬁl%tcoﬁl’éirﬁtlgﬁs Mdovepieat bomhal
novenent o e co I ned tracer and arm 54 about axis 52 of colum
50. Al t erwmmtl€I8yof tedckr hmdefrﬁearlbsg r axinyp6, bomsintEd mayiemsht ohidsdragerlsddnt s can

be manual I
ua lgangrgnoarxgrse 6 (t)) SAP F%'%1[t16<1‘:.[':1f)mt)\7ement 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




desired. Figure 3 illustrates a flow chart detailing the inspection process
using the inspection apparatus 10 of the present invention to inspect a
dovet ai | 13gJgebreak contour fornmed in a turbine disk 200. The contro
process of Figure 3 can be perfornmed as a separate control program
executed by a m croprocessor of control device, or a control panel or
control process can be inplemented ag a sub-programin the control program
for the inspection apparatus 10. Figures 4-14 illustrate the sequence of

steps of the pr ss to performt ' ti . of turbi di sk 200 [
the' neptatt BRGS0 APQUERIBOR 4 TBPUSBIe 1 RUGIER SHTIO%hAZ BAGRts begi ne.
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i nspection apparatus 10 in step 10_5. as shown in Figure 2, which includes
nmovi ng t 22 afe3aatdlreddy rabtlmir hemd positions.a Atoughdks prasassated mexing dhe he

wor kpi ece carriage. 22.to a h iti h. th ' Gl iti
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can be controlled by an operator, it is to be understood that the entire
pr Io?:ess, asl loedl_,ngh?iha:dglgét!lie twbmcgiléle80@anagik&g@nzaéetalﬁ@mmat?¢-aéﬁwe Kead 56, as
we as. | oadi ng/ unl oa i i , . l.

aut omat eH’_SP?ﬁ(il(?E %"élra?lllsniségggé ilgg%& gﬁplﬁ%l?%fi Uéé %gﬁgso ’ g}gé;%&lglr?f% tia ?gg él in step

110, t heldadédyion ensehilledl o¥&Qhé Spindle ddachicloextemiztiadrh @t workpietearsipga2l e 36

whi ch extends fromthe workpiece carriage 22 as previously discussed and
as shownas preFpgely discussed ans gsshoyRdn FiguiSife0-di sk 200 has been | oaded in step
110, the tracer head 56 is positioned in step 115 by an appropriate

corbi nat k%&@xfe C‘gﬁx%gnr%ﬁgi%O%a?fbeérhl%a&éd%ﬁ%feth@f’th@ gra@é?%ﬁd 563 ;ﬁ)sﬁi%ne(}j ravel

al ong axis rotation of the wand 58 about axis 80 an
verti cal i stepy €15 BR anlapp@prietetdoainaion of 5@tatien 34 ofithei tracki headeS67abathce t he

tracer head 56 has been, i tioned so that .the ti 2, cgnt ac the surface
of a sl ofXi922, {18V é‘lor}gn%’%gggé’cﬁ ,a“?hsgh tr?tﬂa%% Oﬁhﬁi wend’s gé‘l’?fﬁ %Segi @our of
the sl ot | 222.1ithvel BPadRDv@acdl RRistI2Ms@Bowh $n PighRCH. €Ondedi@ kdcdrin@ad 5@cer head
56 along axis 66. For exanple, if the turbine disk

has been positioned so that the tip 62 contacts the surface of a slot 222 to be

inspected, the tip 62 begins tracing the contour of the slot 222 in step 120 as the tip 62

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

200 is 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



200 is positioned in the three o' clock position, tip 62 traces the contour
of the slot 22 along point of tangency 230 (Figure IA). It is critically

i nportangy34éfaat the tip 62 is directed along a substantially linear path
that is substantially normal to the point of tangency 230 of the slot 222,
wi th an acceptabl e variance of about plus or mnus three degrees between
axes defining the path and the surfa%@ of the slot 222. For exanple,
referring to Figures 1A-1B, in the three o' clock position, wand 58 and tip
62 contact slot 222 at confact point 238 and are preferahly directed in
travel alongan gierpye vt H% fravel| &Ba‘éﬁg §n6?§1,gl%1ﬁg deigtion ?%c%%tpatﬁ%ﬁci with axis
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normal to an upper ace 250 and coincident wth point ‘of tangency 230.
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coi nci depk) WchB thd EeBRAK of ARMuitnd EERDOGth&TtoReinthatdtbpditet4si that iocat ed
al ong the upper surface 250 of post 210. However, if wand 58 and tip 62 are

di r ect ed l&8&d4longGheabppey sanfacei 258 0fiaoss 2ai & istlear thelanormg! wamweAz4is angl e of

deviation 90 . fromtravel direction 8 he path,of  t | {n .62 is

di f f er entOmRdeR IR te e Oﬁ{%g%’ tb%?%]tn?%%%ng%&yt & Iéralﬁml{@eaélé%’ %13({ %&}Iﬁgt ances,
di r ect i nghd MBriva kiR e althgtthPediRbrRb BOHithdire disk BE). Cang dsviationerdhp 62 to
trace a path 244 which extends from contact goi. nt 238 to _contact point 242
al ong t hehedinpansrmaktoghe poiat ol tengensy af & isudines devitionsegne A haifsasdoi nt 248
that is |l ocated_ al.ong t ek  Sur ' ear that
nor mal sé@eﬁéﬂgtﬁﬂg}uls %ﬁe gglgene% [ enf:%%i ézﬁa%aﬁééﬁ%flﬁ& tﬁggérpésﬁljs% Ssc{caaéé%gﬁht of

t angency i 3Roveddent,i da@ pF3Gide andnetafsi infsmatitee tes tier dresitodastoawhethel thag t he
edgebreak of the turbine disk 200. Any devi atiaqn frogn the line normal to
the poi nedggbreakiganhin pamissibigioleaancaeds HeYigHslE 561569 244, i ncreases the

|l ength of this line as seen by the tip 62 and sensed by the sensors

assoct at gl ol Bk hdetotRY BIFE HhoteddlY PRV BUIGNERNeih{ COMEREehOGithO t he

operator as to er the edgebreak is wth perm sSi bl e tol erances as
previ ousluppeli sfiss @30, point of tangbeydifecat dixdnatblytbe enineidentofitplawar of
tangency s%?fgcebgib'g,gw ?cihnfsi ggpn(;[sit\é\/i a;[nla substantially parallel to upper surface 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 tangency 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




upper surface 250, point of tangency 230 can alternately be coincident with
| ower surface 252, which is opposite -and substantially parallel to upper
surface £5J41 Therefore, the discussion of the i medi ately preceedi ng
paragraph is inverted. Axis 228, point of tangency 230 and term nation

poi nts 246, 248 are coincident with |lower surface 252. That is, instead of
the tip 62 being directed fromcontagt point 238 to point of tangency 230
then to term nation point 246 al ong upper surface 250, the tip 62 is
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of the skigps 2P thrSligp133brel paforahed is aviimglai hentata poviously diswaissedt her
informati on, such as acceptability of the ed?ebreak, to a mem)r% devi ce.
Once t heAdigt sepddhhas W@ebcégﬁe(bé%%%né‘@l paned {gppetnsor) deteppines,t JeRirabl e to -
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control pane mnes i n step to conduct a sinmlar
trace oniramepdditis analko degier@2Red, ¢dgrol wf Bhe pratieskis2gifted to steat @, about

axis 38 to |l ocate the next desire | ot .222 to .nspect. Once the turbine
di sk 200VREETHEEFORERIRBE (b OPWét_Og)_e tergyigs 19 3510 ‘?‘Wi‘b%&? PS‘%?““ Seps 115
t hrough &écﬁt'grga? R& %)? bR e br Bt Slot 292 SRRMRSHbAR ANKEMI00UShY adliigérassed.
After step i has been performed, the control panel (or operator)
det er ni nascd is tebe perfortedptist tughine disk@00s movedaloagwha sutiee 3R plaseidi t i onal
sl ot 22218 Iirfl staeB 165 d‘clotaI I(l)eiwlpoéi{igriesuch as 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




in step 140 is not to be perforned, control of the process is shifted to
step 150, wherein the control panel (or operator) determnes in step 150
whet her tg6sparforman additional trace for the sane or other slot 222 on
the turbine disk 200. If an additional trace is to be perforned, the
turbine disk 200 is noved along the surface 20 of plate 18 in step 155 to
a new position, such as the twelve o'jgl ock position. Mving the turbine
di sk 200 involves rotating the turbine disk 200 about axis 25 that is

coincident ., w pivaf..24 by renpving. the | ocatjn in fromthe table
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aperture 28, the |ocat] n%‘s\il n 26 is directed through the aperture 27 and
t he tabl eonfigsiratinng of gurbige disks earebe grsemmodated by pleg mspastiomarnasttect) - carri age
22 and turbine disk 200. After fixing the position of the turbine disk

200, the ' | Sk [ ' [ jf.ection 70
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?g{)luzt leaﬂ?f’?',ﬂo% Hbﬁ?l?lélé(,so{thaé?esupag ‘g’é‘ﬁi’ésntthg ;%’ésﬁioégﬁ’éﬁe bﬁhettﬁer g sl- sl i (2132
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ef f ect i verdvémgtstepof4 Sar Thebefoies tappsitiirettic aipd2 i cohachwidh apbfferentre@onof t he

wor kpi ece ¢ i 22 .incl udes. iti I t t h f f i
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apertures 28, many, if not all configurations of turbine disks can be
accommodatlpdtnspts foendvisipe tiacarhead poalong axisF2 andés miner adipsineets 0 BR 200 i s

moved al %P(%s-tsﬁge ?a%ig é?f %a% %e%qlﬁllﬂe%ttg mlo8veitﬁ'e ?utrglPle %ﬁss‘ll;( fO% VEfilalerespect to the
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



twel ve o' cl ock position, as shown in Figure 9, the tracer head 56 is noved
into position in step 115 so that the tip 62 contacts the slot 222.
However, 13471t racer head 56 is already substantially in the desired
position since it had been noved during the previous step 145. Therefore,
to position the tip 62 in contact with a different region of the slot 222
of the turbine disk 200, all that shpuyld be required is to actuate the
wand 58 al ong axis 66 or rotate the wand 58 about axis 80, although m nor
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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.




slot 222 in step 140 is to be perforned, control of the process is shifted
to step 145, then to steps 115 through 135 as previously discussed. After
step 135136w1been perforned, the control panel (or operator) determines in
step 140 whether to perform the sane trace on an additional slot 222. If
the sane trace on an additional slot 222 in step 140 is not to be
perforned, control of the process isyghifted to step 150, wherein the
control panel (or operator) determnes in step 150 whether to conduct an
perforn1vﬁ? addi.tiqnal trace for the sane or other slot 222 on the turbine
di sk 200Whaf IS@Imed &t r o] panel determines that an additional trace for the
sane slot 222 is not to be inspected, the apparatus settings are

initialized ap sk8Rd1G0nspHRIEH aPERfGIradH 3h BOMESS a lhBut baaeslufgiad 0B6 and t he
wor kpi ece carriage 22 to their respective hone positions as ously

revi
di scusseeutopgstiormedin apfisk 62003, enshtauimgy odribe phirglity afzagputs fer fg’éﬁdéf ne di sk
200 is removed fr.omihe. j ti . 0 tep 165 before the
process f%?%nr%aat%lgbm%%lag? Q%%ﬁ%": }ng%oﬁggﬁh@glﬁ%&%ensg%%r@hag been descri bed

with reference to a preferred enbodinent, it wll be understood by those

skill ed pivvidieg afitstidbeite V) farusceiviag desdiska@00e made and equival ents may be
substituted for elenents thereof w thout departing fromthe scope of the

invention. |n addition, many ifications may be made to adapt  a
par ti cul BrOVidng gasscend SRR ‘gw% 2t g2t e BPIHGES aid ehanst i®n wi t hout

depar ti ngehEafbd W?tg (RS SIRhdt 3‘4&/0 SERBE, HefiRPhevidd@P e EQUEng ke disk (2W0gnded t hat

fi
the i nvention not be fl mted to the particul ar enbodi nent di sclosed as the
best nodet xpetieemhiacdaridndationdo the segsasut  this i nvention, but that the
invention will include all enbodinments falling within the scope of the

appended cl ai ns,. 6 at s cg imed is: 1. A nethod of inspecting a
cont our chugﬂgg%?g‘éaﬁ&%}é)%’LA}P%I)\E]ESES‘?W%‘? ? rality of cutouts forned in a disk
(200), each cutout of the plurality of cutouts for fixedly receiving a

turbi ne ?bﬁﬂ@niﬁgz&) instrifenBadiadnt aERtdus 0Ag plalist epsutodts fomead dithg a fir st

devi ce ( dlzsl( (5(%) receiving the disk (200);
directing a tip (62) of the instrument over a point of tangency (226, 230, 233) along 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:




provi ding a second device (14) having at |east two sensors and an
instrunent in association with the at |east two sensors, the first device
(12) secysgmag the disk (200) at a predeterm ned orientation to the sensor;
securing the disk (200) to the first device (12); positioning the

i nstrunment adjacent a cutout of a plurality of cutouts forned in the disk
(200); directing a tip (62) of the ipstrunment over a point of tangency
(226, 230, 233) al ong an edge of a cutout of the plurality of cutouts, the
tip (62) follow ng h al ong the surface of the contour that is

subst ant Pa’iqt‘il(l&)hﬁ‘épﬂéﬁ%‘rf%et(ﬁo)a pl ane defined by an axis of tangency with
the point of tangency (226, 230, 233) and a |line substantially normal to

the edgeanhriaDe£08i@itly molSolk BbhE WERKTBE(08 4l Physi cal contact with the
surface o ntour transmtting a signal fromthe at |east two

sensors based upon movenent of the instrument to an al orithm converting
the si gnalspmélﬁe(%)adxtblgdlngérom thercatriage (32)afop rageiing 3 bere (g@fbl afitendiskl ong t he
pat h; g%otbgrrparl ng the plurality of positions to predeterm ned ranges of
val ues f 'eterm ning acceptability of the contour of an edge of the
cutout of the plurality of cutouts. 2. The nethod of claim1 wherein the
step of provi dhBehethdd dfelaithewhereinkB first devicel@S) purthet domprissf i rst devi ce
(12) conprises: 136741 15 a plate (18) having a surface (20) a carriage

(22) slidably novable alo the surf 20); .and a xtendl ng
f rom t he adegaps fyesele 2t2yehr élrlgqbése@tamgg}ﬁacaaar%e @balfrl%r @5 (?8 .
The net hg ﬁ':!rﬁ v%ﬁgf neinisd (gsVvi ce (12) further corrprlses a
nmeans for(ilﬂ%if ec |vreq1 Ospgttg an(féze carriage (22) along the surface
(20) about a pivot forrred in the surface (20) of the plate (18).

4, The method of claim 3 wherein the carriage (22) further comprises:

adjustment means configured to provide adjustment along two mutually perpendicular

axes.

5. The method of claim 4 wherein the carriage (22) further comprises:
rotation means for rotating the disk (200) about an axis defined by the spindle (36).
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 1 wherein the step of providing a second device (14)

includes providing a second device (14) comprising:



4. The nmethod of claim3 wherein the carriage (22) further conprises:

adj ust nrent neans configured to provide adjustnent along two nutual |y

per pendi ¢34741 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. The nmethod of claim2 further
conprising: a sleeve (32) installed gyer the spindle (36). 7. The nethod of
claim6 wherein the sleeve (32) extends to a base (34). 8. The nethod of

claim7 wherein t | eev 32) an ase .( 34. C sed of erials
suffici eﬁtqa;?e%g‘?ﬁj]g%édgoﬁ%{lg’t%%’ﬂ%qe Q%H&eé)é]f‘a(?ﬁ@’ g\qgs)%acg. l%fﬁegﬁﬁat hod of
claim 8 witebei dirdchifg bhd %taﬁb@!&aﬁinftglﬂthé hRfrumenh bhs Khsef of theasasetwdr ovi di ng
a substantially frictionless interface between the surface (20) and the

car r i agesgmeois. ass@iatathwitheslidahly dlireeting the insirvapesit substantisly plogg the &% di ng a
d deyice. (14 i d i.di deyij . L1 Si Ng:
156741 18¢ 45 pitdhent A HRERePSOABT bP I a8 REFS SHPRAGFURETEN ' The

tracer hegsghidio§the Bisirg@abhty directing and rotatably carrying the instrunent,
one sensor of the at least two sensors associated with slidably directing

the instrunment substantially along the axis of the instrunment and anot her
sensor of the at |east two sensors associated with rotation of the
i nstrunent.




