METHOD FOR EVALUATI NG BURNI SHI NG ELEMENT CONDI TI ON
BACKGROUND OF THE | NVENTI ON [ 0001] This invention

rel ates generally to methods for creating
fatigue-resi stant and damage-tol erant conponents nore
specifically to a method of evaluating tools used to
produce such cqﬁgonents. 0002] Various netallic
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engi ne fan and conpressor bl ades, are susceptible to
cracking fromfatigue and damage (e.g. fromforeign

BROKEROUNPAOL DHE TMVENGIORge reduces the life of the
part, requiring repalir or replacenent. It is known to

~_protect conponents fromcrack propagation by inducing
[00@di duZhiscovepties silates sanerdly ésmethode for cravbog bitiguofesistant and
i mparting, these stresses .lLnc¢lude shot enj nqg, | aser
dag RO At F PR IOTR SheHIGUR AP Aapetinsoh cal A i oo sgd to
prOMIcRisSdH @fnfdnBRY. These nmethods are typically enployed
by applying a "patch" of residual conpressive
stresses over an area to be protected from crack
[0@0Z] pag¥eiiows mefaliz) 8ramiia, ppdl campbsiteriostponents,spelr as gas turbine
incl.udes, rollin ur ni shi ng el nts such as. ..
o eng])r}f: if scog}pfgﬁﬁ%éﬁ@iesmeéchgptéﬁ%géﬂﬂw Eﬂmgan gue and damage
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reEaome mplab@hME it tsHaownuo nirstettngpnegloames tfroan drath eropagation by

. t kpi ege.. Even though luhricatiqgn is provided, wear
indieingtyesidpil campesity carEmen o Netheds g THBiTAR tise siresses

" purni sh?%g;ﬁl?%’l 1%%s OEH? ?gg%%%gﬁ i 6?113;1 l%eﬁfémg’u%}ﬁ o R]gastlcuy
buslighimn (LPBY rThesd aratintds aratypicdlysenplayel balapplyagsd Epatch" of
bet ween the el enent and the rkpi ece,. which adversely
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[0004] In the prior art, controlling degradation of

[0603¢ DURRSEIL %ﬁéﬁ%?@pa}?ﬂ@h&h@@s o[lﬁg tfa?nr%eg’fﬂn% ﬁl ments such as

controlling its ¢ tive burnishin I cation
cylofdevear spherdetwdrich nsdloadid twith auairnishimpeforéeobg mdchbidieal or

TN R L TR CR T
' buﬂﬁ’sqlllﬁé HeRBE ah8 ﬁle%’cﬁ”ﬁfaf.et:é{ Ben though lubrication is provided, wear of the
burnishing element occurs during normal use and needs to be monitored. The quality of
the burnishing relies on the condition of the burmishing element. Worn elements can
- cause material transfer between the element and the workpiece, which adversely affects

the surface finish and residual stresses.

{0004] In the prior art, controlling degradation of the burnishing element condition
relies on controlling its cumulative burnishing time. Indication of wear is determined
with visual inspections of the burnishing element and the workpieces. Steps are also
taken to prevent wear, for example by controlling the quality and the quantity of
coolant/lubricant used in the burnishing process. However, there is no uniform, efficient

test for burnishing element wear.



cool ant/ |l ubricant used in the burnishing process.
However, there is no uniform efficient test for
bur ni shing el enent wear. | BRI EF SUMVARY OF THE
I NVENTI ON [ 0005] The above-nenti oned shortcom ngs in
the prior art anong others are addressed by the
t invention, which according to one enbodi nent
BRE&€3f§@¥55¥{ fﬂ%@E@VEéugpﬁhting the condition of a
rolling burnishing elenent, including (a) noving a
00RY] Ni ShiR%RLERRALNAY LRGtBRIAIRKAOW 508Dkt 00 B0ahaSt
[ a Lurface I n a_prégelecteéﬁtés pattern; mﬁ@?g%novgﬁdme
addrbmsed by nhes hiesent ehemtinh, whishacdirdingab dreashbaaliveedtgatvides a

force profile representatjve of a faorce apt{ng on the

method g %ﬁfﬁhﬁémgﬁ&f@ﬁ ttiop obg rollingshurgising Fligiat tpludigde) moving
a bin AR fn Egzéﬁ%éeﬁggc}moﬁﬁ %oﬁ(ﬁ‘i{)ne afl%%glfs?% g{rg;cle hr?aeﬁrgse%cted test

east “one ce pro rmn
pattberyiveliileomoahg theeheoishingicbimet, thiedingeo tastsifertes oy profile

el ement froma baseline condition. BRI EF DESCRI PTI. ON
repegRentiiEy AP IS RO he pEishREH N aN i jeastonselimension; and
con'l‘ﬁb%‘ﬁ%sthg 9P &l GLORER rg{i&aht% dtqkdsP¥he %aseﬁgé GEicB éﬁ&ﬂe to

t'akefi T n conjunctron wt e acconpanyi ng drawn
detéringk £8evidtionuf ¢t confliBi0A 6 tHeisgetnd blirrishife @emsmetdnh ¥ Baseline

view of a prior art conpressor blade having a
congitiom shi ng process applied thereto; [0008] Figure 2 is

a side view of a spherical burnishing el enent

BRIEE BRSERIM O OF itk DIERRificaat e system [0009] Figure
IS a e (0]

op VI ew a sensor pad illustrating a test
pattern corresponding to the coordinate pattern of
[0066]gur &he; iny&Ribd] may gty Gedt nsdedsticod ®dyVviefiterde ® the following
spherical burnjishing elenment in a baseline conditiaon;
deserptiontalsngn canynetionwith temcesmpasying dspwig fgyres in which:
representative of the burnishing el enent

[0607]  Figure 1 is a perspective view of a prior art compressor blade having a

burnishing process applied thereto;

[0008] Figure 2 is a side view of a spherical burnishing element illustrating a first

coordinate system;

- [0009] Figure 3 is a top view of a sensor pad illustrating a test pattern corresponding

to the coordinate pattern of Figure 2;

[0010] Figure 4 is a side view of a spherical burnishing element in a baseline

condition;

[0011}]  Figure 5 is a group of force profiles representative of the burnishing element

of Figure 4;

[0012] Figure 6 is a side view of a spherical burnishing element in a damaged or

worn condition;



of Figure 4; [0012] Figure 6 is a side view of a
spherical burnishing elenment in a damaged or worn
condition; -2 [0013] Figure 7 is a group of force
profiles representative of the burnishing element of
Figure 6; [0014] Figure 8 is a side view of a
spherical burnishing elenent illustrating a second
[OH8br di Figwe 7493 ewmp ok fracs poliby renrgigniative @’rg«'hgbwwhmg@#ment
of Plouft §€nsor pad illustrating a test pattern
cgyreéponding to the coordi nate system of Figure 8.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] Referring
[0(1d] t heFigiraBiingsidewievaifa spicteiahl bhadishing eeeea]nHming h Second
denote the sane elenents throughout the various
coqrflisge systPguand 1 i |l ustrates an exenplary gas turbine
engi ne conpressor blade 10. This conponent is used

el v n j .
O3 B8 % EARTRE o BREI M SRy bR
to the opordBatr sybtemdd Figire 8. shown undergoi ng treatnment with

a burnishing tool 12 of a known type including a

ol l] urni shing elenent 14 (a sphere is illustrated
DETALLEBD ERIT N f a Py SihaNer oot 1411 5
hydrostatically supported and | ubricated by hydraulic
id : =i SN i 0
(001 SRR 4 M S AR 50H kel Yot e
santa elemiests throngkodi tha ivalousgviewenBigtire hilbugiated an exemplary gas
presel ected pattern "P', using a nulti-axis
turbingengiessompspssepladt B Thavgommonest iswased paaraly 95 apxample of a
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and may al so becone damaged. In order to provide a
[00bEsi s Thercompadsstathlady 1ohie showduhdedpoing fredthenbwithiairmighing

tooELféT{E@g%n@%vgl'théﬁclzlsflifnlg rgsrqt)lhglglsntlr?lgshijnggl e?f?mgn(t) ?El r(z? slplhgrci: is illustrated
in this example). The burnishing element 14 is hydrostatically supported and lubricated
by hydraulic fluid pumped through the burnishing tool in a known manner. The
compressor blade 10 is treated by traversing the burnishing element through a preselected
pattern "P", using a multi-axis numerical- or-computer-controlled manipulator of a

known type (not shown).

{6018]  The burnishing element 14 will naturally wear during a burnishing process,
and may also become damaged. In order to provide a basis for evaluating the condition
of the burnishing element 14, it is first tested using controlled parameters when itisin a.
"baseline” or unused condition. Figure 2 illustrates a spherical burnishing element 14
with an exemplary coordinate system having spaced-apart mertdians 16 superimposed on

its outer surface 18, intersecting its equator 20.

[0019] The burnishing element 14 is tested using a sensor pad 22, shown in Figure 3,
which is capable of sensing a pressure and/or force applied thereto and generating a

signal representative of that pressure or force, and optionally the location of the sensed

-3 .



"basel i ne" or unused condition. Figure 2 illustrates a
spherical burnishing elenment 14 wth an exenplary
coordi nate system havi ng spaced-apart neridi ans 16
superinposed on its outer surface 18, intersecting
its equator 20. [0019] The burnishing elenment 14 is
tested _ using a sensor pad_ 22, shown in Figure 3,
Pregpre AT foscenithiB the asfive asa phthe sepsperad % Iaﬁlg‘!ﬁ gxarpple the sensor
pof PR3 I Eh RaRtr RN Al: R, o dlP (i fnip the poge) axes,

Theptisonphd 92 g Heawabtingteddf dinharaastsekhowtype ©f seHsér Qich as
.force within the active area of the sensor pad 22. In
picgpglectig slemeats; Inad edlssde- (ngfshown). Addisionalpypssiarsog forpe sapsors
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14 2for ayarle 8o ksRwX - tayi & -0ifis $RB&OWhiseithid safsor Phd 2D dcRedsIZ-axis
el enents, load cells, etc. %gpt shown). Additiona
forggse sEhgraitpit datsr @fcthe senser Bad Fhip deanesierbiol meaapuipn (a0t shewn)

shown sed to e t.he hurni sh
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whil e the sensor pad 22 records Z-axis forces. The

[0020] putFigiata ilbistratee a $@NEBenad " 2dettsd UdREGheuttGuiface 18 of
conputer (not shown) operable to store, analyze,

therpgrmigungelement dhedgst patienndr] ivelndesd plurafitrefdinear lnetsqgments

. 110020 Fgure 3 illustrates a test,.pattern "J[1
24 Bfed b A0 9805 fnd soBHE ] Rle" 8 s b e
lindd 6pinSdhity 11 iRlve ARddpth "Ti@nd eflscpahle@by aklepldVel BRRCA"S". The

plurality of linear |ine segnments 24 arranged in a
lengtly; ig selpfteddotbgeaval imaicicaniersnesoiiihe hurnisking element Idewhile the
ts 24 ha
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t he burnishing element 14, while the step-over

abiljiyde mpeed smalldgetates) andithetiniesequined thermplets thefditpatieral 1.
nmeridians 16 at the equator 20. The exact step-over
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The burni'shing elenent 14 in baseline condition
sengqripgd 22 auf other sepspviesdts in a Brovp g farpepro@les fgyad-t ¥r, andiZ-axes,
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is representative of force or pressure magnitude, and the horizontal axis is representative
of time and/or total distance traversed. This procedure is carried out under conditions
(burnishing pressure, etc.) identical to a subsequent burnishing operation. The selection
of a "baseline" condition for the burnishing element 14 may be varied to suit a particular
application. For example, the baseline condition could be a defined by a test standard
which is finished to regular production standards, or to a more exacting standard.

Alternatively, the baseline condition could be defined by the individual burnishing

- element 14 before it is used for any burnishing operations, or a average measurement of

several such elements.



sensor pad 22 and other sensors results in a group of
force profiles for X-, Y-, and Z-axes, |abeled 28A,
28B, and 28C, respectively in Figure 5. The vertica
axis in these profiles 28 is representative of force
or pressure magnitude, and the horizontal axis is
resentative of tipe and/or total distance

(04225 or Gt therfires Reoldlenipn the baseling eenditiproe establighed, 2 burnishing
elefrﬁigg h4100%e R g%ss‘emc?egl i%{é??eﬁé" {6t ?ﬁatlﬁ%ﬂ: beﬂ?@tellgﬁ t%utn%sl%ng

sequent bur ni ele

 opérhiGig Ito m'fuamwﬁohﬂmﬁn mﬁs ﬁsﬁ@n@bbf thdveiintahebefBhinglentdy 14
be varied to suit a particular application. For
thrayghiipe test paffermplalseide ewwmﬁe@@ambﬁdw a@idlmeﬁyf\ny
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y the individual burnlshlng el ement 14 before it is
anp

bulwéwa‘ dementiyl 4bwhish dias h@eno}ﬁe d whirh containszadafer§@2 such as a
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selected intervals, for exanple before every
burpishnigsement ldpelhe Zemxis fooceenrafileadS differe Gouli the Fhaxid picgile

Ref B00R i Fie St Sato el (R same par amet er s

as the basellne condition test. Any defects or wear

[002B] t herHauésting Ak BescRba& By e 4n Wt hdedt6 a8 dlop Sudags linfiBe§Bnd

profiles 30 which are different than the baséline
whish il hureishing elemeptronit be sejgged, Fenonditiangd, ey replaged by cerrelation

of {heciafsfriofirs Pl mORefefBErau apllit ERadioppgsie me
burflish@efdobdht akd/GULErebultink Wﬁﬁ&&ﬁqu@hﬁe Ot sﬁé‘h'a u%age 1@ has

Z- axis test force profrl | abel 30A, 30 and
“beeg @@ennm@,émrmmlehg clemiontsloacbe acssmteah dr neJ:eCteﬂ dutmg tdgnlyr tfsting

urn enent 4 he orce rofile
solefyBy tAPReQ0 [HRORY FOfEF BOBIEs S0P Fbe depe H}Sﬂectwn of
the fsBE& ofes §0.7 LRdthiivaly, & &S fivwdre L%ﬁle th
testlnéﬂas descrlbedlagbv ggﬁfbe usednﬁo developngMK: ©
testifergerofilng 30 bethe hdselinh fahe proéildwt&; ldstlarrmge eldegeatof Musintion
ﬁonqebarsgjin%ctt:o% 1t10rr;(s?co%dhlte}1 %nggt burms mg e gxggntg th?&r tra}?c!eg Iaolg]re-
established degree of deviation. Similar sofiware may be used for surface mapping,

‘quantitative analysis, etc. of the bumnishing element.

[0024] Various patterns can be used for testing of the bumishing elements 14 so long
as the outer surface is adequately covered. For example, Figure 8 illustrates a burnishing
element 14" which has a three-dimensional spiral surface pattern 34 superimposed on its
outer surface. Such a pattern may be developed using surface mapping software or other
analytical methods, and has the possibility of covering the surface area of the burnishing
element with a minimum amount of travel. Figure 9 iltustrates a spiral test pattern "T2"
which is a two-dimensional development of the surface pattern 34 laid out on a sensor

pad 22'. The test pattern T2 is defined in terms of a polar coordinate system (see the

-5



of the test force profiles 30 with physica
observation and/ or neasurenents of the burnishing
el enent and/or the resulting workpiece quality. Once
such a usage |imt has been determ ned, burnishing
el ements can be accepted or rejected during regul ar
testing solely by reference to the test force

exepmzim\f@gtosmthmgéh hayand @ék"e"eb)y amdawgdri resydiin & Porind fZ-axis
:t"orlze{ﬁro‘ﬁiE ratfhgrr fnsin K. oi(" la%ﬁ CF?‘ %ms 850 a r A tq:gl%r)féfsggﬁg rbéi?lé éasellne

software may beé ’use
estiBlRhinkASand Qestiag Rmhﬁldq{r?esﬁk kiBe ﬁ@(ﬂé@%&fd@bb{/@s 28,
determne a degree of deviation from baseline

conditions, and then rej ect bur ni shing el enents which
[0023keedhs foragomeshasiias atpilnd Br eyalppiing the. cogitionaef a

y used. rfa
bucRbin g dR Wy SEE g NE LRt invgpiop i oen
desbﬂ@éﬁ‘l]t wWHbE @%}ﬁaﬂﬁﬂw ﬁbébsskﬂﬁdﬂ iRhes@Bht vaousesddiRéhtidhs ﬂh@ﬁto
burnlshlng el ements 14 so long as the outer surface
canj be ragiequishost emﬁm%dn ﬂrecﬁmn@baadrm@e Oﬁthgmeenaon Accordingly,

thetf(#{ngl}l% ! es Ff;eg%d gﬁlhxge b(;f?lieépxﬁengan astth&best mode

for gtﬂéﬁélhgﬂfbslﬁdexﬁi&on 'a}esproﬁidte@ For¥he¢ hiapsse cPHBRLBLAPSH Elﬁ‘d H&or -
e devel oped using surface mappi hg software or ot her

the ghesioye o Clahitatmh Swspveatidn beingtdetngbssthbiclainy  of
covering the surface area of the burnishing elenent
with a mni num anmount of travel. Figure 9 illustrates
a spiral test pattern "T2" which is a two-di nensiona
devel opnent of the surface pattern 34 laid out on a
sensor pad 22'. The test pattern T2 is defined in
terms of a polar coordinate system (see the 5
exenplary vector wwth length "R' and angle "0"), and
would result in R 0-, and Z-axis force profiles
rather than X-, Y-, and Z-axis profiles. In other
respects, both baseline establishnent. and testing
woul d -be the sane as descri bed above. [0025] The
foregoi ng has described a nethod for evaluating the
condition of a burnishing elenment. While specific
~enbodi nents of the present invention have been
described, it will be apparent to those skilled in the
art that various nodifications thereto can be nmade
wi t hout departing fromthe spirit and scope of the
I nvention. Accordingly,




the foregoing description of the preferred enbodi nment

of the invention and the best node for practicing the

i nvention are provided for the purpose of illustration

only and not for the purpose of limtation, the

i nvention being defined by the clains. 6 WHAT IS

CLAIMED | S: 1. A nethod of evaluating the condition of
“ﬂﬁxfgfpﬁﬁﬁw%ﬂkﬁ$shing el enent, conprising: (a) noving

a burni shing el ement having an unknown condition

against a surface in a preselected test pattern; (Db)

whi ] e novi pg, t he burnisg%?g e[enen}, recordi ng at

| eakst ‘oieetped of eypluating g fenditionoet pgphlingeburatshipg dement,
' .acting on the burnishing elenent in at |east one
Conggﬁgﬁéion; and (c) conparing the at |east one test

f or(@p npviig d teurkishiag eleaRat haviig: dpasRhéove cdnditim appinefd sueface
., to determne a deviation of the condition of the
in aguesslegtcd ieshpaltirig el ement froma basel i ne condition.

2. ' [ '

or P OB LIS h e fichlsfl ST ek AR L GgpcRbRE protie

(30akpreBsitativa of B Gorée ftiag oh ded nanibkis g kleARntiaAtichdt 0Ae dimension;
against a surface in the preselected test pattern;
and(b) whi |l e noving the burnishing el enent, recording the

| east sqaline force ofile.representative pf

¢ ook, BABAAr ' el Ohie esPionte mREICRI TIRRLN Hicftie Broe
profilic fRdEérine BdeviRnBEHRQAnitios bPihEkdeonl Bin@idhid ement from a

presel ected test pattern conprises a series of

basqbine gppdifion.i ne segnents connected by transverse |ine
segnents and separated by an offset distance. 4. The

22}122 ﬁieq%%%égéﬁéﬁw %ﬁl%li‘eri]n {h%%a?elﬁrngi or%ia Bx%fﬁel: %qg%lqct:ra{eﬁ b?(:
(a) moving a burnishing element having a preselected baseline condition against a
surface in the preselected test pattern;
(b) while moving the burnishing element, recording the least one baseline force
profile representative of a force acting on the burnishing element in at least one

dimension.

3. The method of claim 1 wherein the preselected test pattern comprises a series
of parallel line segments connected by transverse line segments and separated by an

offset distance.

4. The method of claim 3 wherein the burnishing element is a sphere, and each of
the line segments has a length substantially equal to a circumference of the burnishing

element.

5. The method of claim 2 wherein the burnishing element is a sphere, and the
offset distance is equal to a preselected fraction of a circumference of the burnishing

element.



the line segnents has a |l ength substantially equal to
a circunference of the burnishing elenent. 5. The
nmet hod of claim2 wherein the burnishing elenent is a
sphere, and the offset distance is equal to a

presel ected fraction of a circunference of the
burnishing elenent. -7 6. The nethod of claim1l

whe$-e e methodefrdlaimel whrpinitaesrizcecomprisepasenspiad gperably to
meggﬁﬁygﬁ q?ofaloﬂrgs%u r\ﬁﬁh&{%%lse ye applied thereto. 7. The

erein a force profile is generated
for each of three independent dinensions. 8. The

met hoth®iethodioficlinh avliréina e @eorlE &f denbrated] fEHRh T Gfec
. for each of three nutually perpendicul ar axes. 9. The
indepepderd dgpensioRSm | wherein the test pattern conprises a

conti nuous two- dinensional spiral extending from a

st & 14\0,RRLALE 5;11138? é}?ﬁeéaﬁ %2‘8%{3 ?)Fofﬁl: fs' %&hgraE f%;p%{ch of three

conpri si Ng: eas orce

mupaldy péreendidjlarsixed.i ng the at | east one baseline force
profile; (c) conparing the test force profile and the

basel,kne ftg ge profile to determ ne a nagnitude of
devl pd phelainp & pvhegiin thedps PRItEn COHRTIFGSE W9aLERIGUS dWO-

. (hui ng use of the
dm%ﬁ%%?% 1941& ndlﬁg?r S?A?t%hﬁl?gjgiﬂfor ce profile exceeds a
pr e- est abI [ shed magni t ude of deviation. -8
- -10. The method of claim 1 further comprising:

{a) storing the at least one test force profile:

(B) storing the at least one baseline force profile;

(c) comparing the test force profile and the baseline force profile to determine a
~ magnitude of deviation of the test force profile from the baseline force profile; and

(d) discontinuing use of the burnishing element if the test force profile exceeds a

pre-established magnitude of deviation.




