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
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used to produce such conponents. [0002] Various
netallic, ceram c, and conposite conponents, such as
as turbine engﬁgr{’e fan and conpressor bl ades, are

BACKURERPYP $ItTHE I from fatigue and damage (e.g.
from foreign object inpacts). This damage reduces
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' pi nch peening, and low plasticity burnishing (LPB).
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bur ni shi ng el enent. and the workpi ece. Even though
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efficient test for burnishing element wear. -1 )
the element and the workpiece, which adversely affects the surface finish and residual stresses.
~[0004]  Inthe prior art, controlling degradation of the burnishing clement condition relies
on controlling its cumulative burnishing time. Indication of wear is determined with visual
'inspectioﬁs 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.



BRI EF SUMVARY OF THE | NVENTI ON [ 0005] One aspect of
the present invention provides a nethod of eval uating
the condition of a rolling burnishing el enment,
conprising: (a) noving a burnishing el ement having an
unknown condition against a surface in a preselected
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separated by an offset di stance; (b) while noving
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con e surface co I'ses a sens
pad operable to neasure a force or a pressure

appl i ed thereto.
[0005a] An alternate aspect of the present invention provides a method of

evaluating the condition of a rolling burnishing element, comprising:-
“ (a) moving a burnishing element having an unknown condition against
 a surface in a preselected test pattern; '
| (b) while moving the burnishing element, recording at least one test

force profile representative of a force acting on the burnishing element in at



[ 0005b] A further aspect of the present invention
provi des a nmethod of evaluating the condition of a
rolling burnishing el enent, conprising: (a) noving a
bur ni shing el enent havi ng an unknown condition
against a surface in a preselected test pattern; (Db)

e burnishing el enent recordi ng at
agnggﬁﬂgﬁé%?%g§? force profile representative of a
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at least one test force profile; (e) storing the at

‘| eapresgme appliditheretof or ce profile; (f) conparing the
test force profile and the baseline force profile to
determ ne a magni tude of deviation of the test force
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di scontinui ng use of the burnishing element if the
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eVa'aléﬁltfhcféQntarjﬁes@EB@Hftés@ at@kn;2 rol I i ng bur ni shi ng
el ement, conpri sing: ? nDV|ng a burni shing el enent
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f or & o PsRfdilngndiGRr esent ative of a force acting on the
burnishing element in at |east one dinmensi.on; (c)
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! ea%mg Sfotj?é" ‘EcbeAetertmne a deviation of the condition of the burnishing
element from a preselected baseline condition to the unknown condition;
(d) storing the at least one test force proﬁle; -
(é) storing the at least one baseline force profile;
(f) 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 |
 (g) discontinuing use of the burnishing eiement if the test force préﬁle

exceeds a pre-established magnitude of deviation.

- [0005¢] A further aspect of the present invention provides a method of
evaluating the condition of a rolling burnishing element, comprising:
(a) moving a burnishing element having an unknown condition against
a surface in a preselected test patiern; '

(b) while moving the burnishing elemnent, recording at least one test
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force profile to determ ne a de&vi-ation of the
condition of the burnishing elenent froma

~ presel ected baseline condition to the unknown
conditi-on; and (d) mapping the | ocation of at |east
one surface defect on the burnishing el ement by
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| eagtenPREfb@SH predefictd Hakdinelcendidpin esthouaknove @ndétion; and
force acting on the burnishing elenent in at | east
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t he burni shi ng elenent froma presel ected baseline
condition to the unknown condition; wherein the at
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force profile’is generated wusing the burnishing
el enent orefdimensofywandi shi ng operation has been carri ed
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element from a preselected baseline condition to the unknown condition;
_' Wherel_n the at least one baseline force profile is generated by:
(i) moving the burnishing element having the preselected baseline
condition against the surface in the preselected test pattern; and
(ii) while moving the burnishing element, recording the at least one
baseline force profile representative of a force acting on the burnishing
elemnent in at least one dimension; and wherein the baseline force profile is
generated using the bumlshmg element and tﬁe test force profile is generated

using the burnishing element after a burnishing operation has been carried out

therewith.

[0005¢] A further aspect of the present invention provides a method for

evaluating the condition of a rolling burnishing element, comprising:
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~ (a) nmoving a burnishing el ement having an unknown
condition against a surface in a preselected test
pattern conprising a series of parallel line
segnents connected by transverse |line segnents and
separated by an offset distance; (b) while noving
the burnishing elenent, recording at |east one test
force profile representative of a force acting on the
bur ni shi gxg.n%\%fgﬁ‘f)uﬂnﬁhﬁl? eldrRa® haﬁﬂ?a@hﬁl&i&%ﬂ%ﬁd%ﬁ against
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bas aelsinfgcefina pecsplecki ket paterdetnepnsingea seride of paralbel liog
~the condition of the burnishing elenent fro
pr e SeEERPIREER] PnEansyres Eesempatos femrﬁt{fﬁ Byep offet
aspagt.f. the present invention provides a method of
evalué?iﬁg the condition of a rolling burnishing
el enent , (Kowiile iovigg tHedurmishing glemebtracbslingas ledseomntest
havi ng an unknown condi ti on agai nst surface in a

pr e$ereptodide TeREECAEdt A,T01°H PO (Pnethﬁ@mﬁm%aq ement in at
burli]éagmﬂggﬁrﬁgmptmdrecor ding at | east one test
[

force profilTe representative of a force acting-on the
bur ni shi (¢ celpamng theesatorcd pasile tormeleditrmedasine fake profile
conparing the test force profile to at. |east one

bas &0 fgterngipe  deyiptgm qidhe eandifianaf the,purgishngieamenh figm a
t he it .byr ni shing el enent froma
pregégggbé%ggggé %ﬁ@ﬂgghdition; and (d) mapping the

| ocation of at |east one surface defect on the
bur ni shing el enent by reference to the baseline force
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t he accompanyinga 8uavdhivg dlédett@aving anhEfown &hdition against
| a surface 1n a presclected test pattern;
(b) while moving the burnishing element, recording at least one test
force profile representative of a force acting on the burnishing element in at
least one dimension; 7
{(c) comparing the test foree profile to at least one baseline force profile
to determine a deviation of the condition of the burnishing element from a
preselected baseline condition; and

(d) mapping the location of at least one surface defect on the

burnishing element by reference to the baseline force profile.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention may be best understood by reference to the following

description taken in conjunction with the accompanying drawing figures in which:
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[0007] Figure 1 is a perspective view of a prior art
conpressor bl ade having a burnishing process applied
thereto; [0008] Figure 2 is. a side view of a
spherical burnishing elenment illustrating a first
coordi nate system [0009] Figure 3 is a top view of a
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burdishingdréécdeappliewtiadeta; spheri cal burni shing el ement in

a baseline condition; [0011] Figure 5 is a group of

force profiles representative of the burnishing .
[008B L e dtigurs 2 ixpgifdeeviaw of gorbqncel byrpishige element illBrging p first
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n

CO@% Y “tion 2d [0013] Figure 7 is a group of force

rnc
profiles representative of the burnishing element of
[00BOYUr eFigure 3094 hp Vidvguf eseBsdrpadilhistiating atastphttarn corresponding

spherical burnishing elenment illustrating a second
to B speridinatecpasipe drfigWRd: [ 0015] Figure 9 is a top Vview
of a sensor pad illustrating a test pattern
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colifi@t;ri ng to the drawi ngs wherein identical reference
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~various views, Figure 1 illustrates an e | ary. ga
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of B frerely as an exanple of a part to which the

od of the present invention maybe applied. [0017]

The conpressor bl ade 10 is shown undergoing treatnent
[00W2] h aFigurert shi side viemobdf d &lefica thmovming yleenenhiol aidimaged or
~a rolling burnishing element 14 (a sphere is
WO pRpstitioft ed
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in this exanple). The burnishing element 14 is
hydrostatically supported and | ubricated by
hydraulic fluid punped through the burnishing tool in
a known manner. The conpressorblade 10 is treated by
traversing the burnishing elenment through a

[ooREESel® ,%.f:r@ ¢ is @%’(ﬂnlgf)f]fourr%' rofiRh Hﬂ)e%eﬁ%\tfé oA ﬁurmspmg element

numneri c uter-contro nani pul-ator o
of Kigarer6; t ype (not shown). [0018] The burni shing el enent
14 will naturally wear during a burni shing process,

o ome d n oQrder to provi de a
(00faE; o ik ol heptedel mgglernend iHTRRHT Hgond

codﬁhﬁﬂ%@%s is first tested using controlled
par anet er s’ en it isin a "baseline" or unused

condition. Figure 2 illustrates a spherica
[00b2 ni $hgurg® &l senpmicwlof a swidoh pahillextestipigarsst pataral caadsponding

stem havin ced part meri di ans 16 superi nposed
tOté mxr1gﬁggwg%ngﬁ?ﬁgz% intersecting its equator
20. [0019] The burnishing el ement 14 is tested using

DERASERS PENAUPTIONTOMIHE NN 3. which is capable
of sensing a pressure and/or force applied thereto

and generating a signal representative of that
[00 %ﬁ}ess Betering fothe elraveings wheiconaliehtycal beferenceatunoeraisfdendte the

semr s S BRRBR P Yirs T SNEHESS o apropfiy s
turbdde &n@és’é&%lﬁﬂ: 1o, @8R Bhp Eﬂﬁftqjé Rl fRerdl hllare J{%}Dle ofa

and (i.e” into-the-page) axes The sensor
parttaywhbeh the nsithqqio:tfehb piesan irrentyn miy he kpdied. ty pe of
sensor such as piezoelectric elenents | oad cel Is,

C. ot shown It ssure or force
00Eh55 o188 Cwaiifeﬁsg)f pedh bz S Picrpene rgpimant ity p gumishing
t00l ANV kb8 e Gnd RS aﬂm@r&ﬁhﬁﬁm QAP fa sphére if hstrated
exanpl e to 'sense Xﬁgand axi s f rces mh?#“mtégl HSE
in tigeesonplgla@hoBumisbmgddenzem i # $s hyldovstamallippottedand ldbticated
sor 22 1.S co nected to a copputer (not
by @W&%ﬂbc ﬁa@ema%d {50 e Duishyaee lookd % khaa manner The
ké%r@)‘i’ad GO P QIHAFMNR Qbiedii i
com? CBigure 3 Iﬂﬁast R ggfggtégtrtﬁﬁ’hgh apreselected
pattgsl '&’61 esing @ molteaxis manuicelr swofmporr-tentafiledtheanipulator of a
burnishin el enent. The test pattern T1 includes a
Vgﬁﬁmiinear line segnents 24 arranged in a
series of S-turns and connected by transverse |line

[0013¢9 e Pk SbigRishilB®lement 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 it is in a
"baseline” or unused condition. Figure 2 illustrates a spherical burnishing element 14
“with an exemplary coordinate system having spaced-apart meridians 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.



| i near segnments 24 have a length "L" and are

separated by a step-over distance "S". The length L

is selected to be equal to a circunference of the

burni shing el enent 14, while the step-over distance

S is equal to the distance between i ndividua

i di .G - t . r

prefREs SR AbiF il B BE sclor P 1A s BB rensor
pad(22 wses a Glattksidryfrivae vBgovdinytes with [X, g ahdiZgke. iodhé-beoe) axcs.

time required to conplete the test pattern T1,
The grmsan p By Re sansigiced ef@narray of prknggadypgef sensor such as

- kot j | ed 1.4t h St
peS RIS, Ak 1 YRR USRI B3 wnor
ma¥ beagutiptet withah hfiRratee@meDshopag udsd taAtbvetieursEhiHg kiement
results in a group of force profiles for X-, Y-, and
14, Forgxample fosysmsed- omhY-axgpioregs vhilscthe penspepad Aerepoids Z-axis
.0 ' iS40 1h rofiles 28 is
forges DA€ Bty A oS5 LBl ' 2 LobNERG B olpeer Tfg S wn)
opekdbie foastrz idbBlze axhrpiiste] EPFIeS A/ biherwisd mhhiptlatWaAdata.
total distance traversed. This procedure is carried
out under conditions (burnishing pressure, etc.)
[002@ent Figwe 3 Blustratgpastestipatierny il hradenteddo spear e avter stmface 18 of
o) . | e f L for e .
the BBl it The 0] Feddl Ty 00K Py f B tne scaments

24 gadnieed Ul AkericdT|9-add A1l cdnBbctek BYRlaBsvelsRdinRas@hime 26. The
. condition could be a defined by a test standard
linegyseaments 2¢ hayeshleagtho LT arglargsenstaserlien r siepovardistaes, "SBr The

i ng. standar.d. Alt.ernat.ivel t .
teng L3 TR B b PR AR enes O R BG ERrelemet T et
stepboweRidsiinee S Bl @eNto thé dRimcbebwednSiniiRthal Blerid¥s 16 at the

burni shing operations, or a average neasurenent of
equafer2Q. aThasqrept sedpeprean tistancy S [ipoade-aif betweke sfatinkresolution (i.e.

“hrofiles for e . basel iine condition are established,
bty B Sy el SRR B R bt Bl B Bt pfem 1.
intervals, for exanple before every burnishing

[ooZIer athe Ibunﬁshi@gé letRhe 141§ Ha0elHiet éoRBitioh(Figdrs 4999 &rabdfsed
traversing the burnishing el ement 14 through the
thropgls thedest pattern T whiteiarcontaet wikhithargrsorpad 2. Eke output from the

eljnecandition test. Any defects or in the

sensif ] 3B B SRR i 4 BPun B RRipRo e 7 B o i Fanes
labelsdBiA, 28B 3R WBUCHRspcavldind FRURY. ThE a8itd axR APl Pofiles 28
. condition force profiles 28." For exanple, Figure'6

is reprebentativetod §oree onpessinsivhaggitelie aadthe horizewtalohishaspbsentative
of tiynseea%dﬁ)? qot\all\f](lii(s: angeogztn?elrs%ﬁ- ?’hl% %frggetdureézls %gr%%d %%t %nder conditions
- (bumishing 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
clement 14 before it is used for any burnishing operations, or a average measurement of

several such elements.



groove or scratch. Figure 7 illustrates a set of X-,
Y-, and Z- axis test force profiles |abel ed 30A,
30B, and 30C, respectively, which correspond to the
testing of the burnishing elenment 14'. The Z-axis
force profile 30C differs fromthe Z-axis profile

FC | i
Rgozsﬁ%ﬁgletfg}sctgtjﬁglgssf& eélc):%e ed a g\% altce%gt gl%g(?édé’ ﬁta-‘cl)Shlng

elementel4oprnabel sagd dtlsﬁlettetbéxytendis Y1 exaniphe béforenéesdy bgrnishing
el enment st . be re ected, reconditioned, or replaced
OP"B%POE‘o‘Pr%gﬁ%tF g 0016#1 191 {Sé%‘i‘mﬁ V@évgﬁla&ﬂreé}énwn% glgment 14
thrRfRH BeGad &Pa{m 2hiQMh e BhrafIRASH AT G&s%lu‘i’é fofffion test. Any
bur ni shi g el enment an e resulting mor p ece
defeptsadriviepr in@heleuraishing aleuﬁ*ﬁgm xlvﬂmeiulha&ast fre@iprofiles 30 which are
determ ned, burnlshlng‘elenents can be accepted or

differenidhanihe haselingcqndifiandproe prafileny - dior evamnle Fipres divstaates a

burhiShih %lehféﬁ{ 14 'Qriéh B sqiee% %§ed3391d v{ljﬁ}:ﬁ‘ cORtYi ? 4 d%ﬁaggafguch as a
manu I nspection o test Torce profiles .

grod\let @r saﬁmhv eFiguredD fihsfriteaih 8ctSeff X \ad-£ atith Z.b exiy $&€ férbe profiles

Iabq&:on‘g re the test force profiles 30 to the baseline

&k 68ApPERI prd 398, reweeivehhevhichiegrrewont @ethpdesting of the
' hi
bungel%lgﬁ% E@%&\}}] N Gﬂq%di’, é%]g %rc P(‘):i:llg Igg |4 %%%0&% gl} 2 Saé%sn ofile

I ch ‘exce - esta
RER@Woxn @IFigibe mds&rreﬁmfdﬂam&fmsz.be used for surface
mappi ng, quantitative analysis, etc. of the
burni shing el enent. [0024] Various patterns can_ be
[0033deqd Tl tepting aslgserd efiwbomﬁaﬁu niserhtoedexplentagisage liit beyond
S I Ver
Whllélgtglg b‘;u%f ﬁf@e&éﬁ}é&g 'im‘% e%{e!d I aglgaﬂdﬁ(%%egh% i S g cfatlon
of tﬂélfesv\ﬁﬁbreél pi’c&ﬂe@at} hwige ijrsEﬁé[l b odtionPAddads I%He[sf.lfb@lﬁmts of the
pattern 34 superinposed on its outer surface. Such a

burighingelpmegtypngier thevesubiieaivorkpivge guaitncenernyph agsage limit has

e R BB PO A PR el
soIe@Hﬁb&anB@to tBt REERice\Wrdlless UnTBiSMb@ ABAE By Iﬁfmutal’ @¥Riction of

%ure 9 illustrates a spiral test pattern '
the tgg @ne profitestiflo Adiernatizélprappropavts] soﬁwmana)fbemh@i te gohpare the

L TN N T -

fronf Bﬁsteﬁﬁé CERALORE and Th&X BivniMReg elemntshwhRAMecd s pre-
and angle "0"), and would result in R O-, and Z-axi$s

estalflished degres of deviataarh eBimitpsoftwareymay haosl foxissrface mapping,

qU'aIRirté%IVC aslymlz netc(:) L I%?he l;uerr% el%}g %Iem%%% h basel i ne

[0024] Varjous patterns can be used for testing of the burnishing 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 illustrates 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
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establishment and testing would be the sane as

descri bed above. [0025] The foregoi ng has described a

nmet hod for evaluating the condition of a burnishing

el ement. Wil e specific enbodi nents of the present

i nvention have been described, it will be apparent

. . L |lt ngH . S . :

exchhP985pR YA Il 208 Bl PR S o e s
forder mrofileh eathiedi thard Xad-, 360 Peaxd$ plofitesi MY 6tHet @ikpects, both baseline

Accordingly, ~the foregoing description of the
establighraent aad é&%’éﬁWﬂBﬁtb e sanee 3sfigsdrtbed abeed t he best

node for practicing the invention are provided for

He p i ' 10f.. for =~ the .
10058} o BB 3heplin, to it Wl B0l Bbeine e blionpf 2
burhibking lekinient.  WhilHECS elbAlidmatd & thd prdemEihb@tiodfhave been

eval uating the condition_of a rolling burnishing
desgrbsgeihwill e ghoseskilledintha grt thapvarisius miodificafiensshereto

' L1 0N ins surface i n a..
can 3SRl BR SRk B B DR o g DS A Boftins
the foacgringdesdription SE iepréfBrreC@ABREIER oPtheifR@ASMEMehd HeB@node

segnments and separ at ed g¥ an of fset distance; (b)
for pyaeticangibg inngntipe atpurayided fog the ravease of Hlswatitinrglyand not for

ftest force .prof.l epresent.ative of a

the pFPSte Aot HERE R iPh P A ERERIROPe Teact
one dinension; and (c) conparing the at |east one
test force profile to at | east one baseline force
profile to determ ne a deviation of the condition of
the burnishing element froma presel ected baseline
condition to the unknown condition. 2. The nethod of
claim1l wherein the at |east one baseline force
profile is generated by: (i) noving the burnishing
el enent having the presel ected baseline condition
agai nst the surface in the preselected test pattern;
and (ii) while noving the burnishing el enment,
recording the at |east one baseline force profile
representative of a force acting on the burnishing
el enment in



at | east one dinension. 3. The nethod of claim?2
wherein the baseline force profile is generated for
each of three independent dinensions. 4. The met hod
of claim2 wherein the baseline force profile is

ed for each of three nutually perpendicul ar

Ag_enerat
WHALISCLAIMERLIS: et hod of claim 1 wherein the burnishing
el enent is a sphere, and wherein each of the

parall el |ine segnments has a |ength substantially

1. ecfymethos of ealpating the enuditiart of a feding bumisgimngeembatresprising:
6. The @ I LA [.shing... .
e enem(??if‘bﬁ“ggéé’?t@”ﬁ o RENEhfabd o JBI ESRgton against 2
edtiiiace & a piaselssteddesidattercednprisity aseriascof pherllenine Sgments

t b i t . cl al . )
. 1\ S e 1 D s
cont i nuBhwhils\podingdhe boméghingpelement xecontingngt keastnor test force

StbAId [t 7 0 . I ng the.
copﬁdi ??%ﬁgﬁn%w?oﬁf% fr?gcegﬁttftﬁgg% {ﬁ‘Sebe égrr@hq ’e%men‘te In at least one
cSHpeRsem@nd (a) noving a burnishing el ement having

an unk Lyt j f i.n .
o esel ack SR ihe A0k ot et BitE' AGfle 18 gt one baseiine
bdPrise stipfie te Pelermnine & devatitmef the doediion oh éhe Pemishivigcglement

PRk b BresBRERA YA condhioR 1d (e (RKAS Ahofifbn!

burni shing elenent 1 n at [east one I°n; and

(c) comparing the at |east one test force profile to

2. atTh!eQﬁ‘étEo@Bﬁleﬁ’IS?WhQ%iin frr 4 %agg ﬁlféé égse‘iiﬁ)e ﬂo?%egﬁrg)}ﬁ%ﬁ% ﬁ?nerated

~ deviation of the condition urni's
bY: from a presel ected baseline condition to the unknown

condi t i®n I @i L SUr c S a_sensor .
pad q_g?a@f_)\\ém oﬁ]ﬁeggﬂﬁsehuyjf%%ﬁgmoﬁgg %r@ésﬁfeée S&8d baseline
aSpNditen againskthe. surfacaimtbe pesetsctasitastumattemg ahdie

condi t iganwAi i i s hi ement ..

conpr i /n ';&‘g‘%ﬁg"?’ﬁ" i " T liing e, atofpast ore

aRaRIIRAGHAS BilH teptsentpiivest a force acting on the burnishing element in
at least one dimension.

3. The method of claim 2 wherein the baseline force profile is generated for each of
three independent dimensions.

4. The method of claim 2 wherein the baseline force profile is generated for each of
three mutually perpendicular axes.

5. The method of claim 1 wherein the burnishing element is ‘a sphere, and wherein
each of the parallel line segments has a fength substantially equal to a circumference of
the burnishing element.

6. The method of claim 1 wherein the burnishing element is a sphere, and the offset

distance is equal to a preselected fraction of a circumference of the burnishing element.

7. The method of claim 1 wherein the preselected test pattern comprises a
continuous two-dimensional spiral extending from a starting point.



10.

surface in a preselected test pattern; (b) while
nmovi ng the burnishing el enent recording at | east one
test force profile representative of a force acting
on the burnishing elenent in at |east one dinension:
(c) comparing the at |east one test force profile to
at | east one baseline force profile to determne a

dey imatHoarof @ballifihgaRd dbhdifsh &fa ﬂbhﬁ BUFRhY ﬂ&nﬁﬁﬁé@%nsmg

froma presel ected baseline cond | ion tot
condi t i{8hMoyigg & PUnishing: #lemant having ap yeknewy consfitinn against a

PreRffatsin d@r)asgggéu [&tbgﬁargt | east one baseline force
proflleé)&aa arlngthetest force profile and the
i}

basel i d @ownnsﬂm mishingetlemant e diagy Al easleons test force
deybas |réme§§ntéth8 df%si"orcfeoétﬁi@lg RIrohhk | Rirdi10R Héﬁ'lekﬁﬁﬁ‘%f [B&st one

force profile; and di sconti nui ng use of
bHMERIFPHGNEI enent |f the test force profile exceeds

a pre- gt athpSetnEBH Mdst dhe %stqgféﬂeaﬁrbﬂa to]ﬁQ Ie%t one baseline

mnft hod of eval uating the condition a rol
bPTRE HPTHE) te Feterhine & gryiptiay eigthe C(an"tl%\ﬂf #ep Burnishing element

bufofi ahpREertLRIEHY s IcBAdIféh lﬂ@"fﬁ‘é’%kﬁ%@'cﬁh&%ﬁon wher in the
V\%al nst a surface in a preselected test pattern; lz ?

HIface,50MRESasha $meRi A Rpeabiedatmeasttn adfones af a pressure
Igggﬁeoqn@ret@st force profile representative of a
force acting on the burnishing elenment in at |east
one dinension; 8 (c) conparing the at |east one test

f & ethit of éwlleﬂuét!hgf%ﬁe L&aftlon? @ rBfsgblifRhin b%réﬁerﬁrcgrﬁﬂrgmg

to determ ne a deviation of the condition
bur ni skPnNGoEne Fehyrnishing flementdavingcan Unneys! ¢angition against a

CeDAadd iAf dresdié@editisnomensondi tion; and (d) mapping
the | ocati on of at | east one surface defect on the

bur ni si®nghileemeyias the, buishinoeslersertoecerdingt at|least ong rest force
bardild RprésentliveoPhitbRe acting on the burnishing element in at least one

dimension; ,

(c) comparing the at least one test force profile to at least one baseline .
force profile to determine a deviation of the condition of the burnishing element
from a preselected baseline condition to the unknown condition;

(d) storing the at ieast one test force profile;

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

(f) 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

(g) discontinuing use of the burnishing element if the test force profile
exceeds a pre-established magnitude of deviation.

A method of evaluating the condition of a rolling burnishing element, comprising:
(a) moving a burnishing element having an unknown condition against a
surface in a preselected test pattern; _
(b) while moving the bumnishing element, recording at least one test force
profile representative of a force acting on the burnishing element in at least one
dimension;



11.

12.

13.

11. A nethod of evaluating the condition of a rolling

bur ni shing el ement, conprising: (a) noving a

bur ni shing el enent havi ng an unknown condition

against a surface in a preselected test pattern; (b)
whi l e noving the burnishing elenent, recording at

| east dRkCPBERAINGoiNEEat ’ﬁ?séfqmeefeﬁfefpf@slerﬁflattp\m ledst @ne baseline

f gbfee mefiEng déférhh‘% QHEWaﬁtKH B! @df‘\ﬁﬁlbn'o@ 1M bpr‘?‘lﬂ‘ﬂng element

i mensi on; and (c) nparin |'eas

oggfim PH%S@'G&FQS#basellﬁ%cwltlpea@th%mnm edndition; g ce
profil qdf mapping rtﬁé ﬂﬁ:aﬁorq 81" Leeh&orR s Lf ?%gfbgg {s)be lql'?e gershmg

th burni shing element froma prese
ety refsrance t%m@rﬂsm%@mﬁjb@sebm forgeeprefile. t he at
Ieast one baseline force profile is generated by: (i)

movi ng t he burni shing el enent having the presel ected
b&@ﬁgwe of g¥plgatinadhe aepditips of arrellisg prisbingrelerhent, comprising:

presel gsf gdvihgd blﬁ%ﬁtsh%rblerﬁgﬁ ?( \)n?g ?M‘ uhl%'no%\/&d?%lt hoe against a

burni shing el enent, recording t ["east
b&YEPFEHB G\‘Rfﬁﬁ%ie‘fi?%ﬁﬂ Batiesr esent at | ve of a force

acting (Q)nWIturéemBHh@'tl‘?é‘b@rﬁlsﬁlngr@ eﬁtnrecﬂFdrAege rb%el test force

di nepsi on; and wherein the Ine torc

g ORI %ewiéﬁlge of ﬁé‘om@raﬁtlga|Qﬁgthe|belrmsfungaalamehtemt atdeast one
f Qireénsisrobhde i s generated using the burnishing

el ement _after a burnishing operation has been carried

out t héPetamnaringhe At lgash e ftest fergal ruielile fe at least one baseline

C €418 tordiife Elf déefrRihé 'd“ge\}?é’tfo'ﬁ' Sthd Q‘.oﬁél %FFBF the bLH"nlsth element

conprising: (a) noving a burnishing el enent
affolhR RsereiectastiPaselife &QB@'H@! tythesuminges dondilion; wherein the at

Dl@%ﬁbr@ﬁ&@fnﬁ@ﬁc&&bﬁ!@ﬁ@g&r@m{ab%g”g a series of

parall el |ine segnents TConnected by transverse line
segnenfis BAYNG clhgr Rueiphing Aleroentsbeviey sthanpreselebied baseline

WBbRtiGFDAG ot frre%daﬂdwlrﬁhé b ilslRiTRtbet daREA! 10 !

| east one test force e repres ative of a
force HetWilp m?"methﬁnb#rrﬁ?mlm@ elgregninredonding theaatt least one

OBg&selifle FRBS bRSfile @B%s@ﬁt)att@é’gpﬁfdrw étfﬁg tnﬁﬁé PLI‘P\ES%&? element in

profile to at |east one basellne
dat lepsh e dimaesiontansvisreiniibe dgerlineifense @fOfHEhts generated using

btherdrhisiigg BlefER0 hnd He& force profile is generated using the burnishing
element after a burnishing operation has been carried out therewith.

A method for evaluating the condition of a rolling burnishing element, comprising:

{a) moving a burnishing element having an unknown condition against a
surface in a preselected test pattern comprising a series of parallel line segments
connected by transverse line segments and separated by an offset distance;

(b) while moving the burnishing element, recording at least one test force
profile representative of a force acting on the burnishing element in at least one
dimension: and

(c) comparing the test force profile to at ieast one baseline force profile to
determine a deviation of the condition of the burnishing element from a
preselected baseline condition.

A method of evaluating the condition of a rolling burnishing element, comprising:



presel ected baseline condition. 13. A nethod of

eval uating the condition of a rolling burnishing

el enent, conprising: 9 (a) noving a burnishing

el ement havi ng an unknown condition against a

surface in a preselected test pattern; (b) while

novi ng @heENyinan# Srmghing element hawing adi uninawn Iceaditioroagainst a

tegihfaﬁ;gqrpgpré%@aehq gt%ﬁgﬁent ative of a force acting

on the burnishing ? in at |east one dinension;

(c) confPamhHe nlqwgtfémburrmmr@g pleafent, gecanding at Emst omntest force

b ik f e V]
ﬂﬁﬁtoggrl)ft%@%rﬁ&g@r? % "Ogcltjér %(I:tlsr'% 5r?fﬁ1é' ﬁﬁgl%ftnqg ele%éa{]? in aI least one

pr‘@%‘éf‘%@'ﬁed basel i ne cond|t| on and (d) mappi ng the

| ocat i

bur ni sﬁ{F)ng&ngé”eHr?eqﬂétt fdglﬁegg %%f&hbnggg%]%ﬁéorce profile to
&%@’r’rbrpq)fa |Qeviatign of the cond!tlon of the burnishing element from a

preselected baseline condition: and

(d) mapping the location of at least one surface defect on the burnishing
element by reference to the baseline force profile.
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