METHOD FOR DE 1 ERM NI NG | NI TI AL BURNI SHI NG
PARAMETERS BACKGROUND OF THE | NVENTI ON [ 0001] Thi s
invention relates generally to nmethods for creating
fatigue-resi stant and danage-tol erant conponents nore
specifically to a method of setting process
p MEFROBROR DETERMMNING INITIAL BURRISHING AR AMETERS
netallic, ceram c, and conposite conponents, such as
- gas turbine engine fan and conpressor bl ades, are
[l racking fromfatigue and damage (e.qg.
B@W@% §ﬁﬁh§g§§5 ts). This damage reduces the
life of the part, requiring repair or replacenent.
[oodtie. MahiY iQRInG6h ko ReOfenBHiP S RietBds for CRaliAP Blifeuc-resistant and
residual stress onto a surface to obtain tEr al
danipga¢élitas] conidomeritatriogepecifidaldpioraosdthed ofasitist pricesspatmeters
P Egeve ting crack formati on and propagati on. O these
OF p gyt REG-r ospace industry is nost interested in
increasing fatigue life stress resistance. It is
[0040OWN ViAol AERALc, EAIRRNeRE %ﬁb@éﬁe%ﬁg@nﬁﬁg%gﬁ% 94% {B¥bine
i nduci ng residual conpressive stresses therein. '
engivietidroahsl compiresparttladey, triessweptible ssaacking fromefathintand damage
peeni ng, | aser shoc ening (LSP), pinch peening, .
(e-2aigm; fgg&l@ g@??tdmpﬁﬂ&&ﬁ% ¢ reepigys BTPH@% o1 tha prs sequiring
repf%ggir%%al co#ipr ess%éﬁfé%%sses o%/lg]?gigﬁo gﬁ%agﬂtegﬁ{%aéi stress onto
- a suffectte obtath hateriuldeaetits, tike fafmieiand cort 3 EAstay @ Md lpreventing
cmcglufgni shi ng apparatus includes ralling burnishing

Fafion Subpropasatian; QHdhescobensgirethssadpprpere ndastry is most

. . i.- ' |l gCt urni shin

e B4 S0 ARSI RIEER Bl SE1560 4 AU o

front craviepRpekation d$Snditthgiesitiug Wompedsive steSe theidfMethods of
strokes or segnents. The maﬁni tude of the residual

impartipg thesq siregses iprdedesnotgrecning dasss shask peerring S8 spindf peening,

[ sk.i nfl ial. _are.the. burnishi .
and M3} 8l DORT AL A5 clt mB0 801 I8 0Bl Prip ety potinga
"pateli"r oK esidudl thmphesibe Ghekes loveObn fatdd 81®ct(R6{elRE. frdirack

initial selection of these paraneters can prove
propag#si ve gi ven the broad range of burnishing
pressures and degrees of overlap. [0004]In the prior

100635 ¢ R bei R e YL BB S s sut o
cylinglefsosr. spheidsi whicRge Raled agdiRstoaMdriiedOdt PRI ted burnishing

expensive but time consum ng.
pressure by mechanical or hydrostatic means, and traversed across the part surface in a

)

series of strokes or segments. The magnitude of the residual stress is 2 function of a
number of parameters, of which the most influential are the burnishing pressure and the
dcgrée of overlap of burnishing strokes. With the high costs of fatigue testing, the initial
selection of these parameters can prove expensive given the broad range of burnishing

pressures and degrees of overlap.

[3004] In the prior art, initial pressure and overlap selection is performed either
arbitrarily or through trial and error. A trial and error approach is not only expensive but
time consuming,
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[ 0005] Furt hernore, using paraneters derived for a
particul ar application may not have the sanme results
for another application. For exanple, burnishing two
thin plates of the sane material under the sane
condi-tions but with different cross-sectiona

oo SRR BB LSS SRS NG o

havedhd atteanfullty formunbetet gppdichtest Fogexaiipée, bninishongl two thin plates of -
t hi ckness i.s the thickness for . iven material at .

the sir mﬁﬁqrﬁ@m&%@ HEcsaBE SOQR PR SR CsTse el dickness

will Risul® ROV kM Aepbuss ovellagiup 10tNGitiRRIHAIBER! and iR rdfsre uill
constant. [0006] BRI EF SUMVARY OF THE | NVENTI ON _

behaye didierente iabeigne testngoRedcrgivel thidwesigs thythidkaessrfopp given

t 1 . .
matefih ot SFRAANE A 0B YT RA R BolP o3BG s alue, ifall
otherraesendrs are\hekitdoastantt here i s provi ded a net hod of

determ ning paranmeters for a burnishing operation,

conprising: (a) using a rolling burnishing elenent to
[0o0@Ur Ni SIBREFIRAIMARY CBEDHEMNYENTIONSEl ect ed surface

area of a material sanple, the segnents having a

common wi dth and overl appi ng each other by a

resel e a : ri '

1000 aneat e ofbof Bl ol TRARLIAP 1, 2F8HK IR o
addressadiiiyehe praskn( mvertednect i ng a wor ki ng overl ap val ue for

a subsequent burni shing operation on a workpi ece,

based on the neasured resulting hardness. [0007b]In
[oo0RNe embudbimiy to bhehspecs oP iy Eﬂa@@ht anvatibedthefe is provided a

determ ning parameters for a burnishing operation, .
methpdh OF deierminingshasyneters dPT p AYITHENRG SPRTAOT (CRMBFisNg:o(a) using a
rol 3 eI S a e Rea of e
materialaimplen thepegmeéntp pavigg e aommwnheidthbandzoverleppedeetcb ather by a

presefif PRV (BB S RE PRioh s SR ERER e arco
of thkOhatarisiuapipient @y selesthigng vapRingt dveriap valieWoF kpide&uent

based on the nmeasured hardneﬁs. .
burnishing operation on a workpiece, based on the measured resulting hardness.

[0007b] In one en’ib-odiment, there is provided a method of determining parameters
for a burnishing operétion, including: using a rolling burnishing element to burnish at
least two segments on a selected surface of a material sample, the segments having a
common width and overlapping each other by a preselected overlap value; measuring the
resulting hardness of the surface; and selecting a working overlap value for a subsequent

burnishing operation on a workpiece, based on the measured hardness.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The i nvention
may be best understood by reference to the follow ng
description taken in conjunction with the
acconpanyi ng drawing figures in which: [0009]Figure 1
Is a top, schematic view of an application pattern of
BRIBFIMIURIMITION RIFOPEE HRA Q9%@IsH gure 2A is a schematic
top view of a burnishing path showing a zero overl ap
condition; [00l11]Figure 2B is a schematic top view of

[00@323{ tn: ﬁé %gvr\;:géérlp rric'al}o\éne ri)%staurrllcﬁ:gs%oldvgy Pt eltelngep to the following

description taken in conjunction with the accompanying drawing figures in which:

[0009] Figure 1 is a top, schematic view of an application pattern of a burnishing
process;
[0010] Figure 2A is a schematic top view of a burnishing path showing a zero

overlap condition;

[0011] Figure 2B isr a schematic top view of a burnishing path showing a negative

overlap condition; and

[0012] Figure 2C is a schematic top view of a burnishing path showing a full

overlap
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[0012] Figure 2Cis a schematic top view of a

burni shing path showing a full overlap condition..

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013] Referring

to the drawi ngs wherein identical reference nunerals

denote the sanme el enents throughout the various

conditioes, Figure 1 illustrates a generalized burnishing

pattern 10 overlaid on a surface 12 of a sanple 13 of

ece "WP' to be treated. Non-limting exanples

DET@ﬁLﬁBﬂﬁ%ﬁgﬁggj@ﬁﬁoFﬂ%ﬁaQP%EFHQQNéd in this manner

i ncl ude conpressor bl ades and stator vanes, fan

[001 ad‘i‘&feﬂqﬂ *Pd{h%cﬂ@fh wheRdh "ﬁe&il{e Qles nuitlehid 8RN the
58 witrh a8 Jofth ol anah

anmes, uator
sama@ﬂk@tfmﬁmgﬂ\ﬁltmvmmsf thﬂiertﬁﬁﬁtra&b b g@tﬁarahzed burnishing
eram cs corrposHe materials (e.g., .carbon fiber

Paﬁ%h%egqr{a&?n a Feitacephsr off SHRigje parof arpriieses Wi te by freated.

Non SRS R0 o, RABL) 8 RS ASUR ol B

compiysioo bladbd efd sttt vaiRes hfani isladdsy tirbh@esladgabingls dnde rotors,
surface 12 by a multi-axis numerical -

statiogarycisapen é@m@@hhwéma@@%thﬁ ilie o Syeh WpOpicepn¥VP may be made
fromn+ ltzﬂ‘?ifhr) ! ger gclé] eorb {ng)lo eﬁ%%& :é“n| ]b%nlﬁ%%r qﬁposﬂes) This

ura segmne a serles

burmanhg pmmﬂlw AgtypicRBY BpplRd Wald %ﬁ&sﬁﬁ? appARB bf a known type
centerlines, and connected by |ate segnents 16.

mcludms ag@gmhu@smwgn@ééémdus bydrastﬁtszauymrgmﬁmealhﬁoaded
o) refe red to,as .a "step-over ancglt 13(2 ulat
of'f §'é‘ifa°) Rty pugeripal, rs C%’& gJied mgpipulator.

Iegs of the centerline path P. Various paths nmay be

[0014]s ed Al QliSytatedathR M urhiShiha haRaRl lloqa&m@@ a fi8fality of segments 14
convenl ence 1 n set- up, progrann1ng neasur enent ,

arrang@inmgdniep ofiSctnthsraieng & patkotR"ydefiomer tIhS eegnoené centerlines, and
comnGR e ot D g e a4 ke NP P Gt
(also réfeREPED E§ a J'steS-o%er distance” or "offset“), which is the distance between
adjacent legs of the centerline path P. Various paths may be used to suit a particular
application. For convenience in set-up, programming, and measurement, the path P

would most commonly comprise some combination of linear segments or strokes.

[0015] The width "W" of the segments 14 (also referred to as a "footprint") is a
function of the material and thickness of the workpiece WP, as well as the applied
burnishing pressure and dimensions and properties of the burnishing element 11 used.
‘The relationship between the feed distance F and the footprint W determines the degree
of overlap between the segments 14. In particular, the overlap value “OV” can be
expressed mathematically as a percent by OV = [(W —-F)/ W] X 100.

[0016] If the segments 14 arc burnished side-by-side using a feed F equal to the
footprint W, they will not overlap each other (Figure 2A). This is considered to be a 0%
overlap value OV and is iliustrated in Figure 2A. If the feed F is greater than the 0%
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function of the material and thickness of the

wor kpi ece WP, as well as the applied burnishing

pressure and di nensi ons and properties of the

burni shing el enent 11 used. The rel ationship between

the feed distance F and the footprint Wdeterm nes
overlap6ralROD Cetiefe FEbE ABphel M@aeted B shgeaNf®tpkihts W\ This is

particul ar, the overlag val ue "OV' can be expressed

consiigred@pggittvgiovgrlasvalng Y eathis iBystatedan Figyre 21 Finally, when the

00, 016]4 f. t.h nts 14 are bur.nished.
feed E gl e fabbinFy BTER Rt o A USRS BBishes rsomigp of
cachloftRY, afﬁldl?nee& cOsRddra@PiotR@d 100Msvetllp §hlue (BAA) Thikhd Shows in
~ considered to be a 0% overlap value OV and is
Figafe2Cystrated in Figure 2A. If the feed F is greater

than the 0% overlap value OV, there will be a space

twee he adjacent, foat.prints W .This i onsi der
001 7 el A AR M S B bR e e el R Sl
13 whth @ WnBwa Baat&ri 1 2bmyposivibie And Hckneedis Eclb&e@.qwlédt st@Emdfi€14 are

footwint W the segnents 14 are essenti al

y
burnishedinsthe sample 13 0f thepyeskpiees: WPomdancasursthenisagadgrod the widths

consi dered ,t.0 at 0% overl.ap val.ue . This is ...
of thERSRRMENS i ABtengne G BURS {Solri Y Rl i bmishing
pressky. Wﬁ@fd&g)rﬁft Q58S AehBes(tRE DOYSveriap VafueDVRS 8édcAbed above.
sanple 13 with a known material conposition and
~_thickness is selected. Test segnents 14 are burni shed
[001&n t iNext aspEeariGusakefinerbowolap ypiues @attbesard bumished in selected

t f th i dt h th ts 14
arcas, ) RO DR RIS SO o TPIRFS. VS AL Bt odrieps
betwiH 0%, 3hd NE0R0SETH Salud OVS ah e dahireld FUBrHREE NS hidigess

0% overl ap value OV as described above. [0018] Next,
measussiegtseas then snalyfediie detenant g deairebsverippivelne ©Varihe various

burni shed, i n | ected, ar,eas of ,the surface 1 n t.he
defingyiriaD Falug] OV s Cu A B B TyPeL IO FHG o (R le P aiae even
. quﬂ_{] 0, 0, . \L “q ‘ Pi :EQ% . .
mcregrrlggsur ea f oﬁ’ n%a%ﬁse%gﬁ%rl eQﬁa%g ness measu) Zénﬁt?gr i:;\tarmemcah1
methodre 1iGaaally Zeghdr hadizesyvalues cofvespedasd ita gretatoyfatipegpreviatanes and

OV. The_vari ou efi ned overl ap val ues QV used maybe '
are degired i Ges ﬁ&ebﬁqraa?ﬁm wasrlmmwgm énqsl} (85 9y ue OV
come gRRREID R, Aot vilue Wp e B SHaAeR) g e sed a2
workisereedhp yalud O3her prbedsd seissquait weskgiocasa¥pond t o

greater fatigue resistance and are desired. Once the

%ard ess neasurenents are nmade, the overlap value OV
[001%or ¢ WHLHg to the desired hardness value (e.g. the

hi ghest hardness) is then used as a working overl ap

[0020{8] UgnENarheRd QGRSS prodBIQBUERE WRVER) R aF5iieWo flat plates of Ti-
6-4 alloy to find the initial process parameters for fatigue testing of gas turbine engine

compressor blades. The following general results were observed for Titanium samples 13
with a footprint W of about 0.4178 mm (16.45 mils): Hardness results at about 90% to
100% overlap value OV (high overlap range) were generally lower than at lower overlap
settings. High overlap settings also produce greater deformation on the samples 13. This
suggests that at high overlap settings the material sample 13 may plasﬁcally deformina
macroscopic scale. On the other hand, hardness results at about 50% overlap value OV
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[ 0019] EXAMPLE [ 0020] The paraneter setting process
descri bed above was applied to flat plates of Ti- 6-4
alloy to find the initial process paraneters for
fatigue testing of gas turbine engi ne conpressor
bl ades. The follow ng general results were observed
or 16weér Tow Vet $ SnctadlyMddind ab Y Bbdr 18 PQitced
O._41(78 mm (?%.%?}mgl S): y\ll—‘lélr dness resul {&g Sgs{tﬂgblggt 90%By
analyging 0boduwestiing foatprings O apdi lyidrese résalis, rthe gejialymessure and

incrdGRRHE Fool Jf RS colare T e Bupavhiag b h@picspproplades.
TestitiCoSBIBLESshbd biallds ShowAdRst ﬁﬁ%ﬁ%e@é Te@is!iﬁcé’ﬁ‘{f&lé Bides was
13 may pl as y

~ settings the material sanple tica
1mppyed byrabont 200Ucolitorigiml seiakat thetest bendititvasr  hand,
hardness results at about 50% overl ap value OV or
wer.{.l ow over| ap. range).general]y declin th
00 76r E@‘S DEUEFH s Pbo R i ik %%&?%@ﬁégﬁows the use of
inexPeHsieS RiabGial Qafpleds Thsted 30 %xﬁéﬁs@&keﬁﬁi 5&?\%&5&&& also pses
_ Initial pressure and increnental feeé F re selected
mexpensié dnd quivkriesthilengtbahéasgrenfensanp hadsess mehsudasents) to narrow
4 Test | ng of the‘g ni shﬁd.bl ades ShoéAI?d that fatigue
oWl PRIameter selectionhelosrany fatighe desbae pReTiommedved by about
200% of its original value at the test conditions.
[0020P02 1 He¥osepBE ﬁeééﬁﬁ&féxﬁ%ﬁmé?&"s%tdng AHinfeer®R 2 burnishing
i nexpensivé. [t allows the use of In %ben5|ve
processt eVhdé spezifd @pbodimbtatadf tie pregmin fiveatién hiveltedn described, it
roducts, It al l{gte}% i hexpensi ve and quick tests

will be apparept indhesk et thalrareesmadifisationrdinrey cambe made

ith D@ dePiif] ' QLS d@b] i

Wi ORI AE ool ST 814 RERSST A AR AARMIAS, il orcgoing

descipSon ofitkelprfamdhatbotinners of thiehgventsmart (B¢ besf Mbde&Xor practicing
.burni shing process. Wile specific enbodi ments of the

the ipyention are prgwded &y thermposesy idessatipmanly apg noj for thgpurpose of
: -@@{%@r_ﬁ@gﬂ . i ' art that various
hmlm) I’ |cat‘r%%}1@%§ﬁéegz’% %Clma € W thout departing

fromthe spirit and scope of the invention.

Accordi ngly, the foregoing description of the
preferred enbodi nent of the invention and the best
node for practicing the invention are provided for
the purpose of illustration only and not for the
purpose of limtation, the invention being defined by
the cl ai ns.




VWHAT IS CLAIMED I S: 1. A nethod of determ ning
paraneters for a burnishing operation, conprising:
(a) using a rolling burnishing element to burnish at
| east two segnents on a selected surface area of a
mat eri al sanple, the segnents having a common w dth
and overl appi ng each other by a presel ected overlap
val ue; (b) measuring a resulting hardness of
T Eat ted surface area of the material sanple; and
!ﬂ24—5%§¥5§§b§§ting a working overlap value for a
subsequent burni shing operation on a workpi ece, based

19" Fn%i.&' BARMARinoGarindtas it aniRRsng cersbine, combhigly: of
(@apeiva Al SRS eSS4 BTG B seiected

ace
surface S8 5 MAGridlkampRAhEseggeds hadng & cogmen width 1d evsgapping each

_ segnent. 3.. The nmethod of claim1 further
merby@&%ﬁﬁiéﬁeﬂﬁ"?“@%%'f'?hg steps (a) and (b) using a range
(of measting p resaliing bardnessyd e selestad yyfacearee §f e matenal sample;
and har dness neasurenents. 4.. The method of claim3
wh . . £00 _
(g)oggre?elcg[i]ngt gewgrgggg %vgrfiapo\\:/aei&é ?cfx)' ay aslugs%%uéﬂ gurﬂgsrn"%og&éf&'o“ on a
workpiece, based on the measured resuiting hardness.

2 The method of claim 1 wherein the common width is determined by.
{(a) burnishing a test segment on the selected surface area; and
(b) measuring a resulfing width of the segment.

3. The method of ciaim 1 further comprising repeating steps (a) and (b) using a range of
overiap values, to generate a plurality of hardness measurements.

4 The method of ciaim 3 wherein the range of overiap values is from 50% to 90%.

5. The method of claim 3 further comprising selecting the working overlap value
corresponding to the highest of the plurality of hardness measurements.

6. The method of claim 3 further comprising correlating each of-the measured hardness
to a measured fatigue resistance of the material sample.

% The method of claim 1 further comprising performing & burnishing operation on a
workpiece using the selected working overiap value,



5. The method of claim3 further conprising selecting
t he worki ng overlap val ue corresponding to the '
hi ghest of the plurality of hardness neasurenents.

6. The method of claim@8 further conprising
correlating each of-the nmeasured hardness to a
NBASTHOD FOR DRTERMEIBGNCETIATL BURNISLHENG PACAMHETERS
7. The nethod of claim1 further conprising
perform ng a burni shing operation on a workpiece
using the selected working overlap value. METHOD FOR
DETERM NI NG | WSEWR&F%FE&@I% S ABSTRACT OF
THE DI SCLOSURE A net hod of determni ning

par : L.shi ion i 1des: L

o AR P AR B% SRS R PEAH RIS, Mnea
rollaghrenisking olemenattocinirgidh atifdasiCiivaodegmeiBlRT 4 Slecta@lPlrBice of a

t he segnents having a conmon wi dt h and

matgalsempls, Hig segpentahnans »gommenaiid dewerlppming each e ther
' g,g;gxg, ertt@) L& ar d f th
by é%%e}ieg g%a%gn se ILiie C |‘hg§1§&w0 E‘%i f’gfre @ﬁﬁi lgagdggf ﬁfeth? Wace; and

seletting a wotkBQauerihp Rdlugi (©V)NEbr APQILREJuRRt BRmAhIMY! diRFA168 on a

WP), based on the neasured hardness. Figure 1
workptece (WP), based on the measured hardness.

Figure 1



