METHOD FOR DE 1 ERM NI NG | NI TI AL BURNI SHI NG PARAMETERS BACKGROUND OF THE
« I NVENTI ON [ 0001] This invention relates generally to nmethods for creating
fatigue-resi stant and damage-tol erant conmponents nore specifically to a

met hod of setting process paranmeters for a burnishing treatnent.

[ 0002] Various netallic, ceramc, and conposite conponents, such as gas

turbi ne engVBFHOINFORMETARMIBENG INTERSBURNISHESCE R AVETTER ST acki ng
fromfatigue and danage (e.g. fromforeign object inpacts). This danage
reduces the life of the part, requiring repair or replacenment. The main

obj ective 0 r oL shi j i rt residual stress onto a surface to
obt ain M‘?@k@@ﬁgﬂwﬁﬁﬂﬁ’éﬁgﬁue and corrosion resistance and
preventing crack formation and propagati on. O these benefits the

aer gspac eogorflus tins fn%eﬁ%trela%?%ﬂ o'ethds LAt ff?tji&gﬁgsiéthﬁt%%mat ress
resistance. It is known to protect conmponents from & AcK propagati on by

i nduci ngdemeagechtobdrant oonppesnisusors spetsadly fhemeihod ofettivadsoaks paigasterssng t hese
stresses.i ngl ude .shot peening, |aser shock peening (LSP), pinch peening,
and | ow B‘?’é&’[“i’@gﬂ}ggﬁq%e%i ng (LPB). These methods are typically enployed
by applying a "patch" of residual conpressive stresses over an area to be
protecte m i | r ai.shi at us

i ncl udesg)roglgfi ng\y%%fh%%eﬁ?ﬁg’ e ag‘ﬁn%n%lgocgﬁléﬁ S%%Q%%nr‘?g{e% gucg:ysémé%g‘?‘g@em ch
ar e | oadengingfan asd canmessopblades, ate missaptibltte dradokinnifiohi fagiepe @sisdainechy

mechani cal qr hydrostatic. neans,_ and traversed across the part surface in
a series ecﬁ'%?ﬂé@‘@ J?EM.“%&WE%ﬂé‘fhfwth@§ﬁf&fﬁﬁm§mgess is a
functi on8f: 8r AHEBShe R ﬁﬁﬁgﬁ j s he . [0 | ' are the
bur ni shi heg Brléfs%gure %Ing? e eé’?%ev%gﬁ%%sﬁgﬁt‘%‘?‘%ﬁf@ﬁ“ﬁﬁ%@ﬁ%s. Wth
* t he- hi gha sofistoattdiaiaguial besfitsike fatigud andicoftbsie et Btdnefatdf préi@iag :
paraneters can prove expensive given the broad range of burnishing

pr essur e¥agk frrartier @ad gropagatiom 01 fhese bepefits whe perospaca ndustmyi is iradst pr essur e

and overlap.sefecti.on. i f L& arhitrarli Qr through trial and
o ror AR R kOl e 3 s Bl KRGO el R
consumi nfjom kRS Fagdatidiet e acing sdsiigaPesnapredstVesstu@eles iReeih O Mcthdm ol cul ar
appl i cation pay. not ) )

mnparting these stresses include shot peening, laser shock peening (LSP), pinch peening,

and low plasticity burnishing (LPB). These methods are typically employed by applying a

"patch” of residual compressive stresses over an area to be protected from crack

propagation.

[G003} 7 A typical burnishing apparatus includes rolling burnishing elements such as
cylinders or spheres which are loaded against a workpiece at a selected bufnishing
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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have the sane results for another application. For exanple, burnishing two
thin plates of the sane material under the same conditions but with
different cross-sectional thickness will result in different degrees of
overlap up to a critical thickness, and therefore will behave differently
in fatigue testing. The critical thickness is the thickness for a given

mat eri al whi ch r - W 4 I ’ r above
thi o valt®s Y oo S By Bl LB OBk pl Bl SOy
OF THE haiENE k&b FQ0I0s ol avtledy application. | Fon exlarspia rfucashing svo thirt pletepot or art
anong others are addressed by the. present_ jnvention. [0007a] According to
ne. asp At BT THHE ) HBGEIRe FRFLRINUNS PHEMER LTI FFpsod ot NS

det er m RiNGedR! ifBEGES de@feed PN ISP P RETiEH ItRIknS) AL thérB@re (A USIiNg a
rolling burnishing elenent to burnish at | east two segnents on a sel ected

sur f ace belravg differenthyaineletigie wafing dhe crtica dislaiess ishide ithigknest EMrfodivel dt h and
over | appi.ng: . r I olVi X ing a
ool | RaafANES R 4opiee B UARE AR nEaBCSholR of B e U wIRERMN D, 2
and (c) otel pohmegrsaralssikcogtaoiver | ap val ue for a subsequent burni shing
operation on a workpi ece, based on the neasured resulting hardness.

[ 0007b] I n one enbodi nent, there is provided a nethod of determ ning

par amet eigpef or a BRIEF SUMMARFEORITHIINVENGTION ng: using a rolling

burni shing el ement to burnish at |east two segnents on a sel ected surface
of a material sanple, the segnents having a conmon wi dth and overl appi ng

each ot y ap t I . ;-n{rEf'%s -lng.t e i
hardnes?ﬁ@ijt he SE&??&@% Ignég}s{gcf esgﬁc\régh%&mbr I ngﬁ(gv%;[lagr%n%a(ﬁuhuggf%g a
subsequeddredsed by theipngedpeveatioon on a wor kpi ece, based on the neasured
har dness. 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

conj unc{eg@ra t h Ab&rdis € Qe Ydspe:t irahe Gedehtd ihivestidn) thddé G provided a

method of determining parameters for a burnishing operation, comprising: (a) using a
rolling burnishing element to burnish at least two segments on a selected surface area of a
material sample, the segments having a common width and overlapping each other by a
preselected overlap value; (b) measuring a resulting hardness of the selected surface area
of the material sample; and (c) selecting a working overlap value for a subsequent

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.



[0009]Figure 1 is a top, schematic view of an application pattern of a °
bur ni shing process; [0010]Figure 2Ais a schematic top view of a

bur ni shing path showing a zero overlap condition; [0011]Figure 2B is a
schematic top view of a burnishing path showi ng a negative overl ap
condition; and [0012]Figure 2Cis a schematic top view of a burnishing
pat h shopRier BESURiPOVRr bRRLECORAV NG DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0013] Referring to the draw ngs wherein identical reference
nunmeral s denote the

[0008] The invention may be best understood by reference 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 is 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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sane el enents throughout the various views, Figure 1 illustrates a

. generalized burnishing pattern 10 overlaid on a surface 12 of a sanple 13
of a workpiece "WP'" to be treated. Non-limting exanpl es of workpieces "W
that are treated in this manner include conpressor blades and stator

vanes, fan bl ades, turbine blades, shafts and rotors, stationary franes,
act uat ocohditicwar e and the |ike. Such workpi eces WP may be nmade from netal
al l oys, ceramcs, or conposite materials (e.g. carbon fiber conposites).

Thi s burni shin attern 10 is typically applied using a burnishing
apparat£ETB$Hégkﬁg§ﬁRp§H§ﬂfE%TU%EE§V§H¥EKB$ng bur ni shi ng el enent 11 which
is hydrostatically or nechanically | oaded against the surface 12 by a

mul ti - axher spumeg Led e 94RE ERHL & wh PRALRW a0

illustr teg? t he bufﬁigﬁ?ngrpat éfﬁﬁ?%f@%% udes a‘%luré%?fy dﬁéggznents 14
ar r angeedamaclamsats flesugiiouShe vansusaliong Figupal Hiustitesdgicheraligediblmigégirent
centerlines, and connected_ by | ateral segnents 16. The segnents 14 are

separ at 8eftesy 18 ovedaid one sypfaee 13-of p smaple Ter oy werkpigea s W e thg freaipdy

di st ancegy...QF.:0f f ’ i I: dj C i s of the
centerl ﬁr? (1'-31 q%‘é‘t“ﬁ’é Pé‘%ﬁeils o%i‘;{v%gfdﬁ%e%mr\gl)b{éﬁt g%d E? %gés \tﬁiftef ﬁg qgg[?}%? %?Ig(f?eg

appl i catopressod rblades v\ $AAOL vhliess € bvdef) I OfHigdblades, shafls ap@sterent, the
path P woul d mpst comonly conprise some conbination of |inear segments or

st r okes Stafigrry frames.gemater hagdverre and thedifiee nush wprkpipess WBmeay kegnads as a
"footprint") function of the.material an hi &kn f. wor kpi ece
v, b il heai Ry SBEhEH oo GieP Rl L e b S ReRet) Sl
proper t b@gising faGeAI0s $YHiodiyelppiedisihd 2 BeRAshiTd Eparihal dfANsiva thel ween the
feed distance F and the footprint Wdeterm nes the degree of overlap

bet weenincheingayelineduinishing ehsment Kuwiich isthydrogtatiealiyer erhpnicaliytoadedn be
expressed. he ic as ercent. by OV = W- F). / . X.100.

C0b16) T FEHRS SRt 2 bl BRu s Efbeiral ot my et oot AR AR - equa
to the footprint W they will not overlap each other (Figure 2A). This is
consi defoad4} 0 s @ubated ehd %ﬁ@iﬂg@ﬁéﬁﬂdiﬂ@d&h@ﬁﬂﬁ@%&@eﬁm e 2A. If

the feed F 1s greater than the 0% overlap val ue ere Wwll be a space
bet weenatraged i asenes ¢fcotyns aloagwratini"B" defining Hiesgmeniacantaghndsy andover | ap

value OV _and ks itlLlustrated.in Figure 2B, Finall en the feed F is
equal t% qﬁ?%%%ﬁ?%ﬁ¥%ﬁfn§ﬂg‘ggﬁ%%%?i? h4ﬁ?éq§§%g%ﬁ?ﬁﬁﬁ§%ﬁﬁFﬁPs ed one on
top of @RohefiRaro 8R0stdRCVeRIdRtHRES bl 5@kt OwhRha$ tHOAYREhdrRBerv al ue OV.
This is shown in Figure 2C. [0017]Initial parameters for a burnishing

pr oc es sadigcehbleigp wh theRienteriine pathdt. | Mhrigemnpiths map bajusérd w sorompartialer i al
conpositian and %hickness i s.selected. Test sggaents 14 aégthéﬂished on
Uhe. sarfPBCaiPh, Fo ConyERiEncs L S BFiErmTug o AP wamen i B dt hs. of
these sogn@MSst éémhﬁn%&ﬁ_!o%ﬁﬂé&%oﬁ{éecoﬁﬂﬁﬁﬁu%ﬂ JreRER skRhets 8 stdl@s sel ect ed

bur ni shi ng pressure. I's Tootprint value defines The 0% overlap val ue OV

as descri bed above.
[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%

-3



[ 0018] Next, using various defined overlap val ues, patches are burnished in
. sel ected areas of the surface 12 on the sanple 13 of the workpiece WP at
di fferent overl aps between 0% and 100% overl ap val ue OV, and are neasured
for hardness. The hardness neasurenents are then anal yzed to determ ne the
desired overlap value OV. The various defined overlap val ues OV used maybe
det er m el Pithe @V, ltiere fuill RXASMICE bBiwdeai th agjiesnt ifoetpAARIWS Tifis ver | ap,

or by using design of experiments (DOE) or other statistical nmethods.

Gener al Icgnsifgrehepegativeioneslap valne Oy andrp Bhiseaigd inFigue2Be Finally; wird thesi st ance

and are desi.red. e-the. ess neasyrenents. are ng he .over | ap

val ue. Oy i fRIRR ol e SRR TSR Ry SurRRg b B B 2

har dnes gxch §théh it he dredPnsid¥red kd BeatOMBRs aPerkpl WiV Thi 8ER&Hn fibsequent
wor kpi eces WP. [0019] EXAMPLE [0020] The paraneter setting process

descri b&Rwbadle was applied to flat plates of Ti- 6-4 alloy to find the
initial process paraneters for fatigue testing of gas turbine engine

| .« The fol|owi | e ob
il g AR TS S N T R R g S L
Har dnes §3 hafid kifowal maRaul co2@dsitdon Lad thiok@isk aiksckrtdde ToM depinghts Querd ap

range) were generally lower than at |ower overlap settings. H gh overlap

set t i ngbumlished pr tihsemplyr ISanféhe wetkprava (WD andmeasieersentpingde af3he Wiiths suggest s
that at hi.gh over| ttings the material sanple 13 asti.cally

def or m PhUiEsderseBbLf B dediine B TReRh FeptioRes fe SRt vhatuits 2
about SQMQNET TRR fYRbHAL Yathe RinkOWRIDA, LOWIHAbAO VI AESIbgABsw]. | y decline
as the overlap setting is reduced. By anal yzing the burnishing footprints
W and hardness results, the initial pressure and increnental feed F were

sel ect etPF8} s UNedpusingt vapgnsidefined gvelaromipasepatdies preduwesisheflan selegiedf t he
bur ni shed bl ades sho that fatjg ress . resi nce,.of the bl ades was
or ove 8By PhOB T a60Te OF e SaBpIco] et HESR AEeee WE H e R o,

[ 0021] ThétsveBh 0%:Ea 198556VRaH vaiie (Y, iatd GH fikkasiidh foPBXARES! ViR hakdnedd | OWs the
use of inexpensive material sanples instead of expensive finished

pr oduct measuremergpangsles anayzpblosicteeminathe déstied veedap alwrQY hThessionenent s

and har SS neasur ene to narrow do arameter selection before any
a1 GuelBERoNG LV RRREY Hrd PO LR e OH S PR VSR ret hod
for set {iRgh @l 851 &Iap, bP by hishiy Bisith HOeicPirfts (IE) Br SBRF sfatiStical b

enbodi ments of the preéSent”invénti on have been described, 1t will be
appar enmethods. hGemeralky, higher iandddse vants ¢dneespossl to @uenteniatigue casistoms atder et o

can be nmade w thout departi fromthe spirit and scope of the invention.
Accor di #§l %Slr e F%é@? #@Ifﬁ%scmeﬁ%%wea VRempfef Ber SFiaRy of the

i nventi . {Gd : t AMaRLd | ded for
t he pur%gg%%&&li?ﬁt}gté ?ggtﬁéggla%ﬁ{e?/ aa%% ﬁ?g% IB?aoﬁrlggt?eﬁgﬂpur pégjs)ireg ﬂg‘%nqﬁg&m%\f/%t i on,
t he i nventkignoveliapyatlefVied phycetssabsdquentworkpieces WP.

[0019] EXAMPLE

[0020]  Theparameter setiing process described above was applied to 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
-4 -



VWHAT IS CLAIMED IS: 1. A nethod of determ ning parameters for a burnishing
- operation, conprising: (a) using a rolling burnishing elenent to
burni sh at l'east two segnents on a selected surface area of a nmateri al
sanpl e, the segnments having a conmon wi dth and overl appi ng each other by a
presel ected overl ap val ue; (b) measuring a resulting hardness of
the sel egtReves (lohasverRbaang) deR@aliPiBEliR asSBERNE lafking is reduceliCBy

sel ecting a working overlap value Tor a subsequent” burni shing ope?atl on on
a wor kpi @ebzingthedbusnishing foetpsiotseW sk bimdneny thsulgndssiniti2l pfdseurcembod of

laim 1 wherein,t i dth,. | t er mi ned. by: bur ni shij t est
S oamant RASEERRL RS FORER ket o SubSRET Binishhe, 1 pmtean M4 Bhg w dit h
of the SPGHBALS the burnishedt bIANE sﬁ&wéa)dla%)%anghg%ms% résﬁkft&dzs roifﬁ{%rﬂiéde% g

repeating steps (a) and (b) using a rang overlap values, to0 generate a
pl ur al i tippedveddryhbess2(t8a siiiteomgingl. valiue dFiiee testtdoaditiohs.cl ai m 3 wherein the
range of overlap values is from50%to 90% 5. The nethod of claim

R G TR R LR T
met hod  Ghexgdenkive SndeidinN@inRQMRIsteal N &?ehﬁbélt.'.zgu n;;frgcri%.tﬁ‘%ﬁeﬁ&w ed

hardness to a neasured fatigue resistance of sanpl e.
mexpensive and quick tests (length measurements and hardness measurements) to narrow

down parameter selection before any fatigue testing is performed,

[0022] The foregoing has described a method for setting parameters for a burnishing
process. While specific embodiments of the present invention have been described, it
will be apparent to those skilled in the art that various modifications thereto can be made
without departing from the spirit and scope of the invention. Accordingly, the foregoing
description of the preferred embodiment of the invention and the best mode for practicing
the invention are provided for the purpose of illustration only and not for the purpose of
limitation, the invention being defined by the claims.



Zbe:gfigﬁthOd of cLa!n11 further conprising performng a burnishing

on a workpi ece using the selected working ov

FOR DETERM NI NG | NI TI AL BURNI SHI NG PARAMETERS ABST%ACTeELagHEaEFECLCgEEECD
A method of determ ning paranmeters for a burnishing operation includes:
using a rolling burnishing elenent to burnish at | east two segnents on a
sel ected surface of a material sanple, the segnents having a common width
(W and overlapping each other by a presel ected overlap value (0V);

measur j Itlng hardness of the surface; and selecting a mbrking

over | or a subsequent burnishing operation on [
a wor kpi ec
(WP), based on the neasured hardness. Figure 1 P P ©

1. A method of determining parameters for a burnishing operation, comprising:

{(a) using a rolling burnishing element to bumish at least fwo segments on a seiected
surface area of a material sample, the segments having a common width and overiapping each
other by a preselected overlap value;

(b) measuring a resutfing hardness of the selected surface area of the material sample;
and

(c) selecting a working overiap value for a subsequent bumnishing operation on a
workpiece, based on the measured resulting 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,



