METHOD FOR DETERMINING INITIAL BURNISHING PARAMETERS
BACKGROUND OF THE INVENTION [0001] This invention relates
generally to methods for creating fatigue-resistant and damage-tolerant
components more specifically to a method of setting process parameters
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composite components, such as gas turbine engine tan pressor
blades, are susceptible to cracking from fatigue and damage (e.g. from

foreign object impacts). This damage reduces the life of the part, requiring
Br‘%%%]&(?ﬁécgﬁgﬁ The FHY jective of burnishing is to impart

residual stress onto a surface to obtain material benefits, like fatigue and
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these ?qtgefigs the aerospace indusﬁtlry IS most iggferested in increasing
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faeratkmpidfagatianadainducing residual compressive stresses therein.
Methods of imparting these stresses include shot peening, laser shock

ing (LSP), pin eening,. and Jow plasticity burnishing (LPB). These .
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ropagation. [0003] A.typical burnishing apparatus includes rolling o
B AR ) B e (e iy reauiring
repgRinsteplek-picGthahBRiriegBwINishingi RES SR I ReEANIGlQlonto

. hﬁ%rostati means, and traversed across the part surface in a series of
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. pressure and the degree of overlap of burnishing strokes. With the hig

nggepedriigraaedit chedifsinarsearsisivires thisdenpaitnaneiedanmprovents
frEPERSVE SINEREHY ARA LARGR SEDHRISHING SRIESSHULES AN S 9888945 of
_ overlap. OOOAﬁ In the prior art, initial pressure and overlap selection i

HW%@S@ gieyses 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.

10003] A typical burnishing apparatus includes rolling burnishing elements such as
cylinders or spheres which are loaded against a workpiece at a selected burnishing
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 a function of a
number of parameters, of which the most influential are the burnishing pressure and the
degrée 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.

13004} 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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arbitrarily or through trial and error. A trial and error approach is not only
expensive but time consuming. -1 [0005] Furthermore, using parameters
derived for a particular application may not have the same results for
another application. For example, burnishing two thin plates of the same

rial under the same conditions byt with different cross-sectional
O eed W FE e AT BT S b B8 B BREagion may not

hikickreamapsiibatieiaietdt apahaviedifferertinindatiguriasting thieplates of
critical thickmiss %;ﬂae thickness for a given material at which the degree
|
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wilhizmeteisiarerheldeonsiafto1eHap B i BF-SHMMARY A dddEherefore will
INVENTIONéOQO? The above-mentioned shortcomings in the prior art
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burnishing operation, including: using a rolling burnishing element to
ohGrARIIBEIEE S FR6IS6gRNMS on a selected surface of a material sample,
the segments having a common width and overlapping each other by a

[OpGEselecreRiBYeT @RI valIeY TOgaBLIINENPENGSWiiing hardness of the

surface; and selecting a working overlap value for a subsequent
ishing pperation on a workpiece, based on the measured hardness.
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conj nglt'on with, the accompanying drawing figures in which: [0009 ]
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showmg a zero overlap condition; )
sample, the segments having a common width and overlapping each other by a
preselected overlap value; measuring the resulting hardness of the surface; and selectinga
working overlap value for a subsequent burnishing operation on a workpiece, based on

the measured hardness.
BRIEF DESCRIPTION OF THE DRAWINGS

[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 I is a top, schematic view of an application pattern of a burnishing

process;

[0010] Figure 2A is a schematic top view of aburnishing 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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[00111 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 -2 condition. DETAILED
DESCRIPTION OF THE INVENTION [0013] Referring to the drawings
cotMhiglgin identical reference numerals denote the same elements
throughout the various views, Figure 1 illustrates a generalized burnishing
l% attern 10 overlaid on a surface 12 of a sample 13 of a workpiece "WP" to

iielake B ERNER LG @Rk dHpidY ¥EAdHp ces WP that are treated in

this manner include compressor blades and stator vanes, fan blades,
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and the like. Such workpieces WP may be made from metal alloys,
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known type including a rolling burnishing element 11 which is
Nopygrodttiexninplemet Haenkniipes aBiat thtjansst tisetedirfacdisomgnger include
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ustrated, the burnishing pattern 10 includes a p ur ity of segments 1
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separate ance so re toasa"s
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segments or strokes. [0015] The width "W" of the segments 14 (also

[OO%%frred Ol %@{;‘?‘9 tﬁl r‘) 1s%hneg rnolf erlal anq %hlcwggsrﬁecgts 14

workplece as well as t ed urnls Ing [S)reSSU
mai!g@dn&@rmmwoﬁlﬁrpemmaloﬁﬂmMMIﬁﬂldgFﬁimgem lepuemd centerlines, and

connected by lateral segments 16. The segments 14 are separated by a feed distance "F"
(also referred to as a "step-over 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 are bumished 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 illustrated in Figure 2A. If the feed F is greater than the 0%
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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 are burnished

side-byrside.usjng a fe %nFe ual tq the foatprint W, they will.not egle\}f‘.
o G e £ S e R o s e O
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rlap value, OV, there will be a space between the adjacent foptprints
oo e L e e DB SHh s A LB gH opof
eachigther 2B gl hte whesdihred feast ktis @y alverthe feopot. WiHREs shown in
Fi se§m§nts 14 are essentially burnished one on top of each other, and they
124 % hsidered to be at 100% overlap value OV. This is shown in Figure

2C. [0017] Initial parameters for a burnishing process as follows. First a
[0 Aterialisam pleratidtent o Komwishiat pradssmplosition. dficthiclaassd ample
13 se{g(ct?é% JTest segments 14 ﬁre bucr{r:%sf?d on.the samcplef13 of the
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burhskedisiehniampie 1BuNibb JeotpitdcWatihe selsclesth BuENSRIBGf the widths
of tglrgessure. This footprint value defines the 0% overlap value OV as

RABEIMDIE. oI BTNR N SRR B QEPa nd b i 15§ Gdddrmishing
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13 of the workpiece WP at different overlaps between 0% and 100%
rlap,value OV, and are measured for hardness, The hardness_ .
00 s S B YRR S8 e e AHEgE SFe PRSP D tflected
are£3\6f The wafiaes] 2efingd exapap MabIEhHOW ckpktaawie dateraingbverlaps
arbitrarily, for example by using even jncrements of overlap, or by usin

betyygeiaF RSO SN B OB S Pothabutisteal s iRt A it iR hardness
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desired. Once the hardness measurements are made, the overlap value
defiger QuTrREpGHRRR G Y0 1RS BusiRsARSraRBLS Arhitialy gose Fhely using even
incRAENRSS) 1 EBP, USCHyASshg design of experiments (DOE) or other statistical

methods. Generally, higher hardness values correspond to greater fatigue resistance and
are desired. Once the hardness measurements are made, the overlap value OV
corresponding to the desired hardness value (e.g. the highest hardness) is then used as a

working overlap value OV to process subsequent workpieces WP.
[0019] EXAMPLE

[0020] The parameter setting 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 plastically deform in a
macroscopic scale. On the other hand, hardness results at about 50% overlap value OV
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working overlap value OV to process subsequent workpieces WP. [0019]

EXAMPLE [0020] The parameter setting process described above was

applied to flat plates ofTi- 6-4 alloy to find the initial process parameters

for fatigue testing of gas turbine engine compressor blades. The following
or e@elr,i 5esults yere observed f r:gitaé}r#um samples iLB with a footprint W

O 56U 0 178 PRAPES) 45 RRTAY Y i RRE 2 s, R alaRisiies o Touestsh By
anelyeitap talberivhihighooyeitap vange) eda genesally, levemifian plewer and
. overIaE) settings. High averlap settings also produce greater deformation
n3HHE %5&6?51[23% T HIE!S gé%r@e&?a?(ambﬁw%s%&mg%wr blades.
Teammiggisabiplashadrayplasicaly Hefeyinannacesseanis scale vRadh & as
. other hg?dbhardness results at about 50% overlap value OV -4 or lower

IR SR AP LYY yehits ane ivilustiteedeat randiieny is reduced. By
analyzing the burnishing footprints W and hardness results, the initial

[O@Ebsurd ARcrinessrieniabieaddvyvergusatesiad o subsrquentdua mishing of
._of com‘;/)ressor blades. Testing of the burnished blades showed that
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is quick and inexpensive. It allows the use of inexpensive material
downRpTau et selgBoabsinG vaYiftinug sroasdarHEBedses inexpensive
and quick tests (length measurements and hardness measurements) to
[0022Yow Thwvideacamptierdeleitian beforeldoy datituinstineis ML oimMething
0022] qforeg_oéng has described a method for setting parameters fora_
pr ﬁ?ﬁis% CORTRHS SRPAEBSBEMR! SR BEEHFTE A Sitthe hresBrerrssTbRd it
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.various modifications thereto can be made without departing from the

withopk dengriistost the st AnS Aconsrihp iy cHiororbgenndingls shipfuasing
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practicing the invention are provided for the purpose of illustration only
theéﬁ&‘??&f’fb?%%%ﬁﬂf‘é‘s@rdh@ purpose of 1llustration only and not for the purpose of

limitation, the invention being defined by the claims.



limitation, the invention being defined by the claims. -5 WHAT IS
CLAIMED IS: 1. 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 of a material sample, the

Vi common width (W) and overlapping each other by a
WI%%%E%@%%%%%% 'value (OV); (b) measuring the resulting hardness of

the surface; and (c) selecting a working overlap value (OV) for a
subsequent burnishing operation on a workpiece (WP), based on the

meabureshbawsinesse2rmtenmpihogead €A buwhRgiy biR-commesmwigihg:
(W) js.determined by: (a) burnishing a test segment on the selected

surfhge: () AR OHAY S GBS iR P B thdeatigiiereaneanie on a
seleorihedrficelain hividher sampsisingsepeatishsiens {abaRodOWIHRNGW) and

range of overlap values (OV), to generate a pluralitﬁ of hardness
%

overlaniteFEh I Bna RrfesHedgrersAnv ke difVthe range of overlap
valugsy (R¥asi8 eI ARQUIHRO YA BROME B0 %urBackhgnethod of claim 3

further comprising selecting the working overlap value (OV)

corrb8ptilertigas nekingresrbmel i for nurrrausnituunishingameation
on TRRMEBC Gplalm & ther campusing:-guglating each of the

measured hardness to a measured fatigue resistance of the material
sample. 7. The method of claim | further comprising performing a

b“”!i?"?*ﬂ&rﬁ&%%“?ﬁc@fﬁlalWé&@i%‘%ﬁé‘é‘éﬁ?&fé%”&it&% SRS R AR by
overlap value (OV). -6
(a} burnishing a test segment on the selected surface; and

(b) measuring a resulting width (W) of the segment.

3. The method of claim 1 further comprising repeating steps (a) and (b) using a

range of overlap values (OV), to generate a plurality of hardness measurements.

4. The method of claim 3 wherein the range of overlap values (OV) is from about

50% to about 90%.

3. The method of claim 3 further comprising selecting the working overlap value

(OV) 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.

7. The method of claim 1 further comprising performing a burnishing operation

on a workpiece (WP) using the selected working overlap value (OV).



