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THE | NVENTI'ON The present invention relates to the marking of i zﬂﬂm.
parts. In particular, the invention relates to pernmanent nmarking of parts
used in hostile environments and where physical alteration of the part to
create the mark can be detrimental. In many industries, it is necessary to
i dentify and tPMMMMOD@mmLEWMGETRJHE% or device.
For exanple, in the nanufacture of aircraft engines or gas turbines, the

i ndi vidual airfoils conprising the turbine nust be tracked during the life
of the eng] bi r Lhg allows a manufacturer to track parts
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reliability nodeling, future design inprovenents, and contract conpl i ance.
The markings on a piifet preséit ROeRMBLTARLY t@ftfh@%%r%y othﬁd ﬁ

envi ronment s thin the turbine hot gas path and y the an ng/repalr
oper at i oﬁé‘“@ﬁgﬂ&unt‘%rléﬂerﬂ@ﬂl ﬁ@a@ert%mccnmnhtmm&n@ ofp parat nrsnd; inl destiley,
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envi r onneatrgnaidali ng use and servi ci ng, and nost inportantly, have no

I npact on the function and |ifespan of the part. Certain parts
additionally require that.their mechanical design not be conprom sed by

the creation of markiMYy HgYsHichel §§1F‘F‘a‘€§§3%ft°tlﬁe‘“¥fyrﬁ“§h@@k Par individual
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system (welght distribution and bal ance can can '€
the part eilslge‘i fr gag B}ﬁlwees, themcbwdmj a:efmlsacomassmgu thenhirbiat imust Hetteacked

tre c be of t readabl e, and
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a super mar E rcoq?
mo ehng, ture design improvements, and contract compliance. The markings on a part

can be adversely affected by the severe environments within the turbine hot gas path and

by the cleaning/repair operations encountered during periodic maintenance operations.

Ideally, such markings are permanent, able to withstand usage (e.g.,
surface abrasion), able to withstand thermal cycling, able to withstand harsh
environments during use and servicing, and, most importantly, have no impact on the
function and lifespan of the part. Certain parts additionally require that their mechanical
design not be compromised by the creation of markings upon the surface of the finished
part. The removal/displacement of a part’s material can affect the function of a system
(weight distribution and balance can be affected) or can endanger the part itself (stamped

lettering can act as an initiation site for stress cracking).

Part marks can be of two types: human readable and non-human readable.
An example of the first is a string of letters and numbers written in a particular size and

font. An example of the latter is a supermarket barcode.



-1 14 May 2004 A nunber of part identification approaches have been tried
with varying degrees of success in durability and readability. Inks and
‘pai nts have been used to identify parts with bar-coding or sinple
character information. Such markings may be referred to as twoi4 #ay@dédonal
(2D) in that they substantially only affect two dinensions of the surface
of the part. These nethods are insufficiently permnent under the thermal
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upon pai nt ed 8r ot her 2D marking being applied to the part surface.
For the forgoing reasons, there is a need for an apparatus and simple system of part
marking that is easily readable in the field yet requires no modifications to the surface of the
part such as cutting, etching, abrading, laser or other form of removal of material.

BRIEF SUMMARY OF INVENTION

The invention disclosed herein relates to a system of modifying the physical
properties of the materials comprising the surface of the part or a subsurface zone
extending some depth into the material at specific localized sites using physical means that
do not effect the strength related or 3D characteristics of the part material and do not rely
upon painted or other 2D marking being applied to the part surface.

According to an aspect of this invention, a method of identification marking is
provided, said method comprising: altering the surface properties of selected areas of a
material and placing said alterations in a coherent pattern on a data track; and altering the
surface properties of selected areas of a material on a reference track, said reference track
providing a calibration to aid in detection of said coherent pattern of said data track.

According to another aspect of this invention, a method of reading an identification
marking is provided, said method comprising: detecting coherent patterns of surface
alterations of a material, including a data track and a reference track; and interpreting said

detected patterns.
o



Accot di ng to an aspect of this invention, a nethod of identification
marking is provided, said nethod conprising: altering the surface

properties of selected areas of a material and placing sai dﬂ#f@ﬁ?’t?g@g in
a coherent pattern on a data track; and altering the surface proper of

selected areas of a material on a reference track, said reference track

provi di n(BRIBFDESCRIPON OFAHE | i on of said coherent pattern of
said data track. According to another aspect of this invention, a method of

reading an identifi'cation marking is provided, said nmethod conprising:
det ecting coher ent ‘pdicter wadesptanding safetheafeatirest and sidedntagesndfethieapresent

i ncl udi ngp@&ndaL a d eference track; and jnterpreting said

det ect ed I[1)atn ter n\svm aigéégﬁlg Ibgt,&%r i’gggrﬁto f—'?l g%%DE%ﬁ?IJﬂ &€ Céﬁ?'ﬁl? AHRES A
bet t er unidgsarptiandippendetl cldimsf arltthe eccontpdnpidy ARivAaeSwREret he present
invention will becone better understood with regard to the foll ow ng

detail ed description, appended. clains, and the acconpanying draw ngs
where: FIG 1. shomﬁg boi THO8YS aaPICFOélﬁk EPLFeatation ofe syrigeq ﬂ’@éé?cﬁﬁ@l adding i on

adding idtesificAtichahhiRhg B akdabOrddh, gofata track; and FIG 2. shows a
pictorial representation of a surface nodification adding identification

mar ki ng with enhanced readability. DETAILED DESCRI PTI ON OF THE | NVENTION | n
the present invent F&d % snvabt picierial repaesentagion of achifeseenhoifichtbapiddisgir f ace

mat eri al jyg héétfbﬁtﬂlﬂgglg%‘éiﬁtfEﬁlﬁﬁc&@cgffatbﬂﬂy.surface area properties of the

part and placing t ératrons 1 n a’coherent pattern acconplishes a
nmet hod of identification marking on a part. Subsequently, the coherent
patt er n PETNLED BESERIPTION OFHEHEANVENTION n interpreted to retrieve the
original identification marking. Unlike |abeling, ink marking, stanping or

etching, many surf%: ?heorprensgr?tr invention a durable part marking is achieved by local
surface material modification. Altering selected surface area properties of the part and
placing these alterations in a coherent pattern accomplishes a method of identification
marking on a part. Subsequently, the coherent pattern is detected and the coherent

pattern interpreted to retrieve the original identification marking.

Unlike labeling, ink marking, stamping or etching, many surface or near-
surface modifications are not necessarily visible to the human eye. Hence, the inveﬁtion
includes: 1) a method for surface modification, 2) a method for assuring enhanced
readability and accuracy of the reading of the encoded data, and 3) a method for locating

the surface alteration. Examples of the procedures for local surface modification include:

1. Shock hardening of the surface
2, Ion implantation

a. Surface magnetism

b. Electrical surface resistivity

3. Optical surface properties

Shock Hardening: This method, also known as “laser shock pecning,”
alters the surface compressive residual-stresses without changing the surface geometry to
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{ ! i fications are not necessarily visible to the human eye. ,
tsﬁtraf‘?ﬁ\?égggnl includes: 1) a nmethod for surface nodification, 2) a method
for assuri ng enhanced readability and accuracy of the rea’ﬂ#nMAg/ 2084
encoded data, and 3) a nethod for locating the surface alterati n Shock
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target area

permits highly accurate implantation of a controlled number of ions into a target area

with a high degree of aiming accuracy.

The implantation of iron ions changes the magnetic characteristics of the
surface. This difference in iron ions is detectable by a magnetometer. A smail
superconducting loop of one or several Josephson junctions is known as a

superconducting quantum interference device (SQUID) magnetometer capable of

detecting slight variations in surface magnetism.

Surface Resistivity: The implantation of doping ions changes the
resistance characteristics of the surface. The surface resistance is defined as the electrical
resistance across the surface of an object measured between the opposite sides of a
square on the surface, and is expressed in ohms per square area. In a publication entitled
“Standard Test Methods for DC Resistance or Conductance of Insulating Materials,”

D257, pp 1-16, published by the American Society of Testing and Materials numerous
test methods are proposed.

The resistivity difference caused by the dopant is also detectable by an

eddy current measurement. In this instance a small multi-turn coil, typically 1/8 inch

(2.88 mm) to 1/16 inch (1.44 mm) in diameter, is positioned a short distance above and
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V\_i‘th‘ a high degree of aimng accuracy. The inplantation of iron ions

changes the magnetic characteristics of the surface. Thi i e?@[? I n
iron ions is detectable by a magnetoneter. A snmall superi‘o&deg !(f)op of

one or several Josephson junctions is known as a superconducting quantum
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t hr oL .
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There will be a ph | hetween.appli,ed AC.signa] and_ the eddy AC signal
sensed back at theﬁglr%rzé‘?%%{’i' elﬁu.rfaﬁqg% Bﬁd@@%"ﬁf‘%@f%%@awqq to\pdaog dog@pendi ng

on how t merGiscoddiocaliarithe/meferiah R MRAtAEE BuhSoit bRGE sHithlel JAQmphat s
reflection of coherent light from an incoherent source indicates a polarized surface. In

this manner the surface can be “mapped” to recover the marking implanted.

Other methods or treatments are possible. One such example is
thermochemical diffusion treatments wherein elements including boron, nitrogen, or
carbon are diffused at elevated temperatures into the interstitial regions of ferric
materials. These modifications alter the material properties in a manner that, after

marking, it is possible to detect that the affected zone has been processed.

The techniques can be employed directly to “draw” or “print” a sequence
of alphanumeric characters or patterns on a surface in what shall be called the “data
track.” In order to enhance the accuracy and readability of the data encoded in the
surface modification it is preferable to transform the string of alphanumeric characters
comprising the part identification string into a sequence of digits drawn from a selected
basis. A simple example is the 8-bit binary ASCII code digits. Binary representations
are preferable since they have the highest signal-to-noise ratio when compared to other

formulations. Although, base 3 and higher encoding is possible.



e)&pe(:t ed froman ideal conductor. Scanning an area in this manner results
i.n a "map" of the surface resistivity. The areas purposelt/éaweg&ﬁz

dopi ng stand out clearly against the background of untreatéd f ar ea.
Pol ari zation: The surface of the material may be polarized to place down

- markings and not alter the material. Reflecting a light off of the surface

and detecting the Tkl gztd Bix e ) an_j ncoher ent source
i ndicates a goI ari zed ’surface.aallc ﬁé\q%'?ﬁcs&ﬁ%%elriﬁet %}gpa?arz e dreauen @amﬂﬁpped
to rec ovémgbﬁée RO gwherg|“Xit repres@ith e smati shrfakse (0F nedresatfes)tfatchl tBatiRss| bl e.

One such ; 3. . L her hem cal i ffusion treatnents wherein el enments
SR S B

I ncl udi ng boron, 9%Se diffused at el evat ed tenperatures
into the interstitial regions of ferric materials. These nodifications

alter the material Apmpaial ioéShe:'c iﬂleﬁtii{jmlﬁiﬂﬁfmdﬁlaﬁﬁgbof%fﬂa?f 1O2TR' d@xglll%ghm'vﬁ
ossible.t etect that the affected zone has been processed.
!to echni qué%?ggn éc@ﬁﬁaﬁr%}‘eg} s meade up el plyradify obpossibly reated date duek areas of

al phanueos eehai A6, CE&CHOSE RERbSINS kel BHEAR S 188 heolBR e R ©F

the "data tr I'n order t0 enhance the accurac °bf the

data encégatediby one of dhe fetiodsoali ftratédon Tivto o npsrefdT @bl irfage reamgder M t he
part jdentification

String | MBI B TR sk iy SEPEE LB b3 ample; dbadteck pem 196 inskowp! e
exanpl e treated By Inbintethidehie AnSlttack 988 1B B‘iéate@i)g%ﬁb{théleﬁ%ﬂ%ﬁ\?\#g%deggc?m aar e

preferabl e since they have the highest signal-to-nolse rati red

to ot her HIsHRgWHEN 3t bigaey. emqodingu gi$mallsdersalanet spagbaadlérrfhnmgh]glzzssd;ﬁmé bl e.
- 4 [ ence '"00101" the surface zon
(reat ment Daat ooty ren Bl afal P e AERNERS oAb ped el R R SRR ace
(or near lisafFke) a patve(2Dhat 3DR6n abfgror dubwal Refacd! St B Afany NG Ghove
nmet hods. _A pi cto&bal of the identification marking of a-part 102 1s
general | @pgﬁgj@ﬁe pattern (e.g., checkerboard patterns or radial arrangements),
The addition of a reference track to the data track provides an extended

technique for enhancing accuracy of read back of the surface treatment data since it may

be physically difficult to detect the presence or absence of surface treatment. For

example, two tracks of data can be imposed on the surface as follows wherein X

indicates a surface treated areas:

X X X X X (reference track)
0 0 X 0 X (datatrack)

A data frack 202 and a reference track 204 is shown on a part 200 in FIG.

2. The reference track 204 allows for locating the data track 204 and providing a
reference (treated) value for categorizing the sensed signal by comparison to the

- reference track. The reference track 204 allows for a convenient classification of the
 detected signal. In a binary system if a difference between the data track area and the
reference track area exists then a “1” was written. If the responses of the two areas are
similar then a “0” was written. For example, a data track area 206 is treated by one
surface treatment method. ‘A corresponding reference track area 208 is treated by

different method or is untreated. These two areas will give different responses to the
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in FIG .1. A data track 104 is made up of a plurality of possibly treated
data track areas 106 through 114. Each of the possibly tre gjed data track
areas 106 through 114 is either treated by one of the nethbds\MAY %[]Qli,
~untreated. Two or nore of the surface treatnent nethods may be use 0
- enhance readability. For exanple, data track area 106 is shown treated by

one net hodetedtidnemethdds érmploked tReefdRSs ‘B ivae Arfiin DX RVALAE! | noor der
to disti gﬁ}u chiha bi nary encoding. Small i ntervgl S oré)[tggl t%rsag%t}g%tkharr%%gh
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flat or curved gu(r)face ol? ?Zérarrsg‘{rr]gle%r oiVlndegtﬁf/ 580 ef%@eons%g%f’%%%go@@%%ﬂq ern
(e.g., chuerley&sbaflerefate, er'ddwas wridhal arrangenments), The addition of a
reference track to the data track provides an extended technique for

enhanci ng accuracy ©f read.hack of the surface treatnent data since it nmay
be physically di ffilgﬁﬁf“g?%d%é?ré&‘f ‘St‘ﬁsg’p‘?’% 8&%&9 FhangsJesrtackiacgureenexdst

treat mentto &eate exdrdPbRuefiodd® heRGKS ‘@élfléﬁafcﬁin??'gat eati nposed %Q%Q@ge%sggef ace

as follows wherein "X' indicates a surface tr areas:
(r ef er encBANEER) 0 eyispatxeaghigit bacation and by Aeeping trackok “POB “itlaml *02fer ence

track 204«p . | 2. e referenc rack 204 al |l ows
for |ocati n§mtﬁ ﬁgw%ba@g 0’?1 #Q%Ebi%%ggaﬂd bglrr %% i"%‘ieﬂg@‘e ﬁxé?lgﬁee‘ﬁ@ee“;é‘ﬁgﬁ%ﬁ”e‘ﬂ%deval ue
for cat egied o mpgnétes disk deidessindnapesh Mad Pt $@hniged Mveldpl ?Bﬁﬂggnﬁt%igac K.
The refer?n ws for a convenient classification of the

e track al |
det ect ed Ssolréﬁarp?gif‘ﬁo'égéeﬁ‘é? toadvantags.f a difference between the data track
area and the reference track area exists then a "I" was witten. |f the

responses of the t ol dSatie®f thib Mvedfiod [ of ih§ §o. o FOL.
exanpl e, a.data track area 206 is treated gd}a e Csur 'ée\(@%né%%cgf%??fm%et hod.

A cor r es S8 tRgliont ©r dbr possitie Hestimetion 08 aipsrtioneat thel nirkingi dviee tiffat ashé hod or
is untr e%ﬁﬁ@s ustd&sa sERee %ﬁl&thllaln \ghgrﬁ"g jjuls[ Ih%rb%Qé sert %? ?nofgggaiiotnodiéi?s? o;lg
can append an additional set of specially designed check digits. By careful design, the
new encoded bit string can suffer the progressive garbling or destruction of arbitrarily
many individual string digits while still allowing recovery of the information digits.
Typical Hamming codes and other error correcting codes have long been known. The
fundamentals of error detecting and correcting are described by RW Hamming in a
technical article titled "Error detecting and error correcting codes" appearing in the Bell
System Technical Journal, Volume 26, No. 2, 1950 at pages 147 - 160. This approach
can be used in base 2 and higher alphabets.

Since, the “implanted” markings will probably not be directly observable
to an operator without additional apparatus, the identification system also provides a
small handheld (or perhaps bench top) scanning box that fhe part is pressed against and
read. The detected string of encoded digits is decoded and displayed on a multi-character
optical display for the operator in human readable form and/or connected to a computer

tracking system to maintain a database on the part or to route it through the servicing
steps.



lﬂ MAY 2004 detection methods enployed therefore a "I" was witten.
Conversely, a data track area 210 and a corresponding reference area 212
are both treated by the sanme nethod (or both untreated) gol}thb‘_'wt@@m\ ar eas
wi |l provide the same response to any detection nethod enployed.

- Therefore, a "0" was witten. If a single data track is used, nethods to
enhance read back X] to .create caded, sequences that are
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advant age. Anot he?ﬁf ea%?gﬁg@ﬁ%%ﬁémﬁ@[efﬁ?‘% on P"létg?fs G1Zg1o0, Prasessiatents i ng
and cor r &eanaededssensdytsoaralivgihefsorfatef thepait b Bealest pietib@ily ofmplaedt 1 On of

t he mar ki . t] s th rt.is yused and serviced. Rather than
writing }d&g't‘&fﬁé“%dégg"c_ et %SO‘?’R_E%% et BF cYrgPies and dhen eranniag peensedmat
addi t | onagresdipoal locdtidek Alated8 BB iANEE atlird bbonaaRY, car ef ul design, the
-new encoded bit string can suffer the progressive garbling or destruction

of arbitrarily na%_i ndi vi dual string digits while still allowi ng recovery
of the infornationYdiia greferrgd pmdpdinemtibag beonl ebown dndtdeserited] 9rious

correctimgd :hee The .fundanentals of error detecting
and correctii[Hr(?gt'%ztnrgggal ggg%%gﬁﬁb@ag%%?%? Rl ivﬂﬂgg{s?@@ﬁﬁﬁ‘?ﬁ:gpmaWis@l@ titled
"Error dedesopnof thadnvention. Aocordinigly)dr is 06166 indRRES iHABtHe BrépRl i&ﬁérltionSySt em
Techni caﬂasé%?rgal . \(/{Z)‘I)ume 2‘6, No. 6 2, 1950 at pages 147 - "160. I'S approach
can be u¥SFThIESEReObLRAY Al Listrationandimot §mitalipme, the "inpl ant ed” nar ki ngs
wi || probably not be directly observable to an operator w thout additional
apparatus, the identification systemal so provides a snall handheld (or
per haps bench top) scanning box that the part is pressed agai nst and read.
The detected string of encoded digits is decoded and di spl ayed on a

mul ti-character :



optical display for the operator in human readable form and/ or connected to
a conputer tracking systemto naintain a database on the part or to route
it through the servicing steps. -7 1 A MAY 2004 A nunber of nmethods exi st
to allow |l ocalization and detection of the patterned area '%Qgthﬁ ‘ﬁrt
surface. One procedure is a physical tenplate to apply the ¥ W %? ead.
This amounts to marking at agreed | ocations and then reading at those

| ocations. A predesigned holding fixture suffices. Another |ocalization
process &&AMIBs the encoded areas by scanning the surface of the part to
| ocalize a previously "inplanted" |[|ocation pattern (such as a boundi ng
box, for exanple) and then scanning proceeds at agreed upon |ocations
relative to tHAe | odanethad cbideptificatiornmbrkingdzomipeisingiVhi | e a preferred

enbodi nent ha Q_ﬁ.%gt rl var i  f.Lcations..and.
substituti ons_alrtna}y gﬁ@g‘écf;‘ﬁg?p%ﬁﬁe%ﬁf%%ge&eﬁégggﬁ r?g;% r‘%'%r% ﬁde&gg'f’&isg'd and
scope of alt¢rationsie@tdobarentpattaraiongl data frack; and o be under st ood that the

present inventj S 3 y. i i t

Pt ation. - 12me BBCoHPERR APt BlarhalySoe bl pitiacltn o R

conpr i si ngackakaidreiegenchdraciir providing apelitradéon tof aid ét deteetibraokesaid cbherentat eri al
and pl aci figrsabdiphligt@tkons in a coherent pattern on a data track; and
altering the surtace propéerties of selected areas of a material on a
reference track, said reference track providing a calibration to aid in
detection of said n S A -hod of
claim1l, Wnergi n sgﬁgﬁ%ﬁ%dr Sﬁﬁ%ﬁﬁ t\évﬁ%repﬁéﬂ%g?ﬁ%g%ﬁaﬁg&ﬁ)r{h%g%% %'{]el%on of
an er r or theeadsifion s ap etrer detecting code.

3. The method of claim 1 or 2, wherein said alteting comprises the step of
laser shock peening the surface of said material.

4. The method of claim 1 or 2, wherein said altering comprises the step of
ion implanting the surface of said material.

5. The method of claim 4, wherein said ion implanting comprises doping the
surface of said material.

6. The method of claim 4 or 5, wherein said ion implanting comprises adding
magnetic ions to the surface of said material.

7. The method of any one of the preceding claims, wherein said altering
comprises the step of changing the optical properties of the surface of said material.

8. The method of claim 7, wherein changing the optical properties comprises
polarizing the surface of said material

9. A method of reading an identification marking comprising:



3. The nmethod of claim1 or 2, wherein said altering conprises the step of
laser shock peening the surface of said material. 4. The nethod of claim1l
or 2, wherein said altering conprises the step of ion inplanting the
surface of said material. 5. The nethod of claim4, wherein ﬁﬁ#%% 65%

I mpl anting conprises doping the surface of said material. 6 hod of
claim4 or 5, wherein said ion inplanting conprises adding nmagnetic ions
to the surface of said material. 7. The nethod of any one of the preceding

cl ai s, wher eidgteshing caierent; Rﬂﬁfefr@dﬁﬁuﬁgé% alteratieniseqf amatarighdnaliginga dafat i cal

properti @@acRbnd BPeRknc8#8ci0fangai d material. 8. The method of claim7,
wherei n changing the optical properties conprises polarizing the surface

of said mat er iR{frreeting saiskdederted pattasdl-ng an i dentification narking
conprising: 9 14 May 2004 detecting coherent patterns of surface
alterations of a material, including a data track and a reference track;
and interpretilfg sdihg rathed pbeainf 1 avhereinisid ntrspieting semafises pIPWiding a

wher ei n %cﬁmeq{egam@ghd)gré:gﬁméh ane‘BUtﬂItng a machi ne-readabl e and/or a
human- r eadabl e out put . od of claim9 or 10, wherein said

detecting further corrprlses creatlng a tenplate to aid in locating said

coherent dataq112. ThBGnaMbAH cRimd &t %9whérgln0§%%ljjiﬁf&]ﬁ% e?%bﬁwgﬂ@ésed I ng

conprises: scanning said material surface for rent
pat t er ns CElBg AfiemRlatefpid intlocating aid srherentdalai d coherent patterns wit hin
sai d boundaries; and

12. The method of claim 9, 10 or 11, wherein said detecting comprises:
scanning said material surface for boundaries of coherent patterns of surface
alteration;

localizing said coherent patterns within said boundaries; and
scanning for said coherent data from said boundaries.

13. The method of any one of claims 9 to 12, wherein:

said surface alterations comprise laser shock peening of said surface; and

said detecting comprises measuring ulirasonic reflections from said coherent
pattern of surface alterations of material.

14. The method of any one of claims @ to 12, wherein:

said surface alterations comprise implantation of doping ions into said surface;
and

said detecting comprises a resistivity measurement of said coherent pattern of
surface alterations of material.

15. The method of claim 14, wherein said resistivity measurement comprises
an eddy current measurement.

16. The method of any one of ¢claims 9 to 12, wherein:

said surface alterations comprise implantation of ferric ions into said surface; and

10



scanning for said coherent data fromsaid boundaries. 13. The method of any
one of claime 9 to 12, wherein: said surface alterations conprise |aser
shock peening of said surface; and said detecting conprises neasuring
ultrasonic reflections fromsaid coherent pattern of surfac %@gl ons
of material. 14. The method of any one of clains 9 to 12,

surface alterations conprise inplantation of doping ions i nto sal d surface;
and said detecting conprises a resistivity neasurenent of said coherent
pattern of s@§aldstecling epmplizass wagmtoweieameasdrenEnbofmeichaaheodnt phtdérm 14,
wherein rement conprises an eddy current
rreasurem?ﬁ%aféc ¥ ég}r]r%%{fhﬁ%@ﬁ# any one of clains 9 to 12, wherein: said
surface alterations conprise inplantation of ferric ions into said surface;
and 10 14 My 42004 i oneter neasurenent of
sai d coherent pattﬁ%%t%ﬁﬁdg@eﬁ?@w ?gon? orm%paéeri al. 17. The net hod
of any one of SgidsiuNacalissations edneprisierpolasiaatiprsafstlcrirfabe;andt i ons conpri se
pol ari zati on S n i f d

i ght neasur e(rgrélrdlt a#trggmg&ﬁ l?:so ege% é&e&IQ@gﬁlﬁ%gu ac@%ﬁi %'eJrg %P'F

mat er i al Patt@n olswiadeciterstionglehmaterialat i on mar ki ng an i ndustrial part
conprising the nethod of any one of claims 1 to 8. 19. Apparatus for
identification marking conprising nmeans arranged to operate according to
t he met hod of 1§ny éneegiodc ohiidentification8markingl &n industrial part comprising the

method of any one of claims 1 to 8.

19. Apparatus for identification marking comprising means arranged to
operate according to the method of any one of claims 1 to 8 and 18.

20. Apparatus for reading identification marking comprising means arranged
to operate according to the method of any one of claims 9 to 17.

11



20, Apparatus for reading identification marking conprising nmeans arranged

1o operate according to the nethod of any one of clai m;A-F tw. éé PART
MARKI NG METHOD APPLI CABLE TO | NDUSTRI AL PARTS ABSTRACT éu e2 #t

marking i s achi evR4RBYWMARIAING MEBIODREPL i@A BITRG G h@ﬁtﬁs%%A %ﬁl\ﬁiged
surface area properties of the part are altered w thout su sg”a t
alteration of the physical configuration of the part. The alterations are
placed in a coherent pattern accondtBSEEMT a durabl e net hod of
identification marking on a part. Subsequently, the coherent pattern is
detected and the coherent pattern interpreted to retrieve the original
i dentification marking: dlchlblr:Ipartlm‘d.:rk%ugriggchiﬂs‘@dﬂi}lfﬂébﬂgudﬁéeﬂxﬁmeﬁ?l Rx%d%c%ﬁ?%ﬂg’
many surfacgelegedgwcb%ﬁgaf argevgod%thcatl ons are not necessarily VISi to
the human e%/he. “Hence, tne P'PRVERY Pidhe PR pLRmlsred yithouteubatant lab riteratidosfahc
modi fi cat i oPhyspl zonfigiratorf OF (AS PHft NThe AMRARGE apil.ity and accuracy
of the readacgg][%kl.%;. t he, encoded ?gt a, and 3) a %‘E‘ﬁ%gace?df) ¥88§?’F‘ilfgp"ltﬁ’éﬂ
surface al teratfon MEpEuraple method of identification marking on  part. Subsequently, the
f:ohet.”ent pattern is detected and the coherent pattern interpreted to retrieve the original
identification marking. Unlike labeling, ink marking, stamping or etching, many surface
f)r nea.r-surﬁflcc modifications are not necessarily visible to the human eye. Hence, the
nvention includes: 1) a method for surface modification, 2) a method for assuring

enhanced readability and accuracy of the read back of the encoded data, and 3) a method
for locating the surface alteration.

FIG. 1
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