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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
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I npact on the function and |ifespan of the part. Certain parts
additionally require that.their mechanical design not be conprom sed by
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mo ehng, ture esugn 1mprovements 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.



A nunber of part identification approaches have been tried with varying
degrees of success in durability and readability. Inks and paints have
‘been used to identify parts with bar-coding or sinple character

i nformati on. Such markings may be referred to as two- di nensi ohhMay20p4i n
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Accor di n§f n aspect of this invention, a nethod of identification
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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



providing a calibration to aid in detection of said coherent pattern of
sai ¢ data track. According to another aspect of this invention, a nethod of

feading an identification marking is provided, said nethod ?)QJTMA?’I EQEM
detecting coherent patterns of surface alterations of a material,
including a data track and a reference track; and interpreting said
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better understanding of the features anac’ advant ages of the present
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t he present invent IF@?{ £ urable. part nmarking is _achieved by |ocal surface
materi al nodificatiton. ' APTOSYS hpretatias eapEeseniahion of aguefacomegificatiens adding he

part  and idgptificatiig hARER idlalRELEARNSnd N @ coherent pattern acconplishes a
met hod of identification marking on a part. Subsequently, the coherent

pattern is detected and the coherent pattern interpreted to retrieve the

original identificdl¥oh A% ngictanial irtnsesentasion ofa surfecermollificgtiorsadidimg ng or

et chi ng, jABAYicatidn RS8R wi - qnodi fications are not necessarily

visible to t lg uman élgewmﬁgrnhlgg?équﬁg&aﬁlﬁhti on includes: 1) a nethod for

surface nodification, 2) a nethod for assuring enhanced readability and

accur acy DHTAIRED BEACREPTHON bF BHE ENSENIHION and 3) a nethod for |ocating

the surface alteration. Exanples of the procedures for |ocal surface

nodi fi cation incl u‘ijr?:thel' -Shotck hatr deni 511% lg)lf the surface 2, lon

i npl ant at i on present mvention a able 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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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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resi stance across the surface of an obj ect measured between the opposite
sides of a square on the surface, and is expressed in oh p q%{p

area. In a publication entitled "Standard Test Methods fgflfD@%im S ﬁnce
or Conductance of Insulating Materials,"” D257, pp 1-16, published by the
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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.



material.s. These nodifications alter the materi al properties I n a manner
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data track provides an extended technique for enhancing accuracy of read.

back of the surfacght a8dtiBE al@fdeideNERK th tH@lﬁatat}?acR@fﬁi’iﬁeé LY eflhlidful t to
detect the presence or absence of surface treat
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

-6-



exanpl e, two tracks of data can be inposed on the surface as follows
wherein "X' indicates a surface treated areas: X X X X X (a_L ference track)
0 0 X0 X (data track) A data track 202.and a reference tr ; MJQYlBU@ own
"on a part 200 in FIG 2. The reference track 204 allows for |locating the
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magneti c di sk drives and tapes. Many of the techni ques devel oped for
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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.



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 nmany individual string digits |Mﬂ‘f§t2@ﬂ],

al l owi ng recovery of the information digits. Typical Hanm ng codes and

- other error correcting codes have | ong been known. The fundanentals of

error detecting an cti.n re descri bed RW Hammng in a

technical arti gl e '?} t%ﬁ {en%gr' E?f%?tﬁﬁigst 2k g?ga]i‘?\"(‘ﬂblé?arlﬁﬁt‘%ﬁ‘?@a(ﬁegeﬁgom@@dbe

appear i ngafteredereBadn the past QFTIEE.C TR Blocdile !?sahphyﬁl:éi”i’éméfhﬁe P{g}?;ﬁglt 950 at
n I g

pages 147 dlggg Thtlgi approach can be used in baSe 2 a habet s.
Since, t REieRtadn: Es amouRisigsmagking pir agveesl ocationsenddiher cedding bisgioyab! e

to an opescations, WAt i Wi S, Al identif.ication system al so
provides a small ﬂgglr%lﬁg?{gh%{glr égenrﬂﬂgegglﬁgé%c hA{lJ’(}g?r lgﬁafﬁqll%pﬁ)(‘}?ssﬂfé?“ﬁt he
part is Precnsedrdagedsibytscanming theadrfadhef tHepae teldcalizeia eAbutPeRgshidrgi ts is
decoded ?d?:gti(ﬁri ﬁél)tlte?‘l\fzd gn a gulr}d.-cgara ter optical display for the
operator 1N hufan featapse® POHIHIRE 8P%r IOF SKrreplee and shen sconping eroceedsnieki ng
syst em t agreed wpcal locaiolateMaagRo ok oBAIAAES pRife Goérﬁiﬂggs't.through the
-servicing steps. -7 1 A MAY 2004 A nunbeP of nethods exist to allow

| ocal i zation and dgtection of the patterned area -on the part surface. One
procedure i s a phy¥tils a pesfpred embediapmnt yas theen shawhn agd hizactibedhivarigugount s

t o mar Ki pgddica@sH; I t eadi ng.at those |ocations, A
predesi gned hol disﬁagﬂfglugtgﬁl{é&%tsﬁ??%&gg haEFa? ithout fenarting fiemotie spirdet ect s

t he encodisldbcapeatthbynmeotioni Agedrimgbytiigeeboiinddi@oRttht e (;lré%@ 'ih%&m?m
previ Ouslha\éb";l-:"ﬁl anée " loc {]]igon pattern ésuch as a boundi ng box, tor
exanpl e) angd 1 Ref %‘&?W%O@ gleatinn apd nop mdtaiompon | ocations rel ative to

the localization pattern boundaries. Wile a preferred enbodi nent has been
shown and descri bed, various nodifications and substitutions may be nade
thereto without departing fromthe spirit and scope of the invention.

Accordingly, it is to be understood that the present invention has been
described by way of illustration and not limtation. -



14 May 2004 CLAIMS 1. A nethod of identification marking conprising:
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 ref ere@ 6 ack,
said reference track providing a calibration to aid in det ec 2% ai d
coherent pattern of said data track. 2. The nethod of claim1l, wherein

sai d coherent pattern further conprises the addition of an error detecting
code. 3. CHAMEet hod of claim1 or 2, wherein said altering conprises the
step of |aser shock peening the surface of said material. 4. The nethod of
claim1l or 2, wherein said altering conprises the step of ion inplanting

t he surface ofl. sai d\maﬂledbéidenﬁcaﬁmmﬁﬂﬁﬁmmrismbai m 4, wherein said ion

i npl ant i ng Cogrme% Pihe42p) ggpp%%me%ff nteqaéag%fmstf a'amﬁ%ghgt JIRf hod of

claim4 or 5, g conprises aq I'C I ons
to the saltgratensdh agwherentipaitaraon a?:lata'tnach'ran@od of any one of the preceding

lai Mo, | aher Chiferdl hellob MopdEP Lt SE8.LA%SLRr 8 GRANGHDY dhSons! | cal

properties of t e surface sai ma erra
wher ei n clrrolkgsaid I”Bhee@pttraﬁal prawvisiirer & icabibraiinrpioi aidsn dplektion ei said chieersntr f ace

of said n@attfeg ?14 a?%dgﬁa(r%% pod of reading an identification marking

conpri si ng ‘det ecting coherent patterns of surface
alterations of a rraterlal including a data track and a reference track;

and interprethng sghd ﬂ&ﬁ@&%ﬁaamﬁt §h&rRin said coherent pattern further comprises
the addition of an error 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:



10. The nethod of claim 11, wherein said interpreting conprises providing a
machi ne-readabl e and/ or a human-readabl e output. 11. The nethod of claim?9
or 10, wherein said detecting further conprises creating a tenplate to aid
in locating said coherent data. 12. The nethod of claim?9, J.Q“% %@04
wherein said detecting conprises: scanning said materi al sur f HeE4Y or
boundari es of coherent patterns of surface alteration; localizing said
coherent patterns within said boundaries; and scanning for said coherent
dat a from sai delrsting sphesent pedternsref suEfees alteratiensyofanmatsariat inglydingatdatal 2,

wher ei n: &gk dnd HiréRrcabBt: ahitons conprise | aser shock peening of said
surface; and said detecting conprises neasuring ultrasonic reflections from

sai d coher ent IntgRretingsaigkdeleptedipattems.er ati ons of material. 14. The nethod
of any one of clains 9 to 12, wherein: said surface alterations conprise
inmpl antation of doping ions into said surface; and said detecting conprises
a resistivity 1Reasdhereethodpf glaimy 1t omMegreint saishintespietiog comarisescprovtingraat i ons

of mat er indchinkTeadatle RI/BCShGhast&dbikbuiier ei n said resistivity

measur enent conprises an eddy current nmeasurenent. 16. The nethod of any
one of clainms 9 to 12, wherein: said surface alterations conprise

i npl antation qf, ferhbGnéABd of lafin b 16 Uvh&eR S%Q%ei&gﬂr@gﬁ‘gbrééﬁtgﬂl riséy d

detecting conprises a magnetoneter neasurenent sal attern of
surface &T938Pggitemplatst topid Brieeating said cpherertdatdad of any one of clains 9 to
12, wherein: said surface alterations conprise polarization of said

surface; 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



sai d detecting conprises a reflected |ight measurenent from sai d coherent
pattern of surface alterations of material. 18. A nmethod of identification
mar ki ng an industrial part conprising the nethod of any one of clains 1 to
8. 19. Apparatus for identification marking conprising nean%4ﬁ@ra§&§g to
operate according to the nethod of any one of clains | to 8 a A 89V20.
Apparatus for reading identification marking conprising neans arranged to
operate according to the nethod of any one of claims 9 to 17. 11 PART
MARKI NG METHOBidRieteatingcempisesNDUSTIR g elARESSUBBERMT Ball chineadrit patbemt

mar ki ng 5§s@ﬁﬂk%MSQmBHsBﬂ@&ki@“rface material nodification. Selected
surface area propertires o the'part are altered w thout substanti al
alteration of the physical configuration of the part. The alterations are

| aced in a cqhkere I shi e nmethod of
!Odenti ficati oﬁl?'mar Eﬁﬁ%&%&paﬁﬁgg%%wug% %?&f{eﬁ%ﬁ coherent pattern is
detect ed and ©hid stifhes aligralinnst eamprisetpolasizetianditsaidrsrface\aadt he ori gi nal
Cdentificati ) . I . . , . hi ng.
i denti ficati og,epkiph UI%EIE&I’?D %P‘%hé&?? Oﬁﬁﬂk Bl fnt ST cgﬁer%ﬁ ' ng

many surface or near- I ca S are not necessarily visible to
t he hunaRatsra of peifrne alterations plmaterialn i ncl udes: 1) a nethod for surface
nodi fication, 2) a nethod for assuring enhanced readability and accuracy
of the read back of the encoded data, and 3) a nethod for |ocating the
surface alterd8i onA Feathod of identification marking an 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.
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