.; KLe3e41L(t &6\ T& cooooa~ _ 1 1 ~ AP R 2002 PROCESS AND APPARATUS FOR

MONI TORI NG SURFACE LASER CLEANI NG This invention relates to a process and

~apparatus for rmwm\“m“\mmmmme cl eaning of a surface by laser irradiation. In
many manufact ur s such as for aircraft and autonobiles
conponent s have t o «bgooed eaned prior to, joining or coating. Cbnven%iongéh¥

this task is perfornmed by wet cleaning-using either water jets or Jof R

In both c L aui.d. resi el [ a

i sposed SROUEE gl b B BB aNe, St e ol ng

| i qui ds upon the environment and the costs associated with the disposal of
these chem cals, alternative cleaning techni ques are desirabl e which do not
i nvol ve the uSBiSndYeIPden BELRESSr &Hthedt &’&Pfeﬁéza?%uép@ﬁé'ﬁ‘lt(‘:‘él stoF
residues. It has been proposed to use a cleaning process which involves the
i rradi atmonibéranguthaecelégningerftd senbaeecbyt dasennisradiatiasnsol vents
or epoxy particles. However it is also advisable to nonitor the

ef f ecti venessipf maHghmbasgactueangnprpcessesesudiid 4 HoY WS Hate Heen
proposed for doing this by plasnma or ion en ssion analysis. One of the

ci sadvan, agsioBls s BoBBhLRATLNabRCRE! Beticu i pdiley am eIl tor

t he very area t aser Sse IS Cleaning and no a or med

on the area that is to be c|ean
coating. Conventlonaffy this task 1is performed by wet
cleaning using either water jets or solvents. 1In both cases

the 1liquid residue remaining after «cleaning has to be
disposed of. Due to the impact of the solvents or the
residue containing liquids upon the environment and the costs
associated with the disposal of these chemicals, alternative
cleaning techniques are desirable which do not involve the
use and disposal of environmentally hazardous chemicals or
residues.

It has been proposed to use a cleaning process which
involves the irradiation of a surface by laser to remove
contaminants such as solvents or epoxy particles. However it
is also advisable to monitor the effectiveness of such laser
cleaning processes and techniques have been proposed for
doing this by plasma or ion emission analysis. One of the
disadvantages of such monitoring techniques is that they can
only monitor the very area the laser pulse is cleaning and no

analysis can be performed on the area that is to be cleaned

M
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--2 1 QAP R 2002 or the area that has been cleaned. Additionally the

ahal ysis process is tinme consum ng and rel atively expensive to carry out.
There is thus a need for a generally inproved and sinplified process of
“nmonitoring the cleaning of a surface by laser irradiation which can be used
nmore effectively across the whole are®-of the surface to be clk&mRR 2002
According to one aspect of the present invention there is provided a

process r nj [ h I [N surf I r hrradiatiaon in
whi ch tﬁ%péﬁr a%%g 09§%£cﬁ%gng%ghbg}%éngpéané%%ﬁgg%wggﬁﬁg rﬁ%ﬁ"ﬁ daned i s
ilTumnated by ultra-violet irradiatiogon sufficient to excite into

f1 uor es RFRILEDNEEN TR CHSYRES uPPE c & AU Y erliYu P RS 1Rl e FOUIFATER | ol et
ircadiation. Preferably the intensity of fluorescence or the rate of decay
of fluormsttence is neasured to indicate the area and thickness of

contam nant on the surface. Conveniently the intensity or rate of decay

nmeasured i s UindiSed £LORNUG | Abl ekl VabY OPerfdddih PR anBiFsved i
cl eaning | aser. Advantageously the ultra-violet irradiation is provided by
an U|tregf“6¥f¥iéé”%&ocess of monitoring the cleaning of a surface by
laser i1rradiation which can be used more effectively across
the whole area of the surface to be cleaned.

According to one aspect of the present invention there
is provided a process for monitoring the cleaning of a
surface by laser irradiation in which the surface to be
cleaned, being cleaned, or having been cleaned is illuminated
by wultra-violet irradiation sufficient to excite into
fluorescence contaminants on the surface which fluoresce
under ultra-violet irradiation.

Preferably the intensity of fluorescence or the rate of
decay of fluorescence is measured to indicate the area and
thickness of contaminant on the surface.

Conveniently the intensity or rate of decay measured is
utilised controllably to vary operating parameters of the
cleaning laser.

Advantageously the ultra-violet irradiation is provided

by an ultra-violet lamp.



.-3 ~ ~ nPR Zooz Alternatively the ultra-violet irradiation is provided by
an ultra-violet laser. According to a further aspect of the present
i nvention there is provided apparatus for cleaning a surface by | aser
“irradiation, including a source of laser irradiation and nmeans for
irradiating the surface with ultra-vi-gl-et radiation before, dyrg ng%;cmzafter
cleaning, to nonitor the area and extent of contam nant on the surface.
Preferably t apparatus includes a sensor for detecting the intensity or
rate of deca;ﬁatr%prb?r YOty f FiGr St R 1848t e&rEﬁdt‘ﬁPQgrf’a%epﬁ?"tlﬁ@
ultra-violet irradiation. Conveniently the apparatus includes neans for
cont r ol Iablan warstary isde@tatliagempar anmet ers of the cleaning | aser in response
to.the detected intensity or rate of decay and area of fluorescence.

Advant ageouslpcddieiisgur€e af fuastled ragpesti of ithaliNprébeatViigh@htilogani ng
| aser which additionally provides the neans for irradiating the surface

ith th ' I Oy I At.L ORA: bl f
v adi atTeRg o Ron lera SRR C R & (PreEhihdl B s oty deten s

wher ei n
irradiation, including a source of 1laser irradiation and

means for irradiating the surface with ultra-violet radiation
before, during or after cleaning, to monitor the area and
extent of contaminant on the surface.

Preferably the apparatus includes a sensor for detecting
the intensity or rate of decay and area of fluorescence
excited on the surface by the ultra-violet irradiation.

Conveniently the apparatus includes means for
controllably varying operating parameters of the cleaning
laser in response to the detected intensity or rate of decay
and area of fluorescence.

Advantageously the source of 1laser irradiation is an
ultra-violet cleaning laser which additionally provides the
means for irradiating the surface with the ultra-violet
monitoring radiation.

Preferably the source of 1laser irradiation is a non
ultra-violet or an ultra-violet cleaning 1laser and wherein
the means for irradiating the surface with ultra-violet

monitoring radiation is an ultra-violet lamp.



the means for irradiating the surface with ultra-violet nonitoring
radiation is an ultra-violet |anp. -4 ~ 8 APR 2002 For a better

under standi ng of the present invention, and to show how the sane may be
“carried into effect, reference will now be made, by way of exanple, to the
acconpanying drawings, in which; ' Figure 1 is a perspective diggppnmic
vi ew of apparatus for cleaning and nonitoring a surface according to a
first enbodi ment of the present invention, Figure 2 is a diagrammtic view
from above ofFar ;arbeceepanndertsyandeagedf atber gregent tiheeagjanat ashdof
Figure 1, and Figure 3 is a perspective diagranmmatic view of an apparatus

for cl ean nghand HawNi 1Y | BEmbhenasUrbaceazegandiiikd Oc B£E6€0NG SR iJEnt of
the present invention. The apparatus and process according to the present

i nventi f.or nit or | th I j ng -of rface by, | aser jirradiation
basi cal %yq%lnvgggesgé)l h%%ehaﬁ’zg%%?e gﬁrfea’%eréptli,e’t O%Be tcrfega%é:é:,oml?&nﬁgngl eaned
or having been cleaned by ultra-violet irradiation sufficient to excite
into fl f&RedGfoe IbMENants on the surface 1 which fluoresce under
ultra-violet irradiation. Many nmaterials which formcontam nants on a
surface to b&Figuandd i3 &l panspecttioe edtagrammbatici viadi afecdppardatus
ultra-violet light. Exanples of this are epoxy type contam nants. The

i nt ensi tapr0f 14401 R CRANGE Mdnif®ridd €a0fsitefVe OhcbbYRIR§CHW Cal First 9 APR
2002 neasured such as by neans of an optical recording systemsuch as a

cont am RaRChet < AP R aER 1 h 8 OF Figure © the 1 as
bei ng used to clean the ' Hre o

Figure 2 is a diagrammatic view from above of a surface
partially cleaned according to the apparatus of Figure 1, and

Figure 3 1is a perspective diagrammatic view of an
apparatus for cleaning and monitoring the surface according
to a second embodiment of the present invention.

The apparatus and process according to the present
invention for monitoring the cleaning of a surface by laser
irradiation basically involves illuminating the surface 1, to
be cleaned, being cleaned or having been cleaned by
ultra-violet irradiation sufficient to excite into
fluorescence contaminants on the surface 1 which fluoresce
under ultra-violet irradiation. Many materials which form
contaminants on a surface to be <cleaned or <cleaned
fluorescence when irradiated with ultra-violet light.

Examples of this are epoxy type contaminants. The intensity

of fluorescence or the rate of decay of fluorescence 1is



surface -1 is an ultra-violet source so that in this enbodi nent the
ultra-violet irradiation 3 provides both the cleaning | aser radiation and
~the nonitoring ultra-violet irradiation. To this end the scatter fromthe
cleaning laser irradiation beam3 is used as the radiation required to
cause fluorescence. Alternatively inthe enbodi ment of Figureg3apd g

cl eani ng | aser prOV|d|ng a beam 4 of cl eani ng | aser |rrad|at|on is a non
ul tra-viol et sqx} h E case e regrkyed ul tra-vj.ol et di atio can
be suppl Ted¥Teh 2§ sﬁFt Blgegoﬁrg &P OPHEAN FieseT |§ﬁ

one or nore ultra-violet lanps 5. In the enbodi nrents of Figures 1 and 2
the | ase?sbearharge fouplesdsdayiae siaNeTM Aptet tndippaee thet @necovintk a
pacal | el beam of radiation and fromthence through an inmaging lens 7 onto
t he surfewicHnedde badi aldnmyaniihamt facuseHeas sarFpale on t he sunf acghel but
rather as a line which is scanned across the surface 1 preferably by

| ndexi n%&ﬁ&%&@@eok WriduF&SRectnd 01588y rmx{w LEBE %o clednA A% 200

Thus in Figures 1, and of the acconpanying drawi ngs an area to

cl eaned is_shown_ at The cI ned 4s shown at 9. ho ure 2
whi ch i SSHHRSH v? w§8f ffe raacé'aif‘ireromﬁ‘b{ﬁees $and 3% ‘Yﬁ, t%fag

al ready cleaned by laser irradiation there is not direct fluorescence
except iembedineRrt 1ghehiwitraptadat fespdiationcPBeprevidesisbeth the
contam nants which will fluoresce under the ultra-violet irradiation. In
the areaclfedmip clesswed tddietidn | diel f i eseeic Fimyn tuleenshaliv ey f ace
when irradiated with ultra-violet irradiation with a region of greater

t hi ckness . COf A Siant 24 ERPW BHGURKY tRagtdlf ff?[)ﬁlmth'enth_ré%rﬁ%ﬁgflasel

fluorescence or rate of decay or fluorescence fromthe renaini unc
area 8. Thus e .enbod nts of Figures_ 1 3 when | aser cleanln

t akes plld%'%ad}r%‘fiﬁféob%%t%g?ﬁaﬂ?eﬂa?gr:ééla §ﬁgg1agf'r8§ TR FeL 1ty Qﬂ‘ﬁean
extraction pipe 12. The fluorescence nonitoring can be effected in

di f f er erfilug@nescenge exanple as the laser 3 or 4 is cleaning an area 9 of
the surface 1, the fluorescence reveal s areas that have been cl eaned
successful | y,Arteasatiiaily heihasehehasmboldidesaneb SUCELgstdl | B,suaheas t he
areas 10 and areas 8 and 11 that the laser is yet to clean. Using the

opti cal dREAIMIq0 FYSLE™ PHGRIALAF® £2BEAN2 YT W Ak eBR1AgS MY OF

detecting t

eaned

irradiation is a non ultra-violet source. In this case the
required ultra-violet radiation can be supplied from any
suitable source of ultra-violet irradiation such as one or
more ultra-violet lamps 5. In the embodiments of Figures 1
and 2, the laser beam 3 or 4 is passed through an aperture
plate 6 to provide a parallel beam of radiation and from
thence through an imaging lens 7 onto the surface 1. The
radiation 1is not focused as a spot on the surface 1 but
rather as a line which i1is scanned across the surface 1
preferably by indexing the surface 1 with respect to the

imaging lens 7.



.~ 8 APR 2002 intensity or rate of decay of the fluorescence, the areas of
resi dual contam nants on the cl eaned surface area 9.can be recorded, such
as in Figure 2 and used to assess the areas that the | aser needs to return
"and clean. Alternatively fluorescence can be used to estimte the thickness
of the contam nant such as in the are&-11, the head of the arleh ARR 20621y

cl eaned such as in the area 8 to be cleaned, and the | aser paraneters can
be adj usted ch. as by.varying the | rs or scan speed, to ,account
for the diffalu Hbrk SErRSRt th?cl?r‘n’gzg a‘ﬁﬁmﬁ‘a‘%i?FSR‘.“PE%S{}gnPFﬁ‘WéPgés of
gréater thickness of contam nant such as the area 11 on Figure 2 has

di f f er e®n f31R2 e$€erh® chapnededisstshewn TAts 8yay Bhea dicfgnadenereéat dgsity
of fluorescence or a different fluorescence decay tine. This information is
used t o stdwinTaite 9.he Rdi shkavessiwfFidnerd i 2 nwhickobs agi pash efieqr e@ theso
that the cleaning |aser paraneters may be adjusted prior to cleaning of the

area 11 4, Q-fdeePPt | FHAMT @i gubest Nl cdess, ofint RgaC At QPP&a&%: E1eBnkhi S

area. For exanple if the Contam nant area 11 is greater in thickness than
the surroundi ng area_8,then the |laser irradiatio osure time can be

i ncreas&¥y :Hr?gt%% Fﬁagiibgﬂ?yt&?ﬁeﬁst gt o‘#/g?ecfﬂegé;\ﬁﬂrﬁsﬁ?n?ﬁeeﬁgg 8. ~
a aPR 200z It is to be understood that the ultra-violet lanps 5 nay be

enpl oyedrf oregbansorithgwhd chherepresert ofregidualr auprbdeanedolareas| €4ni ng

| aser but can al so be used in addition to an ultra-violet source cleaning

| aser te@ont@mmantse wHich vivdlat rFadioaleisole f upderhe that t altzaukdelet ~ O
APR 2Q02 g _ CLAIMS 1. A nethod of nonitoring the cl eaning of

cont ami &Tlfa%fitabﬁtonf.l Uorgscenkl oM-@a sy f age @ﬂg%p,eﬁad@hgpﬁg%efﬂ BY

irradiation froma cleaning |aser, said nethod conprising t steps of:
illumnating said surface with radi ati on causing,said contgm.natio o]

fl uores%é‘;"o%‘?gﬁﬁr\cr‘?g &XOfar ﬁb?er‘?}%‘?fﬁ otUEGF f | sd&res aquﬁg\ti ng
said cleaning | aser, responsive to said neasuring step, to renove said
cont am mdttirervizlethel peadbrit ber ordithg & oreghpm of voeeater | ghdgkness
measuring step, said characteristic is intensity of said fluorescence. 3.

The net kot tamdwatitng1lo shawing, whereithi m said sEesiy | Agtehed tysabd
characteristic is rate of decay of said fluorescence. 4. The nethod

accor di g Joeelcintel, iRl | BeSalidol] UBLNAlh 10, SERAnCEAT GrbAdl Eheon s

ultra-violet radiration. 5. The netho ing to claim1, rein said

adj usti ng st.ep conpri.ses scanni ng said cleaning | aser over said surface. 6.
The net FEF2AEEGOIURGLEFTE%1BTHSE, Brher ei n sai d scanni ng step incl udes

varyi ng speed of said scan over said surface.
Thus in the embodiments of Figures 1 and 3 when laser

cleaning takes place, removed contaminant material and fumes
is extracted via an extraction pipe 12. The fluorescence
monitoring can be effected in different ways. For example as
the laser 3 or 4 is cleaning an area 9 of the surface 1, the
fluorescence raveals areas that have been cleaned
successfully, areas that the laser has not cleaned
successfully such as the areas 10 and areas 8 and 11 that the
laser 1is yet to clean. Using the optical recording system

such as the camera 2 which acts as a sensor for detecting the



. 7. The nethod according to claim5, wherein said scanning step includes
ihcreasing said intensity of radiation fromsaid cleaning | aser to renove
any said contam nation. A - 10 1 8 APR 200z 8. The nmethod according to

"claim5, wherein said scanning step includes repeatedly scannilgg Eﬁ'zﬂ‘l}
cl eaning | aser over any said contam nét4 on until said contamn tﬁ S
been renoved. 9. The nethod according to claim4, wherein said ultraviolet
radi ati o, i ded an cul - Vi a me d rding to
claim 411{]—1\,&]%}%%}’5@?&8?5& g-fvic{ﬁrcgatw rcsa)lédiel{;ﬂrtnjiJ O?Pg}%?%%%? | tl%)t}garél‘q‘t%'l(\at r go-f\ji ol et
| aser. 11. The method according to claim4, wherein said cleaning laser is
provi ded 93l EPRLGMEPENtFASEY . the olg@nddh NP £2%%r 8FRE tD-EPBI R,
wherein said measuring step conprises viewing said surface with an optica
recor di mpeysiasin  $8ch Asappar Eiguréo2 mnd t usedg ttheasdessi nheofareas
contam nation that fluoresces froma surface of a man nade conponent by
i rradi atéide f RO@ alaseaninkkdaseb, setGrAPRA@!E B3eaaNPr | AN rid e 1Ge Of
radiation for illumnating said surface and causing said contam nation to
fluoreseg;, & f QenMASULSAE A GNARGREHES L fio OlepiAlMl ! 0L £5 GCe:
and reans 1or ajlﬁﬁlng sald cleaning laser, responsivé to said sensor, to
renove said contam nation. 14. The apparatus, according to claim 13, wherein
in sai d UHARLNANE oSERY RS edPstthe | aTeat ehki t FISF RE2d PfuotRecARee 15.
The apparatus according to claim13, wherein in said sensor, said
char act erliredddy icleanad ofudecas dh dhed damorstenbe. clean8d\PRndCGhe 11
16. The apparatus according to claim 13, wherein in said source of
radi at i Qhsexighrat edrPncas bétaajusebet shddi aki 89 vhfyihge thRPAlzdIS
according to claim 13, wherein said neans for adjusting conprises a scanner
for scanpipg.sal grcl 9 Lpsen, OVao SAAeaUALACS 18 lhe anRargly
according to clarm 17, eréfn said means For adj usti ng conprisés varying

t he scanni ng speed of said scanner.
contaminant thickness and position.

Frequently areas of greater thickness of contaminant
such as the area 11 on Figure 2 has different fluorescence
characteristics. This may be a different intensity of
fluorescence or a different fluorescence decay time. This
information is used to estimate the thickness of the film of
contaminant at area 11 so that the cleaning laser parameters
may be adjusted prior to cleaning of the area 11 to be
optimum for the thickness of the contaminant film in this
area. For example 1f the contaminant area 11 is greater in
thickness than the surrounding area 8 then the laser
irradiation exposure +time can be increased in the area 11

only rather than over the whole of the area 8.



. 19. The apparatus according to claim 17, wherein said neans for adjusting
i-ncl udes increasing said intensity of radiation fromsaid cleaning |aser to
remove any said contam nation 20. The apparatus according to claim17,
"Wherein said neans for adjusting includes neans for repeatedly, scannin

Sai d cleaning |laser over any said contgurination until said cont 8nhPR 2

has been renoved. 21. The apparatus according to clai m 16, wherein sai d
ultra-violet radi atlon |s provi ded by an ultra-violet |lanp.. 22. The

appar at us accbFdtfig*PoPEl #FPES AR BT s W icth eréij]raa'&?Satt? dPPY s
provided by an ultra-violet |laser. 23. The apparatus according to claim 16,
wher ei n bai dmplexedndoragmmiitoqingyi dedthy ahsahteaofi giretultiserviYet The
apparatus according to claim 16, wherein said sensor conprises an opti cal

recor di Ngogy¥sé ealeaAhld 148EF. AuthRAR Y béd3358d AEnA@IA il WdD an
u, - 04B0{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] c<al c<a] ca] cal ca] ca] caj ca] ca] caj cal ca

calcalc C ajc ajc ca!
1(} x] sni 11 f%%l] %lfg% c}a] %15 c}a] gg% “{lﬁg] ca S]eca] ca;]oc&a] c% ce{] ca] cal]ca] ca]
ca]ca]ca ] ca] ca] ica ca% % % %calx - X4g! _=y-;
| } xsni d ‘Z}]‘E%‘]%ja‘]’ et cupdh %{]‘c’a']‘%a}%’a]:%‘a] %%TE%? cta] ca] ca] ca] ca] ca] cal ¢
a)J ca) ca] ca] ca] ca] ca] ca] ca] ca] cajcall OfoRS #
S"'$3$3%y % ¥&&| wr | gb] X] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca! &, & &0&2&9&& S((C)) J***x***
*+,,,r-(...-//%$01030}xsni d_ZIl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
al caUl ca]calcalU c a]lca]ca]ca]ca]ca]ca]lcalca U cralcalca]ca]ca
3060800B11v2B33' 444*****+  r-(...-//%$01030}xsni d_ZIl gb] X]] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] c
aJca] ca]] ca] ca] ca] ca] ca] ca] ca] ca] ca] calUl caYAwaB&" 10% & ()-9S"10% & () - &10%
& ()-99 10% & ()-0 10% & ()-1!, @3$10%\ & ()-w dE
"10% & ()-&"10% & ()-&10% & ()-&S"10% & ()-&"10% & ()-&"10% & () - OdEF. "10%
V& ()-,"10%N & ()-)"10% & ()-'"10% & ()-1%0%N & ()-,#"10%N & ()-;u,-./dE/ 10\
10\ &<10% & ()-S9"10% & ()-37"10% & ()-5"10% & ()-2"10% & ()-0"10% & ()-/04B
xY:/
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10\ (" 109% 0& () - &10% 0& () - $T10% 0& ()-F""10% 0& () - 18 APR 2002
*10% 0& ()-"10% 0& ()-*b{|}dE:/ 10'0 10' 0L6Z 10% 0& ()- 4

109 0& ()-1S10% 0& ()-/"10% 0& ()-s- 1Y% 0& ()-3+Z10% o0& ()-}~ S xY:/

10' 0S'10% & ()-&10% & ()- 10% & ()-10% & () - 9$@L0% & ()-3@0% & ()- 10' 0S
*cdE:/ 101 q 1096 & ()-10% & ()- @0% & ()-"10% & ()-"10% & ()-"10% & ()-;
XdE: / 10—%/5&'()-& 109% & ()-$"10% & ()-1""10% & () -,

10% & ()-10% & ()-; QIE:/ 10' 0S6"10% & ()-34"10% & () - 2

10% & () 7/ 1R%&nbl-of mOthsrifg 1hd oo Of cénfdmina@s that fluoresce from a
surface of a man made component by irradiation from a cleaning laser, said

method comprising the steps of:

illuminating said surface with radiation causing said contamination to

fluoresce;
measuring a characteristic of said fluorescence; and

adjusting said cleaning laser, responsive to said measuring step, to remove

said contamination.

2. The method according to claim 1, wherein in said measuring step, said
characteristic is intensity of said fluorescence.

3. The method according to claim 1, wherein in said measuring step, said

characteristic is rate of decay of said fluorescence.

4. The method according to claim 1, wherein in said illuminating step, said

radiation is ultra-violet radiation.

5. The method according to claim 1, wherein said adjusting step comprises
scanning said cleaning laser over said surface.

6. The method according to claim 5, wherein said scanning step includes

varying speed of said scan over said surface.

7. The method according to claim 5, wherein said scanning step includes
increasing said intensity of radiation from said cleaning laser to remove any said

contamination.
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4"10% o& ()-1"10% o0& ( S'r31 '%40%HE () - &5l 1091& () - Y109&' () -
1055 1055%@5‘5"@@&0%‘5&??3" EMRVBASE () - 1S $$$$SSIR\ :

9. The method according to claim 4, wherein said ultraviolet radiation is

provided by an ultra-violet lamp.

10. The method according to claim 4, wherein said ultra-violet radiation is
provided by an ultra-violet laser.

11. The method according to claim 4, wherein said cleaning laser is provided by

an ultra-violet laser.

12. The method according to claim 4, wherein said measuring step comprises
viewing said surface with an optical recording system.

13. An apparatus for monitoring the cleaning of contamination that fluoresces
from a surface of a man made component by irradiation from a cleaning laser,

said apparatus comprising:

a source of radiation for illuminating said surface and causing said

contamination to fluoresce:
a sensor for measuring a characteristic of said fluorescence; and

means for adjusting said cleaning laser, responsive to said sensor,
to remove said contamination.

14. The apparatus according to claim 13, wherein in said sensor, said

characteristic is intensity of said fluorescence.

15. The apparatus according to claim 13, wherein in said sensor, said
characteristic is rate of decay of said fluorescence.
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19. The apparatus according to claim 17, wherein said means for adjusting
includes increasing said intensity of radiation from said cleaning laser to

remove any said contamination

20. The apparatus according to claim 17, wherein said means for adjusting
includes means for repeatedly scanning said cleaning laser over any said
contamination until said contamination has been removed.

21. The apparatus according to claim 16, wherein said ultra-violet radiation
is provided by an ultra-vioiet lamp.

22, The apparatus according to claim 16, wherein said ultra-violet radiation is
provided by an ultra-violet laser.

23. The apparatus according to claim 16, wherein said cleaning laser is provided
by an ultra-violet laser.

24. The apparatus according to claim 16, wherein said sensor comprises an

optical recording system.



