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WO 2008/ 046039 PCT/ US2007/081211 TITLE OF THE
| NVENTI ON: THERMAL DEPOSI TI ON SURFACE TREATMENT
WORBNIBIOmM03SYSTEM AND PRODUCT [ 0001] This appl PCRUSZN7/081211
clainms priority provisional application 60/851, 197,
filed Cctober 12, 2006, entitled "Thernmal Deposition
Surface Treatnent Method, System and Product,” which
is incorporated in its entirety herein by reference. 5
BACKGROUND OF THE | NVENTI ON [ 0002] Processes for
appl yi ng various coatings such as netallic, alloy,
ceramc and conposite to a variety of substrates to
form conmponent products using thermal deposition
coating met hods areTHH@WHFT§%UNV$F53@§seS are enpl oyed
rove erties of the substrate suc
hat HEBYAL IG5 THAN LA T BEATRIEN T M. OB &Y STEM AND
surface porosity and the PR @&enplary t her mal
deposi tion coating operations include: h-ve

[08Q11- £ T arplicatjergaims\aieyity e isipReH 2pelicgéen 98’/55? J%éuledy October

15 208%. dMtlddMABImal Bepodiiéh BhrfeaBiBnsMt Methdd, 8l Stem and Product,”
at nosphere, vacuum chamber and/or inert gas chanber,

W@P%@t'?‘FQ’Ep%fﬁi?d('@ {tp BNHAY hereig ¥ reipiea¥e sprayi ng, | aser
powder coating or cladding, transferred arc coating
operations such as plasma transferred-arc povvder
coating and wel ding 15 ov a deposition, and s
forth. [0003] Th@ﬁ%ﬁpwglq HEé'ﬂ\éENﬁﬁ)%per ati ons

osit a preheated and/or nolten coating nateri
[ogﬁﬁo PIRECSEP A PPN aEaRS £ealings Syqp Q%@e@g'ﬁt?'\% Ceram'c and

cAPipUBRS fo a MAMdty Bl SUbBRSEBE %o folrth cBmpbRénTRrodiRRASIMY thermiad
pi ece each pass

are_nmade over the surface f t he wor k
depopien P?ﬂ@gé“?t%‘gsra%ﬁ‘”%%t HED Reeressesiare ameioysd 19 iFwreve
prap&uss ofthe enigdtEYe sddl@sqairdjdésgocdm%bﬁe%lﬁtdn@ﬁ hB@taia&sIaﬁce

r U|redto her ‘E deposjit the coating nateri

U(ﬁe%g% PPiQsity Wﬁl“gge g 'éryptb?ffn%ﬁei’}?s'tt% aBﬁ‘ﬁb?@%fa '%‘Sé‘EC'“de
h.!;raaélbc@acb&ytfaélIs)oraszafgr(He@Ft) @nd Iheghvmd@my akquel sbms)rn@aan/AF) DC

erature caontrol during therrml $05|t|

o RO BEAT PP I gE B0, HEOHTACTHEPR GRS Mt gas chamber,

elédtes Beatwinend bidglerte) @E@iyﬁh@alab@fbomﬁﬂéd cEkRImRDr BQdfjlhg I thdtsferred
stresses due to a msmatch of thernmal contractio

arg GeRNIGRSFMIOND SHkdhPIE#Ea Y8RP -arPWAss fraling and Welding

oveHh{ a6usitidn, Yesp Bdafrge occurs through overheati ng,
thermal stress and the like, the resulting coatings

ou%jglbémfgg@rg deé)o@;ﬁlag bo%tg}godgilarawﬁ@F%%%&tatﬁr@ﬁeeitedamrb rlnolten
mi ar ro ens
C%?P% YR phtp £ of 2 5HhS {ﬂﬁ‘?f'b‘rtPﬁ %%ﬁi&@rpé?‘iﬁs multiple passes

of @ thikhd) utap@mnonq{eaatarré arele loveathe dueasEsTNIRN VG rkpRIGe kaltepass
CdPGR G e R e MDA SioP Bl et kst MY ¢
mélhlfdst'wi & het, ag ted@ired tahemhaysleposithaoating material onto the
workpiece and a portion of this energy is at least partially carried to the workpiece.
Improper temperature control during thermal deposition frequently, leads to coating and
workpiece overheating, thermal degradation, and damaging thermal stresses due to a
mismatch of thermal contraction coefficients between the coating and substrate surface.
When damage occurs through overheating, thermal stress and the like, the resulting

coatings may be poorly adhering, or even fractured.
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deposited coatings in order to close mcroporosity and
densify these deposits. 5 [0005] Heat renoval fromthe
wWowokpi@e® during thermal deposition coating iBCT/US2007/081211
critical and one of the nost popul ar ways of
practicing heat renoval during the thermal deposition
coating operation is to introduce breaks in the
[0004)]0 e&mlammbblems W|fmatont-dn:ﬂimeﬂmnd!rmhcat—e:ﬂfoim&émbsrature distribution
dtothe ings. Cooling air .ets are
orgpae (et b Bt R PBEE oy icslia Boflstlle g the
cathwenttonakfianine, daser, atdsnte obindu¢tion feld fusiaglor plazing ofi prealoluygly spray-
uf f.i ci en th residual

oerptRTE Ry 85&%%{@9@9%%%‘%?6”@& ée%?ﬁe*‘n“@s%ﬁ?%ogs'ts. ;

[@@@89}@ LG d eatallgrg nti‘ug Wor éclg?tequ\?lgs heetéi%ﬁa va%) ﬁé?twg d%CI’Itlca|
aridnorteeofritse mrbsmmiumntA&ayé Of prantecii ghezit rzgnm@adlimr@ tqelzbﬂermyll

h | t
e DE SR dreliiof S AT o BieaRS uP B EaS Et S ik I
a@amulabfm e is dMBl;baied:twtbgsmrouruiMQSL Ng)lo.lu?g amtdmr)airze afehessed to
o ST WSO PRSIy B S bl 2 Y o sy
msie‘fmsnttalnd mb)dbabxmnl aknitgamtryrelselualueelstufe amd iexdeocdroorshpeesent in
the%SBl?n Sa‘?r Cff}eqlafré fj‘ét‘r‘i' te¥1t  tn8 qﬂ%lrt{/ 8Y‘§c§a£58r gin for error,

'nco &r at ure, bui | d-up and
b8, e LR RO A M,
maximdfiing Mng\/lquailty inghe casuing icomabnerg pndac hesess ROdudtiylty led to
nE 2000kl A48 LS ISR, Sbiryoqgrccpoing
meithodsaatferwgsgrama’nbenmmmeohn tife athlﬁgm eoutve mgst fast, they are rarely
US%g?'Z { s c?rlni? ugj{e;%:st?tlon c%?ﬁrg% ﬁﬁ?& epegglh%f Jc))fn %C(%);leb fl(}rltrﬁﬁ n%'ljgased
dltﬂcmtyessesasm mangirlfdr eont mecongelling tecrpeoafers, ce. cb@ﬂt@nﬂ@-up and

T o Y CC RO
[Ogggt | Iﬂlg‘?:uﬁp@gé &y tﬂé\/ﬁﬁl udtf) i vﬁﬁﬂh@%gﬁ(@eﬁhonal approaches,

erospace/ Airline ng an
tighit pdrefol p@s@@tratmsu@amienmtatured};—j neMarrtheIQs‘s, crt@abfor maximizing the

th?kﬁé:sjsocﬁ %oét 38/09% hééy q:offtﬁéset%%tlrzﬁgus%@%ﬂa‘w sgrfface

ungs en ca e coatlngs I N nNose I Nng gear
t
opS. ROk M 551 AR TRl lpck A g
pregessessOne urn:ilttdlrtmthe ost/kemdgania ¢avlanits alerassellovad of

Formed Substrates, Proceedings of the International
[0089f eNeste d-LoanAdatavels, J.A. Syeacerfiribing atiTPastesEarige Cobalt

CRERERk A AU Tor e M e S Sl e
PlatingranMetal Eiwhgwgfmrlumz@mcmhatcﬁﬂ aMar22x¥n300008# dam(Be use of
HV@E’f&ﬁﬁQ%Z{)I%ﬁﬂ&;&f tuﬁ%’? Qe |degg${ﬁo%glé NoSeRRBILk gﬁpgar

eposi ts usi car as a coo
SUbﬁﬁat@sfcefcaurgraafaswmgacamgnta‘ﬁt@ramd besedeertioesl i ng wer e
determ ned. [0011] Lucchese, P., et al., Optimzation

[0810IRoBiekess JTand kedneyi lesHVRFSustem Refipitiet o Maximise the Thickness

of Formed Substrates, Proceedings of the International Conference on Advances in
Materials and Processing Technologies (AMPT ‘99), Dublin, Ireland, 3-6™ August 1999,

pp. 775-784, disclose the use of HYOF to apply alumina-calcia stabilized zirconia
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Tenperature Controlled Plasma Spray Process on Ceramc

Substrate Using Heat Flow 5 Mbdelling", Proceedings
wobR00sles03993 Nati onal Thernmal Spray Confer encePCT/US2007/081211

Anaheim CA, 7-11 June 1993, pp. 231-239 disclose the

use of atnosphere and tenperature controlled plasm

spraying using liquid argon as a coolant. A refractory
dquo\mke ICoMIGrASY) depyasits and aarbidet depabilseusirey carban oxike ae aeoolant.

Tl SR SR b e%t@{r?éd§8?|§§§S’%rggF%5mvv§§aused to
[Op]? S ulgueccbg&gp B %tt 3( eﬁltﬁ‘nl??el ontdf Bopal of%toirg)g /{] tmo§PJ1ere and

0 reduce’h uxes an
Tenedratuge GestrollediRlasma Sprad P2celdSob CM@nBBUbBttatarw;n‘@FHéht Flow

AI | scl h 0
MEIIER 7 Osadhl  RR1 DTT BRP Bl it Rl Bng BN n,
7-gedenall 998, 9pe%ﬁ1e239¢ disatode thmusé)y)f athreispheye apt asmperature controlled

SR e SN Sl SRSyl Bpedon

rotega@bleteramda wgdkerepe) with ai mbotartejed@ans ArreasdmgllIatcenhe%posmoned

infhd Balpd SO Fry b PTGl Abeuf O Efkels Sy gt voe
thesa:iesslmmaedmeymgleﬂummndavoidmubsisatemed cbdftmgsisalstmmt@he
surface. [0013] US 6, 648,053 B2, WO 02/083971 Al, WO
[0022]0838 P27 4Al624 RN &l AP 03280983 A3) discldiss alnoatkod foe pus@ing a
co%%’é 8‘Prtnef¢a'|r gﬁ%essgrﬂg 8 uB%’tFJt@g th c‘%ﬁ@s%%@to'ﬂé?ﬁe’?@fy?@eét@?fhgﬁ'5 mm
contro and “appaf at us” f or ectri
b}afu‘arn@prr Rlgsrha spnayuggoﬁrydgleolc cdelwsaftifse bk didet &f)thé sutzatraROis
pe?@?fﬂ%%jﬁs@g‘%w?'%s ala(hn i ac eu%ezogg E@e %n’aﬁﬁﬁ%@& 5&%or associated
with 8 sioglermmintanogenic epolaht sureesis esggerias withsthle @sldifional option of

mﬁl\%@%g%u&? ho ﬁ‘cﬁ{iger?g&ﬁ&{‘god Tes &%? i sUBsfrsid sh%f'

mensi ona ray-deposited sur
(B3 du8 6@'8}%3 E%)'V\% oBRASYTPRTIWO & 627(%3'@?8 @?%Hd%ﬁ’ﬁ 038 987 B1,

diprlonsetbs us® nt ¢Q§1Iara1frgersanhﬁd symrtamper@glrehesed thermal control

b SETEE A0 G ERTSL SR AR A RTRE Pk bbb oo
aomated spesly qeh @sing raktbermadiy smciatlh@t:er@pm substrateetharaetatized by

re?%%(%oa%{&ﬂloh'aﬂ |r¥tgr‘?1a EQ(I)S the {f?{%l(?gédaslupﬁ{:)%%ﬁ)%rﬁnre sensing is

ot s ar eas y mani pulation o raver
baspd ed raaidlmep(t)gcp -tlinmemisingalohappieg pidpoay-demsited sdrtacaiusigg a multi-

o el Pt Aelmd Mot (Rl Bingre

[Obli] nﬁﬁ#e ;5&)8 re%mrolojlgcﬂ hrﬁlérﬁ bl%f)ﬁlc camera
DR e EERed o ST 5

cqommamwwmpmm sr(ra\zeraborelmatﬂy ﬁlhtéWherm’pe’erppts_r@VefOpam the
|

S USO8y B 0o PP BRI i prount o

matgriaktSpvayedrontthese b spelemeatiey manipal@tiompldthe fiaderse speed and

pc%/\sg%aﬁ@%ﬂhe%gg& Srﬁ’g%?f"g@hg;‘i MW rate onto said

prece, heatl e onto said workpi ece and
t he

BRIEF SUMMARY OF THE INVENTION

[0015] This invention relates to processes and systems for the thermal treatment of a

surface of a workpiece comprising the steps of:

-3-
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5 relative speed between the heating neans or the
cooling neans and the surface is controllable; (b)
waRomlot@seous| y nmeasuring tenperatures at a plPCHUB1097/081211
of locations over the surface of the workpiece; (c)
determi ning an average tenperature of the tenperatures
nmeasured in 10 step (b); (d) conparing the average
t enp@)j at waleering tree tpmpseitee tof d workpienersurfoesrpbe@iruatéeast dne
apreselect L max_num.t ra rkpi.ece; ..
2nd (o st Sial BT BB LAY & bRl o P Giauve
cont r ol | abbtoncmataedn me$ui‘fécesarhdjsauatreatawt tneape rcablantflow rate
i's not betvveen t he res g eraturedamd
the 15 prodaErddlPise 'r%gt Y 22 Jiorkeieee' andthe
wor kpi eceelalive Spesaddxetweerpkhefrmam@mmm @ thendolinginmgpnis@nd the
performthenc al tlerl 511% %E\‘ﬁ and then the process steps
are repea?u g°° S[(E?@ e invention further provides

g(r)g';@?& nsdrfnﬁ aneoﬁgg ]sf%r\i@)r h&ef(ﬁ?ﬂas %?% ﬁlur@@?ﬁ%@?aﬁ%ns over the

of a wor kquriace obthefvaripiedeer ei n at Ieast one 20

condition selected fromthe group of: thernal

t r eacirent daterening eh avérage tambpavatutsetitee tentfesatuasmheasared in

Q%d( )c.al d thermal treatment neans, coolant flowrate
to”said surface, heating flowrate onto said

sur f(ta?nsnt Mg‘?.ﬁg i é\Ie'r &?gpat@rg.ttéf‘@ Pedeii ﬁtoh‘é nm?ur? b)

tre ans andt ace is ntro

tefhperdiungyanhe pmsefestod nndximbe tampRisitwe éoritihe workpjsicarad t y

of zones; 25 (c) sinultaneously neasuring tenperatures

at aepl uraltomgticatly bdjgstingaidedshore ofgheicantiallgblefcopditiens if said

a\f%Y e tta ersa'ﬂfrfa ?ézﬁot%fetv&éb% C}H\? h@b%&%d%ﬁfﬁﬁ]{ﬁ e?ﬁdpér&ﬁﬁet arfy¥he

era ur.e IS neasure each zone, eterm ni ng
praﬁeI@m@c# agaimusnissiceraites fontheawdkrigces af s @tlemsan)erfoym@d while

CC@%HL?E% 5 rfdmIAL gltérﬁﬁ%ﬂ#;@%ﬁ& fronTREpHIcES ét@géér%pre&&zgted

conpari ng eac € average tenperatures to a

[0B4 @3 et1REh&&hth RirfRd o VR IZR Efr@ée%é@s @Pg%ﬁi_ngrae\v%&lk&%&@, aid

i mum tenperature for the zone;
ProcErsL9 460BIMCNe 88X/ 081211 (f) automatically
adj usting at |east one of the controllable conditions

if s@)d aeringhe temperalitraobaworpigceerfaeewhersin at least one
cdAbRBR seretRd fr@ﬂ“ﬂh@‘é’ﬂ&dpeﬁpﬂ%ﬁﬁéi'&f%afﬁ%t?ﬁg re[Hi6S Rl0BGH BSween the

maxi mum t enper ature for at | east one o he zones.
syrigoa and paid haierel EeRiBENhBRERS, @@olamiélowwtﬂmt@ﬁald|S@6a¢e heating

flo% fa‘?@élﬁé sgfdesu%% Eﬁdzﬁ\@ rélgtl\w@peeé DRI R RE ?netrBQFtr&rtrﬁent means

i cal caused nonuni f orm t enper at ures bet ween
egu@‘ace is controllable

(b) dividing the surface of the workpiece into a plurality of zones;

(©) simultaneously measuring temperatures at a plurality of locations in a
plurality of zones over the surface of the workpiece wherein at least one temperature is

measured in each zone;

(d) determining an average temperature in each of said plurality of zones

using said temperatures measured in step (¢);

(e) comparing each of the average temperatures to a preselected minimum

temperature and a preselected maximum temperature for the zone; and

-4 -
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portions of the workpiece which may be due to one or
nore of the foll ow ng: workpiece geonetry,
W@ e80pioBITUM cool ant appl i cati on, non-opti num PERUS2VG7/081211
application, non- optimumaltering the tenperature of
t he wor kpi ece and heating neans, cooling neans or
thermal treatnent neans that are small relative to the
si ze(f)of tdl&omahrdapj/ edjestingrat bddseone dfahemmpttdllerblzce:dnditions if said

A g e T
praiséleatedrp\amnumn mrmpmaiumgfsr ﬁideast lvee af theaz@yleﬁlescr I bed
enbodi ments and controlling the relative notion
[00$T]eeld )othize tebedintdmnds ofttbe reventiane dcaesitessexeanesniaintizeédhe the
o B5BL FR B0 e AR BB Byl s
gtre
partire)of #redwonkpiehe wb @b nsant b duentoramieenr nmelbbthetfbi@vumwmlece
d
o P SRR e PR BB PR B o
ofttineins alégrimg (tee tenwefayirecf tife \)\/ordxbreve aadh tdedting raeklist cooiiah means or
th%rtrrt?e\ﬁ\grg%tfr%eé& Epe%ﬁse ?r?at g? s%éﬂe{é!a ge J‘tﬁe% gbqg{e%ﬁ%é{i:e%%'oggther,
urmtlmlmd@@mensmmataemmaéyroo(egs oThnh)nayrheeaqcmglplidined by
caZéeu@ePﬁgrﬂge QSP{J&%& 'g%_r/]iag% d(?f(ehl térﬁber%{ﬁg éa% qor%h@%f?@éd} described
eratdirseits @hatcomtaalgig the eelaitfvetm@ilcn:lc(apeecdl) balWeendlumtﬂuetmai featment
d t t ' ,
i e SRR LT OBy S L4 Fhng
tregmmémrra’@obr\molhr@ teamtineniuatey ab d/oalheeookhtflavergte ratlior éhedfeating
roW%k;? léﬂrré%fo%ag ft%é'%?‘é%ﬁé? B{i 5 Iﬁes O-tE tﬂ%’]stgﬁoga qug Ejrgﬁ?t‘?oi]f y trﬁx?rier
emmmxnemtomciudess el siepsd a) Ime(e}aordlf)tab@nalanmr@paﬂdﬁfonal gtéps of:
orj) conparing the standard deviation to a second
pr es@beg) eederstiningl tredstarttiavd deviation BRyveemshiq avesagklemperature

rﬁﬁéé’{[ﬁﬁlbﬁcﬁl %f%a%?&{uﬁéd“%\;@re difGting the altering of

enperature o p| ece if sai d st andar d

devi at

et P 808 BURERRE RET AT gy v,
Stieapdbe perfornmed before or after steps (g or h) and

(h or i). Then the process steps nay be repeated.

t he @laréravigmaiicapy pdjustingmi irpstione pfdne goreigélalelb)coww@lﬁghsald
oGP bl Sl T AERABA LB T, e s
is pefiermeasidvhiletdontinuirg otaltedtedeneeiatitre ohthesulfagssoftthewogdjece.

Tﬁgp%@ﬁﬁeé bt QSre%@@éte{ineiy be repeated until the

process 1Is [0019] This invention

[Of)’ilée]t hﬁranefh%Ybﬂﬁédl%eﬁ?’ SHRRRRARSA Riifided: th@a&&]%rﬁ?gteps ]Qf:
t ace o

at nent neans ter a tenperature of a sur

?r egt (Y\ngl::] F@brﬁﬁ@rlr@qqe 3R AN RN a86n (P4 s&@hd PRI standard
deviation, S2; and

(j or k) automatically suspending or limiting the altering of the temperature of the
workpiece if said standard deviation is greater than a second preselected standard
deviation, S2. Steps (i or j) and (j or k) may be performed before or after steps (g or h)
and (h ori). Then the process steps may be repeated. If the altering step is suspended

then steps (b) through steps (j or k) or steps (b) through (e) and (i or j) and (j or k) are

-5-
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b. workpi ece holder for holding the workpiece; c.

notion controller for noving said thermal treatnent
wore@nas4408d ati ve to said workpiece hol der; d. BCT/UBAST/081211

one tenperature sensor that can sinultaneously neasure

10 tenperatures at a plurality of |ocations over the

surface of the workpiece; e. conputer that receives
repbated uptijtthé standdri eleaittioreiaddssahan 82, drivethereatptheatepsenay be

reﬁg%% ruatt' th%?r%% gglst%ona\@rage tenperature of the

UFES verage tenperature to a

[oﬂﬁg.serh‘?&{n%gntmnr} ? %raaé %&‘H ik ese' ected

er a ure p| ece;

aut omati c { e

contérn;l I e?g]eyrpgl W%@ﬁ%%g% éﬁ%gartgb ‘i‘)%isattl"'%%rflglg Egg{e\/\éfgan
workpieps esth eontealer for aaldmmnrtremnm’rateut‘ meamsl t he

presel ected maxi mum tenperature for the workpiece.

[ 00290] Thwvarkpineeholdenfof holding thepvokpides a syst em t hat

di vides a workpiece into zones and neasures at | east

one ¢ enpenalianeonirllesderrmeimgsaid thesoaireatbedi meansyelafive to said

W(B,Qgegé(ﬁ&ggp, nmul ti pl e tenperature sensors or
nmeasurenent |ocations (for a single tenperature sensor

20 aple tg IRASH Fe)rﬁdera’[HFeoéetnsér' tﬁytl 5aﬂr§‘?rﬂb'lﬁ4n\éoégly measure

mul tiple Tocations) are provided for eac zone to
teowmeriiiras et ¢ deralibndfiedatians exes theysurfasampbihetworkpiees; t hat

zone. In other enbodinments of the system of the

i nvedt i oncommgrdhatgeerivagi thie inpat froradhe atderst vaapbihgttemeerature
sdMBE U Rt rmiRS a%odqv%ra%@qerﬁberlaﬁﬁéﬁ)f fl’i@eferﬁgéir‘aﬂ}r(—fpé1 %bmpares the

t enper at ure neasur emne nmeasured I n an area
avgradedarpersdire itap Ipyesetectad raigjnade tempesakire antha pmseleé@ﬁt
mQﬂﬁruﬁ'ﬂt@Hp'ePﬁ@le férthd W@euér‘?‘d HREPULEING BbmRYiARsith at least

enper ature neasured I n an area (area, pol nt or

orlecm‘ahe eentrotieratif said avgrage tgmprraturg iy poldetwean the Pertelectadt
mﬁmﬂnﬁrﬂ@erﬁ tu@@énd‘fh‘e‘ﬂ?e%&t&)" ﬁ%ﬁﬁgﬁlm t%ﬁ{ﬂe?éft@r%%rethe Svorkpiece.

being calculated, or it be a tenperature
[062&S Ufrﬁé'fﬁ]%nﬂdﬂafﬁrthe?r p%\/lde%ve%ﬁ%n HRTBRIRS lér\/?orfeﬁf §6e Ath zones and
area that is within at least’ two or nore adj acent
moamses atderst 28 terpreraiMIecin gash gare. Zlﬁﬁém(ﬁmmmﬁntﬁ QEthe system,
mé‘l‘t’ﬁlqurﬁperﬁfﬂ?@ Eéﬂs‘érseor‘ rﬁe&%‘ré?ﬁerﬁ%c%%ﬁ’st §&t-a i1k @Qgﬂérature sensor
Thi's 1 nvention al so EYOVI he wor kpi eces T esul
alfle INERRHIORN CHPUHFIGH SRROSIY G TBHIPRICAONS) 21 Pr@yiaes for each
zo%@Q@%QIé@ﬂQt% d&@%uH@?&r@Z&&%&%peﬁé)%&&r AV ARAGEStheAN

be achi eved based on using her mal treat nment

erphestiaeris of tf@rﬁys@ys@féhelrwnttqﬁu glerwmﬁ@wéﬁd aifepstaye temperature

mbé‘&)ré’rﬂ@nt%@ z@H’e & & I@Jstbh@ abQli Jx%“"téh%eré"tﬂr@r?béédr&m&ﬁ’t measured
achi eve excell ent rﬁ@o uction rates without the risk of

in gparercthel Bt aat rarirlyim B pdigaerigene T hat ausarperecadditional
te%%?aﬁur@lmea%ﬁrelr‘rm hSae dqfén?b%%t&rle%eg%luréﬂ |F’%ﬂ9a9éa‘&reeh ®oint or

coat I ng naterlal or not achleV|ng desired
Ioeatroebthablﬁ figllyewithima geng ahisediacantto e ame| for whipl the average

tan%@Fdnﬂe id Bei V\% RY eALQSeWe it AFNBE LNEMparBiUr MBS A RHcRIHaPR an
pi eces l'e mninizing
average temperature over an area that is within at least two or more adjacent zones, one

zone of which is the zone for which the average temperature is being calculated.

[0021] This invention also provide the workpieces resulting from any of the processes

described herein.
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damagi ng i nternal stresses between the coating and the
surface in the coated workpiece; an ability to
w@e@siog®3e enperature control for difficult to PORUSIN7/081211
operations optionally involving coolants or heating
means, which may al so include sinplicity of 10
i npl ementation in production environnent, reliable
[0022)r rmdivanmga cemrbalaclhlavezmased oh usmr theUBenrmirtm{atmeylt processes

oo SRR A€ Rap R RESETPEGR oR PP SR AR

on act nsor

o AR TSI DN PR BT aﬁP%Sk HdleBeaipnees
th{al(hﬂﬂl&]daﬁlagmg]he workpisicewalérieg, wiumpéiheatid andetbemaﬂg a@bmaging the
; L : e
ol TBtes 5P o7 Lo The OB A e b e apgvity
caatip tt profludeheelkadinglieg, pwifotm teatings at wwoekpieszas uw’miemnwm)zﬁng
t t | n h g
cpaf 8 SFos SRS RSB Te Db RE
w@Bpit bes ramed biliteiogs ovid® reryeeatate amtrstfowhfflcult 15 q,gpntrml operations
e t t [
p%lggglgjmvdl\gnq éedl%r}tgglgg%aqgggrﬁ?ﬁg Wf?%r\]/ @n %§Sﬁq§‘}{‘\é\5\,§ %%pﬁ(ﬁ@/ of
impéem eydetiondm piagiucticni evsommentpiedisld aghrermaf measuweraantan spite of
vaﬁ%ﬁé@i&hgﬁga% Ef;'ol%ggsg ﬁéset %ngmkgegqnémélg r?q gﬁlﬁdsc% C?%par% R&ngécznéact
seport measurgraentt amh asha@vatg epmoy A&ed rirpoith ﬁtmntdlf‘ieﬁngttemperature
position coating, cryogenic cooling, and
Sebgﬁg:aglblcgé;st emfor a cylindrical workpiece. [0027]
Fig. 5 is one enbodi nent of a tenperature input
recording matrix useful in the process of this
invention. [0028] Fig. 6 is a flow di agram of one
enbodi nent of BFH@Fd@)E)"@CR@’Td@Nt@E)ﬂ'HErEb%@é/ﬁ\l@S this 30
i nvention showing two | ogic blocks for both heat

i I T o R S T

illgstratiech single db okt tererampluteeteasip®enlt ur es duri ng an HVOF
spray coating process including a sinmultaneous
[0024]o i ZiscoRIPti ol dhesingewoind temperaloe mpanse e qj theginfesface

b@\w@é@fhe%orﬁ@@érﬁ)dth@'&gatﬁ@%?’ée%q"ﬁ iﬂ[ﬁ’sfffa%g%%m é’r%iu'ﬂ&cﬁ:le in the

ame preheating proce an el ongate onent
themos tppeditipn aperation shpwp imakigdzbni ng met hod whi ch can be
used in the process of this invention involving

[0823n g9 etlisamgsnpdimeiy of 8 syseTmAYhi¢HCaDESORISETD m opceassf this
ind MYBENEhGIING Q953xs cmﬁglﬂﬁﬁ&%sa?]%splé’d%%e%y st &g§ge‘ﬁfc &J'(B\a?lt distributors

Invention are useful in any process or system f or
inerbenmab dap@sittondeenshit of a wor kpi ece in which

under heating or overheating
[0026] Fig. 4 is a system which can be used in process of this invention showing one

embodiment of a thermal deposition coating, cryogenic cooling, and control system for a

cylindrical workpiece.

[0027] Fig. 5is one embodiment of a temperature input recording matrix useful in the

process of this invention.

[0028] Fig. 6 is a flow diagram of one embodiment of the cooling control process of this

invention showing two logic blocks for both heat control and uniform temperature control.
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and/ or nonuniformy heating or cooling of a workpiece

(or a coating on the workpiece) has a detrinental
wetdosoteoen t he wor kpi ece or the coating. A theP@HIUS2007/081211

treatnment process is a process in which the

tenperature of the workpiece is altered, that is a

wor kpi ece is heated and/or cooled while trying to
[OOZﬁing'egI'/hs amlolmfrnheasﬂre«irarﬂdxbrrmutecdatempgratwead01519 an HVOF spray

ook st BBk o oo e dot it Siling ar o B g
R o A S B

prehesdingpnices$ ota'rEeIsugétaateornbortdme wor kpi ece, or other
gases, fluids or materials may be introduced onto the
[0831]f aldg. Dis a thermw zkping ceetlas! wizsich carf bé heed inHiee pricess of this
. , r the desired surface
'n\t{r%ng'lg% {vr@e‘f& Eeogsgjr?gﬁg%%\eéﬁ%bdi ments of the thermal
treat rrent process of this invention, the heating
and/ or cooling of the workpiece is perforned by a
heati ng treatnent neans, cooling treatnent neans,
heati ng nean@EﬂWloBbDiE@@erﬁﬁi@\l OraltHE BENE OGN
nonuni form heating and cooling of the workpiece. In

[09 l t'l'r%npr{)eestsgﬁﬁﬂggy{%@rﬂé}ﬁfﬁ b di@on SRAEYASH 9F ;%rgrgégnégdr

at ment at 1 nvo Ve or resut In
sylste@n foeifsethermal deafment aba kiprketaseiimohiet emd@raeatm or overheating
ot GRSy ALY oRSRARDUFGRYgIAR05, PEBRR b oroice
hasar @fgﬁmﬁgtal cﬁcht p@m@gwor{ggpmlpr the @gatlrjgn duthermaal treatment process is
a E@gt&ssg iﬁ?\ﬁfdrﬂge térﬁﬁ?étu% @fzthélglglrk atrlls gl?&h@Qhﬁqg rkp| ce is

din aces er rret
hegdest antor @Qbﬂgmlleﬁryméo ghanrgerthg prqﬂertlasg)r afld a@oa@pg to a
W&&Pighé‘gmd tt %ddé%hhﬁg tl F@éé) the 8&hpdtgturd 81 tAL DWrk ﬁc@%‘nﬂ’\% a desired
wel di ng, and er na utting operatlons a
rapgé-ni héageaiing ot aeeling Ocﬁthmwknre@%ﬂwrtg thetharnal tseatoenl] precess
alfr}rgét IIQFV S%esuftfiy ﬁ%%ﬁéc?ﬁéﬁﬁ%bt &’fthéé‘ (ﬁeﬁ:%%ff thd RGRbBLS g)r ALr gases,

cuttin es o eposition coati

fluigseqramaternials mlh@d@trowpg% ov@ltb@ Bturiacmqf Iffelmrkglpc%@ﬁ; n@rt of the
théﬁ%ﬂ%aﬂ%t E_Bcﬁ:gss el PRVE YhPddsirkH %Hrfac'é%r Y diRGtbhYAR AF)%n%C
and R [ as -

. P spray i n air atnosphere, vacuum
enploginedts 08 theRpmrmasireamensn@egss of H@ﬁrﬁé’ﬁnmmﬂtﬂ heatjipg end/or

cddfing Gﬂﬁg%ﬂg)léac'e%:bér‘f nfed b (atMéarﬂngﬂga é?\g ln‘:éa}% r®bling treatment
spraln ser powder cC atlng

meansh e@tmeﬂewr@eahngme@péha&re@% 13 u@murafS)rrplha@,trm and cooling
t d

o A Blece PR PE Morf Rl o g el SRR rgatment

meﬁhpﬁ%thaamhela@ Phigstit waaliedng thedameewmturg of g V@ﬂm@wgnclude heat-

tréaﬁlﬁgt e%}ﬁlc?‘ga?uﬁﬁ)@é\g?l%ﬁorbd)ep%gly o@Eoétfﬁﬁ gﬁﬁﬁ%%atment of the

necessar describ

swfnaéatfwm f@rm BHriding @B@éémgen@iqﬂon Wh@t trqpdipgepser glazing,
e[éﬁ H‘%@Qﬁ eld'ir{écejuﬁ"fg eod %kjlﬁ) Lbgr m éTB# casting, extrusion
osltlon ea ? Ef El%

s, therma spray ng guns I nc
rip i, TEPgng, a‘p@mg@r@@ctlom heat tregting, )JOIa@gmBzmasNeng and

th@ﬁr‘léﬁcﬂ@n& 8[)&%?31? dés@ﬁ&f%’sr%“ﬁlhg%ﬁé cul S dN qj[uec’t‘éh@ﬁ%?erlals cool

lectric arc ryogenic nozz

FOH'ﬁ@ Hiryeaeg tre@treqiiiop ﬁ@fﬁces l\mﬁﬁ;‘hlféjﬂg apénetal cuigeg.c Exasaples of the
dddoeiRLodth g ERRbn IRRSe AliGiRVelbO Ix6TRE BENMG (RVOF) and high-

velocity air-fuel spraying (HVAF), DC and RF plasma spray in air atmosphere, vacuum

-8-
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the surface of the workpiece by depositing high
tenperature materials onto the surface of the
wWowrRpi@ee. [ 0034] The inventions are useful iPCT/O8TOENS1211
treatment processes of a workpiece in which the
wor kpi ece has to be maintai ned bel ow a maxi num
tenperature and above a 15 m ni num tenperature which
chaatber aod/adieett lyes slhaplseroélegtne beatwin @ndrstd‘/gtuwihe)aﬂp'rayg]g; faser
eatin
ool B on Pl P T B e SR R R i i e,
treanstbned- epceowdxbnomgtlm@amweldmgmeﬂam@eptdsmosurface of a
wor kpi ece by a cooling neans to maintain the
[0033ipeTat theend) éleoimeant mesansumaytbemgithead beaingurdaatrgerd means or a
t [ es
oS BBk EARAR b RS v o e Lo obit RR by o e just
desictibed théremad treetnent ardcbsswwhsdhspdﬂmetelm nThe thatm:ni riteatrherd means
m&ﬁ&é(meq‘glgml%g%er%al g%pgg fioh ﬂ%g&ﬁ (lghcegmalss rrl%}lrgélgﬂ L@ﬂg\nn%lu%es
HY@F eAléS,C‘éP$ ara-spragy freghe, cbppas ‘tvelbals Mit @ atetdimg tom’rxes,dasers

' | . t

105, DL T RBER SR Bl ARl s R oAb
eqitsméran Maag ofihedudiaescribeddizarmahiteadmenbmeanshaier tr%temperature of
S SR b RSy B R st
of imewodkeiege. "a" and "an" does not [imt the nmeaning to

a single feature unless such alimt is specifically
[0834]t ethe iMentides$ are usefulirt thetneal'tiehttient peasedéasgf asivorkpibes in
wiEh me%cﬁ'bplg&éwg‘s tBrber}ﬂérmtaﬂ{éﬁ%% gﬁ{é%ﬁfm ‘?edp rg uFé%r?d' above a

specified fTeatu or I'cular " speci
migimdumMégmiperatireawhich gan a‘rclughe the steps ot;p_mheata’gw@d/or heatlng the
SEPEOR 09 BN, SHEFATAS i fd ol oll
mininaiing dempérature lapd i pratadtingdp agd@ntodling titheurfase of a workpiece by
e e T L
theead rtrdamnt procesmdl Hedthetnat teainggnt peacess yf tlalsdln\telnéon is described
AL T R e e
inyerdidn rgnat dimitee ta mv@nnabl_‘epo&_tleﬁ tfemmeet D@cmms:ysiélng Uy
oo S PO R o G 258 SR e O any
the@mlﬂmgtnmm‘epmcewawmwsanm a coating material at

el evated tenperature is applied to a workpiece. In
[0983). The indelitk pitistas "2" euhiani’ sedseast hegeia ngankgrieearemore when

i al

SFIE3LS e Ahbel 0 6 il Ry SB A0l 12
Sr@aéleatwntan@lrdmﬂmd eépeyse pbd" ae@dare dogheotriiglit the preiningde a single
fegl%f’éju ésSchﬁ M.Pg%gg&ﬂ&ﬂ erHe ﬁlt?ﬁr‘ﬂiclgolh@t thécedlng

over the sur ace plece
Simgulafrqralurall repps$ Petbuorphréressienpigs @ r@rmulan/@pmﬂ@tfeawre or
pag‘!tiér?fcl)‘% es};@@fiéd f%gtﬁ(—ps -mlnﬁ §|ngnI?Lorw§rﬁf5&§n(ﬁ%%tlgh ngéﬂdmg

roma to
upoadie cedextan which it is used The adjective “any” means one, some, or all

indiscriminately of whatever quantity. The term “and/or” placed between a first entity and
a second entity means one of (1) the first entity, (2) the second entity, and (3) the first

entity and the second entity.
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10 conplete the entire coating operation. Thus,

i ndustrial practice generally requires several scans
W@r00BMEG0pY ocati ons of the thermal head 6 to prpdiUs20a7/081211

coating having a preselected thickness over

presel ected areas of the workpiece or over the entire

surface 3 of workpiece 2. A cryogenic coolant 8 is
[0836]p| Tethclitabera@ ucdobstanding upmle)coﬁébmsaletahleg te thefiaeati8n,of

reﬁérl}(c%ggﬁ%}gééé Fplﬂgen Sf:lgare ‘Ed%ctgg Vr%%“f'%ggfeﬁt alatreatrtnsﬁt of,a
wcbrkpléh@ specitedly aitBemmI/eemsdloas:oaheg opeeationl wikegio s ctdat)mg materlal
ot PR AR 2 PR’ 1D Th el B2 corised of
a poopiect isobstrae esfdog Jieepatad withe amemgihiatdrlehﬁ)demsuee from a

el ect. desi

th%%nag\)f(\r/le?tngeﬁ}gsaeso%,ér?%lw%ser%me{mwgel{;?n II'}eer@glrdeposition

heddes iswedirptaee betwesh gotnhn emd$>otme bpeeathe lserfac@a’ml phgerkpieee 2 and

nE B GoBal4 TIBE B Ristsu e S0 es? Tt g Bpoymis

mearwthatjhe syekemeasedke)ﬁrma}b@bmmuwmma}n thertime reqwred to
r@[gleetra Itﬁ’jle %r(ﬁ?en %oad( rgaoggpah%ph%R% O:‘?rro%%}%la?%raﬁ{ge oqenereﬁlg rre(iwrecs_l

seivae Bednssmlreayprpcajssf ﬂnaSImimhheamermmdtme deattinphaving a

h i .
orBegq BT nES Y BBl RS G WaPBIBK P i e surtace
3 clombrélpibee s Aobryagesetcoﬂanhas isl gupp e ftxaee qoblaﬁﬁs@p@s‘rﬁato the
{
<L DBt g AT B TR b BBl e
movess‘tdmsbolat a topaietrh. aThe prbcesshie edvetsed asdie Hiednalalsposition head

mé\gergggorn?é&f??b{ r%r ean_ng (?Eem%ergﬂ{e%ﬁrﬂhstpeeg@r@?efcl %Iows for
inGedsatbgypdasiot rates by kemmg thevexatad dempeapire belowst pesaécted

de‘?érgatrﬁggf Afm te%I e l?r[a (%Bx@%%"a&o% br%lnli"rﬁl?rﬂé%ﬂ%graﬁﬁgbtml 9for the

or age dURi num
wo:rhnlpwelmsmntaaedus:tenmeeatur@eeamngg/arewamm@mmsthwfmmwm.
to concentrate damaging thermal stresses. |In other
[003Er mAmaki arek Treint aner’edbissilys setbycthatopagtorey theemal spray coating
t al . of t -
sygge%i bér%% 21e(lso¥‘n onBAE %%et&g%g%étgw %?ﬁ%lﬁerggl%ﬁp eFlrE)gFﬁarrg?le’ Tmini
is Ubdlly tsetipet attove ehe/\bcbllingtxmmttméwﬁmrm a trmnrdalts*.peamiramssrtmﬁed on

oA ok B or SRR SIS g e tone o

hydmdamoeo‘@ntﬁeg@ther tanshierations cowd balusgd ingeddirénl in fhetdase of

pl%.ﬁﬁ@ ?&%& % f|n (/Q&J u%{irﬁia%t?e?e Th%agghsﬁléq& s%tagtetﬂe Iévgﬁg'gléenting

use term esents a
therfrnamm:hehlealrcwgradaeam pnbsubstrateanatedal d Ifi aheiaeﬁneaed aad lavine

RBblatk EnhE0 B R AL MR, 1B iy et
the tayet ofedO0edr 300 degregs d?etoipmevelnbumwtted Werkpigce averiab Softdming.

¥
S BT TR RS0 TR e PSS MRl PHERY D
camppsite agmpeidntsa snicGnpek diengetry compsgnexits whick éandide concentrate
dalcﬁa:cfr? t‘Pl[arrH\Q lsﬂe?se%r l.l.riXth‘eP@ltehﬂg tﬁaﬁﬁg{t pP&‘@ggés 3Rb §t¥ng may be

detrimentally |mpacted |f the temperature of the coating does not remain above a certain

temperature, that temperature will be the Tmini, and the Tmaxi may be set at a higher

-10 -
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wire coating systens (a hybrid of plasma and wel di ng)
and the like. 10 [0039] Figure 2 is a plot of the
w0 p@Bamoaneous t enperat ure nmeasured by ther noceCpUS2001@81211
versus tinme as the thermal deposition head 6 shown in
Fig. 1 deposits coating material 4 between points a
and bin absence of the coolant. In a thernal
techppsureiabnve wbiah ithegwonBpieat begins pelakddtempetaly impested if the

I epr nted at, t. r re points, T peak 20, are
te@@%@?@? é%ﬁ]v(\a/iWirkégé%gﬁgége%?/éésredt he thernocouple. As the

[OPﬂgr nﬁle L?S%Dogillu{ ka?rﬂ “{Rgﬂ‘gal%%agmr\égfes?ﬁ%% V\s;)uﬁbgg? otf Iihee th{arrrth éreatment

r mocoup e tenperature pl ece a
medrer aneide dpfireddecthe pae of ashemaksnating dévitdomedtich the material to
bedg:oiﬁé(fgr* {hﬁ%%@&e”sd’é%%é %ki?sct%e %hevri‘ngl c&a%ﬂﬁldg\tlilf:@ Qj col?aYthe surface

fadiati on an y convection resulting in a ower

ofherwnkpiecenpbe #teumel IR2d indlimkes| thereral spraying 4uns (eand includes

C t ver ianifi i
HGBENE SIS e RRT S TIRE LIS B i e e L F@RE Splch can be
uselddorn welé oy ertay. Qoaling ldser powsdeTrspgy @atingrestens, |RTA20ovder and

RIS SRR A 08 BILAEPS

maxi num
e SCCHl |
QP b e gt b B SR PR SR PO T terboounie

12 yeesumolithp ae U, thersnal dspapitandwad i shiowd 1n Fiphé dépesiis coating
m% Rald t?%tx%%r?@oiﬂ%@ AL ‘n?é‘ﬂ%gﬁ@é ol gg&arlith?n Wé?&'a?&eepo'smon
e coating Systemand Tmni P's T he preferred m nimum
caagng eperatiore ptak teniperatorseperresented attempesatira osys Termak 20, are
ol R S0 s SUF e dnohRBobiEP R Mo bl BB R T
mowds| awayt frdme thestheresicoeple, the d¢roperatuye biethel@fodpidoeat the
thE AL oI E 8 RAEROS 54 b PLL TRk R dat hiE&hétﬁwt %tHierEr‘k?'eo% 2 via
uses a S|ngle source tenpera ure agurenen ha
candnetion, byledlisdivelapd Hplcoevectien asoltihegfrsa iven satimuentergerature 22.
T 8 L SR8 RO RIS RS ob e
subseyuenT paragraphs béh oespeni toithe verttoner The teemryerage aad mean will
bef ﬁ%%qﬁ@%hgméﬁ%%&@i Pﬂrﬂe&e&ﬁ%iseqﬂ&s,?tg&t Tﬁ?%&éﬁ‘, preselected
various nonmentary process neasurenment Upsets,
maxieluodiengetdiere forribe morkpissesisrdebigoated dmaxikd, land dlspdesign,
. | i i t t. i me- peint: ~of ,
o P Do PERRIL A ) ockPBe R0l 21 o Tmen
is thenprefeated meaxyrens desperatite WDORDO8kD#6O Bothe coating system and Tmini

- /.0 1.n e - '
e A S R
showmpe Figuee 2, the tesupesatuye affhaygygbérmwickiusaves @by erytri Tanaxi,

' - t : ] . deposition
RRRE 1R odefif S HS o el et ShiloPbay o EIE R
b8 O PSR AR R R 113y el e
meagkghedethetiedracbadaduatsly sofee therridemnoaf figfat reseemal tomdine

. . | .

BRI ERIE] e AU S TRABIAERED) b pico it may
beu@tbqyg Tintaxi gif tpﬁgcp\@ Teunir M:pre@wpéheaum ef a fixed-point temperature sensor
does not address various momentary process measurement upsets, including the
thermal sensor location (with respect to the thermal deposition head at the time-point of

taking the temperature measurement), and overreacting temperature sensors.
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nmet hod presented in Figure 2, above, led Applicant to
the recognition that: the tenperature of a workpiece
waleoosfgeoshe coating operation nmust be represenP@Us200A081211
10 nore uniformway than before, in order to be able
to use it for control purposes; the use of a
thermal |y conductive substrate surface, i.e., a
ovmmanmg temperauretsensingordyicea@sed by smrétaaﬂso\/\mfg arfueblinding of

Bl §REns Bl rF L o, o BORUL et 8 APie ayproig
thgrmaaa] |dem$t|cg1dmdaﬂselﬂamdmd)thaatemlfpam oDverreaciing tgpipecaure
senIS|m<§I a}/nae%%ga(f% sgl n%crallz%fj?hé sulgsﬂté%%rtg sg%vlt)?/g d %rmﬁl fields of
waorkpiecpbs@farepaichnck aﬁmx:tmm ofgjodatiemonthe dotkpicke lspffade, tind the
mcosrbtrrrgl nttt|he thermal treatnment process. Additionally,

P Sone effbodi ments, use of nulti pl e tenperature

[Opg S;'Ll'lentg{arn%? Yrt %Fa?t\éq%(gasl,lg §8ﬁr§r%tegj% eth(‘—;; gln?; eos\é)'ugc% tg}% grature

methop ereseoted lrdék;ererﬂ,rmmemsd Appleaniib ey retcygramm thdhesi on
of thermal coatings, which are affected by |ocal and
the @Tpmrature efrqawomp@ce dgrirglihe wostingeop@rattoadnest bemepresented in a
grlérJ ntﬁla%rtéﬂi%%e%& bg %F'ertg uggﬁrftﬂaéonﬁ&gﬂr&%’es; the use
epen S pr T mting I'arge-scal e expansi on
of@rthermelly aondtumvensmtsttreteemriace, iveoraktpemeadly andduntive verkpiece or
SEE oEhe ARERHEE, hardh o e BE BT A b RGO be
n&ceasamg) eveat@tt iczhl thistnmal gradiiengs geneg@tes oaltlee sxfraasf the workpiece

d@ﬂﬁ_p@e?@ttat{?cgatnhg %rﬁegl%s'tﬁﬁllagi H‘tgﬂ%’ﬂ%’g% @fvs%g@%etemperatures
in 28U d2ps Bhe amreglegtthernwnldl berhgtwfohMio @eetrcﬁl die themal dreatment
ok, PR S R B SRR g
de(vings fracilel torf desfireabladte klmvelcet)oramelmle tempe et inmpsiufentandgs and
a\)e gféRBHlpS%t n&@?ﬁ?ﬁr ;h\r@ab egﬁgyaﬁg%dﬁg{lgrv ?fljngllrﬁéf c %}tlngs
wlmln Risi aftesteddydecat ead tﬁﬂnmﬂ@I temperatine geadiznds generated be the surface

orafl fbriplaRhisUed Btk TR dEH T brfecRi MG e soate
expabsion at egniraclidn dféhe estire wedrpidrel dndtdiéhe ¢datikgbssause of a
m&%%t%%ﬂ/&% ﬁe%erhﬁ?e%%n?i%ﬁ%%e@& 858 of ﬁw%t\h ieé% gﬁoeﬂ*e coating
not her wa er y con UCL Ve rate nmay
malerialt I\rllemucmg lenge $cabssexpansike and gomtrastiomi renm53$ maintaining the

%‘F%ﬁéﬁ@%h‘nﬂ@ of fh%%é&ﬁ&ecé E‘ét@lé@rf ?{%hrﬁ b Hhakesul tant

coatin presen i nvention

[Obl‘f%lt hﬁ]fe &Eﬁnlt?nvm %P&%(/ gééf&?néD lgg c&'l’%%ﬁ%rmpﬁqg %&Huctlve substrate,

stanti a t'aneously usin
ortagaiieg meterial ¢rrtq§m sinfsomemmazsiynerts the slbsiralied surfacayf thene

W&’k&}gb@)%d%r t a%g HRhE |§ %%d%al Er@ﬂhb% c%gg %@Cat condgctlwty of

non t enper ure nea rlng evi ce
atugsst & VWmtﬁgThdw%thstrat@eﬁagbmgtetaﬂe:s as t’r@rvmtkraege torleagtiatagsand in

so%e %{ﬂﬁooﬁ%ﬁégﬁ? Io?éﬂ%‘éé rglﬂéﬁkr(?é sWHoARG ¥ B EPd&VrPnB nfi‘ultuple

eterm ne nme- spa over a eterm
p%@% e the swface of theeverkibieck ﬂﬂmrat@hwwbeliesssathan aalf the thickness of

tthsHBsEHa'té ¥t |&fth|nﬂgﬁ%95§'é%%t:tld eMRGlatdibfhe ; 2’:[% ﬂ%rrqsw &mductive

to neasure enperature o
substrate may be at least two tlmes thlcker in its thinnest cross-section than the

thickness of the resultant deposited coating. An aspect of the present invention is that of
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surface of the workpi ece; however, a m xture of one or

nore contact and one or nore noncontact tenperature
wore@soudopy devi ces woul d al so be useful in thiBCT/US2007/081211

invention. Additionally tenperature nmeasuring devices

that nmeasure average tenperatures within 10 areas, or

| ocations that nmay be within one or two or nore zones
sumganbaﬂlymﬁltﬂnebusly hsisg muftiptentemperatareomautofor process control which

m%f gt?mg ?%pg:ang]a}’m v(\)/? F%g‘? % O% %r%htS/hg)tcon%c hr?(}/or con?act

tesipagii@ e norasUrifgIdéviess, ana whnle m‘mgﬁhﬁeﬁeaw’agmg nimr mbmentary
re aCEI tcee i at UI’ W I’!%nlg dg\y Cesl’ Iq I’a |ne(£tgmes an
S§s9se RBy VBRI PGS Fé’ TEPP RO G eI P
arcioover alpr@mmdfsmwfatdn ercbhémn madz ebeditmeahshavet Hremeiin afp)jlurallty of
| e the t her mal ? osi tion f coat nﬁquter
I'C

nonﬁ?r?taat mg?lﬁalfr? me@SHran% ces ar% H%? tgt easH\pep mP%raﬁlJre of the

SLm‘bt:eDmhaembrkmate hbweves, ammetumeexﬂ ohdﬂer sord @odact and one or more

nc}n% tq% h?ra’éurr gbe%}sﬁnt I (%/el% 5@(25% rjgegféldﬁ %ln%entlon
Ad@tth;ateumatamdnmmmgdewlhﬁ maenagsmre)éverhge temperatures within
arpEnE e BRI uIREEE by vid BBHEEE oy yporut in s
inedntiob, alpnd arst cbubinatiorf wrtrnrteynghmturegsmlaersmﬁ)atdwss'rd in@mneas,
oS EFBEafhra0g Ran ba AR e rbbecFnatet RS aerapyaypes of
nctnemummtenmpmratbret measwing plieeices inid $inglée aystemtmamelre aseful.
presel ected nmaxi num tenperature, Tmaxi 25 and a
[0p43]s enetioe eelatipmientiof & eorpent atagess for tierthernfal eatyiens misthod, for
%%&'&%&H@%%&% tioft o? { rPé‘l%rla% Bﬁt tefptﬁgrﬁlggw(gl@%
stm)nhiateaAmjllcamts cdateomlnad timl e‘rcm@gnqz&ampmirtae Buéaaﬂemrpetmés
su\gfg{a:ﬁﬁélgs‘ﬁg%ﬁe%%\é?u%li g\%rgﬁ %f@%fﬂc%glt érze?%)é (r%rw&%? e?@ rék/%r%lge(? Ehe
tempetauTes and plotthe theonepigead the iempera;mmbadlnm¢Tmﬁ1) , thatayerage
. h  aat . .
tei‘ﬁ?é %%ﬁt% u?fag%glathép\g)gzdl’lj%%nw&e cILrﬁ% g% gerss,t B%Itﬁlgﬂ’urﬂg during the
dapekitibn pecsgreasisimetnigeimet 24an tHige 2ndih this ipsientiontTavg &as band
co%ﬂgllgbugc}‘ tﬂ?ﬁthetaograpg lt&’h% r%tg?éégfgq? r\/}\@)ﬁﬁ)‘&& i Wif Qt%g%%?&eeﬂ%
prbﬂectﬂr@ rrfakmwrrstbnnpsarmumﬂ' oaxhzb ang 4 pesseleBled myinigyst temperature
| '
Trﬁi:;r} ¥ Fgrhﬁftggito\ﬁ% c{hcﬁjdeﬂ\(hea?tal %%Ig%t Qlfe_cltl!l%s &éé%e“&ﬁt of the
warpie ce tengieratueon diultipdn e catians, mdacqixtlmtiohrof so@eerage temperature
) h o
oS GIRRL Taybt o5 gk ARl 1 8 0 bl Bt
tha@pwsatalulf epolamdinte thelveorkme e, theethsmes treatmdnt ratewhimd can be a

b B AR AT EELLRRD Ao, o
reh?éae ismydrt_&m@en/\ﬁhehheafrriaématm@nt meamssarubme isotfhasr, thet rht;a_ttive speed
oS B! ik Lo R 3 BELRRL BRI ng ow
rateoortt éwqcmmf@essEt/@'y ispstamaand rtrmesstoétmfelnmnjlpe mmmcé peovide the

pgleﬁ% I:(%rﬁ Q%{H mmsteigggigﬁhlﬁroﬁtrolla%# &?\dh B% +‘| examlﬁ)le in some
eposi rocesses shown I n the Tigures herel
erslecpHnamte tbe rtnermlal addtmehigata wig nmemadjugalnletand/or the coolant flow

rate will not be adjustable, and/or the relative speeds will not be adjustable.
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provided. In the thermal deposition processes shown in
the figures, the calculation of the average

wo esopos@Bur e of the workpi ece can be utilized POT/US2007/081211
control the coolant rate, the coating deposition rate
onto the surface of the workpiece, and/or the relative
speed between the surface and the deposition head.

[0084] dEEOsdiingfiowadte waild H)Eepla)mamby afhebOngraeens alth a heating

' h
BN DRSRFETEAMATD 0 R
enbodiretrie \Mhrchmxtre hbeiateeldg torbapddat te toke piocesk toirhaintain the
PRl 2paie SR o TR afERFha dRYoRET

prhessses shovar mttheflgwrbe her'éhe almaanam;]cmmarhabls heating rbeans is not

ol | [ Ocess ne_ Qqr .
prﬁwg?ﬁg In tﬁ% hﬁgmélonetopglp?réprscm? e¥cs§ rﬂhe(?lgureﬁethﬁécgﬁzulﬁaon of the
awmazgmstemﬁhetwe of thel vl/carkpuéﬁe can tma)utthzedi lcecamtrabtbe doaldpturate, the
coggﬁ%ge;?os |opn§tre§ol51?eat ! n%?(:(? ﬁﬂﬁw?)kkgme%rgggr? or tHS ré?gtﬂ/te speed
bq@wedzn malsarfaar&Sthefdebhstlamméaic er hefdebbstlmrdteplsebeamount of

lal rﬁ ctte oﬁ %oac{%ltlg)ﬁ h%%a Rgrd L?nl n?e mqﬂé Eherm%maeposmon process.

atlve

OFBSETR By SEFEPL 0B JBAIPL B35 BSH B v o

beoprogiged eyradércedhais heatee urmens, Waeest lhseravterchge, hot plates, electric

{ ' ' .
SIS e Moo AL S ARGl LMD py i
ortayortmmembehngaﬂneammmehms ;ﬁqr@@etr_sllimg theywstting mEamrpTre_scontroller
orocfonﬁgl?é'fse \Wﬁulg %%Ju‘%{ ﬁ%gﬁﬁ? o {Tho'rg hé“é‘[lné*?m%% 8 Enc@arsg tttf'éa ﬁé%%gded to

adde 0 e Syst€m or process in €
thwsu [ﬂaqegofalpspWDMtene s ta partvhilartzoaesofrtbe snnféaeroﬁthe workpiece.
) | . .

AT b 80 T phAP . P A AT B o

todhe @®vementiafighe $LEEa1t:ereﬁthemkmem Aabeatingaoudamstshpuldtbiei eglded to a

o 8 FNo 500 L8Ryt SRR AR, 1R A Pl
shooldeogphaistsnagiraboye al raintmsum fencheratereeand hiesd ©r néxaanopple beat is
ao%fed%g%@me r%%l%%ta%&]it ?@%Qsc’ oﬁ %Lste%’otkgm QE%PSC'))st n%]gnd processes
CoolAnt s ThAT are userulor R i Avention Phal ud
infudniahezheanrmoradiesting mears woad es added gpdgeﬁystemamlptmless include

wligf ReRREE: HORIANS dSROUTLR DR USEILY L, ddtikher e

processes. COoo0 cool ant s

[OE@éj' n ﬁ&ﬁ)ﬂﬁﬁ%\@ﬁ%f% ] ggrﬁ'%%réfﬁrgth%ﬁ tpe?ls@#gtrﬂ]elrggy 6% udE as a

e ‘use process o
cqohlv@hteatmnameamfeorcﬁm comantin thést Immttloneahs codlingdreatment means

orQRQl:bcﬂgntrm% ﬂ{@ gtagﬁ(grg%)llld d&% i t Bf tWo cff %)ﬂgses or

cryogeni c COO? use e Ccoo
cqoants ingliflecerdIvhasesrganasiplest ofcealsnt teegiment roeartsf(Ot hmllng means)

an%oégo?arﬁﬁs tﬂQi}.{ngggf&gmﬁ.s IFR%F]{I(%F}/ in%@é %%?%ﬂgg%ger}lﬁbrttggs&e,

ed wor
crmentoszmﬂm@aamoth@rw@mkcomm enwseful ircthachealitieatroent
t ®
prpRersBr EavoGp o soD R Te AT na § Btedtfe SASEHTG o iow -
1(0C) ahdy tieyymes uofa tioeradial Iﬂ@tﬁﬁh&lﬁﬂo@ésﬁ; of thig tnvegtem dstthe thaing

tr%@gé%éan%;q{(%%tagﬁo’l%gggésbI I%ea thgrntwrl dgpe)bsmondprocessqhe cryogenic
coolants can be used as the coolant by jetting (coolant means) at least a portion of the

coolant on the coated, partly coated, and/or yet to be coated workpiece surface.
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carbon di oxide, or air for non-oxidizing, usually
oxi de-contai ni ng coatings such as 5 alum na, zirconia,

WO Raoafi@39 hydr oxyapatite, perovskites, etc. TheCT/US2007/081211
i nfrequent situation when a noble gas cool ant rather
than nitrogen, even if cryogenic, nust be used wth
nmetals involves spraying of titanium tantal um

Cryageres bou‘raram chchidmineat coatamg:tei o enabid gdsespahicimgsy betgashous,

qu@%}i grlg[;ar IE Ieg(%"ds %k(lzly?s %r%ﬁﬁ or %Ilutnpleor gcgypég%?goeﬁlﬁé%gatenals

niirog&mrfbr ibe mzrje*it;ef metaeﬁut tarbiaet dnmdgrzmmbcmfdemeams;s, and, optionally

| | ovs,..i nter Oco
cefhgrfaBxiab T i hdar o JRIRR Bodliififa cod MRS 55
althimiar zircooizbtitaaiai byutrox;{aﬁ@ﬂté] peCovakites) et afre |ﬁmeq®pp$|§uang1 when
or IdI reg(t)llg ratlH t%bov I St ed OIoamn% r%nt euse Wlth metals
a 00R'F 922593 Wor é’% PO JENOgRaTC NERIRSLS
inyalvgsssprayaigsof tmammh,emntadm&stmagmesmrrsamfsmtlehrerdalct{\ea metal coatings

iRl B P Y. o e bl B BgTRb Bpap it for e
pract@eari thef ingantibh ere:s@éatengrmeam grolup e mewjalallomtmmﬁewllk:
oo o8B cPlpEity bif vt Bk TRt B PERREm S 5 of hor
corgmhatiogs.nmeans to the surface or to specific areas or
zones of the surface of the workpiece. Controllers
[Oﬂﬂ/] aCeaing nmand éorfapplyingeormettoy toé abine-lstal condprieants the
SL{R% 3'61’ tY]g v&oﬁléo (%(!éeina%% %ﬁgbcg)gnérgsssgﬁgg @E&?gﬁgtasdﬁcgzgz[et%géigaributors or
the dahepeﬁabhmgamaam @gy hg previtiederith eriengy nbdre coelaeilersafoed controlling the
flog\Pltalteogﬁhé Xo&gﬁtl‘f%ﬁ# [Pw% ctoﬁﬁnqiﬁg%ﬁsnﬁndzm&ygl F&Iit?ollgr%rfopgr?et dMore of
ron rate I'ece ace, or
the ebdtrlgv&eamem)y lb&apm&lad tfchesemmatqby ewwrollisgtieaitmv watel fremitbe
odoflid hnd (65 TERCJBA0S oo o BXER) fhos APRESLHLONOMREY)
aver nmean of mul ti-area npera
workpidce gEPniratiees may albowe)vaiep‘oemelnamoewf thmzozﬁng means relative to
th{aggﬂg%eacgflfﬁe@WO%@g%’ and bel ow a presel ected high

Xi, for mnimzing thermally induced,

10D86E AT RS TFRer EhT o SeRE ERPHIG AR ARG verzoing

(detecraininggtie trieanjramd olatmg@ ad]lwungém ¢avlant Sawiratg (or coatmg
de(%)%klft o thé }Sn@fthé %ﬁ(i{e%ta%ﬁﬁa(‘f@ top FJ‘atF\/Q%Bg&?Eét(}v@{aﬁ tr%'w?rhplece

sur
surfen@en@wd éhemlahnreatmlaet meamqofcewamobf demosiian fbed):\ammed' aver

(n@énvo?'&ie%ljlﬁ-sargao ﬁ#%'?at&% r%&iﬁ?%?grﬁaigg%gﬁg y preselected low
non-opti mum coo I'catyon, and ot her,
teonpeysturai Fothi, apebalomt @pteselbciteu @iqﬁiemnatattdepﬁsaxii fonminimizing

thg{ngaqclgzrzdugggﬁﬁ I gtrrgsse Be%%b qﬁé cféﬂ% gﬁ\gfr@%cetgﬁﬁst{atg r%urface

e |nven 1 on he s ati on
andheotesting bt veuknik et frore lagalized-tberosal dareag&a residgsein creating

urﬁfﬁpﬁﬁi&%ﬁe%ﬁap@? wﬁﬁh%é@ rk&ﬂra%%dvﬂr?a'h %lﬁ‘%’(\{eg O{A perS|st|ng non-
urtiformiéyr cftthe tempesatiregeithin theevarkpieceagrace canlbe sstised by varlables

SISO 3 R TR,y

par@raeierﬁgofpth@ﬁesrsaladmbaitioreﬂms@ vherefnree rrearmﬂter embodlment of the
process of the invention, the standard deviation from the mean of cumulative multi-area
temperature readings will be determined and will allow for improved control because the

mean of the multi-area temperature readings alone is unable to detect longer-term trends
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fluctuations within the workpi ece surface and the

coating. Determning the standard deviation is also
wappsioe@bd e to ot her thermal treatnment processPST/U82007/081211

simlar reasons. [0049] The nechanics in the inproved

process control nethods of this invention, 5

illustrated in Fig. 3-6, involve, as a first step, the
in ttheek ienmgpeaftunerdvbliutise dgrorg ciatigd erocemef/atamesweetamperature

r in AR . ntiall cro t
ﬂuv(\:nﬁ%?'ﬂ?sg‘&ﬁﬂgﬁe e) Wor%(@l?éé %rﬁacle acrﬁ)ﬁ rtr@ oasfﬁg B%te[rﬁe S(;ht’h]e gtandard
devfatibhés ales kpplieslde 29 oihacihednal grebitneere ghgeseasasd for sipdameasons.

areas. (The use of the ternms length and width to
[0049]c rTlt%mdchHﬁItsmmﬂEe imforavied praxekp cemtel netleodsalf this invention,
|IIL{%J&et in %ebczf‘n%ﬁle %sé‘?rsltmgﬁ ﬁe%’ﬂrﬁ)&%ul Q%n? %ﬁl% RS of

ehtion ‘can’ ('eces av n
tempyrawrapaeeaalreddmba(&‘kﬁheubszliantefh;sa@nsé thedzerrgth rvydtbedlameter or
i d f L dt )
ot@%ﬁ%r&éﬁ&f %‘tﬁ%gurﬁ‘a@%&#ﬁ{eﬁ%&&e%gg @[A%g%q%u%@ and%ldpomt
arpga s{ihewse bfthartermisdength fand avidib tqndesmbe dineraitas lof the Fargpiece
arg n%Llnﬁ]?ﬁg? So?eh: lhlsee t %rﬂj%jgrs odttnaet the” é ocggs (%f tﬁig |rR/%hp(§n céﬁ tge used
es npera Gfe"freasbiPéien are ‘neas
foswbtkp@ness Baviyg 3mmhaparaed disdtyther deeertsianahterrss ey, be SubStItuted for
eq 5
thg?érln%% eq?résf %@%@ﬁ]s%t Fbrye &g{ng)'ie |§§§Ioﬂ fé‘nr Va({\é?@%mp&%ﬂjre
mbasweeents laee idsntifst aastpoitd g-i amdm int ldip Sawscrosa she lengthtof tfe
r: r
oyl H&eor a?@?ﬁ[sazi PRI ﬁr?eessse:t%ﬁpgrgﬂr@&%agurgm ts 318 ni%%tsgrl%%
stbstmtlaibr@dedltarpous_hyeatmqhyuma-ﬁea,tcoae@ted kpinagea msitireged temading
c n , . .
VBERGERE 1 BlsBelnd P inB e i M b1 {Re bsatsendhe anc

su’mtstaaehaltyr'aanaltatneousstnleesurelfnetlh@c thértemperattires sicrosa theps wiass of the

WP BRI e TR SRS X BGIORp i i nely A tnermaly
trekth e varisriegpeysirgnitie poocesp peibissevantion rendrtba theohalt doaductivity of the
o s8er AT S LR LBl PGBk BT SR St procoss
artdomaypbe¢ established experonentally, bitendobe wvergmple el todosenonds or 0.5
I t f
oA, eI TR EBIRED, BB Sl PSR o
temetq@urecreadnmwamn dthomertipleastep, eiespgaetdadbEeaMéMRR) hees stated
; f
he?ﬁtéfogéé,g% g:s’]%d l%rl:%ﬂ{rg'lg)rn%r n]iorrg 8{ %E&I?M\l}ﬁfﬂ%’&o&%t ﬁ&?ﬁ%g She
thamah! Teainient rdte, far el tl&ﬂ ecp:atlog depesilionpratevedo preonesse of the
W&Q@l%&? !an%ﬁ lfh%dr‘elatt Og S (%e%r%%ge dﬂa‘l}é'sﬁh%@&?¢1dsthg§f?gmaﬁ§e£ment
nmechadi smTor tenpérature cont nthis'step, a
mears, ajrrexampbsthmlotdapbmhw lfeasd) ta maingsn dbvarbletycbeaf Treaxi and Tmini.

' i nal. .
e B8 S) DB R0R1E8 500, A UTR TRl ojon s used
aswtnechatisrofordermpetRie (:emtmhglnu thlSISWFd aalertaioviresholétigne (&) is

sgégllsré%da ter r%&@dﬁ%%g%tdrg% régﬂ vaﬂe%qnéa%ﬁpédneg an(\?néﬂ))flme step

ditngnsi ons
st@it tp B9 usetfer ealtulatongwijushiofi each MRR l(alamgaadw@adi mgys in Fig. 5) but
alg@&gé éjrﬁlﬂgﬂg{}earhbl@argg Fegmﬁatﬁy%%?b%tégﬂﬁﬁ L(jw@{ ﬁﬂmdo -dimensions
ag( shomini luﬁlg 3). Torpatici cuy)ulative nmﬂhrare‘adea@nanwambopulatlon with all

c%&t@%kﬁ’ﬁ'ti%?&acr%&hb %t?& JJI‘ue%V@I(/IMRr]?WorHtin'JBOS?)tI Gpg)deﬁ&is Evertically

expanding) and used for standard deviation calculation with every new time-step past the

-16 -



10

15

20

25

30

WD 2008/ 046039 PCT/ US2007/081211 threshold tinme. Wth
this two-di nensional data matrix, the standard
waoelewsatdoen of all tenperature readi ngs neasurkdI/osmo7/681211
coating deposition cycle, designated S(CVRR) can be
cal cul ated. Once the standard deviation S(CVRR) has
been cal culated, it can be wused to conpare to
thpaseold dios. yNﬂiteth twondicheasidna sthtehatikeitle stantaal destadino af all

te%?g a%\?r néc'dl asu“?eoa{)T\Per ép @(Iapé}%tt'%n gg?(g% rcr;atateg Séi:MRR)

camrtsk c%I(;uIam(Er @n&?th|e$térmilagiedew€nln SECMHR)\I@B@eem nalotlhted, it can be

o SATE G0 PET el Ml B B ea i LR AP T bé oo
Fccrcaxlanmple trmreamﬂﬂd e tlew established aorﬁrahsmddarﬁlmevraabrwdimmted S1

ar{dtgfv ere ]\J/SI I%%§F%ma%egﬁnt [ emﬁ (Sjmree ﬁ%rgtcgald be 1 or

anyalungser o&d:oritr@asttandmé defiatidres. f((brtrcd é)@mp@ma/mlmrom&) aafrol

ST BSR4 Ll B AT TR D RGP RO 1 o

SZJIevpbeﬁltrtel atuehefe B CMRR)tih mrg;ajntrﬁamtee @festelwted\/\mtdqsl etdeasma)yle of the
fofP&Mﬁ%?gt (}nﬁ g%ﬁ gga?n&{t&f ébgﬁ? E%I%h/n?%?tlé)nggﬁen%géetgeéﬁ ‘tr}e t%grmal
trasdiyeften elatsy mgeainplantthbdﬂnertriaédenmltlanmeédi and theet surfapg of the

e AL N e T
caatiog depdsitienrateainitos sai¢ perdatebsdywee dedrbasclde atd/ogthaeaolanidlow rate
I ) ' :
o5 A 15705 B0 S O Baf LA B B
maepedetreasedodndéwdbe regptivatspeedibetwayn e teatipg means yr the cooling

m?ijrfso gngﬂﬁg gﬁﬁ%éee 3% S%tna\?%ﬁ?g B?[Zﬁg%ggérﬁf I{reg@f gR{elaﬁ)Q for
examgld, dére deguasitio®2f ceatidg optterd njad|bedampbrrilysseidperided or limited. In
o S ey S RS SRR 2B 21557 e
thah S2; ar&ﬂdptloné%]mang)e lled:B‘ﬁS(CMHFélexgeéml Hoph Shand (SQf For some
prgge%sgg thl'éaa“ naqlrc]) cnﬁ%{nﬁ?ﬁ% O%Ftr ac%? r{%& m§§ E)%gltmi%g”,tnbeeaning
cImEDduelrlgrfultyf shiuh eff ahd/onfed ving leaitadamipactea fisvited effectloa the surface,
e§hu¥t|n§oc{ﬁpér rgﬁgr%% %eI %Rs%%jon of ltf?enlg Oé{ ?%%hrré%/nq rrqe'?—,\%g‘i/\}oﬂ% be

owedy gemplifatéche leathiol lang dedaynuffdrineatiraup eachotigg dS(OVRR) |

25 i.e., below S1, are desired because this indicates
[085@]i nteow sipsdard dafllahmevdaluesrm‘rthmtumlujaiil\ie(mnltl{ayeamfeatjhgs S(CMRR),

acce&w §I13,|eaer(9 %%glfedqt?&taug’e? {h?sal%lgg%s %qr:r]‘r? nuhggc@rﬁlrm?d thermal
udlfoually of tkwemﬁ&@atee(gow heaﬁser&admigach)ssmrtg at acssplatile coating quality
anacrﬁéﬂ'iu?rﬁ ?lgﬁg g)rcal é{:/(ﬁgeﬁ%%eo\s/ égérgo? é\l?)rb%tdr%?ljeg W(SHRS iece and/or
caating suréacea Noeamelegs taadcmhbstandsar@ de\flatﬁmn@ma%mf trm@meﬁalve
mglg I%teré Iegﬁf:ﬁgg gﬁ?} éh%tr}h o? o%li,s% é@i@d%nﬁ@?ﬁg%y variables
aseweihaﬂ be salectiart ofrige ﬁww@kistlme ggue.r 8e, leoa: exyheeca peamgprocess
regumaTas é Q&’H&?‘Je p%%?é)széftd dtggmgag %?g@%ftﬁansi%%t%F bﬁ'rvgogrm?(ae surface, it
may be dé¢sisipld o ngthle treglagld timat(ts) esush aneayr Hatibe istanderd deviation
vaYl?qls%‘??n éurﬁtngt l # r%aHHéé breaé'a‘iec%IJt§<f9ﬁd19§eoaf5Fprocess control,

it ed an us d

only after at least 50%, or at least 70% or at least 90% of the portion of the workpiece
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only after at least 50% or at |least 70% or at |east
90% of the portion of the workpiece -17 WO 2008/ 046039
weEOBOEDED7/ 081211 surface has been coated w PET/UR®07/081211
1St -pass layer. Alternatively, the cumulative
multi-area reading matrix, CMRR, and standard
devi ation, S(CVRR), may be used to control the
surfaee has béerecdat@hvitiptheckE'ssass layer. eAktBTpdate/elyt e (tuhmlamtb multi-area

re?ﬁiggsrfpge]ttrllxge%pl}@@?,t | gﬁst%n&géd gi\}egtlotnhE&:Mﬁ E’ Cypgesl??e ed to hr‘ﬁetrol the

theimad! trehiendni p&mhsﬂ cﬂor&'exammte tr&a thetmdl depdmldnl precdsbk ohbyl@ter the

.t.0 put Qun t ful

et o @ ieF ol on e @& melkpis R RS e g trreshol

timm'rslseptoetbe timeQO3R¢s tActnhrt tlowm H1e| fyst fulh byere ppesrapletedise Hirst pass of
e syl face..ar ea (ﬁf the workpi ece shoul d be neasured

thgt am %?pr(r)ﬁ't'on © earrtréea\évork roSubst ant i al | y unifornly,

[Ogéf]r ?rtéoa%ﬁf s te?rfqe?' gres\% (? !s@'? g:e a'?@} oﬁh(g \A%{lg)zeé:%: thId be
mpammtsai ahﬁ)mﬁmm mﬁberpteas d)rrae:bstanﬁailgeméoraay alveathe surface of the
t t

e?gésf;h% ol B R B90H AuRHERERPO AR ] et proces.

Fdraalxemp@hthel arfaoe lauaa@farvmrme@er ie a tbemizh ceatanggaoass tolier which
glﬁ)ﬂaﬁ&e teFTﬁ) éWefheJ%%{etr#eer{tg?MLXd 68 Patkgg sRé’uI& Fw%lude the entire

pOSI I on erat ure neasuremen are
surfake areat of lttocwoikpiese drat vwlttife theana@lysoeteddty the dexasiton hiehe. The
ter°h:6r a?l?rg n?%asg%?‘newg gr%' t?lgeﬁc ltgc%g&gﬁr Sﬁqb?r? ggga%gﬁ%%}ta gp the
sugiiade sfrmmve}rkme@asﬂ@rtdrnpmlpmtmns whd cahaarwall be osakidteacreageably
an’% r]hggﬂjfé yggetr %Eﬁ lsmgﬁ@r %g{@,ﬂ} p0|ﬁtfs \Lr‘rf\lér?gre?fé(r%se% ar@e(@ﬁﬁé %emperature
maamemerasmtaé(dn onertehlergeearpa rtypmlg is emgverage tenmreasturecaler that
ar?é’ nle%rgur%ﬁ gqﬁé(%rﬁé%rﬁhr% s%)nSOr ALB%aE@Ied\B IIﬁé5 shown ||n Fig 9).

ature sen may neas pl
Altemmque@t axtmpeiaturmdrtsolpﬂney mbm@rmmlwainmabtemperateres at
mFIHEIE%Tn%g Iggatf?_)ks %vg@b%% | % a(rg§ o%@?ﬁg‘e‘g é% A%Nr? elﬁu
I

OB, SILHS R TR i A B g oo oo
ofct}amtmutbll-area ecefdirgw adbne sawplinydinne aneam(MRRo st to control the flow of

co%ﬁﬁ‘é Fn%h’u?ﬂb& otﬁ%&%@ﬁb@%ﬁe&éﬁ%%ioﬁg W@%ﬁ%@%@%s %HESWN '\r): e first

equagion bilewe: I\/ban(l\/RR) = nmean value of nulti-area

readings at one tine Tij = single tenperature reading
at one tine and one area;i i=MA, B, C ... M (nunber of
tenperature comemihnﬁalr%a?ﬂ} Z Tij
i=A
where:

mMeaniMRER) = meanvalue of multi-area readings at one time

Tij = single temperature reading at one time and one area
i=A B C ..M (numhber of termperature control areas)
i=1,2, 3. n fnumber of measurement time steps)

[0053] The mean (MRR) provides an instant, area-averaged thermal measurement of

the surface of the workpiece to be coated. This result provides for a good estimate of
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=1, 2, 3 ... n (nunber of neasurenent tine steps)
25 [0053] The nean (MRR) provides an instant,

w@r@ananey aged t hermal neasurenent of the surPErEsSwWH7/081211

t he workpi ece to be coated. This result provides for a

good estimate of -18 WD 2008/ 046039 PCT/ US2007/ 081211

| arge-scal e, tenperature changes at various points on
Iatgeescaler feaqeratiiret dhanges &tpiagoes pdints. ormrtbe emrzméiamrawodkpiate. In

BB NI B Bl D e E R Bt

thawlame(sma‘ace toohaihtain tmelaverzige (aeed) ctfehmpmumpleraesa temperatures
naxi and Tmini. 5 [0054] In

RIS Pre R ER Rt S TR P e i ol d ti e,
oFE" A PP B oA el i PR %eg%ven%aﬂrwopm

curmul’at’l ve nea sSre resen
dederuanin@ e stardard-Nevi@{oRR)=thEi qumu-latﬂze'ﬁnqan GS\MRRhs repfesented by
thiaeh at ere: S(MRR) = standard deviation of cunulative

{74 ea readi ngs accunulated fromstart to actual
measurenent tinme Tij =_si '
one time and one area ij = Ai=Bl C ... M (number of
temperature control aredas) J'= 1 2,§/3,..i=m ( 4
of neasur enentCHRRE S pml [ﬂ 55.] As_no drialhov

the S(CMRR) may be co ta Sl and, 3n ceedli ng S1
i ndi cates, for the thermal qeposml on exanjlﬁl’ge t ha
the ther mal unlformty of the workpiece surface [
becom ng rrarg , and t he heat spreadl ng over t ha
surface nus EEA&&'R r% ion '-xe ngs
coat i ng dep05| rﬁrﬁ ﬁg)ﬁ}lﬂmg E'é ?ﬂ

nmore uniformb ﬁagm %

gccel erating {1 Eaf@ % g\ﬂfﬁbé ﬁ ﬁ?&%ﬁ%é er”a' .
eposi tion head ahg {h suré efittine ¥ ating

t he noti on of
wor kpi ece, with a correspondi ng accel eration of the
cool ant nmeans or distributor, unless the cool ant neans

oBsla, RRH Py B s GIRRBYy bF imnaRd taa 2. Excoeding St
inwioatlep) fectBe ties bilat Sepasitian ehample[thatmattmer@al aybrmuty of the
W%E@i%gé%@%cgﬁép%c&%nr@lmargu?eﬂ dltﬁg hgaetasdpr adsng over% ?surfac’e must
be improved or the quality of the coating deposited may be poor. In one embodiment, a
more uniform heat spreading may be achieved by accelerating the relative speed
between thermal deposition head and the surface, i.e., by accelerating the motion of
thermal deposition head and/or workpiece, with a corresponding acceleration of the
coolant means or distributor, unless the coolant means or distributor is stationary. The
accelerated relative motion of the deposition head and the workpiece results in a thinner
coating layer deposited per thermal deposition head pass, therefore, each acceleration is
associated with a corresponding increase in the number of passes to deposit the coating
of the target thickness. Alternatively or additionally, to achieve more uniform heat
spreading, the coating deposition rate onto said surface can be decreased by decreasing
the deposition rate of material from the deposition head, and/or the coolant application
rate onto said workpiece can be increased in response to a S(CMRR) greater than S1.

The process could increase the speed of the workpiece or the speed of the deposition
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20 associated with a corresponding increase in the
nunber of passes to deposit the coating of the target
wo bioslm®3s. Al ternatively or additionally, to BChUS2087/081211
nore uniform heat spreading, the coating deposition
rate onto said surface can be decreased by decreasing
the deposition rate of material fromthe deposition
hdaeant botintd/imareddecthe o&tidata/ntmamnldf treet Wwomipiecartied thetdepssitioh head.
Inwﬂg % %rﬁggé]@?ﬁtslérg&%ﬁﬁ%ehe ct:lg ee% F%Z’pem\t/l ?dgétéséh ﬁ?y means
mspbedctozhtddw enoned kgsitez o skowet e dsp Hecheztting Rew matpcmayt beoincreased
Orol A 008/ 046039 PCT/ US2007/081211 head or both to
G 833 the relative notion of the workpi ece and the
0S ti i.C
[og§ﬂear{aéénc% a%%dexceéd?n%the%ﬁ%%a{q\:gev?%ﬁqiirrp%gvrplcﬂ h"é’@ a Igreqer
vahe thaasedmdlmateedihétam bermoal uslfawwety,of ttredd/@kpleb@sthmelhag become
pr&ér%\évﬂ{-/(gﬁﬁ Q%\ég%@leeégﬁcﬁ ﬁt%s%%rat%h o‘f’l gn(r‘égtﬁgir\faﬁi g{algtg{ne%??t%]a{ts, for
ex8iplamthecthemas dapbah@emeadvramsjé)ettemporsmly susprciat s limhed during
th lﬂt rﬁtgfstrré%ln Pdcegg ctlé/ b&‘foret rjgg l?rp b%%?t \r/é %%QNJF ece more
&l bP
8 unaccep a and the operati
tlmxé tct zmhlavh@rrmaﬂe ltmfeam tmmnerataamsln aftbermadardamslit@n pro@ess that time is
[ d
nee'asp @Lqrg%ﬁ)gﬁér | ﬁ?mapﬁlgg ?ﬁ@as%q%%gé gegﬁﬁ&%ar el g@g&gt‘ r—er%quent or
extafdedshoEswns nHa thermaldmatmentgnwst foe emnklpladbermﬁd)depds(mon
[ me . ,
e BN gBER e GultRy FThA HIRES Ao bcting e ragetorminec
S%pala@dndltate tred charges inie sel-up atihedeplasi distdbuiot(k), the thermal

nERBEATeRURN Ble of RERUENIn o coHARRHET WL ARLRFEh o
redeitmisﬁotrirmnt hr@ddcttdmrrategosseat Additiopad isteniderm, devisgiah timiig providing
fo 5lfmgtﬁ/gﬁ) d;IB 3 %ntﬁc?f%f‘:e‘g)% 109 bg %ﬁovﬂ{eﬁqte&ees rg?j QE %fouﬁzbe apparent

anges
basedloanthatihgs alrdasdwme(ae)iesqﬂbedttlaemmal 15 treat ment neans
flow rate or, perhaps, in the configuration of the
[0857]i rlegeyps ibustiates andetpsiries ane metseefor cpntealingttheaverage
LAt r
e BT A B o Fh A OTRS W18 horRll Jorbh b
pro¢essesibogimery Ir\/\mﬂoctd%\ee ayith afnie ntventmsdd this prdeass thaperation of
I e [ -
8 o 58FHs 8GR 378 paFebhlo e gl G BLESidh hga,apa the
workpices areapetrolkel Qretttpénaatsmf dwa hadicah&notidn blagksor mi ty of
the workpiece in a thernmal deposition coating process
enmbdd] inetantanaouscwokpiane eunidceiemperature gemedtions; and. t hi s
process the operation of the cryogenic cooling
syst[@hgunauiativerns timet-laggive tampdratireggortelsionse posi t i on head
and the workpiece are controlled on the basis of two

[0P3%]i cRiPck Lidesdrioas Klegwsikgol gf the flays phenotané basedmir Apaetgal value of
the %Jalﬂccﬁ tHEMDBIAL I dé?ét[]r%%é& n%se rdeh MR%Z WHIE block 2 describes

cunul ati ve or tlmi‘ Ogg'gagte ratu rrecti ons
the gomig) oBthedklativeleraedi rmAkdepenitipmheast anchworkpigae.gind the

Y- br BRSNS 8MithaShitily MALHE d¥charge from the thermal deposition
head, when required, based on the updated value of the standard deviation of the
cumulation of the multi area temperature readings S(CMRR). (A turning away of the
coating material discharge means turning it away from the surface of the workpiece. The

coating material continues to exit the discharge head and is typically collected in a
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the nean of the nulti-area tenperature readings,
mean( MRR), while block 2 describes the control of the
WO edoaiensd speed of thermal deposition head andpPCT/US2007/081211
wor kpi ece, and the turning-off or turning-away of the
coating material discharge fromthe thernmal deposition
30 head, when required, based on the updated val ue of
cmtff'anert)amtﬁhicmadye\tilmki 10m uséd foln eoolamtrflok/\raariddampératdre cnmlhbl iin the
ry r.eagli ( |n
te?%rgﬁsF%ﬁP?% g) rénrliﬁeaﬁu Ignitcl: aV%gl\ﬂs §(1 ﬁj; i n%eﬂlm@%e values of
Trhinpand Tmasard deterroihed by thmrdapngap@cegmeperatoaml anigance of the

cc{erl?Bgi; grﬁ‘ F?/cﬁlogltp(ocggéagge on eé{?p%dré%%g%ﬁgd%%%%s %Qn&deratlons
arfeGn pUIB20063/t0S d &bl pmgrarmlmste)) prebaddingdhadklly, bl ock 1

is used for coolant flow and tenperature control in
[00569] Tresfollowing isrteguopemting proded e miurieg telserunsm t i ng

values of S1 and S2. Note that the values of Tnini

and Tahe mrszondédzcmnwﬂtﬁétata)ycqwmiticndﬁ’ﬁllh/gcmys@s geceives the
Trﬂﬂ?ﬁ?ﬁa‘?(f ahgtrggé/r?d”&ﬁmg éts%&—ﬁ poﬁ‘ﬁ)ﬁat' ng and cool ing

rocess’'ba erial and process

conS| t , . or
n-a G LBt JeRoh MRl RED) § gl P B okl Bloives
a tdugne [vadagiof thepnotgedandehel marmgl deposition hsad prpgtames to the
r [ -
BEA A FATREELERR, 168 B MRGLELA) XFIAB o e
tegpergiweostrolS$temhe t her mal deposition head (TCD) is
prepared for operation which involves 10 a routine
| oadichyitvthetstert aidhe epatingdoredrsst indhariiist iregstapt(tioh. aendti-area

oA PO oRARRECLLYE DL e vkl Ry B L oAR
opERZerRR Hhg e 2o

frare ﬁp@h @m!‘mo{ear@emr p@mtrczt pglné rwhll(e d?)C/ mcwat/%ﬁethgtran theofirst few of the
tinﬁ%ﬁ&ﬂatefeoﬁa?& asisfolAh Fi FE-P ﬁP Qf%é 'ﬁ?m%f%l&ta ea]t?emgé'rgture

-area optical senso or exa
repdidgs (MRR) ard mtlzléat% theirmeeat, ﬁ@avﬁ\maes P@@Am)at eash SAGMhas a

tefrﬁ‘é%t&r@ tLOé reg?eé%rcéﬁs}é,[% |§9éfmed vx)’*ﬂHHtﬁeﬁgt%téﬁ}é@r%ture

emin . row o me-tenperature
regdinghbyviva wbsprgots ®Bcating Itﬁeccmmrmam raw) Ifcor’ examgie, Tor is the

R R RETE RAPoohly SRNAT FU'C HRRShRE A 1R son 7

asalllyptragrsign &ég%s 5Cel si us, and is defined within the matrix

of tenperature r eadi ngs by two subscripts locating
i ts (@dinuhe fieshpoicelbox brbleskatshewn FD?IgiGSthehéeezoof the multi area

tan%g%r@tré‘é(ﬁnd’SQQggﬂgaﬂee tb H"ﬁwﬁj nf lﬁ‘é?n@{nQQlaP? Tranxi,Fﬂhgn the
, heasured time-step 7 [ Hi g.
coplant gw istartsier ay ke inceagisedwhpofhis siep lig r@@Rat;ed Irslh@\moqass) and

[ ; ; r
thE B PR, Ve oAt o A i SREES e ipan is smater than
Tmmﬁlemtﬁmproqeﬁ%ﬂorttﬁées woderafe); fl ow starts (or may be

I ncreased when this st_eg Is repeated in the ﬁ@écess)

and @btherrecprdbloaiss! haxpe glosk 4 cepperes thismaaneafexde Tmini. If the

mbAadTRs188 RAedd tha rmitithes Eodias fERAL sloppdT®): ki cdolvalve stays in

the closed position (if it were not opened before), and the process repeats step (¢) for the

next time-step (j=2) (the workpiece is too cold, as it may happen at the start of the
coating process, no setting is changed in the anticipation of workpiece increasing the

temperature in the next time-steps); however, if the workpiece does not heat up within an
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Tmaxi then the process continues to step (e); (e) the
second | ogical box in block 1 conpares this nean val ue
wo eoo8ouqB2 | f the mnean value is | ess than Tni PCT/USTveT081211
coolant flow is stopped, or the cool ant valve stays in
the closed position (if it were not opened before),
and the process repeats step (c) for the 30 next
eXpeoted strepin{ ofj tin®), thd precessrkay sues downtaod/oc biditatessn erormagssage
toa%pog)%rat i the start of the coating process, no setting
angéed in the anticipation of workpiece increasing
the [
%P@B%%@%@gg@ﬁ%{?@hh@ﬁxﬁmlhl h&@?g ho QW the cfoolant
roE\OQSVUGAtﬁﬁﬂﬁa (R@TdrﬁJS@ﬂ@tﬁbQﬁ)lfRﬂ[\llf |tequen¢)beeid beforendr aohtinues to be
/ |
st s SGBEST BotRY S Plocki epBREisRn kL M B8 By B ime-sten
(tiF3); nor e than Tmni, then there is no change in the
coolant flow status, i.e. the coolant continues to
f | owg) fheistepse(s)-Gpareepdatddwith eachcmaw timestept (=Re3%4, 5...) or loop

o] R o bnd oS SARRRALELAL S LU REFBER (ERERgposicr
hesdgpstrélEy {TEDH Caard meb@at@drouﬁn(MCémm‘QXtemalémpe
tehﬁeratt?re c%nttrcﬁ Ség’tem )Th%rvallu%g%f Sp\tﬂgl@ é%ﬁ(}:aﬁ%tg@ a{tﬂgaved by the

rocess cycle
P& #Greystahe ptastingi faom tthadhwsboldttlmel (55} rfor(tIT@D@)t tegtdumetananation to

d%t}grpg,ﬁeoghghd(sycgnd/\hu ch are “external' to the 10
e

ature control system The values of S(CVRR) are

caI C bﬂ' f?é?% fg\f’a\ﬁ?c?r li)yst Hh%) .fﬁgé%%%t ﬁ&@é)&h%s coating

fro fireshol d est -
qt@idh/m:@'realateﬁ it pagith thkesgmvaélespf atieMBR) aemaeleogth)a Vtah@rof S1and §2

foﬁh%%rubé‘eJu%Ym‘HtSFBB&ctﬁ)ﬁ%nsrU”S if necessary, the operator

am nes correlates it with the
[ogg(y]edgy for t ségs eguen@%%re % f%f F@He‘re uﬁdsﬁg[tg%é@%’ %ﬁgs with
adsingceband 52 t@tﬁl@taehgalm (epd- &% daninindemaxdinph eentragt ke test
ruh?st}loékul?ac‘nd ﬁB&(ﬁ ﬁtFVHcIV\popeQ%ﬂ{?]g pggallélndrhéguh(ﬁloh I?)?bl%@l% 1 |s the

trast to
saneses deagriged @bqy@ﬁorlthamﬁt niredilock aptarta aith @degiaalibey chﬁckmg if

thB3ERb| tﬁte St-ggetj |é‘¥é§% 'otpﬁof:g thBh #fkinesd IdttEr?eZ(@?nﬁ{ |§$ess than ts,

descri ove Lhe test run.
the ehtnrgu hiegk Zoigskiphet #iring the pgodmmma@tqmbutﬁ and stvdlbt be ppmpared

qaﬁt metﬁ(ﬁg%ft 1Y E?\/I(—%\I Mhel BRck H‘ngé’t ats'nq?ne(t%&) ugl ﬁot\ﬂevérslf tj is

ess S, e entire block i's skippe
meteehpeivd ihegnext hstcslttm of black 2jchaeks if tewictual B@MBﬁpmlwexceeds
th893uB of EZt 'it%(ﬁﬁxtﬂ r? 9 atmtéfﬁte. tpérﬂgfdépcygwoﬁ%e’ab‘%ttumed off
as Int t est wever, | t] Is nore than ts,
ortim glterastivel eﬁmdtraentb isxtugfedmverykirom tieewdrkpipge, échaeswlts!in

o1 SpahiTy o Pt BETRES o o Beatfaly e nbat M Rl o the

W@kpleC%Urtﬂceusnr@lds@uhmq mek@hﬂad|Sbrlémesterr@etamrﬁé@prawa5form- Note
thbf il 6 YUK $SRay Bt aP§&ldsRtioh Mead doesn't disable the operation

of block 1 which continues its own, independent control of mean(MRR), by turning
coolant flow on or off, if required. If the S(CMRR) value is less then S2, the next logical
box in block 2 compares the S(CMRR) to S1. If the S(CMRR) is less than S1, the
program optionally makes sure that the thermal deposition head is on, in scan mode, and

that the motions are executed at the normal speed, after which, the loop is restarted in
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suspending or limting the deposition of the coating
until the heat already delivered to the workpiece
WGQ Bae®3spr eads out and makes the surface tenpEr/asne081211
nore uniform Note that turning-off or turning away
the thermal deposition head doesn't disable the
operation of block 1 which continues its own,
the mdﬁpem&aletnp tfolmt mebn &f moeahéVRR) the lpyogrammgmglsaﬂe MC to

GRS e eBE el Blveph ind BRI postior B R bnigee,
opﬂlonaﬂyra‘ﬂeemakhg sB(eOnBRhe titoer@al dddositibe h&aCIsRIR) After thes she loop is

than Sl ramoptional |y makes sure that the
re?tﬁﬂ?gnﬂ thagﬁ)étstin? 1%phead is on, in scan node, and that

o}, P4 s LFB Lo AR SO SR Bbh et e
presEht USEGIIIW @84iRYIn Figse3,néxd amd ﬁnE‘rthe simplicity atkflexiality obthe
orfBRLE quE"’l{J inds erli(ré%f B5 R BT W c%%llw Blpck 1 and the heat
PracEs era R re I'Ve nD tween 4 Pher AR
Spuieguireg oven lthdwenﬁplanej sw[rrdemyetrt@;k 2. o'fhe wnedds)algrittem avoids the
prﬁ&%e Pﬁ%ga{nﬁ atlgﬁgorlkglgdp%gs fgafs{ggééﬁdﬁo{hjeg‘ﬁﬁggﬂtn’?s SHthe thermal
imaigawef fieeparkipe¢cOfGibice Wite tizalactnalagesionbf thiaehdrivar deposition head,
t . i |
o Bbu G557y )5 BASRE AR Syl oBESFRE' e e
gradirplsiiddntifiecon cohphetehrdal-timedhertiograghiocioeges.dMereoger, the
ARG SMERS s FhodAoBrbRAGG09 La BYoRle0gk
intpyo@molhalaorod'dw ppram@es aidgmpllanSMCMIWan so that with time
. I
angjg fgfgclfv?m@apm i grL%%t ?cﬁgetckl(gr\l‘ é:a?m% rﬁé&é ér?dS a ﬂlly%ﬁa‘%ﬂ%l&@%g}g\g
pradudtiph @oxeessimag operaitd &t & hnm|raurtnu/aluemiﬁ(CM&R),O\Mthdmdatrlggerlng
g SRR AP Ao AT 603 TP RGBY) 21
[Os)ﬁg @er %rg (?s%' a}eﬁﬁ; st'e%e(ktbbée kl\?gr}t% (%\ﬂ'ml Lf:sfeg'f rr ltm‘ié <fr6¢1trol ofa
th@(n(aVRR)atmeam b@cssmmwe@stem@eraéur@me@nrm@Qe\gd:ﬂs artd aaminwter are
oS58 e AR Bt SICHRR RHRERS R RRLAR BRcpoocs
lodtd eoniraftha tHezmat tesatmeoief a warkpiecs.i ons can be made and

a fully stabilized coating production process nay
[0862r athe fatlowingriexampies aed previdéd &(iIDMRRJe vasioud embodiments of the

m&%ﬂhgggﬁ{j Qe n@obﬁ&dﬁﬁﬁﬁgbﬁqﬁ{&%e tlgt—%g%ﬁ:ont rol ling only

e cool ant W W t The process
and system of the inventiegp, r‘hﬁlré fpe used for real time
control of a thermal treatnent process in which

O T B T o T R TP e op Ao parlrs
erjumesated in thgweaerintice @htekorotass steps sbovin frofigth & igsverongnd 6 are
uste%l%‘? Mte He @es\éﬁﬁtgﬂ' ece. [0063] The follow ng

exan'p es are provided to illustrate various
[086510 0k Wﬂlﬁst%ﬁ% Qﬁlerr‘nﬁlv Bbl%‘n &%@(ﬁ?&r EmPBYind AFIEISELd £
restrict the scope th ereo
comprised of a workpiece substrate surface 41 WhICh has cylindrical shape and which is
rotated during the thermal deposition coating process. The workpiece (RW) comprised
of workpiece substrate surface 41 is mounted in a remotely actuated, rotating holder

(RWA) 42, and exposed to hot coating deposition material 46 from the thermal
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25 [0064] The purpose of this exanple is to nore fully

explain the control paraneters enunerated in the
walea@sniqs? on of the process steps shown in Fi gp@r/UFL0g%081211

4, 5 and 6 are wused to facilitate the description.

[0065] Fig. 4 illustrates a thermal deposition process

enpl oyi ng a workpi ece 40 conprised of a workpiece
dembmbm atad E@0)akdevidh, whtuo tlaasrsey bverdhe vatkpidraparfacedby the

ast &ﬁ seg??’aq%gghgt?ﬁ%omér L‘Iggi)é&é)gel'(%xﬁ?sm in s:jy‘%gg@thttrlf\eornmal

demslhpm bead %kssarmmr@amﬂ ﬁ:mogerzm& codanﬂtuilmmadon (®CAMD) 48 which

orafe BB EbarioRl e e BRI nat Pl SupePRls o e
urtcoetedwnd cﬁﬁte\d@oﬂmﬁgbﬂﬂﬁ@@ﬁkrﬁ’@é’ 4UB206.7 AGBNQ dil robotic-type motion

con?rgﬁ) (&Ié:g:%g%égr%l %TCQ%??n;" v\émn%ﬁg Qr]; Ithne r:%satlﬁ)h oﬂ; aevv%rl%%g?e 40, the
maibdnuatttiesltheohaletepOSr tEEDN)eadT#bM&T sptignaily coglaat distributor 48.

t hermal deposition head 44 is an el ongated, cryogenic
[006&] ante thi thé rathtidnost WdBKpd)e 418 awlonedontast, @plicksmtltigoint system
(Aff‘lﬁfe%) |QES<%GJ Fof?e r%tp%trsoe Swéherg%ﬂ}lt %lnnggcnagg%@a?g%%gn be an
arpryrdfisoparatef sinple-potntlspnsre osthefmadi-poiAt €MEooncan be a thermographic

| :
BB B TR BR SBTBELBon R G201 PRl
examlmamstmlface hed tigdizingl temippadire ooiputsdadelddted mdgas within its view.
E)r?agrﬁdalgsngflnslu}é?blgg% f%%onq %Bgérg 'tHa? r?' ge tarrLa?eOoESl%]r %{ﬁt{ gn%at he
tempbtattpelmassmMnc(uW@th)gle g twsemlavb@ngthdtvyrecdom mfrared
treﬁ%ﬂﬁt &Qlava-ll-llggle%rﬁ Wc?bﬂr]frgpéd RV teR eﬁi%? ,S%rdcc?ﬁeer%na&s.lgxs
cqmubmlentpmargjvesapsmmloa,rsdnm <a‘ thebwrsmgorarmhh de equipped with a laser-
aiHr%ed’eg%leo@r‘Et %ﬁzgﬁrtr %Q@Ttg?%ﬁl%dod&lgélg %‘% aﬁdgﬁ . 6{% 8Btgcr1a(l_jfiber. The
mdstgienianiing apeliqadinas opazaiing \pithis airelathelychigle tbnaregatsre range can

us\sg'één g)c{'f%e\f'cgtxp’ectlngﬁgjrja‘@a ed@ihe?r‘db%@% ffrgﬁmtl%nr\)/m (Qlt illuminate

the mrgetran‘facewn’eamaemfﬂHser m:(brdelretomrrgd:téhe) nitially assumed emissivity
cdehi; wavel ength (two-color) infrared 15 transmitters
Avaidzbl e from Mcron Infrar ed, Raytek, Onega, and
[Ogéﬂgr%r}égé}ﬂgé gyrgﬁgglﬁgﬂc agﬂﬁ@%gbr%tlﬂe %é?(t?(ﬂ tpﬁﬁ’]@ A%BU&PF can be
distriptutad by éwi emtiog ptdsess opanator avmfrtme suartaqaqu te \mpkplee& 40 in any
W%} Uﬁé Eoﬁ/\)eﬂlefn* ﬂxel @!/@n QRJta'tl&‘% Tong%[s th%l?j?strlﬂmgﬁ is more or less
emand I Oons opera arelatively
urtifogrh a’nérqjd;em wpmerqirtig@arcam aredgeatatindhe ayeagfof the workpiece which
I
aré%&é%&é’q oﬁ&rﬁ t‘rr]]g%egg%é}hﬁme t&éngkfefr f&f%agiéﬁ%ﬁsr ﬁmael\én%% @nQ%?mperature
cdnérslepoints ooarges, ¢.0.. AoBr eclt slnm/m inrfiig.iGald 1yot agtaatread may vary
i T
refiect transient tempertury distréougonst dvey ther rtass obhervarkrieasy end the
tetn%g(/azdggfed?sat?r@ou%gn tbl?éer tH\@ rcgzﬂie frcli gjﬁcdggeqa\g%rgpi\ggé{ P{qugei‘géd Thus, at least
fodii eantriobpainteshpwd hrglueeqbfor thesegpating of small workpieces, which are a few

inches long or wide, while at least six and, preferably, more control points should be

used for coating of larger workpieces.
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25 uniformand, at |east, sone of the areas are
| ocated in the areas of the workpiece which are
W@psni@a t o be the nost sensitive to tenperatBCBUS2007/081211
vari ations. The size of tenperature control points or
areas, e.g., A B, ... Fshowmm in Fig. 5 1is not
critical and nay vary depending on the type of
[006&]r nEd fustbasibustiasethe doatroltdibeat amdrterepersnhmelhdifdarmity, assume a

refl ransient . r
crgel By ol ingho RS ILER phERELGRIY biss of ing fngrma
cdakieg a@pddsﬁim&fead un;e(TthDg% oveb tiig \ﬁd&\'kpi%ea? rdl:sh&s mma?.edzmd (51 um)
uncoat ed wo ece surface. Thus, at | eas our .
thk&’gﬁf’?tﬁlg BWF\? %rgﬂ&‘j’?ﬂf‘% CEQ%% $ §P16ﬁ%cf@a§é§4iq@ﬂbf':lgﬁﬁ?$ses are
nabIEH ) RGER theBidell afthe ndrrhfWavérie RBsed HMBe TCDWISEE, Assume that
while at least six and, preferably, nore contr

ol
thﬁ&ﬁ'rﬂ@@a@%ﬁﬂrﬂplﬁé tlrruesgep fSOQ’ 5 égcaqqdﬁgarg#the J@e‘fa” traverse either at
noMPBKEHRARS at a d4uNEY R O 3&heriel AR M8 2anY coatlng

%0068% To further jllustrate the control of heat, an

terplerd BHQ te5iP PN Poatingsefitpe HOF@WS&WSE%’I”P;‘/'S'é‘%hee%oec'f'c
TehaysmEh r@@@%.ddtézﬂharm@w@m@mﬁ.m}gavmémﬁdna% u@éd Hnﬁhg

thermal coatin de osition head 4

Proyatan s’ Tairasy Roaxis | s, EReH 53274070 Hdiareshold time ts =

20cighiidhtimdbfeps Bel Ots%bgﬁds SR iR tb@oﬁiﬂtﬁé fhel fist ass If the initial
0.010-i nches (254 nm). Five passes are neede

PrPeesEtPafRete sy tisluding the, E’CﬁWICWOrQEO é*iséré)“é%%é%l'v'gp) ffferight, the

foillévih ¢ 8 RCobsARGHOMs thBBihay b8 enddeHRIAhGtHe Bodatibh it
tinme-step is 0.5 seconds, and the TCD can traverse

elst MRdvenbr m@é’rﬁ(WﬂiR)‘%@@rﬁth&ﬁ trd inBalctempb elrs Re@dwhdi¥bove aoom

properties of the substrate and coating material,

pr i odfFMPeEWeiand ohen. r?éo"l’,%ﬂP‘FtH@te%ij'ﬂ%thﬁﬁpﬁtﬁlge%@rﬁ'tﬁ’”tt@@‘t’ee”
runsg(giang 10eC aRERid kept inTtla raNgd lﬁ)ﬁh@%&%geﬂﬂlc@@bﬁmow control
that the following limting values need to be used

dur i Yy€1&F$oduct i on runs:  Tni ni =80C, Tmaxi =140C

S1=10C, S2=40C, and threshold tine is = 20 iteration

ti né\/'%reb%ueo‘cltbe%@&l@élée A_UI{-gERF rﬁ@@rn%a%ﬁw'%%drm the

fir Séoanﬁg%éperbf.od lmadnmmﬁl) a &E&@%%ﬁoé&%@ﬂ%b%fﬁeh |s used by the
|nclud| g the | ocation of di stri butors

are F¢ tOtQ@@U'%‘t%FheoiRﬁlW@r%%V' @@é(GMRP&nﬁuqt%?s %V‘Uﬁfé'ess

mad ethQ:ﬁj EHeﬂSstbﬁlﬁn@c&%@t&br PRriawB; withlf¥RIrafge HEAIDEYRRI10°C
starts fromthe initial tenperature sonewhat above

I QONS(CNIRIR FORES ok vt id @Q&jlateh QWb Y, Hétb‘@b%’&?{‘ﬁ%e step from
duri ng the coating o?geratl on between O and
it itgeiaition fmettep #¥aheefopiherppulation gba| @U@&W%Fﬂadﬂgéw
Conté&;hmu}é&’ed’&rfn@':c@%tmg M‘@é‘tlo‘ﬁa(bWﬁ?F@)faﬁdhﬁe GHONlABLYBan 8°C and
mul ti- area readi % accunul ated during the coating
oper‘c a discrete process val ue \Nhl ch
usdb he 20 PC/DACto cal cul ate the st
[o%%ll af F@d”'@'@(}mﬁs PRIaRaierat iBeluBipg Fﬁfc'ﬁcﬁt@ﬁé)ffjﬁﬁﬁ’uf%%for the
?mwﬂ@%oae rmbsrmalp%hﬂﬁéwew\/blhb@ of TW/er 8Rd me@ﬁ(d\@ﬁ@) can

o 110C. S(CMRR) or standard deviation is cal cul ated

still stavi el sereg 28 Pefdje. uthesttansiard dowiationeS{GMRRY inay run away during
the Icaarr@tc%rﬁ%ﬂa t@FedcAla allR HORH abicPsktedfihedtdratiBH trhe-8teBdts0.

readi n
Since this \galue is more than the S1 limit, the processor would double the relative speed
of the TCD with respect to the workpiece surface and double the number of remaining
iteration time-steps from 20 more to 40 more, as well as the number of remaining TCD

coating passes from one more to two more.
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accumul ated during coating operation (CVRR) and the

value is less than 8C and 25 fluctuates by about 1 C
wQ0@80Y60Bd the initial process paraneters, incPCMUs07/081211

the |l ocation of distributors for the «cryogenic

cool ant are not optimal, the observed val ues of Taver

and Mean(CVRR) can still stay the sane as before, but
[oomg sTmlda'edsejmvthatélative & egRRpeedrafythe @EhavaMNdeuen@ 40 should

oA IP PRI A RV TR B0 S Pemoe b e

conﬁoﬂmrvell tuhaoff TE® \Bilel admtlmumg the qmntnole:sfé’ ewewwmb@og@uﬂntcmlant
oy et f BE@an el 250 ¥ il SPOE P! oluikRTpppors vp o

50°Cereat nnom thamthes3 2 |rsit, fth@meﬁﬁalrm)aeng devic® cumitrelleraSCRE] Will shut

down t%ﬁo ermnp(?%%)glftlﬂo%ggd chglg)\)wcgb t | n%@'ﬁalssﬁegb %rpr)]ping the
roﬂCdT/thJSﬁM]ﬁ@OMéﬂéll froprOiBE @ pdditon hHade:mskLﬁnlng thd€CDedvatyifroen the

t spe the . T oul d
susfoBY 8 SEcRET e SphiRF 1S hAEs SRS ndfe 3¥iHaant ppation
tlmehetepsmpes isben hafheerciyal SIEMRBYdtaps Itd) belowid2 (SlZa#@f’COfthe coating
achD sgrgﬁéogeog%gﬁg ar#)]u (?qfr \peers ¢ nterdoalc]g: rg]L qv?h SI u%%lon si.c(r)iRed
attdvmaleHt bp ntBher bhueisaed merbtwaﬂlrue}stﬂps Ebﬁlb}RR)and; hddddstouipe number

of r%m?m%g%aeeds tﬁat’ar r?e% ?(? %rﬁrﬂé%@l%leldi tfglivte ts{&%e% %\g\m
t her mal dep03|t| on head (T a}MBI&E may be
acconpl i shed by stopping the ow of the coating

OB H Bl d REVQT o LR BRotRA pberfriilind WEpdy. bon

tr@h&ﬂm@ma@r@mﬂyomm ¢reolant Uslé@memstémfeioatheomrkpiece

ChEr PeE8 e 53000 D bASy 85t ko S AT 0okt

shawingwe mgthodi fer ¢stabliehisg cg@e\gdn ﬂ'@dbemaﬁ geijslttdme:oatlng operations

il 4 BybGEhi¢ BAEEIPEA it Kfi oPirch SR 1Bh, TSRS and

1063 pmdalamm@nst%pﬁleshaoolamtenmr sutheas TOgy, 10Ae neyudvedvith

thI—:-r.rrf?a\f %E?&it%%erf‘e%dqts rﬁgﬁla las t@(agpbﬁtohé QQJVJT] \nFlilgl'Hr%og’es' Or femain
view of a ther

it1on proces
statpmiaon aﬂicbqlring et top sie crf rtrm/\eorkplﬁge dhat lstmtsudaasr yf the workpiece to

becéc}é?&e Wh%rect?lg ! h%?f ig ggt)%%@ﬁ %Ovi@gc%%ﬁrﬁrgfa%ﬁg%g ?r?o\lﬁg Elg;g }e%itﬁan cooling

thalbeclsmpha banhbyvmkmwtmd:au:tmof teé casiutigntstrass distdbfigon. Of course,

co%ﬁr’ig?me! S0508 of ! W&Qplé& L ech NG IRy tﬁ$ B&?é%@%ﬂoﬁ Btk W rface
oper at1 ons usi ng cryogeni c gas cool an Ia, one

wag alremdg coatell @nDOMsa’ncsrewﬂcultlomone toBodinent, LOGapt weamke nozzle

G URRED ey IR ER AacSTE HRr uBMAadRen S achofion nozse
moves feiing pointsut dr adBe &dvawds pointkiigh ard gressctively aedrapzrle 10A’is
S 180t LA kPRt S SBUERE gescstvon o
mafedaleonththersedface.s deposited with coating material is

nore desired than cooling
[0072] In alternative embodiments, although not shown, a forced air coolant stream

can be added to the system by adding a compressor or fan that blows air onto the
surface of the workpiece. Air cooling could be provided instead of or in addition to

cryogenic cooling. The compressor or fan could have a set flow rate or be controllable
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the back side of the workpiece because of the

resultant stress distribution. O course, cooling the
wo opsdiaae of t he wor kpi ece surface, whether theCTostoedosi2i1

portion of the surface 25 was al ready coated or not,

is nore difficult. In one enbodi nent, cool ant neans,

nozzle 1 OAis used to spray coolant on the surface
byothe tphacesa® bk pdding avidreed tin eortegdlesiot cmﬂroﬂmgzth@commesor or fan.
Trgeg(go@érgﬁ ecﬁj)lloc %(Hgst r’@eg g eed%?%rgomﬁ %sso(gg {’a’nt n%rea \g; ér#es aelrflow
rath (lcecltant() mben ertrd bmlleg wdsoréed@b;strtehbemmtraatmant prioksss, and

nt o 1 e, 3 .

dgers T A pd srf el B esBlart 8hBetet, A B RRrg Aot giemative
comldnty camdcbeasimilanoddaled isdesegadn can be added to the

system by addi ng a conpressor or fan that blows air

onto the surface of the Wwsakpieste. Air cooling could

be provided instead of or in addition to cryogenic
[0063]l | IndustiTdidestoofthe psaseniosysfeamand methodavere asasiet ot dwring HVOF

Wﬁ%ﬁ%gg?%g%@?glbﬁglﬁﬁ e@og?o\(%?gé%%bér gggﬁeg HVOF 9 s spraying

45%agramsarfi V¥ @idogrovider perominuts dtiamcelerigatedo rqjatﬁlgsamplame l4raing gear
Ir\(;b%n%ﬁ’ﬂ%&’é l)f% (%ng;tr?gﬂegIStThte"é%Eé&g?p?ee roéévﬁberrcﬁae{tigg component

ressor or rease 't
WQ&:ﬁiﬂ Wntinutedibe gerxtra\eersa)ameedgalmwafeyaémcfbgerteheh tdvelutiah, the
. C ' |
LR PR 05 gy BEEESTR UL LI oo, e
HYOE dlamatwasehydiogeoalxaaers withrihdbyddgen fowrgteand d 885 sfandard cubic

fegtepsérrh% r at%@ |g§snu§pl[¥3)?%%gré %ﬂH?ﬁJ 6>§JI ﬁﬁg\;&/ﬁaté)gf iﬁestw(ar:d cubic

resen were c out™ dur
fesmeat)houroat%ﬁg)sigcmpab/i PoesSUrs: oFFourng/om@mCJcﬂuua@tzzlagwere more or
Ie@?ﬁv\@folrrﬂl' olﬁ}SnJ@’ Sof 1 Po\{éc}fﬁ% @og&ﬂ'gf Ir%f |¥1§§n(,%)of
[Xé) an el ongate alrpla

aboahéllmgeg&am ItECSuo‘emaonmwrnomgveme dispmrgn;wgrae?mmsesnlsmre of
r{{g%n?c%{ré‘gce% v%@SP%o% Lhe J-ohiat é;?%/ ﬁ)%PoofHS%rr_aLe;%@Ir %@ﬁing. The

aver S€ spee al on
crpegenedtiid supphl pressne wak aboudi 1§Oamtgeartdetamh (heimyom flowrate,

RS A 0, RIS B4 S B b UEE.
aforedmately 25 lba/6PButet howrdnfdared KR} sersoes wekerusied do rrmﬂltm‘so

PO g LI UL RUER Sy et n
coptrektbavelvesdischarging gamigenit cadlhgmoedilres ch@vn'oleece) rall four

sérn§§§ V\lflﬂa fp8£ %ﬁ/edp&]stlng 'sgrﬁhg% o% Sk E&ﬁpc??élnls é){hetm?oF s%raglng gun

ating stance o out
arfdtbmcrytogema lsbrawg n@héem@zzlh ﬁwuglelsenihrs)ohmrgmmgow have been

dlﬁergntasl%e@ éjt{u%PQé of &foﬁ%gsee%g I?{;]Jetiroggﬁg atN&qﬁ%/r \%]r% elble to “see”

0g-si ze Spray ovvar coo
botiméhe tm@gwhi\z‘oﬂgwndaml}bpIcsbolpnb@smgecrymnmglegz@ addltlon to

th%%hlgac%n& tlllé 5(% n 5@?1%; gyé{ld f *W ?rjfeete Qra‘fmﬁ!?:ogﬁ(?%ggtg% is

y anin cool | rement, reaching th

fotoed dd wofk ngrp@ maeh ri‘ngher gevelzbf [ &gnlaimnlue ethaeruar pieferreslrsetting.
Tf{r!a&)f RETGHIR BRidrs %ﬁ@sih&e%mt h%gltek-TX models, named here T1_1D-
IR, T2_1D-IR and T3_1D-IR. The forth one, T5_ 2D-IR was a 2-dimensional, thermal
imaging camera from Flir, A20 model, which was set to acquire an average temperature
reading from a rectangular image area positioned over the central portion of the

component surface. All four sensors were sending temperature readings to the
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tenperature evolution of the conponent surface during
this HVOF coating operation and control the valves
wale@siarg? ng cryogeni ¢ cool i ng medi um For conREnUSIVOE(P81211
all four sensors were positioned on the sane side of
t he component as the HVCF spraying gun 25 and the
cryogeni ¢ sprayi ng nozzles, even though sensor
copusitérized) cugptroting dnihRCEO AR en shalwvi fneffignd at thb&equency of 2 Hz,

EPRSAERRE, BB TR RSN BT PR

thtdsbolddnoieaintshdwmml@g% wag el for 2@y, nihech, meamsablati the emotiat of

f f h d. Thus
oo BB B b e SV BPRTT et e 1B A0: 8% ol Siopie o e
adtust iIndmegihend theveviodis T@O sprahdsati the'assumaed 2 Rizdrequency. Thus, the

st BiPLS BT MR i el e R € soile BB g

tablR, asT&fowd-ih ngilﬁdWTlS]l couiniRs, dmeefol eatthsaenser, ahd ZB(chvaé W

@ﬁn%{)rrgog(ff?edonal nc ht?rremél{j vtalgrrgg/& (ngsedgfﬁr @\cﬁépgrﬂe temptarature
duriegpies HV@tFespra}eraagJIamgcrﬁlomnmlmgrrent il bé aalue m&gleaa(mﬂ%R) was
nagnger(* ;r'c g&ggﬂ erQ/V? r Po“? %?'? '\e}\réd?(galé Ie(& d Pn d%ge%er ac%nE?uer?IQ Sensors
usedaginggde tamé Ipmoeﬁt?re\m tﬁaﬂiﬁ@/ Uhﬁ%meﬁ?@rs’ ctdﬁﬂfﬂbé'd f@&ikﬁénaltor s

SRV I AT B PSP PR BRAD L4 g

odengguoe mopgingfof ¢heecanianh ow valved| | oops | shovvn in Fig.
6. A threshold tine is showmn in Fig. 5 was set for
200, whi ch neans that the armount iefs information
retained in the CVRRuritaklge of LheRTay; Egadi ngs was
al ways covering the 5 actual mbneft and the previous
100 seconds at the assunmed 2 Hz frequency. Thus, the

standard devi ati on s calculated tw ce
TheRa5RR emRAre iR & ug éﬂ?m%}%? %'”ﬁ%bqeé secand 3 FREE; ‘hx pPQsized
CHMRRWable whsCTl g Guerayee, drein eﬁx@ﬁs@e&@rﬁ@@r@tur@@%r&ﬂ@cmp@nent
nodj f i ed nonencl re and values

S‘{Eggﬁl dif‘"gflfd ‘g\é\ﬁd‘?(t%t F%’ef“n{edot %ﬁ?ﬁ%?%?fd?@éyéﬁﬁylﬁ‘@ qnReryo-coo ing

HVOF- sprayi ng and cryo-cool i ng run [1] The val ue of

Mean(MRR) was 10 named "T instant '@ age" for
sinplicity and cal culated in 1degr for four IR
sensors used uslHEE tREIER rid adflbefore. This

val ue was conpared to operatd s isel ected Tmi ni and
Tmaxi val ues 2-tines per second, and was used to
control the opening or closing of the coolant flow

Thedt@Sard devizttbn M@@d@rﬁté&aﬁ@ai@rﬁy&d o PEJDA@ ndonitdBin ThE forms:
second teggerature val ue cal cul ated 2-ti nes er second

3% IHRRSOHKE Halye FEPosesdd anERRR F’FH)SPEOWA% Tine

average", or an average tenperature over t he corrponent
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surface during the nost recent 100 seconds of

HVOF- sprayi ng and cryo-cooling. i=4 1 ]200 T Tine
wee@sag®3xs Tij = [F] 4 x 200 i=1 j= 1 The st aPdrD82007/081211

devi ati on was cal cul ated and di spl ayed on PC/ DAC

monitor in two fornms: 20 as an absolute value in

degrees F and as a percent of the T tinme average. -28

WO 2008/ 046039 i 2 Std.

Dev. _Tij 2 - (TTime A\}er“@ge [ F] 4x200 i =1 j— i =4

1 1] =200 2 Z/Tij1 2-:é& | rage 4x20¢ i=1 |j=

1 Std. el 1 mé “Aver }gémﬁerwacn bed

sprayi ng and auto d geoling operation stdrted only

after setting Tmni at 250 deg.F, Tnmaxi at 300 deg.F

and preheating the conponent to 150 deg.F. Fig. 7 5

shows all neasured and cal cul ated val ues during a 21

m nute | ong conponent coating process perforned under

the conditions that the

IR sensors sho mnde rgng@s of tenperatures due to

the effect of g:taveﬁse and_ oper at i 6n of
cryo-nozzl es and Hl;ﬁ@ er dst i'hgl y, E Eé‘ﬁ’g\ﬂﬁl:eak
t enper at ur es ile the iothers show | ow tenperatures

at the same snap-shot ifFtime. Nevertheless, the

cool anf™¥'Controring instant Tenperatrure averabé,)
Mean(MRR) is consi St@nt Myirmesverowy, With the typical
variation of |less than 50 deg. F, and the tine average
t enperature shows al nost

The described spraying and automated cooling operation started only after setting Tmini
at 150 deg.F, Tmaxi at 300 deg.F, and preheating the component to 150 deg.F. Fig. 7
shows all measured and calculated values during a 21 minute long component coating
process performed under the conditions detailed above. It can be seen that the IR
sensors show wide ranges of temperatures due to the effect of HYOF gun traverse and
operation of cryo-nozzles and, interestingly, some show peak temperatures while the
others show low temperatures at the same snap-shot in time. Nevertheless, the coolant-
controlling instant temperature average, Mean(MRR) is consistently narrow, with the
typical variation of less than 50 deg. F, and the time average temperature shows almost
no thermal variation due to the gun traverse and the coolant on/off flow. Noteworthy,
this time average temperature could be used to track the evolution of both the coating
material and the substrate temperature, i.e. the temperature of the component material
under the freshly deposited coating. Standard deviation calculated during this coating
process was at the 50 deg.F level or around 20% of the time averaged temperature
value. This level of standard deviation indicates that the thermally induced stresses in
the coating and substrate by the HVOF gun and the cryo-cooling nozzles are quite
modest, i.e. should not result in micro- or macro-cracking. The evidence of opening and
closing of the cryo-cooling valves controlled by the system of present invention can be

found at the thermal plot from the brief dips in the instant temperature values.

[0074] Examination of the coating produced revealed that it was lighter, i.e. less

oxidized than the coating produced with the conventional, forced air cooling. Thus, the
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coolant on/off flow. Noteworthy, this tine average
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operation is larger, i.e. less desired, than in the

HVOF spray coating and cryo-cooling operation
waledodiohe@ad i n Exanpl e 3. El evated standard devi BCT/082007/081211
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[0078]

In an alternative embodiment that is not shown in Table 1, the average

temperatures measured by IR5 within Zones 3, 4 and 5 may be extracted from the

temperatures measured by IR5, or additional individual focused temperature sensors for

each zone could have been used to measure temperatures in each of the zones and

used to calculate the T instant average for each zone. Further, in an alternative

embodiment, one or more temperatures measured in adjacent zones could be used in

the calculation of the T instant average for a zone. For example, if there are 2

temperature measurements in each of the zones, then one of the temperature

measurements taken in zone 1 and zone 3 could be used in the average temperature

calculation for zone 2, along with the 2 temperature measurements for zone 2. The

reason for using temperature measurements from adjacent zones in the calculation of a

zone’s average temperature is because the conductivity of the workpiece and/or a

coating will eventually cause the heat or coolness from one zone to reach the adjacent

Zone.
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coatiegarare speayatli o1 leprebritle end mofe térrasianmeeistanbeoatieg irethe case of
t rol will provide | ess workpiece
Ni dt%gg Qtﬁnlg rﬁafé B!

I“on. or sone wor kpi eces | ess deformation wll
n {
[OU‘E%I I*(%aetmtlo% e r&\gﬁk\hlﬂgnc@@h%ég%tgg eléﬂsasnrﬂieﬁgc%gteﬂlc%o f|UId are
nag requitied do mnlmaememm@x@tr@m dir gan b@@%ﬂm@cqmr&marwarly In
s
ProH R AL oKt P AL IR s RER ! 1 opventional
foudeid @it aohkingwittt ihagryageeicicablansmayae tieet] ingneiooesst Aed the process
| - S, | . .
m%fﬁlg%‘é{aél r%d &b trh??orflfﬁ% d'e\%g Fi@?eég‘gjp% #r%‘:cgglt‘éaﬁg tlﬁrl-,g(;/ryogenlc fluid
Whiwghmebatafélatjm@m of tbe heaffis cdreouey. by[0less postly campraseed air
ap; oxi di zing gas is used as the cooling nedium e.g.
nitrogen, 15 argon, or helium in the thermal coating

[o%ﬂc e&lﬁwou%ﬁ‘ﬁo“s?éﬂhé 'dF @ﬁéﬁ an&v@rPﬁg—f?ﬁ od fF %epgé(lhg\r}]é(ﬁéiling

trans nto er coatin
Progesses taqu eysﬁqn@tfth@ Irwgnted OEA0eRYRs aNdesysiomeyalter cmtrqh atleangages

fofé@g&%l%e@ﬁ?q %nggooiig | ng%{@ﬁl\iﬁ@&[ gggérﬁuﬁ%afupe {dtions and

opdighaltyi fﬁ@:ﬁ@l §0®Im_gm|h@hthmlﬂt atderit one ahvariees typga @f coolant fluids or
heHtiNga8NESs. GBI ihbHIEnRI€and other methods of casting, extrusion metal

strip rolling, forging, forming, induction heat treating, joining, brazing, welding, and

thermal cutting operations as well as printing and curing of non-metallic materials.
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20 not required to mnimze coating oxidation, air can

be used as a coolant, particularly in processes in
wokiosl4@est is an issue. Alternatively a conbi PEl/Us2000681211

the conventional, forced air cooling with the

cryogeni c cool ant may be used in a process, and the

process nay be designed so that only the peak
CtAmseratures are cooled by the cryogenic fluid while

the substantial portion of the heat is renpoved by a

| ess costly conpressed air 25 stream [0083] Although

nost of the description involved exanples for

1.depoA ptdcess oo tieating a portkpess emicprdcassstoamsisinghiee steps of:

i nvented processes and systens offer control

adv af@) agesterifigthet theweedturh @b iwegkpiend stidfebé wherpinatdeast sne

I nvol vi ngco‘?‘}?ﬁlgﬁlgglezzt%gm%ﬂ%g F %)atgfl tﬂ{a}rﬁéﬁregnﬁe t rate relatlve

optional |y torced cool 7R Wthoat | cast

of vari ousotigrpgetwedn H:lecslusfad:e ammm@tf@rmalctrdwaemtngeans coolant

devi ces. I l.ds:

casti ng, "SR e s eifEod Hedi MM Tt EnBELE LS and the

form ng, retativespesd bedaeer thedhdrmg| tr¢adimenhigears and thg surface is

wel di ng, rmal cutting operations as well as

printing (g%gov:%drﬂiﬁn of non-nmetallic materials. -35 WD

200840460, Ifi%?é Clidis

treg<b?ng %%\lf\%ﬁ(go g% 50 %ggess %/E’h% Iu%l{l}r(gfqﬁéﬁloﬁgfwerthe
st eps of :surfeag Ofaﬂheewquﬁgeqehe tenperature of a workpi ece
surface wherein at |least one 5 condition selected

f ronfCl he dpterupniog an ekereaetenpasalurieeitthe neperatyfestmeasured in
E%) n bet ween the surface and said thernmal treatnent

ans cool ant flow rate onto said surface, heating

flo d?r%a‘?m?%éja\%r'ééeat%% peRfukhE a prrfﬁe?éc'tééemﬁﬁﬂﬁ@ﬁ

bet en the the treatment neans and the surtace is
teroperatre and @ prepelecisd maximLnda@paratye frdkewprgiece; and
tenperatures at a plurality of |ocations over the
surf@ e oAuterneticatly ReiVENg; at (eapt era efrthe Apmitpllakle seadilens if said
aJe?éH%%ﬁHbHFa%r@fus ﬁ&%eﬁv?é&%é‘%)ws%c@ﬁ%%ﬁﬁn té?npe?'étﬁl% 4 the
(d)” conparing the avera erature to a presel ected
prﬁﬂ@ﬂ%ﬁﬂ“%@%?ﬂﬁ@%@tu Onthg Vﬁ)rb‘?‘@%l ect ed maxi mum
tenperature for the workpiece; and (e) automatically
adjusting at |east one of the controllable condi tions

if said average tenperature is not betwee
pr esel ect B¢ RFPHFSRAC whgkeirn @'(éﬁ'éert”ﬁesteﬁa'ﬁé§@lc@étf@ﬁ‘ the

grBE¥ EMtlﬁ?@P@ﬁ@ﬁﬂ[ SorbPEodting, Wn*ﬁéﬁl Q66or dBodtion Esuting, physical

process o clai ml wherein Sald al terlng step Is

Va@@r derastion ceaing thergabiipeatisasisipg Mprégning, HEW'W C3pusiging,
in§@Abh Reat-FRIRG Oader\RRMg, HERASERG, HRESREIWRGY; caIMVsHingadnd

cryogenic treating of a workpiece surface.

3. The process of claim 1 wherein said altering the temperature of a

workpiece surface step is selected from the group of: thermal deposition coating a

landing gear, thermal deposition coating a turbine component, thermal deposition coating

an airplane component, thermal deposition coating a land-based turbine, thermal

deposition coating an engine component, thermal deposition coating an actuator
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vapor deposition coating, thermally treating, fusing,

hardeni ng, nitriding, carburizing, induction
whe@sAtqoeat i ng, | aser gl azing, heat-facing, PCT/US2007/081211

heat - shi el ding, cool rolling and cryogenic treating

of a workpiece surface. 25 3. The process of claim1l

wherein said altering the tenperature of a workpiece
cyﬂinniéramerrsaleippbsﬂticsatoaﬁn@d V\feraoﬁrurlfdce gmd)thmrroél depbsitioratoating a

eposi tion

mo"o%”%”tgpar& .Ferﬁgvg'&hgt Bn@gg(tseg?ﬁ F‘E' depg6si't ?oﬁ

coating an alrplane conponent, thernal deposition

coating a Iand based turbine, thermal 30 deposition

gggH 28 gﬂ] 1 %t% o‘f%gﬂgg%rﬁhggﬁgﬁgﬁg@)g’%b cbMBrises adjusting

crirENIS20GiINt 0@L 2dlé. cyl i nder, thernal deposition
coating a wear-surface, and thermal deposition coating
a conponent partly covered with thermally-sensitive
masking material. 4. The process of claim1l wherein
sai db.adj uBte prgcesseyd cladng rwhsesin adidwstiusting step coypgess adjusting
foFc%S ‘?rr%orah%v@; . 5. The process of claim1l wherein
rd justing step conprises adjusting forced air
cool nt f
sai d@adj utr%:"fﬁrg@ést%eog@%a urﬂé %vergefr@gﬁgrﬁlagiusﬁh%@gﬁ%?pﬁﬂaﬁnses
adjysfiog enfogenio gbalant flomowte: ate. 7. The process of claim1
wherein said adjusting step further conprises
adj usting the heating flow rate. 15 8. The process of
cl ai m 1 wherein said altering step is selected from
t he 7-gr ouphecyAsesstaf slginpfl whsireln sgid @wflﬂ%gtepé%theu@@ﬁﬂses
ad}@tlﬁb R fddting Ablvirag, forging, forming, induction heat
treating, joining, brazing, welding, thermal cutting
operations, and printing and curing of non-netallic
materials. 20 9. The process of claim1l wherein said

adj ust i NoTIRd BBCERNBI dSRS1 @F’ér‘éﬁiéd’kﬂaltén'ﬂ@ sféb% 3Bkctbl ®#Wm the
rate fromat |east one of multiple separately

Irewm EPNSISLAG PEMOKHI%a Aesting oRrtrugionineaial strifprollingpiopdieg doring.

indlicidh hast taea\ﬁﬁ@ ShRgEorasiib AvOHRE SHEFANEBMihG bP&ratiti®s, and printing
steps of: a) lterlngthetenperature of a

aWﬁQQE@O%mef Een@iRE?lai n at | east one condition
sel ected fromthe group of: thernmal treatnent rate,
rel ati ve notion between the surface and said thernal
treat ment_neans, coolant flow rate onto said surface

heat$ng FISRICFESST 6178 19U16de's §RIdAdiisEpg SteRcomerisrs adiusting

th& ReSEntIRIWBRfréri @t lchst gl of i BRlidTBsSarMBRItDNtréRBIe ddlant flow

surface is controll abl e;
devices.

10. A process for treating a workpiece, said process comprising the steps of:

(@) altering the temperature of a workpiece surface wherein at least one
condition selected from the group of: thermal treatment rate, relative motion between the
surface and said thermal treatment means, coolant flow rate onto said surface, heating
flow rate onto said surface and the relative speed between the thermal treatment means

and the surface is controllable;

(b) dividing the surface of the workpiece into a plurality of zones;
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30 (b) dividing the surface of the workpiece into a
plurality of zones; -37 WO 2008/046039
wEANBWEDED7/ 081211 (c) sinul taneously neasuri PQI/US2007/081211
tenperatures at a plurality of locations in a
plurality of zones over the surface of the workpiece
wherein at | east one tenperature is neasured in each
zone(r) ( d)simeltareously ngeaaarirdyempgeatirespea atunlidy offloediohs in a
f .sai lural Lty of z si.ng. sai d er [ .
iR Sae Bt g lio BIRE wonglitenth i am ARG MbERure i
meaeredid daehpenat ures to a presel ected m ni num
tenperature and a presel ected naxi mnum tenperature for
t he @pne;dederthifing anavenage ieapdrytussdinesich nfsad pluesitt ofaoees
t | abl [fions if said average
ug %ﬁﬁgﬁég ﬁ?érra?dsreé;’:g}egglgr? \E/}\gAe%te?I@’ presel ected m ni num
tenperatu ! [ o
t o) at Aoz ol LR, b ida DR B Hqsolegied minimun
tgmperetise aifid g lpegseiet@®dwharimiim ts@pedradine dordhé zerd; pnd
adjusting step further conprises separately adjusting
t he ool amttorhaiinally adjesting aitgast analofzbe eorfitenllablkiconditiensdf said
I hesl : d
o b R G, pREERERD i B B and the
presgipdedmaxienuno tempeasidtueoioeat I¢2st omeof fhedoess of cl ai m 10
wherein said neasuring step is perforned by at | east
one tenperature sensor that nmeasures tenperatures at
| ocations in at |east two zones. 20 13. The process
of cltai m T pikeessial ckih d 0 vdesrin Faig agtaspaticallyrajdstingstep further
oiprRs syERal| dsHRTRE @1 AR e/ o AR Siich paid
averagdertempeistise éf motlebwetsttbe pfaselegtedtnaipinfusn tempearatbrst ansnbe
t enperature neasured in
prgﬁagﬁtgﬁaﬁﬂmﬁ%%&gLeﬁrg?g]ﬁgﬂg]te'I east one tenperature
measured in an area that is at least partially within
an adj acent zone. 15. The process of claim1l further

conpyg si Nghd ﬁgceﬁse&%lagﬁ 10 WhbrdS 556 M dds0And Q@goﬁt ;zér?]'gﬁggd by at

devi ati on between sai d average tenperature

legsiPne &emMesiatyre sensgr Hehswpaes tamraraitipsed locaignsimat least two
zo0h898/ 046039 PCT/ US2007/ 081211 (g) conparing the
standard deviation to a presel ected standard
devi ation, S2; and (h) suspending or limting said
altering step if said standard deviation is
13. The process of claim 10 wherein said measuring step is performed by at

least two temperature sensors that measure temperatures in one of said zones.

14. The process of claim 10 wherein the determining step for at least one zone
averages at least one temperature measured in an area within said zone and at least

one temperature measured in an area that is at least partially within an adjacent zone.

15. The process of claim 1 further comprising the steps of:

() determining the standard deviation between said average temperature

and a cumulation of said measured temperatures;
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greater than said presel ected standard devi ati on, S2.

5 16. The process of claim 15 further conprising the
wor@ps40B? (i) repeating steps (b) through (g)prPCTUsmnT081211

standard deviation is greater than said preselected

standard deviation, S2 until said standard devi ation

is less than said preselected standard deviation, S2,

and (ghen coppeaing e Stheqesd dayiatidirtowrgiregelgcted Staddard Teeiation, S2;

focess of claim 16 further conprising the steps of:

|') conparing the standard deviation to a first

pres ect r L

| eas onegg pse}]ﬁmggoﬁrtnﬁﬁﬁlsggl a%”rc])%g%’f) 'fgsﬁsd g,ﬁ?ﬁdé% 8g\gatﬂ)tn 'S
gsdaderdhamdsaid pradelectedi stamdasd devéatioar S2.han a fir st

presel ected standard deviation, Si; and (l) repeating

steps (a) through (1) at | east once or until said

process for treating said workpiece is conplete. 18.

The 1 oceBw® pbcedsaif wiaim fl 6 ifyrier compyising thegtedseofst eps

of: 20 (f) determ ning the standard devi ati on between

sai di)averrggeatingmtrisabLiheougarid) ihsaid siandaridalevigtios i gieater than

: §
S Ech SIRSER 44 hen (9, SR DB/ A0 68, o s
pregeleqted stadflardtdevigtien, SZeaeql theneeprating steps 2 ytbtdugh iy

conditions if said standard 25 deviation is greater

than a first preselected standard deviation, Si; and

(i) repeating steps (a) through (i) at |east once or

unt i 17 sai theppreess<f claim 16 ferdter agmaasion hsrsighsede i s

conpl ete. 19. The process of claim 10 further

conpd)i si neprinasing thepsfardard degationto 208l aseded standard deviation,
sPCT/ US2007/ 081211 (g) determi ning an overall average
t'enperature using the average tenperatures for the

ZONER) ( he)dj@s@‘hﬁ%meﬁétr%etd?%esécﬁ%ﬁ‘étﬂe Q@r\ﬂutﬁhb%aﬁﬁétﬁ\@@d?d
sai d overall average nperature and a cunul ati on of

dgyiptiomis geeatedhar ﬁﬁ'éﬁ* ﬁf%k@;frted@?(flo)a“t@%b%ioﬁ nglitane
standard deviation to a second presel ected standard
devi @t i orreregtingstapsdasihertindl ableast Qﬁ%i%@”@é?tﬂ’ process for

bty sigwat@rcklis 8hgleet andard deviation is greater
than said second presel ected standard devi ati on, S2;

and repeating steps (b)

18. The process of claim 1 further comprising the steps of:

() determining the standard deviation between said average temperature

and a cumulation of said measured temperatures;

(9) comparing the standard deviation to a first preselected standard deviation,
S1;

(h) adjusting at least one of the controllable conditions if said standard

deviation is greater than a first preselected standard deviation, S1; and

(i repeating steps (a) through (i) at least once or until said process for

treating said workpiece is complete.

19. The process of claim 10 further comprising the steps of:
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through (j) until said standard deviation is |ess than

sai d second presel ected standard 10 devi ation, S2;
w@ kQosoasepar i ng t he standard deviation to a firBECT/US2007/081211

presel ected standard deviation, S1; (I) adjusting at

| east one of the controllable conditions if said

standard deviation is greater than a first

pr es(@) ectdaderstiringlan dvelail badrage fenBieratareduslity thajaverage

r N eps (2 through (1) at |east once or until
te@??%ﬁ\ér?%ﬂy% ng% ) g (.) . .

bcess of said workpiece is conplete.

20. Sys S

for Gt er S aRER bsS e ar g falor@Pror SETOUGFAY 5 ALK

tempetqiire @ad anainaulaiontaf ehill enedsoredsamgdertabeesral t r eat nent
means; b. workpi ece holder for holding a workpiece, c.
not i On costrmarihg ithef slandend dagjatian td asmckpd peseleocied standard
dresilaf?(%r{ \&.to said thermal treatnent neans; d. at |east
enpérature sensor that can si nultaneously nmeasur e

25 tgnper ?t %Jeﬁﬁmator ﬁmﬁlnﬂrsg*d atlt}érlrﬁﬁ stJeB‘?fasta PEnd¥E Be\ﬂ?%og is

surfdce o recel ves

gregterttham eaid tsh@)rdtpremedmendaedpewahw é%@mtmpeamgcbteps (b)
r

tr%h?ﬁ gj r}ﬁﬂssdg}&" s%}ﬁg%@gfévkﬂgp%rlgés A gl”cl: elgrgg%r?osn%rbgﬁected standard
dBmaWHréﬂure and a preselected maxi num t enperature for

the workpiece; and automatically comuni cates with at

| eastk) onecaniparing throstanddrd dewatidn toai fitst preselgdted standard deviation,
812008/ 046039 PCT/ US2007/ 081211 average tenperature is

not between the presel ected m ni num tenperature and

the ypr esﬂjt%lh&%ﬁ%@& dﬂé@f&fﬁé@ﬁﬁr@ IéHI§8(§ lLtlrc{nEZfrsald standard

vvorklece e systemof clarm20 11
deviatien isignepten thar g dirst @rﬁee@@tﬂdu sindaehgevidtion. Skiandand at
| east one cooling neans for a cryogenic fluid. 5 22.

The @Yst erpeating|signs (@DthfeuahHk @t leasincsiongntd spiduregtment process
(ﬁgmGQQﬁhﬂgﬁq$a&§|e@pd a plurality of individual

ontroll'ers for said cooling neans, and at |east one
of said cooling neans directs coolant at a
correspondi ng zone of a surface of a workpiece. 23.

The zy/st es@tedlBhipridfgf urther conprising a plurality
of tenperature sensors. 24. The system of claim 23

further oymrm&ur&m&@maﬁa%ﬂ é{teﬁﬁ@bﬁ&hbé}ﬁiuﬁe 6095 urfe of a
10 neans cont ed by said nput er based on said

woikpipas a2 6P”tf Cé'ﬁb@* ﬁ?'@l ﬁ@@@h@%&t@eﬂh@?arﬂﬁa asures
tenperatures in a plurality of zones on a surface of a
Wor ktbl ec evorkpigg Bolderfogpolding a workpiece,

G. motion controller for moving said workpiece holder relative to said thermal

treatment means;

d. at least one temperature sensor that can simultaneously measure

temperatures at a plurality of locations over a surface of a workpiece;

e. computer that receives the input from the at least one temperature sensor
and determines an average temperature; compares the average temperature to a
preselected minimum temperature and a preselected maximum temperature for the

workpiece; and automatically communicates with at least one of the controllers if said
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25. The workpi ece resulting fromthe process of claim
1. -41

WO 2008/046039 PCT/US2007/081211

average temperature is not between the preselected minimum temperature and the

preselected maximum temperature for the workpiece.

21. The system of claim 20 further comprising at least one cooling means for

air and at least one cooling means for a cryogenic fluid.

22. The system of claim 20 further comprising a plurality of cooling means
and a plurality of individual controllers for said cooling means, and at least one of said

cooling means directs coolant at a corresponding zone of a surface of a workpiece.
23. The system of claim 20 further comprising a plurality of temperature sensors.

24, The system of claim 23 further comprising individually controllable cooling
means controlled by said computer based on said plurality of temperature sensors that

measures temperatures in a plurality of zones on a surface of a workpiece.
zones has an

25. The workpiece resulting from the process of claim 1.
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