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i%lh 01 these rales are only a small fraction 01 lhe scmc velocny Fcir example the rise ralc for 304SS IS

6 42= ~1 !he room temperature sonc wekoclty In alr The riilio 01 the rates Ior 304SS and ! 10GAI 3 ?: IS

WIC.UI !W Sdme as !he ratio of emisslkllles “2 ICI4: 10r these wo ~alenalS

Al ‘Igh p2wer5 lhe wI?~Ing plunleS for bclh rllalerldls lend 10 rise expire dti remlllales during Itw

~iS& ‘he ~ctirr~nc~ ?f !hese asClllW@flS Appt?ars 10 h~ve 3rI energy Ihreshold and Ihe number 01

2bIses increases ~lJld$ for bolh rnalenals wnh mcreasmg power Up 1022 plume pulses were cnunled

217the jL4SS sa~le and 18 on !he 1 1 ,30A I s3mple E tperlmenls with 5052 and 5061 aluminum sl_mwW

Wwlar effects The !hreshold pulse energies appear 10 be the same for Ihe three abJmlnUm alloys bul lt?II

nl.rluer ~1 pl~me pGIS~S Ior 51052 Ai W,qS a~UI 23 that of !he other alloys The lhrt!shold energy for

‘Wse Pk,me puIses ._.orresponas ICI a signdcanlly increased melt deplh and Ihe onsel of keyhole

‘.>rm;~!l~n ‘ ‘w Oculrwrwe al Ihe plume Oscillalons has been dtfrlbuled’2 10 SUCC12SSIW Opwq ati

.Icsoq ?1 !IW kevbIe deprwjsmr :hdl IS 10 OSCllla!iOn Of Ihi? mt!ft ~01

m~vhule !ormdlron resutfs m increased dbsorphon because of mulhple relleclons of [he mrxh?nl

,lser ‘a~lalun in ,Idcitlnn to IFW ara~l~ increase 10 men deplh wc also see that fhe rate of me d

wi.cesstits PIumes IS qrt?aler than !Or Ihe mllal phJfWS This IS parfml@y Irr.w for Al 1100 For 370 W

.iw~~,~qti ~wer IfW ~ale .~f nse of later plumt?s IS Ihree IItTW that for the mlllal plUrTW We cwlclude then

‘h,il !ne keyhole Iorma!ron mreastrs the fraclron cd !he laser radlalmn abso-d by alummm by aboul a

“,*, !C,f “11lrlrl+.1



Chrecl Laser Malerlals Inler:ichon 1 :?

TWO C%SIIrtCI regtons +re ewdenl m Figs 10 and 11 (1: Al pcwer densrlws below alxml 1 3 MW crnp

Ihere was a small but qrat%a! increase m the men r3epIh WIIn l,lcre~st?d wwer denslly and 2! above I .!

MW Cm” Iht?re was 5-1!) lt”kj increase m !he mett depth wllh a sm~’1 increase tn power denslfy

:;omparlsor! d the figure: In Ihe low power regime shows lhdl the nlell depths m 304SS were aboul Ihrru

!Irnes Ihe rrw II depths If 1 1OGAI al the same ~wer densrtws A&r Ior 304ss the sbpes of the curves ,11

;OW power densify are axlut !Ive IImes greater Ihan those obtamh?d for 1100AI Both these elfecEi may :JL’

mdtcalwe of It e greale” Ihermal ccrnductIvIly and refleclwdy of aluminum m~ared 10 Slwnless sleel

!nspecfton of !Ile Ilgur.:s also shows Ihal al a spectfic power dt!nsdy. Ihe welds made m ar. 02. and SF6

were deeper !“Ian Ihr se oblamed m !he other gases The greatest etltxls were for Ihe 304SS welds m

which rnell deplhs Ir 02 and SF5 were 54 and 29 limes. respeclwely Ihe depth oblamed usIng He al .I

densl!y of 1 MW Cr?12 In addlton the rates of change of melt depth with power densty were qreafesf for

!he more rea~lwe (las~s These ddferences are aflnbuled manly 10 fha dltferenl reacfwdles 01 the gases

As staled above, ,er?qx?rafures m [he welchng piuli~ can reach .3500 K which IS Sufllcwnl 10 generate free

oxygen and fluor’,le afoms Ihal can (eacl wllh alummum or won la produce heal The reaclton 2AI + ’30 =

.$L,C.l !or exarfIJle IS ve~ exolht!rmtc vwlh .\}{ = 400 kill mole ?he energy required 10 melt the volunw
.

;1 Ihe i~rgest rr+f produced m 110CAI :2 mm D x 1 8 mm W! IS 323 J 1hIS energy IS generated If only 2’” ,

21 !he ,llumlnlJm In Ihe melt volurrw re,3cls 10 form the oxtde Smhlar resuns :Ipply fo Ihe fOrnUllKJrl of mm

,sIdes ad f!uondes Mt+dsuremenls of Itie Iemperalure crl Itw plumes producwd m the dlfforerlf qilst!s :’,

~rtist!nlcd m F tg 12 These dafa show that Iht? lt!~ralure IS qrt!dh!r 10r Ilw rt!ilCllVt! qJSt!S SUggt:sllrl(;

Vhil erwrqy IS IXmq relezsed wa a rtiachve mectumsm

~% Irrcrt:,lse Irl m~fl depth oblamed wrlh lhe reacftve gi]st?s LDIJl(.f ,df,cr fW (jut! to qrt~,ller (’XI Iphriq Of 1111:

iirt:r ~!rlt!rcjy mln lh+~ rnel,lt by formaltcm o! the oxtdt:s Alummllrn r7i KhJ h)r l!x,m@c l!XllltJlt~ rmjl:h

.Ir,:rqt!r ,Ibu)rptmn AI 1 06 rlltcrons Ihiln pure ,ilurlurwrn rrwf,ll ( )Illl!r q,Is ~)ropt!rllt!’; wit:tl .Ib IIli!ml,ll

ijr~lli(livll. rll.iy have ,i ml~ m (jelt!rrmrlnj IIN! nttilf dIIpll I )nif Il\i’lr I!ffii(l I!”, l)rl)l),l!]ly ‘,rll, lll ltll~ Illi!rrll,ll

(“lrtrl(ll.fl~ltlt!+ of ~. Arti N.,. lI_Jr tjx,irn~le ,tri! ,llrrrosl A!rhn:,ll trill ‘,v; rldtr”,lnlly Iity:ptir fl}t!ff Ih!plf I:, WIII Ii
2,

.14rm,,n,tl If~ J g 1,-1, :1 1!+ ,11s0 prlwtll$l Itl.11 . .. IrIM! ,IS yt!l llrKl+!lt,mllrlt~~f ~)(lr,lrrrt*l!!r III Illt! w411(flrlr~

,.r .,, ,.,, ,, ‘,,1 ,,i,ll~l~lll, t!,lrq~~,, lrl 11111 .l~NI1 I. I.. I. LII II, !I Ilu Irl JI, Il l~,rl’,iflf~ Irl llm ,flffl}rl,rll II, iIII*I. frh. v .tl , II II!I’

‘1 ,1,, !., ,r. .,l!),, rl’, ,1.~M I!, .(! llo.r~, !M II !! IIJI II 11111~1 l’. .Irt! 11111111 11.,1 III IMI I, II I, II!



Direct 1 aser Malt?rk Inleracflon 11

The curves m ~iqs lG and 11 show Ihal ,11 powers dtmvd 1 3 MW ;m:) ,1 rww mtxhack;rn beconms

op~’r,lllve m e.~ch gas IIIJ1 produces J slqnlllc,lrlt Increase In lhe molf dt?plh I h,~ ~lram,ilw Irlc;rt!nsu IrI 1111,

weld depth Al Ihe higher pcwws IS proh;ibly due ICI a change In the welding moctu Iron] condliclmn 10

kt~vhollntq In which (he laser beam IS t?Heclweiy channeled Into a vap>r c,IvIly wlthln Ih(! metf vIa mullpl~)

rt’thx:llons In the kt?yholtng mode, ,as rmlt?d Ir, Ih(? prcvlolls sccllon, 11111Iracilorl of Iast?r cm!rqy (:ollpltlti

In!o ihe metal increast~s slgrllilcanlly over Ihal oblal!led m [he carduction mode, l“he [ransllmn Irom

i-OrldULIIOn 10 heyhoi~ mode is ~(?nlon~tr~led III f_g 13 which shows cross SeCliOnS 01 welds nhldt? or)

1100AIm argon and alr al dlf’f tml Imxr powers Al 300 W, whtch correspmds 10 a pow(?r (h!nslly [)1

Jboul 1 34 MW cr”p, the weld IIofIle colrf!spnds to the conduclron mode Al 350 W (1 .16 MW’crll:’j 1111’

oilset of ht!yholwlq IS evderl! wIlh a wgnificimt trtcrease m Iht? depfh-)o widlh ralm of the wt?ti T he mwn

t,tli’t’f of lIw reacltve 9Ast?s over the Ilanslllon regmn appears to be a sliqhl reduction m the power d(IIls Ily

,UwlII(;h the Iranwllon Irom conduclwrr 10 heyhohng oczurs IJnforlunaleiy, rl is nol posslblo 10 lm:r~ilSl!

lht?powi:r densIty ,~txjv~ I .36 MW cn~ 10 observe whelhor the large increase m rnoll &@h wrlh powt~r

t:orlllrwes ,11 hqllor powt’r~



Direct ! aser’Malerl,lls Inlt?rm:tlon 1.’
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RBS Normalized Cu Ratio vs Nd:YAG Fluence
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?LUME TEMPERATURE DURING A LASER CIJLSE
304 ss–-214w, llOOAl–– 214s (Air Atmosphere)
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