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A survey of flash x-ray techniques and application*

Lawrence E. Bryant, Jr., and Jake P. Lucero

Nondestructive Testing Unit, Los Alamos National Laboratory
Mail Stop C914, P. O. Box 1663, Loa Alarnos, New Mex!co 87545

Abstract

Flash x-ray CiaqnostIca of hiqh-speed dynamic
may be quite expensive and tim+con~umlnq.

Preparation for a first-time test can involve
verify adequacy of x-ray enerqy, x-ray exOosura,

tests need to be r?liablo as the teat

many partial or preliminary tests to
film/screen combination, film--holder

protection,- fla-ah x-ray-qinerato-r protection, triqgerinq, and timinq techniques.

Once these preparations have been successfully complqted, very Informative results are
attainable for a variety of tests lncludinq jettinq, weldinq, and castlnq.

Introduction

Flaah x-ray 1s a form of radiography that can be usad to produce ● lther a single imaqe
or sequential Imaqes of dynamic evente, such as a projectile !n Eliqht, an explosion, ]r
any event in which there is rapid motion of metal, water, exploniva by-producte, or other
materiale.

There are certain limitations to the ~’se of flash radiography.
(1) Therq can be no adjustment in exposure time or current flow, i.e., there ia a fixed
lnteneity for a qiven energy. (2) The total radiation per ●xpGsura is very low, for
example, Ill mR total dose at lm for 450 kV. (3) A faintfilm/screen coablnatlon is tieually
required and can result in poor resolution. (4) There Is no opportunity to reradioqraph
if the fltst film results in an unusable image. (5) The proximity of th~ film packnqe and
x-ray source to thm object belnq radioqraphed is such that CIlm or x-ray qenorators can be
ruined by shrapnel or other sovera environmental conrJItIons.

Techniques for flash x ray.—

Fla~h x-my dlaqnoHt.lcs are often performed at important facilities such
aa test Elre sites, welrlinq or cantlnq labs or errpmrlmen’nl areas t.hnt require ●fflclent
une. As nuch, It 1s Craquently deslrnble to perform n number of preliminary tests to make
sure the nhove llstinq of limitations has been mlequately addreamrwJ in the flas~, x-ray
technlquos before final implamentntion.

It has heen ollr oxporlence II Los Al, OS, that If a nuitable otmtic Clanh radloqraph
of the ob]ect. to ho riynamlfiaily Imaqnd (or a slmulat~d ob~ect reproeentlnq a nynamic
rondltlon) can be obt,llned, thnn mLIccoMrl la very likely. By radioqraphlnq the static
Ob)nct, onn can choona tho most suitable x-ray en~rqy IIR WC1l an d~tmrmlnm thw rwquirarl
exponurtr nt th? film. Thm Inttwr cl,nice dnponrlm mainly on sel?ctlon of a herylliurn wln,~ow
versurr Kovnr WindoW t.uhn, t.nrqet to film dlstanca, nhieldlnq materlfil and thlcknons At tha
x-r:ly t.uhrrhrrnd nnri/or film holder ~nd cholcmn of film/screen combination. Gulrlelinen as to
all of tltwnn clInlcnn cnn I)* fo~lr,tl on tochniqu,j [:urvnm IH noon [n Flqurn 1. By comparlnq
thin curvq t.n curvmn Cor othar onorqy fl~!rh rr-ray qmw?lfltorn, I hw mofit nppropriako energy
cnn he pr~!lelnct.ud for thm qiVHII -ltllnl-ion.Whorean trrin qrilph mhows two materlaln, mlumlnum
nnd ntmml with .1 rmnqn OC t,hlcknmnnnm nnd five tarqnt-to-film dlntancea ranqinq from 1 to
12m, lU lrl alno ponnlhlm to plot. rtddltltjn~l curvo~ for I?lnnh K r?y t.uhon with different
t.ypmm nf windown nn,l ,llFfornnl, fl lm/mrrnnn comhinntionn.

lJnln,l t.hls I)mni(: k,c)(:l}nlqllw uurvrr it. in alnn PI}~mlhiQ to chnnqm to nthmr film/ncra~n
coml)ln,zt ion:l, Ilnln,l mtufl Il?!r whil’h qlvn relntlv! npnmdn fnr vnrlnlln c.>mhlnnt,ionn nt
dlfforlnq x-ray nnfitIIl~19. Copln!l r)f thl~ ntlldy, lointiy wrlttrn l~y Ion Alamnn Natlonnl
Lflhormtnry .Im1 Ilmwlntt I’n,:k.lr,l ,trrr nvnllahln from Ilswlmtt Pnokinr,l repronanl.ntlven nl. t.hlti
me~t Inq .
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Assumlnq one has a suitabla static flaah x-ray technique, It 1s possible to do
preliminary tests on triqqering and film/sc~een holder protection. Again, this p:ellminary
work would more likely ensure success on a Einal, crucial test. Prellmlnary triqgerinq
tasts carry the precaution that less than the full scale electrical environment could cause
misleading confidence In the trlqqerinq arrangements. In arldltion to Pogslble prelimin.lry
triqger te9t9, a final triqger test with as many
recommended. This final triqqer

realistic conditlona as possible is
test should precede the actual test by as short an

Interval of time as i9 practical. One could do this just prior to placlnq tha Eilm/gcreen
holders in poaltion in order to verify time delay and use a doslmeter or Larold film to
confirm x-ray output.

It survival of the film holder 1s in question dun to blast or shrapnel, one could
perform a ~imulated test, or evan an overtest, to hopefully qualify the explosive resistant
holder or dt. least learn what lmprovemente are needed. Unfortunately, the reprorlucibillty
of explosive ~ffects, and particularly shrapnel trajectories is not high, thus survival of
the holder in a practice detonation is no guarantee of survival in an actual, crucial test.

Flash x-ray ap pllcatlon~

Castinq

A typical application of flash x-ray is the lmaginq on x-ray Ellm of molten lead belnq
poured into a qraphite mold. The setup for thlrr experiment, Is shown in Flqure 2. Arrow A
lndIcates an electrically heated crucible to melt the lead. Underneath 1s a hemispherical
mold to receive the molten metal, (Arrow B). On top of the mold la a ring, (Arrow C),
containtnq n narrow, beamed Ilqht eource and a l!qht-detectinq photocell. This !s the
trlqger circuit. The falling, molten lead w1ll Interrupt ths liqht beam, qivlnq a “zero
time” electrical slqnal, which 1s sent to three trtqqor amplifiers for this experiment. In
this case, 5tl, 75, and 1~~ mllllsrcconds were chosen, t.o view three phasea of the castlnq.

Behind thrr mold are three film holders (laholerl 1, 2, 3). The lead bricks in Eront of
the grnphlte mold and to either side of it qerve as coil Imatlol, for the three flash x-ray
genoratnrs with resp~ct to the thri-e film holrlors.

Flquros 3, 4, and 5 show thri %-ray lmaq~:l at \ll, 75, and 11’fl m[lllscconrls. In Fiq. ],
the fmllinq moltnn lead Is jlist heqlnrtlnq to !itrlke the lnn~r, p{jlnr reqion of tho IJraphite
mold and to npray horizontally. In FIq. 4, 25 mllllseconl~ latmr, thrt molten Ic,ml
continllen to all on thrt polar reqlon and the r.ldaward spray hnn rnnchcrl the outl.r wall of
the mold. R.vul,]tg of and down tho sidewalls. Finally, In Fiq. 5, at 1(1~ mllll.:,~conrls,
tho mold in partially filled, n.thouqh one portion of the hottnm rim irl only beqinnin!] to
renelv~ t.ho flrtrt dropifttu of mi>ltnn lnat-1.

Wr?1d I 1111.- —--
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weldlnq chamber. The cylindrical section of the adapter was intentionally made of a amail
diameter ptpe [1.5 In. ID (38.1 mm)] to serve as a radiation beam collimator.

By collimating the x-ray beam, aa well as employing multiple starts and atopa of the
sample stage and welder, it waa poaaible to accomplish up to SIII exposut~s per 17-In. (43.2
cm) lenqth of film packaqe, uhus minimizing the number of vacuum pumpdowns.

The waldlnq was merely a bead-on-plate type with no attempt to join tha pieces of
material. The heiqht of the bar was 3/4 in. (19.0 mm} and the maximum penetration was
planned to be no qreater than about 5/8 in. deep (15.9 mm).

The experimental setup is 9hown ir, Fig. 11. The x-ray pulser Is the larqe cylindrical
object; an x-ray shield is shown to tt,e right of tha pulaer, and to the right of tha shield
Is the weldlng operator’s station.

The oriqinal radiographs were studied by the metalluryl?t with whom this project waa
coordinated. He then sketched representative cavltles from which drhwlnqs were made. The
darkened portion of each drawlnq (Flq. 12) represents the weld cavity. The staqe was
moving from right to left and the weld beam location was scationaryl thus, in effect, tha
weld waa progressing from left to riqht. rhe Image reterred to as cavity is probably just
that, not molten metal but ●ssentially a voirl, perhaps cent.aininq plasma or vaporized metal
with molten melt undoubtedly surrounrlinq the cavity at the sides and bottom.

The sketch for 20 kV (Fig. 12A) :~howe the weld penetration with tha hlqheat powar
Inpllt per unit volume flue largely to the slower ataqe travel. The amount of metal made
moltan 1s greater than that of th~ oci,er weld enerqy, althouqh tht penetration Ia less than
the hlqher enerqy.

The ,!rawing for ?7.5 kV (Flq. 12B) consists of the results for flaah radiography of
aluminum weldti performed at relatively high wnerqy. This produced high depth-to-width
ratio welds with m resulting hIqh incidence of sold shuts and root poroMlty.

Concluaton—— .

Thosn organizations nnd Individuals who havm bemn Involved In Clanh x-ray work for
some tlmo have prohahly evolved similnr or more advnncorl approaches for establlshlnq
technlquen. Tho ranqe uf appllcntlona for flash x-ray i- extensive and once aqain, it la
likely thot m,!ny pcoplo In thir audionca coIJlrl give equally or even more lnteren!:lng

examplas.

If you are not involved in flamh x-ray or are only beqlnnlnq, perha~s these ideas will
he hmlpful. Piiiase remembmr thm nntlnnal Inboratorien, of which Loa Alamos 1s one, are a
national renour~~. ~f wo at Los AlamoM can bo of aaniatnnce to you in radiography, flaah
x-ray, hiqh tJpmmd ‘~;dnoqrnphy, or hlqh #pee[l rndioqrnphy to mention only n few of our
Capat)liiti?rl, folfi freo r.o cent.net Ilw.
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FLASH X-RAY TECHNOUE CURVES
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FWre 6. Ruibgraph (450W of -l-s--e
&vi.ce &fore detcnatim.

FfgureR. Radbgraph of devicesbwn in Fig.6
afterinteractionwith 2m-thick
uetalplate.
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SCHEMATIC fiEPRESFNTATION OF MODES OF
MELTING IN ELECTRON BEAM WELDS IN AL UW; ;\JM

FLASH X RAY DIAGNOSTICS——
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