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Abstract

Flash x-ray Jlagnoatics of high-speed dynamic teats need to be reliable as the test
may be quite axpensive and tima.-consuming.

Preparation for a first-time test can Iinvolve many partial or preliminary testa to
verify adequacy of x-ray energy, x-ray exvosure, fllm/screen combination, film--holder
protecticen, flash x-ray-generator protection, triggering, and timing techniques.

Oonce these preparations have been successfully complated, very informative results are
attainable for a varlety of tests Including jetting, welding, and casting.

Introduction

Flaah x-ray i{s a form of radiography that can be used te produce either a single image
or sequential images of dynamic events, such as a projactile !n flight, an explosion, »r
any event in which there is rapid motion of metal, water, explosive by-products, or other
materials.

There are certain limitations to the vse of flash radiosgraphy.

(1) Thers can be no adjustment in exposure time or current flow, i.e., there is a fixed
Intensity for a given energy. (2) The total radiation per expcsure is very low, for
axample, 1@ mR total dose at Im for 458 kV. (3) A fast film/screen conblnation is usually
required and can result In poor resolution. (4) There I3 no opportunity to reradiograph
If the flcst film results in an unusable image. (%) The proximity of the f{lm package and
v-ray source to the object being radiographed i3 such that f{lm or x-ray qgenerators can be
ruined by shrapnel or other severe environmental conditions.

Techniques for flash x ray

Flash x-ray dlagnostics are often performed at important facilities such
ans test fire sites, welding or casting labs or exparimen*al areas that require efficient
use. A3 nuch, It 1s frequently desirable to perform a number of preliminary tests to make
sure the above listing of limitations has Leen adequately addresand in the flas), x-ray
technlques before £inal implementation,

It has been our experlience 1) Los Al. os, that {f a suitable static flash radiograph
of the object to be dynamically Imagqed (or a simulatued object representing a Aynamic
rondition) can be obtalned, then suvccess s very likely. By radiographing the static
objact, onm can chovne tha most suitable x-ray en<ryy af well aa detecmine the required
exponura at the fi{lm. The latter cholce depends malnly on Belection of a berylliium win‘ow
versaus Kovar window tube, tarqet to film Alstanca, shielding material and thickness at the
x-ray tubehaad and/or fiim holder and cholcen of film/sacreen combination. Guldelines as to
all of thene cholces can be found on technique curvas as meen {n Flgure 1. By comparing
thia curve ta curves tor othear encrqy flanh x-ray gennratora, 'he mont appropriate enerqy
can be prouslactad for the given altuation.Wherean thin gqraph nhows two materialm, aluminum
and ateel with a ranqge of thicknenans and flve tarqet-to-film distances ranqing from ] to
12m, {v in alno poasiblte to plot additional curves for flash x r2y tubes with different
types of windown and M Ffarant film/ncreen combinationn,

Uning thia banlc technlque curve {t Is aluo poanible to change to other fllm/acraean
combinationa, unlny atudles which glve relative napeadn for various combinationn at
differing x-ray onerqiuas, Copinn of this natudy, Joinrly written by Losn Alamos National
Laboratory and llawlatt pPackard are avallable from Howlatt Packard repronentativen at thin
mewting.

-----

Nepartment of Enargy, Contract Ne. WIANS-ENG=-V6,



Assuming one has a suitable static flash x-ray technique, it i3 possibie to do
preliminary tests on triggering and flim/screen holder protection. Again, this p-eliminary
work would more likely ensure success on a final, crucial test, Preliminary triggering
tests carry the precaution that less than the full scale electrical environment could cause
misleading confidence in the triggering arrangements. 1In addition to possible preliminuary
trigger tests, a final trigger test with as many realistic conditions as possible is
recommended., This €Einal trigger test should precede the actual test by as short an
interval of time as is practical. One could do this just prior to placing the film/screen
holders in posltion in order to verify time delay and use a dosimeter or larold film to
confirm x-ray output,

If survival of the film holder is in question dusa to blast or shrapnel, one could
parform a simulated test, or even an overtest, to hopefully qualify the explousive resiatant
holder or at least learn what improvements are needed. Unfortunately, the reproducibility
of explosive uffects, and particularly shrapnel trajectories {s not high, thus survival of
the holder in a practice detonation i3 no guarantce of survival in an actual, crucial test,

Flash x-ray applications

Casting

A typical application of flash x-ray is the Iimaging on x-ray film of molten lead being
poured into a graphite muld. The setup for this experiment, {3 ahown in Figure 2. Arrow A
indicatas an electrically heated crucible to melt the lead. Uncerneath is a hemlspherical
mold to receilve the molten metal, (Arrow B). On top of the mold is a ring, (Arrow C),
containing a narrow, beamed light source and a liqht-detecting photocall. This !a the
trigger clrcult, The falling, molten lead will iInterrupt tha light beam, gqivinqg a "zero
time" electrical signal, which i3 sent to three triqqer amplifiers for thls experimeat. In
this case, 50, 75, and 1AM milliseconds ware chosen, to view three phasas of the castinqg.

Behind tha mold are three film holders (laheled 1, 2, 3). The lead hricks In front of
the graphite mold and to elther side of It derve as collimation for the three flash x-ray
generatnrs with respect to the three Eilm holders.

Fiqures 3, 4, and 5 show the x-ray imagen at 5@, 75, and 100 milliseconds. In Fiq. 3,
the falling molten lead Ils just beqlnning to strike the laner, polar reglon of tho graphite
mold and to sapray hor{izontally. In Flq. 4, 25 millisecoris later, the molten lead
continues tn .all on tha polar rejlon and the rnideward apray has reached the outrr wall of
the mold, R.vulnts of and down the sidewalls. Flnally, In Filgq. S, at 100 milli:iaconds,
the mold {s partlally filled, a.though one portion of the hottom rim is only beqlinning to
recelve the firat droplets of moltan lead.

Jettirg

Flqure 6 nhows a atatic radioqgraph of a amall shaped charqe devire almed at a 2mm
thlek uranium plate, The ntatlc, pretest, radloqraph in a usaful vorlficatlon of setup
qanmetry, Aadequacy of flash x-ray technique arnd aatisfactory functionlng of all equipment;
trlygaring, x-ray qanerator aexposurm, tilm handling, and Cilm procauning., Flgure 7 la an
early time, dynamiec radisqraph of the aatup nhowing farmatlon of the (et and Flgure 8 {8 a
later time radiograph rada at 99" showlng jot penetratlon of the plate an well an aracking
nf Lhe charqe casa, Tae uetup for thin typa of ahot (a shown In Flg. 9 shere two romoto,
450 v tubnheadn are placed in protective atanda with adjoustable platform and aliteed
aparturen for x-ray .seam emerqence, The two bhlant resal:atance canstten are aeen near the
rhot atand,

Walding

We have uned a AON-pkV flanh x-ray ayatem to obtaln Jdynamic radlaograph: af slectron
boam wal-ln, Py *"dynamic”, we mean a neriea of instantaneous, random radioicaphs of the
wold cavity dering the walidlng proceasn,

This a¢porlment wan to  lneantlgate aeveral welding onerglan ant to compare the
talative covity shapes, daptha, and anomaliea,

A acnematiec of the flanh radliographle astup (n ahown (n Fig. 10, The -aqe, the bhar
to bhe welded and the ilm holder move togerher, The atage Vpayval direction, slectron bheam
axi1 ard x-ray heam axin are arthoqonal, The port ta the laft of the chashar normally
cantalan a lead glasn obaervation window., An adaprur wan fabricated with 0-) fng asata at
elther ond 2o that the x-ray beam emarqed from the pulaer face dirwctly Into 1he svacuated



welding chamber. The cylindrical section of the adapter was intentionally made of a small
diameter pipe {1.5 In. ID (38.1 mm)]! to serve as a radiation beam collimator.

By collimating the x-ray beam, as well as empluying multiple starts and stops of the
3ample stage and welder, it was possible to accomplish up to six exposuras per 17-in. (43.2
cnm) length of film package, thus minimizing the number of vacuum pumpdowns.

The weldingy was merely a bead-on-plate type with no attempt to joln the places of
material. The height of the bar was 3/4 in. (19.4 mm) and the maximum penetration was
planned to be no greater than about 5/8 in. deep (15.9 mm).

The experimental setup is shown in Fig. ll. The x-ray pulser 1s the large cylindrical
object; an x-ray shield is shown to the right of the pulser, and to the right of the shield
i{s the walding operator's statlon.

The original radiographs were studied by the metallurgliet with whom this project was
coordinated. He then sketched representative cavitles from which drawings were made. The
darkened portion of each drawing (Flg. 12) represents the wald cavity. The stage was
moving from right to laft and the weld beam location was scationary; thus, in effect, the
waeld was progressing from left to right. The Iimage reterred to as cavity is probably just
that, not molten metal but essentially a vold, psrhaps containing plasma or vaporized metal
with molten melt undoubtedly surrounding the cavity at the sides and bottom.

The sketch for 28 kV (Flg. 12A) showa the weld penetration with the highest power
input per unit volume due largely to the slower stage travel. The amount of metal made
molten is qreater than that o€ the otiier weld enerqy, although the renctration is less than
the higher enerqgy.

The /rawing for 27.5 kV (Flg. 12B) consists of the results for flash radiography of
aluminum weld: performed at relative(y high enerqgy. This produced high depth-to-width
ratio welds with a resulting high incidence uf zold shuts and root porosity.

Conclusion

Those orqganizations and Individuals who have been Involved In flash x-ray work for
some time have probahly cvolved similar or maore advanced appronaches for establishing
technliquea. The ranqge of applications for flash x-ray is extensive and once again, it {=a
like)ly that many people In thir audlencu could glive equally or even more intereating
examplas,

If you are not {nvolved in flash x-ray or are only beqinning, perhags these (deas will
be helpful. PlvaSe remembar the national laboratori{en, of which Lcs Alamos ls one, are a
national resour:e. Yf we at Los Alamos can be of assistance to you in radioqraphy, flash
x-ray, hlgh upred videoqraphy, or hiqh nrpeed radloqraphy to mention only a few of our
capabllitien, foul free to contact uy,
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Figure 6. Radiograph (450 kV) of small-shaped-charge
divice before detonation.

Pigure 8, Radiograph of device shown in Fig, 6
after interaction with 2-mm-thick
metal plate, ;
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Figure 7. Radiopraph taken shortly after detonation
of device shown In Fig. 6.

Flgure 9, Two tubeheada (450 kV) in place for 0°
ard 70° flash radfopraphy, Fild holder
and expleafve are at left center,
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Figure 10, Schematic setup for flash radiography , . e e emm e
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Figure 11, Flash X-ray/electron beam weld experinmtx pulser to
F ¢ rft wld)i'ny, chamber and controls to vight,

SCHEMATIC REPRESENTATION OF MODES OF
MELTING IN ELECTRON BEAM WELDS IN ALUM:A UM
FLASH X RAY DIAGNOSTICS ?

\“\\XWY{\\W

Welding Tachmiquer: 20 kV, 200 mA, J0O in. per nunute stage travel

&\‘kf( NS \&N

Walding Techmque  272.5 kV, 250 mA, 80 in. per minute stage travel

Figure 12,
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