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THE STATUS OF FLLASH RADIOGRAPHY IN THE U.S.A. TODAY
AND FUTURE POSSIBILITIES

1.. BRYANT
Nondestructive Testing Group, Los Alamos Scie¢ntific Labora-
tory, P.0O. Box 1662 _os Alamos, New Mexico 87545

A sample of presently employved flash x-ray generators
is given including low-energy, commercially available sys-
tems and high-energy very specialized installations in go-
vernment laboratories. These 1lash x-ray sources are com-
pared as to radiogreohic characteristics. Imaging tech-
niques and material: are surveved and compared as to their
advantages aud limitations. A variety of applications of
flash radiography are cited including explosive, ballistic
diffraction, crash injury, and fuel i~jection. Probable
near term advances in special techniq .es are mentioned in
cine radiography and film image enhancement. Possible fu-
ture developments are speculated upon such as flash radio-
grarhic applications of computerized axial tomography. The
rec: At recopnition of flash radiography at professional so-
ciety conferences is reviewed.

715K X-RAY GENERATORS

TABLE 1 - SAMPLES OF FLASH X-RAY GENERATORS IN THE U.S.A IN 1978:
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This primarily concerns the
smaller flash x-ray generators wi:
raiinir1l radiation output which re-
quire fast films and screens. The
more intense radiation sources have
a much wider choice of imaging mate-
rials.

The fastest intensifying
sc-eens commercially available for
flash x-ray energies from 150 kV to
1 MeV are given in Table II.

The fastest intensifying
screen readily obtair ible for a
2-MeV flash x-ray energy is a Du-
pont NDT High Plus-3 screen, a rela-
tivelv thick phosphor of CaW0 It
can offer additional speed gairs as
a tack intensifying screen at lower
en. -gies. Its thicker layer means
sor.e loss of resolution.

The two films which fi-d widest
application where spced is aramount
are Kodak X Omat Type R filw (XR)
and Dupont's Cronex 2DC Medlcal X-
Rav Film. For the flash x-ray ener-
gies ren® ioned above, the Kodak film
is farter and of higher concrast
while =—he Dupont film gives finer
defini_ion.

a

APPLICATIONS OF FLASH X-RAY

To .101 Iniecror Sprays
¢srs. Kerry Bahl ancd Earry
Yantlne of Lawrence Livermore Labo-

TiLorv vermore, California have
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e

e
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S

rorced e low-cnergy, flash x-rayv
oo ostic tochnicue for derervidnine
Slo..owla pray or el dronlos
i3 one aspect of a study of conlis-
tor desinn. T esc conbustors in-
clule divectly injectued, recipro-
caring and rotary enyines: poas tur-
Gines: oond industrial faraacces.
In the prist, oprical noothods
1 o toen used in the cxperivrental
_motactorization of fuel spravs
However, U?:;Cdl techniques have
_ortzin linitarions.  Thick fucl
TABLE II - SCRYXENS FO
foreen Des®onation
(wilin T1-3
i Alpha 8
ol lin BG Eigh Speed
Cronmey Qui: a JIl

sprays are oftun opaque to light.
Whzn thcrmal gradients are present,
hce ographic tzchniques are affected
b: ~hase shifts.

An 85-:V flash x-ray technique
overcame ti se limitations and
yielded inf rmation about the [ :
tern and d:nsity of the fuel sr.ays
and their droplet distribution.

To Diffraction Svstems for Materials
L_E_S_t in g 7

Professor Robert Green, Jr. of
The John Hopkins University has used
flash x-ray :vstems to a-hieve flash
x~ray diffraction patterns from ma-
terials undergoing rapid dynamic
loading. The flasl x-r~y equipment
was from Hewlett Packard and oper-
ates at 1°0 kV with either tungsten
or molvbdeaum target, beryllium
window x-rav tubes. An electro-op-
tical device incoronrating a three-

staye image intensiiier acted as a
atec-.or.
In 1:75 Green recordec the

first x-ray diffraction photograph
of an aluminum, shaped-charge jet,
*‘hich had a cross sectional diame-
er o7 approximately 5 mm as deter-
minel Trom a scparate flash radio-
graph at 300 kV of tle metallic jet
Analysis of the trancmission, flash

Ic)

~

x-r..y diffraction pattern of the
Alusinam jer indicarod that it con-
sisved of a particul rted solid vith

a grain size distribution raaging
from about 1 mm down to about 0.01
mm.

Ya. ist . c ﬁv~nr;8
o dooos Finlora o7 the ULS. sy,
Aberdoen l“oxlwr Gro.nd in Marvland
has eupurvrised flast radiepraphy of
wany ¢xp. cinents that could be cace-
gorised as imaring
1. & the rascle of a ¢ ontube,
2. a7t the tarvet, and
3.) o a shhped chacie,
n the sccond case the purpose
JLASH RADTOGEATPHY
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Co Rare Earth Oxide
Radiw., "GaF Ruve Earth Oxide
it Rare Earth Oxide



of the flasn radiography is to qua-
litatively and quantitatively moni-
tor the behavior of the projectil ,
armor, and related fragments as { .e
projectile approaches, penetrates,
and exits the target. This is done
at Aberdeen Proving Grounc using
“lash x-ray generators ranging from
150 pkV to 2.3 MeV. Radiographs of
projectiles impacting armor have re-
vealed defeated rounds due to prema-
ture disintegration and a tendency
to pitch upward. Redesign of the
projectiie and subsequent testing
gave I .sh radiographs that con-
firmec complete penetration of the
round.

Crash Iniurv9
— ———

Capt. Stanlev Shatsky, M.D. at
the Armed Forces Radiological Re-
sea~ 'h Institute in Bethesda, Mary-
lan¢ has used low-energyv flash x-ray
¢Gqui, ment to study lateral head im-
pact of anesthetized prir :tes. “This
technique has revealed inzernal =-
gan motion and damage which a:e
caused by severe collision impact.
.ow persistence x-ray iwmage intonsi-
Tiurs produce a small output imaie,
'hich has been recorded at 1000
trames per second with a pin regis
tered framing camera. Injection ¢
iodine-bared contrast media in the
appropoiate blesd vessels jrost pr.or
to iw act provi.es an effec ive me-
thod or mapping the motion of in-
T2rna. orvgans during and :fter im-

1cc.

[ RI]

y:. 20

Tanloe 've Qoo Tios

rd Lok ool ol s
Scivniific Lavoratorv has ruporte.
the usc of P RNEX to dianqnose th
bomovicr of insensizive cxrlosives
' T riuwtures of TATE and
Fol-F Draders A vvpiaal o Lt
s 10 matni: serices of £, o cu-
diceraphs at varving tines o tor
detoniticn to obscrve the corner
currning and unreacrted zones of in-
senattive expla ives, Mot renolu-
ti.n Tlash x-rav techniques are -
pl.vod wvith Kedak AR and FE irmdue-
wri.’ x-ray film placed betwoon 1o
thiv  lead ccroens ond roadias o L
viels 00 10 1o 20 Kot ln D0
pruise daration of 40 ns. Tar ot co
il distance was 3.05 mooand obicot

[T A A B

RS VP

1o Tilv discance was 1.22 nowith
e Tilmprotected by a conica
Gl 1 il cnssette. Inorre-
tation of the resaltingeg filos roe-

and probably unreacted zone which
scme to persist for many microse-
cc «ds and may never detonate in the
normal sense. Also, the decrease
in de onation velocities as deter-
mined from these dynamic radiographs
as the front turns the corner indi-
cates a -eduction in detonation
pressure.

NEAR TERM ADVANCES

A design team consisting of
Lockheed Missiles anc Space Company,
Pratt and Whitney Aircraft, and
Varian Associates has propostd a
cine-radiographic system for im-
a-ing internal components of an
operating gas turbine aircraf: en-
gine. This imasing will occur
while the engine is undergoing si-
mulated maneuvering acceleration
and g o>scopic loals.

: cine-radiosgraphic syvstem
includes a pulsed lincar accelera-
tor operacing be .een 8 and 15 ieV,
both film and electronic imaging
systems and a remotely operated po-
s$i:ioning and alignm:nt system.
These components will be designed
ro remain functional in an outdoor
environment under a rancomly ori-
ented 1Tad of up to 21 g in some
Ccasis.

fnother high-vner y cine-ra-
dic coaphic syscem has -een des-
criled at this Congress. It i3 in-
tendec to provide iraging of large
scaled burning rc-ket motors, un-
Jorroing static test. The imz ing

e is to be in cleis 0f 100
Cires oper seeond b oo cuy Le-
vel of 10 MeV or ercea cr v tn tluo-
rescent scerceen imiging, larce 1ich
wonlitTication and hizh-voecd ¢ e
' sults,
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Flash »-ray films which have

less than desirable quality are now

requentlv subjected to various tech-
. iques of image enhancemrnt to im -
i rove contrast, or definition or
both. One typical technique begins
with a microdensitometer scan of the
ori; .nal :=gative. The scanned :-
mage is digiti.ec in terms of posi-
tion (X and Y) and film deusity,
i Dmputer programs are cmplcved to
“latten the film density variations
of the background and then extreme
film density stretching is performed
by using histc .am equali.ation
techniques. Tae manipulsted data is
ther nlaved back in a v’ .ual display
znd ccorded on 1ilm fo. viewing.

FUIURE DEVELOPMENTS

Cc—puter assisted tomography is
zn out:tanding medical x-rav diag-
rostic technique, S:tudies are now
teing cenducted on industrial and
scientific applications of this
technique, One possible application
would utilize multiple flash x-ray

wbebeads discharged sirmltaneously
iencrate the severai imagocs which
uld te rerorded on x-ray film,

ne film we "1ld be scanned bv a - -

c*oucnslto. ‘ter, digitized, anc oy

conputer vAﬁlpulation the =ide vic =

w)11’ Troeonverted to a single ro -

sectior il impe, A ,pechlc a 2li-

c:ticn ¢ 1ld be tc study vurbulence

o coola t flow i nuclear reactor
n:ning,
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tech. Jue of flash radio-
r i re  ntly recyived revco-
nIoo.on rom ! Ancricas Society for
I o AR Testineg (ASKT), a
onnie Domel sty which cradition-
LTy Bas o mivea conventional v io-
oo hwoor osintic inpection o ora-

erinls a siyn Ticant wiioruis,  lhe
SENT spensored o full-dav session
cricdfng 1TE oparoers oon T1ash

- 13
VA 1Le -

Lvoot thelr n:nnwl iall conler-
e in )1'S[Lh., Temas durine Son-
e 1976, in Avrust 14/7 in Wil-
PN Doelansore L ASNT . EAREIPIEE S S !
R S I vt oon N lant rae
Lo vl T 'H}lzlu SLM o paners ar

-
¢nee on innove
WOT R“ﬂiﬂ'?&pn}.
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T ol Lfvgutud

S cuines anve rrovided a wider
s Tar ocxeh oo s oy thoe veers
cDoviasn o reBosraohy chian ks pre-

vieuolvy existed an e Unived Statos,

The 18 pagers from the Houston meet-
ing have been published as the Pro-
ceedlngs of the Flash Radiography

Svirposium, which is the first hard
cover book exclusively concerning
flash radiography published in the
USA.
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