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Etude et Realisation d ’ un Equipement de ci nerad iogra p hie ”

(“Research and Development of an Equipment for Cineradioaraphy ”)

ABSTRACT

Althou gh the theory of cineradiograohy is very wel~known , it is not used much because it often requ ires
l~r~e installations that are costly and not easy to
learn how to use correctly.

The authors describe an installat ion of flash-
radiography which can obtain six imanes of a ramid
ohenomenon wi th the possibility of selecting a very
short time interval between two pictures. The
equipment includes six flash radioaraphy instruments
which del i ver 2Ons X-ray pulses. The voltage
aoplied to the tubes does not exceed 300kV . The flash
radiography tubes are connected to the high vo l taae
pulse generators by co-axial cables . This configuration
allows the X-ray sources to be placed close to each other,
thus ninimizing oarallax. The time delay between the
synchronization signal and an X-ray pu l se, detected by
a ohoto-multiplier tube , is measured with a precision
of plus or minus 5ns.

Several examples are shown of the recordina of shaped
charge jets.
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I. Introduction

Certain studies (as , for example , tne fragmentation

of the jet of a shaped char ge , the projection of fragments,

etc.) in order to be done succ essfully, require the

recordin g of several successive shots of the same phenomenon.

The methods used to obtain cinerad iogra p hic

recordinq s are very diverse , and their discussion goes

beyond the scope of this report. However , let’ s simply

recal~ that if the time interval between two images must be

very short (less than a few m icroseconds), it is necessary

to use several sources of pulsed X—r ays fired successivel y

in order to obtain a cin era d iograp hy. The seoaration of the

ima g es is achieved very simply by using an aperturin g slit.

This method is cumbersome and allows the recordin q

of only a limited number of small pictures. However , the

frequency of the imaqes is practically unlimited , and this

so rt o f installation can also be used to make stereo

radIographi c recordings.

The studies b ein a carried out at ISL on shaped

charges led us to build such an installation for

cineradio g raphy.

II. Descri ptthn of the In_sta ll ation

T he cineradiogr a phy installation Includes six flash

_
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radiography systems tri ggered successively, with an

aperturing slit to separate the Images.

The first figure illustrates the method used to

sep arate the images: two sources of X—ra ys , a distance

‘ s apart , generating ima ges of width “i” of an object

p laced within a slit of width “d . ” Tt~e images are

contiguous if the relationship

= d (

is satisfied , and a and b representing the distance from

the source to the apertur ing slit and the slit to the

film respectively.

The ratio b/a shou ld never exceed 0.1 so that the

geometric image blur rema ins small. From this you get the

result s = lld , a distance which should be kept as small

as possible in order to avoid parallax distortions.

For the observation of shaped charge jets , we

adopted a slit width øf d = 20mm , which in turn made it

necessary to separate the sources of X-rays by 220mm .

This value can be achieved only If the flash radio graphy

tubes are removed from the large casin g containing the

hir~h voltage pulse generator. Therefore , th e tubes were

mounted in special tubeheads connected to the Marx generators

by high voltage cables. In this arran gement , the flash

radiography systems emit X-ray pulses 2Ons In duration , the

maximum voltage applied to the tubes being 300kV. (The



design of these high volta ge pulse generators was the subject

of a previous report [lJ .)

The location of the six tubes is shown schematically

in figure 2.

III. X-ray Recor di n g s

The radiographic pi ctures are recording on films

ptaced between hi gh -resolution , fluorescent intensifyin g

screens. The overall blur is 0.2mm based on 3 components:

0.15mm geometric blur , 0.05mm for blur caused by the screens

and the film , and 0 .15mm for motion blur.

IV. Measuring Time Intervals

The time interval between the synchronization signal

and an X-ray pulse i s  measured by a mu ltichronom ete r

~fiqu re 3).

The synchronization signal produced by the object

under study (in this case the short-circuit ing of wires

placed on the shaped charge) is sent simultaneousl y to the

delay generators and to the multichrono m eter. The delay

generators transmit pulses to the amplifiers (2) which

tri gger the X-ray sources.

A p hotomu ltiplier detects the X-r ays and delivers a

series of pulses which are transmitted to six channels of

the r’ul tichrono m eter by means of a distributer. The

pre cision of the measure ment Is Thns.
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F V. Ap ol ications

Our cineradiography installation was used to study

the fragmentation of the jet of a shaped charge as well as

for measuring the speeds of the front edge of residual jets

which have penetrated a t arget.

The results obtained wil l be the subject of later

recorts and the radio qrap hs shown here are only for

ill ustrating how measurements are made. Figure 4 shows

the burst of the jet of a charge Model S2T [ISL shaped

charge of 35mm outside caliber including a conical copper

l i r~er with a 40° apex angle and 31 grams of explosive (3)]

after it penetrated steel targets 1 0mm and 30mm thick. The

first pictures , immediately after the jet comes out of the

target , allow a good study of the deformation of the exit

face.

Figure 5 shows the fragmentation of a jet with a

S2T chdrae. The speed at the front of the jet is 7200 rn/s

a n d  the difference in speed between the two successive

fragm ents is of the order of 200 rn/s. The time zero

reference corresponds to the short circuiting of wires

placed between the booster charge and the explosive of the

shaped charge.

VI. Conclusion

A flash radiography installation consisting of

X-ray scurces was developed and used for cinerad loqraphy

studies of shap ed charge jets. The time interval separating

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . .~~ ~~~~~~~~~~~~~~~~~~~~
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2 successive images can be very short and me asured with a

precision of ±5n~

This installation is al so quite suitable for stereo

radiography pictures.

B i b l i o a r a pj~y~ . -

F. Hatterer , F. Jamet , G. Thomer
A 750kV Impulse Generator and its Appl i cation to the
Production of X-ray and Electron Flashes.
ISL — 10/72

[2] F. Jamet
The Development of a Trigger Apparatus for Flasn X-ray
Generators.
ISL- N 30/71

[3] E. Perez
The Physics of Shaped Charges : Experimental Results
and Recent Theoretical Considerations.
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~~~~- Introduction S

V Cartatnes &tud~s (fragmentation d ’un jet de chirp crease., projsc—
tion d lclats , ctc .) néc .ssitent , pour Itre endes S b u n , l’asr.~istramaat
di pl us leur a clichés .uccessifs du mm. ph~noi.Sna .

V 
La dthndss employ5.. pour obtenir di. enregi st r s.snt s cinSra dio

tt raphi qu.s son s trés diverse , •t leur exposé sort dii cadre di cc Rapport . tap-
pelons tout.foi. qua ii l’interv alle do temp. intro deux i.agaa dolt stre trés

court (inflrl .ur S qu .lques nicroa.condss), ii ass nScessaire d ’employer pin—
h ours ~ourcas d ’impuu.ion i do rayons X dScl.nchS.s successiveasut pour obt.nir
in. cin$radiogr .phie . La separa tion des Image s s’effectua trés si.plineat pico
1 l emplel d’un diaphragm ..

Cette éthode cit encombrant• et a. p.ra.t d’enr.gistr.r qu ’ain nem
bra l imitS di cliché s do petit format. C.pend alat , 1. frSquence d’imag. set
prariqueaen s Illiut tie it une tell. installation peut en ontre $trs utLiteds

pour des enr.giatr..ents •tCrCoradiographiqu .s .

Las Stud.. cur Is. charge s creua .e manS.. S l’ISL non. onc coudui~~
S rSall..r une cello installation do cinlradiographie .

II — Description di l’installation
4 

L’isotallstio . 4. cinêradiographis comporte six apparsil. do radio—
V grsphi .-Scla (r dklenchSe suce.s.lvsmant, tan diap$ara~~ p.rmattant di s$parar

las imag .s.

La preailr. I igurs rapp all. Ii met hods 4. siparatio, des ia.g.s
d.uz sources di rayc as 5, •l.igMss l’uns di l’autr. d’une distance • .ngsudrast
d.s image s 4. iar$suv I d’ objet plied dens 1. t.nls do lsrgsur 4 daa dlsp~~.gos.
IS i~~$•s .Ini cinti~uui ci a rs i .if on

S • d (t

sit vSri t id. , . at b r.prlssntose is distan ces sati re. - diapkra~~~ St d iapkra~~~ —
(*1. r.sp.c eivsasnt.

La rapport b/a na dolt casket 0.1 ails qus is floe gk.dtriqsi rsfls
faibi. . II as rdrnsits s — 11.4 , distance qut sera ~~tntsmss aussi path s
possible pour Itite r lie erresare di pirallams .

- - - . -- ~~~~~~~~~~~~~~~~~~~~~~ 



~ V~ V ~~~~~~~ V V V~~~~~~ ’ VV V

- V 
~~~~~ V V S~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Pour I’observatlon des jet. di charges creusss, nou s avons adepil 
______

unt~ largeur do tent . du diaphragir e d — 20 ma qu i .s t raduit par Ii nlcesaitS
do cSp srer 1.. sources de rayon. X do 220 as. Cetts valier n ’.st att.ints qua
si e~ tuba. do rad iograph ie— Scla ir con t ind € pcnd.nss di l’ encsintt trop
.nc ,mbrante concenant 1. gCndrat eur d’Iuupu lslons haute t.n.ion~ aussi ont—

u s  ~td monies dsns des envsloppes special., railS.. par via cibi. banS .

ton qiota su gSnerataur de Msrx . Lo~ appa rells do rad iographl.—SclsIr ainsi
constit ud. Smettent c s  Impulsi ons de rayon. S d’uns durS. da 20 as, l’s.pli -

tude sasnimale di Ia terau ion app liqu de aux tubes Stint 4. 300 by . (La center
tion do ccc génfrateur . d’impulsions haute tension a fa it l’obj.t d’ un Rapport 

_______

antt rieur ~lJ .)

LI montage des six tubes as s repr esent S .chSmatl qusment sur Ia Ii—

gu re 2.

III — Enr.gijtretaent des clich S •

es clichés radiographiq’i.s sont enregisIrS. sur des fil m s placds
ent re Scrans ranforçat.ur. fluor escent . de haute ddfinition . I.e lion rdsutcane
est do 0,2 ma sachsnt qu. los flous cosposanta sent di 0,15 em pour is flov
g#osStriqua, 0,05 ma pour 1. 1 lou dG aux dcrans et an film it 4. 0,1 3 ma pour 

_____

1. 1 lie dO au .ouvemaiat .

IV - Mesur. d’intervall.s 4. c~~~s

L’intervall. 4. tamp. .Sparant is signal 4. .ynehrosisstioa d’une
impulsion ds rayon. S act sesurS I I’ iids d’un emltichrssaultr. (fig. 3).

I.. signa l da synchronisation dilierS par I’objst (en l’occvrrenes 1.
court circuit 4. Iii. plac5s sur is charge cr.u.e) i.e .nwoyd s ias )tan~~.nt
aux rirardata ur s at au ~ aitichroaaomStr a . Lss retardat eurs tr.nsmattest des in—

pulsion. sun aapliftcacsure (2 1 qui dScleaci ,ent l.a sources dl rayons...nt X.

Un photomultlplicat.gr ddt.ct. u s  rayon. S at ddlivr . en tri m _____
d inp ulsion. transaises I sin cano,ax dv .asltiebroassItre per l’iat.ruddiaire
d’un distribut.ur. La precision di La masaw . sat di *3 os F —
V — Applications

L’iostallation as cindra diographie a lcd ~~~loy*s pour l’dtuds de 1*
Irago.ntati.. d’en j at do eharga creess ains i qu. pou r di. ~~tS5 di vi t .ssa a
do I$tss 4. j .te rlaidu.ls april parforati.. d’uei cible. 

_____
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Lea rEsu lis t s ob ienus f eront t ’ ebj s t di Ra~ports ul’~dr iiur5 St iii

S r..diographie s sontrSe. id n’ont qu ’un but d Illus tratiot% de La adthod* di

misure . ______

La figure 4 montre l Sclat dv jot d une charge S2~* aprIs

trav ersCe di cib les on icier do 10 ma st. 30 ma d’Spals..ur . Lee pta.Le~s Las-

tents di la sortie du jet de la cib le permettent di bima Studi.r a d5forsa

tion di face do sortie.

LI figure 5 .ontre 1. fragmentation 4a m  jet di charge $fl. La vi~
tosso de 1. téte dv jet e.t di 1200 a/s cc is diffdra’ e de vitssts entr.

deux fragments tutcessils est do l ordce de 200 u/s. L’orig ian die tamp . eat
donsaS par un court-circuit de synchronisat ion plac e eiatr. 1. rslais at l’ .iplo 

______

sit di Ia ch.rga creu5l.

V t - Conclusion

Un. Installation 4. radiograph ia— Iclair coaportant six sources di

rayonneasnt I a ltd miss au point it ucilisSe .n cindradiographi. pour da. dtu—

des ralativ .s I des jet, do char;. - ~~eusee . L’int.rvilla do temp. .Spsraat deun _ _ _ _ _

image s successive. pout Itre trés pet it et est masurS avsc en. prlcisios 4. *3 as.

Cotta instalLation est Sgal~~~nt b u n  adaptds I des .nr.gi st ra sts V

stlrloradiographiquis.
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