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BALLISTIC RISIARCH LABORATORIIS 

MD1>1WtWM lmPORl' 10. 1242 

MKG&iner/lg 
Aberdeen Proving Ground, Md. 
January 19(,0 

THE APPLICATION OF RADIOACTIVE TRACERS TO SHAPED CHARGE LINERS 

ABSTRACT 

. Radioactive tracers have been used to study the contribution of 

different segments of a shaped charge liner to the penetration of steel 

targets by the Jet for confined and unconfined rounds. 

It was found that in a confined round, only the baae region of the 

liner contributed significantly to penetration, whereu the baee region 

contributes little to penetration when the round is unconfined. Penetra­

tion time measurements showed tnat the Jet velocities at the maximum 

depth of penetration were the same for both confined and unconfined rounds. 

These observations indicated that the Jet from the upper part of the 

confined round lacked a high enough velocity gradient to produce penetra­

tion, whereas the Jet velocity gradient from same region of an unconfined 

round was much higher. Consequently, the Jet from the base region of the 

uncontined round reached a velocity which was too low to produce penetra­

tion. 

It was concluded that the effect of confinement is to produce a 

steady state collapse over all but the base region of the liner, and that 

non-steady state collapse takes place over nearly the entire liner when 

unconfined. 



llfl'ROIU:TIOI 

One type ot shaped charge consists of a cylinder ot high explosive 

with a metal-lined conical cavity at one end. When the charge is detonated 

the metal liner collapses, forming a high-velocity metallic Jet, and a slower 

moving slug. During collapse of the cone, a velocity gradient is produced 

in the Jet, causing it to lengthen as it moves through space. Pressures 

close to a million atmospheres are produced when the Jet strikes a target, 

thus forcing the target material to flow. 11213 

Accurate determinations of the velocity of an element of the Jet as a 

function of its position 1n the liner before collapse would be invaluable for 

experimentally investigating the Jet forming process. In the past, such 

measurements were made by an indirect method which involved the collection 

and weighing of a portion of the Jet for which the velocity has been measured.1 

For precise qualitative results a more direct and less elaborate method is 

required. 

Early experiments with narrow bands of Fe59 electroplated on the inside 

surfaces of M9Al --onical steel liners yielded promising but somewhat 1.ncon­

clusive results. 415 Therefore, a new series of experiments using AgllO as 

a tracer on conical copper liners was begun. 

It is the purpose of this paper to describe the "radioactive tracer 

method" and report the results of its application to the determination of 

the effects of confinement on shaped charge liners . 

PROCEDURE 

110 Ag was used as a tracer because it possesses many desirable properties 

for this type of work. It is a good indicator, giving off both strong gamma 

and high-energy beta radiation; it has a sufficiently l0ng half-life (270 

days); and its physical properties are similar to those of copper. 

Radioacti,e silver was plated on the inside surfaces of 105 nm copper 

liners ln the form of narrow bands. The width and position of these bands 

5 



were accurately controlled by machining aimilar liners to se"e u malk1 

during the electroplating proceas as seen in Fig. 1. An activity level ot 

200 microcuriea per band vaa used. Thia vu low enough to pel'lllit convenient 

handling ot liners and target material, but high enough to provide excellent 

resolution ot the distribution ot the radioactive material in the target. 

Liners plated with only one radioactive band were used initially tor 

studying the phenomenon. Later, multiple banded liners were used in an 

attempt to obtain a large amount ot data from a minimum number ot firings. 

All electroplating was done by Dr. V. A. Lamb and Mr. H. I. Salmon of the 

6 
lational Bureau of Standards. Table I gives dimensions, positions, and 

activities for a typical lot of cones. 

105 nn liners were used in the experiments since they produce large 

diameter holes in the target plates, and thereby minimi.ze the carrying ot 

tracer material from one section of the target to another by succeeding sections 

of the Jet. The target hole is small enough, however, so that the target 

size is not too large for convenient handling. 

The liners were fireu into stacked 6" x 6" x l" mild-steel target plates 

at an 8-1/4" standoff (Figure 2). In order to determine the effect of lateral 

confinement of the charge on the liner collapse process, the charges were 

cased in either a 3/8" steel body or a 3/8" plastic body, the plastic offering 

essentially no ~onfinement to the round. 

The radioactivity of the target plate was measured with a Geiger-Mueller 

tube and scaler unit. The tube was placed at the fixed distance of ten inches 

from the surface of each plate to minimize errors introduced by the differences 

in distribution of the isotope in the different target plates. Both sides 

of each plate were measured. The value of the activity at an interface between 

plates was taken as the average of the activities of the two adJacent surfaces. 

To determine the effect of initial band activity on the ability 

to resolve intensity distribution in the target, a liner having a single 

110 
band of Ag with an initial activity of 170 microcuries was stored for 

270 days, the half life of the AgllO. The activity of the band after this 

6 
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TAB1I I 

Data tor Group ot Cone■ Received troll the lational 

Bureau ot Standardl 

Ident1t1cat1on Location ot* Thickneaa ot Activity ot A,;110 

Symbol Band (inches) yllO(inchea) (micro-curies) 

2.A-1 0.50 o.00004 15' 

2.A-2 0.50 o.00004 1,0 

2B-l 1.00 0.00001 170 

2!-2 1.00 0.00010 220 

~-1 1.50 0.00010 190 

~-2 1.50 0.00011 215 

2l>-l 2.00 o.00006 l.8o 

2l>-2 2.00 o.00006 175 

21-1 2.50 0.00014 310 

21-2 2.50 0.00009 195 

* Location of the band is measured parallel to the cone 

axis f'ran the underside of the base flange to the near 

side of the band. The band width is 1/16" in all cases. 
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time vu appraxillately 85 microcuriee. Pigure 3 stiova the target pene­
tration vereua activity curve tor this liner, compared to that or a 
sillilar liner that has a band activity ot approximately 190 mlcrocuriea. 
The detection ot intensity diatribution in the targets is made easier 
by the increased initial activity. 

Penetration velocities were measured by Mr. A, Merendino using the 
penetration-time method Aescribed in earlier literature. 3 The Jet velocity 
was obtained by the equation, 

where 

V • Jet velocity 

U • penetration velocity 

PJ = Jet density 
p = target density 

1 = Jet break-up factor 
(unity for a continuous Jet) 

The calculation of the jet velocity was simplified by assuming 
that the Jet was continuous over its measured length. Therefore, the 
jet break-up factor A was taken as unity. However, for regions near 
the bottom of the target, A may be as low as 0.5. Therefore, the re­
ported velocities are lover than the actual velocities in "th>se regions. 
If ve let U • 0.83 mm/µs, p = 8.9 A 2 0.5 then 

V • (0.83) 1 + (7 •8) 
--( o~.~5 )~(--8 .. ~9) 

= 1.9 mm/µs. 

The value of V shown in Figure 11 for ). = 1 and U = 0.83 mm/µs . is 
l:mm/µs. 

10 



--; 
u 
z -

10 

II 

- 12 
z 
2 
~ 
C .. .., r • 

4 

0 
0 

15p,C 

~ .. , [./''°"c ' ----------,--
' 

I 

' I 

I 

\ 

' I 
I 
I 

I 
I 
I 
I 
I . 
I 

I 
I 
I 
I 

I I 

30 80 10 

COllNTS PER MINUTE/ 64 

FIG. 3 - COMPARISON OF PEAKS FROM 
LOW AND HIGH ACTIVITY BANDS. 

120 

---::.., 



Penetration time measiirements were made with radioactive liners 
but, in some cases, it was found that the maYimm activity peak was 
located at or near the foil detectors used to measure velocities.

Since the detectors were usually destroyed during firing and could 
not be recovered, their use seriously affected the resolution of the 
distribution of the tracer.in the target. Therefore the remaining 
penetration time measurements were made with similar liners that were 
not plated.

RESULTS

Figures 4 through 9 show the target penetration versus activity 
curves for a large number of firings of confined and unconflned liners, 
plated at different positions, for both single and multiple bands.
When the standoff an^ position of the band on the liner were kept 
constant, the location of the peak in the target was reproducible to 
within the thickness of a target plate. The multiple-banded liners 
gave the same degree of resolution as the single-handed liners when the 
bands were plated on the sections of the liner that gave the most penetration; 
multiple banding at other locations made it difficult to resolve individual 
peaks.

The resolution of the distribution of activity in the target was 
found to be considerably better than that obtained in earlier experi­

ments. ' This may be attributed to the fact that the activity per band 
in the liner was much higher, making it easy to detect the differences 
between the peaks and the "smeared" activity in the target plates. It is 
probable that the smearing of the Isotope in the target hole is caused by 
the Jet picking up active material deposited during the early stages of 
penetration. Also, there is some indication that the target may become 
contaminated by ablation along the entire Jet. However, at the present 
time there is not sufficient evidence to draw any conclusion on this point.

By coB5»arlng the results recently obtained with those from earlier 
work, and by reference to Figure 3 one can see that the degree of reso- 
lution depends only on the width and activity of the band. An Increase 
in resolution can be obtained either by increasing the activity per band 
or by narrowing the band.
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Data accumulated fMm firing of~ rounds have been analyzed to 

determine the contribution to target Penetration of various portions 

or the liner for both confined and unconfined charges. From the curves 

in Figure 10 it can be , en that ~onfinement has a large effect on pene­

tration, and, therefore , 1 Jet formation. The Je~ formed by the base 

region of the liner accounts for alloos t 11 of t he penetration by a 

confined charge, but >rovides only one inch of penetration in an 

unconfined charge. Although m .) t of t he penet ration by a confined charge 

is obtained with the first -1/2" from the ' a..,e, thi s do,; not. uect: ~iJe.rily 

im9ly that all of the jet comes from this section of the liner. In no 

ins ·ance was any radioact ivi t y detected in the slug even when the i ·cto?e 

was plated in the apex of t he li~er . Figure 8 indicates that much of 

the activity from bands near the apex was lost in crat~ring from the 

first target plate. It can therefore be as umed that the entire inside 

surface of the liner c t ributed to the jet . 

The fact that very little penetrat!on is obtained from the u~per 

part of a liner in a confined charge i consiotent with early slug 

recovery measurements . Th~y showed that the collapse angle was nearly 

constant in the region of U1e apex, 7 i mplyin a t eady-state collapse for 

all but the base region of a confined liner. Alth ugh such an effect is 

not at variance with t he non- t eady hydrodynamic theory for the formation 

of a jet by a shaped char :re1
'
2'~' liner _. the extent of the region of 

steady- state collapse i s somewhat surprising. The fact that only the base 

region of the liner i s responsible for most of t he penetration should 

prove extremely valuable in the design of future shaped charges. 

The jet velocities plottedin Figure 11 are values obtained from the 

average of the penetration velocities taken over 20 firings of confined 

eLd unconfined charges. 

From Figures 10 and 11, a comparison of jet velocity and penetration 

for a given band :position may be obtained. From these figures it can be 

seen that the jet velocity at the point.of maximum penetration is the 

same for both confined and W1confined charges. This can be considered 

19 
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u belns t-be llillllllll velocity tor which penetration can be obtalned, It p 11 the preaaure on tbe target caused by the Jet teavellng at lt1 ■h1ee velocity, then 

p • 1/2 ,u2 

It p • 7 .8 and U • 0,083 CJA/µa 
2 6 8 2 then P • 1/2 (7 .8) (0.083) I 10 • 5.3 X, 10 dynes /ca 

This value is comparable to the static ;yield strength ot tbe aild steel target, plate which is about 2 X 109 dynes /cm2. 
Since the first inch from the base of an unconfined 105• liner contributes very little to the ~enetration, it can be assumed that in this cue, nonsteady state collapse takes place over nearly the entire liner and tae minimum Jet velocity for ~enetration is reached much earlier in the collapse process than with a confined charge. This is seen in the shape of the lower portion of the curve for the unconfined charge in Figure 11. 

C0NCUJSI0N 
By the use of radioactive tracers, a direct quantitative method has been obtained for measuring the contribution to penetration by a given segment of the liner. The degree of resolution was found to depend only on the width and activity of the band. For this reason, the radioactive tracer method should work as well on any type of shaped charge liner and should prove valuable in determining the effects of variations in design parameters. 

The effect or confinement is essentially to produce a steady state collapse over all but the base region of the liner. For this reason, appreciable penetration is produced only by the base region of ~he liner which follows a non-steady s~te collapse. When unconfined nearly the entire liner followA s non-steady collapse, and the pene~ration obtained in limited - - by the fact that near the base of the liner jet velocities are reached which are below the minimum necessary for penetration. 

22 
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