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STRESS WAVES IN BOUNDED MEDIA 

Introduction 

Studies related to the energy transfer phenomena using the 

two dimensional slab geometry have been continueOne phase of 

the work deals with metal plates propelled by various composite 

explosive combinations consisting of two components. By uti¬ 

lizing explosives having different detonation rates an oblique 

detonation front can be induced and maintained in the lower ve¬ 

locity component. An enhancement in energy transfer was observed 

when the plate was coupled to the low-velocity element. The 

other phase involves the use of flat composite plates composed 

of a plastic-metal plate combination propelled by a single ex¬ 

plosive. Energy transfer to the outer plate was more efficient 

when the explosive was coupled to the metallic component of the 

target. 

Penetration and hole volume data are presented for 1.100- 

inch base diameter shaped charges using precision copper cones 

with Composition B (Comp B) and nitroglycerin-ethylene glycol 

dinitrate (NG-EGDN) explosives. The reproducibility in the NG- 

EGDN penetration data is observed to be very good. 

Energy Transfer Studies in the Slab Geometry Using Composite 
Explosives — 

Energy coupling experiments have been carried out using an 

explosive system consisting of a slab-like arrangement of two 

different explosive materials that were coupled to form a unit 

charge. A typical charge-plate assembly is shown in figure 1; 

each explosive component has a thickness of 1/2 inch, a width of 

3 inches and a length of 7-1/2 inches. Three explosive arrange¬ 

ments were used that consisted of Comp B and nitromethane (NM), 

trinitrotoluene (TNT), or NG-EGDN. These were coupled to 3-inch 
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wide X 6-inch long copper plates for all shots; the thickness 

of the copper plate (t) was adjusted to provide a constant C/M 

ratio. Separate trials were made with the plate in contact 

with both explosive components in each explosive system. Two 

similar firings were made for each explosive plate combination. 

The plate departure angles and variation as determined from 

flash radiographs are presented in table 1. The calculated plate 

velocities and the plate energies per unit explosive mass are also 

presented. The results may be summarized as follows: (1) Tests 

with each of the composite explosive systems show that the plate 

i'elocity is greater when the plate is coupled to the explosive 

component having the lower detonation velocity. (2) The differ¬ 

ence in plate velocities for a reversal of the plate position for 

a given composite explosive configuration, increases as the dif¬ 

ference in the detonation velocities between the explosive com¬ 

ponents increases. For example, the detonation velocities for 

Comp B, NG-EGDN, TNT, and NM decrease in the order listed. The 

Comp B - NM arrangement produces plate velocities of 1.40 mm/|isec 

with the Comp B coupled to the plate and 1.59 mm/psec for a re¬ 

versal in the plate position — an increase of about 14 percent. 

The Comp B - TNT and Comp B - NG-EGDN configurations produce 

successively smaller increases of about 5% and 2% respectively, 

where 2% is on the order of experimental error. (3) The energy 

per unit explosive mass (Ep/C) is somewhat enhanced through the 

use of composite explosives. For example, the Comp B - NM -4 

plate configuration yields an E /C value of 816 jouled/g, whereas, 
1 / P 

in previously reported data— , an E /C value of 717 joules/g was 

obtained for a Comp D - copper plate combination having nearly 

the same dimensions and an identical C/M ratio. 

1/ Watson, R. W., K. R. Becker, and F. C. Gibson. Stress Waves 
in Bounded Media. Bureau of Mines Quarterly Report, U. S. 
Army Ordnance, Aberdeen Proving Ground, Md., December 1, 1965 

to February 28, 1966. 
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An explanation of the mechanism involved is to be found 

in the structure of the detonation fronts. Radiographs of the 

detonation structures for the three composite explosive systems 

are presented in figure 2. The width of the explosive systems 

was reduced from three inches to one inch to improve picture 

detail. Each radiograph clearly shows that the detonation front, 

for the explosive component used in association with Comp B, is 

decidedly canted relative to the front observed in the Comp B. 

Furthermore, the obliquity of the front becomes progressively 

more pronounced as the difference between the detonation veloc¬ 

ities of the two explosive components increases. The angular 

displacements of the fronts measured from the normal direction 

of propagation front for Comp B are roughly 73°, 60°, and 53° 

for NG-EGDN, TNT, and NM, respectively. These agree well with 

the theoretical values of 74°, 61°, and 5-1° calculated from the 

D1 
relationship sin 6 =i — where Dg > . 

2 

The significant result of this work is that the effective¬ 

ness of the wave shaping technique used here could possibly be 

increased resulting in further gains in the energy transfer 

process. Other explosive combinations that would provide a 

greater difference in detonation rates with a corresponding re¬ 

duction in the value of angel 9, are being explored for this 

purpose. 

Energy Transfer Studies inthe Slab Geometry Using Composite 

Plates" 

2/ 
Previously reported studies— in this area indicate that, 

for a composite target consisting of a metal - metal combination, 

the energy tx*ansferred from the explosive was the same regardless 

of which metal component was in contact with the explosive. In 

2/ See work cited in footnote 1. 
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addition! the energy transfer for the composite case agreed very 

well with that obtained for a single copper target used in an 

equivalent C/M system. 

A more recent series of energy coupling experiments using 

a metal-plastic plate combination have been completed. Two dif¬ 

ferent plate configurations consisting of 1/8-inch thick slabs 

of polyethylene coupled either to copper or aluminum plates were 

employed. One-inch thick Comp B slabs were used throughout all 

tests and a C/M value of 1.55 was maintained by adjusting the 

thickness of the metal component of the composite plate system. 

The explosive charges were 3 inches wide and 7-1/2 inches long; 

the plates were of the same width and were 6 inches long. 

Radiographs of the propelled plates indicated a separation 

of the metallic and plastic plate components for the two cases 

where the explosive was coupled to the metal. The separation 

is illustrated in figure 3 which is a radiograph of an aluminum- 

polyethylene combination. No separation was evident for the two 

cases where the explosive was coupled to the plastic plate 

component. 

The data for the metal-plastic experiment are given in table 

2; uncertainties in the plate velocities are about 4 percent. 

The data may be summarized as follows: (1) For the two configu¬ 

rations where the explosive was coupled to the plastic component, 

the metal plate velocities were 1.55 mm/[isec and 1.49 /nm/psec for 

copper and aluminum, respectively; this Is not a significant dif¬ 

ference. No separation was noted and the velocity of the plastic 

plate is assumed to be the same as the metal plate. (2) For the 

other two configurations, where the explosive was coupled to the 

metal components, the velocity of the copper plate was 1.63 

mm/Msec as opposed to 1.53 mm/|isec for the aluminum plate; a 

small, but significant, impedance effect that is consistent with 



previous results. The plastic plates for these two arrangements 

were both separated from their metallic components and had the 

same velocity (1.77 mm/fisec). 

It appears therefore that the energy transferred from the 

explosive to the composite plate is greater when the explosive 

is coupled to the metallic element; this applies for the com¬ 

posite plate elements considered individually or collectively. 

Also, the copper coupling is slightly more efficient than the 

aluminum coupling. This suggests that a three plate system con¬ 

sisting of a metal-plastic metal combination might lead to a gain 

in the energy transferred to the outer metallic element. Exper¬ 

iments have beer designed to explore this possibility. 

Investigations of Shaped Charge Performance Using Liquid and 
Solid Explosives 

A program involving tests with precision copper cones, using 

both solid and liquid explosive systems has been initiated. Pen¬ 

etration and hole volume data have been accumulated for 1.100-inch 

base diameter, precision copper cones confined in steel charge 

bodies. The cone had an apex angle of 42° and wall thickness of 

27.5 mils; both the cones and steel charge bodies were supplied by 

Firestone. 

All charges were fired at a standoff of ten cone diameters 

(11.0 inches) into stacks of 4 x 4 x 1-inch thick 2024-T3 aluminum 

targets. A low density target material was selected in order to 

obtain larger values of penetration and corresponding variability 

than would be obtained with steel targets which are ordinarily 

used in shaped charge work. Details of the charge assembly and 

experimental set-up are presented in figure 4. 

A first group of firings (I) was made for Comp B and NG-EGDN 
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explosives using a 3/4-inch explosive head and initiating with 

a shorter booster (1/4-inch long) than is shown in the figure. 

The results i in table 3, indicate an average penetration of 

6,30 inches for five Comp B firings with a total spread of 0.9 

inch. Only two NG-EGDN firings are given here because some 

difficulty was experienced in the initiating system (possibly 

wetting of the booster) and several firings resulted in low- 

order detonation with no penetration. The two successful shots 

gave an average penetration of 6.80 inches with a spread of 

0,8 inch. 

Subsequently, a second set of firings (group II) was con¬ 

ducted with the initiating system shown in figure 4. In addition, 

extra precautions were made to prevent booster wetting. The 

explosive head was also increased from 3/4 inch to 1-1/16 inches. 

Data for both Comp B and NG-EGDN are also summarized in 

table 3. The five NG-EGDN trials produced individual penetrations 

of 6.41, 6.65, 6.28, 6.37, and 6.29 for an average of 6.40 inches 

with an unusually low variation — the total spread was only 

0.38 inch. For the Comp B firings the observed penetrations were 

5.70, 6.82, 7.30, 6.55, and 8.1G inches; thus, the Increase in 

the explosive head appears to have increased the average penetra¬ 

tion by about 1/2 inch from 6,30 to 6.89 inches. The spread in 

this case was 2.40 inches. The hole volume data for this group 

correlated with the penetration data; average hole volumes of 

13.2 cc and 12.4 cc Were obtained for the Comp B and NG-EGDN data, 

ref actively. Thus, while the charges loaded with Comp B gave 

superior performance in terms of the average penetration depth, 

the use of a homogeneous liquid explosive resulted in a consid¬ 

erable improvement in the reproducibility. It may be speculated 

that the homogeneous system tends to minimize perturbations in 

the collapse process arising from the irregularities that may be 

present in the detonation front of a crystalline sc id explosive. 
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Nitromethane

Comp B

TNT

Comp. B

NG-EGON

Comp. B

FIGURE 2. - Flash radiographs comrarlng detonation fronts for 
various composite explosive configurations.
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# 9 detonator 

Air escape holes 
for liquid explosive Primacord 

Plastic holder 

Booster ( tetryl - l/2"diam x 
1/2" long ) 

Explosive 
(-Comp B or NG- EGDN 

Steel body 

Copper cone 
apex angle = 42° 

wall thickness = 27.5 mils 
base diameter = I. IOO inch 

Ring keeper 

-Stacks of 4"x 4" x l" 
2024-T3 aluminum targets 

FIGURE 4. - Sketch of set-up for precision cone firings. 
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