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True Stress to Fracture and Hyper-velocity 
Crater Depth 

SERIOUS discrepancies and considerable variations have 
been observed in the numerous empirical, semi-empirical, 
and theoretical equations which have been proposed to 
describe craters formed in metal targets as a result of 
hyper-velocity impact1. These inconsistencies in the 
mathematical models can be attributed to a paucity of 
precise engineering data and to a basic disagreement 
about the mechanism of impact. One group of experi
menters has attempted to relate the extent of hyper
velocity damage to the mechanical properties of the 
impacted target; another group has stressed the hydro
dynamic model of cratering. 

We have observed that the hyper-velocity impact force 
per crater surface area can be correlated to the true stress 
to fracture of the target material with the equation 
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, where d is the depth of the hemispherical 

crater, m and v the projectile impact mass and velocity, 
respectively, and s the true stress to fracture. The 
applicability of the correlation of impact force with this 
mechanical property is shown in Table I for the impact 
condition of both similar and dissimilar materials. A 
representative sampling from 207 experimental points is 
given. Six types of aluminium alloys and oxygen-free 
high-conductivity copper were used as target materials. 
Spherical projectiles of glass, nylon, aluminium, copper 
and lead2 •3 with a mass range from 0·047 to 1·265 g were 
accelerated in vacuum with a light gas to impact velocities 
in the range from 3·66 to 9·35 km/sec . True stress to 
fracture data were obtained by the experimental method 
devised by J. Nunes and F. R. Larson• . 

It must be stated that the proposed equation for 
crater formation, involving the true st,ress to fracture of 
the target material, permits the prediction of the crater 
depth, as observed from the excellent concordance between 
experimental and computed values summarized in Table 1. 
We recognize that other forms of energy dissipation are 

operative: radiation, lip formation, highly strained 
volume element surrounding the crater, etc. In addition, 
the true stress to fracture is an average value since it is a 
parameter sensitive to such factors as composition, grain 
size, grain orientation, inclusions, cracks, etc. We 
selected this parameter, however, since 'true stress' 
denotes the actual stress corresponding to the force and 
area measured at the same time. 

The proposed model appears to be valid for ductile 
aluminium which is a body-centred cubic material. 
Under the imposed experimental conditions the shear 
stress applied is considerably greater than the target 
shear strength and the target reacts as if there were a 
time delay for plastic deformation. This time delay 
should be longer than the period of time for crater 
formation. The material flows not hydrodynamically 
but according to metallurgical properties, without strain 
hardening; that is, once the material flows it will continue 
until the energy in the material has decreased below a 
critical, or threshold, level or until the time delay for 
strain hardening is attained. The process of flow and 
fracture ceases when the energy in the target has decreased 
below the energy under the true stress-strain curve 
obtained with strain at normal strain rates. 

We are in the process of further testing the proposed 
cratering model by impacting an aluminium alloy at 
room temperature, where it behaves in a ductile fashion 
(20 per cent reduction in area), and at a temperature of 
-196° C, where it behaves in a brittle fashion (4 per 
cent reduction in area) . In addition, we are impacting a 
face-centred cubic target, which should be more strain-rate 
sensitive than the present group of targets. 
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GEOPHYSICS 

Power Spectrum of Sporadic-Eat Wilkes and 
Byrd Stations, Antarctica 

Chivers and Hargreaves1 have reported the occurrence 
of quasi-periodic variations in the time series of high
frequency radiowave absorption at high-latitude conjugate 
locations. The absorption is of the type known as 'auroral 
zone absorption' (Type II) which is thought to result from 
ionization in the upper D-region produced by keV energy 
electrons dumped from, or freshly accelerated in, the outer 
Van Allen region of the magnetosphere. We report 
here periodic variations of the ionospheric sporadic-E 
layer in Antarctica with similar frequency and latitude 

Table 1. SUMMARY OF IMPACT CRATER DAT.I. 
·- ---

Crater dimensions (cm) 

Projectile 
Impact Target 
velocity Material Observed true stress to 

mass (g) (km/sec) 

I 
Calculated fracture 

Projectile Target Depth Radius hemisphere (dynes/cm' x 10') 

0·04i ! 11-14 Al I Al 1100-F 1·04 0·91 1·056 2·654 x JO' 
0·158 8·92 Al Al 1100-F 1·52 1·42 1·556 2·654 
0·378 6·87 Al Al 1100-F 1·86 1·66 1.749 2·654 
1·265 5·72 Al Al 1100-1'' 2·56 2·27 2·316 2·654 
0·047 9·25 Al Al 2014-T6 0·75 0·73 0·878 4·723 
0·158 7·97 Al Al 2014-T6 1·09 1·07 1·191 4·723 
0·378 6·28 Al Al 2014-T6 1·20 1·35 1·359 4·723 
0 ·376 6·84 Al Al 2017-T4 1·35 1·35 1·315 6·157 
0·075 4·64 Glass Al 6061-T6 0·661 0·572 0·664 4·399 
0·299 5·43 Nylon Al 6061-T6 1·016 1·080 1·168 4·399 
0·800 4·64 Al Ai 6061-T6 1·321 1·334 1·461 4·391) 
0·376 5·46 Al Al 7075-0 1·344 1·151 1·366 3·041 
0·376 6·14 Al Al 7075-T6 ]·130 1·171 1·209 6·384 
0·5054 5·95 

I 
Cu Cu 1·39 1·27 1·288 6·660 

0·6101 5·76 Pb Cu 1·47 1·27 1·343 6 660 
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