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Introduction:  When an impactor strikes a body at 

hypervelocities, the momentum transferred to the im-
pacted body is greater than the initial impactor momen-
tum.  This effect is due to the crater ejecta; when the 
impacted body’s mass provides some of the momentum 
change, the effect is referred to as momentum en-
hancement.  The small amount of data on this question 
implies that there is a scale effect – that is, as the pro-
jectile size increases there is an increase in the impart-
ed momentum beyond that anticipated due to the in-
crease in projectile size.  Recently, we gathered data on 
the increase in momentum caused by crater ejecta when 
4.45-cm diameter aluminum spheres struck granite 
targets at 2.01 km/s. 

Impact Tests:  Two impact tests were performed 
into 1-meter diameter granite spheres using a 50-mm 
caliber powder gun at Southwest Research Institute.  
The granite spheres had previously been used in coeffi-
cient of restitution studies [1]. These impacts tests are 
at a large scale compared to available momentum en-
hancement data.  The impacts were imaged at high rate 
and the rocking of the test stand was measured to de-
termine the momentum imparted to the granite.  In both 
tests, the amount of momentum of the residual granite 
sphere was twice that of impacting projectile, i.e., 
β > 2, where β is the final impacted granite sphere’s 
momentum divided by the initial impactor momentum. 

 

 
Figure 1.  Left: impact of a 4.45-cm diameter alumi-

num sphere into a 1-meter granite sphere at 2.01 km/s. 
Right: pre-test computation with CTH showing impact 

cratering and porosity development in the granite 
sphere due to the impact. 

 
Analysis and Comparison with Other Work:  

These experiments were compared with previous work 
of impacts into basalt and into aluminum.  The intent 
for these comparisons is to understand the scale effect, 
which can be clearly seen in the data.  As stated above 

and shown in Fig. 2, the momentum delivered to the 
granite sphere was more than twice the impacting pro-
jectiles’ momentum for our 2.01 km/s impacts into 
granite.  Compared with other data at much smaller 
scale, these tests imply an impactor scale and an im-
pactor density effect for hypervelocity strikes into rock. 
Through a careful analysis of all the data, it is demon-
strated, at scales ranging from 0.16-cm diameter im-
pactors to 4.45-cm diameter impacts, that momentum 
enhancement is scaling to a power 0.4, which is a large 
amount.  In order to determine this factor with the 
available data, it was also necessary to determine the 
impactor density scaling, which is to a power of 0.5. 

 
Figure 2.  Momentum enhancement from this work 

(two points upper left), small scale impacts into basalt 
(four points center left) [2], and a range of small scale 
impacts into aluminum [3,4] show size scale effects. 

 
Conclusions.  Scaling is an important effect in cra-

tering phenomena, including momentum enhancement.  
It affects the interactions of small body collisions and 
is relevant to discussions regarding deflection of small 
bodies.  These impacts into granite are at a large scale 
for hypervelocity impact tests, and provide data points 
for determining scale size effects in these materials.   
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