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ENERGY PARTITIONING IN CATASTROPHIC COLLISIONS 
Eileen V. Ryan and Donald R. Davis (Planetary Science Institute) 

When two bodies collide, it is not clear how the kinetic energy is partitioned between the 
target and projectile. Previous studies [I ,  21 have indicated that half the available energy goes 
into each of the impacting bodies, regardless of size, when both target and projectile are made of 
the same material. However, the partitioning that occurs for bodies made of different materials 
is unknown. Since different materials certainly exist in the solar system, among the main-belt 
asteroids, for example, it is important to understand how strength differences might affect collisional 
outcome. To discover the fragmentation energy partitioned into each body, we perform laboratory 
impact experiments using similar and different strength materials, and examine the fragment mass 
distributions that result from the disruption of both the target and the projectile. Results indicate 
that, indeed, there is equipartitioning of energy when identical materials are used. However, if a 
strong body is impacted into a weak one, more energy is partitioned into the weaker body. 

Laboratory impact experiments [3] have shown that the degree of fragmentation undergone 
by a target body is dependent upon the projectile material used, as well as targetlprojectile mate- 
rial differences. For example, when strong cement mortar targets are impacted with weak mortar 
or ice projectiles, no damage is done to the target, even at specific energies large enough to  produce 
a supercatastrophic fragmentation outcome using steel or aluminum projectiles. However, if the 
strong mortar target is hit with a projectile made of the same material, the damage produced 
is similar to that seen using aluminum, Pyrex, or steel projectiles [4]. These variations in frag- 
mentation outcome are possibly due to a change in the amount of collisional energy that is being 
partitioned into the target body for different material combinations. 

The concept of energy partitioning is particularly important when determining a material's 
impact strength [5], or resistance to fragmentation in a collisional event. The impact strength 
of a body should be defined in terms of the fraction of collisional energy that is partitioned into 
it. However, it has been difficult to quantify how the energy is divided for dissimilar materials, 
so experimental determination of impact strengths has usually been made assuming 100% of the 
incoming kinetic energy is partitioned into the target body. This actually results in an upper limit 
to the impact strength, since the true energy partitioned into the object must be less than the 
total energy. A more accurate determination of impact strength can be made only when energy 
partitioning is more clearly understood. 

Impact experiments using cement mortar in different targetlprojectile strength combinations 
were performed at velocities ranging from 100 - 229 m/s. For (6) of the (21) shots, it was possible to 
collect and measure 75% or greater of the fragment masses for each body, and we limit the present 
analysis to those experiments. Coloring is added to the mortar mixture so that target and projectile 
fragments can be distinguished. Figure 1 shows the resulting mass distributions (shot 930522) when 
strong mortar is impacted with strong mortar. The projectile is more comminuted than the target, 
consistent with an equal division of energy, but the projectile is somewhat less fragmented than 
expected. However, the scatter in collisional outcomes means that a more definitive result awaits 
further experimental results. A weak mortar target disrupted by a strong mortar projectile (shot 
930503) is shown in Figure 2. The stronger projectile suffers far less damage than the weak target, 
in fact, too little damage for the assumption of equipartition of energy to hold. This implies 
that more than 50% of the kinetic energy is being partitioned into the weaker (target) body, and 
less than 50% into the projectile. Through additional analysis, the actual partitioning will be 
determined. 
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Figure 1: Cumulative fragment m a s  distributions for both target (open circlee) and projectile 
(filled circles), resulting from the low-velocity impact (VI = 190 m/e) of a strong cement mortar 
projectile into a target made of the same material. The maas of each fragment haa been normalized 
to the original m a s  of the appropriate body, either the target (t) or projectile (p). 
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Figure 2: Cumulative fragment maee distributions for both target (open circlee) and projectile 
(Wed circlee), reeulting fiom the low-velocity impact (V' = 160 m/s) of a strong cement mortar 
projectile into a weak cement mortar target. The maes of each fragment has been normalired to  
the original maes of the appropriate body, either the target (t) or the projectile (p). 
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