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VEER: COUNTERMEASURES AGAINST THE THREAT OF ASTER- 
OID IMPACT; J .  G. Gurley and R. K. Cheng, Systems Laboratories Directorate, Space 
and Communications Group, Hughes Aircraft Co., El Segundo CA. 

Asteroids, once termed "vermin of the skies" because of their interference with astro- 
nomical observations of the stars, are now recognized as potential threats to human life 
and the global ecology. VEER, an acronym for Vermin Extermination for Earth Rescue, is 
a concept for applying existing technology to counter this threat. The principal elements 
of the concept are: a vigorous program t o  increase the rate of discovery of Earth-crossing 
asteroids and to  extend the lower limit on the size of catalogued objects; a series of robotic 
missions to  near-Earth objects in order to better characterize their physical properties; 
precurser missions to  any objects identified as threatening to strike the Earth within a few 
decades; and a negation mission against any imminent threat. 

The robotic exploratory missions are focused on determination of the material proper- 
ties, such as density and structural strength, which are most pertinent to the requirements 
of a negation mission. The precurser mission provides additional support to the negation 
mission by measuring the mass, size and shape, physical properties, and rotational dynam- 
ics of the specific threat, and refining the accuracy of the threat trajectory. The precurser 
vehicle will also function as a navigation beacon to assist in the approach navigation of 
the negation mission vehicle. 

As a candidate for the negation mission, we have examined the possibility of using a 
nuclear device to excavate a crater on one face of the asteroid, imparting linear momentum 
to  the asteroid because of the recoil associated with the velocity of the ejecta. The desired 
effect is to  impart sufficient velocity to the asteroid so that it would be deflected from its 
collision course with Earth to a trajectory which misses by a safe margin, on the order of 
5 Earth radii. 

A critical parameter of the VEER concept is the lead time between the negation event 
which deflects the asteroid trajectory, and the Earth encounter, or time of closest approach. 
Figure 1 shows how this lead time affects the magnitude of the velocity impulse required, 
for several impacting objects whose orbital elements are consistent with the long-term 
evolution of the orbits of actual asteroids. 

This required impulse must not exceed the impulse generated by a crater whose di- 
ameter is equal to some critical fraction, estimated as on the order of 0.1 to 0.2, of the 
asteroid diameter; otherwise, the asteroid may be shattered into large fragments instead 
of diverted. For reasonable assumptions about the distribution of ejecta velocities, the 
delta-V generated by a cratering explosion is as shown in Figure 2. Comparison of this 
figure with the data in Figure 1 makes it clear that t,his technique implies a lead time on 
the order of one or more decades, provided we can achieve a ratio of crater diameter to 
asteroid diameter of 0.2, without causing fragmentation. 

If the critical ratio of crater diameter to asteroid diameter is 0.1 or less, then the 
required lead time is increased by an order of magnitude. In this case, we will have to 
reevaluate our assumptions of a five-Earth-radii clearance margin and a single cratering 
impulse. 
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Figure 1: Asteroid Delta V Required to Effect A Safe Miss Distance (5 Earth radii). 
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Figure 2: Available Delta V for Two Values of Maximum Crater Size. 
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