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Abstract

Damage behaviors of a LF6 alloy under the impact of GCrl5 steel projectiles with velocities of 1~7 km/s have been studied. The results show that, craters formed in semi-infinite targets impacted by projectiles with lower velocities are a columned one with a hemispherical bottom. With increasing the impact velocity, the shape of craters changes into hemispherical gradually. 
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1. Introduction
Aluminum alloys are widely used as structural materials for airplanes and space vehicles, due to their lightweight, high specific strength and high specific modulus. During their application, aluminum alloy parts are likely to be impacted by strong load, for example, the collision of a flying bird with an airplane, the strong impact of meteoroids and space debris with space vehicles, etc. Early studies of damage behaviors of aluminum alloys caused by hypervelocity impacts are derived from the erosion of the space vehicles by hypervelocity meteoroids. With the rapid increase of activities for exploring the space by human being, large number of debris have been produced in the space[1-4].
2. Experimental
The composition (wt.%) of the target material is Al-6Mg (LF6), and that of projectiles is Fe-l.0C-l.65Cr-0.4Mn-0.37Si (GCrl5). Physical and mechanical properties of the two alloys are shown in Table 1. The thickness of targets changes from l0 to 50 mm, and projectile diameters are 1 mm, 1.65 mm, 2 mm and 3 mm, respectively. Spherical GCrl5 steel projectiles were fired by an explosion accelerator with speeds of 1~ 7 km/s. After impacts, the diameter (Dc) and vo1ume (Wc) of craters were measured, and then specimens were spark cut just across the crater center, in order to measure the depth (Pc) of craters (see Fig. 1).
Table l Physical and mechanical properties of target and projectile materials
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	LF6
	70
	850
	2.64
	921
	660
	22.8
	0.337

	GCr15
	196
	1900
	7.85
	473
	1535
	11.0
	0.3



3. Results and Discussion
3.1 Change of crater morphology and size with projectile velocities

The macro-damage on targets caused by hypervelocity impacts is a crater. The damage tapes change with the projectile velocity ((0) and the target thickness ((). However, there is a common feature for craters in different conditions, that is, a projecting outer fringe is always observed in the “mouth” of craters, and the root of the fringe connects with the target, showing that the fringe is extruded from the crater. Figure 2 shows three typical damage formed in the LF6 aluminum alloy target under impacts. It is shown that the crater formed in semi-infinite targets impacted by projectiles with lower velocities ((0 = 1 km/s) is a columned one with a hemispherical bottom (Fig.2a). With increasing the impact velocity, the shape of craters changes into hemispherical type gradually, see Fig.2(b). Conical-shape craters are always formed in medium-thick targets, and obvious protuberance with cracks are observed on the back surface of targets, see Fig.2(c) which shows the crater formed in a l2 mm thick target impacted by a 4 km/s projectile. 
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Fig.1 Definition of crater depth and diameter 

3.2 Calculation of the pressure produced by hypervelocity impacts

Extremely high pressure is usually caused by the hypervelocity impact of a projectile into a target. The velocity and pressure of each constituent particles of both the projectile and target on the impact interface should be equal, in order to satisfy the continuity condition of the interface between the projectile and the target. The impact adiabatic curves of the projectile and the target can be expressed as:

4. Conclusions
The morphology of craters formed in LF6 targets changes with the target thickness and the projectile velocity. With increasing the impact velocity, the crater formed in semi-infinite targets changes from the shape of a column with a hemispherical bottom into hemispherical shape gradually. Craters formed in medium-thick targets usually show conical shape with obvious spall phenomena.
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