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Scope of Program 
- 

f The physics of interaction of a meteoroid with a relatively thin 
metallic shield and the damaging effects of the debris that passes 
through the shield will be investigated using analytical and experimental 
techniques.j 
heats of fusion and vaporization w i l l  be included in the investigation; 
and the relative efficiency of various structural  concepts compared. 
The range of impact velocities to  be investigated experimentally will 
be up to 8.0 km/sec.  \The primary objective of the investigation is the 
establishment of design cr i ter ia  and equations to define the leenetration 
mechanics of meteoroids into typical spacecraft structure s . 
Progress  During Reporting Period 

The influence of particle and target density, porosity, and 
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1 Earl ier  studies and subsequent data gathered in the present study 
8 have shown that impacts against shielded targets at very high velocities 

result  in very slight penetrations in the second o r  backup sheetc At 
these high velocities the debris that passes through the shield will be 
predominately in the form of vapor;and although this vapor w i l l  not 
penetrate to any significant extent into the backup, it will impose a 

been calculated using the general numerical procedure developed by 
Witmer, e t  al, for determining the response of structures to blast 
and impulsive loading 

large load to the backup. I-- The response of the backup structure has 

l l  
The backup sheet is represented by a beam o r  "strip approximation" 

as shown in Figure 1. 
center and edge of the loaded portion of the s t r ip  were determined for 
various backup thicknesses, projectile diameters and impact velocities. 
For  these calculations, the momentum felt by the backup was assumed 
to be equal to twice that of the impacting projectile and to be spread 
over a diameter equal to one-half the spacing between the shield and 
the backup. 
Figure 2 also includes the centerline displacement obtained experimentally 
f rom a Beckrrian-Whitley framing camera sequence of shot number D-880. 
The results of calculations a re  seen to agree quite well with the experi- 
mental results.. 

The centerline displacement and strain at the 

Figures 2 and 3 a re  typical of the response curves obtained. 

The backup thickness required versus velocity of the incoming 
projectile with percent of strain undergone by the backup sheet as a 
parameter has been calculated and a re  shown in Figures 4, 5 and 6. 
The effect of spacing has been considered and is shown in Figure 7. 
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. 
The experiments that have been conducted to date a re  summarized 

on the attached data sheets. 
ploratory nature designed primarily to check the assumptions that have 
been used in the numerical calculations of the response of the backup 
sheet. 
has been measured in many experiments and i s  expressed as  the ratio 
of that momentum to the momentum of the impacting projectile. 
shows thei results of experiments with aluminum projectiles impacting 
against aluminum shields. 
momentum multiplication is not too sensitive to velocity above - 4. 5 kilo- 
meters  per second./ Figure 9 presents this same data as'momentum 
multiplication as a function of shield thickness for two velocities. It 
is to be noted that the position of the minima has not been shifted to any 
large extent by the change in velocity. 
aluminum projectiles fired at 7.8 kilometers per second to duplicate 
the momentum loading due to a 1.02 mm aluminum projectile impacting 
a t  30.4 kilometers per second have been performed, and the results 
agree well with the predictions made using the "strip approximation" 
calculations. Other isolated experiments have indicated that spacing 
between the shield and backup does not alter the total momentum felt 
by the backup, that pyrex projectiles do not significantly alter the mo- 
mentum load, and that a cadmium projectile impacting a cadmium shield 
producing predominately liquid debris does not significantly alter the 

These experiments have been of an ex- 

The measurement of the momentum felt by the backup sheet 

Figure 8 

For the thin shields, i t  can be seen that the 

Experiments with 1. 60 mm 

e o m e n t u m  multiplication. \ 
.- 

Proposed Program for  Next Reporting Period 

The extension of the previously described numerical procedure 
to determine the response of a plate to impulsive loading is in progress,  
and the procedure wil l  be applied to the impact problem when complete. 
This will provide a more accurate description of the physical situation 
and check the accuracy of the strip approximation. 
pretensioning of the backup is also being undertaken. 

Investigation of 

Experiments wi l l  be carried out to further determine the momen- 
tum multiplication as  a function of velocity, shield thickness and 
material ,  and projectile properties. Experiments wil l  also be under - 
taken to investigate the effects of projectile density. 
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published in the AIAA Journal). 

2. E. A. Witmer, H. A. Balmer, J. W. Leech, and T. H. H. Pian, 
"Large Dynamic Deformations of Beams, Circular Rings, Circular Plates , 
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