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1. Introduction 
 

Space debris or space junk, are objects in Earth orbit consisting of small fragments from spent rocket stages and 
non-functional satellites. Accumulated in the lower earth orbit, these often cause considerable damage to the 
spacecraft orbiting around the earth. Hence its necessary to develop ways to protect the newly launched spacecraft 
from the debris. The motivation for the project stems from the current NASA EPSCoR grant [1] for designing a 
portable friction stir welder (FSW) intended to repair the damage to the spacecraft. The development of this system 
requires an understanding of the extent of damage caused to the spacecraft shielding, which typically consists of a 
sacrificial shield and a pressure shield. One goal of the project was to predict the extent of damage on the sacrificial 
shield for various impact scenarios.  
 
2. Simulation, Results and Discussion 
 
    Initially the approach was to model and validate hypervelocity impact damage to the sacrificial shield. This is the 
first set of simulations to be executed in order to predict the damage to the underlying pressure wall. Circular 
damage typically occurs at normal incidence impact and the representative hole diameter is used to gauge the size of 
impact damage. The software tool used was LS-DYNA [2], a non-linear finite element dynamic analyzer. A finite 
element model with erosion criterion based on effective plastic strain was used. Simulations were performed using a 
spherical impactor with diameter varying from 5 mm to 15 mm impacting a plate 2.5 mm thick. Angle of impact 
was varied from 0° to 60° as measured from the surface of the plate. Analysis has been done for impact velocities 
ranging from 7 km/s to 19 km/s. The material for the plate and impactor was alloy Al6061-T6.  
 
2.1 Results 
 
    Table 1 presents the four test cases that were correlated with experimental results by Pezzica et al. [3], Schonberg 
[4] and NASA study [5]. The simulated impact hole diameter for case 1 (5 mm ball, 6 km/s) was 10 mm which 
matched Schonberg’s result. Results for cases 2 and 3 were 16 mm and 18.1 mm respectively, similar to the NASA 
study. The case 4 result was 21.5 mm which was satisfactory with Pezzica’s result. The correlation of these four 
cases provided a benchmark to simulate cases with varying impactor sizes. Table 2 presents the results for the 
damage size at normal incidence impact. For case 5 the hole size varied between 14 and 12 mm for impact velocity 
range of 7 to 19 km/s. Similarly for case 6 and 7 the maximum hole size was 21.5 mm and 26 mm respectively. 
 
Table: 1 
Comparison of Results (Normal incidence impact) (mm) 

Case Ball diameter 

mm 

Velocity 

Km/s 

LS-DYNA Results 

(hole size) 

Schonberg Results 

(hole size) 

G. Pezzica Results 

(hole size) 

NASA Handbook 

(hole size) 

Case 1 5  6.0 10.0 10.0 __ __ 

Case 2 10  2.8 16.0 __ __ 14.22 

Case 3 10  5.1 18.1 __ __ 18.28 

Case 4 10  7.0 21.5 __ 21.6 __ 
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Table: 2 
Summary of results for the damage size (in mm) at normal incidence impact (0°)  

Case Ball diameter 
in mm 

Hole size for  

7 Km/s 

Hole size for  

10 Km/s 

Hole size for 

13 Km/s 

Hole size for 

15 Km/s 

Hole size for 

17 Km/s 

Hole size for 

19 Km/s 

Case 5 5  14.0 14.00 13.00 12.00 12.0 12.0 

Case 6 10  21.5  19.67  19.64  18.46  17.2  17.2  

Case 7 15  26.0 26.20 26.10 25.75  25.6  25.6  

 
2.2 Discussions 
 
        The general trend observed through the results (Fig.1) was that hole size for a given ball diameter is inversely 
related to the impact velocity which ranged from 7 km/s to 19 km/s. Simulations from impacts at angles other than 
0° resulted in oval shapes compared to round holes formed in normal incidence impacts. In this set of simulations 
performed the debris generation upon impact was not studied. But the next goal of project would be to develop a two 
shield model wherein the debris generation and its effect on the pressure wall (inner shield) would be simulated. 
Subsequently the effect of varying impactor shapes would be studied. The results of this study would be correlated 
with various available empirical models of Schonberg [4].  
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Fig.1. Graphical comparison of the results for damage area at normal incidence impact (0°) 

 
3. Conclusions 
 
Space debris is a significant hazard to spacecraft and methods to quantify and repair the damage are a necessary part 
of space travel. The FEA (Finite Element Analysis) models gave reasonable data and were capable of capturing 
much of the physics characterizing the impact phenomenon. However additional model improvements would be 
investigated in future work. A recommendation would be to use SPH (Smoothed Particle Hydrodynamics) modeling 
method which is a meshfree lagrangian method. Due to the absence of a mesh, problems with large irregular 
geometry could be computed without complications. Also modeling frictional effects during impact would be of 
interest in a future study. Through this project the overall concept of hypervelocity impact was understood which 
would definitely enhance development of a space-bound friction stir welder. 
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