




highest impact velocity, and therefore the worst case penetration potential for a given particle size, is directly into 
the velocity direction.  Some other factors can be fixed by the user with a few simplifying (and perhaps 
conservative) assumptions, reducing the number of variables in the problem.  Clearly this is most applicable to 
spacecraft with circular orbits, where simplifying assumptions can more easily be applied. 

 

3 ORBITAL DEBRIS ENVIRONMENT CHARACTERIZATION 
The ORDEM 3.0 environment model will be described here.  Other orbital debris models as well as meteoroid 
models may use different approaches to approximate the environment, but generate similar data sets. 

ORDEM 3.0 is the current version of the official NASA orbital debris environment model, to be used in all 
penetration risk assessments for NASA missions.  It uses a catalog of tracked objects as the baseline for objects 
larger than 10 cm, along with several special populations (for example, debris from the FY-1C and Iridium-Cosmos 
events), propagated forward to the year of the assessment.  The population is further adjusted to simulate potential 
breakups and degradation, which generate smaller particles.  The primary output file is a six-dimensional matrix 
giving the flux of particles (in #/m2-yr) for each combination of azimuth (10° bins), elevation, velocity (10° bins), 
population/ particle density (5 bins), and particle size (11 specific fiducial point sizes) for a specific orbit and year.  
Particle flux matrices for multiple years are combined into a single file, which is provided to Bumper as an input to 
the Shield module.  The introduction of population bins into ORDEM 3.0, specifically the High Density bin, 
contributed to a dramatic increase in the assessed penetration risk and the need for supplemental shielding. 

4 ORBITAL DEBRIS FLUX TRENDS 
In order to establish a standardized shielding scenario, it is useful to understand how the debris flux varies with 
particle size, orbit, and time.  Figure 1 shows a typical log-log plot of cumulative flux versus particle size generated 
using the ORDEM 3.0 model.  Notice that the steepest part of the curve occurs over the 1 to 3 mm range.  This 
region is also of great interest with regards to the penetration risk for robotic spacecraft.  Particles smaller than about 
1 mm have very high flux, but are generally prevented from penetration by even modest shielding over most 
component chassis walls.  Particles larger than 3 mm will penetrate most shielding designs that are practical for 
robotic spacecraft, but the flux of such particles is so small that the likelihood of penetration is generally an 
acceptable risk. 

 

Figure 1.  Flux vs. size curve for the Terra mission (EOS Constellation) in 2020. 





Table 2.  Directional orbital debris fluence (particles/m2) for four typical 
NASA missions, binned into A-D shielding levels based on fluence. 

 

The Landsat 9 mission is currently being integrated for launch in 2020 into an orbit very close to that of Terra.  The 
project has recently developed and tested particle penetration shields for various surfaces that might represent 
potential B and C shield blanket candidates.  Hypervelocity impact testing has allowed particle penetration experts 
to develop Ballistic Limit Equation (BLE) adjustment factors specific to these blanket designs, and spacecraft 
integration will resolve any manufacturing and thermal concerns.  The Landsat 9 designs can then be modified to 
create candidates for standard A and D blankets, which would then be tested to confirm their effectiveness and 
develop custom BLEs for them.  

When a full set of standardized blanket designs is developed and tested, it will only be necessary to determine the 
directional fluence over the course of a mission, then apply the blanket selection ranges in order to select protective 
shields for the exposed surfaces of each component.  As previously stated, it will always be necessary to employ 
some degree of engineering judgement in the selection of shielding blankets, but the standardized blanket approach 
provides tested and confirmed starting points for early inclusion into the spacecraft design. 

The component chassis wall is the main stopping layer for incoming projectiles, so it is critical that the wall design 
meet at least a minimum areal density.  It is not uncommon for component chassis wall thickness to vary from 
component to component, which could present a challenge for the use of standardized shielding blankets.  Testing 
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by the chassis wall, and shown that sufficient Kevlar can be added to a chassis wall as needed to achieve stopping 
performance equivalent to at least the minimum areal density for the standardized shield blanket. 

7 SUMMARY  

A notional concept for a proactive MMOD shielding design is discussed.  Variations in the orbital debris 
environment are a major driver in determining the debris penetration threat, and have been examined in terms of 
altitude, inclination, and time aspects.  Orbit altitude was shown to have the greatest effect on the debris threat, 
though it is necessary to consider the entire mission profile, including mission duration, launch year, and the 
anticipated spacecraft behavior attitude in order to determine the threat level.  A sample of typical NASA missions 
has been examined to illustrate the wide variety of threats imposed on different surfaces throughout the mission.  
These threats have been notionally categorized into five levels, and previously tested blanket designs are proposed 
as candidate shields for two of these levels.  Identifying the shielding needs and including shielding blankets to 
prevent penetration early in the design process will minimize the cost and schedule impact, as well as preventing 
unexpected thermal and manufacturing difficulties during integration. 

8 FUTURE WORK  

In order to make this proposed approach practical, a full suite of blanket designs is needed.  Blanket candidates for 
A and D shields will be proposed, and their effectiveness estimated using existing equations.  Samples of these 
blankets will need to be constructed and tested to confirm their effectiveness and to generate blanket-specific BLEs 
to use in future assessments.  In addition, penetration risk, shield mass, thermal performance, and manufacturability 
will be examined for a sample of historical and upcoming missions based on these candidate blankets, to confirm 
that they represent practical solutions. 

 

Mission Port Ram Starboard Wake Zenith No concern < 1E-05particles/m2

HST 2E-04 2E-04 2E-04 2E-04 2E-04 A 1E-03 to 1E-04particles/m2

Fermi 2E-04 5E-04 2E-04 1E-07 B 5E-03 to 1E-03particles/m2

Terra 1E-03 1E-02 1E-03 3E-07 C 1E-02 to 5E-03particles/m2

JPSS-1 3E-03 2E-02 3E-03 1E-06 D > 2E-02particles/m2
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