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Executive Summary

Based on observations gathered from the IDA Forum
on Orbital Debris (OD) Risks and Challenges (October 8-9,
2020), DOT&E needed first-order predictive tools to
evaluate the effects of orbital debris on mission risk,
catastrophic collision, and collateral damage to DOD
spacecraft and other orbital assets — either from
unintentional or intentional [Anti-Satellite (ASAT)]
collisions. This lack of modeling capability hindered
DOT&E’s ability to evaluate the risk to operational
effectiveness and survivability of individual satellites and
large constellations, as well as risks to the overall use of
space assets in the future.

This presentation describes an IDA-derived technique
(DebProp) to evaluate the debris propagating effects of

! SatPen is an Excel-based tool for determining the probability and

mission effects of >Imm OD impacts and penetration on individual
satellites with Orbital Debris Engineering Model 3.1 as an input,

large, trackable debris (>5 cm) or antisatellite weapons
colliding with satellites within constellations. IDA
researchers used a Starlink-like satellite as a case study and
worked with Stellingwerf Associates to modify the Smooth
Particle Hydrodynamic Code (SPHC). The result is a file
format that is readable as an input file for predicting orbital
stability or debris re-entry for thousands of thousands of
created particles, and predict additional, short-term OD
induced losses to other satellites in the constellation.

By pairing this technique with SatPen', IDA can
conduct long-term debris growth studies.

supplemented with typical damage prediction equations to support
mission loss predictions.
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What is the effect on a satellite or a constellation of satellites when a
catastrophic collision occurs with orbital debris (OD), another
spacecraft, or an anti-satellite (ASAT) weapon?



Outline

1. Overview of IDA’s orbital debris assessment tools

2. Elements within large debris collision assessment approach
a. Smooth Particle Hydrodynamics Code (SPHC) input
b. DebProp (Debris Propagation) tool

3. Assessment of large debris hit on Starlink-like satellite

4. How DebProp fits into a larger assessment of the “Kessler effect”



IDA is developing tools to evaluate the effects of orbital impacts from OD and
ASAT weapons on satellites and constellations

SatPen is a tool for debris penetration that will determine
the probability of satellite mission loss from orbital impact
(outlined in a different DATAWorks presentation)

SPHC is a tool for high-speed collisions and DebProp is a tool
for debris propagation that together determine the effect on
a satellite or constellation from orbital impact

Iterating SatPen, SPHC, and DebProp in a loop will allow us to
estimate the results from a cascade of orbital debris impacts

ASAT — Anti-Satellite; OD — Orbital Debris; SPHC — Smooth Particle Hydrodynamics Code




Examining debris propagation from a triggering event

---(2) SPHC and DebProp Tool Path -~ -~~~ -~
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We model collisions using SPHC and propagate the resulting fragments using
DebProp to determine the cascading effects on satellites and constellations

ZaaiRe)

X_ (R B S
eaffd ) T
YaaiRe)

SPHC: Smooth particle hydrodynamic code DebProp: IDA developed propagation tool



We used SPHC to predict fragment mass and velocity distributions emanating
from a collision between an object and a Starlink satellite
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ASAT — Anti-Satellite; SPHC — Smooth Particle Hydrodynamics Code
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We used SPHC to predict fragment mass and velocity distributions emanating
from an object impacting a Starlink satellite

Debris Example

Ele View Scene PlotObject DataObject Help

File View Scene PlotObject DataObject Help
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SPHC — Smooth Particle Hydrodynamics Code
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SPHC cluster files predict material, velocity, and other physical properties of
projectile and target satellites

Mass

clusters parts
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Fragment masses, and position and velocity vectors from SPHC provide input to
fragment propagation tool (DebProp)
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DebProp predicts where each debris fragment goes

All Bound Fragments (2982)
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The debris is a threat to other Starlink satellites within the constellation

Fragments can cross the 550 km

constellation shell either from above Shell Crossings Targeted
or from below 1 satellite
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Debris from ASAT impact is a threat to non-Starlink operational satellites and
has the potential to impact other “dead” objects, creating more debris

Fragment apogees and perigees vs. orbital period
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In case you weren’t at the previous talk, IDA also developed a tool for debris

penetration called SatPen

---(1) SatPen Tool Path -~~~

OD environmental flux

J
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Probability of
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Ballistic limit predictions

____________________________________________________________________

Constellation and
mission details

Predict
mission loss

SatPen can be used iteratively with SPHC and DebProp to
study a cascade of orbital debris impacts (the Kessler Effect).

OD — Orbital Debris; SPHC — Smooth Particle Hydrodynamics Code
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IDA’s tools can be combined to examine a variety of orbital impact scenarios

OD environmental flux
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IDA Abstract
Based on observations gathered from the IDA Forum on Orbital Debris (OD) Risks and
Challenges (October 8-9, 2020), DOT&E needed first-order predictive tools to evaluate
the effects of orbital debris on mission risk, catastrophic collision, and collateral damage
to DOD spacecraft and other orbital assets — either from unintentional or intentional
[Anti-Satellite (ASAT)] collisions. This lack of modeling capability hindered DOT&E'’s
ability to evaluate the risk to operational effectiveness and survivability of individual
satellites and large constellations, as well as risks to the overall use of space assets in
the future.

This presentation describes an IDA-derived technique (DebProp) to evaluate the debris
propagating effects of large, trackable debris (>5 cm) or anti-satellite weapons colliding
with satellites within constellations. IDA researchers used a Starlink-like satellite as a
case study and worked with Stellingwerf Associates to modify the Smooth Particle
Hydrodynamic Code (SPHC). The result is a file format that is readable as an input file
for predicting orbital stability or debris re-entry for thousands of created particles, and
predict additional, short-term OD-induced losses to other satellites in the constellation.
By pairing this technique with SatPen (an Excel-based tool for determining the
probability and mission effects of >1mm OD impacts and penetration on individual
satellites with ORDEM 3.1 as an input, supplemented with typical damage prediction
equations to support mission loss predictions), IDA can conduct long-term debris growth

studies). IDA |



SPHC is a thoroughly vetted tool

Developed at Los Alamos
National Labs; technique in
use for 30 years to examine
fragments following
hypervelocity impacts

Used by Williamsen/Evans
in a wide variety of OED
studies for NASA;
developed by Stellingwerf
(formerly LANL, now IDA

consultant)

Produces comparable
results to other collision
tools used by NASA as well
as light gas gun tests
(validation case at right)

Migrating use of this code
into IDA with help of
Stellingwerf/Evans for
ongoing work of this nature
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