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Purpose of Task

A Projected growth in demand will make it
Increasingly hard to accommodate launches on a
SUA basis

A Looking for a more rational approach that:
A can adapt to fluctuating frequency of launches
A can accommodate uncertainties in trajectories
A ensures proper separation at all times

Acan be integrated with F



Research Objectives

1.Develop plausible architectures for an Integrated
Airspace Management System (IAMS)

2.Research and develop the foundation of such a
tool based on time-space probabilistic trajectories

3.Create a prototype implementation for a proof-of-
concept system

A During first few months, we are focusing on item
2



Methodology & Results

A Problem:
« Need Special Use Airspace (SUA) for rocket launch
» Current method for creating SUA may be overly conservative
x Fairness issues: are we favoring one industry over another?

» No quantitative framewaork for creating SUAS

A Proposed Solution:

x Create a probabilistic framework for creating SUAs to a
specified level of safety



Conceptual Framework

Explosion with Debris

Uncertain Trajectoryi

Altitude

Emergency Abort Scenario

Time



INnitial Research Goals

A Focus on:

"H Investigate ways in which a compact 4-D envelope can be
created and specified

"H Demonstrate the 4-D envelope concept in 3-D (X,y,t)

"H Begin creating a software architecture that generates 4-D
envelopes for specific launch profiles

"HUse Monte Carlo simulation to approximate the rocket
location PDF, sampled at many points, to a given level of
safety

A Provide hooks for, but do not spend significant time on (refined
later):

Accurate characterization of weather profiles, failure modes
and probabilities, debris model



Nominal Trajectory

A 2-D round rotating Earth
« Propagate r,
A SSTO launch vehicle

A Optimal trajectory has
t hrust vector/

A Aerodynamic effects are
roughly modeled

Source: Capristan, F. ARnAerodynamic Effects in |



=,
=
2
=

eather Uncertainty

Altitude vs Temperatune for 100 randam runs
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Creates Drag Uncertainty

0.4750M 2 — 0.7127 M + 0.3049
Cb=(2-cosq) ———>2——
M2 —1.914M s + 1.042




Uncertain Lift-off Time

Fime af Launch PDF

A Rockets do not always launch
on time

Frobability

Altitude - With Liftoff-Time Uncertainty
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Prabability

Fallure Uncertainty

Tirme of Fallume FOF
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Wh at We O v e

A Software framework that accepts
arbitrary:

A Thrust profiles (TVC, etc)

(]
o

A Weather profiles for wind and
temperature, with uncertainty
parameters for each
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A Failure parameters and
distributions

A Debris model

A Outputs:

Downrange [km)

A Collection of uncertain
trajectories with debris-
generating failure events from a
MC simulation

14



4D Probabillistic Trajectories and
Envelopes

A Trajectories as points in
space and time

A Risk level of 107-10,
approximated with MC

A How do we turn this set of
trajectories into
something useful?

A Methods Available
A Level Sets
A Delauney Triangulation
A Convex Hulls

A Non-convex Footprints
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