Operational and Technical Updates to theébject Reentry Survival Analysis Tool

C. Ostrom?, B. Greené, A. Smith3, R. Toledo-Burdett}, M. Matney?, J. Opiel&, J. Marichalar®,
J. Bacorf, C. Sanche%

IHX5 — Jacobs JETS Contract, NASA Johnson SpaoteGevail Code XI5-9E2101 NASA Parkway,



100.00

/
/
/
/
10.00 ’
/
/
/
- /
/
|| /
1.00 ’
| /
/
| - 4
- - -u--a--u-—-0__T_______ P
/
/
0.10 ,
/
/
/
/
/
0.01 4
0.001 0.010 0.100 1.000 10.000

Model B Simulation

Figure 5. Comparison of Monte Carlo and model estimates of triangular debris casualty area.

3  AutoORSAT PARAM ETRIC WRAPPER

Previous versions of ORSAT (before 6.2.1) could perform parametric studies in a single variable. Analysts looking
to assess the effect of multiple variables at once (@sitineakup altitude and initial temperature, or number of

nodes and oxidation efficiency) hadn@nually create a matrix of test points for examination. Analysts at the

ODPO have recently developed the AutoORSAT wrappeevatool that greatly expands the ability to assess
uncertainty in reentry survivability. AutoORSAT is writtenRgthon 3.6 and allows for parallel processing of up to

48 ORSAT simulations at a time, and as many as 100,600ated reentry trajectories per hour. [20] In addition to
handling the multi-parametric spread in ORSAT simulatidngpORSAT also performs all the information transfer
between parent and child objects (for an arbitrary levaksfing complexity), including initial temperature for child
objects, and the new trajectory’s initial state.

This new ability to automatically generate and run thousands of cases has enabled analysts to improve their
confidence in the survivability of components (whether they are expected to never demise, partially demise, or
always demise). Work is ongoing on the development of a database of standard objects (such as ballast masses,
battery and computer boxes, and reaction wheels, amomg attfzers) and their expected survivability (i.e., an
expected DCA for surviving objects, or an expected demise altitude, depending on initial conditions). [20]

4  SATELLITE TEST CASE

To demonstrate the effects of the opes over the last three versions of ORSAT, we have constructed a sample
satellite test case of approximately 1100 kg mass (amaioing over 150 unique cgranents with varying levels

of nesting) in a near-polar orbit (98.0° inclination). &Mwas used to simulate 8640 trajectories to generate a
statistically valid sample of initialonditions (varying the initial right asceos of ascending node, season of the

year, and a dither factor on mass following the method of [11]). For the purposes of this comparison study, the
breakup altitude for all cases was set to 78 km (thadstal ORSAT assumption”). All cases used an initial altitude

of 122 km above the WGS84 ellipsoidal Earth; higher altitudes could be used, but no significant heating is expected
above that altitude.



A total of over 1.25 million ORSAT cases were run to complete this comparison study, one of which was done by
hand with “standard ORSAT assumptions” of initial conditions: initial FPA of -0.1° and traveling northbound at the
equator at entry interface. Simulations that used Au®Ras the driver used initial states computed from

GMAT; combinations of the FPA and latitudeesitry interface can be seen in Fig 6.

Figure 6. Variatiorof FPA with latitude at entry interface.

This sample satellite test case resiilte43 surviving components (incluj multiples), with a total of 26 hof

DCA, under the standard ORSAT assumptions. Using timation-based, latitude-averaged population density for
a 2051 reentry at 98.0° orbital inclination, this results in an expectation of caiyadify]1:2700. Analysis from
AutoORSAT indicates that tHeCA can vary between 212to 29 n?, depending on initial conditions. For these
parametrically varied trajectories, waly use the latitude bands in which eacmponent lands, which then yields

a distribution like that seen in the right-hand plot of Fig. 7. It is important to note that while the DCA predicted by
ORSAT is higher than 57% of the AutoORSAT cases, thar&duced by the combination of the standard ORSAT
analysis process and the sub-satellite population densitpyisi@ar the mean of the large sample, an original goal
of the development of ORSAT. The second important feature to note is thatftinetfe sample may be 1:3300,

but a single trajectory may be up to 6 times worse thanfthure research in design-for-demise strategies and
implementing a targeted reentry at end of mission mayaveanted to reduce the risk from these low-probability
events.

Figure 7. Histogram and cumulative distribution of DCA (left). Histogram and cumulative distribution of Ec (right)

5 CONCLUSIONS AND FUTURE WORK

This paper has presented the improvements to the ORSAT software suite from versions 6.0 through 6.2.1. These
changes allow the feasible study of a wider range of parameters than previously possible. The new ORSAT analysis
process allows ODPO analysts to better understand the risk envelope due to an uncontrolled reentry; analysis






indicates that the prior method of cpating average risk from DCA, orbit inclition, and reentry year provided an
accurate estimate, but the new method using AutoORSATagtare both the best- and worst-case risk values.

In the future, routines will be written to allow for: sp#§iavarying heating distribution, conduction, and ablation;
improved handling of aerodynamics and heating for hollow objects; improved composite material models that
incorporate charring ablation and maaéstrength; and a new model for heating and drag coefficients based on
rarefied gas dynamics simulations.
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