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Overview

Background

* Dragonfly is a New Frontiers Program mission that will deliver a rotorcraft lander to Saturn’s
moon, Titan

- First landing since Huygens Probe in 2005

* Dragonfly will enter the Titan Atmosphere at a comparable latitude and near-identical season
as Huygens

* A new atmosphere model has been developed that builds on the Huygens atmosphere
model and has been updated with data collected since Huygens landed

Purpose of this study?

* The purpose of this study was to create a 6 Degree-of-Freedom (6DOF) Entry, Descent,
and Landing (EDL) simulation of Huygens probe descent to assess the dynamics using the
newer atmosphere model developed for validation
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Outline

* Developing the simulation
- Modeling & Simulation Overview
- Huygens EDL Sequence
- Atmosphere Models
- Parachute Model

* Assessing the impact of new atmosphere model
- Simulation Results Comparison

 Conclusion and Future Work

Artist rendition of Cassini and Huygens
Credit: NASA
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Modeling and Simulation Overview

Atmosphere Gravity

The EDL sequence was modeled using
Program to Optimize Simulated Trajectories
Il (POST2)

- Prime EDL simulation tool for NASA Planetary
missions since Pathfinder

Aerosciences
Mass
Properties

Leveraged the same infrastructure used to
model the Dragonfly EDL sequence

Compiled the subsystem models used in
Huygens reconstruction efforts

(NAIF JPL)

The only model that varied was the

atmosphere model for the purpose of this /&J/ L7
StUdy initial States
==
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Huygens EDL Sequence

Same event structure in simulation

- Instantaneous change in mass properties and
parachute inflation

Event sequence is based off two timers

- Acceleration trigger timer to determine mortar fire

- Total descent time on parachute
= Determines timings of EDL sequence post-pilot deploy

Descent module
- 2.75 m diameter heatshield
- 60 deg sphere-cone design

Probe
- Effect of spin vanes modelled post-heatshield jettison
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Nominal Start of
1270 km Descent
o8 i i Huygefls Probe Descent Events
Altitude

TO=0sec

Mach 1.5

h=159 km

Fire PDD  T0=+14 sec

2.59 m dia i3

:

Vtabilizer
Chute

Main HS
Chute Sep

DGB Pilot
Chute Inflation
TO=+2.5 sec
Release Aft Cover Z\
Deploy 8.30 m dia \a
DGB Main V
TO=+4.9 sec
Main chute Inflation ALY
About 3 minutes: =
Depends on atmospheric conditions
. WY o 7
TO=+32.5 sec =
Mach <0.6 10 =42 min23.675 sec
Release Data Transmission
Front

Starts )
TO=+15 min
Release Main Chute
Deploy 3.03 mdia
Stabilizing Drogue
TO =+15min 3.4 sec
Stabilzer Inflation

T Shield

Huygens Instrument
beginning activities
TO =+10 sec

Source: Huygens User Manual Operations S
HUY AS/c. 100.0P0384 rev 04 15 Jane 97
Table 1.9-7.

EDL Sequence Stages — Kazeminejad, B., et. al. (2007). Huygens’ entry and
descent through Titan’s atmosphere — methodology and results of the trajectory
reconstruction. Planetary and Space Science, 55(2007), 1845-1876.



Atmosphere Models

* Impacts several aspects of the descent

- Peak heating, aerodynamics, parachute release conditions,
dynamics of the vehicle, etc.

* Atmosphere Models
- TitanGRAM 2004 — Huygens Atmosphere Model
= An update to TitanGRAM to incorporate updates is in work
- Dragonfly Atmosphere

= Formulation through 2022 specified in Lorenz et al. Dragonfly: A
rotorcraft lander concept for scientific exploration at Titan

= More details will be published by R. Lorenz

* Overview of Differences
- Large changes to zonal winds updated through Doppler observation

- Temperature at high altitudes (deviations from a constant value
measured have been classified as local and transient)

- Density profile adjusted based on reconstruction

- Large change in how wind dispersions are handled between models

(particularly the meridional winds)
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Dragonfly Atmosphere Model

* A significant effort has been made to ceer 99%tile S ! ; 3
PRE : 12000 . ooutile } { v
reevaluate the atmospheric dispersions e § j } 4
. . . rtiie ! 3 i,
for the simulation using data collected — 10%tlle ; i <
. 10004 =""" 1%tile g i i .:l
since Huygens i i {
- Atacama Large Millimeter Array (ALMA) 3 : ; 7
- Re-evaluating Cassini radio occultation ] %001 ) i i 3
- Reconstruction efforts evaluated from ; / i / '
Huygens 2 600, 3 | r
E ..; l / !_:
* The dispersion profiles leverage the 400/
spatial and temporal similarities to
Huygens rather than global atmosphere 200
reference
0 0 100 200 300 400 500

Zonal Winds (m/s)
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Parachute Model

* Modelled as a drag force applied at confluence point Canopy supension
of bridle iy

* Huygens used 3x Disk-Gap-Bands (DGB) parachutes S C.
to ensure vehicle stability, descent rates, and Bridle

minimize recontact risk

Pilot Disk-Gap-Band 2.59 13.1
Main Disk-Gap-Band 8.30 22.4
Stabilizer  Disk-Gap-Band 3.03 22.4
iIn Huygens Frame (m)
Pilot 0.5572 0.53 1.09
Main 0.4468 3.88 4.33
Stabilizer  0.3755 3.88 4.26
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Results — EDL Overview

200 r 200
Nominal profiles using both i -
30 + R0 -
atmospheres are comparable
_ ] ] _ 160 F 160 ¢
Differences in the density profiles
. . ey . 140 140
iImpact the initial pilot chute 3
deployment and the descent rate g | f_Stabllizer Deploy. g 120
The larger zonal winds in the 2 M0 R
Dragonfly atmosphere model = 80 = 80t
Inject more dynamics eo L co L
s [ 1tan Gram s [ 1tan Gram
40 Dfly Atm 40 | Dfly Atm
--------------- EI e F]
ol | Main Deploy LA e Main Deploy
S T — HS Sep S’ I ] M— HS Sep
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Results — Acceleration Time Histories

* Flight data (HASI L3) compared to both simulations

* Simulation shows good agreement with flight data
- Acceleration at entry and from mortar fire through main parachute deploy

—Titan GRAM
Dfly Atm

o HASIL3Data |

140 35
o HASIL3 Data
120 + Titan GRAM 30 }
& —Dfly Atm B
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Results — Spin Rate

* Huygens Probe spun in the wrong direction _ i e
- Interaction between booms and instruments with the £ -« -
spin vanes led to delta in behavior :‘% ]
- Original testing was with a “clean” configuration of the .
probe | ; 20[00 40100 eoloo 80100
- New aero-database was tuned to match the as-flown hirye;;ﬁsab%béesbgﬁ?driahépﬁaﬁrcohyz’é‘?éﬁ’d pérez-Ayticar, M, “Evoluton of the
Spl n direction Descent,” Journal of Spacecraft and Rockets, Vol. 58, No. 3, 2021, pp. 609-618.
= Lebreton et al. wind tunnel testing with instrumentation and 60 -
booms added A | — Do G
= Test results for roll moment coefficients were tuned and a . o
roll damping model was added 7 20bH s s
e Stabilizet Deploy
* Results are comparable using both atmosphere H ol T
models and match flight data : |
- Both simulations use the new additions to the aero model ) :
- Future work is needed to characterize the RN
differences in the spin rate after the peak e 000 5000 3000 10000

E)?(ﬁ Time (s)
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Results — Nadir Angle

* The angle between the entry vehicle’s body axis and the local vertical is
denoted as the nadir angle

* |In tandem with the winds, can describe the effect of the atmosphere on
the vehicle during the slow descent phase

1400 -

1200 -

1000+

oo
]
=

Altitude (km)

400 -

200 F

600 -

3
=

L,
L3
<
4
b
3
=

L]

I

<

=z
g
e

—Titan Gram
-y Atm

F;::-

20

Nadir Angle (deg)

200 ¢
180 +
160

140 &

120

100

Altitude (km)

80

60

40

20

— Titan Gram

=Dy Atm

0 20

Nadir Angle (deg)

40

1400 ¢

1200 +

1000 ¢

Altitude (km)

400 ¢

200 +

(&=

Lo ]

o

[an]
T

600 +

H
!
—Titan Gram E
=-=-Dfly Atm i
i
-
!
!
!

f"

.’ .’
o
o
- -~
=z -
0 100 200

Zonal Wind (m/s)

200 -

150 +

Altitude (km)

100 ¢

0<©<180°

x/ @
g Local
F Vertical
/ :
L
/
’
/
L
/
r
4
L
r
L
/
K
'I
!
s
d‘,
ﬂ‘-‘—‘-
f""
1 ]
L
‘ﬁ'
-...,___' -
v —Titan Gram
’
v —--=-Dfly Atm
Y
i
n
/
L
]
4
0 50 100

Zonal Wind (m/s)

12



Results — Landing Impact

* Dispersions applied to Dragonfly sim to compare

landing ellipse to touchdown uncertainties 9. P
Landing Box Uncertainty

- Uncertainties based off Lebreton et al. reconstruction efforts : Y : \
——Nominal Simulation Groundtrack

& » Nominal Simulation Landing Point
Al 99%-tile Landing Ellips
: - . - — 9970 C e
* Ground-track, landing spot, and landing ellipse for > ; e

the Dragonfly-model based sim = "

- Nominal results fall in uncertainty box »3 -

- Landing ellipse encompasses uncertainty bounds %
S -10.5}
o
O

* Current results indicate that the atmosphere model
created for Dragonfly can predict the overall 11

trajectory of the Huygens mission 02 ed 166 - 168 10 e I
Longitude (deg)
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Conclusions and Future Work

* Agreement was shown between the 6DOF simulations that were created and Huygens flight data
using the same model inputs that were available for reconstruction efforts

* Atmosphere model created for the Dragonfly mission can be validated using flight data from Huygens
- Overall trajectory is shown to be a good estimation of the Huygens mission

- Monte Carlo analysis conducted to conservatively cover off-nominal atmospheric conditions encloses landing
box uncertainty

* Future work

- Limitation identified in attitude analysis due to simple parachute model that is currently implemented
= Dynamics described by nadir angle can be tracked to wind shifts in magnitude and direction
= Not seen in the Dragonfly simulation that utilizes a more sophisticated multi-body parachute model

- Assess the dynamics using a multi-body parachute model

- Investigate the same areas of concern in the Dragonfly simulation to ensure artificial dynamics are not being
introduced
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