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Disk-Gap-Band Parachute Testing

 The Disk Gap Band (DGB) parachute was developed in the 60’s to perform high altitude
weather experiments and in the 70’s for the Viking program
— It has been a workhorse parachute for planetary entry ever since

« Pre-Viking, supersonic DGB parachutes were launched using sounding rockets and high-
altitude balloon launched vehicles to test supersonic parachutes in analogous conditions to
Mars

 Modern DGBs were drop tested and flown in wind tunnels to verify strength and
workmanship, but leaned on similarity to Viking data to verify supersonic inflation
characteristics

» Recent supersonic testing of ringsail parachutes indicated that subsonic testing may not
sufficiently bound stresses and loads seen in supersonic inflations

 ASPIRE project was started as a risk reduction activity for the Mars 2020 mission



The ASPIRE Project

ASPIRE = Advanced Supersonic Parachute Investigation and Research Experiments

Objective: To expose large DGB parachutes to a supersonic inflation environment and
acquire sufficient data to characterize the flight environment, loads, and performance.
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Advanced Supersonic Parachute Inflation Research and Experiments (ASPIRE)
Flight # 003

Date: 07 September 2018
Location: Wallops Flight Facility, Wallops Island, VA
Payload: 21.55 m D, Disk-Gap-Band Supersonic Parachute
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Post-Flight Parachute Inspection

* Minor damage in the canopy was observed
— Mostly minor weave separation
— Some evidence of suspension line abrasion
— Damage
— Damage was not detrimental and did not appear
to propagate

» Opverall, the parachute was in remarkably
good condition given the flight
environment

Damage potentially caused by panel interaction during inflation
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Key Observations

» High speed video indicates that bag strip likely occurred 0.211 sec

prior to pre-flight estimates
— Bag did not invert immediately upon strip as well

» Peak load does not correlate with peak area
» Second load peak can be equal to, or greater than, first peak

« “Area oscillation” phenomena are more likely pressure
oscillation as opposed to physical change in projected area

First Peak Load Load Trough

 Minor damage may
be inevitable due to
rapid inflation and
abrasion
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ASPIRE Flight Summary

All three ASPIRE flights resulted in successful inflations

ASPIRE inflation conditions were equivalent to, or more stressing than, both MSL
reconstruction and estimated Mars 2020 parachute conditions

The ASPIRE program:
— Successfully deployed the largest supersonic parachute, at the highest Mach number,
highest dynamic pressure, and highest load ever tested in US history
— Sufficiently reduced risk associated with the Mars 2020 supersonic parachute, paving it's
way to flight on Mars
— Demonstrated an economically viable platform to perform test-as-you-fly verification of
supersonic parachute strength and performance for future missions

MSL ASPIRE ASPIRE ASPIRE M2020
Reconstruction SRO01 SR02 SR03 Estimated*

Mortar Velocity (m/s) 42 - 47
Inflation Time (s) 0.635 0.506 0.456 0.410 04-07
Peak Load (Ibf) 34,600 32,400 56,000 67,300 30,000 — 50,000
'ﬁ"oaacdh NI (@ PEels 1.7 1.8 2.0 1.9 16-1.9
%’EZZLCLF;;GSS“'E e 474 495 747 1020 460 - 664

*Mars 2020 parachute performance estimated at deployment (not inflation) as of June 2019. Estimates are subject to change.
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Parachute Aerodynamics

 Cpvs Mach: good agreement between SR01-3 & with MSL
* Good agreement with Cp model below M = 0.75 , but over-estimated C for M >1.15

« Cpremained constant across the transonic region
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see “ASPIRE Aerodynamic Models and Flight Performance”-Muppidi for additional details on

aerodynamic performance and updated drag model 13



Parachute Inflation and Peak Load

« Behaviors that occurred on all three flights

Parachute force (kIbf)

— Initial peak load occurred before full projected area of parachute is seen
— Inflation time decreased for each progressive flight
— ~50% decrease in load after first peak in all three flights

— Reduction in area after first peak is much less significant than reduction in parachute
force
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Test Conditions &

] sc0 | sz SR3

Event Mortar Fire Line Stretch Peak Load Mortar Fire Line Stretch Peak Load Mortar Fire Line Stretch Peak Load
T+ (sec) 161.41 162.37 162.88 177.59 178.63 179.08 163.82 164.85 165.26
Mach 1.77 1.79 1.71 1.97 2.00 1.97 1.85 1.88 1.85
Dyn Pres (Pa) 452.4 491.7 494.7 670.6 744.6 746.5 931.7 1028.4 1020.1
Altitude (km) 42.40 42.01 41.80 40.77 40.27 40.03 38.12 37.65 37.45
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Payload Configuration & Instrumentation
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400 Hz
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50 Hz

1 kHz
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120 fps*

)

1100 Ibf
3840x2400
1920x1080*

*One Situational Video Camera set to 4K resolution and 30 fps

Meteorological instrumentation:

— ©6x meteorological balloons carrying
Radiosondes: temperature, density, winds

to 37 km

— GEOS Analysis: temperature, density,

winds above 37 km
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