Combined Environment Testing to
Reduce Payload Mass, Cost and
Mission Risk




Combine Vibration, Shock and Acceleration
Environments for Equipment Testing to Launch and
Re-entry Profiles




Project Contributors

AMERICAN
ﬁ - AEROSPACE
ADVISORS

I ) ]‘C \ CI Space ¢ Unmanne d Systems « Applied Technology




Background

WHY IS THIS TYPE OF TESTING
USEFUL?




Current Test Methods




NASA-GEVS random R )
vibration profile, the AR MR | ——osa
CubeSat standard, in e
some cases, greatly -
exaggerates the launch 2
vehicle’s random §
vibration environment
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http://www.cubesat.org/images/LaunchProviders/mKIII/p-pod%20mk%20iii%20icd.pdf

Random vibration profile of various
launch vehicles




Ground shake tables do
not simulate sustained
acceleration.

By using combined 14
environments we can
study effects of
combining multiple
types of loads and the
possibility of reducing
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Actual Launch Data from a NASA
Terrior-Orion Sounding Rocket




» ATFS-400 Space Training System

Human Space Training

Currently training Virgin Galactic pilots
and customers

25’ planetary arm

Max G level 12G’s (25G optional)
Max G onset/offset rate 10G/s
Gondola has £360° pitch and roll
Force feed back control loading




Combined-Load Testing

Install Closely
= shaker table multiple Simulate
inside of axes at one Launch
centrifuge time Conditions




Benefits of Combined Testing




Modeling, Simulation and
Analysis

COMBINED-LOAD TESTING ON DRAGONSAT-1




Method of Analysis

“Combined
Environment”
Frequency
Analysis

Frequency
Analysis &
Result
Verification

Random :
Vibration P
Simulations




Drexel’s fully modeled
and assembled 1-U
CubeSat DragonSat-1
will be tested using
proposed method.

Test Article




A test pod has been
designed as part of the
test fixture to contain the
CubeSat while
replicating the P-POD
environment

Test Pod




Frequency Analysis

1.153E-05 1.179E-06
1.807E-02 7.042E-06

2.016E-03 8.545E-07
9.642E-07 2.491E-04
2.980E-04 2.286E-06
Sum X = 0.84251|SumY = 0.90207 [Sum Z = 0.83589




Random Vibration
simulations have been
performed in all three axes

NASA GEVS Qualification
ASD profile was used

Generalized Random Vibration Test Levels
Components (STS or ELV)

22.7-kg (50-Ib) or less

Frequency

ASD Level (g2/Hz)

(Hz) Qualification Acceptance
20 0.026 0.013
20-50 +6 dBloct +6 dBloct

50-800 0.16 0.08
800-2000 -6 dBloct -6 dB/oct
2000 0.026 0.013
Overall 14.1 Gypg 10.0 Grpg
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Y-Axis
Accelerometer

Random Vibration
Simulation determined
ideal accelerometer Al
placement for real world ~
test
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Accelerometer

3-Axis _J
Accelerometer

Accelerometer Locations




“Combined Environment” Frequency Analysis

Traditional Environment Combined Environments

Natural Direction of Natural Direction of

Frequency (Hz) Mode Shape Frequency (Hz) Mode Shape
259.74 Z 272.33 Z
274.73 Z 275.14 Y
274.81 X 283.25 X
278.40 Y 287.69 X
285.90 X 287.79 Z




Model name: DragonSat-1 Sim (Z)
Study name: Frequency Analysis
Plat type: Frequency Displacement2

Mode Shape: 2 Value=  2738Hz

Deformation scale: 0.00242497

A

Mode 2 using traditional
analysis

Model name: DragonSat-1 Sim Combined Freq Analysis
Stucly name: Frequency Analysis

Plot type: Frequency Displacement2

Mode Shape: 2 Value= 27514 Hz

Deformation scale: 0.00560852

L

Mode 2 using “combined
environments” analysis



“Combined Environment” Frequency Analysis
Results




Moving Forward




Testing can replicate actual launch environment

Models thus far indicate shifts in results as
compared with traditional testing

Risk of unknown reactions in combined
environments is reduced

Time spent on testing is greatly reduced

Lower test levels may be acceptable saving mass and
improving performance



Thank you. Questions?

CONTACT:
FRANK ARUTE
FRANK.ARUTE@ME.COM




