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Motivation
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• Components of aerospace systems are often subject to the pyroshock and other shock 
loads and, as such, must be qualified for those environments.

• Single-axis testing is a common qualification method, but it cannot perfectly reproduce the 
environmental loading.

• Three-axis tests can be complex and tedious to set up, so it is desirable to quickly iterate 
and design the test fixture computationally.
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The Resonant Plate Test
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• A high-velocity projectile strikes the resonant plate and 
excites a response.

• Rubber and aluminum bars are added to tune the 
plates modes

• A felt material is attached to the face of the impact 
block to tune the impulse shape

• 24 accelerometers captured data for over 77 resonant 
plate shots with a variety of programmers, projectile 
sizes, and projectile speeds.

Summary of  test data shots



Model Development
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• The test fixture has been computationally 
modeled, including surface holes for mounting 
the unit under test.

• The nonlinear model is simulated with explicit 
dynamics with the following features:
• Prescribing an initial velocity on the projectile
• Contact and friction
• Large deformations
• Nonlinear material models for felt, rubber, and 

elastic-plastic behavior

• To validate the model, the fixture is 
simulated in stages to not propagate 
errors into the components response:
• Bare plate
• Plate with damping
• Plate with damping and component



• Since felt is a porous material, it can withstand a lot of 
compression before large amounts of stress are introduced.

• The felt will fail quickly under tension, behavior that is captured 
by a foam model with an ellipsoidal yield surface truncated by 
red damage surfaces for loading in tension.

• The Split-Hopkinson bar induces a compression wave to move 
through the material specimen.

• By measuring the strain through the bars, the Young’s modulus 
of the material can be approximated.

Split-Hopkinson Bar Experiment for Material Parameters
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Material Model Validation
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• Once the material parameters were approximated, 
the Hopkinson bar experiment was simulated to 
validate the foam model used for felt.



Results Comparison: Bare Plate with No Mounting Holes
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Results Comparison: Bare Plate 
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Results Comparison: Plate with Damping Bars
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Results Comparison: Bare Plate with Damping Bars
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• First resonant peak 
generally matches 
frequency band, but some 
discrepancies in amplitude.

• High-frequency amplitudes 
still present in test at ~60 
kHz.

• Large amplitudes occur in 
the FEM around 25 kHz.
• What causes this? 
• Damping bars/rubber?



1“ felt, 20.3 ft/s

Applying Velocity Damping to the Felt Volume
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• The change in felt thickness was found to be the cause of the 
high-frequency amplitude in the simulation. 

• The felt material model contains reflection waves in the 
Hopkinson bar simulation that the test does not.

• Adding a small velocity damping eliminates the high frequency 
content without effecting the main resonant amplitude.

1/2“ felt, 20.2 ft/s

Hopkinson Bar Validation

1“ felt, 20.3 ft/s
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Results Comparison: Plate with Damping Bars and Component

Accel 102, 103, 104 placement
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Results Comparison: Plate with Damping Bars and Component

• Accel 4-5 matches the test 
quite well. The first 
resonant peak is not sharp, 
but the general shape of 
the SRS is obtained through 
10 kHz.

• Accel 102-X also matches 
the general shape of the 
test. The First resonant 
peak is split into two, and 
the amplitude is decreased 
between 1-10 kHz.

• Accel 103-Y and 104-Z have 
a small response at low 
frequencies.



Conclusions
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Future work

16

• Optimize the felt material model  
to eliminate need of velocity 
damping

• Include support ropes to assess 
the importance of the boundary 
conditions on the simulation.

• Investigate the preload of the 
bolts on the damping bars.

• Offset the projectile/impact 
location to assess three-axis 
response.

• Design and optimize a fixture to 
meet specifications for a three-
axis shock test.
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