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 Mechanical Shock

« Sudden change in force,
position, velocity, or
acceleration

* |nduces transient states in

the system

* Can excite system
frequencies

« Can lead to unpredictable
responses within the
structural integrity of
components

High Speed aircraft and airframes
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INTRODUCTION

* Importance: Electronics in high-
rate dynamic environments

* Problem: high-rate impacts can
damage electronics, causing
them to not function properly

* Proposal: Use embedded
sensors and later combine
them with an edge processor to
detect damage

* Objective: Implement a
freQuency-based damage
detection system in electronic
assemblies




METHODOLOGY

 Sensor breakdown:

* Piezoresistive
accelerometer

« 2 strain gauges BN E S ) fixed supports

resistor

* Resistor/mass
 Voltage divider circuit

. High-speed camera bottom strain gauge

board accelerometer

\ ° base plate




METHODOLOGY

» Resistor circuit used to get
a time reference on the
exact moment of failure

* Voltage divider keeps a 2.5V 5V€

signal until failure, which then
dropsto 0V
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METHODOLOGY
simulations Ll (ps')

118.64 2,697,707
* To understand changes

In vibrational modes

due to the resistor
falling off
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METHODOLOGY

Attached

Detached

Component Attached vs Detached From a PCB

Mode 1 240 Hz

Mode 1 384 Hz

Mode 2 1058 Hz

Mode 3 2072 Hz
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METHODOLOGY

« Edge processing methods

» Microcontroller-based
 FFT computation
* Peak detection on frequency

components
* Threshold-based
« Pattern recognition
» Adaptive filtering
« Damage response and
control

« Damping vibrations using
piezoelectric actuators

Molinaroli College of
Engineering and Computing
UNIVERSITY OF SOUTH CAROLINA




METHODOLOGY

* Edge processing advantages
* Reduces latency
« Can operate autonomously
* Prolong the lifespan of the

PCBs

 Considerations

 Controller with enough
computational power and
sampling rates

» Optimization of algorithms for
resource-constrained devices
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EXPERIMENTAL APPROACH

Drop tower (simulates high-rate
impacts)

Fixed-fixed printed circuit board
with sensors

Resistor/mass component

meant to exaggerate the
change in dynamics

Several impacts at varying
heights

Intended to fail the
resistor/mass and measure the
differences in the response
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EXPERIMENTAL APPROACH

Attached Test Detached Test
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RESULTS
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RESULTS

* Mode 1 frequencies

* Resistor attached:
« Simulated: 240 Hz
» Tested: 258 Hz
« 7.50% error

* Resistor detached:
« Simulated: 384 Hz
» Tested: 354 Hz
« 7.81% error

Comparison of test FFTs
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GCONCLUSIONS AND FUTURE WORK

* VI a b I e SOI Utl O n fo r d a m ag e | Timel-domain during :*Tomponent failursl,- |
d ete Cti O n - base acceleration

 Future work:
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 Work on controlled methods
to make failure more direct
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