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INTRODUCTION
• Mechanical shock occurs when a 

system undergoes a dramatic and 
sudden change in acceleration.

• Shock events can cause damage 
to the system, contributing to 
objective failure.

• Active control of these systems 
can dampen shock and prevent 
damage. 

• In the lab, we plan to use 
piezoelectric pads to provide 
sensing and actuation.
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High-rate Shock

• Increasing survivability of 

packages in extreme 

dynamic environments. 



High-rate Structural Monitoring, Damage Detection, 
Prognostics, and Reactions Working Group

• Monthly meetings for the high-rate group. 

• If you have interests in time-series data, hardware-software co-design under timing 

constraints, or shock and vibration, we would be excited for you to join.

• If you want to present, please talk to me, we are always looking for monthly presenters.  

2025 Online Talks
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ONGOING WORK



ONGOING WORK
• Various experiments involving shock 

testing.

• Initial using circular PCB

• Other testing using cantilever beams, etc.

• To study PCB and onboard 
component response to shock.

• Dataset creation for future and related 
studies.
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ONGOING WORK
• Printed circuit board design focusing 

on studying component fatigue rate. 

• Using many different metrics, requiring 
varying designs of PCB and equipment 
during experiment.

• Onboard dummy component (BGA) 
in place of controller.

9



PRIOR WORK ON COMMON DATASETS
• We have developed several datasets 

used to investigate the high-rate 
challenge.

• 3 key traits that a convergence 
dataset must have:

1. Relevant target application
2. Labeled damage features: 
3. Dynamic loading before shock event: 



ONGOING WORK
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GOAL:  CLOSE THE LOOP FROM MONITORING TO CONTROL?

• Active control of the structural 
deflection of electronics could:
• Increase their survivability

• Increase their serviceability

• Open them up to new high-shock 
applications

• Reduce their packaging 
constraints  
• Size

• Weight

• Thermals



ONGOING WORK
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• 1D Extended Euler–Bernoulli beam with 
axial, transverse, and rotational DOFs

• Represents a fixed-fixed PCB beam under 
shock loading (≈ 5000 g, sub-ms pulse)

• Axial and bending coupling included for 
realistic stiffness behavior

• Moment-based actuation mimics 
piezoelectric patches bonded top/bottom



ONGOING WORK
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• FPGA implementation of real-
time control for shock 
environments.

• Resource and performance 
comparison of PD, LQG, and 
MLP controllers.

• Learning-based control reduces 
hardware cost while maintaining 
damping performance.



ONGOING WORK
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• A higher-fidelity shell model of the fixed–
fixed beam was created to mirror the 
simplified numerical model.

• Both models were subjected to the same 
transient impact load to compare 
displacement responses.

• Midspan deflection histories showed strong 
agreement, confirming that the simplified 
formulation captures the dominant bending 
dynamics.



MOTIVATION



REAL-WORLD APPLICATIONS

This Photo by Unknown Author is licensed under CC BY-SA

Blast Against Civil Structures High-speed Aircraft and AirframesAutomotive Impact and Crashes
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https://en.wikipedia.org/wiki/File:Lockheed_SR-71_Blackbird.jpg
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


REAL-WORLD APPLICATIONS
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Piezoelectric actuation on the nose 

and bottom of hypersonic aircraft.

PZT Actuator Patches



FOCUSED STUDY



TEST-TO-FAILURE SETUP
• Printed circuit boards mounted as 

fixed–fixed beams with a surface-
mount resistor at midspan

• 175Tg FR4

• 25.40 × 76.20 × 1.60 mm

• 100 mΩ, 1 W resistor

• Subjected to repeated shock loading at 
constant impact energy

• 5000 g and 0.2 millisecond pulse duration 
(9.8 m/s is a moderate car crash)

• 12-inch drop using bungees, 1/16th inch felt

• Acceleration measured at the fixture 
and board midspan to capture input–
response behavior.
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SYSTEM FAILURE
• Repeated high-g impacts causes 

crack initiation and growth in solder 
joints connecting surface-mount 
resistors.

• Resistor eventually lifted or detached 
as solder joints fractured.

• PCB substrate remained intact,  
failure isolated to solder fatigue.

• Consistent failure mode observed 
across all tested boards.
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DEGRADATION TRACKING
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• Electrical resistance monitored after each impact to track solder joint and trace degradation.

• Resistance trends revealed gradual increases until near failure, corresponding to crack 
initiation in solder joints.



DEGRADATION TRACKING
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• Developed a simple equation to represent the estimated 
ground truth state (y) for a given impact (x).
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Board 1 Board 2

Board 3



FEATURE ANALYSIS
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• Extracted time-domain acceleration 
features across repeated shock 
events.

• Computed Pearson (linear) and 
Spearman (monotonic) correlations 
with resistance-based damage 
trends.

• Absolute mean, RMS, and shape 
factor consistently exhibited the 
strongest correlation with 
cumulative damage across boards.



CONCLUSION
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• Developed a repeatable test-to-failure shock framework for electronic systems.

• Demonstrated a consistent link between dynamic acceleration response and progressive 
electrical degradation.

• Identified absolute mean, RMS, and shape factor as reliable indicators of cumulative 
damage under repeated shock loading.

• Established a foundation for real-time condition monitoring and learning-based damage 
detection in high-rate environments.



FUTURE WORK
• Improvement of simulation 

models.

• Optimization of learning-based 

control strategies.

• System analysis.

• Dataset collection.

• Real-time FPGA experimentation.

• Piezoelectric sensing/actuation 

experimentation.
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DISCUSSION

Austin R.J. Downey
austindowney@sc.edu 

This material is based upon work supported by the National Science Foundation grant numbers CCF- 

1956071, CCF-2234921, and CPS-2237696. Additional support was provided from the Air Force Office of 

Scientific Research (AFOSR) through award no. FA9550-21-1-0083. Any opinions, findings conclusions, 

or recommendations expressed in this material are those of the authors and do not necessarily reflect the 

views of the National Science Foundation or the United States Air Force.

High-rate Structural Monitoring, 
Damage Detection, Prognostics, 
and Reactions Working Group



BOARD 1



BOARD 2



BOARD 3


	Slide 1: Test-to-Failure Characterization and Acceleration Signal Feature Analysis of Electronic Systems Under Repeated Shock Loading
	Slide 2: Overview
	Slide 3: Introduction
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Ongoing Work
	Slide 8: Ongoing work
	Slide 9: Ongoing work
	Slide 10: Prior Work on Common Datasets
	Slide 11: Ongoing Work
	Slide 12: Goal:  Close the Loop from Monitoring to Control?
	Slide 13: Ongoing Work
	Slide 14: Ongoing Work
	Slide 15: Ongoing Work
	Slide 16: Motivation
	Slide 17: Real-World Applications
	Slide 18: Real-world Applications
	Slide 19: Focused Study
	Slide 20: Test-to-Failure Setup
	Slide 21: System Failure
	Slide 22: Degradation Tracking
	Slide 23: Degradation Tracking
	Slide 24
	Slide 25: Feature Analysis
	Slide 26: Conclusion
	Slide 27: Future Work
	Slide 28: Discussion
	Slide 29: Board 1
	Slide 30: Board 2
	Slide 31: Board 3

