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EPM V3 R5C

Introduction

Importance of structural health monitoring.
Current systems in use and their features.
Problem statement:
« Long-term data collection.
* Rapid large-scale deployment.
« Transmissibility losses.
* Proposed approach:
Stand-alone sensor package.
UAV-delivery system.
Transfer function-based compensation > 4
method. | electropermanent

magnet

sensor package

T electropermanent
ferrous plate PRS- magnet
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Sensor package breakdown

* Features:
UAV deployable sensor package designed
with high mobility in mind.
Power and memory storage subsystems in
anticipation of long-term deployment.
Wireless subsystem for data transmission
and IO commands.
Docking subsystem utilizing
electropermanent magnets.
Frame of the package designed with
minimizing transmissibility losses in mind. et
Maximum sampling rate 28 S/s. structure

delivery )l

harness

deployed
sensor package

deployment
drone
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Sensor package breakdown

« Hardware:

Processor: ARM Cortex-M7 on Teensy 4.0 microcontroller.

SCA3300-d01 MEMS accelerometer.
EPM V3R5C electropermanent magnet.
Nonvolatile memory (SD card) for long-term storage.

Lithium polymer battery, voltage regulation and monitoring.

NRF24L01 Nordic Semiconductor wireless transceiver.
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initialize magnet
(deployment)

collect acceleration
and time data

Developed on Arduino IDE and deployed on an ARM Cortex-M7 processor. v
 Algorithm: store data
- Initialize the magnet signaling start of deployment. in buffer
» Acceleration data is periodically collected. v
Data collected in a buffer to enable high sampling rates. standby mode move data fo
74,000 timed samples are collected then transferred onto the memory:. permanent memeny
Code initiates standby mode which turns modules off to converse power. Y
Microcontroller and wireless module remain on for communication.

Sensor package breakdown

establish wireless
connection

User interface:
« A connection is achieved over 2.4 GHz ShockBurst protocol.
- User can monitor operating conditions of the sensor package. e
* Retrieve stored data.

* Issue commands to electropermanent magnet for retrieval. v
disengage magnet
(end deployment)
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Deployment and retrieval

Package is mounted onboard UAV.
Contact is established with test
structure.

Electropermanent magnet on sensor
package initiates.

UAV electropermanent magnet
disengages.

Sensor package periodically collects
data.

UAV approaches structure and
establishes contact with package.
Electropermanent magnets toggle.
UAV retrieves sensor package.
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Transfer function-based filter

« Approach and assumptions:
* Input-output relationship is acquired using frequency sweep excitation
(Chirp).
A model of the physical sensor package (Gp(s)) is created.
Assumptions made about the plant Gp(s):
* Linearity
« Causality
* Minimal-phase system
Gp(s) is inversed creating the filter Gp~1(s).
Using Gp~1(s), the influence of the plant is attenuated.
True acceleration obtained given only the output of Gp(s).

acceleration acceleration
input

input output 1
b Gp(s) > Gp (s) >

acceleration




Methodology ; Experimentation >> Results and Discussion >> Future work >

z(t) = sin(1 + 27 U1 = fo) )2+ fot)

Transfer function-based filter 2T

-10

excitation signal FFT

* Model Training: excitation signal |

« Using a chirp function: ‘ s
« x(t) = frequency sweep function
* fo=0.1Hz
« f, =209Hz

e T=40s
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Bench-top testing (Training)

« Experimental parameters:
Bandwidth of interest: 0.1-20 Hz
Excitation source: Electromagnetic shaker
Reference accelerometer: Piezoelectric
model 393B04
Sensor package hard-wired trigger.
Sampling rate: 1600 S/s

)

graphical user
interface

power
amplifier

reference
accelerometer

data
aquisition

sensor package

electromagnetic
shaker
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Bench-top testing (Training) T reorencodaa| 1 [ refrence FET
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« Experimental procedure:

« Synthesized Chirp voltage signal is
fed into the shaker for excitation.
Reference accelerometer and
sensor package are synchronized
using a digital trigger | . . | | |
Through this experiment an input- n ' 10

output relationship is established. frequency (Hz)
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acceleration
output

acceleration
input

acceleration

input -
> " Gp™(s) >
|

Bench-top testing (Training) 1

4

Ref FFT

* Model training: [~ et | | | [ |
Multiple data sets are used in modeling. | iy — e |

Input: Reference accelerometer

Output: Sensor package
Transfer function model Gp(s) is construc
Transfer function is then inversed creatin

20 10 15

filter Gp~1(s). |
time (s) frequency (Hz)

acceleration (g)

Inverse plant transfer function:

Gp1(s) = s3 + 668.852 + 2.937 * 10%s + 3.58 * 104
p = 1.12353 + 652.152 + 3.067 * 1045 + 7.393 * 10




; Methodology > Experimentation > Results and Discussion >> Future work >

electromagnetic

Structure test (Validation) = shaker
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« Experimental parameters:
« Steel test structure is constructed.
« Data acquisition system:
» Analog output generate excitation signal
 Digital trigger to synchronize sensor package
and reference accelerometer.
« Data logging of reference acceleration.
« Signal-to-noise ration was used to measure
performance.
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electromagnetic
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« Experimental procedure:

« The sensor package is mounted onto test
structure along with a reference accelerometer.
The electromagnetic shaker is secured on top as
the source of excitation.

The package and reference accelerometers are
triggered.

Chirp signal is routed to shaker through an
amplifier.

Data sets are examined with and without filtering
to gauge performance.
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Experimental outcomes

 Structure test (Validation):

Filtered signal traces the reference with high

correlation.
Frequency domain indicates enhancement in

the range of 6-20 Hz.

Error percentage is considered negligible
between 6-14 Hz (<0.4%).

Signal-to-noise ratio pre and post filtering is
shown

Pre-filter SNR | 16.74 dB
Post-filter SNR | 17.94 dB
SNR increase 1.2 dB

Future work
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« Findings and limitations:
« Diminishing returns of the filter can be
observed in the range below 5 Hz.
* Analog-to-digital converter (ADC) lack
adequate resolution to detect the low- . . ‘
energy signal found in lower frequencies. e ot filtr | I
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« Future work
« Sensor improvement
* Improve resolution of analog to digital
converter onboard the sensor package.
* Investigate sensor network deployment.
« Edge implementation
« Discretize transfer-function filter.
* Investigate the feasibility of microcontroller
implementation.

On-edge
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