LARGE AREA CAPACITIVE SENSORS FOR IMPACT DAMAGE
MEASUREMENT

Authors: Alexander B. Vereeng, Austin Downey2P, Subramani Sockalingam?, and Simon Laflamme¢

Affiliations:

a) Department of Mechanical Engineering, University of South Carolina, Columbia, SC 29208, U.S.A.

b) Department of Civil Engineering, University of South Carolina, Columbia, SC 29208, U.S.A.

c) Simon Laflamme, Department of Civil, Environmental, and Construction Engineering, lowa State University, Ames, 1A 50011

Corresponding Author: avereen@email.sc.edu

il

UNIVERSITY OF

South Carolina




INTRODUCTION

Impact damage In composites can induce
damage that can dramatically effect toughness

of the material.
The magnitude of the loss of toughness not

apparent on visual inspection of the material

NDT methods commonly incur non-trivial
opportunity costs while parts are imaged

» Ultra-sonic
* Acoustic Emission

 Radiography

Impact Site along top face

Posterior deformation from
the impact

Ultrasonic image of composite blowout
damage courtesy of iMAP's lab U of SC.
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The soft elastomeric capacitor (SEC) is a flexible electronic capable of
monitoring strain over large areas as a singular sensor or as a networked
applications. The sensor benefits strongly from measuring the sum of
strain along the plane allowing the capture of strain.

high-resolution
DSN/HDSN

Rowney et al. "Experimental wind tunnel study of a smart sensing skin for condition evaluation of a wind lsjoé South Carolina

turbine blade." Smart Materials and Structures 26.12 (2017): 125005.




SOFT ELASTOMERIC GAPACITOR FOR IMPACTS

Matrix
‘ cracking

The soft elastomeric capacitor or SEC is a state-based To~—0_ 7_
sensor that can describe the aggregate strain under the T

bonded area. The sensor benefits strongly from measuring e

initiation

the sum of strain along the plane allowing the capture of
strain. The sensor measures strains that would induce
delamination in other sensors due to its large bonding area.
Allowing the study of cracking and more in the field of
composites.

Large areal
deformation

Bouvet et al. Low velocity impact modeling in composite laminates capturing permanent indentation.(2012) Uof .
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THE SOFT ELASTOMERIC GAPACGITOR

 Functions as a parallel plate capacitor

 Respond to changes in the sensor
geometry

* Linearly in sensor area and inversely to
thickness

* Inherits the mechanical properties of an
elastomer
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Parallel plate capacitor
Gradient w.r.t. deformation

+ Assume uniformity of deformation

w Al lw Ah)
h h?2

Normalize difference in capacitance
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Normalized difference in capacitance
Definition of strain
Plane stress assumption

Capacitance in areal deformation
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MANUFACTURE

Toluene

1) Dissolve SEBS in toluene

2a) Disperse Titania (TiO2) by 2b) Disperse Carbon Black (C) by
sonication in the SEBS solution sonication in the SEBS solution
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a)

a) The dielectric is drop cast onto a glass pane

b) The carbon black SEBS solution is then painted onto the
dielectric in progressive layers

c) Two copper tabs are used for metallic connections to connect
to the data acquisition system
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PROPERTIES

* The manufacture of
the SEC makes the
scaling of the sensor
trivial

* The Elastomer
matrix can extend up

to 500% its original
length
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STUDY MATERIAL

Glass Fiber Reinforced Plastic or
(GFRP):

* Fiber orient: Random
Fiber length: Short
Matrix: Polyester

Fiber material: Glass
Dimension: [4 x 6 x 0.125] in?
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OUT OF PLANE VERIFICATION
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SUPPORTING FER INVESTIGATION
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SUPPORTING FER INVESTIGATION

A i
C = €o€r Parallel plate capacitor

(%_2_8) _ Ajhy
~ Aghy

1 Normalize difference in capacitance
ho

pV1 = pVy = A1hy = Apdy Preservation of mass

AC
Co Normalize difference in capacitance
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SUPPORTING FER INVESTIGATION

: SEC location
displacement

condition

swappable boundary
condition
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SUPPORTING FER INVESTIGATION

Simply support all edges

—-—==- expermental mean *= C.I. 99%
—— abaqus model

capacitance (A%)

T T T
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deflection by boundary (mm)




SUPPORTING FER INVESTIGATION

Fixed support long edges

-==- expermental mean = C.l. 99%
—— abaqus model

capacitance (A%)

N T South Carolina

deflection by boundary (mm)




SUPPORTING FER INVESTIGATION

Fixed support short edges

—-==- expermental mean *= C.I. 99%
—— abaqus model

capacitance (A%)

0.4
0.2
0.0

3o > | South Carolina
deflection by boundary (mm)




IMPACT STUDY
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DROP TOWER

loadcell

striker-head

- | Js G :
timer posts ——» | . ® composite

specimen
timer —»4 .
specimen stage /
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Drop Tower

Specifications

Impactor mass 6.5 kilograms

Rail length 1 meter

Maximum energy = 20 joules

Indenter Hemispherical
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Drop Tower

Timer records in
microseconds

» For average velocity in
the 3.5 cm before impact
to calculate impact
energy

Impactor caught before
second rebound
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Esys = Txinetic — Upotential — Ustrain = 0 Energy balance at time of contact

AUstrain = ATkinetic — AUpotential Ignoring frictional losses

2 2

AUsgrnin = M —~— — mgAh Energy remaining in the plate after
. impact
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RESULTS
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energy absorbed by the plate (J)

Nominal proof resilience of GFRP
2.88J t0 5.20J

Safe impacts are denoted as the range
below the lowest range at 2.88;

Marginal impacts denoted as the
range below the range between 2.88j
and 5.20J

Unsafe impacts are denoted as the
range below the highest range at 5.20J
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RESULTS

Selected samples from the safe, marginal, and
unsafe regions of the distribution

a) asample in the safe region subjected to a
1.03J impact

b) asample in marginal region subjected to a
2.84J impact
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c) asample in unsafe region subjected to a 5.14J
Impact
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= The trial demonstrated the efficacy
|| e 7| of the SEC in determining the

' < failure in the composite plates. The
sensors correctly identify failure
states In the composite. Registering
Impacts below the proof resilience.
1|25 IISO 1I7'5 . 260 2I25 2|50 2|7’5 3|00 3|25 SuggeSting a userI perceptlon in

eneray absorbed by the plate () barely visible impact detection.
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CONCLUSIONS

The sensors benefit from being a
large area electronic capable of
measuring the entirety of the
deformation in the impact. This
allows the state assessments to be
made about material health. With
the robust characteristics of the
sensor the material can fully enter
and be observed in its failure
modes as well.
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