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1. Introduction
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1. Introduction
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Schematics for THz Spectroscopy set up
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1. Introduction - Schematics for THz Spectroscopy set up
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Literature Review: Other Remote Strain Sensing Methods

Strain Mapping Method Comparison with THz TDS

Strain Gauges:
* Optical Fiber Strain Sensors
* Radio Wave Strain Sensors

-Sensors are highly reliable and widely available
-Low spatial resolution

Optical Whole-Field Techniques:
* Holography

* Laser Speckle

« DIC

* Moiré

* CT Scanning

-THz TDS will have lower resolution
-THz TDS is not able to measure a whole-field at once
-THz TDS could measure through opaque media

-X-ray has high transmittivity and resolution
X-Ray Diffraction -X-ray measures axial strain in a crystal
-X-ray produces ionizing radiation

-Raman has high resolution
Raman Spectroscopy -Measures stresses
-Does not penetrate opaque media
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2 Experimental and theoretical approach

https://www.interfacialmultiphysics.com/ 11




THz Strain Measurement through STO Dielectrostrictive Composite
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Our sensor consists of high dielectric
strontium titanate (STO) particles
dispersed in an elastomer matrix (8% by
wt)

Strain will produce changes in the THz
TDS response by:

1. Change in thickness by Poisson’s
effect

2. Dielectrostriction by change in high
dielectric particles density.
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Mathematical modelling and data reduction
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d d
So, we measure ToAxfo ormet and To Agdeformed

Note that all the dielectric permitivities ,aq,a, (since ay,a, = f(£° ™)) are directionally d pendent. Using corr lation

deformed undeformed
f — ToA'" !

equations, we compute the AToA = ToA,, simplified follows

1

C v-e —v-e 2
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0

1—2v 1—2v
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Measurement of volumetric strain for a simple open hole tensile
and lap shear specimens
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Experimental set up - STO (8% wt) + PDMS composite ‘adhesive’ on a
HDPE base plate -transmission mode
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strain

Strain step 1

Measurement methodology

THz wave Measurement
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Open hole tensile test
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Lap Shear Test - FEA analysis - Cohesive surface model - comparison to
THz- TDS scan

Lap Shear Stress Mapping
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Conclusions and summary

Tera-hertz time domain spectroscopy shows promise for interface strain and stress

measurements by using passive sensor media, a baseline approach for the same has been

established in this study.

The corelation of time or arrival and the strain/stress state in a loaded state (either thermal

or mechanical or combined loading) is the novelty of this research.

Future research will enable in-situ measurement of interface strain in bi-material and multi-

material interfaces.
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Thank you

Questions ?
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Mathematical modelling and data reduction

Medium 1: n, =1.0 Medium 2: n, = 3.0 v,, — velocity of wave c - speed of light
n - refractive index W, — magnetic permeability
g — dielectric permittivity ToA - time of arrival of a wave

https://empossible.net/academics/emp4303/ coordinate system

€11, €22, €33 — principal strains

tr, t, - final thickness and initial : : :
v - Poisson’s ratio

1, — velocity of wave ¢ —speed of light thiCkneSS Of Sample
n — refractive index L, —magnetic permeability
& —dielectric permittivity ToA — time of arrival of a wave 0 i . . ..
Y = & - dielectric permittivity of

€vols €xx> Eyy, €2z — Strainsin local
coordinate system

e™ — dielectric permittivity of matrix
material (here PDMS)

e11,€22, €33 — principal strains

undeformed composite (here PDMS
v — Poisson’s ratio + 8% STO)

tg,t, — final thickness and initial
thickness of sample

e = el —dielectric permittivity of

undeformed composite (here PDMS + €™ — dielectric permittivity of matrix Eeff - effeCtive dieleCtriC

8% STO) material (here PDMS) o .
permittivity of deformed composite
Qanten — distance between the as a function of strain

antennae

danten — distance between the
antennae

ey — effective dielectric permittivity
of deformed composite as a function
of strain
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The velocity of a wave in a media is given by

c c (i.)

C
n o &l &

vW_

The volumetric strain in a thin plate can be approximated to

€yol = €xx T €yy T €5y (ii.)
TV €yl
o = T Ty
€vol
e

Yy~ 1 2v

e —V * €ypol
zzZ —
1—2v

On tensile loading of the sample there is a thickness change in the sample that is given by

V- evol)

tr = to (1 Ty (iii.)
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The effective dielectric permittivity will be dependent on the volumetric strain at each step and is given by Shkel Y.M. and

Klingenberg D.J. (1998) as follows
g11 =%+ ay - e +az - (epor) (iv.)
gj = €O+ as-e;+ay e Oy =& = +ar- e+ a (evor)
£33 = €%+ ay - e33+ ay - (eyy)

2
2 (80 — em)
=7y gm
, . . 2
1 (e‘ — em)(S‘ + Zsm) N 2 (e‘ — sm)
a, = ——
2 3 gm 15 gm

The time of arrival of a wave is given by

d —t t \2
TOA — anten sensor + sensor
vw,air vw,sensor

Hence for undeformed sample with no strain, which is the initial case we have

ToAundeformed — dazten _ t?o + %’ [0 (vi.)
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for the deformed sample we use the final thickness given by equation iii.

(vii.)

d t t
d d anten f f
Toagg/ormet = —amten T4 I e

_ Y- €y _V: €eyol
ToAﬁ,eCformed = Aanten _ fo (1 1— Zv) Lo (1 1— 21/) \/80 + a, L ol

+
C C C 1—2v

+as- (evol)

Note that all the dielectric permittivities £°,a;,a, (since ay,a, = f(£% ™)) are directionally dependent. Using these

d d d d _. .
eformed _ opunderormed simplified follows

equations, we compute the AToAd = ToA,,
(viii.)
1

c v-e —v-e 2
ATo0A,, - (t_> = (1 — vol). (eo ta, —24a,- (ev01)> -1 ]++e%-1
0

1—2v 1—2v

1

c V- ey €0l 2
AToAyy-<—>=<1— ”")- <80+a1- = +a2-(evol)> —1 ]+ -1

to

1—2v 1-—2v
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