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Introduction
Light
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2.jpg?__blob=normal
Sensor

https://www.environmentalengineering.org.uk/wp-
content/uploads/media/Polariton-fluid-emits-
clockwise-or-anticlockwise-spin-light-by-applying-
electric-fields-to-a-semiconductor-chip.png
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EML is a type of luminescence
induced by elastic deformation

Fracto-ML (FML .
Deformation et L (FHIE) applled to §tructure.
mechanoluminescence Plastico-ML (PML) " Elastic Ioading
(DML or DL) [ Elastico-ML (EML) ]ﬁ > i
Mechanoluminescence
(ML)
Electrically induced TML Luminescence
Tribo-

; Chemically induced TML
mechanoluminescence

(TML or TL) Thermally induced TML

Classification of different types of mechanoluminescence.

H. Zhang, et al., Recent development of elastico-mechanoluminescent phosphors,
Journal of Luminescence. 207 (2019) 137-148. doi:10.1016/j.jlumin.2018.10.117.
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( Electromagnetic Spectrum ) > —
< Increasing energy
Strontium aluminate, europium and dysprosium
doped (SAOED)
lreaosing el > « Emission Color: Long persistent green
0.0001 nm 0.01 m 10nm  1000nm 001em  1cm im  100m phosphor (500 — 600 nm)
Gamma rays Xsays Ultra- Infrared Radio waves * Storage: Room temperature
. * Form : Powder
— D M * MW:209.11 g/mol, MP: > 1200 °C
/-meregion:mo-zsoo nm * Formula:Sr, . Eu, ,,Dy, ,AlO,
: - : * Activation wavelength band: 200 — 450 nm
(365 nm optimal condition)
380 NM§00 Am 500 nm 600 nm 700nm 760 nm EM waves
. J
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Objective

To investigate a valid EML phenomenon to monitor structural health condition (strain sensing).

 Indication of quantitative data from EML sensing to interpret structural health monitoring.
« Indication of interaction force between EML phosphors and elastomeric resin.

« Correlation to cyclic loading applied to samples and IR temperature change.

« Comparison of mechanical properties such as tensile strength and modulus of samples

under the cyclic loading.

Potential application:
Structural self-monitoring by functional elastomeric components under the repetitive loading.
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Materials

Polyetherimide veil PDMS (Polydimethylsiloxane)
H3
» To increase fracture toughness ~ | .0 | .0 | e
« To trap ML phosphors in the matrix resin S|| S|| S||
H,"

Technical Fibre Products Ltd.
» To be a potential application for functional

Luminescent phosphors elastomeric components
» To figure out structural health of the

elastomeric matrix
SrAl,O,: Eu?*, Dy3*

« To investigate structural health monitoring
Sigma Aldrich
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Manufacturing

SAOED: 10 wt % volume fraction 00
of the pre-polymer base (PDMS) ‘K\‘ﬁ‘“

=

PDMS/SACED Planetary mixer
particles{Curing agent

Sample size: 57.5 x 6 x 3 mm,
gauge length 16.5 mm (ASTM
D412-16, 50% scaled down)

Mould
[a—m
SAOED-PDMS mixture
Polyetherimide veil
Mould
Luminescent particles (SAOED) impregnated in the
Elastomeric luminescent composites elastomeric matrix and polyetherimide veil
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Characterisation

e o s R \ .3 § s i
SAOED luminescent particles A «

Fig. Scanning electron microscopy (SEM) images of EML/PEI veil composites.
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Modified Micromechanical Modelling

Halpin-Tsai (HT) Modified HT z13 z|3
Matrix
1 V ER — 1 + ZT]fo + ZniVi i Interphase
R 1- T]Vf
E; Ef nf=<§—f—1>/<§—f+i>
0= (g -1)/(5-+¢) n n

_ [ E; 1 E;
c=2<§>+4ovf1° "”(E_ >/<E+(>
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Modified Micromechanical Modelling

Mori-Tanaka (MT)

Modified MT

(CC

= €™ 4 V((Cf = C™)AS) (Ul + V,(AT)
AS

= [1+s(c™)~t(cf —cm)|”

(Cc
= C"+ (Vs +V;)(C = C™)AST + V;(Cf — €A |
X [Vl + (V5 + V) AT

ATt
Si1n1 = Sazzz = S 7=y v L
1111 = 92222 — 93333 — /. __ . f _ m\ “m
15(1- ) Sy [s+ (@ —emen
S1122 = S2233 = S3311 = S1133 = S2211 = S3322 i ; 1 -
— S Ct—Ccm cm
_ Sy-1 AR ) e
15(1 —vy)
Siztz = Syszs = Syrgr = 0
1212 = 92323 = 23131 — 15(1 _ vf)
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Results
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Forward stroke Stroke midpoint Backward stroke

Fig. Cyclic loading.
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&,
Y, &
#s . m Eu2+- h* Conduction band
V 6 1 A J A 4 i
4fe5d & . | SAQED lattice deformed
Relaxed holes JE t Eu > v :
Metastable state Vo Dy3* Dy?*  Cyclic load)
Strain energy
< '
5 I
v Decrease of trap depth
< 47 —O—@- ,
— De-trapping '
V AL EE LR

Light emission

Relaxing on a lower energy level Valence band

Fig. EML mechanism of the polyetherimide veil incorporated with phosphors in a matrix.
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2.00E+11 z13 z|3
i Matrix —-— a=0.1 Matrix
1.80E+11 1 © .
‘::', e ™ =0-2 i . Interphase
1.60E+11 ' ,
£ 1408411 1 P =03 p )y y
E 1.20E+11 - Interphase - a=04 XZ- T
=
= a =0.5
2 1.00E+11 Propertic PDMS SAOED
S 8.00E+10 s (matrix) (particles
§ )
< 6.00E+10 Young's  0.556 102 GPa
-y modulus MPa [1]
4.00E+10 [1] Yamada et al., "Ab initio calculations of the
mechanical properties of SrAl,O, stuffed
2.00E+10 tridymite." (2007): 126103.
0.00E+00 ol Fig. Interphase elastic
R/ | Ry | properties as a function of
' thickness in the interphase
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092 Properties PDMS SAOED
(matrix) (particles)
Young’s 0.556 MPa 102 GPa
modulus
HT-interpiase Poisson’s 0.45 0.23
—a— Experimental result .
—a— MT-interphase ratlo
"‘::T Ref. From [1]
experiment
0.15 [1] Yamada et al., "Ab initio calculations of the mechanical
' properties of SrAl,O, stuffed tridymite." (2007): 126103.
0.05
0 2 4 o 8 9 Fig. Young's modulus of
v (%) composites with comparing
micromechanical models and an
o experimental result.
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Conclusions

« EML phosphors in a transparent matrix exhibit strain-driven monitoring
behaviour.

* Phosphor particles increase elastic modulus and luminescence with cyclic
loads.

 Strain sensing is applicable for repeated use in mechanical response.

« EML information is readable at higher cyclic loading.

* The strain sensing exhibits linear and durable characteristics as a sensor.
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