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Motivation

Composite Sandwich Structures

* High bending stiffness and strength to
weight ratio
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Background

_ ] View of
Damage in sandwich structures damaged area

* Reduced stiffness and strength

Martakos et al [1]

Previous studies
* Crack tip

. Face-sheet/core
* Subsequent damage propagation debonding
at the face-sheet/core interface can be identified

Large structures
 Difficult to access and view hidden damaged area

[1] Martakos G, Andreasen J, Berggreen C, Thomsen O. Experimental investigation of interfacial crack arrest in sandwich beams subjected to fatigue loading using a novel crack arresting device. Journal of Sandwich Structures &
Materials. 2019;21(2):401-421. doi:10.1177/1099636217695057
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Aims/Objectives

|dentify face-sheet/core interface debonding through the thin face-sheets of
sandwich beams

* Use mirror-assisted imaging methodology to view inaccessible regions and extend
the field of view of cameras

P
* Detect debond at the interface |
* Digital image correlation(DIC) et core :
* Thermoelastic stress analysis (TSA) I . 7 i
IR "\\: _______ Debonded region .
* Finite Element (FE) model o2 \
* Validation of FE models by experimental Side view Through-thickness view

data
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hermoelastic stress analysis (TSA)

TSA utilizes the thermoelastic effect to correlate the temperature
variations and the stresses in a structure subjected to elastic cyclic

loading
Thermoelastic response, AT ‘_m /\/ |
; TO dUij Q Temperature signal i
T=——Tg¢ —1.2.3
oC. dT&‘ /ZC{ fori,j=1, 2. mw %
Face-sheet |
I

Heat transferterm S \
AT = (ale-l T aZAJZ) —\‘: _________ : I \ngonded region .
TO ,DCp camera 0 P/2

A hlgh |Oad|ng freq uency S used to Side view Through-thickness view
ensure adiabatic conditions
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Combining TSA and DIC

Side view Camera view
YR SRS RTINS

50 mm

DIC
CAMERAS !

Front coated mirror

Surface
Exr Ex AN Eyy

Stress
components

Surface —
urface —

DIC measurement and the calculated
AT .
surface ——are independent of the heat

diffusion gffect
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Specimen and loading configuration

Side view Through-thickness view p Camera view

0.4 mm CFRP (IIV|7/8552)1 1

A
v

50 mm T
20 mm PVC Divinycell H100
/ Debonded region

\ ! )

| I 80 mm
1
1

P/2 130 mm

I
I
—‘— — —
cameras \
- |
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Experimental set-up

Blackout Fabric
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Thermoelastic response
x =0 (Support)

10mm debonded specimen loaded at -550N mean load with 450N

amplitude
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AT(K)

Effect of debond size on AT --

x =1 (Half Span)
Trends are similar regardless of
debond size
10mm

0018 £ = 20mm * High thermoelastic response at low
30mm . .
loading frequencies

|

|

| . . .

! * Decreases with increased loading
|

|

|

0.02 Mean-400N Amp +-300N (Average AT taken along green line)

0.016

0.014 |

frequencies
* Trend plateaus above 8Hz

| Specimens with larger debond sizes
| * Higher thermoelastic response
|
|

0.012 |

0.008
0.006 |

0.004 |

e Unable to transfer longitudinal stress in
- the debonded region

0 2 :1 els ;3 1|0 1|2 1|4 e ATat30 mMmm >20 mm > 10 mm
Loading Frequency (Hz)
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Effect of loading amplitude -

0.012
0.01r

0.008 r

0.004 -

0.002 -

a=1

m
1
|
|
|
|
I
|

m specimen (Average AT taken along green line)

mean-400amp+300
mean-450amp+350
mean-500amp+400
mean-550amp+450

\
\
/
=) N e _7
N e o o == -
2 6 8 10 12 14
Loading Frequency (Hz)
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|
x =0 (Support) |

x =1 (Half Span)

Specimens loaded at higher amplitudes
give higher thermoelastic responses

Trends are similar regardless of loading
amplitude

* Increased thermoelastic response
after 6 Hz

To observe the damaged region at the
interface through the face-sheets, heat
conduction from the sub-surface is
required
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Investigation of face-sheet/core interface

Thermoelastic Stress Analysis (TSA)

Obtains the thermoelastic response at the
damaged region at different frequencies

AT (a1A0; + ayAcy) >
TO pCp

Digital Image Correlation (DIC)

Obtains surface ply thermoelastic response

E, vy Ey 0 1
AT ) | —vipvn 11—y Ae,
%— —T[O«’l a, 0] vy Ey E, 0 7] [Ag}. ]
0 PEp | —vpvp | —vppry Agy
I 0 0 G, |
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Full-Field Data Fusion

| X108 x =0 (Support) x = 1 (Half Span)
1.1Hz
2.1Hz
31 3.1Hz
4.1Hz
6.1Hz
2r 8.1Hz
10.1Hz
n 12.1Hz
tO
|_
<
0 -
A+
L] L] -2 i
Does this represent thermoelastic

response at the interface? -30.1 012 013 0f4 0f5 0?6 0f7 O.IB oj9 1

Normalised x-direction

. Engineering and = A University of P 4 Y
Physical Sci X
phisiaseinees BRIBRISTOL 1 14 > )

Bristol Composites Institute



__“-7-3-”-1}:----1
I —

el

od

. rm

non-linea

tric

me

Geo

10 mm

o ]
i !
S |
sidevlii“:-l =
ils
eta
odelling d
V]

r 5
A 4§

Element type

led t
coup men
e tri””ear:]e”t ele
8T-8'”°ddisp'ac)e
* C3D ature- core
teml:)es;eet and
(face-

2
N
o
o
3
3

il i
i
iy

i
ummm
i il
!H(N(]ﬂﬂl

i | ‘n'mmmiiim;unumm1

_mfumf Hilimi mmmmmmmnunu_nﬂ.
1}; i um”m i

I il

-
I {ﬂ(}li;ﬂ i lHHHI
i Hﬂﬂﬂﬂ({l il um};mmnnxl Ny
mmnummmnmnmmn mu{u ﬂﬂm(I‘MﬂH Wiy Iy
mmmm’munmumu}nnmil iy il 1m_nmumm
WNHUMI it i it mn’m ﬂnmu}mmmm
{%tH&HE‘"“”“’i:fHJZ‘HJZB{%HIZPE%4.!1!"?#1;‘HA!"“”"“
’ﬁﬁa‘fﬁEHH%H!f}m{f%L’ff}iHﬂ;fIéf.’;‘f#lh‘.’f{f{';‘?ﬁ{#}
i nmmmmu it g i
ahd il _!_ﬂl[l)&lﬂ_ﬂ }I{luilﬂ Hl!EPliﬂzl'm”#lz{'ﬂml if!l_{l
Sers ic TS,

heat ion
delr d reg
mo on
) to the the deb
a<3|dit|(|)nwecI at ct.
S an i< allo conta
tAra'ﬂS]cer Ithe'rmaI
sing
by u

3
1010
23.1
H.20
ITEC
PSC
COM

16/.

0.10

://doi.0

https:

023).

03 (2

1101

41,

ol. 2

0s Sci

. Comp

n.

investigatio

erical inves

: A num

inates:

ite lamin

te

mposi

is for co

lysis

Anal

ic Stress

tic

oelas

: Therm

i G

lanotti,

Catal

. G"

. esl,

Pitarr

llo, R.,

Cappe

[2]

15
&

»

A[p

iab

v of >4
iversity o

NIVETs1 L

BRISTO

d

gin'.%‘arisr:.;gieal‘lnce.|s

En ical unci

. PhySlcrch Co

& Resea

itute
stitu
posites In
om
istol C
Bris



FE and Experimental data - A
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ATIT,

FE and Experimental fused data -‘Interface’ AT/TO
at_the left debond edge

Fused Experimental data

#*  Experiment

°[ T e TSA from IR — surface thermoelastic response

sp from DIC

4t T FE

st1 4 e Surface thermoelastic response (1-11Hz)-

N } 1000Hz surface thermoelastic response
Similar trend with the FE thermoelastic response

1 B
ol l i ' A representative ‘interface’ thermoelastic
response is crucial

o 1 2 3 4 5 s 7 8 s w n e Understand the heat transfer at the interface

Frequency (Hz)
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Summary and Future work

Interface debonded regions were observed through the face-sheets using
thermoelastic stress analysis, when cyclically loaded at low frequency

General agreement between the experimental and FE results was
observed, discrepancies possibly explained by:

* Material properties
* Potential crack growth in the core on the right debonded edges

Agreement between the fused data and FE results

Future investigation the thermal behavior between the face-sheet and
core under non-adiabatic conditions

* Investigate heat transfer effects and the source of thermoelastic
response at the interface

* Relate AT to the damage severity at the interface
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