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* Thermoelastic Stress Analysis and non adiabaticity in composite laminates

* Numerical Model
* Experimental setup and material properties
 Comparison between numerical and experimental results

* Analysis of the effects of surface resin layer and loading frequency on the
thermoelastic response

* Coupon with non-uniform temperature distribution

* Conclusions
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N
A T, (Ci111 - @11 + Cri22 - @ + Cyy33 - @33) - Aeggq +
L300« AT = =~ v +(C2211 - @11 + Caz22 - A2z + Co233 - A33) - Mgy +
\ é AT, P +(C3311 - @11 + C3322 - Q22 + C3333 - A33) - Aga3
|

Each ply represents a different heat source depending on its orientation, generating through-thickness temperature
gradients - non adiabatic behaviour.
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Via a Python script, a parametric model has been developed
in Abaquis:

 Geometry (H, W) of the specimen, number (N) and
thickness (T) of plies, lay-up, material system are fully
customisable.

* Inclusion of a surface resin-rich layer (RRL).

* Symmetric displacement with a sinusoidal waveform applied
to upper and lower faces of the specimen.

e Conduction between plies.

* Coupled temperature-displacement analysis (C3D8T brick
elements).

*For more details on the model: Cappello, Riccardo, Giuseppe Pitarresi, and Giuseppe Catalanotti. "Thermoelastic Stress

Analysis for composite laminates: A numerical investigation." Composites Science and Technology (2023): 110103.
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NT11

+7.394e-01
+6,136e-01
+4.879e-01
+3.622e-01
+2,364e-01
+1.107e-01
-1.506e-02
-1.408e-01
-2.665e-01
-3.923e-01
-5£.180e-01
-6.437e-01
-7.685e-01

e Carbon fibre

* Loading Frequency: 20 Hz

* Layup [0/45/-45/90]s
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0.5 Hz

Experiments

-
[

Time

Property

IM7/8552

Young’s modulus E; (GPa)

Young’s modulus E, (GPa)

Poisson’s ratio v,

Shear modulus G;, (GPa)

Fibre V¢ (%)

Thermal expansion coeff. a; (10 K1)
Thermal expansion coeff. a, (10 K1)
Thermal conductivity k; (W m K1)
Thermal conductivity k, (W m K1)

159.5*
10.1*
0.325*
5.14*

Layups

Loading frequencies (Hz)

Ply thickness (mm)
Number of loading cycles

Resin layer thickness (um)

[0, 0, 0, 45, -45, 0],, [0, 45, -45, 0, 0, 0],
05,11,2.1,31,41,5.1,61,7.1,8.1,9.1,10.1,

12.1,15.1,17.1,20.1, 22.1, 25.1, 27.1, 30.1

0.125
3

(5,12), (8, 25)

Experimental sampling frequency (Hz)

Numerical sampling

383.0

50 points per cycle

Density p (Kg dm3) 1.57*

Specific heat C. (J Kg1 K1) 857
Property Epoxy resin
Young’s modulus E (GPa) 3.8
Poisson’s ratio v 0.35
Shear modulus G;, (GPa) 2.71
Thermal expansion coeff. ar (10 K1) 53.5
Thermal conductivity k (W m K1) 0.2
Density p (Kg dm3) 1.153
Specific heat C. (J Kg'1 K1) 1110

Bl University of
UEI BRISTOL

%

UNIVERSITY OF

BATH

UNIVERSITY OF

= _ University of
Southaympton EXETER




Load
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Young’s modulus E; (GPa) 159.5*

Young’s modulus E, (GPa) 10.1*

0.5 Hz Poisson’s ratio v, 0.325*

Shear modulus G;, (GPa) 5.14*

/\ /\ /\ Fibre V; (%) R.0*
Thermal expansion coeff. a; (10 K1)

\ \ Thermal expansion coeff. a, (10 K1) -
\ \ Thermal conductivity k; (W m K1) 5 E.a '_
\/ \/ Thermal conductivity k, (W m K1) 0.6 i

Density p (Kg dm3) 1.57* 1
Specific heat C. (J Kg1 K1) 857 :

25. Thermography-based Nondestructive Evaluation (NDE), Process Monitoring, Data
Fusion(Hemlock/Oak)— Monday 3™ (05:10 PM)

A Tool to Obtain the Coefficients of Thermal Expansion for CFRP Composites using Full-
Field Data Fusion #17536 R. Ruiz-Iglesias
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[0,45-45,0,0,0]s— RRL = 8um [0,0,0,45-45,0]s— RRL =5 pum [0,45-45,0,0,0]s— RRL =25 um  [0,0,0,45-45,0]s— RRL =12 pm
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[0,45-45,0,0,0]s—

RRL =8um

Experiments vs Model results 4
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Numerical results:

[0, 0, 0, 45, -45, 0], 7.1 Hz
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le—4 [0, 0, 0, 45, -45, 0] 7.1 Hz
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SRRL 5 um

SRRL 12 um
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[0, 0, 0, 45, -45, 0] 0.5 Hz
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SRRL 8.8 um

SRRL 25 pum

le—4
)
1.6 1 —-@— amplitude =¥— phase L 150
1.41 : :
100
1.2 4
1.0 20 5
e S
F 0.8 Lo o
0.6 1 L-50 *
0.4 4 F—100
0.2 4 . . . . .
. . . . . F—150
00 Oply :“Oply :Oply :-45ply:45ply = 0ply [SRRL
0.0 0.2 0.4 0.6 0.8
Thickness [mm]
le—4 [0, 45, -45, 0, 0, 0] 0.5 Hz
)
161 —@~ amplitude . —¥— phase | o,
1.4 : :
100
1.2 1
1.0 20 5
o S
E 0.8 -0 o
0.6 1 --50 &
041 - -100
0.2 4 . . . . .
- - - - . F—150
0.0 Oply :Oply :2Oply :-45ply:45ply :0ply [|SRRL
0.0 0.2 0.4 0.6 0.8

Physical Sciences

[0, 45, -45,0,0, 0] 0.5 Hz

Thickness [mm]

0.5 Hz

Bl University of

WE] BRISTOL

[0, 45, -45,0,0,0] 7.1 Hz

engneeringna  INUIMIETICA] results:
Research Council O, 45, _45, O, O, O S

le—4
T
161 —@- amplitude =%¥— phase L 150
1.4 4 : :
100
1.2 1
1.0 20 5
e ' 3
F 0.8 Lo >
0.6 --50 *
041 - -100
0.2 A . . . . .
. . . . . I —150
0.0 Oply :Oply :Oply :-45ply-45ply :0ply |SRRL
0.0 0.2 0.4 0.6 0.8
Thickness [mm]
le—4 [0, 45, -45,0,0,0] 7.1 Hz
T
1.6 1 —@~ amplitude . —¥- phase | ;..
1.41 : :
r 100
1.2 1
1.0 0 5
e ©
F 0.8 Lo >
< ©
£
0.6 F =50
041 - ~100
0.2 . . . . .
. . . . . F —150
0.0 Oply Oply :Oply :-45ply:45ply :0ply |SRRL
0.0 0.2 0.4 0.6 0.8

Thickness [mm]

/7.1 Hz

UNIVERSITY OF

BATH

A

University of
@Southampton

1

e—4 [0, 45, -45, 0, 0, 0] 30.1 Hz

1.6

1.4 1

1.2 1

0.2 {

-@— amplitude

0 ply EOply EOpIy 5-45ply:45p|y50p|y

T
=% phase

0.0

“0.0

le—4

0.2 0.4 0.6
Thickness [mm]

[0, 45, -45, 0, 0, 0] 30.1 Hz

0.8

1.6

1.44

1.2 A

0.4 1

0.2 1

-@— amplitude

0 ply fOply EOpIy 5-45ply:45p|y50p|y

T
=¥ phase

0.0

“0.0

0.2 0.4 0.6
Thickness [mm]

30.1 Hz

UNIVERSITY OF

EXETER

0.8

o ‘ES\

F 150
100

50

o
Phase [deg]

=50

r—100

F =150

F 150

100

F 50

o
Phase [deg]

=50

F—100

F =150



enenens . (-SPAr COUPON: ‘
& Research Council [(45/_45)3/(0/90)3]5 GETES*

Thermoelastic
Layup: response (AT)
[(45/-45)3/(0/90);]s

0.03

Strip specimen 0.025

extracted from =
CFRP component g o i Measured RRL
| thickness = 20 um

10.02

10.015

0.01

Unknown material

. 0.005
properties
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Thermoelastic response (AT) at 10 Hz
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* Thermoelastic response in CFRP laminates is highly dependent on testing
parameters (i.e., loading frequency), material properties >non adiabatic
phenomena in the thickness direction.

e Small variations in the thickness of the surface resin layer can strongly affect the
measured thermoelastic response.

* The proposed numerical model allows the interpretation of the through-the-
thickness heat transfer phenomena and facilitates the use of TSA for full-field
model validation on composites.

* The model is able to replicate non-uniform temperature distributions due to the
presence of edge effects in complex layups.

* The model will be used to tune experimental setup and optimize testing
parameters for the identification of subsurface damage using TSA.
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