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Motivation
Advanced composites in the aircraft industry
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Motivation
In-situ failure analysis of multidirectional composites

Progressive and ultimate laminate failure Objectives:
» Detection of failure initiation
« Tracking failure evolution

* Quasi-static and fatigue load

Detection of
failure initiation

Tm
failure evolution

displacement

—M| unversity

OF APPLIED SCIENCES

M.G.R. Sause, In Situ Monitoring of Fiber-Reinforced Composites, Springer,2016 omercsTeRREcH ) UPPER AUSTRIA




Motivation

Fatigue-behavior of composite materials

homogeneous material
single crack formation

fiber reinforced material

multiple crack formation
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Test specimens
Multidirectional laminate of CFRP

Stacking sequence:
[05/90,/(£45),]s — 2.33 mm

Type I
Without stress concentration

Type Il:
Impact damage (1J, 2J, 3J, 4J)
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Quasi-static uniaxial tensile tests

Experimental setup — In-situ passive thermography
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machlne T e a IR camera

IR camera Tensile test machine
FLIR X8400sc Messphysik BETA 200-4/6X16
1024 x 256 pixel (920) Test speed: 2 mm / min
50 FPS Maximum stress: 0,,,, = 550 MPa
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Quasi-static uniaxial tensile tests
Type I — Transverse matrix cracking

Temperature
sequence: Temperature
0-160s

Temperature
image t;

Difference
image t,

Line profile
tl - t2

|

n
i
lll

il

|
[
||l
!

|

| 1

\\ /\‘

[

‘4 Hr I
|

|
||

|

W i

M

L4 ””” \, |

el
i

‘a‘ M\
L 'h

\

"
i

| I ‘W
| | ,'M\!H‘/’
d

UNIVERSITY

rosterreicH ) UPPER AUSTRIA

|

|

\“
\




Quasi-static uniaxial tensile tests
Type I — Transverse matrix cracking

Temperature  Difference Mean profile image
sequence: image: for
0-160s t-t, matrix cracks tracking
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Measurement time (strain)
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Quasi-static uniaxial tensile tests
Type I — Transverse matrix cracking

Number of cracks N

strain ¢, (%)
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Quasi-static uniaxial tensile tests
Type I — Transverse matrix cracking

stress o, (MPa)
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Fatigue uniaxial tensile tests
Experimental setup — Pulsed thermography

Servo-hydraulic tensile test machine
MTS 370.10 Landmark £100 kN
Frequency = 10 Hz
Maximum stress: 0,,,, = 500 MPa
Minimum stress: 0., = 50 MPa

Pulsed thermography setup
IRCAM Equus 81k M Pro
Flash light: Blasing G6000z
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Fatigue uniaxial tensile tests
Pulsed thermography — temperature evolution

thermogram after

10k cycles
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Fatigue uniaxial tensile tests
Principle of Pulse Phase Thermography (PPT)

-0.6 -

-08# 5 -1.1

phase ¢ (rad)




Fatigue uniaxial tensile tests
Type II: Impact damage without tensile loading
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Fatigue uniaxial tensile tests
Type II: Comparison with 3D-Xray Computed Tomography (XCT)

Impact 2 J Impact 3 J Impact 4 J
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Fatigue uniaxial tensile tests
In-situ PPT with separation of the strain rate
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Fatigue uniaxial tensile tests
Damage progression under increasing number of cycles

Increasing number of cycles up to 250 k
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3D Thermo-Tomography

Virtual Wave Concept for Image Reconstruction

Experimental setup Transient temperature 2D result representation

Excitation @/IR camera

Evaluated Real
defect size defect size

Subsurface =
pixel x o
defect PEECs pixel x
Photothermal Postprocessing
signal detection = IHCP  using eg. TSR

&
Linear severely ill posed 3D result representation
discrete inverse problem

Regularization
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3D Thermo-Tomography

Damage Imaging

defined loading
AF orce material damage

-

macro cracking

macr,o
cracking

delamanation

active IRT measurement

.
R-CAMERA

A 4

3D reconstruction of
internal defects

Ssaul| 10943p
30BNS 3|qISIA

Virtual Wave Field

0 20 X [mm]

y [mm]
- 3D Virtual US reconstruction
| e e T

2 %
€ 15} p
S

SEITE |

g UNIVERSITY

OF APPLIED SCIENCES
oserosterreich ) UPPER AUSTRIA




3D Thermo-Tomography

Virtual Wave Concept for Image Reconstruction
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Conclusion

« The initiation and progression of matrix cracking in a
carbon/epoxy laminate can be detected in-situ with passive
thermography

« The detected matrix crack density function explain the measured
stiffness reduction due to tensile loading

« The frequency separation in PPT allows the in-situ identification of
the delamination size without any disturbance of the mechanical
loading and deformation

« The Virtual Wave Concept enables a 3D imaging of the defect with
increasing fatigue
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Outlook

Application on components under fatigue loading
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