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Fringe patterns

natural , physical and artificial mysterious entities

Double slit

Grating
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Coherent light interference

Coherent laser light interference:
f=sin61 - sinb 2 A
created by superposition of two
mutually coherent waves

Wave superposition: Interference of left travelling (green) and right travelling (blue) waves in one

1sion, resulting in final (red) wave (image source:Wikipedia)



Holographic

Holography
Interferometry
Primarily fringes: Secondary fringes :
1) Significant in accurate Represent displacement in
reconstruction of the primary two positions of the subject
waves

2) Determine hologram’s
aesthetic, artistic, application
value




Fringe patterns

Fringe patterns: visual aid to
identify structural discontinuity

Benefits of DHSPI:
1) non destructive
2) non contacting
3) non invasive

4) highly accurate

Allows the researcher to:

- identify a variety of structural
problems

« prognoses the state of
condition

- provide a priority map of
restoration strategy

DHSPI
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RAPID INTERFEROMETRIC FULL-FIELD SHAPE REACTION RECORDING
FROM SURFACE-MONITORING

-

Examples of interferograms recorded of surface movement of model painting after a climate change from
10.5% to 44% RH following top, leftto right 1s,b8s,c16s,d22s,
bottom, left to right e 315,36 s, g 43 s, h 48 s (constant T, EMC=days)

Tornari V. et al., Sensors 2008, 8, 8401-8422;

Bemikola et al., Appl Phys A (2009) 95: 387-399
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Structural Fracture Mech:

Off-axis PS high resolution interferometry for micro-deformation detection

Spatial resolution

- 2
Image resolution ™ 25in(Brnar/2VA

e - .

Dlsplacement resolution: 266nm, A= 532 nr

Wl757

Non defected
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Structural Fracture Mech

] 2
In materials science, the strength o=F /A (N/m?)

of a material is its ability to (uniaxial stres s, F Force, A area)
withstand an applied stress ;s
without failure. Two typical deformation scenarios
¥ A..DEFECT A localized failure does NOT cause

immediate collapse of the entire structure

B. FAILURE The entire structure fails immediately
after one of its components fails

Defect driving
force

System property

The theory predicts reserve
ability of the complex system
and the critical external stress.

Ability depends on critical number of structural elements
that define whether the system has reserve ability or not.




Structural Fracture Mechanics

Van
Pigmedt
A

Pigment

Deformation analogy in artwork structural defect generation

Definition
S artwork structural mechanisms due to aging o accidental overload the structure
vl clements deformation leads to localised failure defined as
ol X% + Lost of material continuation, termed cracks

« Loss of adhesion between surfaces, termed detachments
) - Loss ofcohesion i layered surfaces, ermed delaminaions
d «Loss of constituent material strength, termed stressed area
k- LA
A e are composites with complex construction and inhomogeneous materials

Lateral expansion

or propagation
G]: o ‘\ g

Detachment expansion vertical
to surface, subsurface, bulk

=

Cracking expansi 5 (
and failure 4
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Structural Fracture Mechanics

Information retrieve

It

o AFringe pattern is a a visual representation of displacement

o The surface witness stresses from internal defects
o The surface response generates full field fringe pattern formation
with localised features representing local displacements
o The analysis leads to “topographic map" and risk evaluation







Results
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raphs of defect detection according to the size and its depth in regards to the surface in terms of fringe pattern visibility

Normalised gr
determined by spatial frequency on the surface
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Validation methodology

The anticipated method to validate defect type relies on the experimental
verification between the fringe patterns generated by controlled known defects to
fringe - patterns generated by unknown defects

Simulation Reality

Known-defects

I
!
| Experime

'

Known .

ssociated
elements in
Fringe pattems

Unknown

Fringe
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Fringe Pattern Classification




Field of view

Local vs overall ratio = percentage of anomalies used to priority maps and
evaluation of deterioration
Where:

= Overall patterns refer to total field of view of the recorded surface geometry
= Local pattern refer to defect localisation in part of overall general

Dead end fringes

‘N"“
\% suggesting surface crack
M k_

T, Curved fringes
""n‘; M suggesting internal crack

\ - ™ or detachment
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Iconography
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