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= In the mid 20" century, experimental
-methods In solid mechanics focused on

. point-wise measurements for quantitative
. data

2 =»“
- Early full-field measurements were made %
In photo-elastic, polymeric materials
. = Through-thickness average effects

= Local effects using a complex method
known as “stress-freezing”

.= The advent of lasers and interferometry

. methods circa 1960s provided investigators
- with new full-field measurement ;- ;
. capabillity.

= Recording was via film media



http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=8i1Dpl5riEdmpM&tbnid=wa-jVQBH1Ma3eM:&ved=0CAgQjRwwAA&url=http://alpha1.infim.ro/cost/pagini/handbook/chapters/holo.htm&ei=UxQuUdXXAouw8AT92oHQDQ&psig=AFQjCNEy78KgnwiFGWzMp1as24LZeXh42Q&ust=1362060755081679
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=tp2V4e7oQUmN3M&tbnid=IaUe12e4KgNzyM:&ved=0CAgQjRwwAA&url=http://www.fysikbasen.dk/PrintPopupENG.php?id=92&ei=wRUuUcC0BJOo8gSWvIGQCA&psig=AFQjCNFN8I5AWgkKenlHXeBNHpjVnSwF9A&ust=1362061121159986

O T

(o]
S
S

-

{o
O
L
wd

=

@)
(Vo)
Y

o

)
byt

(72

-

v
2

c
=

= Vincent J. Parks, 1980

s Experimentally showed that the range of
displacement measurements that was possible
using speckle photography was limited due to de-
correlation.
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= 1980, William F. Ranson and Walter H. Peters Il

= For 2D, through-thickness averaged, ultra-sound applications,
proposed approach for conversion of digitized ultra-sound images
into estimates for local surface displacements by employing
continuum-based matching principles

= 1982, Cheng and Sutton; Sutton and Wolters

= Developed non-linear least squares approaches using first-order
gradients in a matching function to obtain local displacements.

~© 1985, TC Chu et al

= Using a DAGE MTI analog camera to record
iImages of a speckle pattern at 8 bits, demonstrating conclusively
that the method could be used to measure deformations

= Translations, large or small
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= Rotations, large or small 2 i

= Strains, large and relatively small i b
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figure 24
Correlated Data for finite Strain Test
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o 1989, Bruck et al

- Developed and demonstrated order of magnitude
speed improvement using Hessian-based
methodology for computing iterative improvements in
optimal matching positions of subsets

= Used linear shape functions for subset-based
matching

o 1993, Luo, Chao et al

= Developed a stereo-vision system and verified the
ability to make local strain and deformation
measurements in cracked material

o 1996, Helm, McNeill et al

= Developed a robust stereo-vision system and
demonstrated used on full-scale aero-structures as
well as on laboratory-scale specimens

= 2000, Bay et al

= Extended 2D and 3D methods to volumetric images
and performs digital image correlation on volumetric
elements on the interior of a material

= Limited to those materials providing sufficient contrast
during tomographic imaging
= Requires a tomographic imaging facility
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. o The rapid growth of computer technology [5 s o2

. that spurred continued growth of computa- — pissases

. tional methods also provided the foundation

. for the explosion of growth in vision-based

. full-field experimental measurement

. method

| = 2D-DIC for SEM, AFM and planar
loading and surfaces

= 3D-DIC for general motion and
deformation of curved or planar
surfaces

= V-DIC or Digital Volume Correlation for
interior deformation measurements in
opaque solids 14

= Today, the methods are used worldwide by
. scientists and investigators seeking to obtain
. full-field quantitative measurement of motions
. and deformations.
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Single CCD camera positioned perpendicular to object surface.
= Specimen has a random pattern on its surface
= Uniform illumination is provided by white light sources

» Loading nhominally in-plane, minimizing out of plane motion
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2D Image Correlation: Basic Concepts

General Remarks

= Relatively simple to use under both laboratory and field conditions
= Relatively simple pattern application for many applications

= Not so simple for microscale applications
= Data acquisition and data analysis procedures are well established

= Successfully used to make measurements on a range of specimen
sizes from 0.01 mm to 2m

= Near real time analysis, with data analyzed at > 15000 subsets per
second

= Accuracy nominally unaffected by large in-plane rotations or
translations
= Strain levels over 300% have been successfully measured

= Variability less than 0.01 pixels in displacement on a point-to-point
basis are commonly obtained

= Accuracy of 100 us or smaller in strain on a point-to-point basis
through differentiation of smoothed displacement data.

= Effect of out-of-plane displacement is readily estimated and
minimized using equation w/Z, where w is out-of-plane motion and Z
is distance from specimen to camera




2D Image Correlation: Key Developments
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= First LEFM measurements with DIC (1985-1987)

1na

3-Poi imen.
oint bend specimen Looding (N}

= Improving and speeding up DIC; differential corrections for efficient DIC
(1987-1989)
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2D Image Correlation: Key Developments

= First high temperature measurements with DIC (1994-1996)
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= First long-duration creep fracture w/DIC measurements. IN80O at
650°C for 147 hrs in lab air. Ceramic paint and pattern (1995-1998).
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2D Image Correlation: Key Developments
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2D Image Correlation: Key Developments

g = First two papers providing theoretical error predictions for 2D DIC
or— = INTERPOLATION INDUCED BIAS (1998-2000)

8 THEORY (cubic polynomial) SIMULATIONS
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2D Image Correlation: Key Developments
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a  Simulation process for each sub-pixel translation.

Input N+1
Consecutive Images FLOW CHART
Image Based Sensor Error
[ Intensity Pattern Assessment Process

Statistical Analysis >
. Noise Estimation |

Reference image

: o —_—e  Subset size
» Pixel addition > Subset location
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' N .
Gaussian Noise

* Gradients, dl/d¢
» Z(dlidg)?

Sub-pixel error evaluation

Theory with
subset known

Select intensity
interpolation method
« Exact values
* Linear
* Cubic

Subset Pattern
Matching

Compare
Results

Displacement
Measurement
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2D Image Correlation: Key Developments

= SEM DIC with distortion corrections (2003)
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(1) Spatial distortion in
an SEM which varies
from experiment to
experiment
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drift distortion estimation and spatial distortion
delermination

(2) Drift distortion
which is non-linear
and varies over time
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Image 1 scan
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7z~ 3D Image Correlation: Basic Concepts

______ I

g 15

o— Camera 1
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= Specimen

8 00 location

G

o Camera 0

>

=

v Two or more CCD cameras positioned to view same object area

g = Specimen has a random pattern on its surface

c = Uniform illumination is provided by white light sources

=

= General loading of specimen is allowed, while maintaining images of
same object region in at least two cameras

= Images acquired simultaneously by all cameras
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General Remarks

= Full, three-dimensional displacement measurements obtained in
laboratory and field conditions

= Calibration of camera system is required to convert image motions into
accurate 3D measurements
Initial shape and 3D displacements are measured
= Data acquisition and data analysis procedures are well established

= Curved or planar objects from 0.50 mm to several meters in size
= Includes effect of perspective in image analysis

= High speed data analysis with data analyzed at > 3000 subset pairs
per second

= Accuracy unaffected by large rotations or translations

= Qut-of-plane motion is measured, so does not affect accuracy of the in-plane
measurements

= Accuracy of 3D displacement data is a function of camera system and
camera noise level
= Both variance and bias equations are available for estimating displacement errors

= Accuracy of 100 us or smaller in strain on a point-to-point basis
through differentiation of smoothed displacement data.
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2D Image Correlation: Key Developments
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= Early 3D vision system and 3D-DIC (1990-1994)

TABLE 1—CALIBRATION POINT LOCATIONS IN REFERENCE COORDINATE SYSTEM AND IMAGE POINT
LOCATIONS IN COMPUTER-IMAGE COORDINATE SYSTEM COR p = 20 DEG

N

Calibration Image Points. mage Points N
Points at Camera #1 at Camara #2 2.60

2 H v i B ~ -

Point No. {mm) {pixel) (pixel) (o) g ; 248 # —— Theory
T coooo

1 0.000 267.00 240.00 p Unit: mm ld:z é
2 0.000 28130 239.93 2.36 '] Line 3
3 0.000 252.96 240.15 i Line 4

: 1853 5 X o . ©o0oc Line 5
4 4000 31852 17300 Random 67 224 #s848e Line 6
5 4.000 233.14 17218 Pattern =TSP | 2
5 4,000 308.57 —~ 212 4
7 4,000 | E |
8 4,000 E 200 %®
g 4000 .
10 4.000 = 188
11 4.000

. | R
A ~ 84.14
12 4.000 1.76 -
3 4.000
8,000 1.64 EY

15 8.000
16 8.000 1.52 - Mean Error 0.0151
17 8,000 | Std Deviation 0.0127
18 8.000 398.99 o1 ! LA ——— . — "
19 8,000 383.76 \ ’ 0 4 8 12 18 20 24
20 E -8.000 38349 Experimental Model Analytical Model Y' (mm)
21 0.000 10.000 8.000 398.86 42341 (Two—dimensional)
%2 3.000 10.000 8.000 41425 41021 2 g : —
23 3.000 10.000 8.000 14535 145.06
24 0.000 10.000 8.000 132.00 160.25
25 3.000 8 18.83 175.13 395.00

Note: The accuracy of calibration points is 0.00

m; The acouracy of image points

= Improving 3D-DIC systems for field studies. Aero-structures (1996-2003)
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(X,y) = sensor
position of a grid

pt.
M;; = matrix from
sensor to 3D
location

& = vector of 26
camera
parameters used

in M matrix

ssssss

A

cccccc
Coordinate

Input Input Input
Camera Parameters Grid Parameters Transformation Matrices

FLOW CHART SIMULATION

nnnnnnnnn

- Stereo Rig ---- 3D Position
+ Sensor plane intersects

* Locations in Cam 1 &2}

Camera Model )
+ Select grid points

Calibration wiparameter statistics

different t_arror input BOTH CAMS

*E(X)
* Var(X)

ESTIMATE
E(x) E(y) Var(x,y)
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MINIMIZATION
Image plane : * E(x) Ely)

: ; * Var(x, y)

+ Selected vs Model : Bundle Adjus_tment

 Repeat M times with : dEEnhg I
| Cam Calibration | THEORY
]
1
I
I
I
I
1

Compare
Results

Results



Line detector

Raw scan data file

L_ Reconstruction
Y m—

Computer unit

Reconstructed image file
CT inspection using line detector

« System shown uses fan beam scanning approach

« Raw scan data file is digitally stored for each line and
rotation angle
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« Data is transferred to algorithms embedded in CT system
and used to reconstruct images for each loading state

* Image data for each loading state used with optimization
algorithms to determine internal deformations
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2  General Remarks
© pum
8 = Requires volumetric imaging system
s = Pattern generally comes from natural internal sources, unless
O seeding of material is viable
N = When seeding material to improve pattern, may affect material response
"5 = Image acquisition is slow, with lab CT images requiring up to several
o hours to complete high resolution scanning
Ve = Noise levels are relatively high, with 3% noise or higher common in
Ha CT systems
= Data acquisition and image reconstruction procedures are well
,3‘ established, though prone to introduce artifacts
‘5 Image artifacts commonly seen in volumetric images can reduce accuracy of the
(- matching process.
g = Images can be obtained for small and large specimens
= = Images are large, requiring efficient memory management and fast
- matching algorithms to reduce analysis time

= Accuracy nominally unaffected by large rotations or translations
Requires robust “initial guess” methods for estimating local motions

= Accuracy of +/-0.02 voxels in displacement on a point-to-point basis
have been obtained in recent CT studies with high contrast patterns
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Trabecular Bone
E] Polycarbonate

Fig. 1—The apparatus used for microCT scanning of trabec-

ular bone samples under load

CT images of
trabecular bone. Note
the excellent contrast
obtained throughout
volume
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= Heterogeneous material
= Woven glass-epoxy composite

= Combined compression-bending
loading

= Large out-of-plane displacements
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o Materlal Specifics

= , <= NORPLEX
e = Thin sheet composite ;.MI,‘CARTA
S > Glass-halogenated epoxy, NP-130 =

z = Glass fibers approximately 7um diameter

= = Five-six layers of orthogonally woven composite in
Q plain weave structure for 1m by 1.3m sheets

“= = Rectangular specimens removed with razor knife

S

. .

E Specimen geometry

g « TH: Tmm

E « W: 17mm

-  L: 150mm.

Edge View



Ay Woven Glass-Epoxy Composite

* Qut-of-plane motions up to 40mm

« Compression side cameras
» rotated counterclockwise by =20°
* moved closer to specimen
» specimen at front of focus volume

» Tensile side cameras
» rotated clockwise by =20°
* move away from specimen
» specimen at back of focus volume




Ax1al strain on compression and tension surfaces
gdurmg combined compression-bending loading for
+/- 45° specimen.

Tension Side =~ Compression Side

« Localized effects evident as w increases

+ Critical regions have different spatial trends
.+ Effect shown is muted for low fiber angles
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Woven Glass-Epoxy Composite

Axial strain for © = 0° and 20mm of axial displacement
is in very good agreement with the large deformation

results of the modified Drucker formulation on both
surfaces.

.

Axial Strain g,
0.02

Theory
0.015 prediction

—r
ﬁ \ e DIC result on
O 0.01 tension side
/ \ DIC result on
0.005 Compression

/ sdie

) 0
100 80 60 40 20 0

Axial position X(mm)

55

The elevated compressive strain in critical region appears to be due
. to localized damage, including fiber buckling and matrix failure.
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N Woven Glass-Epoxy Composite
........ B e
g Effectlve stress vs effective strain in critical region near
% mid-span of specimen 59=h(99) . 6,=0,h(0)
E Effective Stress Vs Effective Strain on h(0)= \/§[Cos4(9) +$sin4(0) + ﬁsinz(e) cos’(0)]
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+ FE Simulations and Large Deformations
.+ Abaqus
« Hashin damage model
* 5 layers through total thickness-laminate
construction modeled (not woven)
« Alternating orthogonal fiber directions for layers
(0-90-0-90-0) assumed
« Layers modeled as individual orthotropic
material (depending upon orientation of
“fibers” relative to loading), with linear-elastic
response and damage accumulation.
« Hashin model parameters selected based on (a)
literature data for glass-epoxy specimens of similar
construction and (b) fitting of off-axis P-0 response

of bending-compression spencimens.
* Fibers are not modeled.
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Woven Glass-Epoxy Composite
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Woven Glass-Epoxy Composite

60° at D = 40 mm, Tension side
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Woven Glass-Epoxy Composite
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= Roofing Shingles
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Background

O

Preliminary Experiments

Simulations
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» Roof asphalt shingles

o The most common type of sloped-roof
cover for residential construction in the US

o Shingles consist of:

Two layers of asphalt, fiberglass mat and Three Tab Roofing Shingle
granules

Shingle Sealant

Granules

Two Layers
of Asphalt

o Sealing strip (introduced in the 1950s):
v" Minimizes the water penetration

Fiberglass Mat

v’ Resists against wind-induced uplift

= Wood panel
Underlayment \
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KT Roofing Shingles
o Experi P
c Experimental Program
O > 3D-DIC setup and wind load
8 ixed wood frame > ; O == Digital @ # EIApH iR g TERTy
’ " S cameras = Camera 1 IYE 900 #CameraZ E'ZOO’ T80 =
: \‘ A / Q_ E 7: &
whd 5150; 141—1-2;5560 £
1100 + — n ©
g > | =B\ g=  COMET wind -g-loo 8421-98 é40 E’J'
W COMET wind [ ‘ BTR | exitorifice T 5ol ==56 0
: exit orifice i ‘ el = - 1202
Y . BRE - e . .. ; 0:_\\1\9\r\nPtﬂ\ Lol ;
(@) . » 0 200 400 600 800
ey e : Time [seconds]
> — ‘ Roof panel ‘
= |
:|I__J \ 1270
ﬂ : o Cannot paint surface due to stiffening effect on soft shingle material
g o Cameras: Two 5 MP (Point Grey Grasshopper GRAS-5055M-C)
o—
C o Lenses: 28-mm lenses (AF Nikkor 28 mm f/2.8D)
-

i o Cameras were mounted on a fixed wood frame to minimize wind-induced
' vibrations

o Roof cover was built to minimize changes in ambient light

o 5 Hz frequency was used to acquire and store thousands of images



Roofing Shingles

O T

* 340kmph wind. Time sped up by 10X.
e Audio turned off due to high dB noise.
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Roofing Shingles

Slmulatlon of Shingle Response and Sealant
5Separat|on

o Beam on elastic foundation (BOEF) model is employed with finite sealant
' o “Foundation” represents effect of sealant material

o Assume elastic response throughout deformation process. Beam and
sealant lengths and properties obtained experimentally from
commercially available shingle samples.

Uplift pressure p, measured independently for winds up to 200km/hr
Energy release rate at each edge of sealant strip is ¥2 S v,

Drag force, P, not included in these results

Solution requires determination of 12 parameters

o O O O

A
-
k 4

W
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Roofing Shingles
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Preliminary Experiments

{

0y

Shingle: Stress vs. Strain

University of South Carolina

3.5 :
E = 279.6 MPa ol
30| & =0971
2.5¢ -/, 1.0 Sealant: Stress vs. Strain
gz.{) P
2,0 ) Fos| K =00986 /
1.0 P * E ;:
E 0.6 ‘r
0.5 bt ’
>’ =
%060 5005 0.004 0005 0005 0510 08TZ 0014 504 /
Strain (m/m) E )"
. ; S02 t
Shingle length, 0 < [, < 0.1204 m /
Sealant length’ I'2 = 0'0127 m 0-8_00 0.02 0.04 006 008 010 012 014 0.16
_ Compressive Strain (m/m)
Overhang length’ l3 000254 m Compressive axial stress vs. axial strain measurements
Sealant thickness: t = 2.8 mm for sealant specimen at 23°C.

BOEF Sealant Parameter: S = 4.53Gpa m"!
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c Simulation Results-Energy Release Rate
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. Simulations to Assess Potential
. to Quantify Pressures Using 3D-

DIC I :

: °| " Nominal ¢, /1% 7
G, = variability in 3D-DIC _ Al : m
. measurements = 50um %H 3 e 1,=

. op, = variability in applied pressure 20 ;

| 1

860 1000 0

Nominal ¢,/1,*

300 ! \

8

250}

ool N ; Since P, = 12.5Pa, for nominal
20 IR K geometry the standard deviation for a
& | SRR Y ol single measurement is nearly 60Pa.

0 WS Y Thus, one must take nearly 1800 image

) T . pairs to obtain variability of 1.25Pa in
g= i‘:)‘fz o6 o5 1o MO0 the predicted pressure....

o /I (m™?)
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. = The rapid growth of computer hardware speed since mid-
. 1990s has resulted in both the expansion of computational

. methods and the explosive growth of digitally-based

. experimental methods.

. = Digital image correlation methods provide a platform for the
. recording large quantities of full-field deformation data under
. a broad range of conditions

= High rate loading (cameras can record images every 5
nanoseconds)

= High temperature (cameras can acquire usable images for DIC
on specimens where T > 1200°C)

= Small (down to 20pm X 20um) and large (full-scale aircraft)
regions can be measured.

= Long term studies (experiments lasting several days or longer)
: have been reported.
. = The combination of full-field measurements with theoretical
. and computational models provides a rich framework for
. improving our understanding of the physical world.




0 The Future

O T

“The future of science is neither vagque nor unimaginable.
It is the result of what we do now.”

= Integration with Design and Development
| = Data-driven simulations for design

o

c

©

-

{o

O

L

whd

o

v» | o Future Trends in Digital Image Based
Y

© Methods
>

) :

%

v

>
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» Multiple measurement system integration

= Continued growth of data-driven
parameter estimation approaches

= Full integration of analysis and
measurements for multi-physics studies
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.......................................

i e Operational

conditions

i o Materials

Material parameter
identification via

- Whole field data

- Novel experiments

: e Geometry

Size and shape
validation for
component using

- Whole field
metrology

- Initial specifications

élntegration with Desigh and Development

............................................................................................................................................................................

Design

Assessment Optimization
Vot Met
e Current e Whole field e Design or test ® Design e TBD

assembly experimental requirement optimization
design, proof data assessment platform
or certification
test e Model/

simulation

platform

Image correlation based methods
provide unique capability to make the
measurements required to implement

such integrated simulation-
measurement design concept

Increments
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« The ability to smoothly integrate full-field
. _measurements using 2D-DIC, 3D-DIC and/or V-DIC with
design simulations requires efficient and robust
optimization methodologies that can effectively
identify the constrained optimal combination of
*Material parameters
Structural configurations
*Operational conditions

.o

Successful implementation of DIC-based measurement
methods with simulation platforms offers
opportunities to replace existing “testing standards”
with a far more robust desigh methodology

- Education level of the next generation of designers
. must be adequate for this approach to be viable.
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Integration of multiple measurement systems

= Synchronized measurements with multiple
. measurement technologies

= CT systems for slow speed events
= Stereovision systems

o Slow speed events
= High speed events
s Thermographic camera systems
= Multiple average or local sensor measurements

o Pressure Voltage
o Loads Current
= Moments Other environmental variables




A
s Acknowledgements
- Funding by the following government agencies and the
% support for our work by the following project
= directors is gratefully acknowledged
O
-E National Science Foundation Army Research Office
- R Dr. Kenneth Chong Dr. Bruce Lamattina
8 Dr. Oscar Dillon Dr. Raj. Rajendran
‘I6 Dr. Martin Dunn
NASA Langley and HQ Air Force Office Scientific Research
;I;‘ : Dr. Charles E. Harris 488 Dr. Victor Giurgiutiu
% Dr. Robert S. Piascik Xl Dr. David Stargel
g : Dr. Stephen W. Smith "~ %
= Air Force Research Lab " Sandia NL—Albuquerque
= Dr. Scott Fawaz . Dr. Philip Reu @ Sande
Dr. Timothy Miller Lol

Dr. James Harter
Dr. Robert Reuter




O T

(o]
S
S

-

{o
O
L
wd

=

@)
(Vo)
Y

o

)
byt

(72

-

v
2

c
=

Funding by the following government and private
- organizations and the support for our work by the
- following project directors is gratefully acknowledged

General Motors Research @ Lockheed Martin

: Dr. Ching-Shan Cheng Dr. Glynn Adams
Dr. Pablo Zavattieri Dr. Edward Ingram
Pechiney Aerospace PE |-||NEY) Army Research Lab
Dr. Raphael Muzzolini Dr. Bruce Fink

i Boeing Company @‘
BOEING
Dr. Eui Lim



http://www.gm.com/
http://www.pechiney.com/
http://www.lockheedmartin.com/wms
http://w3.arl.mil/
http://w3.arl.mil/

O T

»To the graduate students who made this work possible

sPhD

eJoshua Liu (1984)
«Stephen McNeill (1986)
=Joung Min Goan (1988)
= P F Luo (1992)

=Gang Han (1993)

=Jin Liu (1997)

«Jeffrey Helm (1999)
sPeng Cheng (2000)
*Wenzhong Zhou (2001)
sHubert Schreier (2003)
=Junhui Yan (2004)
=Nicolas Cornille (2005)
=Xiaodan Ke (2007)
°Robert James (2008)
oVikrant Tiwari (2009)
=Yanqging Wang (2010)
=Xing Zhao (current)

(o]
S
S

-

{o
O
L
wd

=

@)
(Vo)
Y

o

)
byt

(72

-

v
2

c
=

=Siming Guo (current)

Alcoa

USC Professor

GM

Professor, Taiwan
Fuji Film
Westinghouse
Lafayette University
Morgan Stanley
SolidWorks
Correlated Solutions
Industry

Engineer, France
Correlated Solutions
Grumman Aerospace
Faculty, IIT New Delhi
Student (Texas A&M)

MS

°CC Lee (co-adv, 1983)
=Majid Babai (1985)
=Jounqg Min Goan (1985)
=Jinseng Jang (1987)
sHugh Bruck (1988)
sHan Gang (1989)
«Timothy Chae (1990)
sGuang Ma (1991)

=J. Michael Hardin (1991)
Jin Liu (1993)

sRuiyun Wu (1992)
oJeffrey Helm (1994)
°Byron Amstutz (1995)
=Jundong Lan (1998)
sMichael Boone (2000)
cRobert Taylor (2002)
=John Ward (2004)
=Youzhang Ge (2007)
sMatthew Hammond (2009)
=Jason Ouzts (2009)
°Gary Shultis (2010)
oEileen Miller (2013)

Consulting Engineer, DC
NASA Huntsville

GM

Electronics industry, Calif.
Prof, Univ Maryland

Fuji Film

Oak Ridge Natl Lab
Graphics company, Calif
Prof, VMI

Westinghouse

PhD, Notre Dame

Prof, Lafayette Univ.
Anderson Consulting
Consulting engr, Chicago
Westinghouse admin
Consulting engineer

GE Gas Turbines

PhD, RPI

USAF Aging Aircraft Ctr
SCANA

CIA

Boeing, Charleston



.............................................................................................................................................................................................................................................

. Continued expansion of parameter identification

Common optimization metric;

E =575 (F(X, t ; B), - f(éi’ tj) )2

F() = theoretical function for measurable quantity
f() = experimental measurements for quantity

x; = ith spatial position on specimen

t. =j time of interest

J
B = vector of unknown parameters by minimizing E

Examples: mixed mode stress intensity factors using
full-field crack tip data, composite material
parameters
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. Full integration of analysis and
measurements for multi-physics studies

- Experimental measurements combined with
multi-physics models coupling effects from
multiple environmental factors.

= Multi-physics model validation using estimated
parameters

= Model employed for predictions in regimes

where experimental measurements are more
difficult

“The future? It is impossible to envision the
unimaginable, and wonderful to see it happen.”
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Recent DIC-Related Activities
 Article in Applied Mechanics Reviews (6/2013)

« Special issue in Experimental Mechanics focusing
on Digital Image Correlation (1/2015)

« 2" edition of book is under development,
highlighting the most recent trends in DIC and
applications
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Brief History: Measurement Methods

= Issues associated with extraction of
~deformation information using film as a
recording media
= Non-linearity in film
= Film processing (darkroom)
= Film stability and handling
= Laser illumination
= De-correlation effects (previous slide)
= Exorbitant time requirements

= |[naccuracies in reconstruction process
s fringe location
s film expansion/contraction
= relationship of object to image coordinates
= distortions in imaging process




