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m,pYRD DYNAMICS Strain Computation

DIC Measures Displacements.

Strain is a Derivative of Displacement. Lagrange Strain
tensor is used for calculation of Strains T
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VIC- 3D, 3D Digital Image
Correlation System.

MpyrRODYNAMICS

a A

VIC-3D

\: J

B

Two USB 3.0 Cameras interfaced
to the USB Ports of the PC.

Displacement and
Strain Measurement In-
Plane Direction
( X and Y Direction)
And
Out of Plane Direction

(Z Direction)

Results Obtained from 3D Digital Image Correlation

Contour Co Ordinates:- X, Y and Z ; Displacement:- u, v and w.

Strains:- €,,, €,y , &, €, &, VOn Mises, Tresca

yy’

and Directions of Principal Strains
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Experiment

Organisation
System Used
Loading Conditions

Camera Used

Image Frame
Capture

Validation of DIC Measurements — Comparison of
Displacement Data obtained from DIC with the
Micrometer Readings.

Pyrodynamics — Bengaluru
VIC-3D, 3D Digital Image Correlation System.

Static Load

Point Grey Research Grasshopper 5MP Camera,
15fps

One Image at every discrete load step.
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A Speckle Pattern was applied On a Test Specimen of 100 x 100 mm using
an Air Brush with a 0.2mm nozzle.

A displacement was provided by a micrometer in the V(Y) Direction
Each rotation of the micrometer provides 500 microns of displacement.
The displacements field showed very little gradients.

The mean of the DIC plot was taken for comparison with the micrometer
readings

Displacement of the micrometer and DIC measurements matched perfectly.
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Experiment Validation of DIC Measurements — Comparison of
DIC Measurements with Photoelastic Fringe
Pattern and Strain Gage.

Organisation Pyrodynamics — Bengaluru
System Used VIC-3D, 3D Digital Image Correlation System.

Loading Conditions Static Load

Camera Used Point Grey Research Grasshopper 5MP Camera,
15fps
Image Frame One Image at every discrete load step.

Capture
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The Test Specimen is a Typical Photo elastic Model and is |
made out of Acrylic Sheet of 0.5 mm thick. '

§ Strain Gage Bonded e 3
on the Back side ' a

TEST RIG §
A speckle Pattern is Applied on the Test Specimen on the ;
front side..

A strain Gage (350 Ohms, Quarter Bridge) is bonded at
the centre of on the back side of the specimen.

Test Specimen wi
The Specimen is mounted on a test Rig (Designed By Speckle'Pattern

Pyrodynamics)

The Strain Gage output is connected to SCAD 500 -
Strain Measurement System.

The strain data is viewed on the Front Panel LCD of
SCAD 500 and on the Host PC via RS 232 Interface.

The Test Rig has a Thumb wheel and rotation of the wheel in clockwise direction introduces tensile strain and
anticlockwise rotation introduces compressive strain.

Loading Pattern:- The Test Specimen is mounted in the Test Rig.

A Tensile Load is applied by rotating the Thumb Wheel till the SCAD 500 shows a strain value of 2000 pe. At this

stage an image is captured. Subsequently images are captured in increments of 2000 pe up to failure of the test
specimen.

THE DIC MEASUREMENTS COMPARED EXTREMELY WELL WITH THE PHOTO ELASTIC FRINGE PATTERN
AND STRAIN
GAGE MEASUREMENTS. DIC RESULTS ALSO SHOWED EXCELLENT LINEARITY.



m,pYRD DYNAM Ic €,y obtained from VIC-3D.At the finalejv?jiwge

Photoelastic Fringe Pattern -
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Experiment

Organisation

System Used

Loading Conditions

Camera Used

Image Frame
Capture

Full Field Displacement and Strain Measurement
on a Beam under Bending

Indian Institute of Technology
Department of Applied Mechanics
Chennai.

VIC-3D, 3D Digital Image Correlation System.
Static Load

Point Grey Research Grasshopper 5MP Camera,
15fps

One Image at every discrete load step.



3D DIC Measurements on a Beam

pYRD DYNAMIC under Bending.

n o _ >
Beam Fixed at this end. bk Load Applied at this end.
X Direction. o — 2

A speckle pattern was screen printed on the Test Specimen The beam was firmly fixed at one end and the beam

was subject to a bending of 12mm at the other end. The fixed end will have a high strain and a low strain at the
free end. This is clearly seen in the g,, plot.. At the point of loading the displacement is the highest as seen in the
“W” pIOt' exx [umfm] - Lagrange
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Experiment

Organisation

System Used
Loading Conditions

Camera Used

Image Frame
Capture

Full Field Displacement and Strain Measurement
on a Tensile Composite Specimen

Indian Institute of Science

Structures Laboratory

Department of Aerospace Engineering
Bengaluru.

VIC-3D, 3D Digital Image Correlation System.
Static Load

Point Grey Research Grasshopper 5SMP Camera,
15fps

One Image at every discrete load step.



m]pYRD DYNAMICS Experimental Set Up

Test Specimen:- Composite Material.

1_ r A speckle pattern was applied on the Composite
N Vv : Tensile Specimen.

- - Strain Gages were mounted on the back side of
the specimen in the X and Y direction and the
strain gages were interfaced to SCAD 500
Strain Measurement System.

The load was applied in a UTM and images

] & captured in steps of 2KN.

T " The Specimen failed at
36 KN.
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Experiment

Organisation

System Used

Loading Conditions

Camera Used

Image Frame
Capture

Full Field Displacement and Strain Measurement
on a Tensile Aluminum Specimen

Research Laboratory

(Unable to disclose due to contractual obligations)
VIC-3D, 3D Digital Image Correlation System.
Static Load

Point Grey Research Grasshopper 2MP Camera,
15fps

One Image at every discrete load step.
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LOAD
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Experiment

Organisation

System Used
Loading Conditions

Camera Used

Image Frame
Capture

Full Field Displacement and Strain Measurement
on the AFT Rib of a Wing of a Plane.

National Aerospace Laboratories
Bengaluru.

VIC-3D, 3D Digital Image Correlation System.
Static Load

Point Grey Research Grasshopper 5MP Camera,
15fps

One Image at every discrete load step.



m,pYRD DYNAM'CS STRAIN MEASUREMENT ON AFT RIB

The Specimen was fixed at one end and load applied at the other end. Load was applied in
steps of 100 Kgs upto 500 Kgs. 2 Dial Gages were mounted to record the displacements.

Strain Gages were mounted at the back of the specimen and interfaced to SCAD 500
System. The locations are marked X




V Displacement
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Displacement Data of Dial Gage 1
and “V” Displacement obtained

from VIC-3D.
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o o o o = = =
[ F (=] o = L= i (=]

[=]

Load Vs Displacement at the Root of the Aft Rib

Displacement -mm

15

05

Load Vs Displacement at the Tip of the AftRib

/

/

/

e O -1
—DG1

/

(=]

100

200

300
Load-Kgs

400

500

600

100 200 300 400 500 600
Load - Kgs

Displacement Data of Dial Gage 2
and “V” Displacement obtained
from VIC-3D.

—DIC-2



PlPYRODYNAMICS S

Shear Strain o775

“15.73
36370
\ d 57

-T7.625

The Shear Strain Pattern Shows a Significant Strain
Concentration. 458,25

The full scale strain measured was -222 pe. Low Strain measurement is very much e

possible with the VIC-3D system with a resolution of 20 pe. s
=160, 125
- 180, 75

-H1.375



EXPERIMENTAL VALIDATION OF A FINITE
ELEMENT MODEL OF THE COMPOSITE PELVIS
USING DIGITAL IMAGE CORRELATION

Composite
Pelvis

FE Model of
the Composite
Pelvis.

_ Femoral
Experimental setup for DIC measurement Head

* H97s

=
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Microstrain ] Microstrain

Figure 4. Distribution of von Mises strain in the Figure 3. Experimental measurement of von
equivalent FE model of the composite pelvis. Mises strain pattern using DIC technique.



Buckling & Post-buckling Behaviour of Thin
Composite Panels

National Aerospace Laboratories -
Bengaluru

Ref:- Dr.S.R.Viswamurthy - International Digital Image Correlation Conference & Workshop, September 15-18, Dublin
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OUT OF PLANE DISPLACEMENT ‘W'

LOAD (FE) = 132.81 kN
LOAD (Test) = 133.13 kN
END SHORTENING =13 mm
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Experiment

Organisation

System Used

Loading Conditions

Camera Used

Image Frame
Capture

Fatigue Measurements of a Composite Specimen

Indian Institute of Technology.
Department of Aerospace Engineering.
Chennai.

VIC-2D, 2D Digital Image Correlation System.

1 Hz Cyclic Loading upto failure. Measurements
carried out in the front and back of the specimen
using Two

VIC-2D Systems.

Prosilica 2MP Camera, 63fps

60 images in one second and a hold period of 100
seconds. This image capture is looped.



Image of the Back of the Specimen

P PYRrRO DYNAMICS e

A speckle Pattern was applied on the
Composite Specimen. Measurements
are made on the width of the
specimen.

To study the failure
measurements were made both
on the front and back side of the
specimen.

The failure mode is different in the
front and back of the specimen

Image of the Front of the
Specimen

At No Load and After Failure.
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Load (KN)
8 & £ & (2

N
(6)]

20

Loading Cycle

System Set Up.

Two Prosilica GX Series were used for
Measurements.

These cameras are interfaced to the GigE Dual
Port of the PC.

Each camera can capture images at 63 fps
simultaneously.

The analog output of the Load cell from the
UTM was interfaced to the Daq.

So whenever an image was captured the
analog output was also recorded.

The specimen was subject to a cyclic load from
24 to 48KN. Frequency - 1 Hz

The specimen failed after 8558 cycles.
The VIC-SNAP software was programmed to
capture 60 images in one second and a hold

period of 100 seconds.

This cycle of image capture was looped until
failure.

Duration of the Test:- 3 Hours.

Measurements were made on the Front and Back of the Specimen Simultaneously.
So the setup Included 2 Simultaneous Measurements in 2D DIC.

VIC-2D Software was used for Analysis.
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Experiment

Organisation

System Used
Loading Conditions
Camera Used

Image Frame
Capture

Dynamic Strain Measurements on a Gas Turbine
Blade.

Gas Turbine Research Establishment.
Bengaluru.

VIC-3D, 3D Digital Image Correlation System.
Steady State Vibration In a Shaker.
Point Grey Grass Hopper 5MP Camera.

Correlated Solutions Fulcrum Software was used
to Capture Steady State Dynamic Signals.



Images of the Turbine Blade from Literature (for description purpose only) and not from The test
Site.

DIC Measurements were carried on 3 components under steady state vibration:-
1. Flat Plate.

2. Turbine Blade.

3. Cracked Turbine Blade.

Mode Shapes of these components were obtained at different frequencies.

The Turbine blade is very stiff and the levels of Displacement and Strain are very low.
VIC-3D captured these low levels of displacements and strain,



’ Turbine Blade .
PIPYRODYNAMICS  orgrimanm
W [micror]

525 The Highest Displacement of 525 Microns is seen at the tip of the blade (free end)

and the root of the blade (fixed end) had a very low displacement of 10 Microns
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"W" Out Of Plane Displacement
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102

89,312

M YNAMICS

FE.625

g3,937

=123 The Strain Plot shows a high strain field of 102 ue at the root of

the blade. The other regions show a uniform strain field except
at the tip.

358,562

25,875
VIC-3D was able to measure such low levels of strains with a

13,187 resolution of 15 pe.

0.5
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Experiment

Organisation

System Used
Loading Conditions
Camera Used

Image Frame
Capture

Dynamic Strain Measurements on a Charpy Test
Specimen in a Drop Testing Machine.

Indira Gandhi Centre For Atomic Research.
Kalpakkam

VIC-2D, 2D Digital Image Correlation System.
Impact.
Phantom V7, High Speed Camera

20,000 fps.



M]F’YRD DYNAMICS CHARPY TEST

A speckle pattern was applied on the charpy test
specimen.

The specimen was first spray painted by a white paint.
The speckles was marked using a marker pen.

Images were captured at 20,000 fps using a Phantom
Camera.

Image Resolution was 128 x 624 pixels. A subset of
25 pixels Was used for correlation.YAV
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Experiment Impact Measurements on a Composite Specimen
in @ Drop testing Machine

Organisation Department of Applied Mechanics.
Indian Institute of Technology.
New Delhi
System Used VIC-3D, 3D Digital Image Correlation System with

Modal Analysis.
Loading Conditions Impact.
Camera Used Photron SA5 Cameras.

Image Frame 30,000 fps.
Capture



Impact Measurements on a Composite

—]]pYRD DYNAM'CS Specimen in a Drop Testing Machine

A speckle pattern was applied on a
Composite Specimen.

The specimen was fixed in the fixture of a
Dynatup Impact Tester (Drop Testing
Machine)

The plunger strikes the specimen at 2
meters/sec.

The ideal condition would be to mount the
cameras below the specimen.

However there is no space and due to
safety reasons the cameras are mounted
outside the machine.

The cameras are mounted at an angle as
shown and the specimen is viewed through
a glass door.

3D stereo calibration is done using a
12X9X6 Calibration Grid with 6mm spacing.

During calibration, the gris is placed ont he
specimen and calibration images captured
with the door closed.

Test Images were captured at 30,000 fps

Image Resolution:- 640 X 376 Pixels

Since the plunger is in the view of the camera, correlation around
the plunger is not possible.


../PPT-MOVIES/IIT-DELHI-DROP TEST/DROP TEST-RAW.avi
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m]pYRD DYNAMICS Mode Shape of "W’ Displacement at 381Hz.

A(W) [mm]
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W" [mm/fs~2]
5.95e 405 Mode Shape of Acceleration in Z Direction at 800 Hz.
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Experiment Dash Board of a Car in a Shock Tube

Organisation Tata Motors Limited
Research and Development

System Used VIC-3D, 3D Digital Image Correlation System with
Modal Analysis.

Loading Conditions Shock Tube
Camera Used Redlake Cameras.

Image Frame 1,500 fps.
Capture



Measurements in a Shock Tube

PP YRO pYNAMICS

 —— ‘ : The Test Component is a plastic
§RY , !
\,) B MM specimen of 150mm X 150mm.
AU S

ST YT et b bt T 2o B2 W, T e o T ' '
YIS I A LR Ty ATy ST s tube and the préssure applied
SRS TS e T T

Y

¢
» "
R AL IR e SR was 6 Bar.

RS

Frame Rate:- 1500 fps

The Test Component was fixed in
frame and set close to the exit of
the pipe of the shock tube.

When the pressure was applied
the rig moved and there by
created a rigid body motion.

The VIC-3D is capable of
calculating the Rigid Body
Motions.
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W [mm]

1.23

VIC-3D Data Analyzed in FEM - ABAQUS

1.10625
0.9325

0.75875
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A
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o»«.»ﬁ»ib1>< v, 2
G
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VAVAY,
OO IF

U a

0,585
0.41125
0.2375
0.06375
-0.28375
-0.4575
-0.63125

-0.11

-0.805

VIC-3D Data exported and
analyzed in ABAQUS

Out of Plane

3D -

VIC

-0.97875

Displacement — “W”’ mm

-1.1525

-1.32625

-1.5
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3.5

"W" Out Of Plane Displacement (mm)
- n N o

o
o

Out of Plane Displacement Vs Time

—W - RBM REMOVED

—W WITH RBM

Time (Milliseconds)

10



MpyrRO DYNAMICS

el [um/m] -

Lagrange
4520

4323.75

4127.5

1 393125

1 3538.75

3342.5

3146.25

2950

2753.75

2557.5

2351.25

2155

1968.75

1772.5

1576.25

Principal Strain.

Strain X

exx [um/m] - exy [umjm] -
Lagrange Lagrange
3000 Strain Plots at 0.66 ms. 900
2756,25 796,875
2512.5 693.75
2268.75 1 590.625
2025 457.5
178125 364,375
15373 281,25
1293.75 173,125
1050 75
&0a6.25 -28,125
562.5 -131.25
e Shear Strain. e
75 -337.5
-168.75 -440,625
-412.5 -543.75
-056.25 -646,875
=300 =750
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4500

3500 r

Principal Strain (ue)

500

-500

Principal Strain Vs Time

2500 F

1500 *F

Principal Strain 1

Principal Strain 2

4 5 6
Time (Milliseconds)
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W" [mm/s~2]
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Experiment Modal Analysis of a 0.5mm Shell at 29 Hz.
Organisation Department of Applied Mechanics.

Indian Institute of Technology.

New Delhi
System Used VIC-3D-MODAL, 3D Digital Image Correlation

System with Modal Analysis.

Loading Conditions Steady State Vibration. The Shell was subject to
vibration in a Shaker

Camera Used Photron SA5 Cameras.

Image Frame 7,500 fps.
Capture
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6.42158
5,84375
5.26562
46875
4,10938
3,53125
295312
< 2378

A Shell of 0.5mm thickness was subject to | 179658

vibration at 29 Hz in a shaker. A speckle

pattern was applied on the shell using a Air 1.21875

Brush, Images were captured using

Photron SA5 Cameras at 7500 fps 0.640625
00625
-0,515625
-1.09375
-1.67138

-2,25
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Displacement Vs Time

Displacement - (mm)
o

0 20 40 60 80 100 120 140
Time (milliseconds)
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Mode Shape and FFT
Out of Plane Displacement “W”.

Mode Shape and FFT
Acceleration in “Z” Direction

A(W) [mm]
6.8
I6.384
5.969
1 5.553
1 5.138
1 4.722
=1 4.306
=1 3.891
=1 3.475
1 3.059
2.644
2.228
1.812
1.397
0.9813
‘/’-“—‘_\\I 0.5656
i R, 0.15
= Tt
q'j g_ Average Amplitude
3.5
= IE
E sk
x i =
* |.5:—
1E :
0.5 E- : s
1] S5 S N S S S S ——— — e e e e
0 0 4n 60 &0 100 120 140

AL
[mm/s~2]

2.39e+03
I2.198E+05

2,055e+03
| 1.912e+05
] 1.77e+03
= 1.628e+05
= 1.465e+05
] 1.342e+05
] 1.2=2+05
] 1.058e+05

] 9. 15e+04

7.725e+04

6.32+404

4.875e+04

3.45e+04

2,025e+04

6000



Eyy of 0.5mm thin shell at 29 Hz.
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450,807

408.673

Strain Y Vs Time

306,738

324.805

| 282.871

| 240.937

198.003

157.069

115,135

-400

0 20 40 60 80 100 120 140
Time (Milliseconds)

-10.667

-52.801

-94.535

-136.469

-178.403

-220.337
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Experiment Crash Test of a Foam used in Car Interiors

Organisation General Motors
Research and Development Centre.

System Used VIC-3D, 3D Digital Image Correlation System with
Modal Analysis.

Loading Conditions Crash Test
Camera Used Photron SA3 Cameras.

Image Frame 2,500 fps.
Capture



WPYRD DYNANMILS Crash Test of a Foam used in Car Interiors

Under Test

Schematic of the Test Setup

Head Fixed
to a
Plunger.

=

:

D— %‘i“‘i ===




mleRD DYNAMICS Crash Test of a Foam used in Car Interiors

Test Sample at beginning and end of event
FPS = 2000 fps.

Foam Subject

to an Impact

by a Dummy
Head at
15KmpH
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exx [%] - Lagrange

ek 2.8125 nN2/0772013 1R:04:25 0N0NZ240 120 ms 2000 fps
-0.0187458 — -4.26875
N2/0772013 1R:04:25 0ONN1RA 92 ms 2000 fps
-0.8375
— -5.725
— -1.65625
— -7.18125
— -2.475
| -8.6375
1 -3.20375
— -10.0937
H -4.1125
— -11.55
- -4.93125
4—1-13.0062
I~ -5.75
— -6.56875 H IR
-7.3875 -15.9187
-8.20625 -17.375
9,025
-18.8312
-9,84375
-20.2875
-10.6625 8XX 0/0 Stl‘aln) at The
. . 21,7437
Strain Pattern ¢, (% Strain) at The End Of the Event
-11.4812

Middle and End Of the Event 5

-12.3



W [mm]

MpyrRO DYNAMICS

Principal Strain Vs Time at the Point of Impact. s

= 1.69
200.000

— 1.585

Principal Strain 1 | 148

&
g

= 1.375

Principal Strain 2

g
3

1 1.165

| 1.06

Z
2

0.955

Principal Strain - % Strain

E

0.85

0.745

-50.000

0.64
0 5 10 15 0 25 30 35 40

Time — Milliseconds

0.535

0.43

0.325

0.22

Out of Plane Displacement “w”



mleRD DYNAMICS

Advantages of Digital Image Correlation
v" Non Contact and Full Field.
v’ Setup time is less.
v' Easy to use.
v' Provides Full Field Displacement & Strain Fields.
v Full Field Modal analysis and Full Field Acceleration Measurement.
v' Strain Resolution of 25 to 50 ue or better.

v Displacement Resolution:- A few Microns to Sub Microns depending on the Field of
View.

In Plane Displacement Resolution = 1/100000 of the Field of View.
Out of Plane Displacement Resolution = 1/50000 of the Field of View.

Field of View is defined as the Diagonal Distance of the Area of Interest.
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v' DIC Measurements can be made on any material:- Concrete, Metal, Plastics,
Composites, Rubber, Human Skin...etc

v' Validation of FEM Data can be done easily.

v' Direct interface to Matlab to Compare DIC and FEM Data.

v" High Speed DIC and Modal Analysis.

v' Area of Measurement:- mm? to a few m?

v' Strain Range:- Upto 100’s of % Strain.

v' High Strain Zones easily identified.

v Generally 5MP USB cameras with 75fps are used for DIC Measurements.

v' However the recent trend is to use Cameras with a resolution of 8.9 to 12.3 Mega
Pixels to carry out Strain Measurements on Large Structures Like Wind Turbine

Blades, Wing of Air Craft, Space Craft Shells...etc. This way DIC Measurements are
carried out with a good displacement and strain resolutions.

68
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v’ Cameras with 2 MP Resolution and frame rates of 162 fps are Available for Dynamic
Measurements.

v' Recent Trend is to use High Speed Cameras ( 10,000 fps upwards with 1 MP
Resolution) to carry out High Strain Rate, Impact Measurements, Shock Tube
Applications, Hopkinson Bar Tests...etc

v’ Recent Trend is that DIC has been successfully used for Non Contact Full Field Modal
Analysis

v' Recent Trend is DIC has been successfully used for measurements of Microscopic
Images (In AFM or SEM), MEMS...etc.

v' The future is to use Volumetric Digital Image Correlation. VDIC has the promise and
capability to carry out DIC Measurements insitu of the structure (Something that was
carried out so far only through Fiber Optic Sensors).

This technique is still in the University Research and will be commercially available
soon.

Limitations of DIC

x Optical Access of The Test Object is a must.
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