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Imaging technology is revolutionizing DIC by e,
making new experiments possible.
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The simulation repeatedly triangulates )
while varying one or more parameters
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Images Data Calibration

4 Cameral
Center x: 620.77 pixel
Center y: 368.819 pixel
Focal length x: 7300.19 pixel
Focal length y: 7298.06 pixel
Skew: -1.78958
Kappa 1: 00454422
Kappa 2: 0
Kappa 3:0

4 Camera 2
Center x: 621.265 pixel
Center y: 426.103 pixel
Focal length x: 7287.66 pixel

Focal length y: 7286.16 pixel
Skew: -1.35447
Kappa 1: 0.0363301
Kappa 2: 0
Kappa 3:0
4 Transformation

Alpha: 27.6014 deg
T.. -E.-l;, P R:,, Rz - Swe? Beta: 21582 deg
Extriasic % e o A Gamma: -2.70103 deg

 Systen T -43.6947 mm

Ty: 1255.27 mm
Tz 325903 mm
Baseline: 1297.63 mm

St efgs - riﬂ

Hidden Components Stereo-DIC
1. Calibration

2. Subset shape function

3. Grey level interpolation

4. Subset matching

5. Triangulation

6. Post-processing

Sensor




Using interpolation and the shape function a ) s

National
. Laboratories
correlation criterion is used to find a subset match
Subset to find Region of Interest (ROI)

Correlation

| ' .:-*-'
AL 0
Reference Image (F) Matched Image (G)

Matching
» Cross-Correlation
» Time steps

Hidden Components Stereo-DIC
1. Calibration 21 x 21 pixels
2. Subset shape function

w2 &
3. Grey level interpolation
4. Subset matching
5. Triangulation
6. Post-processing

x —is the function to minimize
F —is the reference image

G —is the deformed image

i —is the pixel in the subset




The simulation repeatedly triangulates =)
while varying one or more parameters
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Images Data Calibration
4 Cameral

Center x: 620.77 pixel 1230.83

Center y: 368.819 pixel

Focal length x: 7300.19 pixel 178919

Focal length y: 7298.06 pixel '

Skew: -1,78958

Kappa1: 0.0454422 1 1287.68

Kappa 2: 0

Kappa 3:0
4 Camera 2 . . 1 1286.17

Center xc 621.265 picel Cali brqhon/

Center y: 426.103 pixel

Focal length x: 7287.66 pixel Triq ngula"ion ] 128487

Focal length y: 7286.16 pixel

Skew: -1.35447

Kappa 1: 00363301 1283.18

Kappa 2: 0

Kappa 3: 0 1281.66
4 Transformation

Alpha: 27.6014 deg

Beta: 21582 deg 1280,15

Gamma: -2.70103 deg

T -43.6947 mm

Ty: 1255.27 mm 1275.64

Tz: 325903 mm

Baseline: 129763 mm 1277.14
Hidden Components Stereo-DIC 1275.53
1. Calibration 1274.12
2. Subset shape function

. . 1272.62

3. Grey level interpolation
4. Subset matching 127111
S. Trlangulatlon 1269.61

6. Post-processing

1268.1




There are many things we can do with these

tools!

www.visionresearch.com www.shimadzu.com
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High Speed Displacement and Strain 1 Million FPS Multi-System

d y-z planes

1 www.exactmetrology.com X)\y

Grain scale strain measurement (optical) Volumetric strain fields

istribution of strains in x-y planes, x-z planes
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The goals of modal testing are determining ) B
the mode shape, frequency and damping.
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Damping = 0.0004

Mode Shape
Modal Frequency = 529Hz

Note: Modal testing vibration amplitudes are small! Often nanometers.

Modal Testing Reveals

Frequencies that the object will vibrate (resonance) at and are to be avoided.
The damping of the structure — how quickly vibrations die out.

Needed for design of systems and structures.

Can be used for FE model validation.

Strain hot-spots or places for failure in the system.




How does DIC compare with scanning LDV? ) i,
Does it have the displacement resolut|on?

Laboratories
Experimental Setup
+  Polytec PSV-500 3D-Scanning LDV system. " olytec 3D-SLDV
* Vic3D and Phantom 611 Cameras (800x800) Stereo-DIC
« 3906.25 Hz (200 us exposure) to match LDV
+ MB-50 Shaker on a shaker stand (Pseudo-Random)
+ Speckle painted surface (not ideal for LDV)
» Retro surface (not possible for DIC)

Temporal DIC Resolution

178 mm
800 pixels

- 0.01 pixels = 2 um

What we investigated

+ Time to measurement (setup)
* Cost (not really)

* Measurement time

* Analysis time/data point

* Noise floor/resolution

« Ease of use (subjective)




The DIC noise floor is significantly better in )
the frequency domain than the time domain.
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Notes on Resolution

» Typical DIC resolution for a 7 inch FOV would be 2 um or 200 pe.

« The noise is distributed across all the frequencies — therefore lower at any given
frequency band.

» Displacement resolution in the frequency domain is much better than that in the
time domain.

 FFT averaging improves the noise even further (i.e. more images are better!), i.e.
you can trade frequency resolution for noise reduction (i.e. more averaging).



LDV has a better noise floor than DIC in Z
and comparable in X and Y.
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DIC & SLDV Poin‘t.!?lotted Above

Notes on the comparison
« Data at point near the middle of the plate.

« LDV is more sensitive out-of-plane, DIC is less sensitive. .
« Not much in-plane motion at center (not important for this comparison) v« =~ =" ** ...




Modal fitting analysis approach. )i
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Modal Fitting Software

« SMACT — Sandia’s modal identification software

» There was some challenge with the large number of data points from the DIC software.
 CMIF is the Complex Mode Indicator Function.




Fitting results and comparisons. Show some )
mode shapes, damping and frequencies.
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3D-SLDV  3D-SLDV
DIC 3D-SLDV  (invalidate (Retro-

e Foasency L oampng e G

529.4 529.5 0.042 0.042 i
883.0  883.1 0.022  0.024
891.7 891.7 0.015 0.026
948.3 948.4 0.019 0.019
1420.1  1420.4 0.015 0.020

-
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Notes on the Results

« DIC =715 Points, LDV = 545 Points

» Scale identical for each group of results

» DIC plots are from the speckled surface.

+ 3D-SLDV are taken on the speckle surface.

+ 3D-SLDV (invalidate points) removes “bad”
data points from the analysis.

« 3D-SLDV (retro-tape) covered the speckle
pattern with a retro tape to improve signal
quality.
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Temporal® anti-aliasing. It can be a big deal. )
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_ "Spatial aliasing is another
Frame Rate = 500 Hz: Nyquist = 250 Hz completely different and

important topic.
300 — 800 Hz Sweep

-0.00

-0.00

~ Already
--aliased

-5.00E-8 -5.00E-8

-1.00E-7

U Mag.

-1.00E-7

U Mag.

Frequency (Hz)
Frequency (Hz)

Time (S} | Time {S}

Exposure = 200 ys or 5000 Hz Exposure = 1900 us or 526 Hz
o P-43 Phosphor Roll-off
Notes on aliasing B ir- o Freauency = 00z
« With cameras — there are no good antialiasing filters. m
(Ideas do existT) 0|
* Long exposures provide some aliasing protection. sl I,
« Best solution: have a single point measurement (with o ¢
antialiasing) to ensure the frequency content of the signal.
« With impact testing — the force profile rolls off gradually . ” o oo o000
with frequency and will lead to aliasing issues. Frequency (Hz)



What are the pros and cons of the two =) i
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methods. When do we use one or the other.

Comparison Metric’ DIC

Cost

Setup time
Acquisition Time
Analysis Time
Disp. Resolution
Strain resolution
Strain Calculation

Anti-aliasing

Data volume

Software

~$650k

2 hours

Hours

Seconds

= picometers

?

Integrated — but researchy
Included

Small (Mbytes) includes only
frequency data

©
O

©

~$350k @)
2 hours

Seconds @
Hours

= nanometers

5 microstrain @
Seamlessly Integrated @
Not possible at the moment

Large (Gbytes) but includes time
history

Designed for modal analysis. @ In its infancy.

TThe comparison is for this test setup — but should be broadly accurate in many other situations.



Example: Cased explosive at 1 MHz ) =
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Typical displacement results at 1 Million ) e,
frames per second
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4 [rm]

. Out-of-plane Displacement (mm)
N
o
*

Time (ps)

You can also get:
« 3D velocity

« Strain

 Strain rate




Example: Blast loaded plate at 35-kHz ) .

1 Stereo-DIC System
=37,000 fps 368x360 Wide View




Example: Simultaneous strain and )
displacement at 36 kHz.

Laboratories

368%360 768%x576

N

14:31 :b5.063 b46.12 5

4 mm/pixel 0.4 mm/pixel

This works because the small speckles are severely
aliased in the wide FOV.




We have two systems to measure at two )
different spatial resolutions.
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W [mm] W [mm]
90 45

843 42,1875

78.7 4 39.375

73.125 — 36,5625
33.75

61.875 m|9375

56.25 ~ N 28,125

s0.625 S LR | 25,3125
“ 3 — 22,5

39.375 . , > 19.6875

- = - 16875

125 R 4 - ? 14.0625

16.875 m 7 < 8.4375

11111 5.625

2.8125

2 Stereo-DIC Systems
=37,000 fps 368x360 Wide View
=33,000 fps 768x576 Tight View




The overall and tight results compare ) deora_
very well...
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With proper experimental design small )
virtual gage regions can be measured.

eyy [um/m] - Lagrange
10400
9362.5
Step = 4 pixels
Subset = 29 pixels
Strain Window = 5 points 7287.5
Virtual Gage = 8 mm
Rivet Size = 6 mm

3325

6250

52125

4175

3137.5

Three Rows of Rivets 2100

1062.5

25

Estimated Uncertainty =4 Calculation of
of 3D Position Strain

-6200



International Digital Image Correlation
Society — Talks dedicated to DIC
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. . INTERNATIONAL -
e A SOCIety dedicated to DIGITALIMAGECORRELATION WWW.IdICS.OrC]
Digital Image Correlation. =0CiET

HOME ABOUT US iDICs 2016 JOINIDICs RESOURCES CONTACT US

November 8-10, 2016
Philadelphia, PA
I Mission I iDICs 2016 I Events & Courses
« A conference covering the wide - .
range of DIC applications.

» DIC best practices

« DIC Standards development

THE ART AND APPLICATION OF DIC

Calibration: Stereo Calibration

 Improved training beyond by Phillip Reu
vendor provided — and agnostic @E DIC course
of DIC software. Metrology beyond colors

Developments, Applications and Tutorials in Experimental Mechanics Techniques

EXPERIMENTAL TECHNIQUES




