SAND2020-9051 TR (slides)
SAND2020-9046 TR (videos)

DIC [01

—_— —— @ENERGY AISA

s i ey

. Sandia National Laboratories is a multimission
E 11 Z a b c th J O n c S a n d A m a n d a J O n c S laboratory managed and operated by National
Technology & Engineering Solutions of Sandia,
LLC, a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of

Sandia National Laboratoties Energy’s National Nuclear Security

Administration under contract DE-NA0003525.



Welcome to DIC 101!

Course Instructors
» Special thanks to Dave
Johnson for video editing

Outline

> Basic, high-level DIC concepts

> Description of the GPG

> Design of DIC measurements

> Preparation for DIC measurements
» Camera calibration

> DIC processing techniques

» Strain calculations

> DIC reporting requirements

Elizabeth Jones Amanda Jones
Sandia National Laboratories Sandia National Laboratories

Course Description
> Follows the Good Practices Guide for DIC (GPG)
» Developed by the International Digital Image Correlation Society (iDICs)

> Focuses on practical applications of DIC rather than theory or algorithms Download the GPG!
Target Audience Before watching these videos, please
» New practitioners, to supplement vendor-based or other formal training download the Good Practices Guide for

> Experienced users, to refresh their fundamental knowledge, assist in DIC, so you can follow along.
troubleshooting, and align practices with larger DIC community

10.32720/1DICS



https://doi.org/10.32720/IDICS/GPG.ED1

Disclaimers

This class does not address the health or safety concerns
regarding applying DIC in a mechanical testing or
laboratory environment. It is the responsibility of the
laboratory and user to determine the appropriate safety
and health requirements.

Certain commercial equipment, instruments, or materials
are identified in this class in order to specify or
demonstrate the procedure adequately. Such

identification is not intended to imply recommendation
or endorsement by the International DIC Society (iDICs),
Sandia National Laboratories (SNL), or any other
affiliations, nor is it intended to imply that the materials
or equipment identified are necessarily the best available
for the purpose.

Copyright 2020 National Technology & Engineering
Solutions of Sandia, LLC (NTESS). Under the terms of
Contract DE-NA0003525 with NTESS, there is a non-
exclusive license for use of this work by or on behalf of
the U.S. Government. Export of this data may require a
license from the United States Government.

For five (5) years from , the United States Government is granted for itself and others acting on
its behalf a paid-up, nonexclusive, irrevocable worldwide license in this data to reproduce,
prepare derivative works, and perform publicly and display publicly, by or on behalf of the

Government. There is provision for the possible extension of the term of this license.

Subsequent to that period or any extension granted, the United States Government is granted

for itself and others acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license
in this data to reproduce, prepare derivative works, distribute copies to the public, perform

publicly and display publicly, and to permit others to do so. The specific term of the license can
be identified by inquiry made to National Technology and Engineering Solutions of Sandia, LLC
or DOE.

NEITHER THE UNITED STATES GOVERNMENT, NOR THE UNITED STATES DEPARTMENT OF
ENERGY, NOR NATIONAL TECHNOLOGY AND ENGINEERING SOLUTIONS OF SANDIA, LLC, NOR
ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY

LEGAL RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY
INFORMATION, APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS
USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.

Any licensee of "Digital Image Correlation: Best Practices and Applications v. 2.0" has the
obligation and responsibility to abide by the applicable export control laws, regulations, and
general prohibitions relating to the export of technical data. Failure to obtain an export control
license or other authority from the Government may result in criminal liability under U.S. laws.
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DIGITAL IMAGE CORRELATION (DIC)
INTRODUCTION



“Keep the dots in the box.” -- Prof. Samantha Daly

> Digital Image
Correlation (DIC) is a
diagnostic technique
providing full-field
shape, displacement
and strain
measurements on the
surface of a solid
specimen

» Optical (non-contact)

> Length- and time-
scale independent
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Reference (undeformed) image Deformed image




Stereo-DIC utilizes two camera viewing the test piece at an angle to obtain 3D
coordinates and displacements.

Left camera Right camera




1. Relative location of one camera with respect to second camera
and local camera coordinate systems determined through calibration.
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Left camera Right camera




2. Correlation of the left and right cameras identifies the same point in each camera
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3. Cross-correlation and triangulation gives coordinates in 3D space.

Intersection of
two rays gives 3D
position in space.

Cross correlation
Calibration gives camera

coordinate system.

Left camera Right camera




10
Full-field, time-resolved deformation computed ‘
from stereo cameras capturing images throughout the mechanical test.
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GOOD PRACTICES GUIDE FOR DIGITAL
IMAGE CORRELATION
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About the Good Practices Guide for Digital Image Correlation (GPG)

Development Of the Gu |de Editor and Chair of Working Group
Elizabeth M. C. Jones, Ph.D., Senior Member of Technical Staff, Sandia National

> DEVE'OpEd by the iDICS Standardization, GOOd PraCtiCES, and Laboratories, United States of America, Email: guide@idics.org
Uncertainty Quantification committee Bt

Mark A. Iadicola, Ph.D., Staff Scientist, National Institute of Standards and Tech-
nology, United States of America

> Approved through an open public comment period Nov 2017-Jan
2018 Working Group Members

Rory P. Bigger, Senior Research Engineer, Southwest Research Institute, United

» 100 people opted-in to the review process States of America
Benoit Blaysat, Ph.D., Assistant Professor, Université Clermont Auvergne, France
> A” 500 comme ntS d dd ressed Christofer Boo, Product Manager, Image Systems, Sweden
. . . . Manuel Grewer, Ph.D., Product Manager, LaVision GmbH, Germany
> FI nal reVIeW by the IDlCS ExeCUtlve Boa rd Jun Hu, Ph.D., Engineer, AK Steel, United States of America
Amanda R. Jones, Ph.D., Senior Member of Technical Staff, Sandia National Lab-
oratories, United States of America
Markus Klein, GOM GmbH, Germany

> G PG IS free |y ava | Ia b | e ! Pascal Lava, Ph.D., Managing Director, Match ID, Belgium
> http ://id iCS ' O rg/gu id e Mark Pankow, Ph.D., Assistant Professor, North Carolina State University, United

States of America
> .// 1 / /' 1 / Kavesary Raghavan, Ph.D., PE, Senior Staff Engineer, AK Steel Corporation,
https://doi.org/10.32720/idics/gpg.ed1 e P
Phillip L. Reu, Ph.D., Principal Member of Technical Staff, Sandia National Lab-
oratories, United States of America

> G PG h as bee N tra ns I ated ! Timothy Schmidt, Trilion/GOM, United States of America

Thorsten Siebert, Ph.D., R&D Manager, Dantec Dynamics GmbH, Germany

> q: K (fu ” ve rsion): https://doi.org/10'32720/id ics/gpg.ed 1.Cn Micah Simonsen, Correlated Solutions, United States of America

Andrew Trim, Materials Engineering and Structural Dynamicist, Atomic Weapons

» Francais (glossary): https://doi.org/10.32720/idics/gpg.ed1.fr Establishment., United Kingdom

. .. Daniel Z. Turner, Ph.D., Center for Computing Research, Sandia National Labo-
> Deutsch (glossary): https://doi.org/10.32720/idics/gpg.ed1.de ratories, United States of America
Alessandro F. Vieira, Senior Instrumentation Engineer, Boeing, United States of
America
Thorsten Weikert, GOM GmbH, Germany

IDICs




About the Good Practices Guide for Digital Image Correlation (GPG)

O Test DIC pattern technique on extra test piece(s). O Review calibration results (3

O Evaluate DIC pattern behavior throughout test. O Review calibration parameters

O Evaluate lighting/contrast throughout test. (d) Post-Calibration Routine (3.3)

O Evaluate data synchronization and triggering. O Reset system: Position test piece in test frame (if removed for calibra-

tion) or reposition stereo-camera system (if moved for calibration) and

A Checkl ist and Flow Chart 2. Preparation for the Measurements (3) lock any moving parts (3.3.1.1).

(a) Pre-Calibration Routine (3.1) O Adjust lighting/exposure (3.3.1.2).

O Review test procedure (3.1.1). O Acquire static images (3.3.1.3).
for DIC Measurements iew test procedure -

O Check cleanliness of camera detector. lens. and calibration target (3.1.2). Review static images (3.3.1.4 and 3.1.6.4), looking for:

H O Warm up cameras (3.1.3). e Glare
an d Ana IySIS e DIC pattern that is too coarse or too fine

O Synchronize cameras to each other and to other data acquisition (3.1.4).

O Apply DIC pattern (3.1.5). e Defects in applied DIC pattern
(b) Pre-Calibration Review of System (3.1.6) ¢ Out-of-focus regions of the image
o —— : SRR e Poor contrast
This appendix presents a checklist and flow chart of the main points to consider when O Position test piece in load frame (3.1.6.1). N i liehti
I . . . . s i 2 3 S s 2 e Non-uniform lightin,
designing, executing, and analyzing DIC measurements performed during mechanical O Position cameras for desired FOV and image ROI (3.1.6.1). ° s )
testing of a planar test piece. Each of the steps listed in the checklist are expounded O Verify FOV, focus, DOF (3.1.6.2). ¢ Overexposed or underexposed regions
i ai . is enide, r chart (Fig refers in par ses ) ) . " e Dirt, smears, foreign object on lens or camera detector
upon mA the m(%m body of tl]lf. guide, and the flow chart (Fig. A.1) refers in parentheses O Lock all moving parts of cameras, lenses, and mounting system (3.1.6.3). . _ 2 ] ‘
to specific sections of the guide. A A A s % 2 5 i i 5 e Vibrations or other camera motion
- O Adjust orientation of polarization filters if using cross-polarized light
(3.1.6.3). O Acquire rigid-body-motion images of test piece for noise-floor analysis

1. Design of DIC Measurements (2) 2315
O Review static images (3.1.6.4), looking for: € ). ) ) ’
(a) Measurement Requirements ¢ Gliik O Verify calibration (3.3.2).

o Intrinsic parameters (3.3.2.1)

0O QOIs (2.1.1) e DIC pattern that is too coarse or too fine
P " : X g xtrinsic parameters (3.3.2.2
O ROI'(2.1.2) o Defects in applied DIC pattern e Extrinsic parameters (3.3.2.2)
. : g . : . ista 3.3.2.0
0 FOV (2.1.3) e Out-of-focus regions of the image o Absolute distances (3.3.2.3)
O Position Envelope for Hardware (2.1.4) e Poor contrast O Perform abbreviated noise-floor analysis and ensure the noise-floor is
. _ acceptable (3.3.3.1).

0 2D-DIC vs Stereo-DIC (2.1.5) o Non-uniform lighting ! ( ) .

. o ; O Look for heat waves (3.3.3.2). system stability (3.3.3.3), and any other
[ Stereo-Angle (2.1.6) e Overexposed or underexposed regions . . oo

- A lab-specific system verifications (3.3.3.4).

O DOF (2.1.7) e Dirt, smears, foreign object on lens or camera detector
0 Spatial Gradients (2.1.5) e Vibrations or other camera motion 3. Execution of the Test with DIC Measurements (4)
O Noise-Floor (2.1.9 jus ! syste il high-quality images are obtaines . . . :

oise-Floor ( ) O Adjust DIC system until high-quality images are obtained. 0 Verify correct file name. location. and storage capacity for DIC images.
O Frame Rate (2.1.10) (¢) Calibration (3.2) .

. 4 & ok [0 Verity that the correct test procedure or macro has been selected.

O Exposure Time (2.1.11) O Select calibration target of appropriate size. (3.2.2.1)

. N P . . Select calibration target of appropriate size. (3.2.2.1). O Verity force and other measurements of interest are set to record and are
O Synchronization and Triggering (2.1.12) - S ot e sz Gssgs 29 0¢

R 5 i O Create a clear working space in which to perform calibration (3.2.2.2). synchronized with DIC images.

(b) Equipment Selection X a rine parts of cameras. lenses. ing svs 3.2.22 _ . . .
O Lock all moving parts of cameras, lenses, and mounting system (3.2.2.2). O Verify triggering of test frame and DIC images.
O Camera and Lens (2.2.1) O Adjust lighting/exposure (3.2.2.3). . . . .
. . S . A X X . O Verity that lights are on, exposure is correct, frame rate is correct.

O Mounting Equipment (2.2.2) [0 Ensure there is uniform contrast and no glare as the calibration target
O Aperture (2.2.3) is rotated, tilted, and translated (3.2.2.3). 4. Processing of DIC Images (5)

ighti & ST 2.2. - ," t i ¥ i i ages i avi vell-extra il 'es i b3 - s s.s .
O Lighting and Exposure ( 1) m] »‘%(‘qnuo (:"Illhl ation images tlnf have well-extracted features in the en: O Select initial correlation and user-defined parameters.
0 DIC pattern (2.3) tire working volume of the optical system (3.2.2.4).

SRTI er 260, & O Perform initial correlation of images.
(c) Mock Test (Optional) O Calibrate the system (3.2.2.5).

IDICs




About the Good Practices Guide for Digital Image Correlation (GPG)

Post-Calibration Routine (3.3)

Design of DIC Measurement (2)

Determins the
Measurement
Requirements (2.1}

Y
A 2 Yes
Requirements:
+Qol2.1.1) « Finalized Test Procedure (3.1.1) Acquire Rigid-Body-Motion
+ROI(2.1.2) + Cleaned Camera Detector & Lens (3.1.2) Images (3.3.1.5)
«FOV (2.1.3) « Warmed Up Cameras (3.1.3)

+ Position Envelope (2.1.4)
+ 2D-DIC vs Sterec-DIC (2.1.5)

Pre-Calibration Aoutine (3.1)

Setup Hi

4

Acquire Static Images
(33.1.3)

L]

Review Image Quality
(see3.3.1.483.1.64)

1

Adjust Lighting
or Exposure

»
-

images

« Synchronized Cameras (3.1.4)
« Applied DIC Pattem (3.1.5)

A

Sufficient

L]

o @
2 g
: SISSET%B (2.16) g . \;‘;r:flgdl Fso:;’él?!(})F. & Locked Lenses g Verify Cs_lihlahon (332 Legend
- Spatial Gradients (2.1.8) g . o P . Imrmslc_: Parameters (3.3.2.1)
+ Acceptable Noise-Floor (2.1.9) 1 3 « Extrinsic Parameters (3.3.2.2)
. Frame Rate (2.1.10) 2 £ + Absolute Distances (3.3.2.3)
« Maximum Exposure Time (2.1.11) o " ‘_,J 20
« Synchronization & Triggering (2.1.12) E .2 £5 v
> Acquire Static g =¥ Process
* 3 Images - Perform a Final Review of System (3.3.3)
3 {optional) 3u + Abbreviated Noise-Floor Analysis (3.3.3.1)
i g5 .
| Eavipment Selaction to 5 < . g;ﬁﬁ"{gﬁ;'ﬁ”“ ®332
| Mest U cete. (3.33.4)
Requirements (2.2] 5 o
£ Review Live or Static Images (3.1.6.4) for
* 2 ~ No Glare Decision
o + Required DIC Pattern No
+ Camera & Lens (2.2.1) Q + Proper Focus . System
+ Mounting Equipment (2.2.2) a « Sufficient Contrast - Ready (Section Numbsr)
+ Aperture (2.2.3) a7 « Even Lighting
« Lighting & Exposurs (2.2.4) E) « Proper Exposure o
« Approximate Image Scale < + Clean Lens & Camera Detector 1
« No Vibration Issues A
Y Exscution of Test with DIC

Pattern Selection

Mock Setup
(optional)

Adjustment:
Required

Images
Sufficient

Adjust Camera or Lens

Figure A.1: Flow chart illustrating the main steps involved when conducting
DIC measurements in conjunction with mechanical testing of a planar test

piece (part 1).

Adjust Camera or Lens <¢— f———

Finalized
Hardware

Measurements (4)

v

Select User-Defined
Parameters (5.2) g
Considering Variance & [
Bias Trade-Offs (5.4)

Final
Calibration
Values

Parameters (5.2)

. ﬁ?;f'ﬁsﬁ”g Quantify Noise and Bias
Finalized Errors using Finalized
Parameters Parameters (5.4)

Setup

piece (part 2).

Reporting (6)

Figure A.2: Flow chart illustrating the main steps involved when conducting
DIC measurements in conjunction with mechanical testing of a planar test



About the Good Practices Guide for Digital Image Correlation (GPG)

Improvement and Expansion of the Guide
Current Scope of GPG > 6 working groups:

1. Figures, references, and examples
» Common mechanical tests with DIC 2. Non-planar test pieces
measurements 3. Global DIC
4. Library of patterning technigues
» Standard lab/ open air environmental conditions 5. Dynamic tests and high-speed DIC
- - . 6. Noise and bias quantification
> Planar test piece, moderate sizes, strains, and
rates » Translations to other languages
_ > Chinese: Released August 2019
» 2D-DIC and stereo-DIC using local, subset-based » German: Released March 2020
DIC algorithms > French: Released March 2020

> Japanese: |n progress
» Portuguese: In progress

Get Involved!
> All are welcome to participate, regardless of experience level
» Contact guide@idics.org
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