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Low accuracy and low precision

Stone Age Man missed the bull's-eye,
and the three attempts were not near each other.

Low accuracy but high precision

Robin Hood’s Merry Man missed the bull’s-eye,
but the three attempts were near each other.

Higher accuracy but low precision

Native American’s three attempts were near the
bull's-eye, but were not near each other.

High accuracy and high precision | ”

Olympic Archer hit the bull’s-eye 3 times!
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Thereiis uncertainty in.everything we measure !

Where do uncertainties come from ?

AThe test setup and measuring instrument
A Equipment calibrationmeasurement resolutionyY A & I € Ay YSyasX az27Fig¢

ATheitem beingtested or measured

AH2Y23SySAader adGlroAtAader aLISOAYSYy aial s X
A Operator expertise and skill
AThe test environment

A Temperature noise, vibrationX X

Why are uncertainties important ?

A Toquantify the quality of a measured value
A To compare different measured values

A e.g.Benchmarking ofiifferent systems/laboratories
ATo compare a measured value with theory

ATo compare a measured value wilpermittedtolerance
A e.g.instrument classifications, conformity assessmxnt
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Uncertainty versusrError
Ad! YOSNIIFAYyGeéeé Aa Fy FaadSYLWG G2 |d
knowledge of the true value

AAn uncertainty provides bounds around the measured value within
which it is believed that the true value lies, with a specified level of
confidence

Alt is only possible to state the probability that the value lies within a
given interval

AProbabilistic basis for uncertainty evaluation

AGONNRBNE A& GeLMAOLffe RSTAYSR | ay
error = measured value true value
AThis implies a knowledge of the true valgnot usually known)
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Uncertainty Classification

A

A

A

Sourcesof uncertainty are classified dype Aor TypeB depending on the
way their influence is quantified.

If the uncertainty is evaluated Istatisticalmeans(from a number of
repeated observations) it is classifiédpe Aif it is evaluated by any other
means it should be classifiégpeB

Thevalues associated withype Buncertainties can be obtained from a

number of sources includingplibration certificats, Y I y dzF I O (i dzNB NXQ &
specifications, data from reference handbooks, results of similar

measurements carriedopy2 NJ 'y SELISNI Qa SadAYlGAzy

ForType Buncertainties, it is necessary for the users to estimate the most
appropriate probability distribution for eacéource

It should be noted that, in some cases, an uncertainty could be classified
as either Type A or Type B depending on how it is estimated.
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Uncentainties irMaterials Testing (UNCERT)

Search NPL...

Joint Ventures tions

@ Home > Science + Technology > £ > Research » Mechanical

High cycle fatigue testing

Low cycle fatigue testing

Plane strain fracture toughness (K1C) testing
Crack tip opening displacement (CTOD) testing
Fatigue crack growth measurement

Charpy impact testing

Tensile testing

Compression testing

Bend testing

Uncertainties in Mechanical Testing o CoP
(UNCERT) Engineereamae o COP

The Codes of Practice listed below were developed within UNCERT, a project partly funded by the EC's Research

Standards, Measurement and Testing programme. Its aim was to simplify the way in which uncertainties for - Mechanil o] COp
17 mechanical tests on metallic materials are evaluated. These are intended for all those interested in

measurement and testing and particularly for practicing engineers, technicians, and managers in the

manufacturing and service sectors. o CO P

Related Ret

The UNCERT manual comprises six sections: Mechanical Testi ° C P
General Measurg 0

« Section 1: Introduction to the evaluation of uncertainty Measurement Tel

+ Section 2: Glossary of definitions and symbols o CO P

« Section 3: Typical sources of uncertainty in materials testing o Co P

o CoP
o CoP

« Section 4: Guidelines for the estimation of uncertainty for a series of tests

@ N9 RN

+ Section 5: Guidelines for reporting uncertainty

©

» Section 6: Individual Codes of Practice:

© CoP 1: High cycle fatigue testing o COP 10: Creep test|ng

o CoP 2: Low cycle fatigue testing

e Cop 3: Plane strain fracture toughness (K1C) testin . . i

o Cna 4: Crack tip opening displagcement (CTOD)lesing °e COP 11 b NOtChed bar Creep rupture teStIng

o & e o CoP 12: Double shear testing

o CoP T7: Tensile testin .

- CoP & Compression esting o CoP 13: Dynamic Young's modulus measurement

o CoP 9: Bend testing

© CoP 10: Creep testing o CoP 14: Hardness measurement

o CoP 11: Notched-bar creep rupture testing

e o e o CoP 15: Residual stress measurement (hole drilling technique)
= o 15 Rt e messrsmor o il tchnice o CoP 16: Poisson's ratio measurement (from tensile tests)
o CoP 16: Poisson's ratio measurement (from tensile tests) .

o GoP 17: Ramberg-Osgood parameters (from tensil tests) o CoP 17: Ramberg-Osgood parameters (from tensile tests)

which it would have been impossible to do this work.

The UNCERT Partners acknowledge the financial support received from the European Commission, without
For further information, please contact Tony Fry r

www.npl.co.uk/sciencetechnology/.../uncertaintiesin-mechanicaltesting-uncert
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UNCERTrProcedure

CONTENTS
1 SCOPE
2 SYMBOLS AND DEFINITIONS
3 INTRODUCTION

4 A PROCEDURE FOR THE ESTIMATION OF UNCERTAINTY IN Kic
PARAMETER DETERMINATION

Step 1- Identifying the parameters for which uncertainty is to be estimated
Step 2- Identifying all sources of uncertainty in the test

Step 3- Classifying the uncertainty according to Type A or B

Step 4- Estimating the standard uncertainty for each source of uncertainty
Step 5- Computing the combined uncertainty u.

Step 6- Computing the expanded uncertainty U

Step 7- Reporting of results

5 REFERENCES
ACKNOWLEDGEMENTS

APPENDIX A
Mathematical formulae for calculating uncertainties in Kjc parameter determination

APPENDIX B
A worked example for calculating uncertainties in K¢ parameter determination

A Developed by material testing experts
A Following same format, in line with GUM
A Worked examples included

Sources of Uncertainty in Ktesting
(UncertCoP3)

ColumnNb. [ T] ® ® [ @ ® ‘ ® [ @ | ®
Sources of Uncertainty Measurements Uncertainties
Source Value Measurement Nominal or Type |Probabl. | Divisor Effect on
Wop @ Affected Averaged Distribt. (d) Uncertainty in
Valoe (Units) Measurement
Apparatus
Load Cell 1% Py 725 (kN) B |Rectang.| .f3 0419kN "
Extensometer 0.5%" Po 725(kN) | B |Rectang.| .3 nglg.
Plotter Y 0.5%" Po 72.5 (kN) B |Rectang.| .f3 nglg.
Plotter X 05%" Py 725kN) | B |Rectang.| .3 nglg.
Knife Edges 15t02 Py 725 (kN) B |Rectang.| .f3 nglg.
Thickness mm'”
Caliper 005 mm™” W 6@@mm) | B |Rectang.| 3 | 0029 mm >
B 30 (mm)
3038 (mm)

Method
Alignment - Py 725 (kN) B |Rectang.| .f3 nglg.
Speed 03-1.5kN/s Py 725kN) | B |Rectang.| .3 nglg.
Environment
Room 20c® Py 725(N) | B |Rectang.| .3 nglg.
Temperature
Operator
Graph 249 % @ P, 725kN) | A | normal 1 1.805 kN ¥
Interpretation
Thickness 023% B 0@mm | A |normal [ 1 | 0069 mm?
Measurement
Width 023%® w @@mm | A [normal [ 1 | 0.138mm>
Measurement
Crack Length | 023 % © a 3038(mm) | A | nomal | 1 | 0070mm® |
Measurement
Test Piece
Specimen 059%™ B 30(mm) | B [Rectang.] 3 | 0087 mm”
Thickness Py 725 (kN) 0209 kN ¥
Specimen 05% @ w 30 (mm) B |Rectang.| 3 | 0.173mm?”
Width Py 725 (kN) 0.209 kN '

(1) permissible range for the measurand according to the test standard
(2) maximum range between measures made by several trained operators, on the same test
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NPLsSpecific Modulus:Testing

AFIA Regulations require that all metallic materials wiipacific modulus,e, of over35

GPdgcm must be supplied fotesting

A No specific advice or guidelines on testthod
A How to measure modulustensile or dynamic ?
A OnlyASTM standardexist

A NPL was approached to advise on testing and measurement issues

A Initial tolerance wagt0 +/- 10 GPagcm'3

ADriven by interest in using MMCs

A Combinationsof metal andceramic

- Typically AlTi, Steel alloys PR BTN £ 50 M A L
- with SiG ALOs, TiG TiB e g0 '-f’q?:‘ f;ﬁf‘
- Particles, whiskers, fib Ak RN RN SRS A
artcies, wniskers, riores v v ‘.\.‘,_2“‘, et
. . @ 5. % 8 e g st
A Properties can be tailored by .-’ " a ey Gre }
varyingVf of reinforcement ViR _;” 8w O

» ol . v N '@
&8 B
A . f . . f 985 Lt "-"a,,",‘z:, ! ‘.-“C‘ 'Sn v, ¥
Significant increases 8pecific  * 4" #..8:: % 41 (278 7o, "@,
strength& stiffness o> gt ;

"" (Va’ Yo' :
AReduction in ductilitandK, & w538 Gt oS %
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1000

1. MODULUS-DENSITY

YOUNGS MODULUS E

L.
oo

DiAM ENGINEERING
B SIC /SN, ZCERaMICS 2

WC 8

1 40 GPa/gcm -3

(6=3E/8; K=E) _ | @.ﬁgns@/@“g'm o |
[ Ff G AT aiiors Figure taken from
100} = L the Cambridge
o P Engineering
g () A ~ e Selector (CES)
T o7
3» 10p="= Courtesy of Prof
= / oy Mike Ashhv &
a [ Density | Modulus Espec
S | - " (gcm-3) | (GPa) | (GPa/g cm-3)
D 1ol ff.‘i, Al 2.70 73.0 27.0
Z romsos Ti 4.50 120.0 26.7
Q [IERTRESLE ee/] |_-|Steel 6.90 210.0 30.4
Ni 8.83 190.0 21.5
Nimonic 8.37 218.0 26.0
Fe 7.87 205.0 26.0
~ /|Copper 8.93 121.0 13.5
Gold 19.30 80.0 4.1
Be 1.84 275.0 149.5
| <o)

DENSITY P (Mg/m?)
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NPLsSpecific Modulus Uncentainty/ Budget

Material NPL Density, Modulus, Specific

Code 1D (g cm_g) E Modulus, Espec
(GPa) (GPa/gcm?)

1 2.903 111.4 38.4

2 2.901 112.2 38.7

3 2.902 112.7 38.8

4 2.902 111.7 38.5

X 5 2.905 1122 38.6

6 2.906 112.1 38.6

7 2.902 1119 38.6

8 2.905 1125 38.7

9 2.904 111.7 38.5

10 2.904 112.1 38.6

Mean 2.903 112.1 38.6

Std. Dev. 0.002 0.4 0.1

Results from tests on
10 specimens from the batch

Source of . Measured Uncertainty u | Probability . . u (Espec)
Uncertainty Uncertainty Value (%) distribution | D1VS0T (%)
Force, F See Note 1 0.22 Normal 1 0.22
Area, A 0.02 mm? 18 mm? 0.11 Rectangular | 1.732 0.06
Strain, & 10 pe 1000 pe 1.00 Rectangular | 1.732 0.58
Madulus analyzis 0.25 GPa 112.1 GPa 0.22 Rectangular | 1.732 | 0.13
method
Repeatability of E |, 4 Gp, 112.1 GPa 0.26 Normal 1 0.36
measurement
Density 0.004 gcm™ 2.903 gcm™ 0.14 Rectangular | 1.732 0.08
Repeatability of
density 0.002 gem3 2.903 gem 0.07 Normal 1 0.07
measurement
Combined Standard Uncertainty 0.73
Expanded Uncertainty (k=2.00, 95%) 1.47

Specific modulus Uncertainty Budget

Basedon these results the specific modulus for the batch of material should be reported as
Epec= 38.6° 0.6GPd g cm? .. to a confidence level of 95%.

This reported expanded uncertainty is based on a standard uncertainty multiplied by a
coverage factor, which provides a level of confidence of approximately 95%.
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Modulus (GPa)

300

275 1

250 4

225 4

200 +

175 1

150 4

125 4

100 1

75 4

50

The value of accurateimeasurement
and low uncertainties

* Beryllium

s
40 GPdgcm

& Titanium

& Aluminium

teel

Nimonic
¢ ¢
Iron ‘
Nickel
¢
Copper

Density (g/cm3)

Pushing it to the limit !
40 GPdgcns3
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¢
P 4
40 GPdgcm3

3.95 3.97 3.99 4.01 4.03 4.05 4.07 4.09

Density (g cm-3)

Dedicated test method & accurate strain
measurement permitgbtle variations in
materid composition for

maximum performance benefit

DIC Uncertainty Workshop, NPL, 22nd Feb 2017

4.1



Modulus (GPa)

Scatter in\Modulus datantercomparisons

Nimonic75: CRM61 Moduludata(2000 Mild steel(Unwin 1895)
240 210
*
230 . ®» m Bar E
220 M { o
210 - SR S .
200 - 2 ‘ ¢Barl % 200
i ¢ ¢ Bar9 :%
1907 o Bar 28 = e
180 - Bar 52
170 - g +Bar 115 o
& Bar 160
160 |
0 1 2 3 4 5 6 100
Laboratory
w

A Improvement is still required !
i A Dedicated test method and strain measurement
A VAMAS TWA32 intercomparison activity
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¥abuf 0dzS:fer2nFe SpacwSF S NB

Tensile test on dibre reinforced MMC

70+ tests over 15 years to check set up

Loaded elastically (to 0.1% (1000 pe))

Using strain gauges (Douldled strailmeasurement)

To o I I

210
205
. * ° Mean excl RS
L’_?____l____l__l_‘____’__?__ ?_ __________ Q ’ _________ ‘_ _____________ L
200 - — v 6”' e”__‘é ’ ""6“ ‘“ &
< “ A Mean of all data
S
Tn’ ’“
9 195
E
©
(@]
=
190 ¢ HBM
0‘ ¢ TML
* ®RS
185 & MG
O o o o o e o L B L e e e
- <t NN O M © O N I 0 oA T NN O M O oo N I o d < NN O M o o
— — — — N N N m M o < <t < < 0 n © ©O© ©O© N~ N~ N~ M~

Test Number
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Usefullinks

AGUM (& Supplements)

www.bipm.org/en/publications/guides/gum.html

AUKAS document M3003
www.ukas.com/library/Technicdhformation/PubsTechnicalArticles/Pubglist/M3003.pdf

ANPL uncertaintguides
www.npl.co.uk/publications/uncertaintguide/

AJCGM: Joint Committee for Guides in Metrology

www.bipm.org/en/committees/jc/icam/

AUNCERTodes of Practice
www.npl.co.uksciencetechnology/engineerednaterials/research/mechanical/uncertainties

iIn-mechanicakestinguncert
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http://www.bipm.org/en/publications/guides/gum.html
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf
http://www.npl.co.uk/publications/uncertainty-guide/
http://www.npl.co.uk/publications/uncertainty-guide/
http://www.npl.co.uk/publications/uncertainty-guide/
http://www.bipm.org/en/committees/jc/jcgm/

Conventional Strainmeasuremenéthods
usediin\MaterialscFesting
le &7 N -

Non contact

video extensometry
Mechanicalextensometry

Strain gauges
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Non-contact Strainrmeasurement-methods

Photoelasticity

Grating Interferometry applied to Residual Stress measurement - image scale: |———| = 2mm

Mowe/gratmg mterferomet y

DIC Uncertainty Workshop, NPL, 22nd Feb 2017

usediin'\Materials Testmg\

|
5/_
EH I
2

ESPI

(Electronic Speckle Pattern Interferometry)

Spedmage Vectmnap Strainmap

DIC (Digitalmage Correlation)



V' 4

9y LIS NA XS ik ki hoY SOKE Yy A O

Strain gauges

Extensometry

Full field imaging

Diffraction techniques
Residual stress measurement
Digital Image Correlation
Moiré Interferometry

Speckle Pattern Interferometry

ThermoElasti&tress Analysis (TSA)
Photoelasticity Modern Stress and

Photogrammetry Strain Analysis

Virtual Eields Techmque A state of the art guide to measurement techniques
A Acoustic emission \(o)
A Magnetic methods ——

Too T Joo J>0 oo Joo T Joo Jo Too Jo T>o

Eureka

BSSM Tachnical Editors: J. Eaton Evans, J.M. Dulieu-Barton, R.L. Burgueta
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Why DIC ?

A DICprovides direct comparison of displacemearfianalysis
of complex fringe patterns (ESPI, Moiré)

A Fullfield techniqueg wealth of information
Goodspatial and strain resolution
Minimal sample preparation & long working distances
Nolaser safety issuesf(ESPI)
Insensitiveto vibration and rigid body motiorc{ ESPI, Moire)
Applicationsare not material specific nor size dependent

- from NANO !! to large components
Relativelysimple experimental set up (but computer intensive

To Do Do To Ix

T

DICis notcited in anyMaterials Testing Standards (but neitrae strain gauges !)
Needs line of sight

DIC for test machine control ?

DIC is not suitable for all strain applications

o Do Do Do

DIC Uncertainty Workshop, NPL, 22nd Feb 2017
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Potential issues-contributing toDIC-Uncertainty

Helps to identify what is important and what can be controlled

Inherent material variability

Post processing of DIC data

Use of 3 party software
A5SRAOFGSR &multipufbse
A XXX

A XXX

A System/imagestability

A Surface patterrg scale, contrast,
distribution of pattern feature®tc
User expertise

DIC software itself
Imagepreprocessing; averaging
Image noise

DIC subset/window size

A Strain field uniformity

A Number of images

A Choice of reference image

A Test setup A DiCprocessing conditions
. . A Correlation algorithms
A Camera alignment and stability : :
. . A Potential out of plane displacement
A Lens distortions
: : : 2D v3D
A Camera resolution and field of view .
S A Test environment
A Lighting
> A Temperature effects
A Vibration \
A
A

Too oo oo o o
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ISTRESS Imaging & system-performance tests

Test 2:After a Dwell of 20 mins, 10 x

images, No translation

A Motion due to image drift (charging)
and/or stage creep

A Issuec in extreme cases had to

change FOV to accommodate,

reducing resolution and increasing

potential uncertainty

Representative images of the
reference samples (Pt dots on Si
wafer)

- showing the variation in quality,
noise and resolution

FIB Systems examined
4x Zeiss, 2x Tescan, 1x FEOebt

Test 2 Ave Vy — (Evolution throughout the test) SAME SCALE (100 pixel magnitude)

—

NPL (Ave Vy = -26.7)
Zeiss

Tescan (Ave Vy =2.7)
Tescan

TUDA (Ave Vy = -10.0)
Jeol

Uniroma3 (Ave Vy = 6.1)
FEI

1 i} IEM

ENAS (Ave Vy =-5.1)
Zeiss

FAU (Ave Vy = 35.9)
Zeiss

Oxford (Ave Vy = 8.8)
Tescan
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Potential issues-contributing toDIC-Uncertainty

Helps to identify what is important and what can be controlled

Inherent material variability

Post processing of DIC data

Use of 3 party software
A5SRAOFGSR &multipufbse
A XXX

A XXX

A System/imagestability

A Surface patterrg scale, contrast,
distribution of pattern feature®tc
User expertise

DIC software itself
Imagepreprocessing; averaging
Image noise

DIC subset/window size

A Strain field uniformity

A Number of images

A Choice of reference image

A Test setup A DiCprocessing conditions
. . A Correlation algorithms
A Camera alignment and stability : :
. . A Potential out of plane displacement
A Lens distortions
: : : 2D v3D
A Camera resolution and field of view .
S A Test environment
A Lighting
> A Temperature effects
A Vibration \
A
A

Too oo oo o o
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SEMDIC r@hall@gblﬂmmaramalysis

AL AL R A = I

“ .,:I 3 I 4 : 1 f0.585 0.70

e Ry C

m‘. «’ - Q \*”x- ; -0.80

' - -‘( - -f. : < 'F_' » N 0.58 -0.85

- 'm'“""m Variation inVx

Image sets for software testing and verification s
A Using High Contrast Image Set 2 "
A 15 x 2D DIC image sets with different strain £
and displacement fields o
A Results show output fod.1 pixel shift§rom o
Oto 1 pixel in both the x ang, analyzed using ..
standard NPL DIC conditions o

Image number
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Validationc using/4pt bend €lasticdoading

NPL CMSXB6, in-situ loading 30 06 15
0.8

J———yl

strain Relief (%)

saturation strain (%)

Depth (um)

Position with res'pect to beam axis (um)
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Potential issues-contributing toDIC-Uncertainty

Helps to identify what is important and what can be controlled

Inherent material variability

Post processing of DIC data

Use of 3 party software
A5SRAOFGSR &multipufbse
A XXX

A XXX

A System/imagestability

A Surface patterrg scale, contrast,
distribution of pattern feature®tc
User expertise

DIC software itself
Imagepreprocessing; averaging
Image noise

DIC subset/window size

Strain field uniformity

Number of images

Choice of reference image

A Test setup A DiCprocessing conditions
. . A Correlation algorithms
A Camera alignment and stability : :
. . A Potential out of plane displacement
A Lens distortions
: : : 2D v3D
A Camera resolution and field of view .
S A Test environment
A Lighting
> A Temperature effects
A Vibration \
A
A

Too oo oo oo o o To Do
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Cross/weld example

IMPACT ex service pipe : KA/09/022

700
500 /_..F-l =
/_,/‘_’__’_,_’—’—'.‘-'—'_-—_-* —
s J "_—_’_’___..,_‘—f—’—’_'
- f ”_’_/_,_—4-'-’
S 400 P i
@ Ef' Parert T
@ I
= 300 f Parent B
W
; HAZ T
200 ——HAZB
Weld C
100
04 . . . . . . . . .
0 05 1 15 2 25 3 35 4 45 5
Strain (%)
700
600 r ﬂ?-—-—— ﬁ—ﬁ
500 / ! y
= W
& 400 -
b4 Parert T
E 300 Parent B
w
HAZ T
200 —HAZB —
WeldC
100
0 .
0 5 10 15 20 25 30 35 40

Strain (%)
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Potential issues-contributing toDIC-Uncertainty

Helps to identify what is important and what can be controlled

Inherent material variability

Post processing of DIC data

Use of 3 party software
A5SRAOFGSR &multipufbse
A XXX

A XXX

A System/imagestability

A Surface patterrg scale, contrast,
distribution of pattern feature®tc
User expertise

DIC software itself
Imagepreprocessing; averaging
Image noise

DIC subset/window size

A Strain field uniformity

A Number of images

A Choice of reference image

A DICprocessing conditions
A Test setup : :
. . A Correlation algorithms
A Camera alignment and stability : :
. . A Potential out of plane displacement
A Lens distortions
: : : 2D v3D
A Camera resolution and field of view .
o A Test environment
A Lighting
> A Temperature effects
A Vibration \
A
A

Too oo oo o o
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ISTRESS Doublet{IBUC processingsissues

NPL 22 03 2016 TiN C01 - Double Slot RR NPL 22 03 2016 TiN C01 - Double Slot RR
A8
0.029 . iR o
f 1
0.08
0.07
g g
= = 006
5 K
& T 005
- -
a o
g & o004
E] & —§— FFTex
—— L5Mex
—ig— Ave Image ex
—@— Ave DIC ex
40 50
Image no.
NPL 22 03 2016 TiN C01 - Double Slot RR NPL 22 03 2016 TiN C01 - Double Slot RR
045 01
0.4 0.029
035 H h 0.08
0.07
g 03 §
= = 006
® 025 5
= —a—FFTex w005
E 0.2 o Ave Image ex T
i Fom
T —@— Ave DIC ex ]
= 015 [
0.03 =
-
0.1 0o ——
0.05 BN 0.0
0 ﬁ - 0
0 2 4 6 8 10 12 14 16 18 1 2 3 4 5
Depth Increment Depth Increment
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ISTRESS Round Rajdffectof Iimage averaging
and different'DICsoftwarefusers

10° Mean strain in x-direction vs. image #

25+

<O
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ISTRESS Round Rajdiffectof image averaging
and different' DICsoftware/users

Mean strain in x-direction vs. image #
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Potential issues-contributing toDIC-Uncertainty

Helps to identify what is important and what can be controlled

A DICprocessing conditions

A Correlation algorithms

A Potential out of plane displacement
2D v3D

A Test environment

A Temperature effects

A Inherent material variability

A Post processing of DIC data

A Use of ® party software

A5SRAOFGSR &multipufbse

A Test setup

A Camera alignment and stability
A Lens distortions

A Camera resolution and field of view
A Lighting

A Vibration

A System/imagestability

A Surface patterrg scale, contrast,
distribution of pattern feature®tc
User expertise

DIC software itself
Imagepreprocessing; averaging
Image noise

DIC subset/window size

A Strain field uniformity

A Number of images

A Choice of reference image

Some will be more important than others

Too oo oo o o

Other uncertainties associated with the
test method are also important and shoulc
be considered and included in the
Uncertainty Budget
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More Usefulilinks

ASEM Challenge
https://sem.org/dic-challenge/

AiISTRESS website
http ://www.stm.uniroma3.it/iISTRESS

TENSTANi2ports and files
http:// www.npl.co.uk/sciencdechnology/engineerednaterials/research/mechanical/tensie

testing-standardsand-tenstand/

ASPOTS
http:// cordis.europa.effesult/rcn/83262 en.html

AVAMAS website
www.vamas.orqg/
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SEM DIC/Challenge

\ Society for
s&w Experimen ABOUT  EVENTS  COMMUNITIES  AWARDS  PUBLICATIONS  MEMBERSHIP

Mec

DIC Challenge

The purpose of the DIC challenge is to supply the image correlation community with a set of images for software testing and verification. This is to include both commercial codes
and university codes. The use of a common image data set removes the experimental errors associated with multiple hardware setups created by a typical, specimen-based, round-
robin style test. The DIC code itself is then isolated and more easily evaluated independent of other experimental considerations. The DIC Challenge will be conducted under the aus-
pices of the Society for Experimental Mechanics (SEM) under the direction of the DIC Challenge board. The purpose of the challenge is not to rank the existing codes, but to provide a
framewark in which all codes can be tested, validated and improved for use in experimental mechanics.

All information will be freely disseminated at the DIC Challenge website and open to all. While the images and results are open to all, there may be a requirement to limit the number
of participating university codes. The open site still allows researchers to download the images and compare with the published results from the participating codes. All results will be
posted and tied to the code used for the analysis. That is, each code used will be identified by name and tied to their results. Because of this, all analysis will be done by the code de-
velopers themselves, This removes any issues or concerns about misuse of the software by a third party.

Test images will be created both experimentally and synthetically. It is hoped that for all three stages of the DIC challenge we will be able to have both types of images. It will be the
responsibility of the DIC board members to create and evaluate the images to best test and challenge the DIC codes. Details of the creation of the images will be recorded in a pub-
lished paper so participants can understand how the images were created.

Answers will be supplied for some image sets (sample), but not for others (blind). The sample images will be supplied to allow the developers access to images similar to the blind
tests but with known solutions to aid in the improvement of their code. The use of blind data sets is important to better mimic an actual experiment where the final answer is un-
known; requiring the user to pick the “best” software settings without the aid of knowing the solution.

DIC Challenge Board

The DIC Challenge Board will create the DIC challenges, moderate and compile the tests, and disseminate and interpret the results. The board will consist of users of DIC software
with enough expertise in the use of DIC codes to be able to fairly create image sets and evaluate the results. Code developers will not be involved on the board to remove any suspi-
cion of unfairness or conflicts of interest.

DIC Board Members

Phillip Reu - Chairman

Bertrand Wattrisse (EU)

Wei-Chung Wang (Asia)

Evelyne Toussaint (EU)

Hugh Bruck (US)

Sam Daly (US)

Ramon Rodriguez-Vera (Latin/South America)

Forian Bugarin (0 https://sem.org/dicchallengé

Challenge Datasets
2D-DIC

3D-DIC

SPOTS Static Test Item

Example Data:
High Contrast Subpixel Contrast Images

Low Contrast Subpixel Contrast Images
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ISTRESSA\NVebsite

http://www.stm.uniroma3.it/iSTRESS/
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