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Videoextensometry — non contact
technique for strain
measurement on the surface and
the application in materials

research

Ladislav PeSek
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Principles

Accuracy

Deformation maps

Strain Homo/Heterogeneity

Crack growth resistance: thinn sheets (1-2 mm), CT,
rolling direction, plastic hinge position, loading rate,
CTOD- and J- 4a curve

Other fields of application
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Metody stanovenia deformacii

-Analytické  (nutny matematicky model)

-lteracné MKP (nutné poznat’ vstupné materialové parametre)

-Experimentalne ... Odporova tenzometria, fotoelasticimetria,
Moiré, RTG, ....
Videoextenzometria



Non contact displacement measuring
techniques

« Classical methods restrictions:

- Temperature, field of view, mass

- FEM relations between © and €

* Systems:

- CCD , CMOS camera + PC
- frame graber (analog signal — digitized)

- software ( surface images loading and processing)
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= Non contact

= New experimental technique

= Measuring on the surface

= More principles of non contact displacement measuring

target analog video
following scanner camera Interferometer

G’Sell, C. Hiver, J.: Video-Controlled Materials Testing and In-Situ Microstructural Characterization, Nancy (INPL),
1999, 16 - 18 November



ESPI

Electronic speckle pattern interferometry

lNumination 1

Measuring
direction
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DIC

Digital image correlation

subsets similarity
- normalized coeficient of cross correlation
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Treshold technique

image — binary image - optimized gray scale
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Videoextenzometer ME 46

Lokalny histogram
Meracia
znacka




Videoextensometer ME 46

F I Specimen

CCD
kamera

\/\Zdroj svetla




%

Videoextensometry

Experimental set-up

Accuracy
1-2%

Accuracy [%]

Micrometer

(detail in Fig.7),

1,0095

Set distance [mm]

| 25.5.2009
0 26.5.2009 9:30
026.5.0911.10




Videoextensometry

Strain homogeneity
g, If small thickness

True stress 0 = R(1 + ¢))

Strain rate de/dt

Strain gradients de/dx



Strain

- logarithmic strain tensor:

€09 = 1In(FFT)
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Videoextensometry

A - distance, B - element, C — node (dot)




Strain gradient |

Displacement field without smoothing

bicubic plates
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Strain gradient Il

Displacement field with smoothing

thin plate splines
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gradf = Vf

d(LogEeg)dx [mm™]
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Deformation (straln) maps

strain
localisation
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Strain maps

Strain Strain gradient Vector map

gradLogEeq| [mm™]
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Strain rate

logarithmic equivalent strain
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Thickness - comparison

DP steel, thickness after fracture
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Coeficient of variation
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Strain homo/heterogeneity -
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Strain localization
DP500 and IF steel

Based on de/dt
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Strain localization
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Strain localization
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Slip band - perforation
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Strain localization before perforation
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Consumption of energy

= Plastic deformation

= Stable crack growth when occurs)

= Elastic deformation (reversible)




A-pillar |

Cross |
member |

Side - -
member , - Body side

Wheel house

Engine cradle
cross member

| Rear door

Underbody
beam

Floor panel
Bumper
reinforcement
Suspension
top




Investigated material

Used part of the autobody

R, A Thickness
[MPa] [%0] [mm]

300 45 1.95

493 1.8
580 1.6




CT specimen

- Electrospark notch root R = 0.1 mm

- Fatigue precrack

- Grid for non contact displacement measuring —
Videoextensometry
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Kinetics of notch root deformation

dJ ) dCTOD
da ’ da
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S

Plastic hinge n - changes during loading




R-curves — 1.3 mm/min

A XSG TL (C1) y = 0.558x + 2.5699
= XSG LT (C5) R? = 0.9934
* HR 45 TL (D15)
HR 45 LT (D7)
ZP-D
Z1
y = 0.5287x + 2.5784

R? = 0.9953
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y = 0.1183x + 1.5095
R? = 0.942

y = 0.2308x + 0.7588
R? = 0.9942
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R-cUurves — 130 mm/min

4 XSG TL (C3)
= XSG LT (C6)
+ HR 45 TL (D16)

HR 45 LT (D8)
T2 y = 0.478x + 3.3672

R? = 0.9875

y = 0.587x + 3.3715
R? = 0.9965

y = 0.308x + 1.0444
R? = 0.9922

A a[mm]




R-CUrves — fatigue (f), electrospark

XSG TL (C1)
DP LT (DP3)

y = 137.55x + 962.72

R?=0.9738
HR 45 LT (D7)

s XSG TL (C1f)
DP LT (DP2f)
HR 45 LT (DOf

)f: 130.01x + 352.83

R*=0.9828 y = 75.254x + 489.35
2 R? = 0.9862
= 131.35x + 217.08

R? = 0.9544
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R-CUrves — fatigue (f), electrospark

XSG TL (C1)

HR 45 LT (D7)

s XSG TL (C1f)

DP LT (DP2f)
HR 45 LT (D9f)

y = 0.2879x + 0.7837
R? = 0.9914

Ay
ey f

M 0.2905x + 0.497

R? = 0.9658

R? = 0.9953

y = 0.4553x + 2.4245
R?=0.98

y = 0.2433x + 0.899
R? = 0.9858

3
A a[mm]




CT specimens with laser welds
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Stable crack growth resistance 3o mm/min)

Crack
Steel orientation

dCTOD/da T

L - longitudinal 392

T - transversal 419

L 134

T 206

T2 L weld (IF) 0.367 _
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Steel sheets welded by laser beam

Numerical strain map

42,4
46,0
39,2
25,0
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91,7
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39,3
40,9
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34,7
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24,8
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41,7
47,8
34,9

29,2
25,9
20,7
21,6
21,6
37,2
43,5
52,2
51,9
47,7
52,1

33,2
AW
31,7
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34,7
26,3
37,5
45,5
46,0
50,2
50,0






Elasticity limit — 2D

1 CCD kamera
2 hydraulicky valec

Krizova vzorka

ANICRIERIE
bodov
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Displacement of 2 points

Elasticity limit — 2D

Deformacna mapa

Casy zaéiatku plastickej deformacie

0'
I 'Q’

.o
PR aer T2 ote

0-1 nabeh systému

1-2 ustélenie nuly

2-3 elasticka oblast’

3 — zacliatok plastickej deformacie




Elasticity limit — 2D

SVX (2,25
SVY @)

18
16
14
12
10
FIKN] 8

40 80 120 160 200 240 280 320 360
90 120 150 180 210 240 270 300 330 - 30 60 90 120 150 180 210 240 270

Cas [s] . Cas 5]

Plasticity curve



Fracture toughness of fibre reinforced concrete

3PB 100 x 100 x 300 mm

Rozovretie vrubu

Gauge

[(mm]
S

notch

2
F=]
o
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>
o
N
o
-

Skusobne
teleso

Posunutie sily

priehyb [mm]
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Videoextensometry — non contact
displacement measuring

Vzorka

Zdroj

svetla i

......

« Non-contact

« Output:
a) Data (x-, y- co-ordinates)
up to 10 Hz
(.dat) ' ,
b) Sequency of images during test | i

(-bmp)
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Stable crack growth resistance .3 mmmin)

Crack
Steel orientation

dCTOD/da T

L - longitudinal 569

T - transversal 585

L 114

T 116

weld L weld (IF) 0.401 -

weld (F — FP) T weld 0.118 -




X
Stable crack growth:
Crack opening Mode I...K,

Mode III... K,
Trousers test
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Optimization - CT specimen

Buckling
Stiffening plates
Without buckling
Before loading
After loading




CT specimen

- Electrospark notch root R = 0.1 mm

- Fatigue precrack

- Grid for non contact displacement measuring —
Videoextensometry
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Steel sheet properties

Mechanical properties

R R, A Thickness

e

[MPa] [MPa] [Y0] [mm]

182 300 45 1.95

382 493 1.8
357 580 1.6

Chemical composition in [%)]

Steel C Mn S P Si Al Nb V

F(F) 0.0013 0.082 0.01 0.011 0.006 0.055 0.001 0.002

FP 0.16 0.65 0.004 0.013 0.010 0.035 0.001 0.002
DP 0.072 1.807 0.006 0.017 0.010 0.002 0.003




s
Microstructure
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POROVNANIE DEFORMACNYCH CHARAKTERISTIK
OCEL’OVYCH PLECHOV MERANYCH V LOKALNYCH A
GLOBALNYCH OBLASTIACH PRI STATICKOM ZATAZENI

POUZITIM VIDEOEXTENZOMETRIE



Experimentalna cast
1. Experimentalny material

- 2 materialy rovnakej akosti (OK, NOK) — hibokotazna ocel (R,=170-290 MPa, R,,=240-380 MPa), t = 3 mm
- 3 skusobné vzorky z kazdého materialu rozmerov 20x80 mm

- vybrané vzorky v smere kolmom na smer valcovania

- 2 spbsoby nanasania bodiek (globalna a lokalna oblast)

Obr 2 Vzorka s nanesenymi
kontrastnymi bodkami, vzdialenost
bodiek 7 mm — globalne meranie

|

Obr 1 Kryt kompresora s trhlinou Obr 3 Vzorka s nanesenymi

kontrastnymi bodkami, vzdialenost
bodiek 1 mm — lokalne meranie



1. Metalograficka analyza

Obr 5 Mikrostruktura oceli

OK - feriticka Struktura

NOK - pozorovany maly podiel perlitu



2. Staticka skuska v t'ahu
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005 01 015 02 025 03 03 04 045 0,05 0,1 0,15 0,2

0,25 0,3 0,35 04
true strain

true strain [ ]

a) globalna oblast vyhodnocovania b) lokalna oblast
vyhodnocovania

Diagram skutoCné napatie — skutocna deformacia do R,
Mechanické vlastnosti skumanych

oceli
NOK - vyrazna medza sklzu
Oznacenie R 02 Ren R, Agy © y
oceli [MPa] [MPa] [MPa] [%0] - Re, RmT o0 30 MPa
OK 199 315 41

NOK 238 341 34



Exponent bol vyhodnocovany z Z tlchto Ysekov bol zost a

linearnej oblasti diagramu o-¢ v log - priebeh je vykresleny od R, — R,
suradniciach na useku ¢ = 0,05 - tesne pred R,, zaCina n rapidne klesat
- rozdiel aj medzi lokalnou a globalnou oblastou
vyhodnocovania, lokalna udava nizSie hodnoty n

Deformacné spevnenie
*
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log true strain

Diagram log o — log ¢ Priebeh exponentu deformacného

spevnenia v zavislosti od skutoCnej
deformacie



Koeficient normalovej anizotropie

- pomer Sirkovej a hrubkovej deformacie
- idealny pripad pre plechy urCené na hlboké tahanie

nastane, ak r je Co najvysSia Ar=20

Kde: ly, by, hy — dizka a Sirka pred deformaciou [mm]
l;, by, h; — dizka a Sirka po deformacii [mm]

¢ OKlocal
= NOK local
4+ OK global
NOK global
Lokalna oblast vyhodnocovania — hodnoty silne zavislé

od deformacie => neustalené

V oboch pripadoch — koeficient ma klesajuci trend

o
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7
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o

true strain

Obr 9 Priebeh koeficientu normalovej
anizotropie v zavislosti od skutoCnej
deformacie



