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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- Da curve 

Other fields of application 
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Metódy stanovenia deformácií 

 
 

-Analytické      (nutný matematický model) 

 

-Iteračné   MKP (nutné poznať vstupné materiálové parametre) 

                problém = verifikácia 
                              = nelineárne riešenie pre plastické deformácie 
 

-Experimentálne  ... Odporová tenzometria, fotoelasticimetria,  

             Moiré, RTG, .... 

                   Videoextenzometria 

                   problém = rozsah použitia: elastická, plastická oblasť 

 



Non contact displacement measuring 

techniques 

 Classical methods restrictions:  

 - Temperature, field of view, mass     
 

   - FEM relations between  s and  e 
 

 Systems: 

   - CCD , CMOS camera + PC 

 - frame graber (analog signal Ÿ digitized) 

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

Á New experimental technique 

Á Measuring on the surface 

Á More principles of non contact displacement measuring 

GôSell, C. Hiver, J.: Video-Controlled Materials Testing and In-Situ Microstructural Characterization, Nancy (INPL), 

1999, 16 - 18 November 



ESPI  
Electronic speckle pattern interferometry 

ReferenļnĨ obraz Deformovaný obraz Pásový obraz 
 

Fázový obraz Pole posunutí  
Opticky drsný povrch 

LaserovĨ l¼ļ 
 

Reference image ï deformed image 

lsurface 

Llaser beam 

 

                        displacement field 



DIC  
Digital image correlation 

- subsets similarity 

- normalized coeficient of cross correlation 
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Treshold technique 

  image Ÿ binary image  - optimized gray scale 
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Skenovacia ļiara 
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znaļka 

 

Lokálny histogram 

stupne ġedi 

Videoextenzometer ME 46 
 

 



Videoextensometer ME 46 
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Experimental set-up 

Videoextensometry 
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Videoextensometry 

Strain homogeneity 

ez  if small thickness 

True stress ů = R(1 + eL) 

Strain rate de/dt 

Strain gradients de/dx 
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Strain 
 

 - logarithmic strain tensor: 

   Ůlog = İln(FFT)  
 

     

 

    F =  
 

  

- logarithmic equivalent strain: 
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A

C

B

 Ůx [%] Ůy [%]  

A 29.4 155.1 

B 27.9 153.2 

C 29.03 137.2 
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              Videoextensometry 
A - distance, B - element, C ï node (dot)  



Strain gradient I  
 Displacement field without smoothing 

bicubic plates   

 

z(s, t) 

y(s, t) 

x(s, t) 

tƻƭŜ ǇƻǎǳƴǳǘƝ v .ƛƪǳōƛŎƪȇ Ǉƭłǘ 



Strain gradient II  
 

Displacement field with smoothing 

thin plate splines   

tƻƭŜ ǇƻǎǳƴǳǘƝ v 



Strain gradient  
 

j
y

f
i

x

f
fgradf

dd

µ

µ
+

µ

µ
=Ð=

a) 
 

b) 
 Gradient  x Gradient  y 

c) 

OceŎ IF, 

deformaļnĨ stav 

- perforácia 

 

IF steel, perforation  
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Deformation (strain)  maps 

(a) ŮT   [%] (b) ŮL  [%] (c) GY  [%/mm] 

IF 

steel 

(c) GY  [%/mm] (a) ŮT  [%] 

  
(b) ŮL [%] 

TRIP 

steel 

strain  

localisation 
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Vector map 

Strain maps 

Strain Strain gradient  



Strain rate 

logarithmic equivalent strain 
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Deformácia

RĨchlosŠ deform§cie

 

b) 

 

Zeit 

e 

de/dt 




