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Standard Strain-controlled Testing (ASTM E 606)

Strain ¢

A

Strain

: Strain sampling rate f;
amplitude

» Time t

tCycle

Cycle frequency
nycle — 1/tCycle

B Strain amplitude resolution of 1 % < 400 strain measurements per cycle
B Cycle frequency limited by sampling rate: f¢y,c < fz/400

B Typical low cycle fatigue (LCF) lifetime: 10.000 cycles
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State-of-the-Art 2D DIC Systems

‘l') Zwick Roell videoXtens HP

B Optical extensometers (DIC): f.~ 160 Hz < fryce < 0.4 Hz
= measurement time of 15 h for 10.000 cycles

B Mechanical extensometers: f,~ 5000 Hz < f¢,qe~1..10 Hz
= measurement time of 0.3 to 3 h for 10.000 cycles

Reference:

Zwick Roell Produktinformation videoXtens 2-120 HP, % Fraunhofer % Fraunhofer

https://www.zwick.de/extensometer/videoxtens-hp IWM IPM
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Setup for Strain-controlled Closed-Loop System

LED
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rate
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Marker-free DIC Measurement

Sample surface

Testing machine Coaxial LED illumination
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Camera with telecentric lens

"Ref.  Meas.

B Camera resolution: 2040 x 256 pixel | =1,
® Field-of-view: 11.2x 1.4 mm? (5.5 ym/Pixel) Strain: & = —-
= =
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Subpixel Displacement Measurement

Ref:

Meas.:

2D Correlation results for
ROIs 1a,b and ROIs 2 a,b

Fit of 2D-Polynomial to 3x3 neighborhood of
correlation maximum:

Prit(Ax,Ay) = a+ b Ax +cAy +d Ax Ay
+e Ax? + f Ay?

Displacement: Maximum (Ax, Ay) of Pg;;
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2D Image Correlation of Graphics Boards (GPU)

Calculation on CPU in space domain:

1 i+r j+r
Croi (i) = — z z ROI, (k, DROL, (k + i, + }) 0(N?)
a“b - "
k=i—-rl=j-r

Calculation on CPU in Fourier domain:
cro;(i,]) = FFT‘l(A*(a)i, a)j)B(a)l-,a)j)) O(N log,N)
with  A(w; w;) = FFT(ROI, (i, )))
B(w;, w;) = FFT(ROIL,(i, )

Measured correlation rate on Core i7, 256 x 256 Pixel: 600 Hz

Calculation on GPU in Fourier domain: O(log,N)

Measured correlation rate on Nvidia GTX 1080, 256 x 256 Pixel:
12.000 to 25.000 Hz
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Strain Measurement with f, = 1.2 kHz and 10 ROls
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Real-Time Full-field Analysis at 10 Hz with 2500 ROls

W Crackl =» 1

Strain [%]
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Closed-loop System: Mean Dead Time <2 ms

Image acquisition (1.4 ms) «  ~ Image evaluation (0.6 ms)

—

® -t ip P Pos; —460.0 08 CLRS0R

Camera start : ; } : o THD

:..:....:...:....: ..... EEIT

Trigger camera

sy :..E ol : — L, IJLIE"E

- CH1
.r : f : f f 1 &t 1.960ms
Livnnainiy l llllllllllllll :lér-;!l! ;I :g;||-n;y||a:; ;L-'“-I -lHl_

Output signal [ e e =l 0.00Y
(0-10V) T AR N e e Cursor 1

1.36ms
'I 12V

G T G O R R G A
1111

IIllllllllllllllJJlLJJ;JlllrllJ;llll

CH1 200y CH2 S0.0% i 1 00rns
a—myg-17 1727

Z Fraunhofer Z Fraunhofer

IWM IPM



Calibration with Strain Gauge

Calibrated strain gauge

' Residuals [um]
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1| ® StrainControl, Messbereich 11 mm, Blende 8, blaue LED (31.03.2017)|
®  Mech. Extensometer (Maytec PMA 12) |- 9.8 mm (20.03.2017)
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(Sylvac S_Dial Work Nano Bluetooth 2.5 mm)
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Zero-strain Test Result

Displacement ROI 1 [um]
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Out-of-plane Error

I I I 1 | I I 1 1
0.2- Standard lens .
1(APO Rodagon 1:1 75 mm)
0.1 - -
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B Uncertainty Az < 0.1 mm in axial direction (sample thinning, machine tolerance ...)
B Telecentriclens: |Ael< 1.5107*mm ™! -0.1mm= 1.5107°
B Standard lens: |A¢| < 68.510*mm™! - 0.1 mm = 68.5107°
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Tactile and Optical Strain Measurements
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Strain-controlled Measurement at 1 Hz Cycle Frequency
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Strain-controlled LCF-Measurement on Al: Start
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Strain-Controlled LCF-Measurement on Al: After 20 h
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Strain-Controlled LCF-Measurement: Stress Amplitude
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Marker-free Strain-controlled Measurements at 1000 °C
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Rene-80: Coating required above 800 °C
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Variation of Cycle Frequency
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Conclusion

Mechanical 2D DICon CPU 2D DIC on GPU
Extensometer (state-of-the-art)

Displacement uncer-

tainty (FOV 10 mm) e i L i 4 i
Contacting yes no no
. . 1,2 kHz
Strain sampling rate f, 5 kHz 160 Hz G eed) e 2 e
Cycle frequency fcycie 1..10 Hz 0,4 Hz 3 Hz
LCF measurement time
(10.000 cycles) e gl el I
e . yes yes
quitisianalyS s no (offline) (real-time, 10 H2)
Errors due to normal Contactless, Contactless,
pressure and slippage marker required marker-free,

Combines advantages of both,
optical and mechanical extensometers
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