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Why?

Cyclic plasticity may occur in the area around the notch, even in HCF
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A brief review of the Literature...

Examples of complex algorithms

"Sensitivity and optimisation of the Chaboche plasticitymodel parameters in strain-life fatigue predictions", Kourousis et. al.,
Materials and Design 118 (2017) 107-121

"Parameter determination of Chaboche kinematic hardening model using a multi objective Genetic Algorithm", Mahmoudi
et. al. Computational Materials Science 50 (2011) 1114-1122

Genetic Algorithms
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Why consider a different approach?

Advantages of the proposed procedure:

* No complex optimizazions

* Focused on stabilized cycles (more interesting for fatigue analysis)

e |t aims to reproduce the global properties of the stabilized cycle (peak to peak stress,
average stress, slope at the inversion points, hysteresis area) and ratcheting-rate too

Experimental data needed:
* At least two stabilized cycles obtained by strain-controlled tests with

different strain amplitude and average strain (relaxation tests)
* One stress-controlled test (ratcheting test)



Chaboche Kinematic Hardening model with 3 Backstresses

Example of a strain-controlled test with R =0

X1 . P &) :
) Z& A
o~y 4 X1max stab
5 X2max stab
ol
Xomin,stab = Azo 4 —
X1min,stab
‘Zlmax,stab B ‘Zlmin,stab ‘ZZmax,stab = ‘ZZmin,stab

Backstress with rapid dynamics Backstress with slow dynamics Linear Backstress
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How to calculate C; and x;
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Experimental stabilized cycles in red The C; value is generally much lower than

C,and C,



How to calculate C, and C,
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How to calculate o,
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How to calculate the hysteresis area of the stabilized cycle

2 [-C. . A
i A= (_‘Sadgp =20 Ag, + ZZ:[3 Ag, — %tanh (?/' i j)
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How to calculate y, 1/2

Three functions are defined:

* An error function that measures the error in predicting the cycle amplitudes
The relative error on the prediction of the hysteresis area of stabilized cycle |
The relative error on the prediction of the hysteresis area of stabilized cycle Il

All of these depend on the parameter y,
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How to calculate y, 2/2

A global error function is defined by combining them:

W(r) = ()= PalAT AL =

0<a<l

71

By finding y; that minimizes vy (y1), ¢,,C,,C, can be updated

Ao, C yal Ag I C,+C
Ag o e el WS S o 22 3A

Cl(l—tanhv1 5 Bl D+C2 =_C3+3TG Oy, AN an ( > ] > Enl

P o=cmax

stab,| AO' C 7 Ag’ C +C
¥, Ag do OLu :_"—Jtanh( - p"j— 2 3 Agp,n

C 1—tanh( : 2"'"} +C,=-C,+— 2= 2 2

&y o=, e o, +0,
2x 2 system 2

11



How to calculate y, 1/3
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How to calculate y, 2/3

With various rearrangements (assuming C; = 0):
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How to calculate y, 3/3

d 4 o max max r
When a linear backstress is considered Y3y, = Zan +C3 A&,
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A fourth backstress can be added...
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To improve the prediction near the elastic limit
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* Generate a matrix of trial values for C, and y,
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* Minimize A{+Aj and obtain C,, y, and the updated value

e For each matrix entry evaluate

of O';_

Clearly, the initial hysteresis area (with ¢ =0)

must be bigger than the hysteresis area of the experimental cycle
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Isotropic Hardening

The elastic limit generally depends on the cumulated plastic strain

@ p:Hd‘gp‘

Thus, an isotropic hardening rule is introducted (Voce) o, =0, +Q(1—e‘b'°)
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the transient during pre-stabilization cycles is used to find Q and b e reversal
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Experimental data and validations 1/4

High-silicon ferritic ductile cast iron

Two strain-controlled tests
with R, =—-1 used to calculate

the parameters C,, y;, C,, Cs, x50, Cu 74
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Experimental data and validations 2/4

One stress-controlled test used to identify y,
Two stress-controlled tests to validate the result

0.6-
0.5
=

SR

£z
T
024
0.1+

Single ratch. test

Number of cycles, N

Experimental | ¢ the calibration
Simulated of y, \
Independent
ratcheting tests,
for validation
20 40 60 80

asinh {1[
CZ

20 C, 3
Ag;  sinh (;/1 Ags‘)

&

a
Agp

18



Experimental data and validations 3/4

Isotropic hardening trend of cycle I, calibration Validation of the overall CIKH model on some of
of Voce’s parameters the cycles of cycle loading Il (strain-controlled)
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Experimental data and validations 4/4

The procedure is resumed in a powerful and simple Matlab Gui to calculate Chaboche Kinematic
hardening model parameters

4. ChaPaFi v1.0 X

CHAboche kinematic hardening model PArameter FInder - v1.0

Experimental Cycle 1 (Larger) Experimental Cycle 2 (Smaller) Ratcheting Test (Optional)
1000 600 F 01F
400 1
0.08 ¢
500
_ . 200}
© L
& o , 0.06
= 0 = 0 £
b b _200 L 004 [
-500 400 | 0.02 -
-600 1
-1000 : : : 0 .
-0.01 0 0.01 -5 0 = 10 15 0 50 100
c € x10 N
Import Data | ClearData | Import Data | ClearData | Import Data |  ClearData |
Current File | C:\Users\roman\Desktop\Missione_PuntaC Current File | C:\Users\roman\Desktop\Missione_PuntaC Current File | C:\Users\roman\Desktop\Missione_PuntaC
Results

Identify Parameters Save Results . C1 | 5.75e+04 o1 238 3 643
sigmal 398
C2 | 8.62e+03 a2 518 X3.0 211

Avaible online with C. Santus, T. Grossi, L. Romanelli et. Al. , Int. J. Plas., December 2022




Conclusion

A procedure to identify Chaboche and Voce parameters

Two strain-controlled tests and one stress-controlled test to obtain the parameters

No complex algorithms, analytical closed-form expressions are exploited

Experimental data used: peak to peak stress, average stress, slope at the inversion points
and ratcheting rate

Potential leverage of a fourth backstress component to improve the prediction accuracy

Results obtained for the high-silicon ferritic ductile cast iron

--------E-_

82.1 GPa 12.1 GPa 13.5 1124 MPa  42.1 MPa 798 GPa 4538 172 MPa 39.3 MPa
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