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Simulation
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* RCT: Ring Compression Test
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* RCT: Ring Compression Test
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* RHF : Radial Hydride Fraction
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* OLH : Optimal Latin Hyper Cube sampling
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* RCT: Ring Compression Test
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* RCT: Ring Compression Test

[ The load-displacement curve]
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[Strain energy-time curve]
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Displacement (mm)

** Billone, M. C . et al. “Radial hydrides separated by a gap of <5 ym are considered to be continuous.” 29
** Wang S. et al. “Determine both the habit plane and morphology of hydrides in fine-grained (grain sizes < 10 um), 2 phase (a-B) zirconium alloys.” 67
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Metamodeling using RCT simulation data

X1 Gy Fracture Energy

x2 &P Equivalent plastic strain at damage

o s o €0, n:0 initiation (n = 0, pure shear)

- Central Composite Design (CCD)= 28950 ANOVA =2 pl Equivalent plastic strain at damage

X3 | &, 1:033 initiation (n = 0.33, uniaxial tension)
_ Equivalent plastic strain at damage
pl

X4 & 058 initiation (n = 0.58, plane strain )

O Parametric study

» MHBF parameters?| objective functiond| O|X| = ¥2F H7}

<Analysis of Variance>

Source DF Adj SS AdjMS  F-Value P-Value Main Effects Plot for Ojective
Model 14 1117.9  79.847 3.47 0.027 Data Means
Linear 4 1105.8 276.46  12.03 0.001 T e %3 T
X1 1 832.46 83246  36.22 0 225
X2 1 0.66  0.662 0.03 0.869
X3 1 03  0.303 0.01 0.911 0.0
X4 1 272.4 2724  11.85 0.006 3
Square 4 6.82  1.705 0.07 0.988 .
X1*X1 1 2.82 2817 0.12 0.734 g 150
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X2*X3 1 1 1.004 0.04 0.839 0615020/\289 Q%"f’&%@o\%ﬁ% @1,],‘9@‘9 @’\Q Q «‘9@00@\@0&@@ $ «Q
X2*X4 1 0.79 0.788 0.03 0.857 S SHES NN
X3*X4 1 08  0.803 0.03 0.855
Error 10 22982 22.982 » This parameter are critical in predicting crack initiation.
Total 24 1347.7
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_ Aopendix
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* OLH : Optimal Latin Hyper Cube sampling

* CCD: Central Composite Design

Simulation model
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|:| f,(z,0) of simulation \ j
. f(zO)ofKrmng 30_0_ . I ____I__
5 10 15T 20 2]; 3(;) | 35 40 45 50 £,(20) of Kriring
ramning ata Order fl (z’ e)
_.200f
Y, OF RHF 30.96% z vy
Yy, of RHF 23.50% § re
y 4 ofRHF 24.22% - 100 | “ ..... \“Il' ..... - EXperlment
sim CRHE 37165 I RHF 23.50%
Yo © o L |- RHF 24.22%
f,(2,0) of simulation | hY% .\“"/” ————— RHF 30.96%
l:l f_(z,0) of simulation 00 0.1 0.2 s RHf._r37.1 6%
2 3 4 s 6 7 8 9 10 11 12 13 14 15 £,(2:0) of Kriring Displacement (mm)
Test Data Order £,(2.0) of Kriring
IE_I.E: [K=3 's";l-.9.-6-|-0:| oS A0 ]1|-jl_| EHA = A 7|-h
. el — = =20 == T T o’/lo
> Oha|H=Qt ZHIHAISHS o= 2L of g e 2to| BAH E HBE5HA =% e =




Evaluation of Optimization Algorithms for Fracture Parameter Calibration in

=
A D D e n d Ix Spent Nuclear Fuel Cladding with Reoriented Hydrides

* NSGA : Non-dominated Sorting Genetic Algorithm

<Flowchart of NSGA-II algorithm>

AE 1n2{st NSGA-II Z|X32} v DEHHH 27| N = 100

v' MCH== G = 200 Serform
Initial parameter non-dominated sorting
random set
4 A : : v
2 Donfmate_d solutlons_ Create p_opulation No
Non-dominated solutions P. of size N of
t
m, individuals t=t+1 Yes
g© Ja f?od ® o o 94 v Generations size:
~| ne ©) a ® o Calculate G=G+1
= - P ibo = - © o the objectives functions
o A ) ' © v Output Pareto-optimal /
X K® = A '}_ © Perform crossover and front
= ) kS ° - ;
g % 5 Parbto e mutation operations
= . .p = Front o v Analyze the trade-off
- > I — > Generate relationship
Minimize fl Minimize  f1 new popilatlon Q¢
- End
Combined new
population:
Ry =P UQ;




Evaluation of Optimization Algorithms for Fracture Parameter Calibration in
Spent Nuclear Fuel Cladding with Reoriented Hydrides

* NSGA : Non-dominated Sorting Genetic Algorithm

0 20 40 60 80 100 120 140 160 s
Generation N 4t
8 T T T T T T T T (Q
B
6t : 21
wn
gap .
5 0 : : - :
- 20 2I() 4I0 6I0 8I0 1(I)0 léO 14I10 léO 0 2 4 Ay 6 8 10
Generation f1(z, 0)
<Optimized fracture parameters and objective function values.>
Method X1 : Gy X2: g_g,ln:o X3: g_gln:o.33 X4: 55,111:0.58 f1 (z,0) fz (z,0)
'> Distance to ideal point 0.0102 0.7074 0.7214 0.0010 3.5298 4.8131
Weighted Sum (0.5, 0.5) 0.0103 0.7074

0.7079 0.0010 3.0387 5.0767
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_pl _pl _pl
X1:Gs X2 .-eg T X3: eg S X4 : sg{ 1:0.58
0.0103 0.7074 0.7079 0.0010

Hydrogen Content (674 wppm), Ave. RHF (19.40 %)

Exp. Ring 2 | Exp. Ring 4
400 _ . | | =—— Sim. RHF 23.50% i Lol [ ——— Sim. RHF 17.9 %
2300 S | S%m-RHF24-22% 2300 l“‘ L] | mm— S%m.RHF19.5%
. R B Sim. RHF 30.96% & e L] [ =———— Sim. RHF 20.0 %
'§ 200 T e [ i Sim. RHF 37.16% 'c"g 200 | ,i!‘i. ] |=——— Sim. RHF 20.4 %
A :
“!: 00 “!| by
| N ‘i'e
0 : : : : : 0 =
0 0.1 02 0.3 04 0.5

0 01 02 03 04 05

Displacement (mm) Displacement (mm)

Exp. 282.00N 282.00N - - Exp. 356.09 N 356.09 N - -
(23.5 %) 282.98 N (17.9 %) 341.87 N

Sim. (24.2 %) 282.26 N Sim. (19.5 %) 355.85 N

(RHF) (31.0 %) 57134 N 279.73 N 3.024 4.850 (RHF) (20.0 %) 35651 N 356.52 N 0.435 10.607
(37.2%) 282.34N (20.4 %) 371.85N

Kriging - - 3.039 5.077 Kriging - - - -

Error - 0.81% 047 % 4,46 % Error - 0.12 % - -






