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Nickel-based superalloys are employed as one of the primary SEERVE Analysis Calibration of Constitutive Law Parameters Morphological Distribution Parameters
structural components in high temperature jet engine applications. For the subgrain micromechanical analysis, 1t 1s 1Important to A genetic optimization procedure 1s executed to determine the The morphological  distributions ot y*  precipitates  cntically
Their unique ability to maintain mechanical strength and generate statistically equivalent representative volume elements constitutive law material parameters. influence the dislocaion mechanics at the subgramn scale. The
corrosion resistance over a wide range of temperatures highlights (SERVLEs) for finite element simulation. The size of this SERVE . effects of these statistics are brought to the polycrystalline scale by
them as critically important engineering materials. However, 1s determined by studying the convergence of microstructural (Quc P ---) [ Candidate Parameter Sets | Optimization (Fitness) Measure parameterizing the distributions into lower order representations.
modelling Ni1-based supera.lloys 1s iInherently a multiscale problem. s.tatistic.s, material par ameters, and mechanical properties as the | CPFEM / | Minimize i [ Parameter Set to Describe ]
The remarkable properties of the material are attributed to simulation volume 1s increased. /{ . ] = an | ' Morphological Distributions o vstr et v s
.o : : : : : Calibration Assessment s
precipitate strengthening and other dislocation micromechanisms, ———— - | . -
which occur at the subgrain level. At this scale, the morphology [ . ] W e Volume Fraction vs / |
and spacing of N13Al Y’ precipitates play a significant role 1n the [ Global Sensitivity Analysis ] S . P S T ™ e
thermo-viscoplastic behavior. F = ?1 3 Jo |"’f’--*rr>€_ Tsimde annet i loy/2m 207
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Global sensitivity analysis 1s performed, 1 the form of Sobol’ index L/
- y S ofol" | . computations, to understand which material parameters most ™ - del at the hich o ructed
Y-y’ sub-grain oA R - . q e constitutive model at the higher scale 1s constructed as a
microstructure yphase FCC  y’ phase ordered L1, e Microstructure SERVE (M-SERVE) influence the model and the calibration. . 8 . 4 .
structure (Pure Ni)  structure (Ni;Al) NiAl Experimental 3D subgrain y-y’ microstructure data is collected 5, — Yarx, (fx&(;/ X0) function of these morphological descriptors (volume fraction,
In ord devel e aw for blastic def . ; through FIB-SEM serial sectioning and is statistically quantified in Which calibration parameters most influence T —— logmean/logvariance of channel width, logmean/logvarance of
1€ Iracuaon ol output variance : :
n order to develop a constitulive faw lor plastic delormation o terms of precipitate morphology and spacing distributions. the yield strength and hardening rate? caused by a given in;ut variance shape exponent, and variance of mean radus).
polycrystalline Ni-based superalloys, a parametric homogenization
. 111 . ’ Im P ' Uncertainty Added to Yield Stre Uncertainty Added to Hardening Ra * . .
schem§ 1s utihized to elevate .the | mechanical effegts of the Y ' a}{;erocessmg tainty t trength ertainty Added t ening Rate Homogemzed Constitutive Model
precipitate morphology to this higher scale. This multiscale N A Spo = 60.1% SQuer = 4427\ other 16% from dislocation : . L :
. . . S —31.0% S 995 volution parameters) A thermally activated crystal plasticity constitutive law 1s adopted
framework permits the design and analysis of superalloy Qact = 01.U70 po = 2% . . . .
. . . for the single crystal behavior of the higher scale. Two critical
polycrystals by accounting for the complex mechanical behavior of . . o . o X (cutt X 1 hardens ant A)
the subgrain microstructure. Is the calibration sensitive to SERVE instantiation? parameters ACUting Swess feyrp and hardetihg constant M) are

selected to become functions of the ¥ morphological descriptors.
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Intermediate Radius Distribution 0.25 Shape Parameter Distribution realizations even at a lOW 1
number of precipitates Parametric Homogenization
=~ T Nmeetmecprates By simulating a number of microstructural realizations at the
s e e e k . subgrain scale with various y* microstructures, functional forms for
et ot i, TP tn PROPERTY SERVES the mitial cutting stress and hardening constant are derived. The
» : connection between scales is enforced through Hill’s conditions.
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mechanical property or microstructural feature 1s of interest. Yield ho(Vf, Pty PrsPr) = Bo + B1oy + — + B30 pin i + BiOppin + Bsop i’ + Bgvy

DISLOCATION DENSITY—BASED CRYSTAL and plastic strain behavior under monotonic loading 1s analyzed to =
PLASTICITY C()NSTITUTIVE MODEL M-SERVE Convergence and Validation determine the approprate size ol SERVE needed to represent

these mechanical responses.

: . . . Virtual microstructures are generated for various SERVE sizes b
Subgrain Crystal Plasticity Finite Element Model . o BEHETE . Y 2 . —
matching the morphological statistics of the experimental data. Convergence of £ \,.\ tas L
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A two phase dislocation density-based crystal plasticity model 1s The cumulative distribution functions (CDFs) of the experimental Macroscopic P ;/F/’ AR U S E—
developed to explicitly simulate the precipitate-matrix structures at and virtual generation statistics are quantitatively compared using response occurs i : /
. . E 670l T ° _§ 1.70 :
the subgrain scale. (Keshavarz, Ghosh 2013) the Kolmogorov-Smirnov test. before M-SERVE. %!/ i — ] - Loceﬁ strgngtﬁenlr;ggf
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Thermally Activated Flow Rule (Orowan equation e Ce . ..
y ( 9 ) 05t | P . 0.8 Distributions of mechanical fields converge near 100-200 precipitates observed crack
Tpass = Cps b N \ 99th Percentile . . 8 nucleation site The lower scale precipitate-matrix microstructure can be designed and
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