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ABSTRACT

Multiphase metal matrix composites are used in modern industries like energy, aerospace, and automotive.
The materials are used in severe loading conditions like impact loads or thermal shocks. The presentation
concerns a data-driven model of an interpenetrated composite. The geometry of the material phases is
obtained using CT scanning. Further details, namely, the distribution of voids and inclusions are found
with the scanning as well. Based on CT scans the 3D finite element and peridynamics models are derived
from. Former analyses [1, 2] showed the importance of the existence of an interface zone in multiphase
composites. In the current presentation, the diffusion-based mechanism of forming the interphase zone is
shown. A constitutive law evaluated in [3] is considered. The constitutive law for the cohesive zone was
obtained using molecular dynamics simulations. The effects of the MD-based law on mesoscale samples
are presented.
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Introductory statement

Metal Matrix Composites (MMCs) are widely used in many strategic industrial sectors, such as defense,
aerospace, nuclear power plants, spaespace exploration, being the main source of technological progress in the
others, for example machining. This rapid development could occur mainly due to their highly desired
characteristics, primarily good resistance to transient loadings. Thus, dynamic mechanical testing can be
regarded as the design criterion for this kind of materials.
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Further CT modeling
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Model of the C-terminated SIC/AI inte;{a_ce for the MD simulations.
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The models used 350,000 atoms, up to 1920 cpus, 39 hours wall clock

Potential functions

Al interactions: The embedded atom method (EAM) potential [1]
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Si-C interactions: The Tersoff potential [2]
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Al-Si and Al-C interactions: The Morse potential [3]

modeling at the atomic, meso, and continuum scales.

System Parameters Morse potential System Parameters Morse potential
Dy (V) 0.45824 Da (eV) 0.4691
Al-Si a (1/A) 1.322 AL-C a (1/A) 1.738
ro (A) 292 ra (A) 2 246
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The elastic constants obtained by the present MD simulations and comparison with those obtained by other investigators.
Material Method Cyy Cyp Caa K E G v
(GPa) (GPa) (GPa) (GPa) (GPa) (GPa)
Al Present2. 107.03 61.06 31.05 76.38 62.67 22.99 0.363
Present? 105.09 59.46 30.66 74.67 62.12 22.82 0.361
MDs. 107.21 60.60 32.88 76.14 63.44 23.31 0.361
Experiment? 107.3 60.08 28.3 75.7 63.83 23.48 0.359
3C-5iC Present 383.78 144.41 239.75 224.20 304.81 119.68 0.273
MD= 390.1 142.7 191.0 225.1 313.6 123.7 0.268
Q@Erimenti 390 142 256 225 314.2 124 0.267
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Interdiffusion at 2000 K

- |
-
-
-

(a) (b) () (d) (€)

Cross-sectional views of the atomic configurations of C-terminated 6H-SiC/Al interface. (a) Atomic structure

at 300 K before relaxation and the configuration after maintaining the system at 2000 K for (b) O ns, (c) 2 ns,
(d) 4 ns and (e) 6 ns.

Before diffusion

After diffusion

C-terminated 6H-SiC/Al under pure tensile loading (mode I).

Si-terminated 6H-SiC/Al under pure tensile loading (mode 1).
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Traction-separation relation for SiC/Al composite under tensile loading for both cases before
and after heat treatment.

Stress-strain relation for SiC/Al composite under tensile loading for both cases before and
after heat treatment.

The elastic modulus, maximum tensile stress, toughness, and work of complete separation of mode |
failure tests.

The shear modulus and maximum shear stress of mode |l failure tests
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Composite material Annealing condition (GPa) W[QIWE'E} (10° 1/m?) (1/m?) Composite material Annealing condition (GPa) Eﬁl

C-terminated 6H-SiC/Al Before diffusion 155.7 4.39 0.174 4,81 C-terminated 6H-SiC/Al Before diffusion 26.9 1.71
After diffusion 163.5 517 0.231 6.41 After diffusion 36.5 1.80

Si-terminated 6H-5ic/al Before diffusion 162.9 3.55 0.052 2.45 Si-terminated 6H-SiC/Al Before diffusion 39 2 1.12
After diffusion 164.7 5.02 0.217 5.5%9 After diffusion 35.2 1.82

C-terminated 3C-5iC/al Before diffusion 165.5 4.40 0.164 4.50 C-terminated 3C-5iC/Al Before diffusion 39.8 1.72
After diffusion 167.4 5.40 0.183 3.71 After diffusion 32.2 1.60

Si-terminated 3C-5iC/al Before diffusion 163.7 3.57 0.071 3.17 Si-terminated 3C-Sic/fal Before diffusion 33.1 1.39
After diffusion 166.0 5.21 0.232 6.21 After diffusion 30.7 1.65
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