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Abstract: Fundamental research on sintering becomes essential for the pro-
gress of the modern technologies of field assisted materials processing and addi-
tive manufacturing. The presentation provides examples of studies in this 
emerging area: (i) Analysis of the anisotropy phenomena effecting dimensional 
precision of sintering processes; (ii) Inverse modeling and validating experi-
mentation for a new controlled interface processing technique combining 3D-
printing and spark plasma sintering of powder materials; (iii) Modeling and ex-
perimentation on the invented selective sintering technique based on the con-
secutive binder-jetting and sintering; and (iv) Comparative modeling and exper-
imentation on liquid phase sintering under the influence of gravity and micro-
gravity conditions. To analyze the above-mentioned sintering anisotropy phe-
nomena, the sintering modeling framework based on the mechanism of grain 
boundary diffusion is extended to take into account the dislocation pipe-
enhanced volume diffusion. The reliability and applicability of the developed 
model is verified by comparing the calculated dislocation densities with experi-
mental outcomes. Major challenges of field-assisted sintering and additive man-
ufacturing include net-shaping and process productivity, respectively. The new 
controlled interface processing technique combining 3D-printing and SPS of 
powder materials overcomes these challenges. To ensure the practical imple-
mentation of this approach, a comprehensive inverse modeling of the powder 
material deformation is carried out utilizing the precursors of the machine 
learning of the outcomes of the controlled interface processing “virtual tests”. 
The invented selective sintering technique integrating binder-jetting and sinter-
ing addresses the problems of structural defects in the additive powder bed fu-
sion processes. The final example includes exploring sintering under micrograv-
ity conditions as a promising technique for in-space fabrication and repair. This 
fundamental research is aimed at the in-depth analysis of the liquid phase sin-
tering-induced pore-grain structure evolution and macroscopic shape distor-
tions by the de-convolution of the impact of gravity. These sintering studies 
have direct applications in bio-medical, computer electronics, wireless devices, 
automotive, aerospace, defense, and many other areas. 
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