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1. Introduction 

 

Acoustoplastic Metal Direct-write (AMD), is a novel 

process of additively manufacturing dense metal components 

in ambient conditions and at room temperature [1]. So far, a 

proof of concept of the process has been demonstrated by 

fabricating millimeter scale pure aluminum components. The 

process uses acoustic energy to shape fine metal filaments 

and simultaneously achieve metallurgical bonding. Since the 

process uses fine filaments as starting material, one 

advantage of the process is that, it eliminates handling 

hazards typically associated with Powder Bed Fusion (PBF) 

processes because of the use of metal powder as starting 

material. Another advantage of using fine filaments as 

starting material is that, AMD can produce near net-shape 

components without the use of a post-processing machining 

operation. This, and several other aspects like the 

deformation mechanics and ambient-temperature operation, 

distinguish AMD from Ultrasonic Consolidation (UC), 

which is an additive-subtractive hybrid process [2] [3]. 

Temperature evolution during the AMD process, underlying 

mechanics and the differences of the process with ultrasonic 

consolidation have been described in detail in [1]. Being a 

solid state and ambient condition process, AMD also 

eliminates the need of a high-power energy source to melt 

and fuse material, thus making it more energy efficient than 

commercial PBF processes.  

In current melt-fusion based metal additive 

manufacturing processes like Selective Laser Melting (SLM), 

the top layer of the component is repeatedly heated during 

the fabrication process. This causes a temperature gradient in 

the build direction. One of the consequences of this is the 

epitaxial grain growth in the build direction resulting in 

formation of elongated grains. This anisotropic 

microstructure further results in part property anisotropy [4] 

[5]. Typically, post-processing heat-treatment is performed 
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Abstract 

Acoustoplastic Metal Direct-write (AMD), a recently demonstrated metal direct manufacturing technique, uses acoustic energy to enable 

deformation and deposition of voxels of fully dense material from metal filaments. Voxel by voxel, this technique is capable of creating high 

density (> 99.5%) metal parts at room temperature and in ambient conditions without post-processes. To understand the microstructure evolution 

of the component during the fabrication process, Electron Backscatter Diffraction (EBSD) analysis was performed on three successive layers in 

a built part.  No significant effect of the deposition of additional material was observed on the lower layers. Hence, by manipulating the 

microstructure of each voxel during deposition process, the microstructure of the bulk of the component can be potentially controlled. 
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detailed analysis and explanation, readers are referred to 

authors’ previous work [11]. 

By using acoustic energy density of 560 J/m3 and a strain 

rate of 2.56/s, an average subgrain size of 2.2 micron was 

obtained across all 3 layers of the component through the 

EBSD microstructure analysis shown in Figure 3. This 

analysis further revealed that all the layers have a similar 

average grain size and grain misorientation spread. Figure 6 

shows the Vickers microhardness variation in the 3 layers of 

the sample. It is evident from the graph that there is no 

significant variation in the microhardness in all the 3 layers, 

indicating similar mechanical properties across the whole 

sample. Such similar microstructure and microhardness 

distribution across all layers strongly suggests that  effect of 

addition of more material on altering the microstructure of 

the lower layers is negligible; unlike the melt-fusion based 

processes in which addition of more material results in 

epitaxial grain growth along the build direction [4] [12]. 

Since AMD process uses athermal phenomenon during 

deformation and metallurgical bonding cycles, it thus 

eliminates the inherent complications which typically occur 

in melt-fusion based processes due to repeated thermal 

cycling in the components. Our results indicate the 

microstructure of a voxel once deposited majorly remains 

unaffected throughout the component fabrication process. 

This allows the control over the microstructure of a voxel, by 

manipulating the input process parameters of acoustic energy 

density and strain rate, to be extended to control over the 

microstructure of the bulk of the component in AMD process. 

4. Conclusion: 

Acoustoplastic Metal Direct-write (AMD) process, a 

voxel-by-voxel additive manufacturing approach that uses 

acoustic energy to deform and metallurgically bond voxels, 

was used to fabricate a component with 3 layers. 

Microstructure variation across the 3 layers was investigated 

using Electron Backscatter Diffraction (EBSD) analysis. No 

significant microstructure variation was observed in any of 

the 3 layers of the sample. Hence, by varying the acoustic 

energy density and strain rate during voxel deformation, 

microstructure of each voxel can be manipulated thereby 

enabling the possibility of in-process microstructure control. 

The athermal process physics enables addition of material 

during fabrication without affecting the microstructure of the 

rest of the component, thus eliminating thermal history 

related complications which result in anisotropic 

microstructure in other heat energy based additive 

manufacturing processes. 
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