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of coarse grains improved ductility by 63% while maintaining ulti
mate strength (Approx. 900 MPa) compared to as-printed Ti-6Al-4 V.  

4. Microstructure: Prior β grains grew opposite to the direction of heat 
flow in printed Ti-6Al-4 V and crossed milled surfaces. Grain 
refinement at interlayer interfaces from interlayer milling did not 
impede growth of prior β grains. Backscatter measurements by ul
trasound identified coarse acicular α-lath interfaces corresponding to 
interlayer milled regions in hybrid Ti-6Al-4 V.  

5. Microhardness: Microhardness in both as-printed and hybrid Ti-6Al- 
4 V increased with depth due to prevalence of acicular α laths. 
Interlayer dispersion of coarse α laths (from dwell in printing) near 
machined interfaces lowered hardness compared to non-interface 
regions in the hybrid sample. The microhardness at machined in
terfaces was comparable to dwell interfaces in the as-printed sample 
as heat input from DED relieved work-hardening in the hybrid 
sample. 

In conclusion, the metallurgical effects of machining were retained 
within the microstructure of hybrid printed parts. The shear friction 
from dry milling generated plastic deformation through work-hardening 
that refined surface α-laths. The α-laths in the subsurface coarsened due 
to the inherent and recurrent dwell time to printing that was introduced 
by interlayer milling. Heat from subsequent deposition of layers on 
machined surfaces recrystallized the surface microstructure but retained 
subsurface coarse α-laths. The distribution of coarse and fine α laths at 
and between machined interfaces introduced a spatially graded grain 
size distribution. The selectively machined interfaces with coarse α-laths 
enabled higher dislocation motion that improved the bulk ductility. 

This study contributed novel insights into the field of hybrid AM by 
identifying microstructural mechanisms in additive-subtractive 
manufacturing. The findings of this research also demonstrated that 
subtractive interlayer processing significantly changes material perfor
mance. For the successful integration of hybrid additive-subtractive 
manufacturing in industrial settings, the development of efficient 
computational tools is crucial, with a particular emphasis on accurately 
predicting the material state after fabrication. An important aspect for 
modeling material behavior is comprehending how spatial arrangement 
of machined interfaces influences the mechanical behavior of printed 
components. Specifically, the frequency of interlayer milling and the 
extent to which each machining cycle impacts part performance must be 
understood. Therefore, future work will focus on identifying the optimal 
placement of surface treated interfaces to tailor mechanical behavior of 
printed components. 
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