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Microstructural Effects on the Mechanical Properties of Ti-6Al-4V
Fabricated by Direct Energy Deposition
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This study explored the process-structure-property (PSP) relationships in Ti-6Al-4V alloys fabricated
through direct energy deposition (DED) additive manufacturing. A systematic investigation was con-
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ducted to clarify how process variables—specifically, manipulating the cooling rate and energy input

by adjusting the laser power and scan speed during the DED process—influenced the phase fractions,
pore structures, and the resultant mechanical properties of the samples under various processing con-
ditions. Significant links were found between the controlled process parameters and the structural and
mechanical characteristics of the produced alloys. The findings of this research provide foundational
knowledge that will drive the development of more effective and precise control strategies in additive
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manufacturing, thereby improving the performance and reliability of produced materials. This, in turn,
promises to make significant contributions to both the advancement of additive manufacturing tech-

nologies and their applications in critical sectors.
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2. Experimental
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3. Results and Discussion
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Fig. 1. Optical micrographs of DED-manufactured Ti-6Al-4V samples using different laser power and scan speeds. DED, direct energy
deposition.
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Fig. 2. Measured and relative density of DED-manufactured Ti-6Al-4V samples using different laser powers and scan speeds. DED, direct
energy deposition.
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Table 1. Measured and relative density of direct energy deposition (DED)-manufactured Ti-6Al-4V samples

Power, scan speed

(500,600)  (500,700)  (500,800)  (700,600)  (700,700)  (700,800)  (850,600)  (850,700)
Theoretical density [g/cm3] 45227 4.5088 4.4529 4.5350 4.4483 4.4509 4.4968 4.4934
Measured density [g/cm3] 4.3446 4.3848 4.3328 4.4506 4.3662 4416 4.3628 4.4462
Relative density [%] 96.0613 97.2506 97.3037 98.1389 98.1544 99.2166 97.0204 98.9505
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Fig. 3. X-ray diffraction spectra of DED-manufactured Ti-6Al-4V
samples using different laser powers and scan speeds. DED, direct
energy deposition.
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Fig. 4. Phase fractions and hardness of DED-manufactured Ti-6A1-4V samples using different laser powers and scan speeds. DED, direct

energy deposition.
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Fig. 5. Hardness values and phase fractions of specimens with scan speeds of 600, 700 and 800 mm/min at laser power values ranging from

500 to 850 W.
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Table 2. Hardness values and phase fractions of specimens with the scan speeds of 600, 700 and 800 mm/min at laser power values

ranging from 500 to 850 W

Power, scan speed E (ratio) Hardness [HV] a, o (HCP) [%] B (BCC) [%]
(500, 600) 0.833333 372.17 73.7 26.3
(500, 700) 0.714286 383 78.6 214
(500, 800) 0.625 384.44 98.2 1.8
(700, 600) 1.166667 450.46 69.4 30.6
(700, 700) 1 424.83 99.8 0.2
(700, 800) 0.875 433.29 98.9 1.1
(850, 600) 1.416667 319.18 82.8 17.2
(850, 700) 1.214286 317.39 84 16
(850, 800) 1.0625 298.55 82.2 17.8
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