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Abstract
[bookmark: _Hlk57143041]Additive manufacturing (AM), also known as 3D printing, is revolutionizing how various structural components are manufactured. Laser Powder Directed energy deposition (LP-DED), which is one type of metal AM processes, utilizes a concentrated laser source and metal powders to achieve layer-by-layer deposition of materials. Although significant progresses have been made for the development of DED processes and materials, little work has been done for in-situ nondestructive testing and quality control. In this study, a suit of in-situ nondestructive testing (NDT) and process control techniques are developed, including (1) real-time melt pool depth estimation and control using coaxial infrared camera, (2) real-time porosity inspection based on transient thermoreflectance measurement using femtosecond laser, (3) in-situ mechanical properties estimation based on noncontact ultrafast ultrasonic measurement, (4) real-time porosity reduction and microstructure improvement using a repetitive Nd:YAG pulse laser, and (5) track-wise geometry monitoring using laser line scanner. 
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