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Advanced Laser-based Manufacturing 

-from nano to macro, additive to subtractive (3 Credits) 

先进激光制造 - 从纳米到宏观，从增材到减材 

Instructor Xin ZHAO, Mechanical Engineering Department, Clemson University (xzhao5@clemson.edu) 

Synopsis Laser-based manufacturing and material processing have been widely used in many industry sectors, 
including energy, automotive, electronics, bioengineering, medicine, aerospace/aeronautics, etc. 
Laser- matter interaction is a complicated multi-physics process, involving laser absorption, electron 
excitation, heat/mass transfer, fluid/solid mechanics, and phase/microstructure change. A good 
understanding of these fundamental mechanisms is crucial for the improvement of precision, 
efficiency and product quality in these processes. This course will provide students with a 
fundamental understanding of lasers, optics, laser-matter interaction mechanisms, and various 
state-of-the-art laser-based manufacturing and materials processing techniques. The techniques to 
be introduced include micro/nano-scale manufacturing, 3D printing, 3D structuring in bulk materials, 
organic tissue processing, shock peening, etc. problems. 

Audience All Undergraduate and Junior Graduate Students 

Classroom Room TBA, Teaching Bldg. No. TBA, Peking University 

Frequency Class: 1-4 PM, M-F, July 1–19, 2019  Final Exam : No Final Exam Total Contact Hours: 45 

Objectives After completing the course, the students are expected to: 

understand the fundamentals of laser physics, laser optics, and laser-material interaction 
mechanisms; 

be familiar with various laser-based manufacturing and materials processing techniques, and 
understand the important physical mechanisms during this processes; 

understand the basic analytical and numerical methods to investigate the heat transfer, fluid/solid 
mechanics, and phase/microstructure changes in various laser-based manufacturing techniques. 

Topics 1. Fundamentals of lasers (history, principle, and current status)  

2. Fast and Ultrafast lasers  

3. Laser optics  

4. Laser-matter interaction  

5. Thermal impact by lasers: sintering, melting, re-crystallization  

6. Thermo-mechanical impact by lasers: shock peening, hardening, annealing, and forming  

7. Laser additive manufacturing  

8. Laser subtractive manufacturing  

9. Micro- and nano-scale laser manufacturing  

10. Biomedical applications of lasers 

References 1. Lecture notes 

2. Laser Material Processing (4th Edition), W.M. Steen and J. Mazumder, Springer 2010, ISBN 978- 
1-84996-061-8. 

3. Laser Processing of Engineering Materials: Principles, Procedure and Industrial Application, John C. 
Ion, Oxford 2005, ISBN 9780750660792. 

Grading Midterm Project (Report) 
  

40%  

 

Final Project 
              - Report 30% 
              - Presentation 30% 

 

60% 

 

Total 100% 

 

mailto:xzhao5@clemson.edu
mailto:xzhao5@clemson.edu

