Advanced Aerospace Structural Design
USC

Lecture: Virtual

Instructor: Dr. Vinay K. Goyal (vinay.k.goyal @gmail.com)

Course description: Real life applications to aircraft, spacecraft, and launch vehi-
cles. Topics include the design of composite overwrapped pressure vessels, sand-
wich structures, pressurized systems such as bellows, analysis of bonded and bolted
joints, non-destructive evaluation and repairs of aerospace vehicles, fatigue and fracture
test and analysis, buckling of aerospace structures, treatment of stress concentrations,
thermal protection systems, and dynamic analysis (undamped/damped free vibrations,
forced vibrations, linear frequency response analysis, linear transient response analysis
via direct time integration, steady state dynamics, modal dynamic transient analysis,
response spectra analysis, pogo, random vibrations, jitter analysis, acoustics). Special
applications to engine rotor analysis, rocket engine nozzle, and spacecraft designs. Ad-
ditive Manufacturing and the use of structural optimization using commercial codes.
Weekly term projects

Text and References: All materials for this course will be provided in the form of
briefing packages, paper publications, NASA and FAA publications.

Primary Textbook Optional: Analysis of Metallic Aerospace Structures: Goyal and
Goyal (https://www.aeiservices.org/products/)

Optional Textbooks:

1. Spacecraft Structures and Mechanisms, From Concept to Launch: Thomas P.
Sarafin

2. Spacecraft Structures: J. Wijker, Springer
3. Space Vehicle Design: Griffin and French
4. Analysis and Design of Structural Bonded Joints: Liyong Tong

Grading: Weekly Projects. 200 Points Each.
Software: Abaqus Finite Element Software Package, NASGRO

Outline Course:
1. Topics
2. Design of Composite Overwrapped Pressure Vessels

3. Design of Unvented Honeycomb Sandwich Structures



Thermal Protection Systems

Design of Pressurized Systems (e.g. Bellows)

Design of Aerospace Structures - Buckling

Design of Aerospace Structures - Stress Concentrations

Design of Bolted Joints
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Design of Bonded Joints
10. Design of Aerospace Structures - Fatigue (Low Cycle and High Cycle)

11. Design of Aerospace Structures - Fracture (Testing, Analysis, Numerical Meth-
ods)

12. Design of Aerospace Structures - Dynamics: Undamped/damped free vibrations,
forced vibrations, linear frequency response analysis, Linear transient response
analysis via direct time integration, steady state dynamics, modal dynamic tran-
sient analysis, response spectra analysis

13. Aircraft dynamics, Launch Vehicle, Spacecraft Vehicle, LV/SV coupled Loads
Analysis; Pogo; random vibrations, jitter analysis, acoustics, engine rotor analy-
sis, rocket engine nozzle, spacecraft deign drivers

14. Welds, Repairs and NDE, Additive Manufacturing, Structural Optimization with
TOSCA/Abaqus

Course website: Collaboration: Piazza
Course Website: https://piazza.com/usc/spring2023/ame585

Academic Conduct Plagiarism — presenting someone else’s ideas as your own, either
verbatim or recast in your own words — is a serious academic offense with serious con-
sequences. Please familiarize yourself with the discussion of plagiarism in SCampus
in Section 11, Behavior Violating University Standards https://scampus.usc.edu/1100-
behavior-violating-university-standards-and-appropriate-sanctions. Other forms of aca-
demic dishonesty are equally unacceptable. See additional information in SCampus
and university policies on scientific misconduct,
http://policy.usc.edu/scientific-misconduct.

Discrimination, sexual assault, and harassment are not tolerated by the univer-
sity. You are encouraged to report any incidents to the Office of Equity and Diversity
http://equity.usc.edu or to the Department of Public Safety
http://adminopsnet.usc.edu/department/department-public-safety. This is important for
the safety of the whole USC community. Another member of the university community
— such as a friend, classmate, advisor, or faculty member — can help initiate the report,
or can initiate the report on behalf of another person. The Center for Women and Men
http://www.usc.edu/student-affairs/cwm/ provides 24/7 confidential support, and the
sexual assault resource center webpage http://sarc.usc.edu describes reporting options
and other resources.



Support Systems: A number of USC’s schools provide support for students who
need help with scholarly writing. Check with your advisor or program staff to find out
more. Students whose primary language is not English should check with the American
Language Institute http://dornsife.usc.edu/ali, which sponsors courses and workshops
specifically for international graduate students. The Office of Disability Services and
Programs

http://sait.usc.edu/academicsupport/centerprograms/dsp/home_index.html provides cer-
tification for students with disabilities and helps arrange the relevant accommodations.
If an officially declared emergency makes travel to campus infeasible, USC Emergency
Information

http://emergency.usc.edu will provide safety and other updates, including ways in which
instruction will be continued by means of blackboard, teleconferencing, and other tech-
nology.



