AAE 450

Design I: Spacecraft

Description:  

Senior students perform a team-based spacecraft design, requiring application of the education and skills developed in the aerospace curriculum. Components include analysis methods for preliminary design, development of an initial vehicle concept, and development of a complete numerical model of the mission, culminating in oral and written reports by the teams.

Format: 

Five lecture hours per week during the initial quarter of the semester.  Later on, no lectures; instead, conferences and presentations.  Five contact hours per week are scheduled, two as lecture and three as lab.

Pre-requisite: AAE 251, 334, 340, 352, 364 and 439 

Co-requisite: AAE 440

Course Instructors:  S. P. Schneider and J. M. Longuski

Web Page : http://roger.ecn.purdue.edu/~aae450s/
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R.W. Humble, G.N. Henry, and W.J. Larsen, Space Propulsion Analysis and Design, McGraw-Hill, New York, 1995.
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W.J. Larson and J.R. Wertz, Space Mission Analysis and Design, 3rd ed., Microcosm, Torrance, CA, 1999.
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S.P. Schneider and W. Gustafson, Methods for Analysis of Preliminary Spacecraft Designs, a handout currently running 45 pages.
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Assessment Method: Oral Progress Reports 10%, Geometry Selection Report 10%, Design Methods Report 30%, Final Design Report 50%.  Grading policy is an Instructor option and may vary.

Course Goal & Objectives:

Goal: 

To synthesize a complex multidisciplinary design, using the teamwork of students.  The performance of the different vehicle subsystems and technical areas must be balanced using compromises that achieve good overall vehicle performance.     

Objectives include:

Provide experience with the difference between analysis (the subject of most coursework), and design (the synthesis of solutions to open-ended problems that require creativity)

Provide a capstone spacecraft design project that requires integration and creative application of the analysis skills developed elsewhere

Provide a project experience that requires students to work together in teams

Necessary Background:

1.
Expertise in aerothermodynamics, structures propulsion, controls, and/or orbital mechanics

2. Introductory design experience

3. Programming ability.  The primary codes are written in FORTRAN
Elements: 

1.
Analysis Methods to be used for Preliminary Spacecraft Design

Loads, mass distribution, and center of gravity.  Simplified estimation of structural weight.  Orbital mechanics above a spherical rotating earth.  Newtonian aerodynamics.  Skin friction and heat transfer using simplified correlations.  Static stability.  Lumped heat-capacity model for thermal protection system.   Selection among existing propulsion systems.  Boost trajectory analysis.  Use and adaptation of existing software

2.
Development of an Initial Vehicle Concept

Selection is based on historical background and engineering judgement, plus qualitative studies of vehicle requirements, mission goals, and possible vehicle concepts.  The vehicle concept will include a number of free parameters, such as vehicle length, slenderness, mass, tank position, and so on.   First formal report

3.
Development of a Numerical Model for the Vehicle Concept

Based on sections 1 and 2, a numerical model must be coded and checked.  The concept in section 2 must be sufficiently specific that it is feasible to develop this model in the time available.  Validation of model for second formal report

4.
Configure Vehicle using Trade Studies based on the Simulations 

Quantitative trade studies performed using the model.  Selection of final configuration.  Reporting of vehicle characteristics and performance.  Final report. 

Relation to Program Objectives:

This is the capstone design course for seniors interested in space applications. All course objectives contribute to the program objective of providing technical competence (1). The course is a supervised opportunity to carry out an open-ended design (2a).  The ability to formulate and solve engineering problems (2a) is a critical element for developing methods of analyzing the design.  Teamwork (2b) is developed continuously during the semester, since all the work is done in teams.  The ability to communicate effectively, orally and in writing (2c), is developed during repeated presentations and reports.  Professional conduct (2d), life-long learning (3) and society impact (4) are discussed by the instructor through anecdotal stories throughout the course.  

Course:  AAE 450

The following table indicates which of the AAE Program Outcomes are addressed and assessed in the course.

	By graduation, students will have:
	Included?

	I.  technical knowledge of aerospace engineering
	

	Structures & Materials
	Yes

	Dynamics & Controls
	Yes

	Aerodynamics
	Yes

	Propulsion
	Yes

	Design
	Yes

	II.  basic engineering skills:
	

	1. an ability to formulate and solve problems, including:
	

	a.  computational methods and tools
	Yes

	b. experimental procedures and tools
	No

	c. open-ended and design problems
	Yes

	2. an ability to work in teams
	Yes

	3. the ability to communicate their work to others:
	

	a. in writing
	Yes

	b. orally
	Yes

	c. graphically
	Yes

	4. a habit of professional conduct
	Yes

	III.  opportunities for engaging in:
	

	1. research and  independent study
	Yes

	2. cooperative education and internship
	No

	3. study abroad and similar international experiences
	No

	4. professional society participation
	No

	IV.  an appreciation for the social impact of engineering solutions, and, specifically, the role of aerospace technology in today’s world.
	Maybe


*Note:  "Maybe" means that the inclusion of this outcome is at the discretion of the instructor. 
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