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Course Unit Summary

Common Core (28)

Tailored Core (3)

AFS/Acad Opt (1)

Major's Courses (16)

Phy Ed (10) Core & Core Replacement = 84.0 Sem Hours

Tailored Core = 9.0 Sem Hours

Academy option = 3.0 Sem Hours

Major = 48.0 Sem Hours

Phy Ed = 5.0 Sem Hours

Total = 149.0
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ASTRONAUTICAL ENGINEERING

THE ASTRONAUTICAL ENGINEERING MAJOR AT A GLANCE:  The major in Astronautical Engineering is the broad application of science and engineering to aerospace operations.  Special emphasis is placed on astrodynamics, aerospace systems design, and control systems. Thus, the cadet is prepared for Air Force duty with specialization in research, design, development and analysis of space technology and aerospace avionics. Cadets who successfully complete this major are awarded the degree of Bachelor of Science in Astronautical Engineering, which is accredited by the Engineering Accreditation Commission of the Accreditation Board for Engineering and Technology.

Interested cadets should try to declare the astronautical engineering major before the end of the registration period in spring of their fourth class year.  This will help simplify scheduling the necessary courses and will potentially reduce the course load.  However, it is usually still possible to declare astronautical enginering during open registration in the fall of their third class year.
The goals of the Astronautical Engineering Program are to prepare cadets to become Air Force Officers who:

· Possess a fundamental knowledge in astronautical engineering

· Can communicate effectively

· Work effectively with others

· Are committed to life long learning

· Can apply their knowledge and skills to frame and solve Air Force engineering problems, both well and ill defined

· Know their ethical and professional responsibilities as embodied in the United States Air Force core values

The Program Operational Goals above describe what the Air Force would like to see in our graduates as they begin their careers as Air Force Engineering Officers.  To best support these goals our program’s curriculum is designed such that, by graduation, our graduates possess certain qualities or outcomes.  These Program Curricular Outcomes are listed below.  Upon successful completion of the Academy program in Astronautical Engineering, cadets will have the ability to:

· Use fundamental knowledge of orbital mechanics, space environment, attitude control, telecommunications, space structures and rocket propulsion to solve astronautical engineering problems 

· Plan and execute experimental studies and formulate sound conclusions, analyzing empirical data 

· Apply modern technology tools to solve astronautical engineering problems 

· Communicate effectively using oral, written, graphical and electronic format 
· Recognize the ethical and professional responsibilities of Air Force Officership and the engineering profession 
· Work effectively as a member of a multi-disciplinary team 

· Recognize the benefits of and possess the skills needed to engage in life-long learning 
· Informatively discuss the impact of engineering on present-day societal and global contemporary issues to include Air Force Aerospace capabilities and requirements.  
COURSE REQUIREMENTS:  149 Semester Hours

A.  93-96 Semester hours of Dean's academic core courses to include the following core alternates:

	Required Core Alternate
	Substitutes for

	Aero Engr 241 
Aero-Thermodynamics
	Energy Sys Option

	Astro Engr 210
Introduction to Astronautics
	Astro Engr 410

	El Engr 231
Electrical Circuits and Systems
	El Engr 315

	Math 356 
Probability and Statistics for Engineers and Scientists
	Math 300


B.  5 Semester hours of Director of Athletics courses.
C.  3 Semester hours of Academy Options (see Supplemental Info #2).

D.  48-43 Semester hours of major's courses:

1.
Math 243

Calculus III


2.
Math 245

Differential Equations and Matrices


3.
Math 346

Engineering Math


4.
Engr Mech 320
Dynamics



 or Physics 355 (F)
Classical Mechanics 


5.
Engr Mech 330
Static Analysis of Structures


6.
Engr 341 (F)

Linear Systems Analysis and Design


7.
Engr 342 (S)

Linear Control System Analysis and Design


8.
Astro 201 or Comp Sci 211
Technology Skills for Astronautics





(See Supplemental Info #1)

9.
Astro Engr 321
Astrodynamics


10.
Astro Engr 331
Space Systems Engineering


11.
Astro Engr 351
Rocket Propulsion


12.
Elec Engr 447

Communications Systems I


13.
Astro Engr 445
Spacecraft Attitude Dynamics and Control


14.
Space Environment Option
(See Supplemental Info #3)


15./16. Astro SED Option 1&2
(See Supplemental Info #4)

Supplemental Information:

1. Astronautical Engineering majors may take Comp Sci 211 in lieu of Astro Engr 201.

2.  The Academy Option for the Astro Engr major will be a depth course in Astro Engineering. Choose one of the following courses not used to fulfill another requirement.


Astro
422 (S)
Advanced Astrodynamics


Astro
423 (F)
Space Mission Design


Astro
446 (S)
Space Navigation (Dormant class, not currently available)


Astro
495 (S)
Special Topics


Astro
543 (S)
Methods of Optimization for Engineers


Engr
443 (S)
Advance Control Theory and Design (Fall only starting F08)


Any other appropriate course with Department Head permission.

3.  Space Environment Options:


Chem
325 (F)
Space Chemistry*


Physics
370 (S)
Upper Atmospheric and Geo-Space Physics*


Any other appropriate course from the Basic Science Division dealing with the near


Earth space environment  with Department Head permission.

4.  Astro Systems Engineering Design Options:


Choose one of the following course combinations.


a. Astro
436 (F)
Small Spacecraft Engineering I


    Astro
437 (S)
Small Spacecraft Engineering II 




(core replacement for Mgt 400)


b. Astro
452 (F)
Rocket Engineering I


    Astro
453 (S)
Rocket Engineering II 




(core replacement for Mgt 400)


c.  Mgt
400 
Introduction to Management

     One semester of capstone engineering design from any of the accredited majors in


the engineering division with approval from both the Astro and appropriate 


Department Heads.

SUGGESTED COURSE SEQUENCE
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ASTRONAUTICS (Astro)
Offered by the Department of Astronautics (DFAS)

Astro Engr 201.  Technology Skills for Astronautics.  1(1).  A self-paced course designed to provide the programming, modeling and simulation skills required in the various courses in the Astro Engr major.  Students will be introduced to the MatLab/Simulink tools for programming, modeling and simulation and to state-of-the-art 3-D computer tools for satellite analysis and visualization.  A series of proficiency tasks using the various tools must be completed over the course of the semester. Prereq:  Comp Sci 110 and completed or enrolled in Astro 310.  Sem hrs:  1 fall/spring.  Pass/fail, no final exam or final project.
Astro 210.  Introduction to Astronautics.  3(1).  Introduction to the history, principles, and challenges of space.  Elements of space missions are examined including orbits, spacecraft systems, launch vehicles, re-entry, operations, and mission management.  Emphasis is placed on understanding the underlying physical principles and the system engineering process used to select orbits, plan maneuvers, and accomplish preliminary design of spacecraft payloads/subsystems to meet mission requirements.  Concepts are reinforced through hands-on use of application-based analysis and visualization software and communication of these learned principles through written reports.  Final exam.  Prereq:  Math 142, Engr 100, Phys 110.  Sem hrs:  3 fall or spring.
Astro 321. Astrodynamics.  3(1).  An intermediate course in orbit mechanics.  Topics include orbit determination and prediction, orbit maneuvers, perturbations, rendezvous and proximity operations.  Emphasis is on the design and use of structured computer programs to solve real-world astrodynamics problems.  Programming experience is recommended.  Final exam.  Prereq:  Astro 310, Astro 201 and completed or enrolled in Engr Mech 320 or Physics 355.  Sem hrs:  3 fall or spring.

Astro Engr 331.  Space Systems Engineering.  3(2).  Fundamentals of space vehicle design are presented with an emphasis on systems engineering.  Introduction to system-level spacecraft design issues are covered including reliability, environments, radiation effects, testing, materials engineering, integration, launch vehicles, and operations.  Introduction to and analyses of payloads, structures, propulsion, electrical power, communications and data handling, attitude determination and control, and thermal control subsystems are also covered.  The course includes an integrated lab experience where small teams analyze and integrate subsystems into a functioning small satellite called “EyeasSat.”  Each team demonstrates and documents their EyeasSat at the system level for the final project/report.  Final project/report.  Prereq:  Astro Engr 310 or department permission.  Sem hrs:  3 fall or spring.

Astro 351.  Rocket Propulsion.  3(1).  Introduction to rocket propulsion and propulsion system design.  The basic laws of thermodynamics, thermochemistry, and conservation are used to determine ideal motor performance.  Emphasis is placed on describing the components and conceptual design criteria for liquid, solid, and hybrid rockets.  Electric, nuclear, and other advanced propulsions systems are also studied.  .Final exam or final project.  Prereq:  Astro 310 and Aero 241.  Sem hrs:  3 fall or spring.

Astro 422.  Advanced Astrodynamics.  3(1).  A continuation of Astro 321.  The course focuses on applying numerical and analytical techniques to solve realistic Air Force problems in astrodynamics and space operations.  Perturbations and the associated effects on satellite orbits are examined.  Least Squares and Kalman filter estimation techniques are applied to the orbital prediction problem using batch and sequential processing.  Structured computer programming is used extensively in problem solutions.  Final exam.  Prereq:  Astro 321.  Sem hrs:  3 spring 

Astro 423.  Space Mission Design.  3(1).  Basic mission design principles for Air Force and civilian launch systems are examined.  Mission objectives and constraints; feasibility studies; time-line generation; launch, on-orbit, and recovery operations; and contingency planning are studied.  Structured computer programming is applied to analyze typical space missions.  Final project.  Prereq:  Astro 321.  Sem hrs:  3 fall.

Astro 431.  Aerospace Systems Engineering Design.  3(1).  An introduction to systems engineering design process.  Cadets complete design of project supporting current department aerospace research efforts.  Projects require attention to the engineering technical details of systems design as well as the economic, management, and social aspects of the process.  Final report and briefing.  Prereq:  C1C standing, completed or enrolled in the engineering core.  Sem hrs:  3 fall or spring.
Astro 436.  Small Spacecraft Engineering I.  4(2).  An introduction to small satellite systems engineering.  Multi-disciplinary system design of spacecraft hardware and software to include subsystems, payloads, and ground stations.  Define mission and system requirements, perform engineering trade studies, design and analyze spacecraft systems.  Final project or report.  Prereq:  C1C standing and department permission.  Sem hrs:  4 fall.

Astro 437.  Small Spacecraft Engineering II.  4(2).  A second course in small satellite systems engineering.  Multi-disciplinary system design and fabrication of spacecraft hardware and software to include subsystems, payloads, and ground stations.  Finalize design, fabricate, test, and fly actual spacecraft on space boosters.  Final project or report.  Prereq:  C1C standing, Astro 436, and department permission.  Sem hrs:  4 spring.

Astro 445.  Spacecraft Attitude Dynamics and Control.  3(1).  Fundamental introduction to the problem of controlling satellite attitude.  Topics include direction cosine and Euler angle attitude parameters, torque-free rigid body motion, flexible body effects and energy dissipation, spin stabilization, gravity-gradient stabilization, momentum and reaction wheel control, and reaction jet control.  Projects include the development of a satellite attitude dynamics simulation and the design of a reaction wheel and reaction jet attitude control system.  Final project or final exam.  Prereq:  Engr Mech 320 or Physics 355; completed or enrolled in Engr 342.  Includes analysis and synthesis with MATLAB( simulation.  Sem hrs:  3 fall or spring.

Astro 446.  Space Navigation.  3(1).  Inertial navigation including studies of the accelerometers and gyroscopes used in strapdown platforms, system mechanization, navigation equation development and system error analysis.  Non-inertial navigation including studies of Global Positioning System (GPS), star trackers, and other position, velocity, and attitude sensors.  Aided navigation methods using least squares and optimal estimation techniques.  Projects include simulation of solid state optical gyros, and development of an aided navigation algorithm.  For cadets enrolled in both Astro 445 and Astro 446 the suggested sequence is Astro 445 first followed by Astro 446.  Final project.  Prereq:  Engr 342; Engr Mech 320 or Physics 355.  Sem hrs:  3 spring.

Astro 452.  Rocket Engineering I.  4(2).  An introduction to rocket systems engineering.  Design, fabrication and operational testing of aerospace vehicle systems and subsystems.  Students design, build, and launch a sounding rocket with instrumented payloads using systems engineering design techniques.  The course relies on analysis and synthesis tools and techniques developed previously in the areas of structures, dynamics, propulsion, control, instrumentation, and computer simulation.  Field trip and lab.  Final project report.  Prereq:  C1C standing,  completed or enrolled in Astro 351, and department permission.  Sem hrs:  4 fall.

Astro 453.  Rocket Engineering II.  4(2).  A second course in rocket systems engineering.  Final project report.  Prereq:  C1C standing, Astro 452, and department permission.  Sem hrs:  4 spring.

Astro 495.  Special Topics. 1-3(1).  Selected topics in astronautics.  Final exam or final report. Prereq:  Department permission.  Sem hrs and offering time determined by department (not more than 3 sem hrs).

Astro 499.  Independent Study.  3(0).  Individual study and research supervised by a faculty member.  Topic established with the department head.  Final report.  Prereq:  Department permission.  Sem hrs:  3 fall or spring.

Astro 499A.  Independent Study.  2(0).  Individual study and research supervised by a faculty member.  Topic established with the department head.  Final report.  Prereq:  Department permission.  Sem hrs:  2 fall or spring.

Astro 499B.  Independent Study.  1.5(0).  Individual study and research supervised by a faculty member.  Topic established with the department head.  Final report.  Prereq:  Department permission.  Sem hrs:  1.5 fall or spring.

Astro 543.  Methods of Optimization for Engineers.  3(1).  Course in optimization methods taught at graduate level.  Topics include parameter optimization, optimization for dynamic systems, optimal control and numerical solutions.  Final exam.  Prereq:  Math 346, Math 356 and Engr 342 or either El Engr 333 or Mech Engr 325 with Course Director approval.  Computer projects require programming proficiency.  Sem hrs:  3 spring.

ENGINEERING (Engr)
Offered by various departments within the Engineering Divisions
Engr 341. Linear Systems Analysis and Design.  3(1).  Analysis and design of linear systems. Includes modeling of electrical and mechanical systems; characterization of physical systems using linear, constant-coefficient differential equations and state-space models; Convolution using Laplace and Fourier Transform techniques; identification of system response using frequency response and Bode plots; specification of design criteria in the s-domain; and modification of system parameters to satisfy design requirements.  MATLAB(  and Simulink( are introduced as simulation tools and as a computer interface for analysis and design.  Lab.  Final exam.  Prereq:  Math 245 and El Engr 231.  (Administered by the Department of Astronautics).  Sem hrs:  3 fall.

Engr 342.  Linear Control System Analysis and Design.  3(2).  Formulation and analysis of the linear control problem by transform methods.  Synthesis of linear control systems emphasizing the root locus and Bode methods.  Includes laboratory analysis and synthesis with real hardware and/or MATLAB( simulation.  Final project.  Prereq:  Engr 341 or Mech Engr 325.  (Administered by Department of Astronautics.)  Sem hrs:  3 spring.

Engr 443. Advanced Control Theory And Design. 3(1). Introduction to advanced control techniques. Topics include state-space fundamentals, state feedback control, optimal control methods, estimation theory, and non-linear controls topics. Methods are applied to the design of control systems for aircraft and spacecraft. Four design projects, assigned homework, and two GRs. Computer projects require programming proficiency.  Final Exam.  Prereq: Math 346 & Engr 342 or El Engr 333 or dept permission Sem hrs: 3 spring  

BREADTH OPTIONS

Chem 325.  Space Chemistry.  3(1).  This course examines the integral role chemistry plays in our efforts to effectively utilize space.  Topics may include the chemical evolution of the universe, materials science, propulsion chemistry  and other subjects of current interest.  Final exam or report.  Prereq:  Chem 142.  Sem hrs:  3 fall.

Physics 370.  Upper Atmospheric and Geo-Space Physics.  3(1).  A survey course on the composition and physics of the upper atmosphere and the near-earth environment.  Topics include solar-terrestrial interactions; observations, phenomena and military operations in the near-earth environment; structure, dynamics and transport in the upper atmosphere; and energy transfer, remote-sensing, and military operations in the upper atmosphere.  Final exam.  Prereq:  

Physics 215.  Sem hrs:  3 spring.

OTHER COURSES

Astro 495.  Special Topics. 1-3(1).  Selected topics in astronautics.  Final exam or final report. Prereq:  Department permission.  Sem hrs and offering time determined by department (not more than 3 sem hrs).

ASTRO ADVISORS

AIC

Dr Dahlke


6H211

333-4462
Assistant AIC


Dr Brown


6H203

333-4454
2010

Lt Col Cochran

6H155

333-6181


Lt Col Seo 


6H151

333-4088


Capt Hague


6H143

333-1694

2011

Lt Col Adams


6H141

333-3315


Capt Sauter


6H139

333-7994


Capt Wilson


6H153

333-4109
How Do I become an Astronautical Engineering Major?

STEP 1:
Contact the Advisor in Charge (AIC,) Dr Scott Dahlke (or Dr Rob Brown,) or one of the Astro Engineering Advisors listed on the previous page if you have any questions.

STEP 2:
Retrieve your academic folder from your current Advisor
STEP 3:
Bring your academic folder to your meeting with the AIC of Astro
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