The USAFA Academy  ENGINEERING MECHANICS Program 

THE ENGINEERING MECHANICS MAJOR AT A GLANCE: Engineering mechanics is considered the foundation engineering discipline with roots tracing back to the likes of Archimedes, Leonardo da Vinci, Galileo, and Sir Isaac Newton. Engineering mechanics deals with forces acting on bodies (such as satellites, missiles, and aircraft) and how bodies dynamically respond to those forces. Nearly all more specialized engineering disciplines begin with one or more courses in engineering mechanics. The USAFA Engineering Mechanics degree is accredited by the Accreditation Board for Engineering and Technology (ABET). 

If you want to design and build things, then you should consider majoring in engineering mechanics.  If understanding, building, and using state-of-the-art materials such as composites and ceramics intrigue you, this challenging major may be right for you. If you aren’t sure what engineering discipline to pursue right now and you want to keep your options open, this broad-based foundational major may be perfect for you. 

The Goal of the Department of Engineering Mechanics is to Educate Engineers for the Military Profession.  The Engineering Mechanics program is specifically designed with the goal of generating:

· Officers who possess breadth of integrated, fundamental knowledge in engineering, the basic sciences, social sciences, and humanities; and depth of knowledge in Engineering Mechanics.

· Officers who communicate effectively

· Officers who work effectively with others

· Officers who are independent learners

· Officers who can apply their knowledge and skills to solve Air Force engineering problems, both well and ill defined

· Officers who 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, listed below, call for our graduating cadets to satisfactorily demonstrate:

· Application of the fundamental concepts of engineering mechanics to solve engineering problems
· Analysis, modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions
· Use of contemporary engineering mechanics analysis, design, and test tools
· Experimental techniques to include test design, execution, data analysis and interpretation
· Written and oral communications skills
· Knowledge of ethical and professional responsibilities
· Breadth and depth of engineering knowledge and skills to effectively identify and solve the types of complex, interdisciplinary problems they will encounter as Air Force engineers
· Ability to be effective interdisciplinary team members

· Skills to be independent life-long learners while knowing when to seek help.

· Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers in our global society  

With a degree in Engineering Mechanics you can get an Air Force assignment as an aeronautical engineer, civil engineer, astronautical engineer, mechanical engineer, or project engineer. The engineering mechanics degree also satisfies the educational requirements for Air Force Test Pilot, Flight Test Navigator, and Flight Test Engineer duties. Additional specialties are Scientific Analyst and Acquisition Project Officer.

If you are a top performer in the Engineering Mechanics Major, graduate school can be an option as a first Air Force assignment, either by winning a prestigious national scholarship (Guggenheim, Hertz, Rhodes, etc.) or through direct departmental sponsorship. The Engineering Mechanics Major gives you the flexibility to pursue either a more specialized degree in graduate school or to continue your broad-based study in engineering mechanics. Whether you ultimately choose aeronautical engineering, mechanical engineering, astronautical engineering, materials engineering, or engineering mechanics, your decision will be an informed one.   

For more information on the engineering mechanics curriculum, please look up our home page at http://www.usafa.af.mil/dfem. 

COURSE REQUIREMENTS:  154 Semester Hours

A.  91 Semester hours of Dean's academic core courses including the following required core substitutes:

	Required Core Substitute
	Substitutes for

	Astro 320
	Introduction to Astronautics for the Engineer and Scientist
	Astro 410

	El Engr 231
	Electrical Circuits and Systems
	El Engr 215

	Math 356
	Probability and Statistics for Engineers and Scientists
	Math 300

	Mech Engr 312 
	Engineering Thermodynamics
	Engr 310


Note:  Engr Mech 120 should be taken no later than 3rd semester
B.  9 Semester hours of Commandant's academic core courses.

C.  6 Semester hours of Director of Athletics core courses.

D. 48 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


5.
Engr Mech
330
Static Analysis of Structures


6.
Engr Mech
332
Aerospace Structures


7.
Engr Mech
340
Materials Science for Engineers


8.
Engr Mech
350
Mechanical Behavior of Materials


9.
Engr Mech
405
Engineering Seminar (taken by all EM majors in final semester)


10.
Engr Mech
460
Experimental Mechanics


11.
Mech Engr
290
Engineering Design


12.
Mech Engr
341
Fluid Mechanics 


13.
Mech Engr
492
First-Class Capstone Design Project


14.
Engineering Option
(See Supplemental Information 1)


15.
Engineering Option 
(See Supplemental Information 1)


16.
Engr Mech Option 
(See Supplemental Information 2)


17.
Engr Mech Option
(See Supplemental Information 2)

Supplemental Information:
1.  An Engineering Option (choose 2) is any one of the following courses that has not been used to satisfy another curriculum requirement. These courses emphasize traditional Engineering specialty areas as indicated.  
	Mechanics and Materials
	Engr Mech 421 (S)


	Vibrations

Prereq: EM 320 or Physics 355   Coreq: Math 346

	
	Engr Mech 431 (B)
	Introduction to Finite Element Analysis

Prereq: EM 330, Math 346

	
	Engr Mech 432 (S)
	Finite Element Analysis

Prereq: EM 431

	
	Engr Mech 440 (F)
	Physical Metallurgy

Prereq: EM 340

	
	Engr Mech 445 (S)
	Failure Analysis and Prevention

Prereq: EM 340, EM 350, Recommended Prereq: EM 440

	
	Engr Mech 450 (F)
	Aerospace Composite Materials

Prereq:  EM 330, Math 245

	Systems Modeling and Design
	Mech Engr 325 (S)
	Engineering System Dynamics

Prereq: EM 320, EE 231

	
	Mech Engr 370
	Introduction to Machine Design

Prereq: EM 330, EM 320, Recommended Prereq: EM 350 

	
	Mech Engr 490 (F)
	Automotive Systems Analysis for the Engineer

Prereq: EM 320

	
	Mech Engr 491* (F)
	Capstone Design for Intercollegiate Competition

Prereq: ME 290, EM 320, EM 330, EM 350 and C1C standing     Coreq: EM 460 or Aero 471

	Flight Mechanics
	Aero Engr 351 (F)
	Aircraft Performance and Static Stability 

Prereq: Aero 315, Math 245  Coreq: Astro 320

	
	Aero Engr 456 (B)
	Flight Test Techniques

Prereq:  Aero Engr 351 and Department (DFAN) Permission


(F) – Fall only, (S) – Spring only, (B) – both

*  Mech Engr 491 is part of a two-course sequence (ME491, ME 492z) for Intercollegiate Design Competition Team members.  The team Captain and team Advisor must approve enrollment in this class.

2.  An Engr Mech Option (choose 2) gives the cadet a choice of furthering their depth and/or breadth in Engineering Mechanics.  It may be any one of the following courses that has not been used to satisfy another curriculum requirement.  Additionally, Engr Mech 499, Independent Study, may satisfy one of these options with department approval.

	Engr Mech 421 (S)
	Vibrations

Prereq: EM 320 or Physics 355   Coreq: Math 346

	Engr Mech 431 (B)
	Introduction to Finite Element Analysis

Prereq: EM 330, Math 346

	Engr Mech 440 (F)
	Physical Metallurgy

Prereq: EM 340

	Engr Mech 445 (S)
	Failure Analysis and Prevention

Prereq: EM 340, EM 350, Recommended Prereq: EM 440

	Engr Mech 450 (F)
	Aerospace Composite Materials

Prereq:  EM 330, Math 245


SEQUENCE of ENGINEERING COURSES
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ENGINEERING MECHANICS COURSES (Engr Mech)

Offered by the Department of Engineering Mechanics (DFEM)
Engr Mech 120.  Fundamentals of Mechanics.  3(1).  An introduction to the fundamental principles of statics and mechanics of materials applied to aerospace systems.  Topics include: force and moment equilibrium in three dimensions using free body diagrams and vector algebra; stress, strain, and deformation response of deformable bodies to axial, torsional, flexural, and combined loadings; material properties and selection criteria; and failure modes of materials and structures.  Laboratory exercises Final exam.  Prereq:  Engr 100, Math 141.  Sem hrs:  3 fall or spring.
Engr Mech 320. Dynamics.  3(2).  This course covers the analysis of kinematic and kinetic motions of particles and rigid bodies.  Topics include kinematics with absolute and relative motions in Cartesian, path, and polar coordinates; and kinetics using force-mass-acceleration, work-energy, and impulse momentum methods.  Methods emphasize vector solutions. Laboratory exercises.  Final Exam.  Prereq:  Engr Mech 120. Coreq: Math 245.  Sem hrs:  3 fall or spring.

Engr Mech 330.  Static Analysis of Structures.  3(1).  Beam theory and analysis to include internal shear and moment diagrams, stress at a point, beam deflections and introduction to statically indeterminate members.  Transformation of stress and strain at a point, Mohr's circle for plane stress, principal stresses and introduction to failure theories.  Introduction to classical lamination theory for fiber-reinforced composites.  Euler buckling.  Stress concentrations.  Introduction to energy methods and Castigliano's 2nd Theorem for deflections in two-dimensional trusses.  Laboratory exercises.  Final exam.  Prereq:  Engr Mech 120, completed or enrolled in Math 245.  Sem hrs:  3 fall or spring.

Engr Mech 332.  Aerospace Structures.  3(1).  Analysis and design of lightweight, thin-walled and semimonocoque structures.  Margin of safety.  Material selection including strength, stiffness and weight.  Labs, final exam or final project.  Prereq:  Engr Mech 330; Completed or enrolled in Aero Engr 315, Engr Mech 320.  Sem hrs:  3 spring.

Engr Mech 340.  Materials Science for Engineers.  3(l).  Survey of engineering applications of non-ferrous and ferrous alloys, polymers, ceramics and composites.  Basic crystallographic notation and molecular structure of common engineering materials.  Principles of metallurgical thermodynamics and kinetics applied to phase transformations and strengthening mechanisms.  Field trip.  Final exam.  Prereq:  Engr Mech 120.  Sem hrs:  3 spring.

Engr Mech 350.  Mechanical Behavior of Materials.  3(l).  Behavior of materials under simple axial, biaxial and triaxial states of stress.  Micromechanisms of elastic and inelastic deformation and strengthening mechanisms.  Introduction to linear elastic fracture mechanics.  Fatigue failure theories and fatigue crack growth analysis.  Applications to design of aerospace vehicles and structures.  Final exam.  Prereq:  Engr Mech 330.  Sem hrs:  3 fall or spring.

Engr Mech 405.  Engineering Seminar.  0(1).  A seminar course designed to help transition DFEM majors from their undergraduate education to duties as an Air Force engineering officer and engineering professional.  Seminar topics include current literature, engineering ethics and typical engineering problems that cadets may encounter after graduation.  Invited speakers will offer their view of what it takes to be successful in the Air Force.  The course normally meets once per week.  Open only to 1( Engineering Mechanics and Mechanical Engineering majors.  Pass/fail.  No final exam.  Sem hrs:  0 spring.

Engr Mech 42l.  Vibrations.  3(l).  Free and forced vibrations of discrete systems.  Effect of viscous and other types of damping considered.  Matrix methods used to analyze multi-degree-of-freedom systems.  Dynamic analysis of continuous systems.  Final exam or final project.  Prereq: Engr Mech 320 or Physics 355; Completed or enrolled in Math 346.  Sem hrs:  3 spring.
Engr Mech 43l.  Introduction to Finite Element Analysis.  3(l).  Analysis and design of truss, frame and semimonocoque structures using the direct stiffness and energy formulation of the finite element method.  Theoretical development of elementary finite elements.  Computer-aided design and analysis projects using commercial, professional software.  Final exam or final project.  Prereq:  Engr Mech 330, Math 346.  Sem hrs:  3 fall or spring.

Engr Mech 432.  Finite Element Analysis.  3(1).  Analysis and design of complex structural components using the finite element method.  Theoretical development of two-dimensional finite elements for static, vibration, and heat transfer analyses.  Special topics in solving Laplace's equation.  Computer-aided design and analysis projects using commercial finite element software.  Field trip.  Final exam or final project.  Prereq:  Engr Mech 431.  Sem hrs:  3 spring.

Engr Mech 440.  Physical Metallurgy.  4(2).  Physical metallurgy related to properties of engineering metals.  Study of crystal structure and imperfections, diffusion, thermodynamics, phases and phase transformations, and material processing and how each alters material properties.  Discussion of specific metals/alloy systems and design philosophies for new alloys.  Thermomechanical strengthening design project and semester-long knife design and construction project.  Prereq:  Engr Mech 340.  Sem hrs:  4 fall.

Engr Mech 445.  Failure Analysis and Prevention.  3(l).  Failure analysis and prevention is a technical discipline that integrates mechanical engineering, materials engineering and structural analysis into component analysis and design.  Laboratory techniques including scanning electron microscopy, metallography, x-ray analysis, ultrasonic inspection and mechanical testing will be used to determine the causes of failures.  Re-designs may include changes in geometry, materials selection, or operation to preclude failure.  Final exam or final project.  Prereq:  Engr Mech 350, Engr Mech 340, Engr Mech 440 (recommended).  Sem hrs:  3 spring.

Engr Mech 450.  Aerospace Composite Materials.  3(l).  Introduction to select advanced aerospace materials.  Topics covered include: mechanical behavior, design and analysis, processing, testing, inspection and repair of resin-matrix composite materials, and processing and application of metal-matrix and ceramic-matrix composites.  Topics emphasized through hands-on project in design, fabrication, and testing of a composite structure.  Final exam or final project.  Field trip. Prereq:  Engr Mech 330 and Math 245.  Sem hrs:  3 fall.

Engr Mech 460.  Experimental Mechanics.  3(2).  Introduction to experimental measurements and their role in the mechanical design process.  Includes theory and application of static and dynamic instrumentation to include:  strain, vibration, temperature, and pressure transducers.  Hands-on laboratory experience constitutes one-half of the course.  Laboratory sessions involve analysis, design, test plans, calibration and testing.  Final report.  Lab.  Prereq:  El Engr 231, Engr Mech 320, Engr Mech 330, Math 300 or Math 356.  Sem hrs:  3 fall.

Engr Mech 495.  Special Topics.  Var (l).  Selected topics in mechanics.  Final exam or final report.  Prereq:  Department permission.  Sem hrs and offering time determined by the Department (not more than 3 sem hrs).

Engr Mech 499.  Independent Study.  3(0).  Individual study, research or design on a topic established with the permission of the Department Head.  Final report.  Sem hrs:  3 fall or spring.  

Engr Mech 499A.  Independent Study.  2(0).  Individual study, research or design on a topic established with the permission of the Department Head.  Final report.  Sem hrs:  2 fall or spring. 

Engr Mech 499B.  Independent Study.   1.5(0).  Individual study, research or design on a topic established with the permission of the Department Head.  Final report.  Sem hrs:  1.5 fall or spring.
MECHANICAL ENGINEERING (Mech Engr)

Jointly offered by the Department of Aeronautics (DFAN) and Department of Engineering Mechanics (DFEM)

Mech Engr 290.  Engineering Design.  3(2).  Application of engineering principles to the creative design process through redesign and original design.  Topics include the creative design process, safety, engineering ethics, engineering economy, machine components, basic manufacturing techniques, technical communications, Computer Aided Design (CAD), measurement systems and project management methods.  Individual or group design projects and reports.  Final report and project.  Lab.  Prereq:  Engr Mech 120.  Coreq: Engr Mech 330 (recommended).  (Administered by the Department of Engineering Mechanics).  Open only to Engineering Mechanics or Mechanical Engineering majors or with Department of Engineering Mechanics permission.  Sem hrs:  3 fall or spring.

Mech Engr 312.  Engineering Thermodynamics.  3(1).  Macroscopic treatment of thermodynamics with focus on engineering applications.  Development and application of the 1st and 2nd laws of thermodynamics applied to systems and control volumes to include piston-cylinders, rigid tanks, engineering components (nozzles, diffusers, turbomachinery, etc.) and systems of components (steam power plants, engines, heat pumps, etc.).  Steady and transient analyses using both property table and ideal gas relations.  Foundations in engineering problem solving.   Final project or final exam.  Prereq: Physics 110.  (Administered by the Department of Aeronautics).  Sem hrs:  3 fall.

Mech Engr 325.  Engineering System Dynamics.  3(1).  Modeling, analysis, and design of multi-domain engineering systems including mechanical, electrical, hydraulic, instrumentation, and control elements.  Models are developed based on tracking power interactions between system components.  Mathematical models are developed in state space form and are investigated both analytically and numerically.  System response to initial conditions and forcing functions is examined.  Tools are introduced to predict system stability, behavior and response to parameter variation.  Non-linear models and elementary control systems are introduced.  Final exam or project.  Prereq:  Engr Mech 320, El Engr 231.  Sem hrs:  3 spring.

Mech Engr 341.  Fluid Mechanics.  3(1).  Description of fluid matter.  Derivation of the governing equations.  Application to hydrostatics, boundary layers, pipe flow, computational fluid dynamics, compressible aerodynamics, and turbomachines and pumps.  Normal shocks and isentropic flow.  Final exam.  Prereq:  Aero Engr 315.  Coreq:  Engr 310 and Math 346.  (Administered by the Department of Aeronautics).  Sem hrs:  3 spring.

Mech Engr 370.  Introduction to Machine Design.  3(1).  Introduction to static failure theories and fatigue.  Analysis and design of machine components including shafts, hydrodynamic and rolling element bearings, spur gears, clutches, brakes, and springs.  Design of joints using screws, bolts, and welds.  Emphasis on stress analysis and design trade-offs.  Final exam or final project.  Prereq:  Engr Mech 330, Engr Mech 320, Engr Mech 350 (recommended).  Administered by the Department of Engineering Mechanics.  Formerly Mech Engr 470.  Sem hrs:  3 spring.

Mech Engr 390.  Automotive Systems Analysis.  3(1).  An analyses of the modern passenger automobile as an engineering system.  Engineering theory applied to the design, maintenance, and integration of automotive subsystems.  Theoretical analyses of power plants, clutches, transmissions, drive trains, suspension systems, tires, brakes, steering dynamics and overall vehicle performance including economy.  Final report.  Field trip.  Prereq:  Open only to cadets with C1C or C2C standing and in non-Engineering Division majors (cadets from Engineering Division majors may take Mech Engr 490).   Department permission required.  (Administered by the Department of Engineering Mechanics).  Sem hrs:  3 spring

Mech Engr 441.  Heat Transfer.  3(1).  Conduction, convection and radiation heat transfer with emphasis on convective heat transfer.  Thermal and momentum boundary layers.  Analytical and numerical solution techniques applied to selected problems.  Final exam.  Prereq:  Math 346 and either Aero Engr 341 or Mech Engr 341.  (Administered by the Department of Aeronautics).  Sem hrs:  3 fall.

Mech Engr 467.  Energy Conversion.  3(1).  Applications of the first and second laws of thermodynamics to the major energy converters including steam plants, internal combustion engines, and turbojet engines.  Additional topics may include combustion analysis, energy storage, refrigeration and alternate energy sources.  Design project.  Final exam or final project.  Prereq:  Mech Engr 441.  (Administered by the Department of Aeronautics).  Sem hrs:  3 spring.

Mech Engr 490.  Automotive Systems Analysis for the Engineer.  3(1).  An analysis of the modern automobile as an engineering system.  Engineering concepts applied to the design, maintenance, and integration of automotive subsystems.  Analysis of power plants, clutches, transmissions, drive trains, suspension systems, steering and braking dynamics, overall vehicle performance including economy.  Final report or final exam.  Field trip.  Prereq:  Engr Mech 320.  Sem hrs:  3 fall.

Mech Engr 491.  Capstone Design for Intercollegiate Competition.  3(2).  Capstone engineering design experience for students involved with intercollegiate design competitions sponsored by professional engineering societies.  Emphasis placed on the design process, complete analysis, and technical communication in the creative development of a mechanical system.  The system is designed, fabricated, and tested against performance specifications determined by the societies sponsoring the competitions.  Successful project completion may result in a field trip to the competition, normally held in the spring semester.  Final report.  Prereq:  Mech Engr 290, Engr Mech 320, Engr Mech 330, Engr Mech 350, completed or enrolled in Engr Mech 460 or Aero Engr 471, C1C Standing, team advisor approval.  Sem hrs:  3 fall.

Mech Engr 492.  First-Class Capstone Design Project.  3(2).  Capstone engineering design experience for the Engineering Mechanics and Mechanical Engineering majors.  Emphasis placed on the design process, complete analysis and technical communication in the creative development of a mechanical system.  The system is designed, fabricated and tested against performance specifications determined by faculty members.  Final report.  Prereq:  Mech Engr 290, Engr Mech 320, Engr Mech 330, Engr Mech 350, Engr Mech 460 or Aero Engr 471 and C1C standing.  (Administered by the Department of Engineering Mechanics.  Sem hrs:  3 spring.
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