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Course Review Package

Spring 2001

Course Review held on: 28 June, 2001

MechEngr 390

Automotive Systems Analysis
Offered:  SPRING Semester Only

Number of Credit Hours:  3(1)

Prerequisites for this Course: One or Two Degree Standing

Co-requisites for this Course: N/A

This Course is a Prerequisite for: N/A

This Course is not required for EM or ME programs
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Course Director:  Lt Col Jeff Ball

Instructors:Col Chester Morgan

Maj Keith Bearden

Capt Tim Radsick

1. COURSE DESCRIPTION 

- 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: ClC or C2C standing
 
- Stockel, Stockel, and Johanson,  Auto Fundamentals, Goodheart Wilcox.

1.1 Goals and Objectives 

1.1.1 Course Goals - At the completion of this course, cadets will have a working knowledge of the components in their automobiles, what their functions are, and how they affect other subsystems and the performance of the car as a whole.  They will also understand the design issues and trade-offs of each component and/or subsystem, and how current automotive engineers balance these trade-offs based on the intended market segment of the vehicle.
1.1.2 Course Objectives

At the completion of this course, cadets will be able to:

1.0 Explain how engineering concepts learned in previous courses apply to one “real-world” engineering system.
2.0 Identify the major components of the automobile system.

2.1 Describe the function of the components.

3.0 Given a set of input factors to an engine or a torque/horsepower curve from an engine, students will be able to analyze the effects of these inputs on the engine/vehicle performance.

4.0 Evaluate the design of components and subsystems in terms of their effect on vehicle performance, fuel economy, and/or emissions.  

1.1.3 Mapping to Program Curricular Outcomes 

Check which Program Curricular Outcomes are fed by this course? Use Table format below:

	
	1a.  Application of the fundamental analysis concepts of engineering mechanics to solve engineering problems.
	1b.  Application of the fundamental analysis concepts of mechanical engineering to solve engineering problems
	2a.  Modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions.
	2b.  Modeling, design, and fabrication techniques of thermal and mechanical systems under real-world conditions
	3a.  Use of contemporary engineering mechanics analysis, design, and test tools.
	3b.  Use of contemporary mechanical engineering analysis, design, and test tools
	4.  Experimental techniques to include test design, execution, data analysis and interpretation.
	5.  Written and oral communications skills.
	6.  Knowledge of ethical and professional responsibilities.
	7.  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.
	8.  Ability to be effective interdisciplinary team members and leaders.
	9.  Skills to be independent life-long learners while knowing when to seek help.
	10.  Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers and citizens in our global society.
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1.2 Course Content – Course Syllabus (lessons mapped to course objectives)

	Lsn
	Topic
	Assignment
	Reading / Work Due
	Crs Obj

	1
	Course Introduction/Tools/Safety
	
	Ch 4,5
	1,2,2.1,4

	2
	Introduction to the Automotive System
	
	
	

	3
	Introduction to the Automotive Engine
	Proj Proposal
	Ch 1, 2, 3
	1,2,2.1,4

	4
	Cylinder Head & Valves
	
	Ch 1, 2, 3
	1,2,2.1,4

	5
	Camshaft & Valve Train
	
	Ch 1-3 Prop Letter Due
	1,2,2.1,4

	6
	Engine Performance
	
	Ch 6, 
	3

	7
	Intake Systems, Turbochargers, Superchargers
	Perf Ex I
	
	1,2,2.1,4

	8
	Engine Dyno Run
	
	
	3

	9
	Fuel System & Combustion
	
	Ch 10
	1,2,2.1,4

	10
	Carburetion and Fuel Injection
	
	Ch 9
	1,2,2.1,4

	11 
	Exhaust Systems and Emissions
	
	Ch 13, 14
	1,2,2.1,4

	12
	Oil Properties and Bearings
	Oil Lab 
	Perf Ex I Due
	1,2,2.1,4

	13 
	Oil Lab
	
	
	1,4

	14
	GR#1
	
	
	All

	15
	Lubrication & Cooling Systems
	
	Ch 11, 12
	1,2,2.1,4

	16
	Starting & Charging Systems
	
	Ch 7, 16 Oil Lab Due
	1,2,2.1,4

	17
	Ignition Systems
	
	Ch 8
	1,2,2.1,4

	18
	Computerized Engine Control 
	
	Ch 15, 17 
	1,2,2.1,4

	19
	Sun Analyzer
	
	
	3

	20
	Project Time
	
	Progress Report Due
	

	21
	Clutches
	
	Ch 18
	1,2,2.1,4

	22
	Manual Transmissions
	
	Ch 19
	3

	23
	Drive Axles, Differentials, & 4WD
	Perf Ex II
	Ch 20, 22
	3

	24
	Automatic Transmissions I
	
	Ch 21
	1,2,2.1,4

	25
	Automatic Transmissions II
	
	Ch 21
	1,2,2.1,4

	26
	Under Hood Lesson
	
	Perf Ex II Due
	4

	27
	GR #2
	
	
	All

	28
	Disc & Drum Brakes
	
	Ch 23
	1,2,2.1,4

	29
	Suspension Systems 
	
	Ch 24
	1,2,2.1,4

	30
	Steering Systems & Wheel Alignment
	
	Ch 25, 27
	1,2,2.1,4

	31
	Steering Dynamics 
	
	Handout
	3

	32
	Tires 
	
	Ch 26
	1,2,2.1,4

	33
	Aerodynamic Drag & Intro to Perf Ex III
	Perf Ex III
	
	3

	34
	Passenger Comfort and Safety
	
	Ch 28
	1,2,2.1,4

	35
	Project Time 
	
	
	

	36
	Performance Add-ons
	
	
	1,2,2.1,4

	37
	Alternative engines 
	
	Perf Ex III Due
	3

	38
	GR #3
	
	
	All

	39
	Project Time
	
	
	

	40-42
	Final Presentations
	
	Final Report Due (COB)T40)
	All


1.2.1 Summary of Graded Events 

	Assessment Events
	Course Objective
	Time Allotted to Graded Event (# lessons)
	Percent of Grade

	Project Proposal
	1.0, 4.0
	3
	5.0

	Performance Exercise I
	3.0
	5
	5.0

	GR 1
	1.0, 2.0, 2.1, 3.0, 4.0
	14
	15.0

	Oil Lab
	1.0, 4.0
	3
	5.0

	GR 2
	1.0, 2.0, 2.1, 3.0, 4.0
	13
	15.0

	Research Paper
	1.0, 4.0
	20
	10.0

	Performance Exercise II
	1.0, 3.0, 4.0
	3
	5.0

	Performance Exercise III
	1.0, 3.0, 4.0
	4
	7.5

	GR 3
	1.0, 2.0, 2.1, 3.0, 4.0
	11
	15.0

	Final Project Report
	1.0, 4.0
	20
	12.5

	Final Project Presentation
	1.0, 4.0
	20
	5.0


1.3 Course Placement 

1.3.1 Course Flow Map  - N/A

1.3.2 Prerequisites – C1C or C2C standing.

1.3.2.1 Prerequisite topics:

1.3.2.1.1 Algebra, calculus, statics, aerodynamics (drag), physics.

1.3.3 Courses Fed – None.

1.3.4 Replacements and Waivers:  None.

1.4 Course Policies  - Standard DFEM policies.  Students must achieve a 60% course average to pass the course.  (ME 390 Front Page)

1.5 General Course Delivery 

 
- The course focused on a “systems” approach to the car.  While individual parts and their functions were covered, the main point was to highlight how the parts functioned together as well as diagnosing problems.  The lessons with solid engineering content (defined as “equations” by the cadets) were:

a. Lesson 6:  Engine performance (BMEP, bsfc, torque, HP, volumetric and mechanical efficiency.

b. Lesson 9:  Stoichiometric combustion.

c. Lesson 21:  Clutch torque capacity.

d. Lesson 22:  Gear law.

e. Lesson 31:  Steering dynamics

f. Lesson 33:  Drag, rolling resistance.

1.6 Changes from Previous Offerings 

1.6.1 Recommendation:  Re-word objective 4.0 to place more emphasis on engineering principles and their application.  (Ref:  ME 390 CRP, 98-99)
Action:  Instructor input after ME 490 led me to re-think my earlier recommendation.  390 needs a more qualitative link to engineering, not the analytical link recommended.  Thus, objective 4.0 was not changed.
1.6.2 Recommendation:  Increase time devoted to emerging technologies in the automotive field. (Ref:  ME 390 CRP, 98-99)
Action:  Increased coverage of computerized engine control.  Added 42-volt electrical systems, Miller cycle engines, and gas turbines.

1.6.3 Recommendation:  Re-arrange the order of the blocks in the course. (Ref:  ME 390 CRP, 98-99)
Action:  This recommendation was tried in ME 490, Fall 1999, and was deemed unworkable.  (Ref ME 490 CRP, 99-00).  Thus, the topic order was not changed from the 98-99 syllabus.

1.6.4 Recommendation:  Acquire more demos. (Ref:  ME 390 CRP, 98-99)
Action:  An Engr 410 section built an automatic transmission demo based on the Chrysler 42LE unit.  The demo was outstanding, and the results are being published in an ASEE paper.  A second Engr 410 section is currently making a steering/suspension demo for the course.  Beyond that, several students donated parts to be used in the course.
1.7 Course Resources

1.7.1 Supplies – No supplies were purchased this term.  Existing demos were used, with new ones provided at no cost to DFEM.

1.7.2 Equipment/Computers – The course saw heavy use of the chassis dynamometer and the Sun Analyzer.  Most students performed project work at the base hobby shop or at their sponsor’s houses.

1.7.3 Needs/Desires – Given the level of garage activity during the spring semester, the policy of having 390 students do their work at the hobby shop is a good idea.  Demos will continue to trickle in from cadet projects—there is no need to purchase demos from department funds.

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? 

2.1.1 Student and Instructor Assessment 

· Subjective assessment from (1) cadets, (2) course director, (3) other instructors, (4) average.  Includes comments from course directors.

· 5 point scale with the following definitions

0 - strongly disagree, 1 - disagree, 2 - neutral, 3 - agree, 4 - strongly agree

	Objective
	CD
	Instructors
	Students

	Explain how engineering concepts learned in previous courses apply to one “real-world” engineering system.
	3.0
	3.0
	2.88

	Identify the major components of the automobile system.
	4.0
	4.0
	3.42

	Describe the function of the components.
	3.0
	3.0
	3.26

	Given a set of input factors to an engine or a torque/horsepower curve from an engine, students will be able to analyze the effects of these inputs on the engine/vehicle performance.
	2.0
	3.0
	2.96

	Evaluate the design of components and subsystems in terms of their effect on vehicle performance, fuel economy, and/or emissions.
	3.0
	2.0
	3.08


2.1.2 Assessment Based Upon Graded Events  

· Table I lists graded events, average score, and course objectives assessed.

	Assessment Events
	Course Objective
	Average Score

	Project Proposal
	1.0, 4.0
	91.26

	Performance Exercise I
	3.0
	81.68

	GR 1
	1.0, 2.0, 2.1, 3.0, 4.0
	71.38

	Oil Lab
	1.0, 4.0
	87.26

	GR 2
	1.0, 2.0, 2.1, 3.0, 4.0
	70.49

	Research Paper
	1.0, 4.0
	83.96

	Performance Exercise II
	1.0, 3.0, 4.0
	80.00

	Performance Exercise III
	1.0, 3.0, 4.0
	89.93

	GR 3
	1.0, 2.0, 2.1, 3.0, 4.0
	70.87

	Final Project Report
	1.0, 4.0
	86.45

	Final Project Presentation
	1.0, 4.0
	81.48


	Course Objective
	Graded Events used to Assess
	Average Score (%)

	1.0
	Proposal Letter

GR 1 ques 1-10

Oil Lab

GR 2 ques 1-11, 17-19

Research Paper

Perf Ex II

Perf Ex III

GR 3 ques 1-11, 17, 18

Final Report

Final Presentation
	80.34

	2.0
	GR1 ques 11-15

GR 2 ques 12-16

GR 3 ques 12-16
	76.76

	2.1
	GR1 ques 11-15

GR 2 ques 12-16

GR 3 ques 12-16
	76.76

	3.0
	Perf Ex I

Perf Ex II

Perf Ex III

GR 1 ques 16, 17

GR 2 ques 20
	76.02

	4.0
	Proposal Letter

GR 1 ques 1-10

Oil Lab

GR 2 ques 1-11, 17-19

Research Paper

Perf Ex II

Perf Ex III

GR 3 ques 1-11, 17, 18

Final Report

Final Presentation
	80.42


2.1.3 Other Student Assessment (Standard Course Critique)
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High 3 ratings:
#7 – Instructor knowledge: 5.5



#8 – Role model:  5.2



#12 – Instructor’s enthusiasm: 5.2

Low 3 ratings:
#17 – Reasonableness of assigned work: 4.1



#18 – Grading techniques: 4.2



#19 – Textbook: 4.2

2.1.4  Other Student Assessment (Supplemental Critique)

Of the written comments turned in by students, 100% of them stated the course should be “made into a shop class”.  On the other hand, the e-mail below was received by the course director a week after the course ended:

“Sir, first of all I have to say THANK YOU for offering ME390!  I just replaced my A/C compressor and accumulator... and saved at least $600...  a job I NEVER would have even thought of attempting before taking the class!  As a consequence of replacing the compressor, I now have a 10 cylinder compressor that doesn't work, but would work well for an in class demo.  I put it through the parts cleaner and then soapy water to clean it up, and I reinstalled one of the 5 pistons (one that didn't seize).  Now I can turn the center shaft and the one piston travels up and down freely.  It seems the half-ball bearing the pistons ride on seized on the center plate on one of the pistons, seizing my compressor... when that seized the pulley also seized since the center shaft was engaged with the pulley and the fan belt torqued the pulley pretty good before the engine finally stopped.  That's what initially cooked my pulley bearing...

At any rate, if you want it for a classroom demo, I have a functioning A/C compressor that's been cleaned... I still have the other 4 pistons too... including the one that seized.

Here's some lessons learned...

The Advance Auto parts on Briargate by Barnes and Noble give a 10% military discount... 

The cheapest you can get an A/C system discharged in the Springs is $50...  It's $15 at the hobby shop.... Oh, and you get charged for discharging AND charging... in the Springs... you only get charged once at the hobby shop.

R134a is LOTS cheaper than R12 since the government keeps jacking up the tax on R12...  R134a is $10 per pound at the hobby shop (most systems take 1.5-2.5 pounds).  So cheap, in fact, that I'm helping Scott Schroeder install a R134 conversion kit on his 'Vette next week.  

Also, Ester oil (refrigerant oil) is needed when installing a new A/C component... 4-6 ounces is needed in the system... more is better than less.  

Big guys with big wrenches are needed to change out an accumulator... something that needs to be done anytime a compressor is replaced.

A/C system additives are available just like they are for gas or oil.  They make stop leak bottles that just screw into the discharge valve coming out of the radiator... a possible preventative maintenance item I'd recommend if mild A/C problems persist.  

Lastly, there's a lot that can go wrong in an A/C system... I suggest people check their high and low side pressures when they do an oil change.  It can save a lot of money later. (a new compressor costs $363... the used one I got cost $104... cheaper but still a hundred bucks)  New accumulators cost around $60.

All told, including shop charges I spent $215.  Phil Long Ford quoted $525-$850 (they felt they needed to change out the ENTIRE A/C system: hoses, orifice tube, accumulator, fittings, compressor, condenser).  The A/C shop I called quoted me $825.

Thanks again for the course and for saving me a TON of money!”

2.1.5 Other Course Director Assessment

The increased emphasis on systems interaction and diagnosis was not only well-received by the cadets, but it seems to be the right approach for this course (vs. 490).  Also, we required the cadets to read and understand the text.  Specifically, roughly 1/3 of each GR came DIRECTLY from the text, either in the form of verbatim end-of-chapter questions, or from boldfaced/bulleted lists.  The students who took the time to read the book appreciated this, those who couldn’t be bothered with reading griped about it.  As for making this course a “shop class”, the current course director will see the course cancelled before that happens.  First, DFEM does not have the physical capability to make this a shop class.  Second, it’s still a 300-level ME course at the USAF Academy, and we should not give 3 sem hours of credit for a GED course.

2.1.6 Other Instructor Assessment 

(Col Morgan)  The course needs a definite differentiation from ME 490 beyond just a lighter dose of “engineering”.  The systems/diagnosis approach is the answer.  Teach them how the parts function together, then let them use this knowledge to think through symptoms and arrive at the source of the problem.

2.2 
Are the Course Goals/Objectives Appropriate? 

The course goal is fine.  Objective 3.0 needs work.  While we did require them to use equations, the focus of this course should be an understanding of the terms in the equation.  As it stands now, the cadets only “plug and chug” without really knowing what they’re doing.  See recommendation in Section 3.2.

2.3 Time Survey Data N/A

2.4 Grade History Data 
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2.5 Were Previous Recommendations Appropriate? 

- Yes. See details in Sec 1.6. 

3. RECOMMENDED CHANGES 

3.1 Changes to Course Goals:  NONE.

3.2 Changes to Course Objectives 

3.2.1 Recommendation:  Change objective 3.0 to “Given a set of symptoms, students will use their knowledge of components and systems to diagnose the malfunction and recommend a solution.”

Supporting data: Ref sections 2.1.5 and 2.1.6—CD and instructor assessment.  This would also partially satisfy the student assessment in Sec 2.1.4 without converting the course into shop class.

Desired outcome:  Since this course exists as a service course to produce officers with a solid general knowledge of their world and to keep said officers from unknowingly paying unscrupulous mechanics for doing unnecessary work, this objective would fulfill those requirements.

Comments:  It still ain’t gonna be a shop class.

3.3 Changes to Course Content:  NONE

3.4 Changes to Course Delivery

3.4.1 Recommendation:  Continue the emphasis on systems integration and diagnostics.

Supporting data:  Sec 2.1.5, 2.1.6.  First, this approach is the key to differentiating 390 from 490 without making 390 worthless.  Secondly, it better meets the needs of the course’s constituents.

Desired outcome:  Well educated USAF officers.

3.4.2 Recommendation:  Continue to actively pursue the acquisition of more demos.

Supporting data:  Sec 2.1.4.  The students value the hands-on demos.  The demos we currently have greatly enhance their understanding of components such as the automatic transmission.  Some students have requested a differential that could be disassembled as a good one to help them understand how the thing works.

Desired outcome:  Better student understanding of subsystem operation.

3.5 Changes to Course Administration (Graded Events)

3.5.1 Recommendation:  NONE

Supporting data:  Although the student critique indicated they were overworked, each graded event was directly tied to a course objective, DID asses their understanding of the material, and was assigned in plenty of time to allow students to plan their time and accomplish the work.

Desired outcome:  Continued ability to accurately assess the course objectives.

3.6 Changes to Course Policies:  NONE.

3.7 Recommendations to Curriculum Assessment Committee – None.

3.8
Course Review Results – will be added to your final package after the Course Review
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