[image: ]Electric Vehicle Technology Program
Engine Fundamentals Course
Suggested Lesson Plan

Course Name	Lesson #


ICE Lubrication System and Engine Diagnosis	Lesson 4

Lesson 4: ICE Lubrication System and Engine Diagnosis
Delivery Time
This lesson contains approximately 4 hours of lecture, demonstration, and lab activities. 
Course Outcomes Supported 
This lesson supports the following course-level learning outcomes. For the complete list, see the NSC Engine Fundamentals Syllabus included in this Teaching Toolkit. 
Following successful completion of this course, the student will be able to:
[bookmark: _Toc382581928]Mechanical Systems
Describe engine lubricants and sealing systems. 
Demonstrate basic engine diagnosis including compression and leak down testing. 
Perform cooling and lubrication testing and service. 
Lesson Learning Outcomes
Following this lesson, the student will be able to:
Identify essential oil properties.
Identify basic lubrication system components.
Diagnose engine condition.

Instructional Resources
Recommended Textbook(s)
Halderman, James. (2010). Automotive Engines: Theory & Servicing Package (7th ed.). Upper Saddle River, NJ: Prentice Hall.  ISBN-13:  978 -1-25-669281-2.
Duffy, James. (2013). Modern Automotive Technology, (8th ed.). Tinley Park, IL: Goodheart-Willcox. ISBN: 9781619603707.

Recommended Materials

Engine Fundamentals LabPacket. Pearson Education.
ASE Test Preparation Guide. Pearson Education. ISBN: 9780135040256.
CDX Automotive. (2011) CDX Automotive Access Pack. Burlington, MA: Jones & Bartlett Learning. ISBN 9781449614997.
CDX Automotive. (2013). CDX Light Vehicle Automotive online course. Burlington, MA: Jones & Bartlett Learning. ISBN 9781449664695. 
CDX Automotive. (2014). CDX Fundamentals of Automotive Technology. Burlington, MA: Jones & Bartlett Learning. ISBN 9781449624118.
Instructor Reference Materials
CDX Topics (included in this Toolkit).
ALLDATA & SHOPKEY Pro Service information database.
Facilities and Equipment
Microsoft Office (Word, Excel, PowerPoint).
Computer lab.
Laboratory.
Materials and Supplies
Personal Protective Equipment (PPE) for all students. 
Engine components: Cut away of oil filter, oil pump, sending unit, misc. oil containers from various oil companies.
Mechanical test equipment: cylinder leakage tester, cylinder compression tester, vacuum gauge, stethoscope, exhaust back pressure gauge, coolant fluid test kit, oil pressure test kit (gauge and fittings).
3 or 4 lab training cars.
Valvoline provided Oil DVD ”Straight Talk on Motor Oil.”
Health, Safety, and Other Issues
PPE, proper waste oil and filter disposal, CO hazards in lab areas, and hoist safety.
Preparation and Setup 
Interaction of the students during the lab activities provides insight into their level of understanding and ability to work through various difficulties in completing the labs.
Create lecture slides to fit your textbook and style or use publisher supplied slides. 
Prepare any student handouts and resources needed for this course. 
Acquire Valvoline Oil DVD ”Straight Talk on Motor Oil.”
Review the included CDX Topics handout and assign CDX learning topics and quizzes as necessary. 
Review Lab Activities, Homework and/or Online Component; choose how to use these resources.
Lab training cars should already be in the lab area for the demonstration of various engine mechanical pieces of test equipment, engine run stands are a convenient way to demo the various tests.
Prepare Assessment tools and related scoring guides, such as a rubric or answer key. (See course syllabus for guidelines).
Lesson Delivery
Topics Covered
1. Lubrication system components
2. 	Engine oil 
1. Terms
Purposes
Classifications
3.    Lubrication system diagnosis
4.     Diagnosis of engine mechanicals using basic testing methods
Lecture/Discussion
Part 1 (approximately 1.5 hours) 
This class is divided into three parts. Part 1 is this class lesson will be the lecture and presentation on engine oils using PowerPoint slides based on Chapter 15 of the recommended textbook.
Topics will include: oil ratings, quality indicators, and gasoline and diesel engine requirements.  
After completing the presentation, this would be a good time to show the one hour Valvoline DVD. 
Part 2 (approximately 1 hour) 
Highlight the procedures involving a typical oil change and vehicle inspection procedures.  
After the completion of this part of the content, take the students out to the lab where a car is already on a vehicle lift and provide demonstration of this process. 

Part 3 (approximately 1.5 hours) 
Use Chapter 22 PowerPoint slides and discuss the typical engine mechanical tests that a technician will use to evaluate the condition of the engine. Typical engine mechanical-related complaints include the following:
Excessive oil consumption.
Engine misfiring-idle or acceleration.
Loss of power-under what type of driving conditions?
Smoke from the engine or exhaust-be sure to explain color of the exhaust and and what it can indicate.
Engine noise-upper/lower engine area, load/no-load.
Discuss Lesson 4 Lab Activity Sheets that will be completed at the end of this session and in next few class periods.

Guide group discussion:
List additives that are needed for quality motor oil. 
Rust and corrosion inhibitors, antiwear additives, and extreme pressure additive.
What is meant by the term viscosity?  
Thickness.
What is the difference between the SAE and API ratings of motor oil?
API-oil quality.
SAE-oil thickness.
What are some specific steps required when doing an oil change?
Bring engine to operating temperature, lift vehicle, remove drain plug, remove oil filter, properly dispose of oil and filter, install new gasket on oil drain plug, coat oil filter gasket with oil, hand tighten filter, fill with proper oil, (quality/quantity) run engine a few minutes and check for leaks.
What are the types of checks required on an oil pump?
Visual inspection: Measurements-end plate clearance, side rotor clearance, rotor tip clearance and gear end play.
What are the typical exhaust smoke colors and what do they mean?
Blue-burning of oil, rings, piston and or cylinder wall issue.
White-(steam) Normal on start up in cold weather. Every engine creates about 1 gallon of water for each gallon of gasoline burned, loss of coolant and excessive exhaust steam would indicate head gasket, crack in cylinder head or block.
Black-Excessive fuel being burned in the combustion chamber.
Handouts/References
The following handouts for the labs are included with this Toolkit.
Student Handout.
Crossword Puzzle.
Crossword Puzzle Answer Key.
CDX Topics.
Lab Activities
Interaction of the students during the lab activities provides insight into their level of understanding and ability to work through various difficulties in completing the labs. 
Students will perform basic oil change. Utilize waste oil containers, waste oil storage container and follow proper method to dispose of waste oil that meets local policies
Students perform engine mechanical test and evaluate the mechanical condition of the engine.
Use wall chart showing SAE, API, ILSAC, (ACEA) European rotary system and Japanese oil rating (JASO).
Use oil flow/temp tester with timer & temperature scale to show viscosity weight difference.
Students need oil filter cutter and samples of various filters, plain, back-drain valve for side-ways and oil pump units mounted in Plexiglas to show gear pump, gerotor pump, & rotor style oil pumps.
Use 8 oil pumps and gages to do oil pump wear check for end clearance, side clearance, and gear or rotor back lash.
Demonstrate spring tester for checking oil by-pass spring.
Use cut-a-way engine with oil flow color coded with paint. 
Show samples of oil pans, windage trays--front, middle, & rear sump.
For visual demo, utilize a standard pump--high output and high pressure pump for same engine.
Show sample of dry sump system and samples of oil coolers. 
Some students struggle with understanding when to use the different forms of test for the different issues that an engine may exhibit.
Give clear and careful explanations of when the different tests are used during ICE diagnosis. This may also require one-on-one coaching for the student to fully understand when to use the different tests. 
Students can underestimate the value of using a vacuum gauge as an important diagnostic tool so lab activates that include the use of a vacuum gauge help students understand vacuum gauge diagnostics. 
It is also important to have enough diagnostic gauges for two students to work together. If the groups get larger than 2, some students miss out and only watch others work. In shops where vehicle storage is a problem using engine run stands can help alleviate this problem as they take up less room.

Online Resources
Basic lubrication systems:  
http://youtu.be/m-dKPmELiDg.
http://www.youtube.com/watch?v=8f2fcbTh5yw. http://www.youtube.com/watch?v=2yED8iJFVyw.  http://www.youtube.com/watch?v=7Lomj36QyZI.  http://www.youtube.com/watch?v=TTx825cJhEw.
Priming Oil Pump: http://www.youtube.com/watch?v=-v4rk0sTo20.
Changing Sending Unit:  http://www.youtube.com/watch?v=zBvOa-qdtB8.
Oil Pres Testing:  http://www.youtube.com/watch?v=8f2fcbTh5yw.
Compression test:   
http://www.youtube.com/watch?v=EDVkJjQ5vXA  http://youtu.be/X_tbksFYhl4.   http://youtu.be/9CPqba.   
Vacuum gauge:     http://youtu.be/WgrfT0LFMhcSgcok.  
Leak down: http://youtu.be/_9EG0-zLv4s. 
Cranking vacuum:  http://www.youtube.com/watch?v=WgrfT0LFMhc.
Vacuum:  
http://www.youtube.com/watch?v=bAOmUjAjNjE.
http://youtu.be/utUSI-JYhVU 
Vacuum leak:  
http://www.youtube.com/watch?v=9CPqbaSgcok.
http://www.youtube.com/watch?v=XU-YW2rfuV8.
Noise diagnosis: 
http://www.youtube.com/watch?v=okmcF8nXdW4.  http://www.youtube.com/watch?v=JIOdS7XbHys.  http://www.youtube.com/watch?v=6mpNRJ7m-c8.
Homework 
Assign homework activities to reinforce the lesson material. Example homework activities for this lesson come from the recommended textbook. However, substitute comparable chapters from the resource of your choice.
Read content and look at the media provided in the ASE 1: D   Lubrication & Procedures Modules provided in CDX, and complete the Engine Lubrication Module Test.
SP2 Pollution Prevent On-line Training modules-Final Exam.
Read Chapter 23.
Prepare for Quiz on Chapters 12, 13, and 14.
Assessments
The following are the assessment standards used by the developing college for the in-class quizzes, the online quizzes and the lab activities. Students are expected to complete the in class quiz with a minimum of 75% accuracy score,  and all CDX Topical Quizzes at 80% minimum accuracy score and all class labs within the allotted time for the lab session.
Learning Outcome 1
Outcome: Identify essential oil properties.
Assessment: Engine Lubrication Module Test and Quiz on Chapters 12, 13, and 14.
Evaluation: Answer key.
Standard: Minimum score of 75% for the class quiz, and 80% for CDX test.
Learning Outcome 2
Outcome: Identify basic lubrication system components.
Assessment: Engine Lubrication Module Test and Quiz on Chapters 12, 13, and 14.
Evaluation: Answer key.
Standard: Minimum score of 75% for class quiz and 80% for CDX test.
Learning Outcome 3
Outcome Diagnose engine condition.
Assessment: Lab activity and Quiz on Chapters 12, 13, and 14.
Evaluation: Observation or lab activity sheet key.
Standard: Minimum score of 75% for class quiz.
About These Materials Copyright
©2015 National STEM Consortium.  
License
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To attribute this work, use: Eric Erskin.
Citation
To cite this work, use:
[bookmark: _GoBack]Erskin, E. (2015). Engine Fundamentals Course. Electric Vehicle Technology certificate program of the National STEM Consortium. Retrieved from http://oli.cmu.edu.
Accessibility
The NSC has made every effort to create accessible materials, following best practices and Americans with Disabilities Act (ADA) guidelines. For example, to ensure screen reader systems can work with these materials, we write using plain English, heading styles in outline structure, simple layout, minimal tables and charts, bulleted and numbered lists, high-contrast colors, standard fonts, white space for ease of reading, and so on. For more information about ADA compliance, see the 2010 Design Standards on the ADA website: http://www.ada.gov/2010ADAstandards_index.htm.
Disclaimer
This workforce solution was funded by a grant awarded by the U.S. Department of Labor’s Employment and Training Administration. The solution was created by the grantee and does not necessarily reflect the official position of the U.S. Department of Labor. The Department of Labor makes no guarantees, warrantees, or assurances of any kind, express or implied, with respect to such information, including any information on linked sites and including, but not limited to, accuracy of the information or its completeness, timeliness, usefulness, adequacy, continued availability, or ownership. 
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