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Engine Performance I Course
Suggested Lesson Plan


Course Name	Lesson #


Fuel Injection Operation	Lesson 10

Lesson 10: Introduction to Fuel Injection Operation
Delivery Time
This lesson contains approximately 240 minutes of lecture and lab. 
Course Outcomes Supported 
This lesson supports the following course-level learning outcomes. For the complete list, see the NSC Engine Performance I Syllabus included in this Teaching Toolkit. 
Following successful completion of this course, the student will be able to:
Use appropriate attire and protective equipment. 
Operate equipment according to safety protocols.
Read, interpret, and use technical documents for equipment and components within a mechanical system.
Use basic algebra to solve problems involving engine performance
[bookmark: _Toc382581929]Demonstrate proper shop safety practices while in the labs.  
Identify and explain operation of fuel injection systems. 
Diagnose fuel and ignition faults.  
Lesson Learning Outcomes
Following this lesson, the student will be able to:
Describe the operation and purpose of the components of the fuel injection system.
Use appropriate diagnostic equipment to test fuel injection system components for proper operation following OEM procedures.
Instructional Resources
Recommended Textbook(s)
Halderman, J. (2010). Advance Fuel and Emissions (chaps. 20 & 23). Upper Saddle River, NJ: Prentice Hall.  ISBN 9781256691938
Engine Performance Lab activity sheets, Pearson Education
Prepare for ASE Engine Repair Certification, content area “C” Fuel, Air Induction, and Exhaust Systems Diagnosis and Repair.
CDX Automotive: Online Interactive Automotive Program. (2013). CDX Light Vehicle. Burlington, MA: Jones & Bartlett Learning. ISBN: 9781449664695
Additional Textbooks
Halderman, J. (2011). Advanced Engine Performance Diagnosis. (5th ed.). Upper Saddle River, NJ: Prentice Hall. ISBN: 9780132540094 
Johansson, C. (2008). Auto Engine Performance and Drivability. (3rd ed.). Tinley Park, IL: Goodheart-Wilcox. ISBN: 9781605250540
Hatch, S. (2008). Computerized Engine Controls.  (8th ed.). Independence, KY: Cengage Learning. ISBN: 9781428399969
Recommended Materials
[bookmark: _GoBack]ALLDATA & ShopKey Pro Service information database
Instructor Reference Materials
CDX Topics (included in this Teaching Toolkit).
Facilities and Equipment
Microsoft Office (Word, Excel, PowerPoint).
Computer lab.
Laboratory.
Fuel injection trainers for example from companies like ATECH or Megatronic 
Various hand tools required for vehicle service.
3 or 4 ICE run stands (depending on the size of the class) 
3 or 4 lab vehicles for the different lab activities
Materials and Supplies
Discarded fuel system components for example: 
Fuel pumps.
Fuel tank modules. 
Old fuel tanks.
Evaporative emission components. 
Throttle bodies.
Injectors.
Fuel rails.
Fuel regulators.
Intake manifolds.
Fire extinguishers
DMM.
Fuel injection pressure gauge kits. 
Fuel-line disconnect tools.
Lab scope.
Scan Tool.
Miscellaneous test leads.
Various hand tools required for vehicle service 
Health, Safety, and Other Issues
PPE and lab facility exhaust evacuation system.
Fuel handling safety, basic fire extinguisher training-including location and proper use in the event of lab fire, exhaust ventilation system for lab areas.
Caution around hot exhaust components, make sure the students know the dangers.
Proper shop exhaust system is critical for the number of engines and vehicles running in the lab.
Care must be taken to prevent burns from hot exhaust components.
Preparation and Setup 
Create lecture slides to fit your textbook and style or use supplied power points and images from the book publisher content for chapters 20 and 23 will be covered. The class will be in two parts, one for lecture approximately 2 hours and the second is for a lab on fuel-injection systems.
Review the included CDX Topics handout and assign CDX learning topics and quizzes as necessary. 
Create or assign the publisher provided quiz covering fuel pumps, lines and filters, chapter 19 of the Pearson textbook. 
Make sure that the needed tools and equipment are in the classroom or lab for the assigned activities. 
Print and prepare to distribute any component locations charts or diagrams of the components being discussed in this lesson.
Assess and utilize the online resources as required. 
Review Lab Activities, Homework and/or Online Component; choose how to use these resources.
Prepare any additional Handouts/References not included in this toolkit.
Prepare any assessment tools and related scoring guides that are not supplied, such as a rubric or answer key (see course syllabus for guidelines) 
Lesson Delivery
Topics Covered
1. ASE Engine Repair Certification  content area “C” Fuel, Air Induction
1. Exhaust systems Diagnosis and Repair
1. Fuel Injection System Components
1. Fuel Injection Component Testing
Lecture/Discussion
Part 1 (approximately 1.5 hours) 
Administer a quiz covering fuel pumps, lines, and filters, chapter 19 of the Pearson textbook. 
Generate discussion with the following:
Identify the 6 modes of operation of a typical fuel injection system.
Starting, clear flood, idle, acceleration enrichment, deceleration leanment and fuel shut-off.
How far from the intake manifold is the fuel injector is typically installed? Answer: 2-3 inches.
List the 5 sensors that have a big effect on injector pulse width: Answer: TPS, ECT, Baro, IAT and O2.
Lecture on fuel injection operation emphasizing the speed density and the mass airflow measurement system components using the slides and images from the textbook publisher. Schedule about 2 hours for this lecture while allowing 10 minute breaks.
Pass around a variety of components related to the fuel injection system components being discussed.
Continue preparation for ASE Engine Repair Certification, content area “C” Fuel, Air Induction, and Exhaust Systems Diagnosis and Repair.
Discussion of the 2 types of fuel injection systems: throttle body and port fuel injection systems 
Cover in detail the identification, operation and function of the following:  
Fuel injector.
Fuel rail.
Inertia switch. 
Fuel pump.
Fuel system regulator.
Mass airflow meter. 
MAP.
Fuel lines and fittings.
CPI unit.
IAC. 
Fuel pump relay. 
PCM. 
Part 2 (approximately 2.5 hours) 
Recommend keeping student groups to a maximum of three (3) students.
Provide a brief demonstration on how to use various fittings and gauges that will be used for the lab activities.
Basic test procedures for the introductory level student are covered in the lab activities.
Demonstrate basic testing of injectors including: noid light, DMM and injector balancing tests.
Cover the fuel-injection system diagnosis and services in chapter 23 using provided power point slides and images.
It is helpful to identify the fittings students will need to use to check fuel pressure, 
Provide the students a master kit with a multitude of fittings don’t expect a beginner student to figure it out it will only waste class time and risks the damaging the test equipment and trainers. 
Allow students to work on corresponding publisher provided lab activities for fuel-injection and fuel-injection system diagnosis using the provided activity sheets.
Handouts/References
Component location charts and or diagrams (instructor prepared).
Publisher supplied lab activity sheets.
CDX Topics (included in Teaching Toolkit).
Lab Activities
Six Lab activities provided by textbook publisher (Pearson Education).
Online Coursework
Various YouTube videos on fuel system components:   
http://youtu.be/bwCxTs4riM8 Fuel Rail
http://youtu.be/KArRIqMiGt8 , http://youtu.be/aATDsYVVcRM Introduction to fuel injection
http://youtu.be/LrPrPUgNLf0 Spider injection
http://youtu.be/lGIQc1XdBlU Injectors
 http://youtu.be/2wRrXib2YQ8  Plugged injectors
http://youtu.be/eVCYR4B7IZ8  http://youtu.be/zZZI1utn2LA Injector operation
http://youtu.be/JTCgUY51g0s Injector circuits
Fuel Delivery Technical 
http://www.fuelpumpu.com/Resources/AIRTEXpdfs/Airtex_TTS_09.pdf
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.
Have students read through the modules watch the media segments and complete the topical quiz and the end of the module.
CDX Engine Performance ASE 8: B Fuel Systems.
Have students read and study following topics in preparation for the quiz in the next class (Chapters 20 & 23 in Advanced Fuel and Emissions textbook):
Fuel-Injection Components and Operation.
Fuel-Injection System Diagnosis and Service.
Have students read Evaporative Emission Control Systems in preparation for the next class (Chapter 25 in Advanced Fuel and Emissions textbook
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 all quizzes at 75% minimum accuracy and all class labs within the allotted time for the lab session.
Learning Outcome 1
Outcome: Describe the operation and purpose of the components of the fuel injection system.   
Assessment: Quiz.
Evaluation: Answer key or self-correcting test.
Standard: Minimum score of 75%.
Learning Outcome 2
Outcome Use appropriate diagnostic equipment to test the fuel injection system components for proper operation following OEM procedures.
Assessment: Lab Activity.
Evaluation: Observation and Lab sheet answer key.
Standard: Minimum score of 75%
About These Materials Copyright
©2015 National STEM Consortium.  
License
[image: ] Unless otherwise specified, this work is licensed under a Creative Commons Attribution 4.0 International License.
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To attribute this work, use: Eric Erskin.
Citation
To cite this work, use:
Erskin, E. (2015). Engine Performance I 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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