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COURSE DESCRIPTION:

This course introduces the principles of electronically controlled diesel engines. Emphasis is placed on testing and adjusting diesel engines in accordance with manufacturers' specifications. Upon completion, students should be able to diagnose, test, and calibrate electronically controlled diesel engines.

CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

1 hour

Lab Credit Hours



2 hours  

Total Credit Hours 



3 hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1 contact to credit hour ratio) or experimental (2:1 contact to credit hour ratio).

PREREQUISITE COURSES 

As determined by college.

CO-REQUISITE COURSES 

As determined by college.

INSTRUCTOR NOTE:  The student will gain more from this course if it is taken in conjunction with DEM 130 Electrical/Electronic Fundamentals.
PROFESSIONAL COMPETENCIES

· Review some of the basic electrical principles required to electronically manage engine functions.
· Identify the hardware components in a basic computer system and describe their function.
· Comprehend the essentials of electronic management of vehicle systems.
· Identify and use various electronic service tools to diagnose fault codes.
· Perform specified wiring, connector replacement, and terminal repair.
· Describe how a multiplexing system works.
· Identify emission components, explain their functions, and perform basic repairs.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to electronic engine systems.
· Psychomotor – Apply principles of electronic engine systems.

· Affective – Value the importance of adhering to policy and procedures related to electronic engine systems.

STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

Reference Book:   Bennett, Sean (2004). Medium/Heavy Duty Truck Engines, Fuel and Computerized Management Systems, 2nd Edition, Thomson Delmar Learning.  

ISBN – 13:  978-1-4018-1499-1   

STUDENT LEARNING OUTCOMES

	MODULE A – ELECTRICITY AND ELECTRONICS

	MODULE DESCRIPTION – The purpose of this module is to review some of the basic electrical principles required to electronically manage engine functions.  Topics include magnetism, Ohm’s law, DC and AC, circuits, Kirchoff’s laws, and various electronic components.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Review some of the basic electrical principles required to electronically manage engine functions.
	A1.1
This competency is measured cognitively.
	C

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Define various key terms used in electrical and electronic controls.

A1.1.2
Describe atomic structure.

A1.1.3
Differentiate between conductors, insulators, and semiconductors.

A1.1.4
Discuss the characteristics and importance of static electricity.

A1.1.5
Differentiate between conventional and electron theories of current flow.

A1.1.6
Describe various aspects of the relationship between electricity and magnetism.

A1.1.7
Identify various types of electrical circuits used in chassis electrical systems.

A1.1.8
Explain how to calculate various values of an electrical circuit using Ohm’s law.

A1.1.9
Differentiate between DC and AC.

A1.1.10
Describe various methods of generating a current flow in an electrical circuit.

A1.1.11
Describe series, parallel, and series-parallel circuits.

A1.1.12
Describe Kirchoff’s laws and how to use them in order to calculate voltage drops in various circuit components.

A1.1.13
Differentiate between coils and transformers.

A1.1.14
Differentiate between various types of waveforms, and their applications in electronic circuits.

A1.1.15
Describe the properties of N and P type semiconductors.

A1.1.16
Describe how diodes and transistors operate and explain how they might be used.

A1.1.17
Explain the concept of an integrated circuit.

A1.1.18
Differentiate between AND, OR, NOR, and NOT gates.

A1.1.19
Explain the use of the binary numeric system in computer electronics.

A1.1.20
Explain the transmission of data using electronic circuits.
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	MODULE A OUTLINE:

· Terms and definitions

· The atom

· Conductors, insulators, semiconductors, and current flow

· Magnetism and electricity

· Ohm’s law

· DC and AC

· Generating current flow

· Circuits

· Series

· Parallel

· Series-parallel

· Terminology

· Kirchoff’s laws

· First law

· Second law

· Capacitance

· Coils and transformers

· Semiconductors

· Diodes

· Transistors

· Bipolar transistors

· Field effect transistors

· Thyristors

· Integrated circuits 


	MODULE B – DIGITAL COMPUTERS

	MODULE DESCRIPTION – The purpose of this module is to identify the hardware components in a basic computer system and describe their function.  Topics include hardware, data storage, and computing cycles.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Identify the hardware components in a basic computer system and describe their function.
	B1.1
This competency is measured cognitively.
	B

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Define basic computer terminology.

B1.1.2
Identify the key components of a typical PC system and describe what they do.

B1.1.3
Identify various methods for storing data.

B1.1.4
Describe the stages of a computer processing cycle.

B1.1.5
Describe the role of the CPU.

B1.1.6
Describe how the system clock synchronizes processing activity.

B1.1.7
Discuss the use of computers in commercial vehicles.

B1.1.8
Describe appropriate care and handling of computerized diagnostic equipment.
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	MODULE B OUTLINE:

· Terminology

· Hardware

· Data storage

· Computing cycles


	MODULE C – VEHICLE COMPUTER SYSTEMS

	MODULE DESCRIPTION – The purpose of this module is to help the students comprehend the essentials of electronic management of vehicle systems.  Topics include typical circuit layout, sensors, signal-generating sensors, ECMs, and EMS.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Comprehend the essentials of electronic management of vehicle systems.
	C1.1
This competency is measured cognitively.
	C

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Define various unique terms and acronyms used in vehicle computer systems.

C1.1.2
Explain the language of computerized engine management systems.

C1.1.3
Explain a typical circuit layout of an electronically managed engine.

C1.1.4
Differentiate between partial and full authority electronic engine management.

C1.1.5
Discuss the various stages of a computer processing cycle.

C1.1.6
Explain how data is stored in vehicle electronic control modules (ECM).

C1.1.7
Describe the various memory components in an ECM.

C1.1.8
Identify various command and monitoring input circuits on a vehicle electronic system.

C1.1.9
Explain the operation of various sensors such as thermistors, variable capacitance sensors, Hall effect sensors, potentiometers, induction pulse generators, and piezotresistive sensors.

C1.1.10
Describe the function of an ECM from data input to output.

C1.1.11
Identify current computer-controlled engines by OEM and engine series.

C1.1.12
Describe the role of the injector driver unit in a full authority engine management system.

C1.1.13
Differentiate between data reprogramming methods such as customer and proprietary.

C1.1.14
Describe how to reprogram an ECM with proprietary data. 
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	MODULE C OUTLINE:

· Terms and definitions

· Data

· Input

· Processing

· Output

· Storage

· Typical circuit layout

· Sensors

· Thermistors

· Variable capacitance sensors

· Hall effect sensors

· Potentiometers

· Induction pulse generators

· Piezotresistive

· Signal-Generating sensors

· Hall effect sensors

· Induction pulse generator

· Galvanic sensors

· ECMs 

· Processing cycle

· Self-Diagnostics

· Output circuit

· Programming

· Customer data

· Proprietary data

· EMS

· Full authority systems

· Partial authority systems


	MODULE D – ELECTRONIC SERVICE TOOLS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to identify and use various electronic service tools to diagnose fault codes.  Topics include on board diagnostics, digital Multimeters, scanners, reader programmers, and systematic troubleshooting.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Identify and use various electronic service tools to diagnose fault codes.
	D1.1
Perform basic electrical circuit diagnosis using specified ESTs.
	C

	
	D1.2
Locate specified components and perform tests on common input circuit components such as termistors and potentiometers.
	b



	
	D1.3
Download and install new calibration updates.
	c

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Define various unique terms and acronyms used with electronic service tools (EST).

D1.1.2
Identify the various types of ESTs currently used.

D1.1.3
Identify the levels of access and programming capabilities of various ESTs.

D1.1.4
Explain the dangers of electrostatic discharge.

D1.1.5
Explain the dangers of using inappropriate circuit analysis tools.

D1.1.6
Describe the type of data accessible by each EST.

D1.1.7
Differentiate between the categories of data readable by on-board displays.

D1.1.8
Identify the function codes on a typical digital multi-meter (DMM).

D1.1.9
Describe various uses of a generic reader-programmer.

D1.1.10
Describe how to update reader-programmer software cartridges.

D1.1.11
Explain the objective of a snapshot test.

D1.1.12
Describe the importance of completing each step when performing sequential troubleshooting.

D1.1.13
Describe how to interpret Data-link SAE and ATA protocol codes for MIDs, PIDs, SIDs, and FMIs.
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	D1.2.1
Describe test procedures for various circuit components.

D1.2.2
Explain how to locate and follow diagnostic procedures.
	b

b

	D1.3.1
Explain how to locate new software.

D1.3.2
Describe how to download and upload new software or calibration procedures. 


	b

c

	MODULE D OUTLINE:

· Terms and definitions

· ESTs

· On board diagnostic lights

· Digital Multimeters

· Scanners

· Generic reader/programmers

· Proprietary reader/ programmers

· Personal computers

· Sequential troubleshooting


	MODULE E – ELECTRICAL WIRING, CONNECTOR, AND TERMINAL REPAIR

	MODULE DESCRIPTION – The purpose of this module is to teach the students to perform specified wiring, connector replacement, and terminal repair.  Topics include connector assembly, splicing, replays, and troubleshooting.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Perform specified wiring, connector replacement, and terminal repair.
	E1.1
Disassemble sealed and unsealed connectors, replace or repair components as required and assemble according to specifications. 
	c

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Differentiate between various type conductors, terminals and connectors.

E1.1.2
Describe how to assemble sealed connectors using the correct methods and crimping tools.

E1.1.3
Describe how to disassemble sealed connectors without damaging components.

E1.1.4
Describe how to splice wires where necessary in circuits where permitted.


	C

c

c

c

	MODULE E OUTLINE:

· Connector assembly and repair

· Splicing

· Straight leads

· Solder

· Shrink wrap

· Multiple broken wires

· Three-wire splices

· Relays

· Troubleshooting

· Wire gauge factors

· Circuit voltage

· Circuit analysis

· Circuit symbols

· Circuit schematics




	MODULE F – MULTIPLEXING

	MODULE DESCRIPTION – The purpose of this module is to describe how a multiplexing system works.  Topics include power line carriers, types of logic, data transmission, instrument cluster units, bulkhead modules, chassis modules, standard switches, and field effect transistors.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Describe how a multiplexing system works.
	F1.1
This competency is measured cognitively.
	B

	LEARNING OBJECTIVES 
	KSA

	F1.1.1
Define various key terms.

F1.1.2
Describe the principles of multiplexing and how it makes the exchange of data more efficient.

F1.1.3
Explain how the data bus is used in a multiplexed electronic truck chassis.

F1.1.4
Define a “smart ladder” and explain how it functions.

F1.1.5
Identify the essential fields making up a data frame on a data bus transaction.

F1.1.6
Describe how FETs are used as relays to effect data bus outcomes.
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	MODULE F OUTLINE:

· Terms and definitions

· Multiplexing basics

· Power line carrier

· Types of logic

· Data transmission

· Second generation multiplexing

· Instrument cluster unit

· Bulkhead module

· Chassis module

· Standard switches

· Field effect transistors


	MODULE G – EMISSIONS

	MODULE DESCRIPTION – The purpose of this module is to identify emission components, explain their functions, and perform basic repairs.  Topics include engine emission controls such as control modules, particulate traps, catalytic converters, and vco injectors.   

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Identify emission components, explain their functions, and perform basic repairs.
	G1.1
Inspect emission components, diagnose various problems, and repair as required.
	c

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Define various key terms.

G1.1.2
Describe how emissions are controlled on a typical diesel engine.

G1.1.3
Identify emission tests required for diesel engine certification.

G1.1.4
Explain how fuel injection timing can impact diesel engine emissions.

G1.1.5
Describe how to operate various emission testers.

G1.1.6
Describe the various test procedures.

G1.1.7
Correlate various emission test failures to a malfunction.
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	MODULE G OUTLINE:

· Terms and definitions

· EPA certification testing

· Truck engine emission controls

· Engine control module

· Particulate traps

· Catalytic converters

· Cooled EGR

· Auxiliary devices

· VCO injectors

· Charge air cooling

· Variable geometry turbochargers

· Low headland pistons

· Cerium dioxide

· Field testing

· Opacity meters

· Testing

· Environmental conditions

· Snap test

· Test cycle

· Evaluating results

· Smoke analysis

· Black smoke or grayish haze

· White smoke

· Blue smoke


LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory

	
	A/a
	B/b
	C/c
	D/d

	Module A
	15%
	75%
	10%
	

	Module B
	25%
	75%
	
	

	Module C
	29%
	64%
	7%
	

	Module D
	24%
	52%
	24%
	

	Module E
	
	
	100%
	

	Module F
	33%
	67%
	
	

	Module G
	29%
	42%
	29%
	


	Knowledge, Skills, and Attitudes (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Performs competency quickly and accurately.  Instructs others how to do the competency. 

	
	3
	Proficient
	Performs all parts of the competency.  Needs only a spot check of completed work.

	
	2
	Partially

 Proficient
	Performs most parts of the competency.  Needs help only on hardest parts. 

	
	1
	Limited Proficiency
	Performs simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	Knowledge of Skills
	d
	Complete

Theory
	Predicts, isolates, and resolves problems about the competency.

	
	c
	Operating Principles
	Identifies why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Determines step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Names parts, tools, and simple facts about the competency.

	Knowledge
	D
	Evaluation
	Evaluates conditions and makes proper decisions about the subject.

	
	C
	Analysis
	Analyzes facts and principles and draws conclusions about the subject.

	
	B
	Principles
	Identifies relationship of basic facts and states general principles about the subject.

	
	A
	Facts
	Identifies basic facts and terms about the subject.

	Affective
	*5
	Characterization by Value
	Acting consistently with the new value

	
	*4
	Organization
	Integrating a new value into one's general set of values, giving it some ranking among one's general priorities

	
	*3
	Valuing
	Showing some definite involvement or commitment

	
	*2
	Responding
	Showing some new behaviors as a result of experience

	
	*1
	Receiving
	Being aware of or attending to something in the environment

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.

Asterisk items indicate desired affective domain levels and are used to indicate the desired level for a given competency.   They may be used independently or with other indicators (i.e.   1a-*1, 2c-*3).  If used with another indicator, separate with a hyphen.

NOTE:  Codes indicate terminal values.
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