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COURSE DESCRIPTION:
This course focuses on systematically solving problems in automated systems.  Emphasis is placed on safety, test equipment, basic troubleshooting techniques and hands on problem solving. Upon completion, students will be able to use a systematic process to solve complex malfunctions.

CREDIT HOURS 

Theory Hours  
  

2 hours
Lab Hours



1 hour 

Total Credit Hours

3 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Perform tasks in a safe manner.
· Use test equipment to measure various values.
· Describe how to properly diagnose a malfunction by determining the root cause of a problem.
· Use test equipment to troubleshoot malfunctions.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to troubleshooting techniques.
· Psychomotor – Apply principles of troubleshooting techniques.
· Affective – Value the importance of adhering to policy and procedures related to troubleshooting techniques.
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.

STUDENT LEARNING OUTCOMES
	MODULE A - SAFETY

	MODULE DESCRIPTION – The purpose of this module is to teach the students to perform tasks in a safe manner. Topics will include electrical standards, OSHA and NFPA 70E, ARC ratings, creating safe working conditions, electrical shock hazards, hazards associated with transformers and circuit breakers, Lockout/Tagout execution, live part hazards, personal protective equipment, test equipment, electrostatic discharge, and unintended consequences.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Perform tasks in a safe manner.
	A1.1
Given a variety of lab situations, perform assigned tasks in a safe manner.  
A1.1
Perform a complete lockout tagout.

NOTE:  This is an ongoing evaluation.
	3

3

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Discuss standards for electrical safety
A1.1.2
Identify the relationship between OSHA regulations and NFPA 70E
A1.1.3
Explain ARC Flash boundaries and PPE requirements
A1.1.4
Explain the improved safety aspect of remote troubleshooting

A1.1.5
Explain how to create safe working conditions 

A1.1.6
Identify and describe electrical shock hazards
A1.1.7
Explain the hazards of transformers and circuit breakers
A1.1.8
Explain how to  execute a complete lockout/tag
A1.1.9
Explain the hazards of live parts

A1.1.10
Explain the use of personal protective equipment (PPE).

A1.1.11
Explain the hazards of using various types of test equipment

A1.1.12
Explain the hazards of Electrostatic Discharge

A1.1.13
Explain the hazards of unintended consequences.
	3

3

3

3
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	MODULE A OUTLINE:
· Standards for electrical safety

· OSHA and NFPA 70E
· ARC ratings (Flash zones and PPE calorie ratings)
· Safe working conditions 

· Shock hazards 

· Transformers and circuit breakers 

· Executing a lockout/tagout 

· Stored Energy

· Affiliated  Equipment

· Machine Guarding

· Informing affected personnel

· Hazards of live parts 

· Personal protective equipment 
· Test Equipment

· Electrostatic Discharge (ESD)

· Unintended consequences (eg. Forcing bits, opening valves, overrides, jumping sensor switches, before checking for a safe condition, etc)




	MODULE B – TEST EQUIPMENT

	MODULE DESCRIPTION – The purpose of this module is to teach the students the appropriate use of test equipment to measure various values. Topics include voltmeters, ohmmeters, ammeters, megohmmeter, and specialized test equipment (for example: thermal imaging, vibration analysis, stethoscope, micrometer, dial indicators, oscilloscope, computer software).

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Use test equipment to measure various values.
	B1.1
Measure voltage, current, and resistance using various types of test equipment.
B1.1
Use specialized test equipment to evaluate system performance.
	3
3

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Explain the purpose of a multimeter.
B1.1.2
Describe the process of using a multimeter to check circuit operation.
B1.1.3
Explain the purpose of a clamp on ammeter.
B1.1.4
Describe the process of using a clamp on ammeter to check circuit operation.
B1.1.5
Describe how to perform voltage measurements. 
B1.1.6
Describe how to perform current measurements.
B1.1.7
Describe how to perform resistance measurements.
B1.1.8
Explain how to determine the accuracy of these readings.

B1.1.9
Explain and describe the uses of specialized test equipment such as thermal imaging, vibration analysis, stethoscope, micrometer, dial indicators, oscilloscope, computer software, time domain reflectometer as applicable.
	3
3
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	MODULE B OUTLINE:
· Test equipment

- 
Voltmeter

-
Ohmmeter

-
Ammeter

-
Megohmmeter 
-
Specialized Test Equipment (for example: thermal imaging, vibration analysis, stethoscope, micrometer, dial indicators, oscilloscope, computer software)



	MODULE C – BASIC TROUBLESHOOTING TECHNIQUES

	MODULE DESCRIPTION – The purpose of this module is to teach the students how to properly diagnose a malfunction by determining the root cause of a problem. Topics will include troubleshooting methods, Identifying malfunctions, schematics and diagrams, successive approximations, and the necessity of making an intelligent response. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Describe how to properly diagnose a malfunction by determining the root cause of a problem.
	C1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Explain the importance of knowing the relationship of the subsystems to the entire system including sequence of operation.
C1.1.2
Discuss the use of various methods for gathering valid information.

C1.1.3
Explain what you can learn by using your senses.

C1.1.4
Explain why it is important to evaluate equipment documentation.

C1.1.5
Discuss the process of correctly identifying the malfunction (Root Cause Analysis).

C1.1.6
Explain the benefits of intelligent troubleshooting versus box swapping.

C1.1.7
Describe how to identify logical test points in a schematic or diagram.
C1.1.8
Explain how to formulate the expected values to be measured.
	3
3
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	MODULE C OUTLINE:
· Methods


-
Verify the machine is not working correctly  (Getting clear) 

· Know the relationship of the subsystems to the entire system including sequence of operation 
· Gather valid information (talk to equipment operator and other affected people)
· Using Your Senses (seeing, hearing, smelling, touching)
· Documentation (evaluate maintenance records, pull history, published symptom diagnostics (if available )
· System inoperative versus Intermittent problems
· Problems of treating symptoms

· More costly

· Slows the troubleshooting process 

· Bad parts on the shelf 

· Identify the malfunction (reach a conclusion)
-
Check power (Hydro, Pneu, Electro)
-
Check sequence of operation by equipment observation and/or PLC programming (when equipped)

· Schematics & Diagrams
· Identifying logical test points

· Formulate expected values to be measured

· Successive Approximations

· Check input

· Check output

· Check middle (half way through the operation)
· Continue halving

· Necessity of intelligent response (Can I wait or does it need to be repaired immediately?)
· Make a decision
· Act on decision



	MODULE D – circuit Testing

	MODULE DESCRIPTION – This module highlights the use of test equipment while troubleshooting various problems. Topics will include determining correct and incorrect measurements, finding the root cause, and repair procedures.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Use test equipment to troubleshoot various problems.
	D1.1
Given various mechanical and electrical faults, use the appropriate test equipment to determine the root cause and propose a solution.

	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Describe how to determine if the values measured are correct or incorrect.

D1.1.2
Based on the values measured, explain how to determine the cause of a malfunction.

D1.1.3
Explain the procedures for repairing the malfunction.
	3

3

3

	MODULE C OUTLINE:

· Equipment troubleshooting
· Determining correct and incorrect readings

· Determining a malfunction’s root cause

· Repair procedures




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. 
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	KSA
	1
	2
	3
	4

	Module A
	
	
	100%
	

	Module B
	
	
	100%
	

	Module C
	
	
	100%
	


The KSA is NOT determined by the verb used in the learning objective, but rather in the context in which the verb is used and the depth of knowledge and skills required. 
Example: Three KSA levels using the same verb (describe):
KSA 1 – Describe three characteristics of metamorphic rocks. (simple recall)

KSA 2 – Describe the difference between metamorphic and igneous rocks. (requires cognitive processing to determine the differences in the two rock types)

KSA 3 – Describe a model that you might use to represent the relationships that exist within the rock cycle. (requires deep understanding of rock cycle and a determination of how best to represent it)
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	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Recognize basic information about the subject including terms and nomenclature.

· Students must demonstrate ability to recall information such as facts, terminology or rules related to information previously taught.  
· Performs simple parts of the competency.  Student requires close supervision when performing the competency.

	2
	Moderate Knowledge and Proficiency
	· Distinguish relationships between general principles and facts. Adopts prescribed methodologies and concepts.
· Students must demonstrate understanding of multiple facts and principles and their relationships, and differentiate between elements of information.  Students state ideal sequence for performing task. 
· Performs most parts of the competency with instructor assistance as appropriate.

	3
	Advanced Knowledge and Proficiency
	· Examines conditions, findings, or other relevant data to select an appropriate response.  

· The ability to determine why and when a particular response is appropriate and predict anticipated outcomes. 
· Students demonstrate their ability to seek additional information and incorporate new findings into the conclusion and justify their answers.
· Performs all parts of the competency without instructor assistance.

	4
	Superior Knowledge and Proficiency
	· Assessing conditions, findings, data, and relevant theory to formulate appropriate responses and develop procedures for situation resolution. Involves higher levels of cognitive reasoning. 
· Requires students to formulate connections between relevant ideas and observations. 
· Students apply judgments to the value of alternatives and select the most appropriate response. 
· Can instruct others how to do the competency.
· Performs competency quickly and accurately.

	A
	Affective Objective
	· Describes learning objectives that emphasize a feeling tone, an emotion, or a degree of acceptance or rejection.  
· Objectives vary from simple attention to selected phenomena to complex but internally consistent qualities of character and conscience. 
· Expressed as interests, attitudes, appreciations, values, and emotional sets or biases.
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