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Proposed Control Systems Technician Program 
 

Competencies / Objectives 
 

Core Curriculum- 75 contact hours   (High School and Entry Level) 
 

Basic Safety with CAL OSHA card  (15 Hours)     

Module 00101-09 explains the role of safety in the construction crafts. Trainees will learn how to identify and 
follow safe work practices and procedures as well as how to properly inspect and use safety equipment. 
Trainees will be able to describe safe work procedures for lifting heavy objects, fighting fires, and working 
around electrical hazards. 

 
Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Explain the idea of a safety culture and its importance in the construction crafts. 
2. Identify causes of accidents and the impact of accident costs. 
3. Explain the role of OSHA in job-site safety. 
4. Explain OSHA's General Duty Clause and 1926 CFR Subpart C. 
5. Recognize hazard recognition and risk assessment techniques. 
6. Explain fall protection, ladder, stair, and scaffold procedures and requirements. 
7. Identify struck-by hazards and demonstrate safe working procedures and requirements. 
8. Identify caught-in-between hazards and demonstrate safe working procedures and requirements. 
9. Define safe work procedures to use around electrical hazards. 
10. Demonstrate the use and care of appropriate personal protective equipment (PPE). 
11. Explain the importance of hazard communications (HazCom) and material safety data sheets (MSDSs). 
12. Identify other construction hazards on your job site, including hazardous material exposures, environmental 

elements, welding and cutting hazards, confined spaces, and fires. 

 
Performance Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Inspect PPE to determine if it is safe to use (PPE should include safety goggles, hard hat, gloves, safety 
harness, and safety shoes). 

2. Properly don and remove PPE (safety goggles, hardhat, and personal fall protection). 
3. Demonstrate safe lifting procedures. 
4. Set up an extension ladder properly. 
5. Demonstrate three-point contact on a ladder. 

 

Introduction to Construction Math  (10 Hours) 

Module 00102-09 introduces mathematical operations commonly used in construction, and explains how the 
metric system and geometry are used in the trade. Trainees will learn how to add , subtract, multiply, and 
divide whole numbers, fractions , and decimals, as well as how to convert decimals, fractions , and 
percentages. 

 
Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Add, subtract, multiply, and divide whole numbers , with and without a calculator. 
2. Use a standard ruler, a metric ruler, and a measuring tape to measure . 
3. Add, subtract, multiply, and divide fractions. 
4. Add, subtract, multiply, and  divide decimals, with and without a calculator. 
5. Convert decimals to percentages and percentages to decimals. 
6. Convert fractions to decimals and decimals to fractions. 
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7. Explain what the metric system is and how it is important in the construction trade. 
8. Recognize and use metric units of length, weight , volume , and temperature. 
9. Recognize some of the basic shapes used  in the construction  industry and  apply basic geometry  to measure  

them. 

 
Performance Tasks 
This is a knowledge-based module. There are no performance tasks. 

 

Introduction to Hand Tools (10 Hours)       

Module 00103-09 explains how to inspect and properly use hand tools. Trainees will learn how to identify 
and take care of basic hand tools. 

 

Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Recognize and identify some of the basic hand tools and their proper uses in the construction trade. 

2. Visually inspect hand tools to determine if they are safe to use. 

3. Safely use hand tools. 

 
Performance  Tasks   
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Visually inspect the following tools to determine if they are safe to use: 
a. Hammer 
b. Screwdriver 
c. Saw 

2. Make a straight square cut using a crosscut saw. 
3. Safely and properly use a minimum of three of the following tools: 

a. Hammer and cat's paw (to drive and pull nails) 
b. Screwdriver (slotted or Phillips) 
c. Adjustable wrench 
d. CHANNELLOCK pliers 
e. Spirit level 
f. Carpenter's square and steel tape 
g. Saw 

 

Introduction to Power Tools (10 Hours)     

Module 00104-09 introduces power tools commonly used in the construction trade. Trainees will learn how 
to safely use and properly maintain a variety of power tools. 

 
Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Identify power tools commonly used in the construction trades . 
2. Use power tools safely. 
3. Explain how to maintain power tools properly. 

 
Performance Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Safely and properly use three of the following tools: 
2. Safely and properly operate an electric drill.  
3. Safely and properly operate a circular saw.  
4. Safely and properly operate a SawZall. 
5. Safely and properly operate a pneumatic power nailer. 

 

Introduction to Construction Drawings (10 Hours)       
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Module 0010509 discusses construction drawing terms, components, and symbols. Trainees will learn how to 
interpret construction  drawings, recognize classifications of drawings, and use drawing dimensions. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Recognize and identify basic construction drawing terms, components, and symbols. 

2. Relate information on construction drawings to actual locations on the print. 

3. Recognize different classifications of construction drawings. 

4. Interpret and use drawing dimensions. 

 
Performance Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Using the floor plan supplied with this module: 
2. Locate the wall common to both interview rooms. 
3. Determine the overall width of the structure studio. 
4. Find the distance from the outside east wall to the center of the beam in the structure studio. 
5. Find the elevation of the slab. 

 

Basic Communication Skills (7.5 Hours)      

Module 00107-09  reviews basic communication skills. Trainees will learn how to interpret information in 
written and verbal form and how to communicate effectively using written and verbal skills, as well as using 
electronic communication  devices. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Interpret information and instructions presented in both verbal and written form. 

2. Communicate effectively in on-the-job situations using verbal and written skills. 

3. Communicate effectively on the job using electronic communication devices. 

 
Performance Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Fill out a work-related form supplied by your instructor. 
2. Read instructions for how to properly don a safety harness, and orally instruct another person to don the 

apparatus. 
3. Perform a given task after listening to oral instructions. 

 

Basic Employability Skills (7.5 Hours)     

Module 00108-09  discusses basic employability skills. Trainees will learn how to effectively use critical 
thinking, computer, and relationship skills in the construction industry. This module will also include 
trainee awareness of such workplace issues as sexual harassment, stress, and substance abuse. 

 
Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Explain your role as an employee in the construction industry  
2. Demonstrate critical thinking skills and the ability to solve problems using those skills. 
3. Demonstrate knowledge of computer systems and explain common uses for computers in the construction 

industry. 
4. Define effective relationship skills. 
5. Recognize workplace issues such as sexual harassment, stress, and substance abuse. 

 
Performance Tasks   
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Demonstrate the ability to access, retrieve, and print from the following basic  
software programs: 
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a. Email 
b. Databases 
c. Internet 

 

Introduction to Materials Handling  (5 Hours)   

Module 00109-09  will introduce the concept of materials handling .Trainees will learn how to properly 
handle materials and move them around the job site, as well as how to choose the appropriate materials 
handling equipment, recognize hazards, and follow materials-handling safety procedures. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Define a load. 

2. Establish a pre-task plan prior to moving a load. 

3. Use proper materials-handling techniques . 

4. Choose appropriate materials-handling equipment for the task. 

5. Recognize hazards and follow safety procedures required for materials handling . 

 
Performance Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Demonstrate proper materials-handling techniques. 

 

 

Optional Basic Rigging  (15 Hours) 

(Must be over 18 to participate-not part of the 72.5 hours)  
Module 00106-09 introduces the uses of slings and common rigging hard ware. Trainees will learn basic 
inspection techniques, hitch configurations, and load-handling safety practices, as well as how to use 
American National Standards Institute hand signals. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and describe the use of slings and common rigging hardware . 

2. Describe basic inspection techniques and rejection criteria used for slings and hardware. 

3. Describe basic hitch configurations and their proper connections. 

4. Describe basic load-handling safety practices. 

5. Demonstrate proper use of American National Standards Institute (ANSI) hand signals. 

 
Performance  Tasks   
Under the supervision of the instructor, the trainee should be able to do the following: 

1. Select and inspect appropriate slings for a lift. 
2. Given various loads, determine the proper hitch to be used. 
3. Select and inspect appropriate hardware and/ or lifting equipment. 
4. Demonstrate and/ or simulate the proper techniques for connecting hitches. 
5. Demonstrate the proper use of all hand signals according to ANSI B30.2 and B30.5 . 
6. Describe or demonstrate pre-lift safety checks. 
7. Demonstrate and/ or simulate how to lift the load level. 
8. Describe and/ or demonstrate safety precautions for attaching and disconnecting a load. 

 

Note 
Due to liability issues, trainees under the age of 18 should not perform hoisting maneuvers 

 
IM E & I  Level I  
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122.5 Contact Hours 

 (High School and Entry Level) 
 

 

ORIENTATION TO THE TRADE (2.5 Hours) 

Module 40101-07 covers the history of the trade, and provides an overview of the industrial maintenance 
craft. Describes apprenticeship and training programs, as well as career opportunities. The responsibilities 
and characteristics a worker should possess are also described. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe the types of work performed by industrial maintenance craftworkers. 

2. Identify career opportunities available to industrial maintenance craftworkers. 

3. Explain the purpose and objectives of an apprentice training program. 

4. Explain the responsibilities and characteristics of a good industrial maintenance craftworker. 

5. Explain the importance of safety in relation to industrial maintenance craftworkers. 

6. Explain the role of NCCER in the training process. 
 
Performance Verification Tasks 

This is a knowledge-based module; there is no performance testing. 
 

TOOLS OF THE TRADE (5 Hours) 

Module 40102-07 introduces the hand and power tools used in industrial maintenance. Covers safety 
procedures and proper use of these tools. 
 

Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Explain the purpose of each of the tools commonly used by industrial maintenance craftworkers. 

2. Describe how to maintain each of the tools used by industrial maintenance craftworkers. 

3. Demonstrate the proper use and basic maintenance of selected industrial maintenance tools. 
 
Performance Verification Tasks 

40102-1   Correctly use a pipe vise. 
40102-2   Correctly use a pipe threading machine. 
40102-3   Correctly use a cut-off machine. 
40102-4   Correctly use a Porta-Power®. 
40102-5   Demonstrate inspection and basic maintenance of tools chosen by the instructor. 

 

FASTENERS AND ANCHORS (5 Hours) 

Module 40103-07 covers hardware and systems used in industrial maintenance. Describes anchors and 
supports, their applications, and how to install them safely. 
 

Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Identify and explain the use of threaded fasteners. 

2. Identify and explain the use of non-threaded fasteners. 

3. Identify and explain the use of anchors. 

4. Select the correct fasteners and anchors for given applications. 

5. Install fasteners and anchors. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
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40103-1   Install selected threaded fasteners. 
40103-2   Install selected screws. 
40103-3   Install selected anchors. 
40103-4   Install selected toggle bolts 

 

OXYFUEL CUTTING (17.5 Hours) 

(Module 40104-07 explains the safety requirements for oxyfuel cutting. Identifies oxyfuel cutting equipment 
and provides instructions for setting up, lighting, and using the equipment. Explains how to perform 
straight line cutting, piercing, beveling, washing, and gouging. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and explain the use of oxyfuel cutting equipment. 

2. State the safety precautions for using oxyfuel equipment. 

3. Set up oxyfuel cutting equipment. 

4. Light and adjust an oxyfuel torch. 

5. Shut down oxyfuel cutting equipment. 

6. Disassemble oxyfuel cutting equipment. 

7. Change empty cylinders. 

8. Perform oxyfuel cutting: 

• Straight line and square shapes 

• Piercing and slot cutting 

• Bevels 

• Washing 

9. Apply a rosebud flame to remove frozen components (also for preheat and expanding larger fittings). 

10. Operate a motorized, portable oxyfuel gas cutting machine. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40104-1   Set up oxyfuel equipment. 
40104-2   Light and adjust an oxyfuel torch. 
40104-3   Shut down and disassemble oxyfuel equipment. 
40104-5   Perform oxyfuel cutting: 

     a. Straight line and square shapes 
     b. Piercing and slot cutting 
     c. Bevels 
     d. Washing 

40104-6  Operate a track burner. 
 

GASKETS AND PACKING (10 Hours) 

Module 40105-07 introduces gaskets and gasket material, packing and packing material, and types of O-
ring material. Explains the use of gaskets, packing, and O-rings, and how to fabricate a gasket.  

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify the various types of gaskets and explain their uses. 

2. Identify the various types of gasket materials and explain their applications. 

3. Lay out, cut, and install a flange gasket. 

4. Describe the use of O-rings. 

5. Explain the importance of selecting the correct O-ring for an application. 

6. Select an O-ring for a given application and install it. 

7. Describe the uses and methods of packing. 
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Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40105-1   Layout and install a gasket. 
40105-2   Cut and install packing. 
40105-3   Install O-rings. 

 

CRAFT-RELATED MATHEMATICS (15 Hours) 

Module 40106-07 explains how to use ratios and proportions, solve basic algebra, area, volume, and 
circumference problems, and solve for right triangles using the Pythagorean theorem. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and explain the use of special measuring devices. 

2. Use tables of weights and measurements. 

3. Use formulas to solve basic problems. 

4. Solve area problems. 

5. Solve volume problems. 

6. Solve circumference problems. 

7. Solve right triangles using the Pythagorean theorem. 
 
Performance Verification Tasks 

This is a knowledge-based module; there is no performance testing. 
 

CONSTRUCTION DRAWINGS (12.5 Hours) 

Module 40107-07 introduces plot plans, structural drawings, elevation drawings, as-built drawings, 
equipment arrangement drawings, P&IDs, isometric drawings, basic circuit diagrams, and detail sheets. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the basic layout of a blueprint. 

2. Describe the information included in the title block of a blueprint. 

3. Identify the types of lines used on blueprints. 

4. Identify common symbols used on blueprints. 

5. Understand the use of architect’s and engineer ’s scales. 

6. Demonstrate the use of an architect’s scale. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40107-1  Identify parts of a drawing: 

• Title block 
• Scales and measurements 
• Symbols and abbreviations 
• Notes 
• Revision blocks 
• Coordinates 

40107-2  Identify the following: 
• Drawing indexes 
• Line lists 

40107-3  Identify the following types of drawings: 
• Plot plans 
• Structural drawings 
• Elevation and section drawings 
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• Equipment arrangement drawings 
• P&IDs 
• Isometric drawings 
• Spool drawings 

• Schematics 
• Circuit diagrams 
• Orthographic drawings 

 

PUMPS AND DRIVERS (5 Hours) 

Module 40108-07 explains centrifugal, rotary, reciprocating, metering, and vacuum pump operation and 
installation methods, as well as types of drivers. Describes net positive suction head and cavitation. 
 
Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. Identify and explain centrifugal pumps. 

2. Identify and explain rotary pumps. 

3. Identify and explain reciprocating pumps. 

4. Identify and explain metering pumps. 

5. Identify and explain vacuum pumps. 

6. Explain net positive suction head and cavitation. 

7. Identify types of drivers. 
 
Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40108-1   Identify centrifugal pumps. 
40108-2   Identify rotary pumps. 
40108-3   Identify reciprocating pumps. 
40108-4   Identify metering pumps. 
40108-5   Identify vacuum pumps. 

 

VALVES (5 Hours) 

Module 40109-07 identifies different types of valves and describes their installation, storage, and handling. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify types of valves that start and stop flow. 

2. Identify types of valves that regulate flow. 

3. Identify valves that relieve pressure. 

4. Identify valves that regulate the direction of flow. 

5. Explain how to properly store and handle valves. 

6. Explain valve locations and positions. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40109-1   Identify types of valves that start and stop flow. 
40109-2   Identify types of valves that regulate flow. 
40109-3   Identify valves that relieve pressure. 
40109-4   Identify valves that regulate the direction of flow. 
40109-5   Demonstrate how to properly store and handle valves. 
40109-6   Identify valve locations and positions. 
 

Introduction to Test Instruments (7.5 Hours) 
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Module 40110-07 introduces test equipment for industrial maintenance, including tachometers, pyrometers, 
strobe meters, voltage testers, and automated diagnostic tools. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the operation of and describe the following pieces of test equipment: 

• Tachometer 

• Pyrometers 

• Multimeters 

• Automated diagnostics tools 

• Wiggy®  voltage tester 

• Stroboscope 

2. Explain how to read and convert from one scale to another using the above test equipment. 

3. Define frequency and explain the use of a frequency meter. 
 
Performance Verification Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
40110-1 Demonstrate the use of the following pieces of test equipment: 

• Tachometer 
• Pyrometer 
• Multimeter 
• Voltage tester 
• Strobe light 

40110-2 Demonstrate the use of automated diagnostics tools chosen by the instructor. 
 

Material Handling and Hand Rigging (15 Hours) 

Module 40111-07  introduces the equipment and techniques of material handling, and describes the 
procedures for rigging and communicating with riggers.  
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and describe the uses of common rigging hardware and equipment. 

2. Inspect common rigging equipment. 

3. Select, use, and maintain special rigging equipment, including: 

• Jacks 

• Block and tackle 

• Chain hoists 

• Come-alongs 

4. Tie knots used in rigging. 

5. Use and understand the correct hand signals to guide a crane operator. 

6. Identify basic rigging and crane safety procedures. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40111-1   Perform a safety inspection on hooks, slings, and other rigging equipment. 
40111-2   Select, inspect, and use special rigging equipment, including: 

• Block and tackle 
• Chain hoists 
• Come-alongs 
• Jacks 
• Tuggers 

40111-3   Tie knots used in rigging. 
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40111-4   Determine the center of gravity of a load. 
40111-5   Properly attach rigging hardware for routine lifts. 
40111-6   Use and interpret hand signals. 
40111-7   Perform sling tension calculations. 

 

Mobile and Support Equipment (10 Hours) 

Module 40112-07 introduces the safety procedures and methods of operation for motorized support 
equipment, including forklifts, manlifts, compressors, and generators. 
 

Competencies / Objectives 
Upon completion of this module, the trainee will be able to do the following: 

1. State the safety precautions associated with the use of motor-driven equipment in industrial plants. 

2. Explain the operation and applications of the following motor-driven equipment commonly used in 
industrial plants: 

• Portable generators 

• Air compressors 

• Aerial lifts 

• Forklifts 

• Mobile cranes 

3. Operate and perform preventive maintenance on the following equipment: 

• Portable generators 

• Air compressors 

• Aerial lifts 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 

40112-1  Describe an aerial lift inspection. 
 

Lubrication (12.5 Hours) 

Module 40113-07 explains lubrication safety, storage, and classifications. Also explains selecting lubricants, 
additives, lubrication equipment, and lubricating charts. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain OSHA hazard communication as pertaining to lubrication. 

2. Read and interpret a material data safety sheet (MSDS). 

3. Explain the EPA hazardous waste control program. 

4. Explain lubricant storage. 

5. Explain lubricant classification. 

6. Explain lubricant film protection. 

7. Explain properties of lubricants. 

8. Explain properties of greases. 

9. Explain how to select lubricants. 

10. Identify and explain types of additives. 

11. Identify and explain types of lubricating oils. 

12. Identify and use lubrication equipment to apply lubricants. 

13. Read and interpret a lubrication chart. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40113-1   Read and interpret an MSDS. 
40113-2   Identify and use lubrication equipment to apply lubricants. 
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40113-3   Read and interpret a lubrication chart. 
 

IM E & I  Level II 
157.5 Contact  Hours 

(High School Year 2 and Entry Level) 
 

Industrial Safety for E & I Technicians (12.5 Hours) 

Module 40201-08 covers safety rules and regulations for electrical workers, precautions for electrical hazards 
on the job, and the OSHA-mandated lockout/tagout procedure. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Demonstrate safe working procedures in an industrial environment. 

2. Explain the purposes of OSHA and NFPA 70E and how they promote safety on the job. 

3. Recognize electrical/energy hazards and describe how to avoid or minimize them in the workplace. 

4. Explain safety issues concerning lockout/tagout procedures, personal protection using assured grounding 
and isolation programs, confined space entry, respiratory protection, and fall protection systems. 

5. Recognize and apply safe working practices. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40201-1   Perform a visual inspection and an air test on rubber gloves. 
40201-2   Develop a task plan and deliver a task briefing: 

• Discuss the work to be performed and the hazards involved. 
• Locate the closest phone to the work site and ensure that the local emergency telephone 

numbers are either posted at the phone or known by you and your partner(s). 
• Plan an escape route from the location in the event of an accident. 

40201-3   Identify and describe the electrical hazards in your work site. 
 

Introduction to the National Electrical Code® (5 Hours) 

Module ID 40202-08 provides a road map for using the NEC®. Introduces the layout and types of 
information found within the code book. Allows trainees to practice finding information using an easy-to-
follow procedure. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the purpose and history of the National Electrical Code® (NEC®). 

2. Describe the layout of the NEC®. 

3. Explain how to navigate the NEC®. 

4. Describe the purpose of the National Electrical Manufacturers Association (NEMA) and the National 
Fire Protection Association (NFPA). 

5. Explain the role of nationally recognized testing laboratories. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40202-1   Find the definition of the term feeder in the NEC®. 
40202-2   Look up the NEC® specifications that you would need to follow if you were installing a 
                receptacle in a cooling tower. 
40202-3   Find the minimum wire bending space required for two 1/0 AWG conductors installed in a  
                junction box or cabinet and entering opposite the terminal. 
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Electrical Theory (15 Hours) 

Module 40203-08 introduces electrical concepts used in Ohm’s law as applied to DC series circuits. Includes 
atomic theory, electromotive force, resistance, and electric power equations. Introduces series, parallel, and 
series-parallel circuits. Covers resistive circuits, Kirchhoff’s voltage and current laws, and circuit analysis. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Define voltage and identify the ways in which it can be produced. 

2. Explain the difference between conductors and insulators. 

3. Define the units of measurement that are used to measure the properties of electricity. 

4. Identify the meters used to measure voltage, current, and resistance. 

5. Explain the basic characteristics of series and parallel circuits. 

6. Use Kirchhoff’s current law to calculate the total and unknown currents in parallel and series-parallel 
circuits. 

7. Use Kirchhoff’s voltage law to calculate voltage drops in series, parallel, and series-parallel circuits. 

8. Use the formula for Ohm’s law to calculate voltage, current, and resistance. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40203-1   Use the formula for Ohm’s law to calculate voltage, current, and resistance. 
40203-2   Given different resistors, identify the correct resistance value and tolerance using the 

color code. 
40203-3   Draw basic voltmeter and ohmmeter circuits and explain how they operate. 
40203-4   Use the power formula to calculate the amount of power used by a circuit. 
40203-5   Use a variation of the power formula to calculate the main current a resistor can carry 

 based on the resistor’s value and power rating. 
40203-6   Calculate the total resistance for selected series, parallel, and series-parallel circuits. 
40203-7   Use Kirchhoff’s current law to calculate the total and unknown currents in parallel and 

 series-parallel circuits. 
40203-8   Use Kirchhoff’s voltage law to calculate voltage drops in series, parallel, and series-parallel 

 circuits. 
 

Alternating Current (20 Hours) 

Module 40204-08 covers transformers, single-phase and three-phase power distribution, capacitors, the 
theory and operation of induction motors, and the instruments and techniques used in testing AC circuits 
and components. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Calculate the peak and effective voltage or current values for an AC waveform. 

2. Calculate the phase relationship between two AC waveforms. 

3. Describe the voltage and current phase relationship in a resistive AC circuit. 

4. Describe the voltage and current transients that occur in an inductive circuit. 

5. Define inductive reactance and state how it is affected by frequency. 

6. Describe the voltage and current transients that occur in a capacitive circuit. 

7. Define capacitive reactance and state how it is affected by frequency. 

8. Explain the relationship between voltage and current in the following types of AC circuits: 

• RL circuit 

• RC circuit 

• LC circuit 

• RLC circuit 

9. Explain the following terms as they relate to AC circuits: 
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• True power 

• Apparent power 

• Reactive power 

• Power factor 

10. Explain basic transformer action. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40204-1  Given the parameters of an inductive circuit with a low power factor, calculate the true 

  and apparent power and identify methods that could be used to improve the efficiency 
  of the circuit. 

40204-2  Solve for two values of a power triangle provided by your instructor. 
 

E & I Test Equipment (15 Hours) 

Module 40205-08 focuses on proper selection, inspection, and use of common electrical and instrumentation 
test equipment, including voltage testers, clamp-on ammeters, ohmmeters, multimeters, phase/motor 
rotation testers, data recording equipment, field communicators, pressure testers, and dead weight testers. 
Also covers safety precautions and meter category ratings. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and explain the purposes of test instruments commonly used to test and troubleshoot E & I 
equipment. 

2. Explain how to read and convert from one scale to another using the above test equipment. 

3. Explain the importance of proper meter polarity. 

4. Define frequency and explain the use of a frequency meter. 

5. Explain the difference between digital and analog meters. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40205-1   Under instructor supervision, measure the voltage in your classroom (hot to neutral and   

neutral to ground). 
40205-2   Under instructor supervision, use an ohmmeter to measure the values of various resistors. 
40205-3   Use a continuity tester to verify whether a lamp is burned out. 
40205-4   Using a pressure source, measure pressure with the appropriate device. 
40205-5   Use a field communicator. 
40205-6   Use a manometer or a deadweight tester. 

 

Flow, Pressure, Level, and Temperature (15 Hours) 

Module 40206-08 presents devices used to measure flow, pressure, level, and temperature, along with their 
principles of operation. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and describe methods of flow measurement. 

2. Identify and describe methods of pressure measurement. 

3. Identify and describe methods of temperature measurement. 

4. Identify and describe methods of level measurement. 
 
Performance Verification Tasks 

40206-1  This is a knowledge-based module; there is no performance testing. 
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Process Mathematics (15 Hours) 

Module 40207-08 covers measurement of mass, weight, pressure, temperature, and flow, conversion of units, 
and their application to industrial maintenance. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify different units of pressure measurement. 

2. Convert measured values in the English system, using common conversion factor tables, to equivalent SI 
values. 

3. Perform the basic mathematical operations necessary in instrumentation. 

4. Square numbers and find the square root of numbers. 

5. Perform the mathematical conversions necessary for instrumentation measurements. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40207-1   Find the point where Fahrenheit equals Celsius. 
40207-2   Do three temperature conversions, using figures provided by your instructor. 
40207-3   Calculate differential pressure using values provided by your instructor. 
40207-4   Calculate the volume of a vessel using variables provided by your instructor. 

 

Hand Bending (10 Hours) 

Module 40208-08 introduces conduit bending and installation. Covers the techniques for using hand-
operated and step conduit benders, as well as cutting, reaming, and threading conduit. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify the methods for hand bending and installing conduit. 

2. Calculate conduit bends. 

3. Make 90-degree bends, back-to-back bends, offsets, kicks, and saddle bends using a hand bender. 

4. Cut, ream, and thread conduit. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40208-1    Make 90-degree bends, back-to-back bends, offsets, kicks, and saddle bends using a hand    

bender. 
40208-1    Cut, ream, and thread conduit. 

 

Tubing (15 Hours) 

Module 40209-08 introduces a variety of tubing, tubing materials, tools, and work practices. Covers proper 
storage and handling, cutting, deburring, reaming, bending, and flaring of tubing 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify the different kinds of tubing and describe the properties and common uses for each kind. 

2. Explain the purpose for tubing standards and specifications. 

3. Describe the proper handling and storage of tubing. 

4. Cut tubing using the proper tools, cutting methods, and safety procedures. 

5. Bend tubing using the proper tools, bending methods, and safety procedures. 

6. Identify and select proper tubing fittings for selected instrumentation applications. 

7. Flare tubing using the proper tools, flaring methods, and safety procedures. 

8. Make and remake a compression fitting. 
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Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40209-1   Bend copper tubing at 45-degree and 90-degree angles using a compression-type bender. 
40209-2   Cut and deburr copper tubing using a hacksaw or tubing cutter. 
40209-3   Cut and deburr stainless steel tubing. 
40209-4   Install a flare fitting on a section of copper tubing. 
40209-5   Properly make up an instrument tubing connection with a compression fitting, then loosen and   

re-tighten it. 
 

Instrument Drawings and Documents One (15 Hours) 

Module 40211-08 introduces instrument symbols, abbreviations, and drawings and documents, including 
instrument indexes, installation detail drawings, location drawings, and control loops. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify and describe standard Instrument Society of America (ISA) instrument symbols and abbreviations. 

2. Read and interpret instrument indexes. 

3. Read and interpret general instrument specifications. 

4. Read and interpret general notes and details included on instrument drawings and documents. 

5. Read and interpret installation detail drawings. 

6. Read and interpret location drawings. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40214-1   Locate and identify drawing elements as specified by your instructor. 

 

Conductors and Cables (10 Hours) 

Module 40212-08 focuses on the types and applications of conductors and electrical cabling and covers 
proper wiring techniques. Stresses the applicable NEC® requirements. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. From the cable markings, describe the insulation and jacket material, conductor size and type, number of 
conductors, temperature rating, voltage rating, and permitted uses. 

2. Determine the allowable ampacity of a conductor for a given application. 

3. Identify the NEC® requirements for color coding of conductors. 

4. Install conductors in a raceway system. 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40212-1    Install conductors in a raceway system. 
 

Conductor Terminations and Splices (10 Hours) 

Module 40213-08 describes methods of terminating and splicing conductors of all types and sizes, including 
preparing and taping conductors. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe how to make a sound conductor termination. 

2. Prepare cable ends for terminations and splices and connect the ends using lugs or connectors. 

3. Train cable at termination points. 

4. Describe the National Electrical Code® (NEC®) requirements for making cable terminations and splices. 
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5. Demonstrate crimping techniques. 

6. Select the proper lug or connector for the job. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40213-1   Terminate conductors using selected crimp-type and mechanical-type terminals and 
                 connectors. 
40213-1   Terminate conductors on a terminal strip. 
40213-1   Insulate selected types of wire splices and/or install a motor connection kit. 

 
 

IM E & I  Level III 
107.5 Contact Hours 

 

Hazardous Locations (10 Hours) 

Module 40301-09 covers all classes of hazardous locations, including seals, components, and equipment 
approved for use in various hazardous locations. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Define the various classifications of hazardous locations. 

2. Describe the wiring methods permitted for branch circuits and feeders in specific hazardous locations. 

3. Select seals and drains for specific hazardous locations. 

4. Select wiring methods for Class I, Class II, and Class III hazardous locations. 

5. Follow National Electrical Code® (NEC®) requirements for installing explosion-proof fittings in specific 
hazardous locations. 

 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40301-1  Using two rigid metal conduit nipples, a sealing fitting, three pieces of No. 12 THHN 

conductors, and a packing fiber/sealing kit, perform the following operations: 
• Secure one conduit nipple in each end of the seal. 
• Make sure the required number of threads are engaged. 
• Pull through the three THHN conductors through the nipples and seal so that about 6" is 

protruding from each nipple. 
• Pack the fiber following the instructions furnished with the sealing kit. 
• Mix the sealing compound. 
• Position the unit in the required location and pour in the sealing compound. 

 
 

Electronic Components (10 Hours) 

Module 40302-09 introduces the principles of electronics and semiconductor theory, components, and 
applications. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify electronic system components. 

2. Describe the electrical characteristics of solid-state devices. 

3. Describe the basic materials that make up solid-state devices. 

4. Describe and identify the various types of transistors and explain how they operate. 

5. Describe and connect diodes, including light-emitting diodes (LEDs) and silicon-controlled rectifiers 
(SCRs). 
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6. Use a cross reference manual to find substitutes for electronic components. 

7. Identify fuses used in electronic devices. 

8. Identify the leads of various solid-state devices. 

9. Describe integrated circuits. 

10. Identify applicable pin numbers of integrated circuits. 

11. Explain the purpose of logic gates. 

12. Check diodes. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40302-1   Using a cross reference manual, identify a substitute for a selected electronic component. 
40302-2   Build a simple bridge rectifier circuit and view the results. 
40302-3   Check diodes. 

 

E & I Drawings (10 Hours) 

Module 40303-09 explains how to read and interpret piping and instrumentation drawings, loop sheets, flow 
diagrams, isometrics, and orthographics, in order to identify types of instrumentation and the specifications 
for installation. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify common types of electrical and instrumentation diagrams and drawings. 

2. Read and interpret electrical diagrams used in instrumentation work: 

• Wiring diagrams 

• Ladder diagrams 

• One-line diagrams 

• Motor controller diagrams 

3. Read and interpret instrumentation diagrams: 

• P&ID diagrams 

• Loop diagrams 

• Raceway diagrams 

4. Draw a loop diagram for a given instrumentation loop. 
  
Performance Verification Tasks 
    Under the supervision of the instructor, the trainee should be able to do the following: 

40303-1   Trace the circuit flow on a one-line diagram. 
40303-2   Read and interpret an electrical raceway drawing. 
40303-3   Read and interpret a piping and instrumentation drawing (P&ID). 
40303-4   Read and interpret a loop sheet. 
40303-5   Interpret component symbols on an electronic schematic diagram. 

 

Motor Controls (15 Hours) 

Module ID 40305-09 explains distribution equipment, including grounding, switchboard and ground fault 
maintenance, transformers, and electrical drawing identification. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify contactors and relays both physically and schematically and describe their operating principles. 

2. Identify pilot devices both physically and schematically and describe their operating principles. 

3. Interpret motor control wiring, connection, and ladder diagrams. 

4. Select and size contactors and relays for use in specific electrical motor control systems. 

5. Select and size pilot devices for use in specific electrical motor control systems. 
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6. Connect motor controllers for specific applications according to National Electrical Code® (NEC®) 
requirements. 

 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40304-1   Make all connections for a magnetic motor controller controlled by two pushbutton stations,   

including the connections for the holding circuit interlock. 
40304-2   Disassemble, inspect, and reassemble a motor starter. 

 

Distribution Equipment (17.5 Hours) 

Module 40305-09 explains distribution equipment, including grounding, switchboard and ground fault 
maintenance, transformers, and electrical drawing identification. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the necessity of overcurrent protection devices in electrical circuits. 

2. Define the terms associated with fuses and circuit breakers. 

3. Describe the purpose of switchgear. 

4. Describe the four general classifications of circuit breakers and list the major circuit breaker ratings. 

5. Describe switchgear construction, metering layouts, wiring requirements, and maintenance. 

6. List National Electrical Code® (NEC®) requirements pertaining to switchgear. 

7. Describe the visual and mechanical inspections and electrical tests associated with low-voltage and 
medium-voltage cables, metal-enclosed busways, and metering and instrumentation. 

8. Describe a ground fault relay system and explain how to test it. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40305-1   Identify the following on a molded case circuit breaker: 

   • Frame size 
   • Trip unit rating 
   • Pick up values 

 

Hydraulic Controls (15 Hours) 

Module 40311-09 introduces hydraulic principles and fluids, system devices functions and controls of system 
devices, hydraulic symbols and drawings. Covers safety considerations for hydraulic systems, as well as 
troubleshooting. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain hydraulic system safety. 

2. Explain the principles of hydraulics. 

3. Identify hydraulic devices and symbols and explain their functions. 

4. Explain a hydraulic system in a process application. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40311-1   Repair a solenoid valve. 
40311-2   Bleed down a system. 
40311-3   Clean and inspect a pressure regulator. 

 

Pneumatic Controls (15 Hours) 
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Module 40312-09 describes principles of atmospheric and compressed air gases, and how compressors 
transmit and treat compressed (pneumatic) air. Covers pneumatic system symbols, drawings and system 
safety. Addresses the functions and control of pneumatic system components and provides guidelines for 
troubleshooting. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain pneumatic system safety. 

2. Explain the physical characteristics of gases. 

3. Explain compressing gases. 

4. Explain the pneumatic transmission of energy. 

5. Explain the principles of compressor operation. 

6. Identify and explain types of compressors. 

7. Explain compressed-air treatment. 

8. Identify and explain pneumatic system components and symbols. 
 
Performance Verification Tasks 

This is a knowledge-based module; there is no performance testing. 
 
 

Motor-Operated Valves (15 Hours) 
Module 40313-09 covers motor-driven valves, ranging from small, servo-mechanical actuators to large valves 
that could only be operated by several people if they were not motor driven. Includes electrical, pneumatic, 
and hydraulic operators. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. State safety regulations associated with motor-operated valves (MOVs). 

2. Explain the operating principles of various types of MOVs. 

3. Identify applications of MOVs. 

4. Set up a MOV. 

5. Remove and replace a limit switch. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40313-1   Set up a MOV. 
40313-2    Remove and replace a limit switch. 

 

Optional Modules 

Clean, Purge, and Test Tubing and Piping Systems (75 Hours) 

Module 40210-08 presents safe methods for cleaning, purging, blowing down, pressure testing, and leak 
testing tubing, piping, and hoses used in industrial maintenance. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Identify cleaning, flushing, and purging procedures. 
2. Describe the general cleaning and purging requirements for piping and tubing. 
3. Perform the appropriate cleaning and flushing methods until required cleanliness has been achieved. 
4. Describe and select pressure and leak testing methods for piping/tubing systems. 
5. Identify precautions associated with testing piping/tubing systems. 
6. Perform pressure leak tests per approved procedures. 
7. Prepare required test documentation. 



20  

 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40210-1   Set up and perform a pressure leak test. 
40210-2   Inspect the system to verify there is no leakage. 
40210-3   Perform a blowdown/purge. 
40210-4   Document the test results and restore the system to be service-ready. 
 

Transformer Applications (7.5 Hours) 

Module 40306-09 discusses transformer types, construction, connections, protection, and grounding along 
with capacitors and rectifiers. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify three-phase transformer connections. 

2. Identify specialty transformer applications. 

3. Size and select buck-and-boost transformers. 

4. Calculate and install overcurrent protection for specialty transformers. 

5. Ground specialty transformers in accordance with National Electrical Code® (NEC®) requirements. 

6. Calculate harmonic derating of transformers. 
 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40306-1   Identify various specialty transformers. 
40306-2   Using a clamp-on ammeter, demonstrate the principles of a current transformer. Identify the    

primary winding, then calculate and measure the effects of increasing the number of turns 
(loops) in the primary winding. 

40306-3   Connect a buck-and-boost transformer to a single-phase circuit so that it will first be in the 
boost  mode, and then in the buck mode. Record the voltage increase and decrease for each 
configuration. 

 

Conductor Selection and Calculations (15 Hours) 

Module 40307-09 covers the types of conductors used in wiring systems, including insulation, current-
carrying capacity, and temperature ratings. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Select electrical conductors for specific applications. 

2. Calculate voltage drop in both single-phase and three-phase applications. 

3. Apply National Electrical Code® (NEC®) regulations governing conductors to a specific application. 

4. Calculate and apply NEC® tap rules to a specific application. 

5. Size conductors for the load. 

6. Derate conductors for fill, temperature, and voltage drop. 

7. Select conductors for various temperature ranges and atmospheres. 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40308-1   Apply temporary grounding for a given application with correct PPE, tools, and parts. 
40308-1   Demonstrate inspection and storage of temporary grounding components. 

 

Temporary Grounding (15 Hours) 
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Module 40308-09 covers the methods used to eliminate or reduce electrical shock hazards to personnel 
working on electrical equipment. 
 
Competencies / Objectives  

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the purpose of temporary grounding. 

2. Explain requirements associated with temporary grounding devices. 

3. Identify and explain temporary grounding equipment. 

4. Explain how to install and remove temporary grounding devices. 
  

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40307-1   From a selection of conductors, identify the applications for which they can be used. 
40307-2   Given an application, identify the conductors that can be used for it. 

 

Layout and Installation of Tubing and Piping Systems (22.5 Hours) 

Module 40309-09 introduces piping and tubing layout procedures. Explains the steps in creating a hand-
sketched isometric drawing that can be applied in the piping and tubing installation. Introduces methods 
and procedures used to measure, cut, bend, and support piping and tubing. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Using prints, specifications, and visual inspections, determine the scope of the layout procedure. 

2. Determine the proper methods for routing piping or tubing. 

3. Apply fitter ’s math to measure and bend piping or tubing. 

4. Cut piping or tubing. 

5. Apply the appropriate calculations and bender to accurately bend piping or tubing to the proper angle 
in an offset. 

6. Identify and state the usage of various piping and tubing supports. 

7. Install various piping and tubing supports. 

8. Identify and state the usage of various piping and tubing fittings, including: 

• Flare tubing fittings 

• Compression tubing  fittings 

• Threaded pipe fittings 

• Pipe flanges 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40309-1   Given a partial system equipment location diagram (one loop) and observing all considerations   
covered in this module, create an isometric drawing of the given loop. 

40309-2   Measure and bend the tubing sections in the loop and select the fittings needed to install the 
layout shown in the isometric drawing in Performance Task 1. 

40309-3   Indicate the types and locations of minimal support needed for the tubing installation. 
40309-4   Make up compression fittings on tubing. 

 

Machine Bending of Conduit (15 Hours) 

Module 0310-09 covers bends in conduit up to six inches. Focuses on mechanical, hydraulic, and electrical 
benders. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe the process of conduit bending using power tools. 
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2. Identify all parts of electric and hydraulic benders. 

3. Bend offsets, kicks, saddles, segmented, and parallel bends. 

4. Explain the requirements of the National Electrical Code® (NEC®) for bending conduit. 

5. Compute the radius, degrees in bend, developed length, and gain for conduit up to six inches. 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40310-1   Use an electric or hydraulic bender to bend a 1" conduit stub-up to an exact distance of 151⁄4" 
above the deck. 

40310-2   Make an offset in a length of conduit to miss a 10" high obstruction with a clearance between   
the obstruction and the conduit of not less than 1" and no more than 11⁄2". 

40310-3   Make a saddle in a length of conduit to cross an 8" pipe with 1" clearance between the pipe 
and the conduit. 

 

IM E & I  Level IV 
165 Contact Hours 

 

Standby and Emergency Systems (12.5 Hours)  

Module 40401-09 explains the installation, utilization, and maintenance requirements for standby and 
emergency electrical systems. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Explain the basic differences between emergency systems, legally required standby systems, and optional 
standby systems. 

2. Describe the operating principles of an engine-driven standby AC generator. 

3. Recognize and describe the operating principles of both automatic and manual transfer switches. 

4. Recognize the different types of storage batteries used in emergency and standby systems and explain 
       how batteries charge and discharge. 

5. For selected types of batteries, describe their characteristics, applications, maintenance, and testing. 

6. Recognize double-conversion and single-conversion types of uninterruptible power supplies (UPSs) and 
       describe how they operate. 

7. Describe the NEC®  requirements that pertain to the installation of standby and emergency power 
systems. 

8. Explain normal vs. emergency sources for various applications. 
 
Performance Verification Tasks 

This is a knowledge-based module; there is no performance testing. 
 
 

Basic Process, Control Elements, Transducers, and Transmitters (15 Hours) 

Module 40402-09 discusses sensing and transmitting devices used in an instrumentation loop, along with the 
process variables measured by the detectors or sensors. Gives examples of technical manuals and 
specification sheets. Explains how control devices are selected, and how to draw basic control loop 
diagrams that include a measuring element, a transducer, and a transmitter. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify the following primary elements (detectors) and describe their operation: 

• Orifice plate 

• Pitot tube 
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• Thermocouple 

• Resistance temperature detector (RTD) 

2. Identify the following secondary elements and describe their operation: 

• Bourdon tube 

• Diaphragm device 

• Capacitance-type pressure sensor 

• Bellows device 

3. Define various transducer types: 

• I/Ps 

• Strain gauges 

• Linear-variable differential transformer (LVDT) 

• Accelerometers 

4. Explain an I/P operation. 

5. Describe the operation of a strain gauge. 

6. Explain the function and installation of electronic transmitters and temperature detectors. 

7. Draw a basic instrument channel diagram including a measuring element, transducer, and transmitter. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40402-1   Draw a one-line diagram including a measuring element, transducer, and transmitter. 
40402-1   Install an electronic transmitter. 

 

Instrumentation Calibration and Configuration (10 Hours) 

Module 40403-09 introduces methods of instrumentation calibration, including the three- and five-point 
methods. Covers components that require calibration in pneumatic, analog, and smart loops, as well as 
methods used to calibrate these components. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Define calibration. 

2. Discuss the three-point and five-point methods of calibration. 

3. Explain zero suppression and elevation. 

4. Calibrate the following pneumatic instruments using the proper equipment: 

• Differential pressure transmitters 

• Temperature transmitters 

5. Calibrate the following 4–20mA instruments using the proper calibration equipment: 

• Differential pressure transmitters 

• Temperature transmitters 

6. Define Smart instruments. 

7. Identify a HART® communicator. 

8. Calibrate a Smart transmitter using a HART® communicator. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40403-1   Calibrate a pneumatic pressure switch using the proper equipment. 
40403-2   For a given level application, determine the calibration range for a DP transmitter. 
40403-3   Calibrate a 4–20mA differential pressure transmitter using the proper calibration equipment. 
40403-4   Calibrate a Smart transmitter using a HART® communicator. 
40403-5   Check a transducer for proper operation. 

 

Pneumatic Control Valves, Actuators, and Positioners (40 Hours) 
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Module 40404-09 covers the construction, operation, and uses of control valves, actuators, and positioners 
that are driven, and in some cases controlled by, compressed air.  Explains the installation and maintenance 
of these devices, and includes alignment and troubleshooting procedures. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Identify the various parts of control valves. 

2. Describe the various types of control valve trims. 

3. Describe what conditions determine the type of valve trim to be used. 

4. Describe how actuators work and are bench set. 

5. Describe how various positioners work and are calibrated. 

6. Describe the various signals used to control inputs to valve positioners. 

7. Describe how Smart positioners work and are calibrated. 

8. Describe the operation of Tri-Loop and HIM signal converters. 

9. Safely perform common maintenance practices for control valves and actuators. 

10. Troubleshoot control valve failures. 

11. Calibrate a pneumatic positioner. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40404-1   Disassemble and reassemble one or more control valves. 
40404-2   Bench set an actuator and mount on a control valve. 
40404-3   Install and set up a positioner on a control valve. 
40404-4   Interpret valve markings and nameplate information. 
40404-5   Identify valve components from specific drawings. 

 

Performing Loop Checks (7.5 Hours) 

Module 40405-09 covers loop check steps, including verifying mechanical installation, validating that the 
loop has correct tag numbers, performing loop checks, and proving the loop. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Verify mechanical installation. 

2. Verify correct tag numbers according to loop sheets. 

3. Perform continuity checks on both electrical and pneumatic loops. 

4. Prove a loop. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40405-1   Perform a continuity check on a pneumatic system. 
40405-2   Perform a continuity check on an electrical system. 
40405-3   Prove a loop. 

 

Troubleshooting and Commissioning a Loop (10 Hours) 

Module 40406-09 teaches troubleshooting techniques used to locate problems in control loops, and how to 
isolate a loop in order to troubleshoot it. Covers commissioning of a loop once it is repaired, loop checked, 
and calibrated. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Practice universal and methodical troubleshooting techniques in a loop. 

2. Troubleshoot an oscillating process. 



25  

3. Troubleshoot a newly installed control loop. 

4. Practice safety procedures when troubleshooting a loop. 

5. Commission a loop. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40406-1   Troubleshoot an oscillating process. 
40406-2   Troubleshoot a newly installed control loop. 
40406-3   Commission a loop. 

 
 

Process Control Loops and Tuning (20 Hours) 

Module 40407-09 describes control loops, devices, and terms. Introduces formulas and their applications to 
PID control. Offers a theory-based approach to PID control and its application in industrial process control. 
Addresses open, closed, and visual loop tuning. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe basic process control theory. 

2. Describe the function and applications of various PID controllers. 

3. Describe how pneumatic controllers work. 

4. Describe how electronic single loop controllers work. 

5. Set up and maintain pneumatic controllers. 

6. Apply the appropriate equations and perform closed-loop tuning. 

7. Perform open-loop tuning. 

8. Perform visual loop tuning. 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40407-1   Perform closed-loop tuning. 
40407-2   Perform open-loop tuning. 
40407-3   Perform visual loop tuning. 
40407-4   Set up and use a pneumatic controller in a loop. 

 

Data Networks (15 Hours) 

Module 40408-09 introduces terms associated with data network devices and computers used in industrial 
facilities.   Explains how data network devices and computers are interconnected for communication 
purposes. Describes how open connectivity is used in industrial data networks, and explores the hardware 
devices used in a data highway system. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe how data networks are used in industrial facilities. 

2. Identify the types of data networks used in industrial facilities and describe the methods used to control 
      information flow within a network. 

3. Describe how open connectivity is used in industrial data networks. 

4. Identify the types of cables used to connect computers and other devices within a network and explain 
      their applications. 

5. Describe the physical layer of two or more device buses. 

6. Apply connectors to UTP and coaxial cable. 
 
Performance Verification Tasks 
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Under the supervision of the instructor, the trainee should be able to do the following: 
40408-1   Properly run and terminate CAT 6 and coaxial cables. 

 

Programmable Logic Controllers (17.5 Hours) 

Module 40409-09 introduces the application of PLCs in industrial process control, as well as the binary 
numbering system used in computer-based control. Covers components of PLCs, including power supplies, 
I/O modules, processor modules, types of communication bus, and memory. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Describe the function and purpose of a programmable logic controller (PLC). 

2. Compare hardwired and PLC systems. 

3. Explain number systems. 

4. Explain the general function of an input/output (I/O) module, including the following types: 

• Discrete 

• Numerical and analog data 

• Special 

• Remote 

5. Explain the power supply and ground connections to I/O modules. 

6. Explain PLC architecture. 

7. Explain the purpose of PLC software and firmware. 

8. Describe the features and the differences between PLC programming languages. 

9. Describe the features of relay ladder logic instruction categories. 

10. Explain the principles used to correlate PLC hardware components to software instructions. 
 
Performance Verification Tasks 

Under the supervision of the instructor, the trainee should be able to do the following: 
40409-1   Locate the specific I/O point associated with a given software address. 
40409-2   Connect to a PLC and turn on an output device. 

 

Distributed Control Systems (17.5 Hours) 

Module 40410-09 describes how DCS was developed by combining the technologies of single loop control, 
direct digital control, and supervisory control. Covers DCS hardware requirements, how control loops are 
implemented into a DCS, types of data transmission used in DCS, communication protocols, and human 
interfaces. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 

1. Define distributed control systems and explain how they are applied in an industrial facility. 

2. Identify and describe components of a DCS. 

3. Describe network configurations for a DCS. 

4. Describe basic service procedures that may have to be performed on a field device. 

5. Describe installation practices of a DCS. 

6. Describe power distribution requirements for a DCS. 

7. Describe power supplies and their applications in a DCS. 

8. Describe how to use a DCS interface to obtain process data and to troubleshoot plant equipment. 
 

Performance Verification Tasks 
Under the supervision of the instructor, the trainee should be able to do the following: 

40410-1   Develop a diagram of the basic system architecture of a DCS, including the components and   
information flow. 

40410-2   Use a DCS interface to obtain process data. 
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HVAC PATHWAY 205 contact hours 
Introduction to HVAC (7.5 Hours) 

Module one (03101-13) provides a broad introduction to the world of the HVAC technician. The most basic 
operating principles of HVAC systems are presented along with a review of technician licensing and trade-
governing regulations. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain the basic principles of heating, ventilation, air conditioning, and refrigeration. 

a. Explain the principles of heating. 
b. Explain the principles of ventilation. 
c. Explain the principles of air conditioning. 
d. Explain the principles of refrigeration. 

2. Describe the principles that guide HVAC/R installation and service techniques. 
a. Identify common safety principles and organizations. 
b. Describe the importance of LEED construction and energy management. 
c. Describe trade licensing and certification requirements. 
d. Identify important codes and permits. 

3. Identify career paths available in the HVAC/R trade. 
a. Identify the responsibilities and characteristics needed to be a successful HVAC/R technician. 
b. Identify residential, commercial, and industrial career opportunities. 
c. Describe opportunities provided by equipment manufacturers. 

 
Performance Verification Tasks 

This is a knowledge-based module; there is no performance testing. 
 

Trade Mathematics (10 Hours) 

Module 03102-13 reinforces and extends the math skills reviewed in the Core Curriculum. Common skills 
practiced include calculations for units of measurement in both the inch-pound and metric systems. Basic 
algebraic equations are practiced along with the identifying characteristics of various geometric figures. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Convert units of measurement from the inch-pound system to the metric system, and vice-versa. 

a. Identify units of measure in the inch-pound and metric systems. 
b. Convert, length, area, and volume values. 
c. Convert weight values. 
d. Convert pressure and temperature values. 

2. Solve basic algebraic equations. 
a. Define algebraic terms. 
b. Demonstrate an understanding of the sequence of operations. 
c. Solve basic algebraic equations. 

3. Identify and describe geometric figures. 
a. Describe the characteristics of a circle. 
b. Identify and describe types of angles. 
c. Identify and describe types of polygons. 
d. Calculate various values associated with triangles. 

 

Performance Tasks 

This is a knowledge-based module; there are no performance tasks. 
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Basic Electricity (12.5 Hours) 

Module 03106-13  introduces the concept of power generation and distribution, common electrical 
components, AC and DC circuits, and electrical safety as it relates to the HVAC field. The basic concepts of 
reading and interpreting wiring diagrams are also introduced. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Describe the fundamentals of electricity. 

a. State how electrical power is created and distributed. 
b. State the safety practices associated with electricity. 
c. Describe the difference between alternating current and direct current. 

2. Explain basic electrical theory. 
a. Define voltage, current, resistance, and power and describe how they are related. 
b. Use Ohm’s law to calculate the current, voltage, and resistance in a circuit. 
c. Use the power formula to calculate how much power is consumed by a circuit. 
d. Describe the differences between series and parallel circuits and calculate circuit loads for each 

type. 
3. Identify the electrical measuring instruments used in HVAC/R work and describe their uses. 

a. Describe how voltage is measured. 
b. Describe how current is measured. 
c. Describe how resistance is measured. 

4. Identify electrical components used in HVAC/R systems and describe their functions. 
a. Identify and describe various load devices and explain how they are represented on circuit 

diagrams. 
b. Identify and describe various control devices and explain how they are represented on circuit 

diagrams. 
c. Identify and describe the types of electrical diagrams used in HVAC/R work. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Use the proper instrument to measure voltage in an energized circuit. 
b. Use the proper instrument to measure current in an energized circuit. 
c. Use the proper instrument to measure resistance. 
d. Use a multimeter to check circuit continuity. 
e. Assemble and test series and parallel circuits using a transformer or battery, wires, and selected 

load devices. 
 
 

Introduction to Heating (15 Hours) 

Module 03108-13 provides HVAC technicians with an overview of common residential heating systems. 
Fundamental concepts of heating and combustion systems are described with an emphasis on gas forced-air 
heating systems. Hydronic heating systems and different types of electric forced-air heating systems are also 
described. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain the fundamental concepts of heating and combustion. 

a. Describe the heat transfer process. 
b. Identify gas fuels and their combustion characteristics. 

2. Describe the role of forced-air gas furnaces in residential heating. 
a. Describe the types of gas furnaces and how they operate. 
b. Identify and describe the equipment and controls used in gas furnaces. 
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c. Describe the basic installation and maintenance requirements for gas furnaces. 
3. Describe hydronic and electric heating systems. 

a. Describe the operation of hydronic heating systems. 
b. Describe the operation of electric heating equipment. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Identify components of induced-draft and condensing furnaces and describe their function. 
b. Perform common maintenance tasks on a gas furnace including air filter replacement and 

temperature measurements. 
 
 

Introduction to Cooling (30 Hours) 

Module 03107-13 introduces the fundamental concepts of the mechanical refrigeration cycle and examples of 
the primary components required to make it work. Some common refrigerants and their characteristics 
are also introduced. Upon completion, trainees will be able to identify typical pressure and temperature 
measuring instruments and some of the most common primary and secondary controls used to manage the 
refrigeration cycle. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain the fundamental concepts of the refrigeration cycle. 

a. Describe how heat affects the state of substances. 
b. Explain how heat is transferred from one substance to another. 
c. Describe pressure-temperature relationships. 
d. Describe the basic pattern of refrigerant flow and the changes of state that occur in the 

refrigeration cycle. 
e. Identify common instruments used to measure pressure and temperature. 

2. Identify common refrigerants and their basic characteristics. 
a. Identify fluorocarbon refrigerants. 
b. Describe the use of ammonia as a refrigerant. 
c. Identify various refrigerant containers and their safe handling requirements. 

3. Identify the major components of cooling systems and how they function. 
a. Identify basic compressors and their function in the system. 
b. Identify different condensers used to transfer heat. 
c. Identify different evaporators used to transfer heat. 
d. Describe the devices used to meter refrigerant flow. 
e. Discuss basic refrigerant piping concepts. 
f. Identify various accessories used in refrigeration circuits. 

4. Identify the common controls used in cooling systems and how they function. 
a. Identify common primary controls. 
b. Identify controls that are secondary to the process. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Measure temperatures in an operating cooling system. 
b. Calibrate a set of refrigerant gauges and thermometers. 
c. Connect a refrigerant gauge manifold and properly calculate subcooling and superheat on an 

operating system using a temperature probe. 
d. Identify refrigerants using cylinder color codes. 
e. Identify compressors, condensers, evaporators, metering devices, controls, and accessories. 

 

Air Distribution Systems (15 Hours) 
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Module 03109-13 introduces the fundamental concepts of air movement and explains how these concepts 
form the basis for air distribution system design. With an understanding of these fundamentals, trainees are 
introduced to air measurement devices and the mechanical equipment used to initiate and maintain air 
movement.  The module concludes with a review of air distribution system components and design 
strategies for different climates. Trainees will also practice using various air measurement devices and 
interpret charts related to air distribution system sizing. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Describe the factors related to air movement and its measurement in air distribution systems. 

a. Describe how pressure, velocity, and volume are interrelated in air flow. 
b. Describe air distribution in a typical residential system. 
c. Identify common air measurement instruments. 

2. Describe the mechanical equipment and materials used to create air distribution systems. 
a. Describe various blower styles and applications. 
b. Describe various fan designs and applications. 
c. Demonstrate an understanding of the Fan Laws. 
d. Describe common duct materials and fittings. 
e. Identify the characteristics of common grilles, registers, and dampers. 

3. Identify the different approaches to air distribution system design and energy conservation. 
4. Identify air system design strategies for cold climates. 
5. Identify air system design strategies for warm climates. 
6. Explain the importance of maximizing energy efficiency through the proper insulation, sealing, and testing of 

air distribution systems. 
 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Use a tachometer to measure blower motor rpm. 
b. Read and interpret equivalent length charts and required air volume/duct size charts. 
c. Use a manometer to measure static pressure in a duct system. 
d. Use a velometer to measure the velocity of airflow at the output of air system supply diffusers 

and registers. 
e. Use a velometer to calculate system cfm. 

 

Alternating Current (10 Hours) 

Module 03206-13 presents the basic concepts of alternating current generation and use. It also discusses 
how single- and three-phase alternating current is used to power resistive and inductive circuits in HVAC/R 
equipment. Various types of transformers used in HVAC systems are identified. The basic operation of 
single and three-phase motors is explained. In addition, the process of safely testing AC-powered devices is 
covered. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain how AC power is generated and how it is used. 

a. Explain the basic concepts of power generation. 
b. Describe a sine wave and how it is created. 
c. Explain the concept of AC power frequency. 
d. Explain how single- and three-phase power is provided for practical use. 
e. Identify resistive and inductive circuits. 

2. Explain how transformers operate and identify various types of transformers used in HVAC systems. 
a. Explain how transformers operate. 
b. Identify various forms of single-phase and three-phase transformers. 

3. Explain the various types of induction motors and explain how they operate. 
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a. Explain how single-phase motors operate. 
b. Describe single-phase motor starting circuits. 
c. Identify the physical and operating characteristics of three-phase motors. 

4. Explain how to safely test various AC-powered devices. 
a. Identify electrical test instruments and methods used to test motors. 
b. Explain how to use a capacitor tester. 
c. Identify basic electrical safety rules and guidelines for safely testing AC components. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Point out the components used in a functional AC power supply circuit and explain their functions. 
b. Following applicable safety practices, test AC components, including transformers, capacitors, 

and motor windings. 

 

Compressors (12.5 Hours) 

Module 03302-13 presents refrigerant compressors. Since the compressor is considered the heart of 
any HVAC system, its good health and well-being are crucial to overall system performance and reliability. 
Compressors can take many forms, but they all perform the same basic function. They create the pressure 
differential in the system that allows refrigerant to move through the metering device and through the 
condenser and evaporator coils where heat is exchanged. Because the compressor is the most expensive 
component in most HVAC systems, it is important that technicians be able to correctly diagnose and correct 
problems that can affect compressor operation to avoid a costly compressor replacement. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Identify and describe the operation of various compressor types. 

a. Identify and describe the operation of various hermetic and semi-hermetic compressors. 
b. Identify and describe the operation of reciprocating compressors. 
c. Identify and describe the operation of rotary compressors. 
d. Identify and describe the operation of scroll compressors. 
e. Identify and describe the operation of screw compressors. 
f. Identify and describe the operation of centrifugal compressors. 

2. Identify and describe various approaches to compressor capacity control. 
a. Identify and describe capacity control methods for reciprocating and scroll compressors. 
b. Identify and describe capacity control methods for screw and centrifugal compressors. 

3. Describe common causes of compressor failures. 
a. Describe compressor failures related to the refrigerant circuit. 
b. Describe compressor failures related to electrical issues. 

4. Identify and explain the operation of various compressor protection devices. 
a. Identify and explain the operation of various overload devices. 
b. Identify and explain the operation of other compressor protection devices. 

5. Explain how to analyze the operation of a hermetic compressor. 
a. Explain how to evaluate the mechanical operation of an operable compressor. 
b. Explain how to evaluate the electrical operation of an operable compressor.  

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Measure and record the electrical and mechanical operating parameters of an operational 

compressor. 
b. Use a sealed tube acid/moisture test kit to test a refrigerant circuit. 

 

Refrigerants and Oils (12.5 Hours) 

Module 03301-13 discusses the refrigerants and oils used in modern refrigeration and air conditioning 
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systems. Today, new technologies and stringent environmental laws are driving changes in the HVAC 
industry. Older refrigerants that damage the environment are being phased out and replaced with more 
environmentally-friendly refrigerants. These new refrigerants often require new compressor lubricating oils. 
These modern refrigerants and oils also have new handling and service requirements with which technicians 
must be familiar. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Define refrigerants and their desirable characteristics and identify the various applications that require 

specific refrigerant characteristics. 
a. Define refrigerants and identify desirable characteristics. 
b. Identify the various applications that require specific refrigerant characteristics. 

2. Identify various refrigerant classifications and describe their environmental impact. 
a. Identify the primary chemical classifications of common characteristics. 
b. Describe the environmental concerns associated with refrigerants. 
c. Identify and describe compounded and blended azeotropic, near-azeotropic, and zeotropic 

refrigerants. 
d. Identify the safety classifications of refrigerants. 

3. Explain how to use pressure-temperature (P-T) charts to calculate superheat and subcooling. 
a. Explain how to use P-T charts for compound, azeotropic, and near-azeotropic refrigerants to 

calculate superheat and subcooling. 
b. Explain how to use P-T charts for zeotropic refrigerants to calculate superheat and subcooling. 

4. Describe the important issues related to the function of lubricating oils in the refrigerant circuit. 
a. Identify the important characteristics of refrigerant oils. 
b. Identify mineral-based and synthetic oils. 
c. Describe issues related to the movement of oil through the refrigerant circuit. 
d. Describe the various types and sources of oil contamination. 
e. Describe common practices associated with handling, charging, and removing oils. 

5. Explain the considerations related to various refrigerant conversion processes. 
a. Identify issues of concern for all refrigerant conversions. 

b. Describe common practices related to popular refrigerant conversions. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Install refrigerant gauges on a functional system and calculate superheat and subcooling using 

the appropriate P-T chart.  
 

Leak Detection, Evacuation, Recovery, and Charging (30 Hours) 

Module 03205-13 provides trainees with guidance related to servicing the refrigerant circuit of HVAC 
systems. The four essential service tasks—leak detection, evacuation, recovery, and charging—are covered 
in detail. In addition, information related to the US EPA’s requirements for providing these services in an 
environmentally sound manner are also provided. Developing the necessary skills to provide these services 
are vital to the future success of trainees in the HVAC/R trade. To that end, a significant amount of this 
module is devoted to hands-on practice and the successful completion of its required performance tasks. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Describe the equipment and approaches used to leak test refrigerant circuits. 

a. Describe the various devices used to detect refrigerant leaks. 
b. Describe how leak detection is approached based on the current refrigerant charge in the system. 

2. Describe refrigerant containment and management requirements and the equipment used to recover 
refrigerants. 

a. Identify the basic refrigerant containment requirements of Section 608 of the Clean Air Act. 



33  

b. Identify and explain how to operate refrigerant recovery and recycling equipment. 
3. Explain the related principles and identify the equipment used to evacuate refrigerant circuits. 

a. Explain the basic principles of refrigerant circuit evacuation. 
b. Identify and explain how to operate the equipment used to evacuate refrigerant circuits. 

4. Describe the procedures for charging refrigerant circuits. 
a. Identify and describe the equipment and components related to refrigerant charging. 
b. Explain how to properly charge various types of refrigerants using different methods. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Use a mixture of nitrogen with traces of HCFC- 22 refrigerant to pressurize a refrigerant system in   

           preparation for leak testing. 
b. Using at least two of the following methods, leak test a pressurized refrigerant circuit: 

– Electronic leak detector 
– Ultrasonic leak detector 
– Liquids 
– Ultraviolet/fluorescent systems 

c. Use a recovery unit to recover the refrigerant from a system. 
d. Evacuate a system using the deep vacuum method and perform a vacuum leak test. 
e. Evacuate a system using the triple evacuation method. 
f. Demonstrate how to properly charge a refrigerant circuit by the following methods: 

– By weight 
– By superheat (fixed orifice metering device) 
– By subcooling (thermostatic expansion valve metering device) 

 
 

Metering Devices (12.5 Hours) 

Module 03303-13 introduces metering devices used in the mechanical refrigeration cycle. The primary 
function of metering devices is presented, along with related components such as the distributor. The 
operation of capillary tube, fixed-orifice, and expansion-type metering devices is explored in detail. In 
addition, the process of selecting and installing thermal expansion valves specifically is covered. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain the function of refrigerant metering devices and their effect on refrigerants. 

a. Explain the function of metering devices. 
b. Describe how refrigerants react as they pass through a metering device. 
c. Identify distributors and explain their relationship to metering device performance and operation. 

2. Identify fixed metering devices and explain how they function. 
a. Identify and explain how fixed-orifice metering devices function. 
b. Identify and explain how capillary tubes function. 
c. Describe common problems associated with fixed metering devices. 

3. Identify types of expansion valves and explain how they operate. 
a. Identify and explain the operation of manual expansion valves. 
b. Identify and explain the operation of automatic expansion valves. 
c. Identify and explain the operation of thermal expansion valves. 
d. Identify and explain the operation of electric and electronically controlled expansion valves. 
e. Describe common problems associated with all types of expansion valves. 

4. Explain how thermal expansion valves are selected and installed. 
a. Explain how thermal expansion valves are selected for a given application. 
b. Describe the installation practices and considerations related to thermal expansion valves. 

 

Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
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a. Replace the orifice piston in a piston-type metering device. 
b. Install an externally equalized expansion valve, correctly placing the sensing bulb and 

equalizer tube. 
c. Calculate superheat and adjust an expansion valve to obtain the correct superheat. 

 
 

Basic Maintenance (20 Hours) 

Module 03215-13 introduces trainees to the common tasks associated with basic maintenance activities. 
Specific tasks, such as lubrication and belt installation, are reviewed in detail. In addition, the module provides 
detailed coverage of the tasks required to complete thorough maintenance inspections of gas furnaces 
and common cooling/heat pump systems. 

 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Identify and describe common gaskets, packing materials, seals, and bearings. 

a. Identify and describe common gasket and packing materials. 
b. Identify and describe common types of seals. 
c. Identify and describe common types of bearings. 

2. Describe the properties of common lubricants and how they are applied. 
a. Describe the properties of commonly used lubricants. 
b. Explain the importance of selecting the proper lubricants and how to apply them. 

3. Identify different types of drive belts and describe how they are installed and adjusted. 
a. Identify various types of drive belts. 
b. Explain how to install and adjust drive belts. 

4. Describe the inspection and/or maintenance requirements for selected equipment. 
a. Identify common health hazards associated with HVAC maintenance activities. 
b. Describe the common inspection and maintenance procedures for gas heating equipment. 
c. Describe the common inspection and maintenance procedures for DX cooling and heat pump 

systems. 
d. Describe the common inspection and maintenance procedures for various system accessories. 
e. Describe how to properly complete common HVAC service reports. 

 
Performance Tasks 

 Under the supervision of the instructor, the trainee should be able to do the following: 
a. Properly install, align, and adjust a drive belt. 
b. Lubricate a bearing using a grease gun. 
c. Perform an inspection and periodic maintenance on a gas furnace and document the inspection 

results on a checklist. 
d. Perform an inspection and periodic maintenance on a cooling or heat pump system and document 

the inspection results on a checklist. 
 
 

Commercial Airside Systems (12.5 Hours) 

Module 03201-13 introduces the air distribution systems used in commercial structures such as 
schools and office buildings that are divided into comfort heating and cooling zones. The module covers 
the various types of systems, as well as the air terminals and air source equipment used in these systems. 
Accessories commonly used with commercial systems are also covered. 
 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Describe basic commercial airside systems and their operating characteristics. 

a. Describe the typical operating characteristics of a commercial airside system. 
b. Describe the purpose and function of ventilation and exhaust systems. 

2.    Describe various approaches used in commercial air distribution design. 
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a. Describe single-zone constant volume system operation. 
b. Describe multi-zone constant volume system operation. 
c. Describe variable volume, variable temperature (VVT) system operation. 
d. Describe variable air volume (VAV) system operation. 

3.   Describe common air terminal operation and related air delivery devices. 
a. Explain the basic operation of VVT and single-duct VAV terminal devices. 
b. Explain the basic operation of fan-powered VAV terminals. 
c. Identify various styles of commercial grilles and registers. 

4.   Identify the characteristics and components of various airflow sources. 
a. Describe the various forms and components of packaged systems. 
b. Describe the various forms and components of air handling units. 
c. Describe the purpose and function of economizers. 
d. Describe common accessories used with commercial airside systems. 

 
Performance Tasks 
 This is a knowledge-based module; there are no performance tasks. 
 
 

Air Quality Equipment (5 Hours) 

Module 03204-13 introduces the factors related to indoor air quality and human comfort. Since 
humidity is a common comfort factor for all types of buildings, the equipment used to control humidity is 
presented in detail. The module also covers the air filtration materials and the introduction of outside air 
into the indoor environment. 
Competencies / Objectives 

Upon completion of this module, the trainee will be able to do the following: 
1. Explain the importance of indoor air quality and the factors to be controlled. 

a. Identify the factors related to the quality of indoor air. 
b. Describe the elements of human comfort and their relationship to air properties. 

2. Describe the processes and equipment used to control humidity levels. 
a. Explain the relationship between air and moisture content. 
b. Describe the processes and equipment used to humidify and dehumidify air. 

3. Describe the equipment and devices used to control air cleanliness. 
a. Identify the various types of media-based air filters. 
b. Describe the operation of non-media based air filtration and purification equipment. 

4. Identify the equipment used to provide and control the introduction of fresh air into buildings. 
a. Explain how dampers and economizers are used to control the introduction of fresh air. 
b. Describe the function and operation of energy and heat recovery ventilation systems. 

 
Performance Tasks 
 This is a knowledge-based module; there are no performance tasks. 
 

 

Optional Modules 

 

Heat Pumps (20 Hours) 

Module 03211-13 introduces heat pumps, a very efficient form of electric heat. Compared to straight electric 
heat, heat pumps can consistently operate at higher energy efficiency. This module presents the operation 
of heat pump systems in detail with additional emphasis on the most common form of supplemental heat, 
electric resistance heating elements. The installation considerations of both split and packaged heat pumps 
systems are also reviewed. 
 
Competencies / Objectives 
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Upon completion of this module, the trainee will be able to do the following: 
1. Explain heat pump operating principles and their related performance ratings. 

a. Explain how heat pumps can extract heat from air and water. 
b. Describe the Coefficient of Performance (COP) and how it is determined. 
c. Describe the Heating Seasonal Performance Factor (HSPF) and how it is determined. 
d. Describe the Seasonal Energy Efficiency Ratio (SEER) and how it is determined. 

2. Describe the operation of heat pump systems. 
a. Describe the refrigeration cycle of heat pumps. 
b. Identify the various types of heat pump systems. 
c. Describe the basic control strategies for heat pumps and defrost cycles. 
d. Identify unit components that are important to heat pump operation. 
e. Describe sources of supplemental and/or emergency heat used in heat pumps. 

3. Identify common installation practices associated with heat pumps. 
a. Identify installation practices associated with split systems. 
b. Identify installation practices associated with packaged systems. 

4. Describe the operation of electric heating equipment used with heat pumps. 
a. Explain how electric heating equipment operates. 
b. Identify the major components of an electric heater. 

 

Performance Tasks 
 Under the supervision of the instructor, the trainee should be able to do the following: 

a. Install a heat pump and complete a proper startup. 
 


