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Catalog Description:

Course covers the application and theory of electricity as it relates to the heating ventilation and air conditioning industry. Also
discussed are temperature controls including thermocouples and thermal resistors.

Credit Hour(s):
2

Lecture Hour(s):
2

Requisites

Prerequisite and Corequisite
Departmental approval: admission to Pipefitter's apprenticeship program.

Outcomes
Course Outcome(s):

Discuss electrical theory including atom structure, currents and circuitry and explain how electricity is related to the control
mechanisms used in the heating and cooling industry.

Objective(s):

1. Describe the structure of an atom and differentiate between atoms having positive and negative charges.
2. Explain how electricity relates to the heating and cooling industry.

3. State the differences between series and parallel circuits.

4. Describe how Ohm's Law is used to determine resistance for heating elements.

Course Outcome(s):

Discuss the function of capacitors in electric circuits, the various types of capacitors and impedance with respect to current flow.

Objective(s):

1. Identify the different types of capacitors used in electric circuits.

2. Describe the function of capacitors as they relate to the storage of electrical energy.

3. Explain opposition to flow and discuss the different types of resistance as they relate to impedance.

4. Discuss the rating of capacitors in farads and explain capacitive reactance as it relates to the refrigeration industry.

Course Outcome(s):
Describe the procedures followed in measuring electricity.
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Objective(s):

1. Describe the function of the volt- ohm —millimeter (VOM).

2. Discuss the safety procedures followed while taking electrical measurements.
3. Explain how the resistance of a load is determined.

4. List the different types of equipment used for measuring electric current.

Course Outcome(s):
Discuss the types and operation of automatic controls used in the heating, air-conditioning and refrigeration industry.

Objective(s):

1. Identify the different types of automatic controls.

2. Explain how bi-metals are used to start, stop or modulate electric currents.

3. Discuss how fluid expansion is used to sense temperature change.

4. Explain how diaphragms and bellows are used to move control mechanisms that are required to operate machinery.
5. Differentiate between thermocouples and manual controls.

6. Describe how thermistors are used to affect current flow.

Methods of Evaluation:
1. Quizzes

2. Tests

3. Final exam

Course Content Outline:

1. Electric theory
a. Atom structure
i. Protons
1. Positive charge

2. Nucleus

ii. Electrons
1. Negative charge

2. Orbital travel
3. Number
iii. Neutrons

b. Electricity and heating and cooling
i. Temperature controls

ii. Safety overloads
iii. Circuit breakers
c. Series circuits
i. Voltage division
ii. Sum of resistance
iii. Current flow

d. Parallel circuits
i. Voltage and resistance
ii. Resistance comparisons
iii. Multiple current paths
e. Ohm'’s Law
i. History
ii. Circuit relationship
iii. Components
1. Voltage
2. Resistance
3. Amperage
iv. Resistance and heating elements
2. Capacitance
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a. Types
i. Simple
ii. Starting
iii. Running
b. Function
i. Electron storage
ii. Blocking device
c. Impedance
i. Resistance sum
ii. Phases

d. Reactance
i. Inductive

ii. Capacitive
e. Rating
i. Farads
ii. Symbols
f. Capacitive resistance
i. Heating and cooling industry
ii. Motors

3. Electrical measurements
a. Equipment
i. VOM

ii. Mill voltmeter
iii. Digital clamp-on ammeter

b. Meter functions
i. Voltage measure
ii. Current resistance
iii. Temperature
c. Safety precautions
i. Training
ii. Electrical hazards
1. Overheating
2. Insulation failure
3. Fire potential
4. Personal protective equipment
iii. Load resistance
1. Equipment
2. Measurement

4. Automatic controls
a. Types
i. Thermostat

ii. Overload switches
iii. Thermocouple
iv. Thermal expansion valve
b. Bi-metals
i. Types
1. Steel
2. Brass

ii. Functions
1. Start-up

2. Shut down
3. Modulation

c. Fluid expansion
i. Temperature change
ii. Signal transmission
iii. Diaphragm expansion
d. Diaphragms
i. Pressure sensitive
ii. Temperature
iii. Operation
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iv. Uses
1. Modulating

2. Mechanical operation
3. Starting device

e. Thermocouples and manual controls
i. Advantages

ii. Disadvantages

f. Thermistors

i. Temperature sensitive
1. Starting assistance
2. Motor overload protection

ii. Application

iii. Types
1. Positive temperature coefficient
2. Negative temperature coefficient

Religious Accommodation

Before reviewing the course schedule, students should carefully review the following religious accommodation policy and other
required instructional policies:

Religious Accommodation:

Students seeking an accommodation for absences permitted under Ohio's Testing Your Faith Act must provide the instructor

with written notice of the specific dates for which the student requires an accommodation and must do so not later than fourteen
(14) days after the first day of instruction. Please submit requests for accommodations at this link: https://portal2.tri-c.edu/
ReligiousAccommodation/ Religious Accommodation Form. Students with questions about their religious accommodations under
Ohio's Testing Your Faith Act may contact the College's Office of General Counsel and Legal Services by phone at 216.987.4856 or via
email at legal@tri-c.edu.

Other Required Instructional Policies:
https://www.tri-c.edu/student-resources/curriculum/documents/syllabus-part-b.pdf

Weekly Schedule
Topics

Week 1 Introduction to Electricity and Safety

Week 2 Atomic Structure and Electrical Charge

Week 3 Electrical Current, Voltage, and Resistance
Week 4 Series Circuits

Week 5 Parallel Circuits

Week 6 Ohm's Law and Circuit Calculations

Week 7 Electrical Components

Week 8 Heating Elements

Week 9 Capacitance and Types of Capacitors

Week 10  Motors and Electrical Applications in HVAC
Week 11 Motors and Electrical Applications in HVAC
Week 12 Electrical Measurement Devices (VOM, Meters)
Week 13 Electrical Safety, Hazards, and Protection
Week 14  Automatic Controls and Thermostats

Week 15  Sensors and Control Devices (Thermocouples, Thermistors, Bi metals)
Week 16  Review and Final Assessment

The Course Schedule is subject to change due to pedagogical needs, instructor discretion, parts of term, and unexpected events.

Required/Recommended Readings
Instructor-provided materials


https://portal2.tri-c.edu/ReligiousAccommodation/
https://portal2.tri-c.edu/ReligiousAccommodation/
https://www.tri-c.edu/student-resources/curriculum/documents/syllabus-part-b.pdf
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Resources for the Instructor

United Association Training Department. HVAC/R Training. International Pipe Trades Training Committee, Inc., Washington,
D.C., https://ua.org/training/

Thomas W. Frankland. Pipe Trades. rev edition. New York: McGraw-Hill, 1969.

R. Jesse Phagan. Applied Mathematics. 4th edition. Goodheart-Wilcox Co./Tinley Park, Il, 2010.

Additional Resources for the Instructor
http://www.hvacfun.com/f-hvac-controls-control-loops.htm
http://www.reprise.com/host/electricity/
http://www.refrigerationbasics.com/1024x768/definitions1.htm
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