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Catalog Description:

Overview of common industrial power control circuits and devices including
thyristors, unijunction transistors, relays and transient suppression
devices. Introduction to relay logic and operation, and programming of
programmable controller.

Credit Hour(s):
3

Lecture Hour(s):
2

Lab Hour(s):

2

Other Hour(s):
0

Requisites

Prerequisite and Corequisite
EET-2220 Electronics Il or concurrent enrollment.

Outcomes
Course Outcome(s):
Safely Handle Electrical Hazards.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that

demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Lockout and Tagout procedures.

2. Shorting and grounding hazards.
3. Protective equipment.

Course Outcome(s):
Connect common industrial power control input devices.
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Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):

1. Connect different types of input devices including various types of sensors.
2. Connect different types of input switches.

3. Implement optoisolator to electrically protect devices after the input device.

Course Outcome(s):

Explain the difference between normally opened (NO) contacts and normally closed contacts (NC), then elaborate why some relays
have both, some only NC, and some only NO.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):

1. Implement relays to control outputs that are too high voltage, current, and/or power for circuitry to relay coil to handle directly.
2. Create Boolean Logic functions with use of the NC and NO switches inside relays.

3. Use solid state Boolean logic, but relay as final output.

Course Outcome(s):
Determine and obey power, current, and voltage Limits for input and output for PLC input and output modules.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):

1. Determine input limits of power, current, and voltage for PLC input module.

2. Determine output limits of power, current, and voltage for PLC output module.
3. Correctly interface devices that may violate the limits.

Course Outcome(s):
Implement relay control logic.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Read and build circuit using schematic representations of relay Ladder Logic.

2. Create Boolean logic gate functions with relay logic.
3. Make a relay-based seal-in circuit.

Course Outcome(s):
Describe and explore a Programmable Logic Controller as a Device.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):

1. Identify CPU, RAM, input modules, output modules, and power supply.
2. Distinguish Modular vs. nonmodular PLCs with advantages and disadvantages.
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3. Determine purpose of optoisolators in input and output modules.
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Course Outcome(s):
Program PLC Control Using Ladder Logic.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Compare and contrast PLC Ladder Logic vs. Relay Ladder Logic.
2. Explain cycle of operation through PLC ladder logic, which differs in an important way from relay ladder logic.

Course Outcome(s):
Calculate and measure the transients associated with high-side switching then implement transient suppression.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Suppress transients with resistor in parallel with relay coil.
2. Suppress transients with shunting diode.

Course Outcome(s):
Control Solid State DC Output with Metal Oxide Semiconductor Field Effect Transistor (MOSFET).

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Using a data sheet, determine the threshold voltage for a MOSFET.

2. Determine the power dissipation of a MOSFET.
3. Explain why the DC input resistance of a MOSFET is extremely high.

Course Outcome(s):
Characterize through Measurement Characteristics of Unijunction Transistor (UJT).

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.

Objective(s):
1. Using a data sheet, determine the emitter voltage vs. current for a UJT.
2. Create an application for a UJT.

Course Outcome(s):
Characterize through Measurements Characteristics of Triacs/Thyristors and SCRs.

Essential Learning Outcome Mapping:

Not Applicable: No Essential Learning Outcomes mapped. This course does not require application-level assignments that
demonstrate mastery in any of the Essential Learning Outcomes.
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Objective(s):

1. Display the output waveform of an SCR and triac with various firing angles.

2. Using a data sheet, determine the breakdown and break over voltages.

3. Explain the differences and similarities between triac and SCR.

4. Demonstrate the SCR's and triac's ability to control power in an electrical circuit.

Methods of Evaluation:

1. Homework assignments

2. Reports based upon laboratory experiments
3. Laboratory work

4. Quizzes

5. Final exam

Course Content Outline:

1. Relays
a. Relays to control outputs that are too high voltage, current, and/or power for circuitry to relay coil to handle directly
b. Transient suppression with resistor in parallel with relay coil
c. Transient suppression with shunting diode
d. Normally opened (NO) contacts and normally closed contacts (NC)

2. Input and Output Devices for Power Logic Circuits
a. Different types of input switches
b. Various types of sensors
c. Output devices with current, voltage, and power limits

3. Relay Logic and Relay Ladder Logic
a. Schematic representations of relay ladder logic
b. Boolean logic gate functions with relay logic
c. Relay-based seal-in circuit

4. Solid State Power Electronics
a. Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
b. Thyrsistors/Triacs/SCRs
c. Unijuntion transistors

5. Programmable Controller Devices and Construction
a. CPU, RAM, input modules, output modules, and power supply
b. Modular vs. nonmodular PLCs
c. Optoisolators in input and output modules

6. PLC Ladder Logic
a. PLC Ladder Logic vs. Relay Ladder Logic
b. Cycle of operation through PLC ladder logic
c. Boolean logic on rungs of PLC Ladder Logic

7. Safety Issues
a. Personal safety equipment
b. Locking out equipment
c. Following standard practice

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


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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Weekly Schedule

Topics
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Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

Week 11

Explain the difference between normally opened (NO) contacts and normally closed contacts (NC), then elaborate why
some relays have both, some only NC, and some only NO.

Implement relays to control outputs that are too high voltage, current, and/or power for circuitry to relay coil to handle
directly.

Lab 1: Industrial Power Control Output using Relays with NC and NO.

Connect common industrial power control input devices

Connect different types of input devices including various types of sensors.
Connect different types of input switches

Lab 2: Industrial Power Control Inputs for Switches and Sensors.

Calculate and measure the transients associated with high-side switching then implement transient suppression.
Suppress transients with resistor in parallel with relay coil.

Suppress transients with shunting diode

Lab 3: Suppressing Inductive Transients in Relay Coils.

Implement relay control logic

Read and build circuit using schematic representations of relay Ladder Logic
Create Boolean logic gate functions with relay logic

Lab 4: Boolean Gate Functions in Relay Logic vs. Fixed Logic Gates.

Explain the difference between normally opened (NO) contacts and normally closed contacts (NC), then elaborate why
some relays have both, some only NC, and some only NO.

Implement relays to control outputs that are too high voltage, current, and/or power for circuitry to relay coil to handle
directly.

Use solid state Boolean logic, but relay as final output.

Lab 5: Combining Solid State Electronics for Boolean Logic with Output Relays for Large Load Outputs.

Control Solid State DC Output with Metal Oxide Semiconductor Field Effect Transistor (MOSFET).
Using a data sheet, determine the threshold voltage for a MOSFET.

Determine the power dissipation of a MOSFET.

Explain why the DC input resistance of a MOSFET is extremely high.

Lab 6: Control DC Output with Solid State Device of MOSFETS.

Control Solid State DC Output with Metal Oxide Semiconductor Field Effect Transistor (MOSFET).
Using a data sheet, determine the threshold voltage for a MOSFET.

Determine the power dissipation of a MOSFET.

Explain why the DC input resistance of a MOSFET is extremely high.

Lab 7: Pulse Width Modulation for DC Motor Speed Control.

Characterize through Measurement Characteristics of Unijunction Transistor (UJT).

Using a data sheet, determine the emitter voltage vs. current for a UJT.

Create an application for a UJT.

Lab 8: Characterize through Measurement Characteristics of Unijunction Transistor (UJT).

Characterize through Measurements Characteristics of Triacs/Thyristors and SCRs
Display the output waveform of an SCR and triac with various firing angles.

Using a data sheet, determine the breakdown and break over voltages.

Explain the differences and similarities between triac and SCR.

Demonstrate the SCR's and triac's ability to control power in an electrical circuit.
Lab 9: Explore characteristics of Triacs and SCRs for solid state AC control.

Characterize through Measurements Characteristics of Triacs/Thyristors and SCRs.
Display the output waveform of an SCR and triac with various firing angles.

Using a data sheet, determine the breakdown and break over voltages.

Explain the differences and similarities between triac and SCR.

Demonstrate the SCR's and triac's ability to control power in an electrical circuit.
Lab 10: Triacs and SCRs with AC input of incandescent light bulbs brightness.

Safely Handle Electrical Hazards.

Lockout and Tagout procedures.

Shorting and grounding hazards.

Protective equipment.

Implement relay control logic.

Read and build circuit using schematic representations of relay Ladder Logic.

Create Boolean logic gate functions with relay logic.

Make a relay-based seal-in circuit.

Lab 11: Operating a 3-Phase Motor with a Motor Starter Relay, using the Contactor Auxiliary Contacts to Create Seal-In
Circuit.
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Week 12 Describe and explore Programmable Logic Controller as a Device.
Identify CPU, RAM, input modules, output modules, and power supply.
Distinguish Modular vs. nonmodular PLCs with advantages and disadvantages.
Determine purpose of optoisolators in input and output modules.

Week 13 Program PLC Control Using Ladder Logic.
Compare and contrast PLC Ladder Logic vs. Relay Ladder Logic.
Explain cycle of operation through PLC ladder logic, which differs in an important way from relay ladder logic.
Lab 12: Implement PLC Ladder Logic of Boolean Functions to Output Devices.

Week 14  PLC Control Using Ladder Logic
Compare and contrast PLC Ladder Logic vs. Relay Ladder Logic.
Explain cycle of operation through PLC ladder logic, which differs in an important way from relay ladder logic.

Week 15  Determine and obey power, current, and voltage Limits for input and output for PLC input and output modules.
Determine input limits of power, current, and voltage for PLC input module.
Determine output limits of power, current, and voltage for PLC output module.
Correctly interface devices that may violate the limits.
Lab 13: Seal-In Circuit Implemented in PLC Ladder Logic Replacing Relay Logic.

Week 16  Finals Week.

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

Required/Recommended Readings

Readings may be selected from the following supplemental materials:
Robert L. Boylestad. Introductory Electric Circuit Analysis.

Frank Petuzella. Programmable Logic Controllers.

Resources for the Instructor
Robert L. Boylestad. (2023) Introductory Electric Circuit Analysis, Hoboken, NJ; Pearson Education Inc.

Jose' Gabriel Pinto. (2020) Power Electronics and Power Control, MDPI.

Boylestad, Robert L. and Nashelsky. (2013) Electronic Devices and Circuit Theory, Hoboken, NJ: Pearson Education Inc.

Frank Petuzella. Programmable Logic Controllers. 6. New York, NY: McGraw Hill LLC, 2023.

Nathan Clark. (February 16, 2025) PLC Programming Using RSLogix 5000: Understanding Ladder Logic and the Studio 5000 Platform (Allen
Bradley), Independently Published.
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