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Course Description:

This course is designed to instruct students on the advanced theory and application of outside electrical substation related training as it applies to a working understanding of algebra, electron theory and all aspects of AC & DC electric circuit evaluation, reading substation construction prints, National Electric Code (NEC) codes and construction and safe work practices. 

Course Objectives:

· Review and practice how to be proficient in reading substation prints

· Evaluate and discuss general plant and substation control schemes as they relate to: lighting, motor control, transmission& feeder breakers and capacitor banks. 

· Discuss standards for substation construction.

· Discuss substation maintenance practices.

· Teach Motor Operator responsibilities, load shed controls, alarm circuits and Remote Terminal Unit  (RTU) circuits 

· Explain Programmable Logic Controller (PLC) basics, distribution systems, fuses and protective relays, breaker mechanisms and voltage regulators. 

Student Learning Outcomes:

Upon successful completion of this course the student should be able to:

· Demonstrate proficiency in reading substation prints

· Understand general plant and substation control schemes as they relate to: lighting, motor control, transmission& feeder breakers and capacitor banks. 

· Cite standards for substation construction.

· Describe substation maintenance practices.

· Demonstrate proficiency in reading substation prints

· Pass written tests on Motor Operator responsibilities, load shed controls, alarm circuits and RTU circuits, PLC basics, distribution systems, fuses and protective relays, breaker mechanisms and voltage regulators. 

Length of Course:
55 lecture hours
Grading Method:
Letter grade (A-F) or Pass/No Pass
Prerequisites:
Pass APR-232UW
Major Topic Outline:
II. Control Circuits

A. PGE Wiring Standards:

Control wiring

Control & power cable

Conduits

Panels, racks, & cable trays

Distribution Construction

Ground Grid

B. Lighting:

Standards

Ground detector worksheet (ex.1 & Lab 4)

W.D. to Schem. Exercise (ex.2)

Yard Lighting  (ex.3)

Lighting & seal-in (ex.4)

Yard Lighting Layout (ex.5 & Lab 5)

C. Motor Control:

Motor maint.

control circuits info & questions

Sequence control drawing completion

Interlock control drawing completion

Design #1 (motor control)

Design #2 (game show)

Design #3 (water heater)

Design #4 (5 generic circuits)

Labs 6-10

D. Breaker Controls:

Questions (lineless diagram #1)

Questions (lineless diagram #2)

control schematics info & questions

Breaker control schematics

Breaker Control Summary

Cold load pickup

Urban print questions (C10700, 10702, 10707)

wiring diagrams #1 info & questions

wiring diagrams #2 info & questions

Drawing exercises (5) & Labs 11-13

E. Capacitor Control:

Shunt Capacitors

Standards

power capacitors info & questions

cap bank control info & questions

Math formulas

Testing

Claxtar print questions (C10710 sh1,2,3)

F. Motor Operator & Load Shed Control:

Questions (MOD-lineless wiring diag.)

MOD schematics info & questions

RDH handout

LPA handout

Various load shed schemes (10) & Labs 14-15

G. Alarms

Annunciators & Lab 16

PLC & Lab 17

RTU & Lab 18

III. Station Equipment


A.
Distribution Overview

B. Fuses


Insulation


Circuit Interruption

C.
Protective Relays:

Standards (protective relays)

IAC

Protective Relays info & questions

SEL501  & 351

DPU

Basler 851

SEL321

Relay Protection Summary

Lab 19

D.
Breaker Mechanisms:

Overview (ces)

SF6 gas safety

Mechanisms info & questions

Maintenance info & questions

E.
Voltage Regulators:

Regulators info & questions

Step regulators info & questions

F.
Transformers:

Standards

Oil maintenance
Nameplates

Ties

Data

Fuses

Devices

CCC AAOT/ASOT GENERAL EDUCATION OUTCOMES 
Course Title and Number:    APR-233UW
COURSE OUTLINE MAPPING CHART
Advanced Circuit Theory & Troubleshooting II
 Mark outcomes addressed by this course:

· Mark “C” if this course completely addresses the outcome. Students who successfully complete this course are likely to have attained this learning outcome.

· Mark “S” if this course substantially addresses the outcome. More than one course is required for the outcome to be completely addressed. Students who successfully complete all of the required courses are likely to have attained this learning outcome.

· Mark “P” if this course partially addresses the outcome. Students will have been exposed to the outcome as part of the class, but the class is not a primary means for attaining the outcome and assessment for general education purposes may not be necessary.

As a result of completing the AAOT /ASOT general education requirements, students will be able to:

	WR: Writing Outcomes
	

	1. Read actively, think critically, and write purposefully and capably for academic and, in some 
              cases, professional audiences.
	

	2. Locate, evaluate, and ethically utilize information to communicate effectively.
	P

	3. Demonstrate appropriate reasoning in response to complex issues.
	P

	SP: Speech/Oral Communication Outcomes
	

	1. Engage in ethical communication processes that accomplish goals.
	P

	2. Respond to the needs of diverse audiences and contexts.
	

	3. Build and manage relationships.
	

	MA: Mathematics Outcomes
	

	1. Use appropriate mathematics to solve problems.
	P

	2. Recognize which mathematical concepts are applicable to a scenario, apply appropriate 
    mathematics and technology in its analysis, and then accurately interpret, validate, and
    communicate the results.
	P

	AL: Arts and Letters Outcomes 
 
	

	1. Interpret and engage in the Arts & Letters, making use of the creative process to enrich the quality of
    life. 
	

	2. Critically analyze values and ethics within a range of human experience and expression to engage 
    more fully in local and global issues. 
	

	SS: Social Science Outcomes
	

	1. Apply analytical skills to social phenomena in order to understand human behavior.
	

	2. Apply knowledge and experience to foster personal growth and better appreciate the diverse social
    world in which we live.
	P

	SC: Science or Computer Science Outcomes
	

	1. Gather, comprehend, and communicate scientific and technical information in order to explore 
    ideas, models, and solutions and generate further questions.
	P

	2. Apply scientific and technical modes of inquiry, individually, and collaboratively, to critically
    evaluate existing or alternative explanations, solve problems, and make evidence-based decisions 
    in an ethical manner.
	P

	3. Assess the strengths and weaknesses of scientific studies and critically examine the influence of 
    scientific and technical knowledge on human society and the environment.
	P

	CL: Cultural Literacy Outcome

	

	1. Identify and analyze complex practices, values, and beliefs and the culturally and historically 
              defined meanings of difference. 
	P

	IL: Information Literacy Outcomes

	

	1. Formulate a problem statement.
	P

	2. Determine the nature and extent of the information needed to address the problem.
	P

	3. Access relevant information effectively and efficiently.
	P

	4. Evaluate information and its course critically.
	P

	5. Understand many of the economic, legal, and social issues surrounding the use of information.
	P


�  “Arts and Letters” refers to works of art, whether written, crafted, designed, or performed and documents of historical or cultural significance.


� Must be embedded in a course that meets the outcomes for Arts and Letters, Social Science, or Science/Computer Science. 


� Must be embedded in the general education required Writing courses. Revised 2010-2011 to reflect Statewide AAOT outcomes





