APPENDIX A
RELATED INSTRUCTION OUTLINE
FIRST SIX MONTHS

Introduction into Substation & Switchyards  
 


4 hours

NUS-TDSSW-KT

This unit teaches the purpose and functions of the major equipment used in substation and switchyards.  Equipment used for protection, regulation, monitoring and communication is introduced, too.  The unit also covers some of the typical checks that are made during an inspection of a switchyard or substation.

At the conclusion of this unit, apprentices should be able to recognize and identify the major equipment used in substation and switchyards, and they should be able to describe the purposes and functions of this equipment.  They should also be able to describe basic checks made during an inspection of a substation or switchyard.

Objectives

Introduction to Substations and Switchyards – Identify the major parts of a transmission and distribution system recognizes and describes the function of a substation; recognize and describe the function of a switchyard.

Substations:  Basic Equipment – Recognize and identify the basic equipment found in substations; describe the function of the basic equipment in a typical substation; describe general substation safety consideration.

Substations:  Protective Equipment – Recognize and identify design features and protective equipment typically used in substations’ describe the function of design features and protective equipment typically used in substations.

Substations:  Regulation, Monitoring, and Communication Equipment – Recognize and identify regulation, monitoring, and communication equipment found in substations; describe the functions of regulation, monitoring, and communication equipment found in substations.

Switchyards – Recognize and identify basic equipment found in switchyards; describe how a switchyard is used to rotate power through various circuits.

Switchyard Inspection – Describe inspection procedures that are performed at the entrance to a switchyard; list items typically checked during an inspection of switchyard conditions from inside the switchyard control hours; list items typically checked during an inspection by switchyard conditions in a switchyard.

Key Topics

· Introduction to Substation and Switchyards – Major components of a transmission and distribution system; introduction to substations, introduction to switchyards.

· Substations:  Basic Equipment – Power transformers; substation safety considerations; buses.

· Substations:  Protective Equipment – Grounding grids; static wires and lightning rods; surge arresters; current limiting reactors; circuit breakers; disconnects.

· Substations:  Regulation, Monitoring, and Communication Equipment – Regulation equipment; tap changers; voltage regulators; capacitor banks; shunt reactors; monitoring equipment; potential transformers’, CTs;  meters and  relays;  communication equipment.
· Switchyards – Switchyard equipment; routing power through a switchyard.

· Switchyard Inspection – Inspection at the entrance to a switchyard; control house inspections; inspecting switchyard conditions.

Field of Study


System and Theory
Safety in Substations and Switchyards




4 hours

NUS-TDSSS-KT

The purpose of this unit is to teach the basic safety principles and practices applicable to substation and switchyard maintenance work.  The unit describes electrical, chemical, and personal hazards that may be encountered in substations and switchyards.  A general procedure for responding to imminent dangers and accidents is also presented.

At the conclusion of this unit, apprentices should be able to identify hazards in substation and switchyards and explain why safety practices are important.  They should be able to recognize hazards and unsafe practices on the job, and they should have a general understanding of how to respond to imminent dangers and accidents.

Objectives

Hazards and Safety Practices – Identify some of the safety hazards that may be found in substations and switchyards; describe some of the general safety practices that apply to most jobs in substations switchyards.
Electrical Safety – Identify electrical hazards that may exist in substations and switchyards; define safe working distance; identify the basic steps in making equipment electrically safe to work on; explain the reason for tagging equipment; identify special precautions necessary when working with capacitor banks and CTs.
Chemical Safety – Identify chemical hazards that may exist in substations and switchyards; describe safety precautions applicable to working with insulating oil, both PCB-free and PCB-contaminated; describe safety precautions applicable to working with insulating (SF6) gas and sealing (nitrogen) gas; describe safety precautions applicable to working with battery banks.

Personal Safety – Identify personal hazards that may exist in substations and switchyards; describe general housekeeping practices that help prevent accidents and injuries; describe the proper way to lift heavy loads by hand; describe the proper ways to use ladders, scaffolds, and bucket trucks for support.

Dangers and Accidents – Describe a general procedure for responding to an imminent danger at work; describe a general procedure for responding to an injury at work; identify the four classes of fires and the type of extinguisher used to put out each; describe a general procedure for reporting accidents.

Safety Review – After viewing a brief job-related videotape presentation, identify violations of electrical safety practices; describe accidents that could result from those electrical safety violations.

Key Topics

· Hazards and Safety Practices – Hazards; Safety Practices.

· Electrical Safety – Avoiding hazards; making equipment safe to work on; additional precautions for capacitor banks and CTs.
· Chemical Safety – Oil hazards; hazards from gases; battery bank hazards.

· Personal Safety – Personal hazards; good housekeeping; lifting loads; using support devices.

· Dangers and Accidents – Reporting an imminent danger; responding to an accident; acid accidents; fires.

· Safety Review – Electrical safety review; electrical safety violations; questions, chemical safety review; chemical safety violations, questions; personal safety review; personal safety violations, questions.

Field of Study


Safety/Installation

General Math







4 hours

NUS-MTGMC-KT

This unit gives apprentices a review of general mathematical concepts.  Included are the four basic math functions of addition, subtraction, multiplication, and division of who numbers, fractions, and decimals.

Key Topics
· Number Types and Addition – Types of numbers; addition; adding whole numbers; adding fractions; adding decimal numbers; checking the result of an addition problem; using a calculator for addition.

· Subtraction – Subtracting whole numbers; subtracting fractions; subtracting decimal numbers; checking the result of s subtraction problem; using a calculator for subtraction.
· Multiplication – Principles of multiplication; multiplying whole numbers; multiplying fractions; multiplying decimal numbers; using a calculator for multiplication.

· Division – Principles of division; dividing whole numbers; dividing fractions; dividing decimal numbers; using a calculator for division.

· Conversions and Special Cases – Number conversions, converting fractions to decimal numbers; converting decimal numbers to fractions; converting whole numbers to fractions or decimal numbers; converting mixed numbers, converting fractions; combined operations.

Learning Objectives

· Number Types and Addition – Describe the characteristics of whole numbers, fractions, and decimal numbers.  Explain what place value is and how to identify the place value of a number.  Explain how whole numbers, fractions, and decimal numbers can be added.  Describe one way to check the results of an addition problem.  Describer how two numbers can be added using a calculator.
· Subtraction – Explain how whole numbers, fractions, and decimal numbers are subtracted.  Explain what borrowing is and when it is necessary.  Explain how fractions and decimal numbers are subtracted.  Explain how to check the results of a subtraction problem.  Explain how two numbers can be subtracted using a calculator.

· Multiplication – Identify some of the symbols used to represent multiplication operations.  Explain how whole numbers, fractions, and decimal numbers are multiplied.  Describe a shortcut for multiplying numbers that end in 0’s.  Explain how fractions and decimal numbers are multiplied.  Explain how two numbers can be multiplied using a calculator.

· Division – Identify the symbols typically used to represent division.  Explain how whole numbers, fractions, and decimal numbers are divided.  Describe a shortcut for dividing whole numbers that end in 0’s.  Explain how the results of a division problem can be checked.  Explain how two numbers can be divided using a calculator.

· Conversions and Special Cases – Explain how to convert between fractions and decimal numbers, whole numbers and decimal numbers, and mixed numbers and improper fractions.  Explain how to perform operations on fractions with different denominators.  Identify the order in which combined operations are performed.

Field of Study


Basic Concepts
Introduction into the National Electric Safety Code


6 hours

This unit will introduce the apprentice to the National Electric Safety Code with a review of purpose and general rules that apply to supply stations.  The unit will be a comprehensive review of sections 1, 2, & 3 followed by a review of Part 1 section 10 and 11.

At the conclusion of the unit the apprentice should have an understanding of what the code is and how it applies to electric supply stations.  This will set the stage for later units that will apply the safety code to installation units that have been completed such as storage batteries, transformers and regulators.

Key Topics

· Purpose, scope and general rules of the Code
· What application does the code apply to?

· Definitions

· Protective arrangement in Electric Supply Station

· Clearance from live parts
Section 1

A review of this section will show why the rules are in place.  What the rules cover with delineation between this code and the National Electric Code, and to what application the rules apply.

Section 2

A review of the definitions will not only familiarize the apprentice with the terms utilized in this code but in the industry in general.

Section 3

Reference Material:  We will purposely skip section 9 “Grounding Methods” as this will be covered in a later unit.

Part 1

Section 10

A reinforcement of the purpose of the code and the scope of Part 1.

Section 11

This section will deal with the protective arrangement of an electric supply station and how this arrangement creates a safety clearance zone for unauthorized individuals.  Safety clearance from live parts to supply station fences at different nominal voltages between phases.  A review of minimum illumination and receptacle requirements.

Field of Study
Safety

Polyphase Systems 1 & 2






8 hours

NUS-MTPP1-KT

This unit (1) explains what polyphase systems are and how wye and delta systems differ.  Various transformer bank connections are illustrated using pharos diagrams and typical voltages are explained.  Examples of polyphase transformer banks and their external connections are shown.

This unit (2) discusses when and where various meters should be used.  Blondel’s theorem is introduced and used to show how a polyphase system is accurately metered.  Both balanced and unbalanced loads in polyphase meter installation are examined.

Key Topics

· Polyphone Systems

· Wyes Systems

· Delta Systems

· Transformer connections – Three-phase, four-wire wyes connected polyphase system; three-phase, three-wire closed delta-connected system; three-phase, four-wire closed delta-connected system; three-phase, three-wire open delta-connected system; three-phase, four-wire open delta-connected system.

Learning Objectives

· Polyphone Systems - Define polyphase and describe how the parts of a polyphase system are distinguished from one another.  Describe how a polyphase system is different from a single-phase system.  Give examples of where polyphase systems exist in a utility’s operating system.

· Wyes Systems – Using diagrams, describe the characteristics of a wyes-connected system.

· Delta Systems – Using diagrams, describe the characteristics of a delta-connected system.

· Transformer Connections – Describe a three-phase, four-wire wye-connected polyphase system.  Describe a three-phase, three-wire closed delta-connected polyphase system.  Describe a three-phase, four-wire closed delta-connected polyphase system.  Describe a three-phase, three-wire open delta-connected polyphase system.  Describe a three-phase, four-wire open delta-connected polyphase system.

Field of Study

Systems and Theory
Energy Erectors, Inc. Safety Manual




6 hours

The apprentice will review, study and discuss the Energy Erectors, Inc. Safety Manual.  He/she will be required to have an understanding of how the safety manual applies to the work place.

Key Topics
· Excavation, Trenching and Shoring

· Ladder and Scaffolding

· Fall Protection

· Aerial Work Platform Procedures

· Electrical Safety

· Grounding Program

· Personnel Protective Equipment

· Accident Investigation

The apprentice will be required to read each section of the manual and upon review, answer questions with respect to performing his/her duties in a manner consistent with the manual.

Field of Study
Safety

OSHA 1910 Sub Part V






4 hours

Power Transmission and Distribution

A comprehensive review of OSHA 1910 Sub-Section Part V 950 through 966 Power Transmission and Distribution.  Specifically the general requirements, tools and protection equipment and grounding for the protection of employees

At the conclusion of this unit the apprentice will have an understanding of the minimum standards set forth by OSHA.

Key Topics

· Clearances

· De-energizing lines and equipment

· Live line tools

· Attaching grounds

· Work near energized facilities

· Lineman’s body belts, safety straps and lanyards
Field of Study

Safety

Electrical Safety







4 hours

NUS-BBESA-KR

The purpose of this unit is to give apprentices a general understanding of basic principles of electricity and electrical safety.

At this conclusion of this unit, apprentices will have a basic understanding of various aspects of working safely around electrical equipment.

Key Topics
· Electrical concepts

· Friend or Foe?

· Current

· Voltage

· Resistance

· Shock

· What is Shock?

· Amount of Current

· Length of Time

· Path Through the body

· Effects

· Hazards

· High Voltage Area

· Overloaded Circuits

· Damaged cords

· Bare Connectors

· Long and Tall Objects

· Mobile Equipment

· Standing Water

Learning Objectives

· Electrical Concepts

· Describe the basic electrical quantities of current, voltage, and resistance.

· Shock

· State what an electrical shock is.

· Describe factors that affect the severity of an electrical shock.

· Describe the physical effects of current passing through the human body.

· Hazards

· Describe hazards associated with working near electrical equipment.

· Protection

· Describe ways of providing protection to personnel from hazards associated with electricity.

· Emergencies

· Describe how to safely give aid to an electrical shock victim.

· Describe how to safely respond to an electrical fire.

Field of Study

Safety

Basic Algebra








10 hours

This unit will teach the apprentice basic Algebra to include coefficients, exponents, factoring, simplifying terms, fractions, scientific notating, squares and square roots.  It will start with the basic concepts such as identifying the literal factors in an algebraic term.  The use of letters and symbols to change simple work statements into algebraic expressions and the use of parentheses to express multiplications or grouping of terms.  Then they will work their way through the number system, monomials and polynomials, factoring, fractions, functions and graphs, inequalities and solving everyday problems.
At the conclusion of this unit the apprentice will understand the basic concepts of Algebra and the application of Algebra to problem solving.

Key Topics

· The number system

· Monomials and polynomials

· Factoring Algebraic expressions

· Exponents, roots and radicals

· Linear and fractional equations

· Functions and graphs

· Quadratic equations

· Inequalities

· Ratio, proportion and variation

Field of Study

Theory/Math

Practical Geometry







12 hours

This unit will cover the basic topics of Geometry.  Geometric solids, one-two and three dimensional figures, closed plane figures, angles, Pythagorean’s theory and geometric formulas.

The unit will begin with basic geometric ideas such as, naming basic forms, finding segments, midpoints and rays, angles and angle pairs and special lines and segments.  They will cover each of the different shapes and then go to solid geometry and coordinate geometry.

At the conclusion of this unit the apprentice will understand basic geometric concepts, the different shapes and measurements and the tools for problem solving.

Key Topics

· Basic Geometric Ideas

· Parallel lines

· Triangles

· Polygons

· Perimeter and Area

· Similar Figures

· Right Triangles

· Circles

· Prisms, Pyramids and Spheres

· Locating points on coordinate axes

Field of Study

Theory/Math

Basic Trigonometry







10 hours

This unit will cover Basic Trigonometry dealing with the relations of sides and angles of triangles sine, cosine, tangent, cotangent secant, cosecant and trigonometry tables will be reviewed.

At the conclusion of this unit the apprentice will have an understanding of the mathematics dealing with the relations of sides and angles of triangles.  In future units dealing with conduit bending the practical use of these formulas will be realized.

Objectives

To teach the basic relationship of sides and angles in a triangle, create an understanding of the formulas to find the length of a side and for the apprentice to have a clear understanding of the practical use.
Key Topics

· Sine

· Cosine

· Tangent

· Cotangent

· Secant

· Cosecant

· Natural Trigonometric Functions

Field of Study

Math

Total Hours








72
SECOND SIX MONTHS

AC Fundamentals Review






4 hours

NUS-TDACF-KT

The purpose of this unit is to enable electrical maintenance apprentices to review the terms, concepts, and principles associated with alternating current systems.  Apprentices who understand how AC systems work and how they are affected by factor such as inductance and capacitance will be better prepared to learn specific details about the systems they will be working on in the plant.

At the conclusion of this unit, apprentices should have a general understanding of what alternating current is, how it works, and how it affects the operation and maintenance of AC equipment.  In addition, they should understand how inductance, capacitance, and resistance affect AC power.  Finally, they should know, in general, the differences between single –phase and three-phase systems and the ways in which three-phase systems can be connected.

Objectives

Alternating Current – Explain the differences between direct current and alternating current; explain how current flow and polarity change in AC circuits; explain what frequency is and how it is measured; define peak value, peak-to-peak, and effective value with respect to AC voltage and current.

Inductance – Define inductance and inductive reactance, and explain how inductive reactance limits current flow; differentiate between in-phase and out-of-phase currents and voltages.

Capacitance – Define capacitance and capacitive reactance; name the basic components of a capacitor; explain the effects of capacitance on current and voltage.

AC Power – Differentiate between true power, reactive power, and apparent power, explain how power factor is used in calculating true power in AC circuits.

Singe-Phase and Three-Phase Systems – Explain the difference between single-phase and three-phase AC systems; explain how a three-wire single-phase AC system supplies two different voltages; differentiate between delta-connected and wye-connected three-phase AC systems.

Key Topics

· Alternating current – Current flow and polarity; sine waves, peak values, peak-to-peak values, and effective values.

· Inductance – Inductance and inductive reactance; factors that affect inductive reactance; effects of inductance on current and voltage.

· Capacitance – Capacitors; effects of capacitance on current and voltage.

· AC Power – True power; reactive power; apparent power; power factor.

· Single-Phase and Three Phase Systems – single-phase systems; three-phase systems; delta connections. Wye connections.

Field of Study

Systems and Theory

DC Fundamentals Review






4 hours

NUS-TDDCF-KT
The purpose of this unit is to provide maintenance apprentices with a systematic means for reviewing the fundamental relationships between current, voltage, and resistance in DC circuits.  The unit is intended as a general review of basic electrical concepts and circuit analysis for apprentices already possessing some background in electrical theory.  Specific attention is directed to Ohm’s Law, Kirchhoff’s Voltage Law, Kirchhoff’s Current Law, and practical techniques for analyzing series circuits, parallel circuits, and series-parallel circuits.

At the conclusion of this unit, apprentices should have a basic understanding of the fundamental relationships between current, voltage, and resistance in a DC circuit.  They should be familiar with Ohm’s Law, Kirchhoff’s Voltage Law, and Kirchhoff’s current Law, and they should be able to calculate basic electrical quantities in series circuits, parallel circuits, and series-parallel circuits.

Objectives

Ohm’s Law – Name the electrical quantities represented by I, E, and R; state Ohm’s Law in words and as a formula; calculate the current, voltage, or resistance of a simple circuit when any two of the quantities are unknown.

Series Circuits – Calculate the total resistance of a series circuit when its individual series resistances are known; calculate the resistance of a single series component when the total circuit resistance and the remaining series resistance are known; state Kirchhoff’s Voltage Law; calculate the voltage drops across each component in a series circuit, calculate the current through a series circuit when a single resistance and its voltage drop are known.

Parallel Circuits – State Kirchhoff’s Current Law; calculate the branch currents in a parallel circuit when the source voltage and the individual branch resistances are known; calculate the total current through a parallel circuit when the individual branch currents are known; calculate the total resistance of a parallel circuit when the individual branch resistances are known.

Series-Parallel Circuits – Calculate the total resistance of a series-parallel circuit; calculate the voltage drops in a series-parallel circuit, calculate the branch currents in a series-parallel circuit.
Shortcut Methods – Calculate the voltage drop across a series component by the proportional voltage drop method; calculate the branch current through a parallel branch by the proportional branch current method; calculate the total resistance of any two parallel branches by the product-over-sum method; calculate the resistance of circuit with any number of equal parallel resistances by using the r/n formula; calculate the branch currents of a circuit with any number of equal parallel resistances by using the it/n formula.
Troubleshooting DC Circuits – Given the source voltage and resistance of a circuit, calculate the additional series resistance required to limit current through the circuit to a specified value; given the schematic of an incandescent lighting circuit, calculate its total current and select the appropriate protective fuses; describe the effect of opens and shorts in series and parallel circuits.

Key Topics
· Ohm’s Law – Calculating current; calculating voltage; calculating resistance; and aid to memory.

· Series Circuits – Series resistances; series voltage drops; summary.

· Parallel Circuits – Parallel branch currents; parallel resistances; summary.

· Series-Parallel Circuits – Resistance strings in parallel; resistance banks in series.

· Shortcut Methods- Proportional voltage drops; proportional branch currents; special cases in parallel circuits, two parallel branches; special cases in parallel circuits; several branches of equal resistance.

· Troubleshooting DC Circuits – Troubleshooting a DC motor drive circuit; review of videotape demonstrations, grounded DC distribution system; troubleshooting series circuits, troubleshooting parallel circuits.

Field of Study

Systems and Theory

Basic Electricity Review






4 hours

NUS-TDBER-KT

The purpose of this unit is to provide maintenance apprentices with a review of fundamental electrical concepts.  The major topics covered in this unit are:  the nature of electricity; the six major sources of electricity; basic electrical quantities; series and parallel circuits; Ohm’s Law, electromagnetism; inductance; and capacitance.

At the conclusion of this unit, apprentices should have a basic understanding of the fundamental electrical concepts covered in the unit.  They should be able to use Ohm’s Law to calculate unknown quantities in series and parallel circuits, and they should know how inductors and capacitors can be used.

Objectives

Where does electricity come from? – Describe the structure of an atom; state the three characteristics of electrical charges; list six major sources of electricity.

Basic Electrical Quantities – Explain what current, voltage, and resistances are and how they relate to one another; define the terms watt and watt-hour.

Series and Parallel Circuits – Describe the differences between series and parallel circuits; explain how current, voltage, and resistance are calculate din series circuits and in parallel circuits.

Electromagnetism – Define electromagnetism:  descript the effect of a changing magnetic field on a conductor; define induction; describe how a transformer is constructed.

Inductance and Inductors – Define self-induction; describe the characteristics of inductance; describe the parts of a typical inductor and explain what an inductor does.
Capacitance and Capacitors – Define capacitance; describe a typical capacitor and explain how a capacitor stores energy; explain the hazards associated with capacitors.

Key Topics

· Where does electricity come from? – Electricity and the atom; sources of electricity.

· Basic electric quantities – Current; voltage; resistance; Ohm’s Law; power.

· Series and Parallel Circuits – Series circuits; parallel circuits; resistor color codes.

· Inductance and Inductors – Self-induction; inductance; inductors.

· Capacitance and Capacitors – Capacitance; capacitors; types of capacitors; hazards of capacitors.

Field of Study

Systems and Theory

Electrical Theory 1







30 hours

This unit will instruct the apprentice in the fundamentals in electrical theory.  Beginning with DC theory and continuing with AC theory to instruct the fundamentals that will be continued in Electrical Theory 2.

This unit will be broken down into five chapters of study.

Chapter 1 – This chapter will study the sources and effects of electricity; the electron theory; mathematical for solving electrical problems; Ohms Law and the properties of power in an electrical circuit.

Chapter 2 – This chapter will teach DC series circuits and how resistance affects the circuit.  They will cover calculating resistance in DC circuits; how current reacts, how voltage functions; and how to calculate power in a DC series circuit.

Chapter 3 – This chapter will teach DC parallel circuits and the affects of resistance, voltage and current.  They will cover how voltage functions; how current reacts and how resistance affects both current and voltage.  They will learn how to calculate power in a DC parallel circuit.

Chapter 4 – This chapter will be an introduction to AC theory with a review of DC theory and mathematics and a comparison of AC to DC.  They will cover the effects of resistance in AC circuits.  This chapter concludes with a section on three phase systems.

Chapter 5 – This chapter will cover generating electricity.  It will cover the generation of both DC and AC electricity.  They will study excitation of generator fields in both AC and DC and the affect of electromotive force.

Objectives

To ensure a secure knowledge of the fundamentals of both AC and DC electricity and to work with the basic formulas required to solve electrical problems.  This unit will build a foundation that will be utilized both in the associated on- the-job learning for future unit learning in electrical theory.

Key Topics

· Sources of electricity, structure of matter, atomic theory

· Mathematics for solving electrical problems

· Series and parallel circuits

· Resistance, current and voltage

· Ohms Law

Field of Study

Theory

Conduit Bending







8 hours

This unit will cover the fundamentals of conduit bending and installation.  The apprentice will learn the tools and methods utilized along with the application of formulas learned in earlier mathematical units.

At the conclusion of the unit the apprentice should understand the methods used to bend 90˚ elbows, offsets, stub ups, saddles and multi shot elbows.  They will have an understanding of the measurements and tools required for the installation.

Objectives

To familiarize the apprentice to the type of tools utilized for conduit installation; hand held benders, mechanical benders and hydraulic benders will be reviewed; to teach the methods of measurement and how they apply to the binding process.  Offset angles, deduct for the take-up distance and the length of bend for each type of bending system will be reviewed.

Key Topics

· Hand Benders

· Mechanical Benders

· Hydraulic Benders

· Bending offsets with trigonometry

· Single shot and multi shot bends

Fields of Study

Installation

Principles of Magnetism






4 hours

NUS-MTPOM-KT

Principles of Magnetism examine various aspects of magnetism and how it occurs naturally in the world as well as how it can be reproduced in electromagnets.  This unit also demonstrates the characteristics of magnets, electromagnets, and their functions in electric metering.

Key Topics

· Magnetism

· Electromagnetism – Electromagnetism and electromagnetic fields; characteristics of electromagnets.

· Induction – Principles of induction; induction from the motion of a conductor; determining the direction of induced voltage; induction in a meter from a moving conductor; induction from the motion of a magnetic field; determining the direction of induced voltage; induction in a meter from moving magnetic fields.

· Motor Action – Principles of motor action; motor action in a meter.

Learning Objectives

· Magnetism – Define; permanent magnet, magnetic field, lines of force, and flux density.  Identify and describe four characteristics of magnets.

· Electromagnetism – Define electromagnetism.  Describe an electromagnet.  Identify and describe characteristics of electromagnets.  Demonstrate the right-hand rule for a conductor and for a coil.

· Induction – Define induction and identify the requirements for induction.  Identify two factors that determine the direction of an induced voltage.  Demonstrate the right-hand rule for induced voltage.

· Motor Action – Define motor action and describe the principle of motor action.

Field of Study

Electrical Theory
Electromagnetic Induction Review





4 hours

NUS-TDEMI-KT

The purpose of this unit is to provide apprentices with a systematic means of reviewing the fundamental principles of electromagnetism and electromagnetic induction.  The unit is intended as a general review of electromagnetic concepts for apprentices already possessing some background in basic electrical theory.

At the conclusion of this unit, apprentices should have a basic understanding of magnetism and electromagnetic theory.  They should be familiar with the characteristics of magnetic fields, the factors determining electromagnetic field strength, and Lenz’s Law, and they should be able to explain principles of electric motors, generators, and transformers.

Objectives
Magnetism – Define the following terms:  magnetic field, lines of force, magnetic flux, and flux density; state the direction of magnetic flux; state how the direction of flux can be determined; list four characteristics of magnetic fields.

Electromagnetism – Define the term electromagnetic field:  state the circumstances under which two magnetic fields tend to reinforce each other; state the circumstances under which two electromagnetic fields tend to cancel each other out; demonstrate the left-hand rule of current-carrying conductors; demonstrate the left-hand rule for coils.

Field Strength – Define the following terms; magneto motive force, field intensity, permeability, and saturation; list thee factors affecting the field strength of a coil; explain how core saturation limits the field strength of a coil.

Motor Action – Define motor action demonstrates the right-hand motor rule; explain how the right-hand motor rule applies to the rotary motion of an electric motor.

Generators – List the requirements for electromagnetic induction; list the factors affecting the magnitude of an induced EMF list the factors affecting the polarity of an induced EMF; demonstrate the left-hand generator rule.

Transformers – Explain how a transformer meets the three requirements for electromagnetic induction; explain how a permeable core helps increase transformer efficiency; define the terms magnetic coupling and magnetic circuit; state Lenz’s Law and explain how it applies to a transformer.

Key Topics

· Magnetism

· Electromagnetism - The electromagnetic field around a straight conductor; the electromagnetic field around a coil.

· Field Strength – Magneto motive force; field intensity; flux density.

· Motor Action

· Generators

· Transformers 0 Induction by an alternating electromagnetic field; Lenz’s Law.

Field of Study

Systems and Theory

Introduction to Arc Welding & Gas Welding



4 hours

NUS-GMARW-KT – NUS-GMGAW-KT

The purpose of this unit is to give apprentices a basic understanding of welding and the parts and functions of arc welding units.

At the conclusion of this unit, apprentices should be able to identify the basic parts of an arc welding unit and explain their functions.  They should be able to assemble and inspect a shielded metal arc unit and describe the way in which arc welding is done; they should be able to explain the differences between stick, MIG, TIG, resistance, and plasma arc welding techniques; and they should be aware of safety regulations and procedures governing the use of arc welding equipment.

The purpose of this unit is to give apprentices a basic understanding of gas welding and the parts and functions of gas welding units.

At the conclusion of this unit, apprentices should be able to identify the basic parts of a gas welding unit and explain their functions.  In addition, apprentices should be able to assemble, inspect, light, and disassemble an oxyacetylene unit and describe the basic procedures for using a gas welding unit.  Apprentices should also be aware of safety regulations and procedures governing the use of gas welding equipment.

Objectives
Purpose, Equipment, and Setup
· State the purpose of arc welding.

· Explain the basic process of arc welding.

· Identify the parts of a basic arc welding unit and describe the purpose of each part.

· Trace the flow of current during a welding operation.

· List the basic procedure for setting up an arc welding unit.

· List precautions to be taken in setting up arc welding equipment.

Shielded Metal Arc (Stick) Welding

· Define shielded metal arc (stick) welding.

· Describe the process for preparing metal to be welded.

· Explain what occurs to the electrode and the metal during welding.

· Describe the procedure for cleaning slay from a weld.

· List safety precautions involved with preparing the metal and welding.

MIG and TIG Welding

· Define MIG welding.

· Identify the parts and functions of a MIG welding unit.

· Explain the advantages of MIG welding over stick welding.

· Define TIG welding.

· Identify the parts and functions of a TIG welding unit.

· Explain the advantages of TIG welding over stick welding.

· Compare the advantages of MIG and TIG welding.

· Compare the advantages of MIG and TIG welding.

Other Welding Techniques and Personal Safety

· Describe the process used in resistance welding.

· Describe the process used in plasma arc welding.

· Identify the types and uses of personal safety gear used during arc welding.

Key Topics

· Purpose, Equipment, and Setup – Purpose of Arch Welding; Arc Welding Equipment; Personal Safety Equipment; Setting Up the Arc Welding Unit.

· Shielded Metal Arc (Stick) Welding – Shielded Metal Arc (Stick) Welding: Shielded Metal Arc Welding Preparations; The Air-Carbon Arc Process; The Welding Procedure.

· MIG and TIG Welding – MIG Welding; TIG Welding

· Other Welding Techniques and Personal Safety – Resistance Welding; Plasma Arc Welding; Personal Safety

Field of Study

Installation/Welding

Objectives

Use of Gas Welding Units

· List the uses of gas welding unit.

· Describe the two basic types of gas welding units

· List the basic safety rules and procedures to be followed when using a gas welding unit.

Gas Welding Processes and Unit Assembly

· Describe the basic process for welding.

· Describe the basic process for brazing.

· Describe the basic process for soldering.

· Describe the basic process for cutting

· Name the part of a typical gas welding unit.

· Demonstrate the procedure for assembling the parts of a gas welding unit.

Lighting and Assembly

· Describe the procedure for opening oxygen and acetylene cylinder valves.

· Describe the procedure for lighting an oxyacetylene torch properly.

· List the steps involved in correctly disassembling an oxyacetylene rig.

Equipment Function and Maintenance

· Describe in detail how cylinders, regulators, and hoses are constructed.

· List care and maintenance procedures to be followed when using cylinders, regulators, and hoses.

Torches

· Describe the differences between welding torches and cutting torches.

· Explain how welding torches function.

· Explain how cutting torches function.

· Demonstrate the proper care and changing of tips.

Key Topics

· Use of Gas Welding Units – Purpose; Types of Gas Welding Units; Safety; Heat; Light; Sparks and Molten Metal; Fumes; Compressed Gases.

· Gas Welding Processes and Unit Assembly – Gas Welding Processes; Parts of a Gas Welding Unit; Assembling a Gas Welding Unit.

· Lighting and Disassembly – Inspection; Lighting the Torch; Disassembling the Unit.

· Equipment Function and Maintenance – Compressed Gas Cylinders; Fusible Safety Plugs; Gas Regulators; Hoses.

· Torches – Types of Torches; Welding Torches; Welding Torches Tips; Cutting Torches; Cutting Torch Tips.

Field of Study

Installation/Welding

Introduction into the National Electric Code



10 hours

This unit will present an introduction into The National Electric Code.  It will instruct the apprentice in how to use the code, where to find information within the code and how to apply the code.

As this program is designed for the substation electrician, the study will emphasize the articles that affect the installation within a supply station, with a review of the remaining articles to expose the apprentice to all aspects of the code.

The course will review Chapter 1 starting with Article 100 “Definitions” to introduce the apprentice to commonly used terminology, then continue with Article 110 “Requirements for Electrical Installations” to familiarize him/her to the basic requirements.

Under Chapter 2 specific study will include:  Article 200, Use and Identification of Grounded Conductors; Article 210, Branch Circuits; Article 215, Feeders; Article 240, Over-current Protection; Article 250, Grounding and Bonding; Article 280, Surge Arresters.

Articles 220, 225 and 230 will be purposely omitted and studied in a latter unit.

Objectives

To familiarize the apprentice with the National Electrical Code so they have a clear comprehension of how to apply the code.  This unit will prepare them to move forward to future units that include conduit fill and box sizing.

At the conclusion of this unit they will have knowledge of the terminology utilized in the code.  Have learned the basic requirements for electrical installations and will have been introduced to wiring and protection.

Key Topics

· Definitions

· Working Space

· Dedicated Space

· Ground Fault Protection

· Grounding and Bonding

Field of Study

Code Safety
Total Hours








72
THIRD SIX MONTHS

Multimeter Operation and Use





4 hours

NUS-TEMOU-KT

A multimeter is an instrument that measures electrical properties such as voltage, current, and resistance.  In substations, multimeters are commonly used for testing circuits, making adjustments, and performing many kinds of troubleshooting tasks.  This unit explains how to set up, use, and read a multimeter in a variety of substation activities.

Objectives

Multimeter Basics – Identify and describe the two basic types of multimeters, and identify its main components; identify several features that are commonly found on a digital multimeter.

Reading a Multimeter – Describe how to read a digital multimeter; describe how to read an analog multimeter.

Using a Multimeter – Describe general safety precautions associated with using a multimeter in a substation; describe how to set up a multimeter; describe how to use a multimeter; describe how to put a multimeter away.

Substation Applications – Part 1 – Describe how a multimeter can be used in adjusting a variable resistor; describe how a multimeter can be used in checking continuity; describe how a multimeter can be used in verifying circuit.

Substation Applications – Part 2 – Describe how a multimeter can be used in troubleshooting a communication circuit; describe how a multimeter can be used in troubleshooting a DC control circuit, describe how a multimeter can be used in adjusting a current transducer.

Key Topics

· Multimeter Basics – Types of multimeters; multimeter components; digital multimeter features.

· Reading a Multimeter – Reading a digital multimeter; reading an analog multimeter; analog multimeter scales; reading a value on a scale; determining voltage value; determining a resistance value.

· Using a Multimeter – General safety precautions and procedures; setting up a multimeter; taking a measurement; putting a multimeter away.

· Substation Applications – Part 1 – Adjusting a variable resistor; checking continuity; verifying a circuit.

· Substation Applications – Part 2 – Troubleshooting a communication circuit; troubleshooting a DC control circuit; adjusting a current transducer.

Field of Study

Tools, Test Equipment
Electrical Theory 2







30 hours

This unit will continue the fundamentals learned in Electrical Theory 1.  It will include a review of the previous course and work through more complex issues in both DC and AC theory.

This unit will be broken down into Five Chapters of study

Chapter 1 – This chapter will include a review of the fundamentals covered in Electrical Theory 1 and continue into combination DC circuits.  They will cover resistance in DC series/parallel circuits; how current reacts and how voltage functions.  They will learn how to calculate power in a combination circuit.

Chapter 2 – This chapter will review magnetism and DC generators and then look at DC circuit analysis tools.  The principles of voltage polarity and the effects of current passing through a material that results in voltage drop through heat energy.  Using Kirchoff’s Laws to solve DC circuits; utilization of Thevenin’s and Norton’s Theorems to simplify complex linear circuits.
Chapter 3 – This chapter covers inductance in AC circuits to include, its effects on the circuit, inductive reactance and inductors in series and/or parallel circuits.
Chapter 4 – This chapter will cover capacitance in AC circuits to include, its effects on the circuit, capacitive reactance and capacitors in series and/or parallel circuits.

Chapter 5 – This chapter will cover combining resistance inductance and capacitance.  It will begin with a study of the characteristics of AC circuits to set the basis for learning series/parallel circuits with a combination of resistance, inductance and capacitance.  They will study vectors and phase angle with the effect on voltage.

Objectives

To have a solid knowledge of the fundamentals of electrical theory with the ability to apply these fundamentals.  To understand how the earlier math units apply in the solving electrical calculations.  They should understand how electricity is generated; the characteristics of both AC and DC circuits; how Ohm’s Law applies to the circuits and the principles involved in complex combination circuits.
Key Topics

· AC/DC series and parallel circuits

· Kirchoff’s Law

· Thevenin’s and Norton’s Theorems

· Inductance

· Capacitance

· Ohm’s Law

Field of Study

Theory

Reading Electrical System Diagrams 1




4 hours

NUS-TDRS1-KT

The purpose of this unit is to teach apprentices the kinds of information that can be obtained by reading electrical system diagrams and to illustrate how this information can be used to assist linemen who work on electrical systems.  Practical examples of how to get information are given throughout the program.

At the conclusion of this unit, apprentices should know what kind of information is typically found on construction diagrams, on schematic diagrams, and in specification manuals.  They should know how to use all of these references to determine the information necessary to do a job.

Objectives

Introduction – Identify and explain the purpose of title blocks, legends, revision blocks, and directional arrows in electrical system diagrams.

Construction Diagrams – Locate a job site and specific parts of an electrical system by using a construction diagram; determine the work required on an electrical system by interpreting the information provided on a construction diagram.

Determining Material Requirements – Determine wire or cable length requirements by calculating span lengths from a construction diagram; locate drawings in a specification manual that correspond to detail numbers on a construction diagram; determine material requirements using drawings in a specification manual.

Specification Manuals – Explain how information is organized in a specification manual; explain how to locate information in a specification manual; explain specification manuals are used in conjunction with construction diagrams.

Schematic Diagrams – Describe the kinds of information typically found on schematic diagrams; explain how electrical connections between components are shown on schematic diagrams.

Review and Application – Determine the work required on an electrical system by using a construction diagram of the system; determine the material requirements for a job by using a construction diagram and a specification manual; locate components at a job site by using a construction diagram; determine electrical connections for a job by using a schematic diagram.

Key Topics

· Introduction – Title blocks; legends; revision blocks; directional arrows.

· Construction Diagrams – Using construction diagrams to locate job sites and system parts; using construction diagrams to determine work requirements.

· Determining Material Requirements – Determining wire or cable length requirements by calculating span lengths; determining wire or cable requirements from a wire note list; locating drawings in a specification manual; determining material requirements from drawings in a specification manual.

· Specification manuals – Organization of specification manuals; locating information in specification manuals; using specification manuals with construction diagrams.

· Schematic Diagrams – Schematic of external connection of a transformer; schematic of several transformers connected in an electrical circuit.

· Review and Application – Determining work requirements from a construction diagram; determining material requirements; using a construction diagram to locate components; using a schematic diagram to determine electrical connections.

Field of Study

Systems and Theory

Diagrams – Blueprints






8 hours

NUS-AEDBL-KR

This interactive training unit is designed to familiarize apprentices with the basic features of construction blueprints.  After completing this unit, apprentices should be able to describe various types of blueprints; identify lines, symbols, and abbreviations that are commonly found in blueprints; and explain how to properly care for blueprints.

Objectives

· Introduction

· Describe what a blueprint is, and identify some of the methods used to create blueprints.

· Identify two basic types of drawings that can be used to illustrate objects on paper.

· Describe the following types of drawings that are typically included in a set of blueprints:

Working Drawings

Plan views
Elevation drawings

Section drawings

Detail drawings

Auxiliary Drawings

Electrical plans

HVAC plans

Plumbing plans

Door and window schedules

Framing plans

· Describe the following basic parts of a blueprint:

Design drawing area

Title block

Revision block

Legend

Scale

Scales and Symbols

· Describe the following types of scales commonly used as measuring tools for blueprints:

Engineer’s scale

Architect scale

Metric scale

· Describe the following types of lines commonly used on blueprints:

Property lines

Boundary Lines

Main object lines

Hidden lines

Center lines

Dimension and extension lines

Break lines

Section lines

Reference lines for sections

Leader lines

· Identify examples of the following basic types of symbols commonly used on blueprints:

Building material symbols

Electrical symbols

Plumbing and piping symbols

Door and window symbols

· Identify abbreviations commonly used on blueprints.

· Using Blueprints

· Describe how dimensions are used on blueprints to show sizes and distances.

· Identify rules that should be followed to protect blueprints during their use.

Key Topics

· Introduction

· What is a Blueprint?

· Working Drawings

· Parts of a Blueprint

· Scales and Symbols

· Types of Scales

· Line Scales

· Symbols

· Abbreviations

· Using Blueprints

· Dimensions

· Care of Blueprints

Field of Study

Diagrams

Circuit Breaker 1 & 2






8 hours

NUS-TDCB1-KT & NUS-TDCB2-KT

The purpose of Circuit Breaker 1 is to teach the basic operating principles of circuit breakers found in substation and switchyards.  The fundamental concepts of arc extinguishing and circuit interruption are explained, and a variety of arc extinguishing mechanisms and circuit breaker operating mechanisms are examined.

At the conclusion of this unit, apprentices should be able to describe the function of a circuit breaker and explain the basic theory of arc interruption.  They should also be able to identify and describe the operation of six common types of arc interruption mechanisms and four common types of operating mechanisms.

The purpose of Circuit Breaker 2 is to teach the basic principles of circuit breaker maintenance.  The unit describes how to inspect a circuit breaker, how to check a circuit breaker for proper operation; and how to perform an overhaul, including disassembly, inspection, and reassembly.

At the conclusion of this unit, apprentices should be able to inspect a circuit breaker, check a circuit breaker for proper mechanical and electrical operation, and explain what is involved in overhauling a circuit breaker.

Objectives Circuit Breakers 1

Introduction to Circuit Breakers – Describe the main functions of a circuit breaker; describe why arcs must be extinguished quickly, describe the role of each of the following factors in extinguishing an arc in a circuit breaker; speed, distance, cooling, dielectric strength, and current zero; identify four mediums that are commonly used in circuit breakers to help extinguish arcs.

Air-Magnetic and Air-Blast Circuit Breakers – Identify the main arc extinguishing features of a typical air-magnetic circuit breaker; describe how the arc extinguishing features in an air-magnetic circuit breaker work to extinguish arcs; identify the main arc extinguishing features of a typical air-blast circuit breaker; describe how the arc extinguishing features in an air-blast circuit breaker work to extinguish arcs.

Oil and Vacuum circuit Breakers – Identify the main arc extinguishing features of a typical oil circuit breaker; describe how the arc extinguishing features in an oil circuit breaker work to extinguish arcs; identify the main arc extinguishing features of a typical vacuum circuit breaker; describe how the arc extinguishing features in a vacuum circuit breaker work to extinguish arcs.

Gas-Blast and Gas-Puffer Breakers – Identify the main arch extinguishing features of atypical gas-blast circuit breaker; describe how the arc extinguishing features in a gas-blast circuit breaker work to extinguish arcs; identify the main arch extinguishing features of a typical gas-puffer circuit breaker; describe how the arc extinguishing features in a gas-puffer circuit breaker work to extinguish arcs.

Solenoid and Motor/Spring Operating Mechanisms – Identify the main features of typical solenoid circuit breaker operating mechanism; describe how a solenoid operating mechanism works to operate  a breaker; identify the main features of a typical motor/spring circuit breaker operating mechanism; describe how a motor/spring operating mechanism works to operate a breaker.

Pneumatic and Hydraulic Operating Mechanisms – Identify the main features of a typical pneumatic circuit breaker operating mechanism; describe how a pneumatic operating mechanism works to operate a breaker; identify the main features of a typical hydraulic circuit breaker operating mechanism; describe how a hydraulic operating mechanism works to operate a breaker.

Key Topics

· Introduction to Circuit Breakers – Main functions of circuit breakers; factors involved in extinguishing arcs; classification of circuit breakers

· Air-Magnetic and Air-blast Circuit Breakers – Air-magnetic circuit breakers; air-blast circuit breakers.

· Oil and Vacuum Circuit Breakers – Oil circuit breakers; vacuum circuit breakers.

· Gas-Blas and Gas-Puffer Breakers – Gas blast circuit breakers; gas-puffer circuit breakers.

· Solenoid and Motor/Spring Operating Mechanisms – Solenoid operating mechanisms; motor/spring operating mechanisms.

· Pneumatic and Hydraulic Operating Mechanisms – Pneumatic operating mechanisms; hydraulic operating mechanisms.

Field of Study

Electrical Equipment
Objectives Circuit Breakers 2

General Circuit Breaker Maintenance – Describe routine circuit breaker status checks; describe the purpose of isolating a breaker from its operating mechanisms; describe how to service circuit breaker components.

Operating Mechanism Maintenance – Part 1 – Describe general maintenance checks for circuit breaker operating mechanisms; describe specific maintenance checks for solenoid and motor/spring operating mechanisms.

Operating Mechanism Maintenance – Part 2 – Describe specific maintenance checks for pneumatic and hydraulic operating mechanisms.

Air-Magnetic and Vacuum Breaker Maintenance – Describe maintenance tasks that apply specifically to air-magnetic breakers; describe maintenance tasks that apply specifically to vacuum breakers.

Oil Circuit Breaker Maintenance – Describe maintenance tasks specific to oil circuit breakers.

Gas-Blast and Air-Blast Breaker Maintenance – Describe maintenance tasks that apply specifically to gas-blast breakers; describe maintenance tasks that apply specifically to air-blast breakers.

Key Topics

· General Circuit Breaker Maintenance – Routine breaker status checks; taking a breaker out of service; isolating a breaker from its operating mechanism; cleaning, inspecting, and checking adjustments.
· Operating Mechanism Maintenance – Part 1 – Cleaning and inspecting operating mechanisms; mechanism adjustment checks; solenoid and motor/spring operating mechanism maintenance.

· Operating Mechanism Maintenance – Part 2 – Pneumatic operating mechanism maintenance; draining the compressed air reservoir; checking the compressor; checking the air supply system for leaks; checking pressure switches; checking operating capacity; hydraulic operating mechanism maintenance; checking accumulator precharge pressure; checking hydraulic fluid levels, pressure switches, and operating capacity.

· Air-Magnetic and Vacuum Breaker Maintenance – General maintenance tasks; air-magnetic breaker maintenance; vacuum breaker maintenance.

· Oil Circuit Breaker Maintenance – Oil related maintenance tasks; internal breaker maintenance.

· Gas-Blast and Air-Blast Breaker Maintenance – Gas blast breaker maintenance; air-blast breaker maintenance.

Field of Study

Electrical Equipment
New Circuit Breaker Inspections and Test




4 hours

NUS-TENCB-KT

Circuit breakers protect electrical power systems by interrupting excessive currents and by switching source, load, and exiting currents.  The proper operation of a circuit breaker is ensured by thorough inspection and testing.  This unit introduces many of the inspections and tests that are typically performed on new circuit breakers.

Objectives

Receiving – Identify common types of circuit breakers, identify various types of circuit breaker operating mechanisms; describe what to check during a typical circuit breaker acceptance inspection.

Installation – Describe how to move a circuit breaker and install it onto its pad; describe how to move circuit breaker bushings.

Post-Installation Inspection – Explain why it is important to document the status of a circuit breaker; describe typical mechanical checks of a circuit breaker; describe typical mechanical checks of a circuit breaker’s operating mechanism.

Proof Tests – Explain what proof tests are; describe the purpose and principle of circuit-breaker time travel tests; describe the purpose and principle of a circuit breaker contact resistance test; describe the purpose and principle of a circuit breaker insulation resistance test; describe the purpose and principle of a circuit breaker power factor test; describe the purpose and principle of a circuit breaker hi-pot test.

Key Topics

· Receiving – Types of circuit breakers; types of circuit breaker operating mechanisms; circuit breaker acceptance inspection.

· Installation – Moving and installing a circuit breaker; moving and installing circuit breaker bushings.

· Post-Installation Inspection – Documentation; mechanical checks of a circuit breaker; mechanical checks of a breaker’s operating mechanism.

· Proof tests – General considerations; time-travel tests; contact resistance test; insulation resistance test; power factor test; hi-pot test; conclusion.

Field of Study

Electrical Equipment
Circuit Breaker Time-Travel Characteristics



4 hours

NUS-TECB1-KT

Substation circuit breakers play a crucial role in transmission and distribution systems.  They make and break circuits as needed to ensure the reliable delivery of power to customers and to protect the systems that deliver the power.  Because of their key role, circuit breakers are periodically tested to make sure that they work as they are designed to work.  One field test that is used to evaluate circuit breaker performance is the time-travel test.  This unit examines the purpose and principles of time-travel testing.  It also describes the operating characteristics of a circuit breaker and explains why each characteristic is important to the proper operation of the breaker.

Objectives

Purpose and Principles of Time-Travel Testing – Briefly state the purpose of circuit breaker time-travel testing: explain why contact timing is important to the proper operation of a circuit breaker; describe the basic principles of performing a timing test; explain why operating mechanism travel is important to the proper operation of a circuit breaker; describe the basic principles of performing a travel test.

Circuit Breaker Operations – Define the trip, the close, and the trip-free circuit breaker operations; identify examples of when each operation would be performed; describe how the breaker mechanism functions for each operation.

Circuit Breaker Time Characteristics – Define the following circuit breaker time characteristics; main contact time, resistor contact time, and contact synchronization; briefly explain why each time characteristic is important to the proper operation of a circuit breaker.

Circuit Breaker Travel Characteristics – Define the following circuit breaker travel characteristics; stroke, over travel, total travel, rebound, contact wipe, and average velocity; briefly explain why each travel characteristic is important to the proper operation of a circuit breaker.

Key Topics

· Purpose and Principles of Time-Travel Testing – Purpose of time-travel testing; principles of time-travel testing; contact timing; operating rod travel.

· Circuit Breaker Operations – The trip operation; the close operation, the trip-free operation.

· Circuit Breaker Travel Characteristics – Main contact time; resistor contact time; contact synchronization.

· Circuit Breaker Travel Characteristics – Stroke; over travel; total travel; rebound; contact wipe/average velocity.

Field Of Study

Electrical Equipment
Circuit Breaker Time-Travel Testing




4 hours

NUS-TECB2-KT




Circuit breaker time-travel testing can be performed using various types of test equipment.  This unit describes three types of test equipment and the basic steps for testing circuit breakers using each type.

Objectives

Time-Travel Test Equipment – Identify the main components of drop-bar recorder and describe the principles of how it works; identify the main components of a light-beam recorder and describe the principles of how it works; identify the main components of a digital time/analyzer and describe the principles of how it works.
Drop-Bar Recorder Testing – List the basic steps for preparing a breaker for time-travel testing and making it safe to work on; describe the basic steps for setting up a drop-bar-time-travel recorder for testing an oil circuit breaker; describe the basic steps for performing the time-travel test using a drop-bar recorder.

Light-Beam Recorder Testing – Describe the basic steps for setting up a light-beam time-travel recorder for testing a circuit breaker; describe the basic steps for performing the time-travel test using a light-beam recorder.

Digital Timer/Analyzer Testing – Describe the basic steps for setting up a digital time-travel analyzer for testing a circuit breaker; describe the basic steps for performing the time-travel test using a digital timer/analyzer.

Key Topics

· Time-Travel Test Equipment – Drop-bar recorders, the motor unit and the head unit, the control unit; principles of operation; light-beam recorders; the test instrument; principles for detecting contact operation; the transducer; principles for detecting operating rod travel; digital time/analyzers; the test instrument; principles for detecting contact operation; the transducer; principles for detecting operating rod travel.

· Drop-Bar Recorder Testing – Breaker preparation; setup for testing with a drop-bar recorder; installing the drop-bar recorder; making the cable connections; making reference marks on the recorder chart; performing the tests.
· Light-Beam Recorder Testing – Breaker preparation; setup for testing with a light-beam recorder; installing the light-beam recorder; making the cable connections; making operating control selections; performing the tests.

· Digital Time/Analyzer Testing – Breaker preparation; setup for testing with a digital timer/analyzer; installing the digital timer/analyzer; making the cable connections; programming the test instrument; performing the tests.

Field of Study

Electrical Equipment
National Electric Safety Code





6 hours

Section 9 – Grounding Methods

This unit will study the methods of protective grounding of supply conductors and equipment within the electric supply station.  They will study the point of connection, mans of connection and the types of materials to be utilized.

At the conclusion of this unit the apprentice will have an understanding of what components require grounding, where the connections are made and the methods utilized.

Objectives

To familiarize the apprentice with the requirement of the code and how they apply to the electric supply station.  To create a better understanding of how the code applies to the day to day installations which they are performing.

To familiarize the apprentice with the DC & AC systems that require grounding; both below and above 759 volts.

To teach the apprentice the means and methods utilized in the grounding system.  The composition of the conductor; size of the conductor and the grounding electrodes that can be used.

Key Topics

· 092
Point of Connections of the Grounding Conductor.

· 093
Grounding conductors and means of connection.

· 094
Grounding electrodes.

· 095
Method of connection to electrode.

· 097
Separation of Grounding Conductors

Section 096 “Ground Resistance Requirements” has been purposely omitted as it will be covered later in a unit on testing.

Field of Study

Code Safety
Total Hours
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Voltage Regulators







8 hours

NUS-TDVRG-KT

The purpose of this unit is to teach the basic theory, operation, and maintenance of voltage regulators.  The unit explains why voltage regulators are needed, how they work, and how they are controlled and adjusted.  The unit also describes how voltage regulators are tested and how they are replaced, when necessary.

At the conclusion of this unit, apprentices should have a basic understanding of what voltage regulators are, how they work, and how they are controlled and adjusted.  They should be able to detect improper operation if that occurs.  They should also be able to describe testing and replacement of voltage regulators when they cannot be repaired in place.

Objectives

Voltage Regulator Operation – Part 1 – Describe the function of a voltage regulator; identify the main components that enable an induction voltage regulator to adjust voltage; describe how an induction voltage regulator adjusts voltage.

Voltage Regulator Operation – Part 2 – Identify the main components that enable a step voltage regulator to adjust voltage; describe how a step voltage regulator adjusts voltage.

Voltage Regulator Control – Part 1 – Describe the function of a voltage detector and explain how it works; describe the function of a line drop compensator and explain how it works.

Voltage Regulator Control – Part 2 – Describe the function of a voltage regulator time delay component; describe the function of voltage regulator limit switches; describe the function of a voltage regulator voltage reduction control; describe the function of a voltage regulator first house voltage protector.

Field Inspection – Describe some of the common inspection steps typically performed on a voltage regulator.

Field Control Checks – Describe control checks for a voltage regulator with solid-state control.

Regulator Replacement- Describe how to safely remove voltage regulator from service; describe how to safely put a voltage regulator back into service.

Key Topics
· Voltage Regulator Operation – Part 1

· Voltage Regulator Operation – Part 2

· Voltage Regulator control – Part 1 – Voltage detectors; contact-making voltmeters; solid-state voltage detectors; additional voltage controls; line drop compensators.

· Voltage Regulator control – Part 2 – Time delay component; limit switches; voltage reduction control; first house voltage protector.

· Field Inspection

· Field Control Checks – Voltage readings; regulator operation check.

· Regulator Replacement – Operating the regulator neutral; bypassing the regulator; isolating the regulator, physically disconnecting the regulator; regulator installation.

Field of Study

Electrical Equipment
Transformers 1 and 2






8 hours

NUS-TDTF-1-KT & NUS-TDTF2-KT

The purpose of this unit (Transformers 1) is to teach basic principles of operation of transformers found in substations and switchyards.  The unit describes power transformers, CTs, and potential transformers and explains how these transformers are identified.  Cooling systems and sealing systems for power transformers are also identified and explained.

At the conclusion of this unit, apprentices should be able to identify the basic components of a transformer and describe how a transformer works.  They should be able to recognize and identify most power transformers, CTs, and potential transformers.  They should also be able to recognize and identify special classes of transformers by their cooling systems and sealing systems.  And they should be able to describe how the cooling systems and sealing systems work.

The purpose of this unit (Transformers 2) is to teach the principles of transformer inspection, maintenance, and testing.  The unit shows how to perform a visual inspection; gas and oil testing; power transformer de-energizing, isolating, and grounding; tap changer maintenance; turns ratio testing; and insulation resistance testing.

At the conclusion of this unit, apprentices should be able to perform a routine visual inspection of a power transformer.  They should understand how and why gas and oil tests are performed.  They should know how a tap changer works and be able to check its operation.  They should also understand how turns ratio tests and insulation resistance tests are performed.

Objectives – Transformers 1

Transformer Principles – List the main parts of a transformer; explain how a transformer fulfills the three requirements for electromagnetic induction; describe the relationship between primary and secondary voltage and transformer turns ratio.

Power Transformers, CTs, and Potential Transformers – Recognize and identify power transformers; recognize and identify CTs, recognize and identify potential transformers.

Power Transformer Cooling Systems – Part 1 – Describe the purpose of power transformer cooling systems; recognize and identify a self-cooled power transformer and briefly describe how the cooling system works; recognize and identify a self-cooled/forced-air-cooled power transformer and briefly describe how the cooling system works.

Power Transformer Cooling System – Part 2 – Recognize and identify a forced-oil/forced-air-cooled power transformer and briefly describe how the cooling system works; identify and describe the functions of temperature gauges and level gauges on a power transformer.

Power Transformer Sealing System – Part 1 – State the purpose of a power transformer sealing system; recognize and identify a gas-sealed power transformer and briefly describe how the sealing system works; recognize and identify a conservator-type sealed power transformer and briefly describe how the sealing system works.

Power Transformer Sealing System – Part 2 – Recognize and identify a conservator-type sealed power transformer that has an air bag in the conservator and briefly describe how the sealing system works; recognize and identify a gas/.oil sealed power transformer and briefly describe how the sealing system works.
Key Topics

· Transformer Principles – Essential parts of a transformer; electromagnetic induction in a transformer; primary and secondary voltages and turns ratio.

· Power Transformers, CTs, and Potential Transformers – Power transformers; CTs, potential transformers.

· Power Transformer Cooling Systems – Part 1 – Self-cooled power transformers; self-cooled/forced-air-cooled power transformers.

· Power Transformer cooling Systems – Part 2 – Forced-oil/forced-air-cooled power transformers; temperature gauges and level gauges on power transformers.

· Power Transformer Sealing Systems – Part 1 – Gas-sealed power transformers; conservator-type sealed power transformers.

· Power Transformer Sealing Systems – Part 2 – Conservator-type sealed power transformer with an air bay in the conservator; gas/oil-sealed power transformers.

Field of Study

Electrical Equipment
Objectives Transformers 2

Visual Inspection – List the typical items checked during an inspection of a transformer’s exterior condition; list the typical items checked during an inspection of a transformer’s sealing system; list the typical items checked during an inspection of a transformer’s cooling system.

Gas and Oil Testing – Test the gas in a power transformer for combustible gas; test the gas in a power transformer for oxygen; test the insulating strength of the oil in a power transformer.

Tap Changers – Explain what a tap changer is; state the function of a no-load tap changer and briefly describe how a typical no-load tap changer works; state the function of a load tap changer and briefly describe how a typical load taps changer works.

Tap Changer Maintenance – Identify the steps for de-energizing, isolating, and grounding a power transformer; list the items typically included in a maintenance check of the physical condition of a load tap changer, list the items typically included in a maintenance check of the mechanical operation of a load tap changer; list the items typically included in a maintenance check of the electrical operation of a load tap changer.

Turns Ratio Test – Test a transformer’s turns ratio.

Insulation Resistance Test – Test a transformer’s insulation resistance.
Key Topics

· Visual Inspection – Inspection of a transformer’s exterior condition; inspection of a transformer’s sealing system; inspection of a transformer’s cooling system.

· Gas and Oil Testing – Testing for combustible gas; testing for oxygen; testing oil insulation strength.

· Tap Changers – No-load tap changers; load tap changers.

· Tap Changer Maintenance – De-energizing, isolating, and grounding a power transformer; tap changer maintenance; physical condition of the tap changer; mechanical operation of the tap changer; electrical operation of the tap changer.

· Turns Ratio Test – Overview; calculating the turn’s ratio; identifying bushing connections; performing the turn’s ratio test.

· Insulation Resistance Test – Overview; test connections.

Field of Study

Electrical Equipment
Power Transformer Vacuum Dry-Out




4 hours

NUS-TEPTV-KT

Power transformers are the central components in most substations and are essential to the operation of transmission and distribution systems.  To ensure that power transformers provide long, trouble-free service, many inspections, tests, and other procedures are performed on them before they are brought on line and throughout their operational lifetime.  One procedure that is necessary to ensure that a power transformer continues to perform as it is designed to do is dehydration.  This unit explains what dehydration is, why it is done, and how it can be done using a vacuum drying procedure.

Objectives
Introduction to Transformer Dehydration – describe the effects that moisture has on a transformer’s insulating system; describe typical sources from which moisture enters a transformer; describe forms in which moisture is found in transformer oil.

Determining Moisture Content – Explain how a dew point test can be performed to determine the amount of moisture in a transformer’s solid insulation; explain how an oil dielectric test can be performed to determine whether moisture is present in a transformer’s oil.
Vacuum Drying – Describe the basic principles of using a vacuum to dry a transformer; describe how heat and vacuum can be used to dry a transformer.

Vacuum Drying Procedure – Describe a vacuum dry-out procedure.

Key Topics

· Introduction to Transformer Dehydration – Effects of moisture; sources of moisture; forms of moisture; minimizing moisture contamination.

· Determining Moisture Content – Dew point test; oil dielectric test.

· Vacuum Drying – Basic principles; using heat and vacuum to dry a transformer.

· Vacuum Drying Procedure – Equipment; safety precautions; example procedure.

Field of Study

Electrical Equipment
New Power Transformer Inspections and Tests



4 hours

NUS-TENPT-KT

When a utility acquires a new power transformer, the transformer undergoes a number of inspections and tests before it is accepted by the utility and put in service.  This training unit provides a general overview of inspections and tests that are commonly performed on a new power transformer.

Objectives

“On-Car” Inspections and Tests – Explain why utilities inspect and test new power transformers; describe a procedure for inspecting an impact recorder; describe a procedure for performing a dew point test.

Moving a New Power Transformer – Describe a procedure for taking a power transformer off of a rail car; describe a procedure for moving a power transformer into a flatbed trailer; describe some considerations associated with transporting a power transformer from a railroad siding to a substation.

“On-Site” Inspections and Tests – Describe a procedure for performing a pressure relay test; describe a procedure for performing temperature indicator tests; describe a procedure for performing insulation resistance tests; describe a procedure for performing oil tests; describe a procedure for performing a turn’s ratio test.

Key Topics

· “On-Car” Inspections and Tests – Purpose of inspections and tests; inspecting the impact recorder; performing a dew point test.

· Moving a New Power Transformer – Job preparations; taking the transformer off of the rail car; moving the transformer; transporting the transformer.

· “On-site” Inspections and Tests – Pressure relay tests; temperature indicator tests; insulation resistance tests; oil tests; turns ratio test.

Field of Study

Electrical Equipment
Power Transformer Oil Testing





4 hours

NUS-TETOT-KT

Most substation power transformers contain oil.  The oil is sampled and tested on a regular basis.  This unit describes the purpose of power transformer oil testing, how to take oil samples and the principles of performing field and lab oil tests.

Objectives

The Purpose of Transformer Oil Testing – State the function of transformer oil; identify common factors that cause transformer oil to deteriorate; identify common oil decay products.

Oil Dielectric Test Set – Describe the purpose of the dielectric breakdown strength test; describe the principle of performing a dielectric breakdown strength test; identify the basic components of a typical dielectric breakdown strength test set.

Dielectric Breakdown Strength Test – Describe how to prepare an oil dielectric test set for testing; describe how to perform a dielectric breakdown strength test; describe how breakdown test results are typically recorded.

Oil Sample Taking – Explain why it is important to take clean samples for field oil tests; identify contaminants that oil must be protected from during sampling; describe precautions that must be taken to ensure that oil samples are not contaminated during sampling; describe how to take an oil sample for lab testing using a glass bottle and a glass syringe kits.

Lab Tests – Describe the purpose of each of the following lab oil tests; interfacial tension, neutralization number, moisture content, and dissolved gas; briefly describe how each of the lab oil tests is performed.

Key Topics

· The Purpose of Transformer Oil Testing – Functions of transformer oil; factors that cause transformer oil to deteriorate; common oil decay products.

· Oil Dielectric Test Set – Dielectric breakdown strength testing principle; test set components and features.

· Dielectric Breakdown Strength Test – Preparing the test set; testing procedures; documentation.

· Oil Sample Taking – Sampling containers; sampling precautions; sampling using a glass bottle; sampling using a glass syringes.

· Lab Tests – Interfacial tension test; neutralization number test; moisture content test; dissolved gas test.

Field of Study

Electrical Equipment
Power Transformer Temperature Indicator Testing


4 hours

NUS-TEPOT-KT

Temperature indicators are used on a power transformer to monitor and control the transformer’s temperature.  Temperature control is important because excessive heat can reduce the useful life of a transformer’s oil and speed up the deterioration of the transformer’s winding insulation.  If heat is not controlled, it can significantly shorten the life expectancy of a power transformer.  This unit describes power transformer temperature indicators, their components, how they work, and how they are tested.

Objectives
Temperature Indicators – State the functions of an oil temperature indicator in a power transformer; identify the components of an oil temperature indicator and explain how an oil temperature indicator works; state the functions of a winding temperature indicator in a power transformer. Identify the components of a winding temperature indicator and explain how a winding temperature indicator works.

Temperature Indicator Testing – Identify the main components of test equipment typically used to check the calibration of oil temperature indicators and winding temperature indicators; describe how to check the calibration of oil temperature indicators and winding temperature indicators; describe how to check snap-action switch turn-on and turn-off temperatures.

Heater Circuit Testing – Part 1 – Describe how to test the heater circuit for a winding temperature indicator; calculate the amount of test current that should be applied to a heater circuit on a given power transformer; evaluate the results of a heater circuit test.

Heater Circuit Testing – Part 2 – Explain why it is necessary to calculate the heating element current when a heater circuit that contains a calibrating resistor is tested; calculate the actual current that reaches the heating element in a heater circuit that contains a calibrating resistor; evaluate the results of a heater circuit test when the heater circuit contains a calibrating resistor; briefly describe the test setup for testing a heater circuit containing a current-balancing autotransformer.

Key Topics

· Temperature Indicators – Functions of an oil temperature indicator; components of an oil temperature indicator; operation of an oil temperature indicator; function of a winding temperature indicator; components of a winding temperature indicator; operation of a winding temperature indicator.

· Temperature Indicator Testing – Test equipment components; checking temperature indicator calibration; checking snap-action switch temperatures.

· Heater Circuit Testing – Part 1 – Perform a heater circuit test; calculating the heater circuit test current; evaluating heater circuit test results.

· Heater Circuit Testing – Part 2 – Why heating element current is calculated; calculating heating element current; evaluating heater circuit test results; testing a heater circuit containing an autotransformer.

Field of Study
Electrical Equipment
Power Transformer Turns Ratio Testing




4 hours

NUS-TEPTT-KT

A substation power transformer is designed to step up voltage for transmission over long distances or to step down voltage for distribution to homes and businesses.  The way that a transformer performs this function depends on the ratio of its primary windings to its secondary windings.  Some transformer winding problems can be detected while they are still minor by using a test known as a transformer turns ratio test.  This unit explains what a transformer turns ratio test is, how the test is performed, and what the results of the test mean.

Objectives

The Purpose of Transformer Turns Ratio Testing – Explain what a transformer turns ratio is; describe how the turns ratio of a transformer can be changed; describe the purpose of transformer turns ratio testing.

Test Equipment – Explain the principle of turns ratio testing; identify the components of a typical turns ratio test set and describe the function of each component.

Test Connections – Identify the connections for testing the turns ratio of a delta-wye power transformer.

Test Procedures – Describe safety precautions commonly observed during turns ratio testing; describe the procedure for performing a turns ratio test on a power transformer.

Evaluating Test Results – Describe what the following turns ratio test results indicate about the windings of the transformer under test; high exciting current and low generator voltage; normal exciting current, normal exciting voltage, but no null meter needle deflection.  Demonstrate how to calculate the expected turns ratio for a transformer; identify a typical acceptable turns ratio error.

Key Topics
· The Purpose of Transformer Turns Ratio Testing – What is a turns ratio?  Changes in a transformer’s turns ratio; the purpose of a turns ratio test.

· Test Equipment – The principle of turns ratio testing; turns ratio test set components.

· Test Connections – Basic wiring considerations; connections needed for testing.

· Test Procedures – Safety precautions and test preparations; basic testing procedures.

· Evaluating Test Results – Inability to balance; calculating an expected turns ratio; acceptable turns ratio error.

Field of Study

Electrical Equipment
Power Transformer Pressure Relay Testing



4 hours

NUS-TEFPS-KT

Problems in power transformers cannot always be prevented, but they can be controlled.  Protective devices can be used to prevent problems from becoming more serious and causing extensive damage.  One type of protective device that is commonly used on a power transformer is a pressure relay.  This unit covers the operation and testing of two basic types of pressure relays: sudden pressure and fault pressure.

Objectives

Sudden Pressure Relays – State the function of a pressure relay in a power transformer; explain how a sudden pressure relay works; identify control components typically associated with a sudden pressure relay; describe how control components may interact with a sudden pressure relay.

Fault Pressure Relays – Identify where a fault pressure relay is typically used; explain how a fault pressure relay works.

Testing a Sudden Pressure Relay – State the purpose of testing a sudden pressure relay; identify safety precautions to be observed when a sudden pressure relay is tested; describe a procedure for testing a sudden pressure relay on a de-energized transformer; describe a procedure for testing a sudden pressure relay on an energized transformer.

Testing a Fault Pressure Relay – Identify precautions that should be observed when a fault pressure relay is tested; describe a procedure for testing a fault pressure relay by applying pressure through the test plug hole; describe a procedure for testing a fault pressure relay by applying pressure through the bleeder valve.

Key Topics

· Sudden Pressure Relays – Function of a pressure relay in a power transformer; sudden pressure relays; components and operation of a sudden pressure relay; control components associated with a sudden pressure relay; interaction of a sudden pressure relay with associated control components.

· Fault Pressure Relays – Fault pressure relay use; fault pressure relay components and operation.

· Testing a Sudden Pressure Relay – Purpose of testing and safety precautions; testing procedures; testing a sudden pressure relay on a de-energized transformer; testing a sudden pressure relay on an energized transformer.

· Testing a Fault Pressure Relay – Precautions; methods of testing fault pressure relays; applying pressure through the test plug hole; applying pressure through the bleeder valve.

Field of Study

Electrical Equipment
Pad-Mounted Transformers & Switchgear



4 hours

NUS-TDPMT-KT

The purpose of this unit is to teach the basic principles of operation of pad-mounted transformers and switchgear, the types of equipment that are in common use, and how they are connected.  The unit also presents the basic principles of pad-mounted transformer and switchgear inspection and troubleshooting and shows an example of how to detect a problem with one leg of a three-phase transformer.

At the conclusion of this unit, apprentices should be able to state how pad-mounted transformers and switchgear are used and to describe how they are connected.  They should be able to recognize and identify commonly used types of pad-mounted transformers and switchgear.  They should also be able to inspect pad-mounted transformers and switchgear, and they should be able to detect a problem with one leg of a three-phase transformer.

Objectives

Pad-Mounted Transformers – Describe the general construction and features of a pad-mounted transformer.

Pad-Mounted Transformer Installation – Describe an installation procedure for a three-phase, pad-mounted transformer that includes the following steps: site preparation, transformer installation, and testing.

Troubleshooting a Three-Phase Transformer – Part 1 – Define one leg open and describe its symptoms.  Define Ferro resonance and describe its symptoms. Define off-ratio winding and describe its symptoms.  Define open neutral and describe its symptoms.  
Troubleshooting a Three-Phase Transformer – Part 2 – Describe or demonstrate how the troubleshooting process can be used to isolate the cause of a problem in a three-phase, pad-mounted transformer.

Pad-Mounted Switchgear – Identify two types of pad-mounted switchgear; describe the use of pad-mounted switchgear to sectionalize and isolate a URD system; describe some typical physical and operational checks for pad-mounted switchgear.

Pad-Mounted Switchgear Operation – Describe or demonstrate the use of pad-mounted switchgear to sectionalize and isolate equipment in an underground feeder system.

Key Topics

· Pad-Mounted Transformers – Types of pad-mounted transformers; pad-mounted transformer components and operation; tap adjustments.
· Pad-Mounted Transformer Installation – Site preparation; transformer installation; transformer testing.

· Troubleshooting a Three-Phase Transformer – Part 1 – Troubleshooting considerations; one leg open; ferroresonance; off-ratio winding; open neutral.

· Troubleshooting a Three Phase Transformer – Part 2

· Pad Mounted Switchgear – Oil-immersed disconnect switches; transclosures; use of transclosures and oil-immersed disconnect switches together; pad-mounted equipment inspection.

· Pad-Mounted Switchgear Operation – System configuration; switching in response to a feeder fault; switching to route power around equipment.

Field of Study

Electrical Equipment
Current Transformer Testing 1 & 2




8 hours
NUS-TECT1-KT & NUS-TECT2-KT
Current transformers (CTs) are the link between transmission and distribution systems and instruments that monitor system currents and other electrical values.  They are also the link between T&D systems and equipment and instruments that protect those systems and equipment.  And they are the link between T&D systems and revenue metering instruments.  This unit describes the application, construction, accuracy class ratings, and operation of typical substation CTs.  Two methods of checking CT polarity are also covered.

Current transformer (CTs) are generally reliable, accurate, and relatively inexpensive.  However, they are used to monitor and protect critical systems and equipment and they are often located in and on high-cost equipment.  Therefore, it is good practice to ensure that a CT is in good condition to perform as it is designed to before it is put in service.  This unit describes how to demagnetize a CT, how to test a CT’s ratio, and how to test a CT’s insulation resistance.

Objectives – 1
CT Application and Construction – State the functions of a CT; describe common CT applications in a substation; describe the construction of common substation CTs.
CT accuracy Class and Operation – Explain the meanings of CT accuracy class ratings; describe the basic operation of current transformer; explain saturation in a CT core; describe a CT’s turn’s ratio and current ratio as they relate to the CT’s current and voltage output.

Polarity Testing:  DC Kick Method – Explain why the polarity of a CT is checked; describe the DC kick method of checking the polarity of a CT.

Polarity Testing:  Current Method – Describe the current method of checking the polarity of a CT.

Key Topics

· CT Application and construction – Functions of a CT; CT applications; CT construction.

· CT Accuracy Class and Operation – CT accuracy class ratings; principles of CT operation, CT core saturation: CT turns ratio and current ratio.

· Polarity Testing:  Dec Kick Method – The purpose of checking CT polarity; polarity indications; DC kick method of polarity testing.

· Polarity Testing:  Current Method.

Field of Study

Electrical Equipment
Objectives – 2

Demagnetizing a CT – Explain why it may be necessary to demagnetize a CT; describe the basic steps for demagnetizing a CT.
Ratio Testing:  Current Method – State the purpose of CT ratio testing; describe the current method of checking the ratio of a CT.
Ratio Testing:  Voltage Method – Describe the voltage method of checking the full winding ratio of a CT; describe the voltage method of checking the tapped winding ratios of a CT.

Insulation Resistance Testing – Explain the purpose of CT insulation resistance testing; describe the basic steps of testing the insulation resistance of a CT; describe how to correct insulation resistance readings for temperature.

Key Topics

· Demagnetizing a CT – The purpose of demagnetizing a CT; the basic steps for demagnetizing a CT; performing a CT saturation check.

· Ratio Testing:  Current Method – The purpose of CT ratio testing; the current method of CT ratio testing.

· Ratio Testing:  Voltage Method – The voltage method of testing a CT’s full winding ratio; the voltage method of testing a CT’s tapped winding ratios.

· Insulation Resistance Testing – The purpose of CT insulation resistance testing; the basic steps for testing CT insulation resistance; correcting insulation resistance readings for temperature.

Field of Study

Electrical Equipment
Transformer Connections 1 and 2





6 hours
TC1-DVD & TC2-DVD

This DVD (1) explains the common types of overhead transformers and how they are connected.  Covers both single-phase and three-phase connections, with emphasis on three-phase connections.  Some theory, mostly practical examples.  How to make single-phase transformer connections, how to make three-phase connections in wye-wye and delta-delta configurations, and how to verify that a replacement transformer is the right one.

This DVD (2) explains how common types of overhead transformers can be connected together.  Covers both single-phase and three-phase transformers, with emphasis on three-phase connections of three-single-phase transformers.  Presents connection theory using phasor diagrams and demonstrates how each of the connections is made.
Cover how to make three-phase connections in the following configurations; delta-wye, wye-delta, alternative delta-delta, and alternative wye-delta.  Also shows these connections using phasor diagrams.  Explains how to connect transformers to form an open bank in delta-delta and wye-delta.

Training Sessions (1)

· Transformer Basics – Defines the term transformer.  Identify common types of overhead distribution transformers.  Identify the common designations used for primary and secondary bushings.  List and explains basic information found on a transformer nameplate.
· Primary Systems – Differentiate between delta and wye primary systems.  Explains the phasor diagrams used to illustrate delta and wye systems.  Lists and explains basic requirements for connecting transformers to delta and wye systems.

· Single-Phase Transformer Connects – Demonstrate how single-phase transformers can be connected to supply single-phase service.

· Three-Phase Primary Connections – Describe and demonstrate a three-phase delta primary connection, using three single-phase transformers.  Describe and demonstrates a three-phase wye primary connection using three single phase transformers.

· Delta Secondary Connections – Show a three-phase delta secondary connection with 0 degrees angular displacement.  Differentiate between delta-delta phasor diagrams with 0 degrees and 180 degrees of angular displacement.  Explains the expected secondary voltages of delta-delta.

· Wye Secondary Connects – Explain how the coils that make up the secondary windings are connected to make wye connection.  Use phasor diagrams to illustrate a wye-wye connection.  Show how a wye-wye connection with 0 degrees of angular displacement is made.  Explain how secondary voltages are supplied from wye-wye connected three-phase bank.

Training Sessions (2)
· Introduction – Describe the basic requirements for connecting units together to form a three-phase bank.  Explain connection principles and theory using phasor diagrams.  Demonstrates and explains why delta-wye and wye-delta three phase connections have angular displacements of 30 degrees.

· Delta-Wye Connections – Demonstrate and explains how a delta-wye three-phase connection produces 30 degrees of angular displacement, using subtractive-polarity transformers.

· Wye-Delta Connections – Demonstrate and explain how a three-phase wye-delta connection produces 30 degrees of angular displacement

· Alternative Connections – Demonstrate and explain:  phasor diagrams and angular displacement using alternative connections, how an alternative delta-delta three-phase connection producing 180 degrees of angular displacement can be made, and how an alternative wye-delta three-phase connection producing 210 degrees of angular displacement can be made.

· Open Banks – Demonstrate and explain:  an open delta-delta connection producing 0 degrees of angular displacement and an open wye-delta three-phase connection producing 30 degrees of angular displacement.

· Additional Three-Phase Connections – Demonstrate and explain one example of three-phase transformer.

Field of Study
Electrical Equipment
Transformer Troubleshooting





4 hours

NUS-TDTTR-KT

The purpose of this unit is to teach techniques for troubleshooting single-phase transformers and three-phase transformer banks.  The unit demonstrates how to identify a faulted transformer.  It also demonstrates how to isolate transformers and how to test for proper no-load voltage.

At the conclusion of this unit, apprentices should be able to identify a faulted single-phase transformer, isolate it, and test it for proper no-load voltage.  They should also be able to identify a faulted transformer in a three-phase transformer bank, isolate the faulted transformer, and test it for proper no-load voltage.

Objectives

Introduction to Transformer Troubleshooting

· Describe different types of transformer connections.

· Describe the basic differences between CSP transformers and conventional transformers.

Protective Devices

· Describe some over current protective devices that are used with transformers.

· Describe some over voltage protective devices that are used with transformers.

Transformer Problems

· Describe typical causes of transformer outages.

· Describe general considerations involved in responding to a trouble call.

· Describe potential sources of back feed.

Isolating and Testing Single-Phase Transformers – Part 1

· Describe how to isolate a typical CSP transformer.

· Describe how to determine the guy tension needed to offset the bisect tension exerted by conductors after they are moved to a new corner pole.

· Explain how to establish a safety factor of 5 for the rigging used to lift a conductor and move it to a new pole.

Key Topics

· Rigging Forces and Tensions – Part 1 – Static force loads; dynamic force loads.

· Rigging Forces and Tension – Part 2 – Line tension; bisect tension; non-continuous conductors.

· Rigging Forces and the Safety Factor – Additional methods for determining bisect tension; guy tension; safety factor.

· Weight and Tension Calculations – Weight calculations; bisect tension calculations; guy tension calculations; safety calculations.

Field of Study

Electrical Equipment
National Electric Code






10 hours

Chapter 3, 4, and 9

This unit will review the wiring methods and materials, equipment for general use and the tables in Charter 9.  A comprehensive review of Chapter 3 will include conductors, boxes and the different types of conduits utilized in the installation process.  Article 310 “Conductors for General Wiring” will be covered extensively to ensure the apprentice has a good working knowledge of how to apply this Article to installations.  Determine the allowable ampacity of conductors including derating factors and correction factors.

Objectives

To review the sections of Chapters 3, 4 and the tables in Chapters to ensure the apprentice understands how to apply them.

To work and understand conductor ampacity and the factors that affects the final allowable ampacity.

To teach the application of the tables in Chapter 9 to include minimum radius of conduit and tubing bends, raceway fill and conductor properties.

Key Topics

· Conductors for general wiring

· Outlet, device, pull and junction boxes

· Junction boxes for use on systems over 600 volt

· Box and junction box fill

· Motors, motor circuits and controllers

· Equipment over 600 volts nominal

· Conductor ampacity

Field of Study

Code Safety
Total Hours








72
FIFTH SIX MONTHS

Using Electrical Test Equipment





4 hours

NUS-TDUET-KT

The purpose of this unit is to teach the purpose and operation of voltage testers, multimeters, clamp-on ammeters, and megohmmeters.  The unit demonstrates how electrical test equipment is used to measure current, voltage, and resistance.  Basic practices and principles are emphasized.

At the conclusion of this unit, apprentices should have a basic understanding of the purpose and operation of voltage testers, multimeters, clamp-on ammeters, and megohmmeters and of the safety precautions associated with the use of electrical test equipment.  They should be able to demonstrate how to perform voltage, current, and resistance measurements using the test equipment discussed.

Objectives

Using a Voltage Tester – State the main purpose of a voltage tester; name the parts of a voltage tester and explain how a voltage tester works; list the steps required to check out a voltage tester and explain why it is necessary to check out a voltage tester before each use; explain how to use a voltage tester.

Meter Principles – List the two general ways in which meters are classified; describe the functions of a multimeters; a clamp-on ammeter, and a megohmmeters; explain how a permanent magnet moving coil (PMMC) meter movement works; explain how a current measuring device can also be used to measure voltage and resistance.

Using a Multimeter – Part 1 – Identify the switches, jacks, and scales on a typical multimeters; demonstrate how to measure resistance and DC voltage using a multimeters.

Using a Multimeter – Part 2 – Demonstrate how a multimeter is used to measure DC current and AC current.

Using a Clamp-On Ammeter – Identify the parts and features of a clamp-on ammeter; explain how the scales on a clamp-on ammeter are read; demonstrate how to use a clamp-on ammeter to measure current.

Using a Megohmmeter – Demonstrate how to operate a megohmmeter; identify some of the factors that affect how much resistance insulation has.

Key Topics

· Using a Voltage Tester – How a voltage tester works; checking and using a voltage tester.

· Meter Principles – Meters; meter movements; using current-measuring meters.

· Using Multimeter – Part 1 – Parts of a typical multimeter; taking a DC voltage measurement; taking a resistance measurement.

· Using a Multimeter – Part 2 – Using a multimeter to measure DC current; using a multimeter to measure AC voltage, troubleshooting in the plant.

· Using a Clamp on Ammeter – Parts of a clamp-on ammeter; reading the scales on a clamp-on ammeter; how the clamp-on ammeter works; using the clamp-on ammeter.

· Using a Megohmmeter – Parts of a typical megohmmeter; testing the megohmmeter; using a megohmmeter.

Field of Study

Tools, Test Equipment
High-Voltage AC Power 1 & 2





8 hours

NUS-TDHV1-KT

The purpose of this unit is to introduce T&D personnel to some of the factors that influence transmission efficiency and power loss.  The program explains how T&D systems are designed to minimize power loss and how resistance, capacitive reactance, and inductive reactance can be manipulated to help maintain minimum levels of power loss.

At the conclusion of this unit, apprentices should know what power loss is and how power loss is affected by impedance.  They should understand that impedance comes from resistance, capacitive reactance, and inductive reactance.

Objectives

Factors That Affect Power Loss – Define power loss; explain the relationship between voltage, current, and resistance in an electrical circuit; explain the relationship of transmission voltage to power loss.

Inductance and Inductive Reactance – Define the terms inductance and inductive reactance; explain how inductance develops in transmission lines; give examples of how inductive reactance can be changed in transmission lines.

Capacitance and Capacitive Reactance – Define the terms capacitance and capacitive reactance; explain how capacitance develops in transmission lines; give examples of how capacitive reactance can change in transmission lines.

Resistance – Define resistance; identify and explain the factors that determine the resistance of a conductor.

Impedance – Define impedance; describe the relationship between impedance, current, and voltage; define resonance; explain the relationship between impedance and power loss; define corona and explain how it can be minimized.

Key Topics

· Factors That Affect Power Loss – Power loss; Ohm’s Law;  power and voltage.

· Inductance and Inductive Reactance – Inductance; inductive reactance; inductive reactance example.

· Capacitance and Capacitive Reactance – Capacitance; capacitive reactance, capacitive reactance example.

· Resistance – Factors affecting resistance; conductor length; conductor material and conductivity; conductor size; skin effect and bundles.

· Impedance – Characteristics of impedance, resonance; impedance and power loss;  corona; static wires

Field of Study

Systems and Theory

Electrical Theory (ET) III






28 hours

Theory and Application

This unit will use the fundamentals taught in ET-1 and ET-2 and show how to apply them to circuit protection, motors, generation and distribution.  It will show the apprentice how to apply what they have learned in previous units to the work place.

This unit will be broken down into five chapters of study.

Chapter 1 – This chapter will review the fundamental of ET-1 and ET-2 to include series-parallel circuits, Ohms Law, mathematics for solving electrical problems and the effects of inductance and capacitance on AC circuits.

Chapter 2 – This chapter will cover power sources to such as batteries, AC & DC generators, fuel cells and how each source creates electricity.

Chapter 3 – This unit will cover motors with an in depth review of the basic motor action, rules for motor action, torque and rotary motion.  They will discuss motor classification, ratings, speed control and no load characteristics.  The final portion of this chapter will cover AC motor with basic operation, rotating the stator field, rotating the magnetic field, principle of the rotating magnetic field, reactor start motor, capacitor start and capacitor run motors and starting capacitors.  Induction type squirrel cage and would rotor motors.  Full load currents and lock rotor currents and the effects on the circuit.
Chapter 4 – This chapter will examine the effect of voltage, current and resistance and the electrical circuit.  How resistance will affect a circuit with respect to voltage drop, power loss and efficiency.  The effect of voltage drops at the load and how to correct it.  What is power factor and how does the characteristics of the circuit affect power factor.

Chapter 5 – This chapter will look at the distribution system with an emphasis on power loss.  Ohm’s Law and power equations are used to show manipulating variables in circuit designs can affect power loss.  Inductance and inductive reactance, capacitance and capacitive resistance, resistance will be discussed as these are the elements of impedance.  They will study impedance and the relationship of the three elements of impedance to current, voltage, and power in transmission lines.
Key Topics

· Ohm’s Law

· Generators

· AC & DC Motors

· Power Factor

· Power Loss

Field of Study

Theory

Using Line Test Equipment






4 hours

NUS-TDULT-KT

The purpose of this unit is to introduce types of line test equipment used in the field to detect voltage, amperage, and resistance; to show how this equipment is used; and to show the kinds of readings that can be expected from this equipment.

After completing this unit, apprentices should be able to identify types of line test equipment used in the field.  They should have a basic understanding of the use of this equipment; they should know how to determine which instrument to use; and they should be able to demonstrate the use of each meter to take a reading.

Objectives

Introduction to Test Equipment – List four commonly used types of line test equipment; explain how to determine the correct testing device to use for particular application; describe how to obtain an accurate reading from a line test device.

Ammeters – Explain how to use a clamp-on ammeter; explain how to use a recording demand ammeter with a maxitran; state the function of a maximeter.

Voltmeters and Voltage Testers – Describe the basic operation of a voltage test device; describe how a noisy tester is used; explain the difference between a needle indicating voltmeter and a digital indicating voltmeter; describe in general terms how to use a phasing tool; describe in general terms how to use a recording voltmeter.

Application of Voltmeters – Describe how a voltage test device, a voltmeter, and a recording voltmeter are used together to check a low-voltage complaint at a house; explain how a phasing tool is used to match two sets of three-phase primary conductors at one utility pole.

Rotation Indicators – Explain in general terms how three-phase AC power is generated; describe how a rotation indicator is used to indicate the direction of three-phase AC power.

Ground Resistance Test Devices – List the parts of a typical ground resistance test device; describe how a typical ground resistance test device is used to test the resistance value of a ground.

Key Topics

· Introduction to Test Equipment – Types of line test equipment; choosing the correct line test device; obtaining an accurate reading from a line test device.

· Ammeters – Clamp-on ammeters; recording ammeters; circular chart recording demand ammeters; strip chart recording ammeters; maximeters.

· Voltmeters and Voltage Testers – Voltage testers; voltage test devices; noisy testers; voltmeters; needle indicating voltmeters; digital indicating voltmeters; phasing tools; recording voltmeters.

· Application of Voltmeters – Checking a low-voltage complaint; using a phasing tool to “phase out a corner”.

· Rotation Indicators – Review of three-phase AC power principles; parts of a rotation indicator; using a rotation indicator; reconnecting three-phase power without a rotation indicator.

· Ground Resistance Test Devices – Parts of a typical ground resistance test device; using a ground resistance test device.

Field of Study

Tools, Test Equipment
Vacuum Bottle Hi-Pot Testing





4 hours

NUS-TEVBO-KT

Electrical switchgear, such as circuit breakers and switches, requires regular inspection, maintenance, and testing to ensure that the equipment works as it is designed to work.  Although many of the same tasks are performed for different types of switchgear, some tasks are specific to a particular type.  For example, switchgear that contains a vacuum bottle interrupter is tested to check the condition of the vacuum in the vacuum bottle.  This unit describes where vacuum interrupters are used in a substation, how they work and how they are tested.

Objectives
Vacuum Interrupter Principles – List common substation applications of vacuum interrupters; identify the main parts of a vacuum interrupter; explain how a vacuum interrupter works; describe the effect that a slight reduction in a vacuum could have on the insulating ability of that vacuum.

Test Principles, Precautions, and Preparations – Describe the principle of vacuum bottle hi-pot testing; describe precautions associated with vacuum bottle hi-pot testing; describe how to prepare a vacuum interrupter for a hi-pot test.

Hi-Pot Setup and Steps – Explain how to determine where to make the Hi-Pot Test lead connections; explain how to determine how much voltage to apply to the vacuum interrupter; explain how to determine how long the test voltage should be applied to the vacuum interrupter; explain how to evaluate the results of a vacuum bottle hi-pot test.

Key Topics

· Vacuum Interrupter Principles – Vacuum interrupter applications; vacuum interrupter parts; vacuum interrupter operation; insulating characteristics of a vacuum.

· Test Principles, Precautions, and Preparations – Test principles; test precautions; discharging the mid-bank ring; protecting against X-radiation; reasons for avoiding half-wave rectifiers; test preparations; inspecting a vacuum bottle; verifying the contact gap; cleaning a vacuum interrupter.

· Hi-Pot Test Setup and Steps – Making the test connections; applying the test voltage; watching for signs of breakdown.

Field of Study

Electrical Equipment
National Electric Safety Code (NESC)




6 hours

Section 12

This unit will continue the apprentice’s education into the requirements of the NESC with a review of Part 1, Section 12, specifically Parts 123 (protective grounding), Part 124 (grounding live parts) and Part 125 (working space about electric equipment).

At the conclusion of this unit the apprentice will have a full understanding of protection, grounding as Part 123 continues the discussion in Section 9 in an earlier unit.  They will also have a review at the requirements of guarding line parts with comprehensive lessen in working space around live parts.

Objectives
To ensure the understanding of the requirements of protective grounding.

To study and understand the requirements of guarding live parts.  Specifically where guarding is required and the types of guards required.

As part of the requirements of guarding is working space, a clear understanding of will be required of the apprentice.  They will study both below 600V and above 600V as directly relates to the placement of equipment and conductors in the supply station.

Key Topics

· A review of protective grounding.

· Section 124 guarding live parts with a concentration on the types of guards and how they relate to Table 124-1

· Working space around equipment and exposed live parts.

Field of Study

Code Safety
Advanced Rigging







4 hours

NUS-TEADR-KT

Linemen often work on jobs that involve rigging loads to be lifted, moved, or stabilized.  An important part of a safe and effective approach to rigging is a good understanding of the factors involved.

This unit examines some of the factors that should be considered when rigging is part of the job, including rigging forces and tensions, safety factor, and weight and tension calculations.

Objectives

Rigging Forces and Tensions – Part 1

· Identify and describe two types of loads involved in rigging for line work

· Describe how to determine the weight exerted by a conductor on an insulator.

Rigging Forces and Tensions – Part 2

· Define the term line tension and explain how to determine the line tension exerted by a conductor.

· Define the term bisect tension and describe how bisect tension can be determined by measuring distances.

Rigging Forces and the Safety Factor

· Describe how to use a bisect tension formula to determine the bisect tension exerted on a corner pole.

· Describe how to determine the approximate bisect tension exerted on a corner pole by finding the approximate angle of the line at the pole and using a “rule-of-thumb” chart.

· Define the term guy tension and describe how to determine the approximate guy tension required to hold against line or bisect tension.

· Define the term safety factor in terms of rigging for line work and describe how to calculate the safety factor for a given job.

Weight and Tension Calculations

· Describe how conductor weight is affected when a conductor is raised or lifted to a new pole.

· Describe how to determine the weight and bisect tension exerted by conductors when they are moved to a new pole.
· Describe how to determine the guy tension needed to offset the bisect tension exerted by conductors after they are moved to a new corner pole.

· Explain how to establish a safety factor of 5 for the rigging used to lift a conductor and move it to a new pole.

Key Topics

· Rigging Forces and Tensions – Part 1 – Static force loads; dynamic force loads

· Rigging Forces and Tensions – Part 2 – Line tension; bisect tension; non-continuous conductors.

· Rigging Forces and the Safety Factor – Additional methods for determining bisect tension; guy tension; safety factor.

· Weight and Tension Calculations – Weight calculations; bisect tension calculations; guy tension calculations; safety calculations.

Field of Study

Safety Installation
Capacitors and Reactors






4 hours

NUS-TDCAR-KT

The purpose of this unit is to teach the basic principles involved in operating and maintaining capacitors and reactors.  The unit explains the effect that capacitors and reactors have on power factor and explains how and why capacitors and reactors are used.  Demonstrations of inspection and maintenance of both capacitors and reactors are shown.

At the conclusion of this unit, apprentices should have a basic understanding of the purpose of capacitors and reactors and how they are used.  Apprentices should be able to demonstrate how to inspect capacitors and reactors and how to maintain them.

Objectives

Function of Capacitors and Reactors – Define the following terms; working power, nonworking power, capacitive power, inductive power, power factor, and unity power factor; describe how the relationship between working and nonworking power determines the efficiency of the power produced in a T & D system; explain how capacitor banks and shunt reactors are used to improve power factor.

Clearing Capacitor Banks – Describe how to safely de-energize, isolate, and test a substation capacitor bank; describe how to safely ground a substation capacitor bank using portable grounds; describe how to safely ground a substation capacitor bank that is equipped with switches.

Capacitor Bank Maintenance – Describe maintenance tasks commonly performed on substation capacitor banks; identify common problems to look for when inspecting substation capacitor banks; describe how to safely remove individual capacitors and capacitor fuses; describe special precautions required when handling capacitors containing PCBs.

Capacitor Resistor and Insulator Testing – Describe how to test the integrity of the internal resistor of a substation capacitor; describe how to test the integrity of the insulators of a substation capacitor.

Capacitor Capacitance Testing – Describe several methods for checking the capacitance of substation capacitors; describe how to check the balance of a substation capacitor bank.

Shunt Reactors – Identify and describe two basic types of substation shunt reactors; identify common problems to look for when visually inspecting a substation oil-insulated shunt reactor and an air-core shunt reactor; describe how to safely de-energize, isolate, test and ground a substation shunt reactor; describe how to test the insulation resistance of a substation shunt reactor.

Series Reactors – State the function of a substation series reactor and describe how a series reactor operates; describe how to safely de-energize, isolate, test, and ground a substation series reactor; identify common problems to look for when visually inspecting a substation series reactor.

Key Topics

· Function of Capacitors and Reactors – Working power and no-working power, working power and non-working power in a T&D system; power factor and capacitor banks and shunt reactors.

· Clearing Capacitor Banks – De-energizing and isolating a capacitor bank; testing a capacitor bank for dead; grounding a capacitor bank; grounding a capacitor bank with portable grounds; grounding a capacitor bank equipped with switches; capacitor bank safety interlock switches.

· Capacitor Bank maintenance – Capacitor bank inspections; replacing capacitor fuses and capacitors; handling capacitors that contain PCBs.

· Capacitor Resistor and Insulator Testing – Testing an internal bleed resistor; testing a bleed resistor with a multimeter; testing a bleed resistor with a megohmmeter; testing a capacitor’s insulators.

· Capacitor Capacitance Testing – Energizing individual capacitors and measuring with an ammeter; energizing individual capacitors and using a hand-held capacitance checker; energizing a group of capacitors and measuring with a clamp-on ammeter; checking the balance of a substation capacitor bank.

· Shunt Reactors – Types of shunt reactors; inspecting shunt reactors; inspecting oil-insulated shunt reactors; inspecting air-core shunt reactors; removing a shunt reactor from service, testing the insulation resistance of a shunt reactor.

· Series Reactors – Operation of a series reactor; series reactor maintenance.

Field of Study

Electrical Equipment
SF6 Gas Properties and Handling





4 hours

NUS-TESF6-KT

Sulfur hexafluoride (SF6) gas has been used for limited applications in electrical equipment for many years.  Recently, it has gained increased use as a dielectric and arc quenching medium in a variety of high-voltage applications, including circuit breakers, load-break switches, and substation buses.  If SF6 is not handled properly, its dielectric properties can be compromised, which can result in equipment failures.  In addition, if not handled properly, SF6 can present certain hazards.  This unit describes the properties of SF6 and its byproducts, personal protection, safe handling of the gas and its byproducts, and cleanup and disposal of SF6 by products.

Objectives

Properties of SF6 – Describe the physical characteristics of SF6; describe the effects of heat and moisture on SF6; describe the potential hazards associated with SF6 and its decomposition products.

Personal Protection – Describe methods for minimizing the creation of SF6 decomposition products; describe equipment that may protect personnel from exposure to SF6 and its decomposition products; describe the treatment recommended for personnel exposed to SF6 or its decomposition products.

Handling SF6 Gas and its Decomposition Products – Describe the generally recommended procedures for removing SF6 gas and sold decomposition products from gas-insulated equipment during routine maintenance or access; describe generally recommended procedures for removing SF6 Gas and solid decomposition products after a fault.

Clean-up – Describe generally recommended practices for treating and cleaning materials that have come in contact with decomposition products.

Key Topics

· Properties of SF6 – Characteristics of SF6; SF6 hazards and decomposition products.

· Personal Protect – Minimizing the creation of SF6 decomposition products; protecting against SF6 and its decomposition products; treating exposure.

· Handling SF6 Gas and its Decomposition Products – Route maintenance; fault conditions.

· Cleanup – Neutralizing decomposition products; cleaning equipment; disposal.

Field of Study

Electrical Equipment
System Protection and Monitoring





4 hours

NUS-TDSPM-KT

The purpose of this unit is to teach apprentices the principles of protection and monitoring in a transmission and distribution system.  The unit explains the role of protective devices, system grounds, and monitoring and control equipment.  Techniques for installing or replacing ground rods, arresters, and fuse links are presented.  The unit also describes how monitoring and control equipment is typically used in a transmission and distribution system.

At the conclusion of this unit, apprentices should be able to explain how system grounds, arresters, and fuse cutouts are used to protect transmission and distribution system components.  They should also be able to describe the basic function and features of a SCADA (Supervisory Control and Data Acquisition) system.

Objectives

Introduction – Explain in general terms how system grounds, arresters, and fuses protect a T&D system; briefly describe three types of monitoring and control equipment used in T&D systems.

System Grounds – Describe factors that affect the resistance of earth to current flow; describe one method for installing a ground rod; describe how substations, distribution systems, and transmission systems are typically grounded.

Arresters – Explain the principles of arrester operation; describe the basic operation of a valve type arrester, a pellet type arrester, and an expulsion type arrester; compare and contract three classes of arresters; describe one method for replacing a damaged arrester.

Fuses and Fuse Cutouts – Describe the operation of an open-type fuse cutout and a door-type fuse cutout; describe the operation of a fuse link; explain how fuses are rated; describe one method for replacing a fuse link in an open-type fuse cutout.

Monitoring and Control Systems – Describe the functions of a monitoring and control system; describe some of the important features offered by most monitoring and control systems; explain the functions of the major components in a SCADA system.

Distribution Automation and Load Management – Describe the functions of a distribution automation system and a load management system; describe some of the important features offered by most distribution automation systems and load management systems; explain in general terms how most distribution automation systems and load management systems operate; describe the functions of the controllers in a distribution automation system and a load management system.

Key Topics

· Introduction – System grounds; protective devices; arresters; fuse  cutout; monitoring and control systems; SCADA systems; load management systems; distribution automation systems.

· System Grounds – Ground rods, ground rod installation; substation grounding systems; distribution system grounds; transmission system grounds.

· Arresters – Arrester operation; types of arresters; valve type arresters; pellet type arresters; expulsion type arrester; classes of arresters; distribution arresters; intermediate arresters; station arresters; arrester replacement.

· Fuses and Fuse Cutouts – Fuse cutouts; open-type cutouts; door-type cutouts; fuse links, fuse ratings; fuse link replacement.

· Monitoring and Control Systems – SCADA system functions; supervisory control; data acquisition; special features offered by SCADA systems; alarm monitoring; breaker reclosing and voltage control; SCADA equipment.

· Distribution Automation and Load Management – Distribution automation systems; load management systems.

Field of Study

Electrical Equipment
Crane Safety








4 hours

NUS-SPCSI-KT

OSHA requires that a “competent person” inspect all machinery and equipment prior to and during each use to ensure that the equipment is in safe operating condition.  There are two types of inspections that apply to cranes; pre-use inspections – sometimes called daily, visual or walk-around inspections; and periodic inspections – conducted annually or at regular intervals, often in conjunction with preventive maintenance.  This program provides a representative checklist of the major components to be inspected on a crane.  These include load-bearing components such as the boom, tires, outriggers, wire rope, drum, and block; the drive train; all safety equipment, including windows, mirrors and signs; and operating controls.  To work safely with and around cranes follow established procedures, plan your work, and work you plan.

Key Topics

· Pre-Use Inspections

· Periodic Inspections

· Checklist of Major Components

Field of Study

Safety

Total Hours








74
SIXTH SIX MONTHS

Cables and Conductors, Splices & Terminations 1 & 2


8 hours

NUS-EMCC1-KT & NUS-EMCC2-KT

The purpose of this unit (1) is to provide electrical maintenance apprentices with a basic understanding of various aspects of cables and conductors, including their construction, design, and classification.  Apprentices also see typical methods of performing three tasks associated with the installation of cables and conductors: 1) selecting the appropriate conductor for a particular application; 2) splicing and terminating cables and conductors in low-voltage applications; and 3) pulling conductors or cables through conduit.

At the conclusion of this unit (1), apprentices should have a basic understanding of what cables and conductors are and how they are used.  They should know how to select a conductor or verify that a conductor is suitable for a particular application, how to splice conductors, and how to terminate conductors at a piece of electrical equipment.  Apprentices should also be familiar with the procedure used to pull conductors and cables through conduit.

The purpose of this unit (2) is to provide electrical maintenance apprentices with a basic understanding of the design, construction, and operation of high-voltage cables and conductors.  Typical procedures for splice kit applications and for hand-built splices and terminations are also covered. 

At the conclusion of this unit, apprentices should have a basic understanding of the design, construction, and operation of high-voltage cables and conductors.  They should be able to use a splice kit to splice a conductor, be able to build a splice and a termination by hand.  Apprentices should also know how to operate the power tools commonly used to prepare larger high-voltage conductors for a splice. 

Key Topics (1)

· How a Conductor is Constructed – Definition of terms; kinds of conductors; construction of a conductor; construction of a cable.

· Classifications and Ratings – How cables and conductors are classified (wire size, insulation types); how cables and conductors are rated (ampacity, voltage).

· Selecting a Conductor – Allowable ampacities chart; conductor application and insulations chart; conductor temperature rating chart; selecting a conductor Example1; selecting a conductor Example 2.

· Splices – Types of splices; factors that determine choices of connectors and insulation material; typical methods used to splice conductors (using a wire nut, using a sleeve).

· Installation – Verifying the suitability of a conductor (surge, voltage drop); pulling conductors through conduit.

· Terminations – Terminations and terminators; terminations at a motor.

· Appendix A:  Allowable Ampacities Chart

· Appendix B:  Conductor Application and Insulations Chart

· Appendix C:  Conductor Temperature Derating Chart

· Appendix D:  Voltage Drop Table

· Appendix E:  Maximum Number of Conductors in Trade Sizes of Conduit

Learning Objectives (1)

· How a Conductor is Constructed – Explain what a conductor is.  Name the two basic categories into which conductors can be divided.  Explain the difference between a cable and conductor.  Describe the construction of a typical conductor and explain the function of each part.

· Classifications and Ratings – Name two factors that determine how cables and conductors are classified.  Identify two systems used to indicate the trade sizes of cables and conductors.  Name two factors that determine how cables and conductors are rated.  Explain the difference between maximum ampacity and allowable ampacity.  Describe how maximum operating temperature can affect the allowable ampacity of an insulated conductor.

· Selecting a Conductor – State four factors that must be considered when selecting a conductor.  Name three charts that are commonly used as references when selecting an insulated conductor, and explain how each chart is used.  Explain what derated ampacity is.

· Splices – Describe two types of splices.  Name the factors that determine what sort of hardware is used to make a splice.  Name the factors that determine what sort of material is used to rebuild the insulation around a splice.  Explain how to do a mechanical splice in a low voltage installation.

· Installation – Indicate the steps taken to verify that a conductor meets the requirements for a specific job.  Define the term surge as it pertains to a motor, and explain how to determine surge.  Explain what voltage drop is, and how to use a voltage drop table.  State the factors that must be considered when pulling conductors through conduit.

· Termination – State what a termination is.  List the two basic types of terminators and explain what is required to fasten each type to a conductor.  Name three factors that must be considered when selecting terminators for specific applications.  Explain how to do a termination at a motor housing using a mechanical lug.

Field of Study

· Installation
Key Topics (2)

· High Voltage Conductors Construction – Parts of a high voltage conductor; parts of a high voltage cable.

· High Voltage Conductors Operation – Voltage stress; static charge; how insulation compensates for voltage stress; how insulation compensates for static charge.

· Splice Kit Application – Splice kits; preparing conductors to be spliced; splice kit application procedure.

· Preparing a Conductor for a Hand-Applied Splice – Typical power tools designed for 69 kV conductors; hand tools used to build a splice; preparations for a hand-built splice on a 69kV conductor.

· Hand-Built Splice – Advantages of penciling the primary insulation on large conductors; joining two conductors together; insulating the splice.

· Terminations- Terminations and splices – similarities and differences; preparations for terminating a high voltage conductor; rebuilding the insulation.

Learning Objectives (2)

· High Voltage Conductors – Construction – Explain the function of each part of a typical high voltage conductor.  Describe the types of materials used to insulate high voltage conductors.  Explain the difference between the construction of a high voltage cable and the construction of a high voltage conductor.

· High Voltage Conductors – Operation – Explain what voltage stress is.  Explain the difference between a charge and a static charge.  Describe how the insulation around a high voltage conductor relieves voltage stress.  Name the specific parts of a high voltage conductor’s insulation designed to eliminate static charge and explain how they do it.

· Splice Kit Application – List three factors that must be considered when choosing a splice kit.  Describe the steps necessary to prepare conductors for a kit splice.  Explain the meaning of creep age distance.  Explain the purpose of a stress cone.

· Preparing a Conductor for a Hand-Applied Splice – List power tools commonly used to assist in splicing large conductors, and explain how each tool is used.  Describe the procedure for preparing a large conductor for a hand-applied splice.

·  Hand-Built Splice – Explain why the primary insulation on large conductors is penciled instead of chamfered.  Explain why the surfaces of the layers of insulation and the connector must be cleaned before being taped.  State how a hand-built stress cone eases voltage stress in the area of a splice.

· Terminations – Explain what a termination is.  Describe the similarities between a splice and a termination.  List the basic steps in a termination procedure.

Field of Study

Installation
Control Equipment







4 hours

NUS-TDCEQ-KT

The purpose of this unit is to teach basic concepts of why control equipment is needed, what is being controlled, what equipment is used to provide control, and how the equipment works.  Although specific types of control equipment are used as examples, the emphasis is placed on general procedures that apply to the majority of control equipment systems.

At the conclusion of this unit, apprentices should understand why control systems are needed, how different types of controls are provided, and how control systems are used to provide control.  They should also be familiar with the types of equipment commonly used to provide control.

Objectives

Control Functions, Modes, and Equipment – State two basic reasons why control is needed in a substation; describe how control is provided; identify the equipment typically used to provide control.

Voltage Control – State why it is necessary to control voltage; describe how a simple voltage control system works.

Distribution Feeder Fault control – State why it is necessary to control the effect of faults; describe how the effect of distribution feeder faults can be controlled using an over current relay protective system and a feeder reclosing relay control system.

Transmission and Sub-Transmission Feeder Fault Control – Describe how the effects of feeder faults can be controlled using an impedance relay protective system; identify the difference between controlling the effects of feeder faults with an impedance system and controlling the effects of feeder faults with an over current system

Station Fault Control – Describe how the effects of station faults can be controlled using a differential relay system; identify the differences between controlling the effects of station faults with a differential system and controlling the effects of station faults with an over current protective system.

Source Circuit Fault Control – Describe how the effects of source circuit faults can be controlled using a directional relay protective system; describe how the effects of opens on a source circuit can be controlled using a voltage relay protective system; describe how the duration of a source circuit outage can be minimized by an auto closing relay protective system.

Routine Checks of Control Equipment – List items typically checked during a routine inspection of substation control equipment; identify what various fault indications mean.

Key Topics

· Control Functions, Modes, and Equipment – Types of control; control equipment; sensing equipment; measuring equipment, controlling equipment; final control equipment.

· Voltage Control – Voltage control equipment.

· Distribution Feeder Fault Control – Faults; over current relay protective systems; system operation; time over current trip feature of an over current relay; low instantaneous trip feature of an over current relay; reclosing relay control system; high instantaneous trip feature of an over current relay.

· Transmission and Sub-Transmission Feeder Fault Control – Operation of an impedance relay protective system; response examples; response to a gradually increasing feeder load; response to a sudden, momentary current surge; response to a sustained fault; impedance system use over current system.

· Station Fault Control – Differential relay protective systems; over current relay systems vs. differential relay systems.

· Source Circuit Fault Control – Directional relay protective systems; voltage relay protective systems; auto closing relay protective systems.

· Routine Checks of Control Equipment – Checks for indications of faults; relay targets; breaker operation counters; station logs; checks of general operating conditions.

Field of Study

Electrical Equipment
Polyphase Transformer Rated Application



4 hours

NUS-MTPPT-KT

This unit examines transformer-rated installations and discusses when and why instrument transformers are used.  Instrument transformer basics are reviewed, their polyphase connections are shown, and the most common polyphase transformer-rated installations are examined.  Installation procedures are discussed, and close attention is given to transformer polarity markings.  Also included is a discussion of sizing and proper selection of CTs and VTs to verify those issued for a given job.

Key Topics

· Polyphone Transformer-Rated Metering – Instrument transformers; voltage transformers; CTs; variables that affect CT installation.

· Delta Transformer-Rated Meter Installations – Characteristics of a three-phase, three-wire delta system; characteristics of a three-phase, four-wire delta system; determining instrument transformer requirements.

· Wye Transformer-Rated Meter Installations – Characteristics of a three-phase, four-wire wye system; determining instrument transformer requirements.

· Instrument Transformer Verification – Instrument transformer problems; burden; ratio and phase angle errors; polarity; polyphase meter installation checks.

Learning Objectives

· Polyphone Transformer-Rated Metering – Describe the functions of the two basic types of instrument transformers commonly used in metering.  Identify variables that affect the installation of CTs and meters.

· Delta Transformer-Rated Meter Installations – Describe a typical three-phase, three-wire, delta transformer-rated meter installation.  Describe a typical three-phase, four-wire, delta transformer-rated meter installation.  Describe one way to determine the instrument transformer requirements for a give delta transformer-rated meter installation.

· Wye Transformer-Rated Meter Installations – Describe a typical three-phase, four-wire, wye transformer-rated meter installation.  Describe one way to determine the transformer requirements for a typical wye transformer-rated meter installation.

· Instrument Transformer Verification – Describe problems that can develop with instrument transformers.  Describe how some of the electrical properties of instrument transformers can be checked.  Describe how a meter on a polyphase installation can be checked to ensure proper registration.

Field of Study

Electrical Equipment
Corona Discharge Testing






4 hours

NUS-TEACD-KT

Customers who experience interference with television or radio reception may call their utility company for help in solving the problem.  Utility personnel who participate in interference investigations should be familiar with the causes of electrical interference and should know how to test for them.  This unit examines some of the basic concepts of interference and describes how interference problems may be investigated.

Objectives

Basic Concepts – Define the term corona discharge; identify and describe causes of different types of interference; identify and describe effects of different types of interference; identify and describe ways to eliminate and prevent causes of interference.

Interference Investigation Equipment – Identify and describe various types of equipment used to investigate interference complaints.

Investigating and Interference Complaint – Describe a general procedure for investigating an interference complaint.

Key Topics

· Basic Concepts – Definitions; causes of interference; corona discharge; sparking; effects of interference; elimination and prevention of interference.

· Interference Investigation Equipment – Receivers; spectrum analyzer; signal level meter; portable TV; hot stick line sniffer; ultrasonic detector; antennas; switcher.

· Investigating an Interference Complaint – General technique; investigation example.

Field of Study

Electrical Equipment
Substation Batteries







4 hours

NUS-TEBIC-KT

A battery is a primary component of a substation or switchyard DC control system.  The function of the control system is to supply control power to operate critical devices such as protective relays, alarms and status indicators, supervisory and communication equipment, and switchgear operating circuits.  This unit describes the role of the battery in the DC control system, the components of a lead-acid battery, how a battery works, battery ratings, and general battery inspection steps.

Objectives

Substation DC Control System Overview – Define a battery and describe its purpose in a typical substation; identify the main components of a substation DC control system; describe a basic DC control system arrangement; describe the principles of operation for a typical DC control system.

Cell Components and Electrochemical Action – List the basic components of a lead-acid cell; describe the electrochemical action in a cell that is charging; describe the electrochemical action in a cell that is discharging; identify specific physical indications of problems in a cell and state their causes.

Cell and Battery Ratings – State the voltage rating for typical cell at full charge and at full discharge; identify the voltage for a given fully charged battery; explain a cell’s capacity rating; identify the capacity rating for a given fully charged battery; define specific gravity and identify the specific gravity for a typical fully charged cell; briefly describe the relationship of cell capacity, voltage, and specific gravity during discharge and during recharge.

Battery Inspection – List the protective equipment and safety precautions typically associated with working on substation batteries; describe typical visual battery inspection checks; explain why it is important to keep good battery maintenance records and describe a typical station battery report form

Key Topics

· Substation DC Control System Overview – Definition and purpose of a battery; DC control system components; battery; battery charger; DC loads; safety-related features and equipment; DC control system arrangement and principles of operation.

· Cell Components and Electrochemical Action – Components of a lead-acid cell; electrochemical action in a cell that is charging; electrochemical action in a cell that is discharging; physical indications of problems in a cell.

· Cell and Battery Ratings – Open circuit voltages; in-service voltages; capacity; specific gravity; relationship of voltage, capacity, and specific gravity.

· Battery Inspection – Protective equipment and safety precautions; visual inspection; battery maintenance records.

Field of Study

Electrical Equipment
Substation Battery Chargers





4 hours

NUS-TEBTC-KT

A DC control system is critical emergency power source for substation devices that protect and control transmission and distribution systems.  The battery charger is a key part of the DC control system.  This unit describes the functions and components of a substation battery charger, its role in a DC control system, different types of charges that the charger may apply to a battery, and common charger inspection and adjustment steps.

Objectives

Charger Functions and Components – Describe the functions of a typical substation battery charger.  List the common components of battery chargers and describe the function of each.

DC Control System – Describe the layout of a typical DC control system; describe the principles of how a DC control system works.

Freshening Charge – Define freshening charge, and describe the basic steps for applying a freshening charge; explain when a freshening charge is applied to a battery.

Float and Equalizing Charges – Define float charge and equalizing charge; explain when each of the two charges is applied to a battery; describe the basic steps for applying each of the two charges.

Charger Inspection and Adjustment – Describe common charger inspection and adjustment steps.

Key Topics

· Charger Functions and Components – Functions of a battery charger; charger components.

· DC Control System – System layout; principles of operation.

· Freshening Charge – Definition of a freshening charge; determining the freshening charge duration; freshening charge voltage; freshening charge duration, supplying a freshening charge.

· Float and Equalizing charges – Definition of a float charge; determining the float charge voltage; applying a float charge; definition of an equalizing charge; determining the equalizing charge voltage and duration; applying an equalizing charge.

· Charger Inspection and Adjustment – Checking for excessive heat; documenting charger voltage and current meter indications; checking for AC voltage at the battery; checking float and equalize voltage settings; checking the charger voltmeter calibration; miscellaneous checks and documentation.

Field of Study

Electrical Equipment
Substation Battery Testing






4 hours

NUS-TEBCO-KT

Periodic battery testing helps determine when and what kind of maintenance a battery needs.  Testing helps verify the physical condition of a battery, its state of charge, and its ability to operate when needed.  This unit explains the basic steps for battery voltage and resistance testing, specific gravity testing, integrity and capacity testing, and impedance testing.

Objectives
Voltage and Resistance Testing – State the purpose of and describe the basic steps for checking cell voltages; state the purpose of and describe the basic steps for checking intercell connection resistances.

Specific Gravity Testing – State the purpose of and describe the basic steps for checking specific gravity; explain the effect of temperature on specific gravity.

Integrity and Capacity Testing – Describe the principles and purposes of integrity testing and capacity testing; identify the basic components of a typical test set used for both integrity tests and capacity tests; describe the basic steps for performing integrity tests and capacity tests.

Impedance Testing – State the purpose of impedance testing and the components of a typical impedance test set; identify the components of a typical impedance test set.

Key Topics

· Voltage and Resistance Testing – Voltage testing; evaluating cell voltage readings; causes of low cell voltage; resistance testing; evaluating connection resistance.

· Specific Gravity Testing – Purpose of specific gravity testing; specific gravity test instrument; specific gravity test steps; effect of temperature on specific gravity; conditions for checking specific gravity; evaluating specific gravity readings.

· Integrity and Capacity Testing – Principle and purpose of the integrity test; principle and purpose of the capacity test; integrity and capacity test preparation; test equipment components and setup; performing the integrity and capacity tests; monitoring cell voltages; monitoring connections for heating; cell voltage change pattern; calculating battery capacity.

· Impedance Testing – Purpose of impedance testing; impedance test preparation; impedance test set components; impedance test setup and test steps; evaluating impedance readings.

Field of Study

Electrical Equipment
Distribution








6 hours

NUS-TDDIS-KT

The purpose of this unit is to teach T&D personnel to recognize the basic elements in a distribution system and to understand, in general, how each element works.  The program also introduces basic protective devices and the process of sectionalizing.

At the conclusion of this unit, apprentices should know how to recognize transformers, voltage regulators, and capacitors.  They should also have a basic understanding of how these devices work.  Apprentices should also be able to identify basic protective devices used on distribution systems to protect the system and its components from damage and its customers from outages.  And apprentices should have a basic understanding of how distribution systems are laid out.  

Objectives

Introduction to Distribution Systems – Define the term distribution system as it relates to this training unit; list the basic components that make up a distribution system; explain the basic differences between primary distribution voltage and secondary distribution voltage.

Transformers – Define the term transformer; explain in general terms how a transformer works; given a simplified diagram, identify the basic elements common to most transformers; recognize and identify pole top, pad-mounted, and subsurface transformers.

Voltage Regulators and Capacitors – Define voltage regulator; identify the electrical and physical elements that make up a typical voltage regulator; explain in general terms how a voltage regulator works; define capacitor; explain in general terms how a capacitor works; describe a potential safety hazard inherent in all capacitors.

Distribution Lines and Layouts – Explain how electrical energy flows from the substation to the consumer; list three categories of distribution lines and the classification of voltage carried by each line; list and explain three types of distribution layouts.

Protective Devices – Part 1 – Explain how circuit breakers operate to protect a distribution feeder from the effects of faults; explain how circuit breakers and fuses are used in a coordinated protective system to protect; feeders and laterals from the effect of faults; explain how sectionalizing can be accomplished to protect.

Protective Devices – Part 2 – Explain how reclosers operate to protect a distribution system from the effects of faults; explain how reclosers and sectionalizers provide coordinated protection for a distribution system; explain how sectionalizing can be accomplished using reclosers and sectionalizers; list and explain two devices that protect a distribution system from excessive current flow caused by voltage surges.

Key Topics

· Introduction to Distribution Systems – Distribution system definition; primary and secondary distribution voltage; distribution system components.

· Transformers – Basic elements in a typical distribution transformers;  types of distribution transformers.

· Voltage Regulators and Capacitors – Voltage regulators; identifying voltage regulators; capacitors.

· Distribution Lines and Layouts – Flow of electrical energy from the substation to the consumer; distribution system layouts.

· Protective Devices – Part 1 – Circuit breakers and fuses; sectionalizing.

· Protective Devices – Part 2 – Reclosers and sectionalizers; sectionalizing; surge arresters and static wires.

Field of Study

Systems and Theory

Rigging 1 & 2








8 hours

NUS-SDRI1-SPN-KT & NUS-TDRI2-KT

Line crews are constantly required to use ropes, blocks, and other special equipment to raise and lower electrical components, tools, and equipment.  In order to perform these tasks safely and efficiently, a fundamental knowledge of rigging and rigging equipment is necessary.  This program concentrates on the basics of overhead rigging, including safe rigging practices, ropes, knots and knot typing, the use of handlines, and the use of blocks and tackle.

Many jobs performed on transmission and distribution systems require heavy loads to be rigged so that they can be lifted, moved, and stabilized while work is being done.  This course identifies basic rigging equipment and discusses guidelines for rigging a job safely.  It also demonstrates rigging methods using different types of rigging equipment.  The following procedures are covered:  rigging a transformer, rigging a running corner, changing out a crossarm, and transferring secondary lines.

Learning Objectives – Rigging 1

· Define rigging, and describe the basic considerations necessary for planning a rigging job.

· Identify the basic types of rope, and describe how to inspect rope.

· Describe the function of knots commonly used in overhead rigging, and demonstrate how to tie these knots.

· Describe how to hang and use a handline.

· Describe how to setup and use a block and tackle.

Field of Study

T&D Maintenance Basics

Learning Objectives – Rigging 2

· Identify the safety concerns associated with rigging.

· Describe how to use several types of rigging tools and equipment.

· Describe rigging and work methods used to replace a transformer, secure a conductor in place on a running corner, change out a crossarm, and move secondary lines.

Field of Study

Safety Installation
Crane Safety:  Lift Calculations





4 hours

NUS-SPCLC-KT

Last year, crane accidents resulted in 71 fatalities.  Of the four leading causes of crane incidents, three (overturned cranes, dropped loads and collapsed booms) included loads exceeding limits.  This program identifies the three parameters of lift calculation – radius, boom angle and boom length – and explains in detail how to use load charts.  Load charts generally come in a variety of formats for each crane, establishing load limits for different modes of operation.  This program uses a sample load chart, for operation using outriggers, to illustrate how to find the maximum load permitted for a given radius and boom length, and how to calculate the percentage of load capacity and the percentage of safety margin.  In the illustration, a change in radius from 20’ to 30’ is shown to significantly reduce lift capacity.

Key Topics

· Three Parameters of Lift Calculations

· Radius

· Boom Angle

· Boom Length

· Use of Load Charts

Field of Study

Safety Installation
Confined Space







6 hours

Entry
- TAT-0040

Ventilation – NUS-SPV-KT
Rescue – NUS-SPCOR-KT

Entry

Prepare your workers to comply with the OSHA mandate with this up-to-date program.  Types of confined spaces and the importance of control measures are discussed in detail.  Protective equipment and rescue techniques are demonstrated.

Key Topics

· Confined Space Safety

Field of Study

Safety

Ventilation 
According to OSHA, most confined space deaths and injuries are due to oxygen deficiency, flammable or explosive gases or vapors, or toxic substances in excess of PELs.  Proper ventilation and atmospheric testing are the keys to rendering confined spaces safe for workers to enter.  This program covers types of mechanical ventilators as well as safe practices in deploying ventilators and conducting testing.  Ventilation can be either dilution or general ventilation, or source capture or location exhaust ventilation.  Either type required evaluation testing to identify the types of hazards and ventilation needed, followed by verification testing after initial ventilation to determine whether the confined space has been made safe.  The program also cautions against recirculating contaminated air back into the space, or short-circuiting ventilation air back out of the space before it does its job.

Key Topics

· Mechanical Ventilators

· Evaluation Testing

· Hazards of Re-circulating Contaminated  Air

· Hazards of Short-Circuiting Ventilation Air

Field of Study

Safety

Rescue 
About 60 percent of confined space injury victims are would-be rescuers!  Clearly, what is required to affect a successful confined space rescue is not well-intentioned heroism, but a carefully executed plan.  This program explains the three essentials of effective rescue:  thorough training of the rescue team in both entry and rescue techniques; proper equipment, intrinsically safe and suitable to the particular hazards; accurate information derived from the entry permit, the entry attendant, and careful scrutiny and testing of the site by the rescue team itself.  The program covers the hazards, the required emergency rescue plan, the composition, training and responsibilities of the team, and the specific procedures to be followed to ensure that the rescuers do not become additional victims.

Key Topics

· Three Essentials of Effective Rescue

· Training Rescue Team

· Proper Equipment

· Accurate Information

Field of Study

Safety

Forklift Safety Checks






2 hours

NUS-BBFSC-KT

The purpose of this unit is to give apprentices a general understanding of performing safety checks on a forklift.

At the conclusion of this unit, apprentices will have a basic understanding of the structural checks, power systems checks and operational checks that should be made before and during the operation of a forklift.

Key Topics

· Structural Checks – Preparations, Major Components.

· Power System Checks – Hydraulic Systems, Electric Batteries, Internal Combustion Engines, Propane Gas Cylinders.

· Operational Checks – Before Use, During Use.

Learning Objectives

· Structural Checks – Describe the structural checks that an operator should perform on a forklift.

· Power System Checks – Describe the power system checks that an operator should perform on a forklift.

· Operational Checks – Describe the operational checks that an operator should perform on a forklift.

Field of Study

Safety

National Electric Code






12 hours

Chapter 5, 6, 7 and 8

This unit will continue the instruction in the National Electric Code with Chapter 5, “Special Occupancies,” Chapter 6, “Special Equipment,” Chapter 7, “Special Conductors” and Chapter 8, “Communication Systems.”

At the conclusion of this unit the apprentice should have a clear understanding of classified locations and how to apply the provisions of the code.  They will learn the requirements for Class I, II and III locations with respect to wiring methods, grounding and bonding and equipment.  They will review the requirements of Chapter 6 with special attention to Article 690 “Solar Photovoltaic Systems” to include storage batteries 
and systems over 600V.  Chapter 7 will include “Emergency Systems,” legally required stand by Systems”, Fire alarm systems and optical fiber cables and raceways.  The final chapter is Communication Systems with attention paid to wiring methods and grounding and bonding.

Objectives

To continue the education of the apprentice in the requirements of the National Electric Code.  The apprentice will have the ability to find the requirements within the code with respect to installation in classified locations, special conditions to include emergency and fire alarm systems and communication systems.

Key Topics

· Class I, II and III locations

· Vehicle charging systems

· Intrinsically Safe systems

· Electrolytic cells

· Emergency Systems

· Power limited circuits

· Fire Alarm Systems

Field of Study

Code

Total Hours
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Aerial Work Platforms






2 hours

ITS-801-45KT

Will give apprentices the safety information required when using self-propelled aerial work platforms.  It covers walk around inspection and function test; work site check; materials and PPE.  Our apprentices will also learn about moving or transporting the platform, and working and shutdown procedures.  A Pre-Job Checklist is included in the Leader’s Guide.

Field of Study

Safety

Conduit Installation







4 hours

NUS-EMCIN-KT

The purpose of this unit is to provide maintenance apprentices with a basic understanding of the types of conduit, conduit fittings, and various tools and methods used to work with and install conduit.

At the conclusion of this unit, apprentices should know what conduit is and why it is used.  They should be familiar with the five types of conduit covered in the unit, the fittings used with conduit, and the tools used to work with conduit.  They should know how to measure, bend, and otherwise manipulate conduit, and they should have an idea of what role the National Electrical Code and the local code(s) play in the job of an electrician.

Key Topics

· Conduit and Fittings – Types of conduit (rigid conduit, intermediate metal conduit, electrical metallic tubing, flexible metal conduit, liquid-tight flexible metal conduit); conduit fittings – fittings used with all types of conduit (L fittings, Tee fittings, C fittings, reducers, factor elbow/sweep ninety, locknuts, bushings, conduit straps); fittings for specific types of conduit (conduit unions, thin wall fittings, flex fittings, liquid-tight fittings.

· Tools – Basic tools; conduit benders; types of bends; using a thin wall bender; general considerations; making a back-to-back bend (bending the first 90, bending the second 90).

· Installing Rigid Conduit – Factors relevant to conduit installation; rigid conduit benders; bending rigid conduit.

· Installing Flexible Metal Conduit – Why use flex?; cutting flex; reaming flex; running wire through flex; connecting flex to a conduit run or an enclosure.

· Installing Electrical Metallic Tubing (thin wall) – Thin wall installation considerations; cutting thin wall; reaming thin wall; a thin wall conduit run (measuring the whole conduit run, making the first offset, making the saddle, making the second offset, placing the thin wall in the electrical enclosures)

· Installing Liquid-Tight Flexible Metal Conduit – Liquid-tight flexible metal conduit; measuring and cutting liquid-tight flexible metal conduit.

Learning Objectives

· Conduit and Fittings – Name and describe five types of conduit.  List the standard lengths and sizes of conduit.  Identify the different conduit fittings, and explain why these fittings are needed and how each does its job.

· Tools – Name the basic tools needed to install conduit.  Identify a thin wall bender and a rigid bender.  Explain how to use the markings on a thin wall bender.

· Installing Rigid Conduit – Explain how to select the proper conduit for a specific job.  State some of the considerations necessary to select the proper starting point for a conduit installation job.  Demonstrate how to bend rigid conduit.

· Installing Flexible Metal Conduit – Demonstrate how to cut flexible metal conduit.  Show how to remove burrs and sharp edges from flexible metal conduit.  Demonstrate how a connector is installed and attached to flexible metal conduit.

· Installation Electrical Metallic Tubing (thin wall) – Demonstrate how to cut and ream thin wall.  Demonstrate how to bend thin wall.

· Install Liquid-Tight Flexible Metal Conduit – Demonstrate how to cut liquid-tight flexible metal conduit.  Explain why it is not necessary to ream liquid-tight after it has been cut.

Field of Study

Installation/Cables and Conduit

High-Voltage Terminations






8 hours

NUS-TDHVT-KT

The purpose of this unit is to teach basic theory and typical practices for terminating conductors in substation and switchyards.  This unit explains the importance of conductor strain and of maintaining proper clearances in high-voltage terminations.  Examples of commonly used connection hardware are shown, and their uses are explained.  Examples of typical high-voltage terminations are given to illustrate the basic principles.

Objectives

Cable Construction – Describe how voltage stress can cause a cable to fail; identify the main components of a high-voltage cable; describe the function of each component of high-voltage cable.

Principles of Cable Termination -  Explain how a high-voltage termination provides voltage stress control; explain how a high-voltage termination provides protection against tracking; explain how a high-voltage termination provides a seal to the environment
15-kV Class PILC Cable Preparation – Identify the components of a PILC cable, describe or demonstrate how to prepare a three-conductor PILC cable for termination.
15-kV Class PILC Cable Termination – Describe or demonstrate how to build a stress cone on a three-conductor PILC cable; describe or demonstrate how to attach connector stems; describe or demonstrate how to install and assemble a pothead onto a cable; describe or demonstrate how to seal a three-conductor PILC cable termination.

69-kV Solid Dielectric Cable Preparation – Identify the components of high-voltage solid dielectric cable; describe or demonstrate how to prepare a single-conductor solid dielectric cable for termination.

69-kV Solid Dielectric Cable Termination – Describe or demonstrate how to apply the tapes used to make a termination on a single-conductor 69-kv solid dielectric cable; describe or demonstrate how to install the insulator hoods and connector for a taped termination on a single-conductor 69-kV solid dielectric cable.

Key Topics

· Cable Construction – Voltage stress; cable design.

· Principles of Cable Termination – Termination requirements; voltage stress control; tracking control; environmental seal and corona discharge protection.

· 15-kV class PILC Cable Preparation – PILC cable, cable termination preparations; training the cable; preparing the wiping sleeve; cutting the cable to length; stripping the cable down to the insulation.

· 15-kV Class PILC Cable Termination – Building the stress cone; installing connector stems; assembling the pothead; sealing the pothead; sealing the cable at the wiping sleeve; filling the pothead body with insulating compound; tightening gasketed connections.

· 69-kV Solid Dielectric Cable Preparation – 69-kV solid dielectric cable components; cable termination preparations; cutting the cable to length; cutting back cable layers; cleaning the cable insulation.

· 69-kV Solid Dielectric Cable Termination – Building a stress cone; sealing the termination; installing the insulator hoods; installing the connectors; making the termination and ground connections.

Field of Study

Installation
National Electric Safety Code (NESC)




2 hours
Part 1 Section 16 Conductors

This unit will review the requirements of the NESC with respect to the protection of conductors.

The apprentice will review electrical protection, mechanical protection and support and isolation.

Objectives

To understand the minimum requirement of the code with respect to conductors.

Key Topics

· Electrical Protection

· Mechanical Protection and Support

· Isolation

· Conductor Terminations

Field of Study

Code Safety

National Electric Safety Code (NESC)




6 hours

Sections 14, 15, 17, and 18

This unit will cover the requirements for the installation of storage batteries, transformers, regulators, reclosures, circuit breaker and switchgear in a supply station.  It will deal with location, arrangement, mechanical protection and working space.

At the conclusion of this unit the apprentice will know the requirements of the code with relationship to the installation of storage batteries, transformers and regulators, circuit breakers, reclosures, switchgear, and metal enclosed bus.  They will now the location and arrangement of this equipment along with the minimum standards as set forth in the code.

Objectives

To understand the requirements for the installation of Storage Batteries with respect to location ventilation, racks and service/safety facilities.

Learn how location and arrangement of equipment can limit inadvertent contact with energized parts.  To study the methods utilized in the installation of liquid filled transformers to minimize fire hazards.

To study and understand how the code affects the installation of metal enclosed switchgear and metal enclosed bus.

Key Topics

· Location and service facilities for storage batteries.

· Location and arrangement of power transformers and regulars.

· Arrangement of circuit breakers, reclosures, switches and fuses.

· Switchgear and metal enclosed bus.

Key Topics
Code Safety

Site Layout 1








30 hours

This unit will introduce the apprentice to the basics of site layout and related tasks.  It ill cover the use of the builder’s level and level rods, as well as the equipment and procedures for making distance measurements by taping.

This unit will be setup in three chapters and will cover an introduction, surveying math and survey equipment and use.

Objectives

To familiarize the apprentice with the basic methods and procedures utilized to layout the project site.  To teach the math that will be required to perform this work along with instruction in the use and care of equipment required.

Key Topics

· Distance measurements.

· Conversion between English and metric units.

· Guidelines for recording surveying measurements.

· Horizontal and angular measurements.

Field of Study

Installation

Electrical Equipment Support Erection




8 hours

This unit will cover the means, methods and tools required to erect the support frame work associated with an electric supply station.  An introduction for the apprentice into the safe procedures utilized to set the support framework for bus, breakers, insulators and switches.

They will cover the safe use of personnel lifts, hoists and aerial platforms utilized during the erection process.  Hand tool requirements and safe operation procedures.  The procedures to set, level and proper alignment of support members along with the proper alignment of rigid components such as bus, bus duct, throat enclosures and equipment.

Objectives

To introduce the apprentice to the means, methods and tools required to erect the support framework of an electric supply station.

For the apprentice to understand the safety procedures required to perform the work in a safe environment for themselves and their coworkers.

Key Topics

· Safety Procedures

· Crane and Hoists

· Tolerances and torque values

· Material handling and protection

Field of Study

Installation/Safety

Relays 1 & 2








8 hours

NUS-TDRE1-KT & NUS-TDRE2-KT
The purpose of this unit (Relays 1) is to teach the basic principles of protective relays and to introduce directional and non-directional relays.  The unit begins with the basic theory of protective relays, commonly used types of relays, and a brief explanation of how these relays are used.  Additional details and examples of applications are provided for directional and non-directional relays.

At the conclusion of this unit, the apprentices should have a basic understanding of how protective relays work.  They should be able to explain the need for protective relays and to list commonly used types of relays and their functions.  They should also be able to explain how directional and non-directional relays work and give examples of situations in which they are used.

The purpose of this unit (Relays 2) is to continue the development begun in Relays 1 by introducing differential and pilot relays and discussing routine relay maintenance.  The relays examined are differential relays and pilot relays used for differential comparison, phase comparison, and transfer tripping.  The unit demonstrates how to inspect and maintain relays and how to put them in and out of service.

At the conclusion of this unit, apprentices should be able to explain how differential and pilot relays work and give examples of situations where they are used.  They should also be able to describe how to approach routine inspection and maintenance and how to put a relay in or out of service.

Objectives (Relays 1)

Introduction to Relays – Explain the purpose of protective relays in a T&D system; describe how a protective relay is used in a T&D system; describe five common relay elements and explain how they work.

Over current Relays – Describe the condition that causes an over current relay to operate; describe the basic operating principles of over current relays.

Directional Over current Relays – Identify T&D equipment typically protected by directional over current relays; describe the condition that causes a directional over current relay to operate; describe the basic operating principles of directional over current relays.

Reclosing Relays – Describe the function of reclosing relays; describe the basic operating principles of reclosing relays.

Voltage Relays – Identify the type of equipment that voltage relays typically protect; describe the conditions that cause voltage relays to operate; describe the basic operating principles of voltage relays.

Auxiliary Relays – Describe the basic function of auxiliary relays; describe the basic operating principles of auxiliary relays.

Solid-State Relays – Describe the basic operating principles of solid-state relays; define the following terms: analog signal, digital signal, and logic circuit.

Key Topics

· Introduction to Relays – Purpose and use of relays; relay elements; plunger element; clapper element; induction disc element; induction cup element; solid-state circuitry.

· Over current relays – Instantaneous over current relays; time-delay over current relays.

· Directional Over current Relays – Directional over current relay usage; operation of a directional over current relay; three-phase directional relays.

· Reclosing Relays – Function of reclosing relays; reclosing relay components; reclosing relay operation.

· Voltage Relays – Over voltage and under voltage relays with plunger elements; over voltage relay with an induction disc element; over voltage/under voltage relay.

· Auxiliary Relays – Function of auxiliary relays; auxiliary relay used to trip multiple breakers; auxiliary relay used to trip multiple over current relays.

· Solid-State Relays – Operating principles of solid-state relays; logic gates.

Field of Study

Electrical Equipment
Objectives (Relays 2)

Introduction to Relays – Identify five common relay elements; identify the functions of over current, directional over current, reclosing, voltage, and auxiliary relays.

Differential Relays – Identify what differential relays typically protect; describe the condition that causes a differential relay to operate; describe the basic operating principles of differential relays.

Transfer Tripping – Describe the function of transfer tripping; identify the main components of a transfer tripping system; identify four communication channels used for transfer tripping and explain how they work; identify the main equipment associated with transfer tripping communication channels and describe the function of each type of equipment.

Distance Relays – Identify what distance relays typically protect; describe the condition that causes a distance relay to operate; describe the basic operating principles of distance relays.

Pilot Wire Relaying – Describe the function of a pilot wire relaying system; identify the main components of a pilot wire relaying system; describe the basic operating principles of a pilot wire relaying system.

Breaker Failure Relaying – Identify the function and the main components of a breaker failure relaying system; describe the general operation of a breaker failure relaying system; describe the basic operating principles of a breaker failure relay; describe the basic operating principles of a timing relay in a breaker failure relaying system.

Key Topics

· Introduction to Relays – Relay elements; plunger element; clapper element; induction disc; element; induction cup element; solid-state circuitry; basic protective relay functions; over current relays; directional over current relays; reclosing relays; voltage relays; auxiliary relays.

· Differential Relays – Differential relay operation; current back feed and differential relay operation; types of differential relays; differential relay with an induction disc element; differential relay with plunger elements.

· Transfer Tripping – Function of transfer tripping; transfer tripping example; communication channels and equipment.

· Distance Relays – Function of distance relays; zoned protection; construction and operation of a distance relay.

· Pilot Wire Relaying – Pilot wire relaying system components and operation; pilot wire relay components and operation.

· Breaker Failure Relaying – Breaker failure relaying system components and operation; breaker failure relay components and operation; timing relay components and operation.

Field of Study

Electrical Equipment
Maintenance of Low Voltage Switchgear




4 hours

NUS-EMMLV-WC

The purpose of this unit is to teach maintenance procedures and general principles of operation of low-voltage (below 4 kV) circuit breakers and switchgear.  Sections describing the switch functions and protective functions of circuit breakers, the principles of circuit interruption, and the features of a typical switchgear assembly provide a useful background for sections detailing typical preventive maintenance and overhaul procedures for power breakers.

At the conclusion of this unit, apprentices should have a basic understanding of the switch functions and protective functions of circuit breakers and the basic principles of how a circuit is interrupted.  They should be able to identify the component sections of a typical switchgear assembly, and they should be able to perform basic preventive maintenance and overhaul procedures on low-voltage power breakers.

Key Topics

· Circuit Breaker Operation:  Switch Functions – location of circuit breakers in a typical power system; types of circuit breakers (molded-case breakers, power breakers); switch functions: opening; switch functions: closing.

· Circuit Breaker Operation:  Protective Functions – common circuit problems; thermal element trip devices; electromagnetic trip devices; ground protection; breaker ratings and system coordination.

· Principles of Circuit Interruption – How an arc forms; how an arc is controlled; how an arc is extinguished (Factors in extinguishing arcs, insulated fin arc chutes, metal fin arc chutes); effect of DC on a breaker’s rating (Current zero, derating).

· Switchgear – Front section; bus section; cable section; disconnecting a breaker from primary power and control power.

· Preventive Maintenance – Typical arc-out procedure for power breaker; inspection and minor cleaning (Arc chutes and contacts, other components); returning a breaker to service; preventive maintenance of molded-case circuit breakers and switchgear assemblies.

· Circuit Breaker Overhaul – Cleaning a breaker with compressed air and solvent; arc chutes; operating mechanism and other components; contacts; testing.

Learning Objectives

· Circuit Breaker Operation:  Switch Functions – explain how a simple circuit breaker operates.  Define and differentiate between molded-case and power breakers.  Describe how a typical circuit breaker uses a spring to open a set of contacts.  Describe how a typical circuit breaker can be tripped manually.  Describe how a shunt trip can be used to trip a circuit breaker automatically.  Describe ways in which a spring in a circuit breaker can be charged.

· Circuit Breaker Operation:  Protective Functions – define trip device.  Describe how a thermal element trip device operates in a typical molded-case breaker.  Describe how an electromagnetic trip device operates in a typical power breaker.  Describe how a dashpot can be used to restrain the movement of a trip device in a typical power breaker.  Describe two common systems of ground protection that are found in circuit breakers.  List three ratings that are found on the nameplates of circuit breakers.  Explain the relationship between a breaker’s rating and its location in a typical primary power circuit.

· Principles of Circuit Interruption – Explain what an arc is and how it forms.  Describe how a typical circuit breaker controls an arc by using main contacts and arc contacts.  List three factors that allow an arc to be extinguished.  Explain how an insulated fin arc chute can be used to extinguish an arc in a typical breaker.  Explain how a metal fin arc chute can be used to extinguish an arc in a typical breaker.  Define current zero, and explain how it is used to help extinguish an arc in an AC circuit.  State the differences between a breaker’s rating in an AC circuit and in a DC circuit.

· Switchgear – List the three sections of a typical switchgear assembly.  Describe how a typical circuit breaker is connected to primary power and control power.  Explain the purpose of the bus section of a switchgear assembly.  Explain the purpose of the cable section of a switchgear assembly.  List and explain three draw out positions a breaker passes through as it is racked out of a cubicle in a switchgear assembly.

· Preventive Maintenance – Describe the procedure for racking a power breaker out of a cubicle.  Describe how arc chutes and contacts are inspected on a typical power breaker.  Describe how shunt trip coils and primary and secondary disconnect fingers are inspected on a typical power breaker.  Describe the procedure for racking a power breaker into a switchgear cubicle.

· Circuit Breaker Overhaul – Describe how to clean a typical power breaker using compressed air and solvent.  Describe how to disassemble, inspect, and clean a metal fin arc chute.  Explain why it is important to lubricate the moving parts in the operating mechanism of a typical power breaker after the breaker has been cleaned with solvent.  List three checks that can be performed on the movable and stationary contacts of a typical power breaker.  Describe how to perform an instantaneous trip test and a delayed trip test on a typical breaker.

Field of Study

Electrical Equipment
Total Hours
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EIGHTH SIX MONTHS

OSHA









10 hours

Outreach Training Program

This course is designed for Construction Workers, Foremen, Superintendents, and Project Mangers.  OSHA recommends Outreach Training Program courses as an orientation to occupational safety and health for workers covered by OSHA 29 CFR 1926.  Workers must receive additional training, when required by OSHA standards, on the specific hazards of the job.  Upon successful completion of the course, participants will receive an OSHA construction safety and health 10-hour course completion card from the U. S. Department of Labor.

Learning Objectives

· General understanding of the OSHA Act and the functions of OSHA

· Inform the apprentice on the procedures and priorities of an OSHA Compliance inspection

· Describe the rights and responsibilities of employers and employees under the OSHA Act

· Provide apprentice with the skills and knowledge to identify and control hazards in the workplace.

· Provide apprentice with the tools and knowledge to control and eliminate hazards in the workplace.

· Promote a proactive safety attitude within the student.

Key Topics

· Introduction to OSHA

· General Safety and Health Provision

· Electrical

· Fall Protection

· Personal Protective and Lifesaving Equipment

· Materials Handling, Storage, use and Disposal

· Hand & Power Tools

· Scaffolds

· Cranes, Derricks, Hoists, Elevators & Conveyors

· Excavations

· Stairways & Ladders

Field of Study

Safety
Course Unit Review

This unit will be broken down into four chapters of Review, discussion and examination to ensure the apprentice has comprehended the materials.

Chapter 1








16 hours
A review of all units covered in the first and second six months.

Chapter 2








16 hours

A review of all units covered in the third and fourth six months

Chapter 3








16 hours

A review of all units covered in the fifth and sixth six months

Chapter 4








14 hours

A review of all units covered in the seventh month

Total Hours
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