Review/Revision Date by Maine DOE: August 2017

Electrical Standards and Competencies
Electrician (46.0302)
Industry Standard: National Center for Construction Education & Research (NCCER) – Electrical, Levels 1 & 2, 9th edition (2017)
Note: MACTE has approved NCCER Core and Electrical Levels 1 and 2 as accepted standards.   The National Electrical Code standards are imbedded into the curriculum where it is pertinent. 
Framework, Duties and Tasks 
Electrical, Level 1
1. Orientation To The Electrical Trade 
a. Identify the various sectors and trade options in the electrical industry.

i. Describe the typical components in a residential wiring system. 
ii. Describe the typical components in a commercial wiring system. 

iii. Describe the typical components in an industrial wiring system. 

iv. List various career paths and opportunities in the electrical trade. 

b. Understand the apprenticeship/training process for electricians. 

i. List department of labor (DOL) requirements for apprenticeship. 

ii. Describe various types of training in the electrical field. 

c. Understand the responsibilities of the employee and employer. 

i. Identify employee responsibilities. 

ii. Identify employer responsibilities. 

2. Electrical Safety
a. Identify electrical hazards and their effects.
i. Understand the effects of electrical shock on the human body. 

ii. Verify that circuits are de-energized. 

b. Use PPE to reduce the risk of injury. 

i. Identify OSHA requirements for protective equipment. 

ii. Select and use protective equipment. 

c. Identify the standards that relate to electrical safety. 

i. Apply OSHA requirements in the workplace. 

ii. Understand the purpose of NFPA 70E.
d. Recognize the safety requirements for various hazards. 

i. Identify the safety hazards associated with ladders, scaffolds, and lift equipment. 

ii. Avoid back injuries by practicing proper lifting techniques. 

iii. Demonstrate basic tool safety. 

iv. Identify confined space entry procedures. 

v. Work safely with dangerous materials. 

vi. Select and use appropriate fall protection. 
3. Introduction To Electrical Circuits
a. Describe atomic structure as it relates to electricity. 
i. Identify the components of an atom. 

ii. Compare the atomic structures of conductors and insulators. 

iii. Identify the role of magnetism in electrical devices. 

iv. Identify the basic components in a power distribution system. 

b. Identify electrical units of measurement. 

i. Define current. 

ii. Define voltage. 

iii. Define resistance. 

iv. Use Ohm’s law to solve for unknown circuit values. 

c. Read schematic diagrams. 

i. Identify the symbol for a resistor and determine its value based on color codes. 

ii. Distinguish between series and parallel circuits. 

iii. Identify the instruments used to measure circuit values. 

iv. Calculate electrical power. 

4. Electrical Theory
a. Calculate values in resistive circuits. 
i. Identify resistances in circuits. 

ii. Identify resistances in parallel. 

iii. Simplify series-parallel circuits. 

iv. Apply Ohm’s law to various types of circuits. 

b. Apply Kirchhoff’s law to various types of circuits. 

i. Use Kirchhoff’s current law. 

ii. Use Kirchhoff’s voltage law. 

5. Introduction to the National Electrical Code
a. Explain the purpose and history of the NEC.
i. Trace the history of the NEC.
ii. Identify the roles of other organizations. 

b. Navigate the NEC.
i. Identify the chapters in the NEC.
ii. Use the NEC to find specific installation requirements. 

6. Device Boxes
a. Size and install outlet boxes. 
i. Identify boxes and their applications. 

ii. Size outlet boxes. 

iii. Install outlet boxes. 

b. Size and install pull and junction boxes. 

i. Size pull and junction boxes. 

ii. Install pull and junction boxes. 

7. Hand Bending
a. Select and use hand bending equipment. 
i. Use geometry to make a bend. 

ii. Make 90̊ bends. 

iii. Make offset bends. 

b. Cut, ream, and thread conduit. 

i. Cut conduit using a hacksaw. 

ii. Cut conduit using a pipe cutter. 

iii. Ream conduit. 

iv. Thread conduit. 

v. Cut and join PVC conduit. 

8. Raceways and Fittings
a. Select and install raceway systems. 
i. Identify types of conduit and their applications. 

ii. Properly bond conduit for use as a ground path. 

iii. Install metal conduit fittings. 

iv. Make conduit-to-box connections. 

v. Identify raceway supports. 

vi. Identify installation requirements for various construction methods. 

b. Select fasteners and anchors for the installation of raceway systems. 

i. Select and install tie wraps. 

ii. Select and install screws. 

iii. Select and install hammer-driven pins and studs. 

iv. Identify the safety requirements for stud-type guns. 

v. Select and install masonry anchors. 

vi. Select and install hollow-wall anchors. 

vii. Select and install epoxy anchoring systems. 

c. Select and install wireways and other specialty raceways. 

i. Identify types of wireways and their components. 

ii. Install wireway supports. 

iii. Identify and install specialty raceways. 

d. Select and install cable trays. 

i. Identify cable tray types and fittings. 

ii. Install cable tray supports. 

e. Handle and store raceways. 

i. Handle raceways. 

ii. Store raceways. 

9. Conductors and Cables
a. Classify conductors by wire size, insulation, and application. 
i. Identify wire sizes. 

ii. Determine conductor ampacities. 

iii. Identify conductor materials. 

iv. Identify conductor insulation. 

v. Identify fixture wiring. 

vi. Identify cable types and applications. 

vii. Identify instrumentation control wiring. 

b. Install conductors in a conduit system. 

i. Install conductors using fish tape. 

ii. Install conductors using pulling equipment. 

10.      Basic Electrical Construction Drawings
a. Identify types of construction drawings. 
i. Identify the information found on site plans. 

ii. Identify the information found on floor plans. 

iii. Identify the information found on elevation drawings. 

iv. Identify the information found on sectional views. 

v. Identify the information found on title blocks. 

vi. Interpret drafting lines. 

b. Work with scale drawings. 

i. Use an architect’s scale. 

ii. Use an engineer’s scale. 

iii. Use a metric scale. 

c. Read electrical drawings. 

i. Interpret electrical symbols. 

ii. Analyze a set of electrical drawings. 

iii. Identify fixtures in a lighting floor plan. 

iv. Read block and schematic diagrams. 

v. Interpret written specifications. 

11.     Residential Electrical Services
a. Size the electric service for a dwelling. 

i. Calculate the electric service load. 

ii. Apply demand factors. 

iii. Calculate appliance loads. 

iv. Size the load center. 

b. Identify the grounding requirements for a residential electrical system. 

i. Size grounding electrodes. 

ii. Size the main bonding jumper. 

iii. Install the equipment grounding system. 

c. Install service-entrance equipment. 

i. Identify the service drop location. 

ii. Select the panelboard location. 

d. Identify wiring methods for various types of residences. 

i. Select and install cable systems. 

ii. Select and install raceways. 

e. Lay out branch circuits and size outlet boxes. 

i. Complete the branch circuit layout for power. 

ii. Complete the branch circuit layout for lighting. 

iii. Install outlet boxes. 

f. Select and install various wiring devices. 

i. Select and install receptacles. 

ii. Select and install switches. 

iii. Install devices near residential swimming pools, spas, and hot tubs. 

12. Electrical Test Equipment
a. Identify various types of electrical test equipment. 

i. Identify the applications of a voltmeter. 

ii. Identify the applications of an ohmmeter. 

iii. Identify the applications of an ammeter. 

iv. Identify the applications of a multimeter. 

v. Identify the applications of other meters. 

b. Select a meter with the correct category rating for an application. 

i. Identify electrical test equipment safety hazards. 
Electrical, Level 2
12. Alternating Current  

a. Identify AC waveforms. 
i. Define the terminology of sine waves. 

ii. Define AC phase relationships. 

iii. Identify nonsinusoidal waveforms. 

b. Determine unknown values in AC circuits. 

i. Find unknown values in purely resistive AC circuits. 

ii. Find unknown values in inductive AC circuits. 

iii. Find unknown values in capacitive AC circuits. 

iv. Find unknown values in combination circuits. 

c. Make power calculations in AC circuits. 

i. Calculate true power. 

ii. Calculate apparent power. 

iii. Calculate reactive power. 

iv. Calculate power factor. 

v. Use the power triangle to determine unknown values. 

d. Identify transformers and explain how they operate. 

i. Identify the basic components in a transformer. 

ii. Identify transformer operating characteristics. 

iii. Calculate turns and voltage ratios. 

iv. Identify various types of transformers and their applications. 

13.   Motors: Theory and Application 

a. Identify direct current (DC) motors and describe their operating characteristics. 
i. Understand how DC motors operate. 

ii. Identify types of DC motors. 

b. Identify alternating current (AC) motors and describe their operating characteristics. 

i. Understand how AC motors operate. 

ii. Identify three-phase induction motors. 

iii. Identify synchronous motors. 

iv. Identify single-phase induction motors. 

c. Identify variable-speed drives and describe their operating characteristics. 

i. Identify types of adjustable speed loads. 

ii. Identify types of motor speed control. 

iii. Identify braking methods. 

d. Identify motor enclosures, frame designations, and operating characteristics. 

i. Identify types of motor enclosures. 

ii. Identify NEMA frame designations. 

iii. Identify motor operating characteristics using nameplate data. 

e. Identify the connections and terminal markings for AC motors. 

i. Identify the terminals of wye-connected motors. 

ii. Identify the terminals of delta-connected motors. 

f. Identify the NEC requirements for motors. 

i. Identify NEC installation requirements. 

ii. Identify NEC motor protection requirements. 

14.   Electric Lighting
a. Explain the relationship between human vision and light. 
i. Identify how the human eye operates. 

ii. Identify the characteristics of light. 

b. Identify and install lamps and ballasts. 

i. Identify and install lamps. 

ii. Identify and install ballasts. 

c. Select and install lighting fixtures for various applications. 

i. Identify lighting fixtures and their applications. 

ii. Store and handle lamps and lighting fixtures. 

iii. Install lighting fixtures. 

d. Select lighting controls for various applications. 

i. Select occupancy sensors. 

ii. Select photosensors. 

iii. Use lighting timers. 

iv. Program energy management systems. 

15.   Conduit Bending
a. Identify the NEC requirements for conduit bends. 
i. Identify the minimum radius requirements for various types of conduit. 

ii. Calculate the number of bends per run. 

b. Use equations to find bend distances. 

i. Use right-angle mathematics to find bend distances. 

ii. Use the circumference of a circle to determine bend distances. 

c. Use mechanical benders. 

i. Chart a mechanical bender. 

ii. Make mechanical bends. 

d. Use electric and hydraulic conduit benders. 

i. Use electric conduit benders. 

ii. Use hydraulic conduit benders. 

e. Install PVC conduit. 

i. Join PVC conduit. 

ii. Bend PVC conduit. 

16.   Pull and Junction Boxes
a. Identify boxes and fittings. 
i. Select pull and junction boxes. 

ii. Select and install fittings. 

b. Size pull and junction boxes. 

i. Size pull and junction boxes for systems under 1,000V. 

ii. Size pull and junction boxes for systems over 1,000V. 

c. Identify specialty enclosures. 

i. Identify conduit bodies and other cast enclosures. 

ii. Select and install handholes. 

17.   Conductor Installations
a. Install cable in conduit systems. 
i. Plan the installation. 

ii. Identify a pulling location and set up the cable reels. 

iii. Prepare raceways for conductors. 

iv. Install a pull line. 

v. Prepare the cable ends for pulling. 

vi. Select cable-pulling equipment. 

b. Set up for high-force cable pulling. 

i. Set up the feeding end. 

ii. Support conductors. 

iii. Pull cable in cable trays. 

c. Identify cable limitations when pulling. 

i. Calculate the allowable tension on pulling devices. 

ii. Calculate the allowable tension on conductors. 

iii. Calculate the sidewall loading. 

18.   Cable Tray
a. Identify cable tray components. 
i. Select cable tray fittings. 

ii. Identify cable tray supports. 

b. Calculate the load on a cable tray. 

i. Determine the load on supports. 

ii. Identify types of failure under load. 

iii. Identify installation requirements for cable tray. 

c. Determine cable tray fill. 

i. Determine the number of conductors allowed in cable tray operating at 2,000V or less. 

ii. Identify derating factors for cable tray conductors. 

19.   Conductor Terminations and Splices 

a. Strip and train conductors. 
i. Strip small conductors. 

ii. Strip large conductors. 

iii. Bend cable and train conductors. 

b. Make wire connections. 

i. Install various types of connectors. 

ii. Make aluminum connections. 

iii. Install control and signal cables. 

c. Reinsulate electrical connections. 

i. Tape electrical connections. 

ii. Install heat-shrink insulators. 

iii. Use motor connection kits. 

20.   Grounding and Bonding 

a. Identify grounding requirements and applications. 
i. Identify the purpose of grounding and bonding. 

ii. Identify the grounding requirements for various systems. 

b. Identify service grounding methods. 

i. Size and install a grounding electrode conductor. 

ii. Select other electrodes. 

c. Size and select equipment grounding. 

i. Size an equipment grounding conductor. 

ii. Ground an enclosure. 

d. Bond service equipment. 

i. Size the main bonding jumper. 

ii. Bond multiple service disconnects. 

iii. Bond enclosures and equipment. 

e. Ground and bond separately derived systems. 

i. Ground separately derived systems. 

ii. Install grounding at more than one building. 

f. Test for effective grounds. 

i. Measure earth resistance using the fall-of-potential method. 

ii. Complete a three-point test. 

21.   Circuit Breakers and Fuses
a. Identify the function of overcurrent protective devices. 
i. Identify types of overcurrent conditions. 

ii. Identify NEC requirements for overcurrent protective devices. 

b. Size and select circuit breakers. 

i. Identify circuit breaker components. 

ii. Identify circuit breaker types and ratings. 

c. Size and select fuses. 

i. Identify fuse types and markings. 

ii. Size fuses. 

iii. Coordinate the operation of overcurrent protective devices. 

22.   Control Systems and Fundamental Concepts 

a. Identify magnetic and mechanically held contactors. 
i. Select lighting contactors. 

ii. Make forward and reverse motor contactor connections. 

iii. Select mechanically held contactors. 

b. Select and troubleshoot relays. 

i. Select control relays. 

ii. Select timers and timing relays. 

iii. Select solid-state relays. 

iv. Select overload relays. 

v. Troubleshoot relays. 

c. Install low-voltage remote control switching systems. 

i. Identify remote control switching system components and operating characteristics. 

ii. Plan and install a remote control switching system. 
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