~~ B PDH-Pro.com

PDH-PRO

AC Theory, Circuits, Generators & Motors

Course Number: EE-02-306
PDH: 6

Approved for: AK, AL, AR, DE, FL, GA, IA, ID, IL, IN, KS,
KY, LA, MD, ME, MI, MN, MO, MS, MT, NC, ND, NE, NH, NJ,
NM, NV, NY, OH, OK, OR, PA, SC, SD, TN, TX, UT, VA, VT,
WI, WV, and WY

State Board Approvals

Florida Provider # 0009553 License #868

Indiana Continuing Education Provider #CE21800088

Maryland Approved Provider of Continuing Professional Competency
New Jersey Professional Competency Approval #24GP00025600
North Carolina Approved Sponsor #S-0695

NYSED Sponsor #274

How Our Written Courses Work

This document is the course text. You may review this material at your leisure
before or after you purchase the course.

After the course has been purchased, review the technical material and then
complete the quiz at your convenience.

A Certificate of Completion is available once you pass the exam (70% or greater).
If a passing grade is not obtained, you may take the quiz as many times as
necessary until a passing grade is obtained).

If you have any questions or technical difficulties, please call (508) 298-4787 or
email us at admin@PDH Pro.com.

PDH-PRO

ontinuing Education for Engineers

396 Washington Street, Suite 159, Wellesley, MA 02481
Telephone — (508) 298-4787 www.PDH-Pro.com




AC Theory, Circuits, Generators & Motors

Module 1: AC Generation

Learning Objectives
By the end of this section, you will be able to:

e Describe the construction and operational mechanics of a simple AC generator.
e Explain the theoretical development of a sine-wave output based on coil rotation angles.

Executive Summary: The fundamental mechanism of AC generation involves a conductor loop turning
within a magnetic field to cut lines of force. This physical rotation directly correlates to the electrical
output: one complete 360° rotation of the coil generates one full cycle of an AC sine wave, with polarity
reversing periodically based on the coil's orientation to the field.

AC Generator Design Fundamentals

To analyze the AC power generation process, you must first deconstruct the elementary AC generator.
The device consists of a conductor—specifically a loop of wire—positioned within a magnetic field
produced by an electromagnet.

Key Components and Connections

¢ Slip Rings: The two ends of the loop connect to slip rings. Unlike DC generators which use
commutators, slip rings maintain a continuous connection without rectifying the output.

e Brushes: Two brushes remain in constant contact with the slip rings to transfer the induced
voltage to the external circuit.

e Mechanism: As the loop rotates, it cuts magnetic lines of force, alternating directions to
generate voltage.

Direction

O .
Rotation

Figure 1. Simple AC Generator
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Development of a Sine-Wave Output
The magnitude and polarity of the induced voltage depend entirely on the coil's position relative to the
magnetic field lines. Follow the generation cycle through one full rotation:

The Vertical Position (0°)

At the instant the loop sits in the vertical position, the coil sides move parallel to the magnetic field.
e Effect: No magnetic lines of force are cut.

e Result: Induced voltage is zero.

The First Quarter Turn (0° to 90°)

As the coil rotates counter-clockwise, the sides begin cutting magnetic lines of force. The induced
voltages add in series, creating a potential difference that makes slip ring X positive (+) and slip ring Y
negative (-).

e Current Flow: Current flows from Y to X through the resistor.

¢ Maximum Value: At 90° (horizontal position), the coil moves perpendicular to the field, cutting
the maximum number of lines. This produces the maximum induced current and voltage.

The Second Quarter Turn (90° to 180°)

As rotation continues, the angle of cutting decreases.
e Effect: Induced voltage and current decrease.

e Result: At 180° (vertical), the value returns to zero.

The Second Half Revolution (180° to 360°)

During the remaining half of the revolution, the coil sides cut the field in the opposite direction.
e Polarity: An equal voltage is produced, but the polarity is reversed.
e Current Flow: Current through the resistor now flows from X to Y.

e Completion: The rotation through 360° completes one cycle of AC generation, producing a
standard sine wave.
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Figure 2. Developing a Sine-Wave Voltage

. Design Tip: The sine wave output is the direct result of the periodic reversal of polarity. Ensure your
analysis of generator output accounts for the direction of coil movement, as this dictates the direction

of the induced voltages.
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Checkpoint Quiz

At which position does the AC generator coil induce the maximum voltage?
a) 0° (Vertical)

b) 45°

c) 90° (Horizontal)

d) 180° (Vertical)

Answer: (c). The horizontal coil moves perpendicular to the field and cuts the greatest number of
magnetic lines of force at this position.

2.

Which component connects the rotating loop to the brushes in an AC generator?
a) Commutator

b) Slip rings

c) Stator

d) Armature

Answer: (b). The two ends of the loop are connected to slip rings, which are in contact with the brushes.

3.

What is the state of the induced voltage when the loop is in the vertical position (0° or 180°)?
a) Maximum Positive

b) Maximum Negative

c) Zero

d) Constant

Answer: (c). In the vertical position, the coil sides move parallel to the field and do not cut magnetic

lines of force, resulting in no induced voltage.
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Module 2: AC Generation Analysis

Learning Objectives
By the end of this section, you will be able to:

e Define the essential terms of AC generation: Radians/second, Hertz, and Period.
o Differentiate between peak, average, and effective (RMS) values of AC current and voltage.

e Calculate the effective (RMS) and average values of an AC waveform when given the maximum
(peak) value.

e Evaluate the phase relationship between two sine waves to determine if they are in-phase,
leading, or lagging.

Executive Summary: AC generation analysis requires converting constantly changing sine waves into
static, usable values. The most critical of these is the Effective Value (RMS), which equates an AC
current to the DC current required to produce the same heating effect. Mastering the relationships
between Peak, RMS, and Average values, along with Frequency and Phase Angle, is essential for
analyzing AC power systems.

Waveform Analysis & Terminology
The output of an AC generator is graphically represented as a sine wave. To analyze this output, you
must define the specific parameters of the wave's motion.

Key Definitions

e Cycle: One complete rotation (360 degrees) of the generator coil. The voltage starts at zero,
rises to positive maximum, returns to zero, drops to negative maximum, and returns to zero.

e Peak Voltage (Emax or Ep): The maximum voltage value reached during a cycle, occurring at 90
degrees (positive) and 270 degrees (negative).

e Period: The time required to complete one full cycle.

e Frequency (f): The number of cycles completed in one second, measured in Hertz (Hz).
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