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Course Logistics

• Lab 5 Monday section moved to Wednesday (Apr. 8) at 10:30 AM
• Only Monday section is modified, Friday sections are not impacted

• No tutorial this Friday

• Office hour
• My regular office hour on April 8 and 15 at 4 PM
• The TA will hold an additional office hour on either April 13, 14, 16, or 17: vote on Piazza

• SEI survey: March 28 – April 13

• Final exam: Apr. 19 @ 12 PM in IRC 4
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Module 7: Small Motors (overview only, will not be 
tested)

3



Objectives & important concepts

• PM Brushless DC Machines (Ch. 6.13)

• Reluctance Motors (Ch. 6.14)

• Single Phase AC Motors (Ch. 7.1 & 7.2)

• Electrical Energy Utilization
• In BC, about 65% of all electricity is consumed by motors

• For industry it is about 85%
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PM Synchronous Brushless DC (BLDC) Machines (Ch. 6.13)

Objectives:
• Provide overview, understand concepts and principles

• Types and construction of commonly used Brushless DC and Servo Motors 

• Applications of BLDC motors

• Principle of operation & torque production

• Similarity with conventional brushed DC Motors

• Principle of PWM drive of Brushless DC Motors
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Applications of Typical Brushless DC Motors

toys

Propulsion & TransportationComputers

In-Wheel motors
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Servo motors for positioning and industrial automation

Applications of Typical Brushless DC Motors
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Typical Configurations of BLDC Motors

3-Phase AC input:

no additional power supply is needed (208/120 V AC)

DC input:

requires additional DC power 

supply (24 – 48V DC)

BLDC 

Motor & 

Drivers

Brushless AC or DC 

servo motors
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Hall-Sensor-Driven BLDC Machine
Features
• Simple & low cost

• Work with various loads

• Drivers work with different motors

• Motors work with different drivers

• Good speed/torque characteristics

• High dynamic response

• High efficiency

• Wide speed ranges

DC-AC Inverter

Hall sensor 

position sensors 
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120-Deg., 6-Step BLDC Motor Drive
Step Rotor Position Active Transistors

1 -30 to 30 T1, T5

2 30 to 90 T1, T6

3 90 to 150 T2, T6

4 150 to 210 T2, T4

5 210 to 270 T3, T4

6 270 to 330 T3, T5
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3-Phase Brushless DC Motor Drive
6-step, 120 deg. operation with PWM Apply PWM to control the average voltage



12

Brushless DC Motor (Drive)

dcf IT ~

frfE ~

• Switch the transistors such that stator currents are always in phase with the rotor back emf
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3-Phase Brushless DC Motor Drive
6-step, 120 deg. operation: 

Typical steady state waveforms                              Start-up transient

• Torque-speed characteristic: PM Brushed DC vs. BLDC Motor
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Principle of Reluctance Motors (Ch. 6.14)
Recall Variable Reluctance Motors

Rotor “is pushed” to take the position of minimal reluctance!
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4-Phase, 8/6 Stepper Motor
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4-Phase, 8/6 Stepper Motor

Terminology

- number of stator teeth

- number of rotor teeth

STN

RTN

- stator tooth-pitch
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- rotor tooth pitch
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Variable Reluctance Motors
Also known as Switched Reluctance Motors

2-pole, 3-phase, 6/4 - teeth
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What is the direction of rotation for as, bs, 

cs sequence ? 
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Variable Reluctance Motors
4-pole, 3-phase, 12/8 - teeth 12=STN 8=RTN RTST NN 
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bs, cs sequence ? 
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12/8 Variable Reluctance Motor

Cutaway view 
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Important Topics and Concepts

• Principle of operation of Single-phase Induction Motors

• Types commonly used Single-phase Induction Motors: Split-phase, 

Capacitor-Run, Shaded-Pole Motors

• Characteristics and range of applications

• Universal motor 

Single Phase AC Motors (Ch. 7.1 & 7.2)

• Less efficient

• Low power

• Low maintenance

• Very inexpensive

• Often used capacitors & gearheads
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Single-Phase Induction Motors
Rotating Magnetic Field 3-phase system 2-phase system

( )120sin −= tIi emb 

( )tIi ema sin=

( )120sin += tIi emc 

( )90sin −= tIi emb 

( )tIi ema sin=

1. Phase shifted currents

2. Displaced windings

In some small applications (under 1 or 2 kW)

3-phase or 2-phases are not always available ! 

How can we produce rotating magnetic field with just one phase ?

emagnet F =F
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Single-Phase Induction Motors
Pulsating magnetic field bwfws FFF +=

Pulsating field Fs can be viewed as two

magnetic fields Ffw and Fbw of ½ strength

and rotating in opposite directions

Forward component

Backward component

emfw F =
2

1
F

embw F −=
2

1
F
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Torque – Speed (Slip) Characteristic

Recall 3-phase IM 

bwfwnete TTT −=,Recall single-phase IM (Forward minus Backward)

( )

( ) ( )22
2

2

2

2

2
3

XXsRR

sRVP
T

ththe

th
e

+++


=





24

Split-Phase Induction Motors
Recall single-phase IM with one stator winding

No starting torque!

Use auxiliary winding (pole)

Shift phase of the current in 

auxiliary winding
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Split-Phase Motors
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Capacitor-Start/Run Motors
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Shaded-Pole Motors
In very small applications, under 50 W

Very inexpensive

High slip, Low efficiency
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Single-Phase Induction Motors
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Single-Phase Universal Motors
Recall Series (Brushed) DC Motor

AC versus DC Excitation

Fractional horsepower applications

Domestic appliances such as:

Portable tools, drills, mixers, blenders, vacuum 

cleaners, etc

Operate at high speeds 

(1500 – 10,000 rpm)
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Single-Phase Universal Motors

Fractional horsepower applications

Domestic appliances such as:

Portable tools, drills, mixers, blenders, 

vacuum cleaners, etc

Operate at high speeds 

(1500 – 10,000 rpm)
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ELEC 342: Electromechanical Energy Conversion



Looking ahead…

• Exam review
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