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ELECTRIC MOTORS 
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Electric Motor Type Classification 
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ELECTRIC MOTORS 

AC DC 

SYNCHRONOUS ASYNCHRONOUS 

Brushless Induction Reluctance Stepper Sinusoidal  

Permanent Magnet 

Wound Field 

Surface PM 

Interior PM 

Å Stator same 

Å Difference in rotor construction 

 

If properly controlled 

Å Provides constant torque 

Å Low torque ripple 

SR 

VARIABLE RELUCTANCE 
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DC 

AC 

universal (series) 

PM 
brush 

brushless 

polyphase 

single ph. 

synchronous 

induction 

synchronous 

PM 

induction split phase 
shaded pole 

universal (series) 

capacitor run 
capac. start 

Stepper  & Switched Reluctance 

Excit. winding 

Electric Motor Type Classification 
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Motion Force Generation 
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Å Current flowing in a magnetic field results in a force on the conductor 

Å hǊƛŜƴǘŀǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘŜŘ ŦƻǊŎŜ ƛǎ ƎƻǾŜǊƴŜŘ ōȅ άwƛƎƘǘ IŀƴŘ wǳƭŜέ 
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Right Hand Rule 

Direction of force 

causing wire motion 
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DC Motor Principle 
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Å The stator of a Permanent Magnet DC Motor is composed of two or more permanent 
magnet pole pieces.  

Å The rotor is composed of windings connected to a mechanical commutator, which 
mechanically ensures the angle between wire current and magnetic field ~ 90ϲ. 

 

rotation commutator 

ñMechanicalò FOC 
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Torque Production Principle 
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ÅElectromagnetic torque production by the stator magnetic flux and 
magnet flux space vectors 

g 

gsinÖY³YÖ=Y³YÖ= SRSRe ccT

¯=­ 90)max( geT

g 
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Torque Production Principle 
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Å All is about magnetic fields interaction 

ï Rotor Magnetic field 

ï Stator Magnetic field 

 

Å The torque/force is produced when both 
fields form an non zero angle 

 

Å Having the stator magnetic field leading the 
rotor magnetic field we form an        el. 
motor 

 

Å Then FOC is to control the torque 

ï thus also the mag. field angle 

ï by strength of the rotor mag. field and  

ï by strength of the stator mag. field 
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DC MOTOR 
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Brush DC Motor Principle 

ÅBrush DC motor commutation 
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Rotor flux is perpendicular to stator 
regardless of rotor position 

Commutator performs mechanical ñVectorò Control 

S 

N 
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Separately Excited DC Motor 
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Operational Characteristic of the Drive 
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Operational Characteristic of the Drive 
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Brush DC Motor Principle 

ÅBrush DC motor control 
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Single quadrant operation 2 & 4 quadrant operation 
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Brush DC Motor Speed & Torque/Current 
Control 

15 

ÅTwo control loops 

ïOuter control loop ς speed control loop 

ïInner control loop ς torque/current control loop 

 

 

16.12.2011 



Lb±9{¢L/9 5h wh½±hW9 ±½5=[#±#bN 

Brush DC Motor 

Å Advantages 

ïEase to control  (self commutating). 

ïLowest rotor inertia   (coreless rotors). 

ïLowest total system cost for basic motion. 

ïWound field motors exhibit high starting torque, (series wound) and 
can run with AC or DC. 

Å Drawbacks 

ïHigher maintenance cost due to brush wear. 

ïElectrical noise due to mechanical commutation. 

ïMaximal speed limited by commutator 

ïHeat is generated in armature, which is difficult to remove  

ïFriction losses associated with mechanical commutation. 

ïbƻǘ ǳǎŀōƭŜ ƛƴ άƛƴǘǊƛƴǎƛŎŀƭƭȅ ǎŀŦŜέ ŜƴǾƛǊƻƴƳŜƴǘǎΦ 
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BLDC (BRUSHLESS DC) MOTOR 
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Requires mechanism to sense rotor 

position to commutate field properly 

 

This is usually a hall effect 

sensor array or an encoder 

Permanent magnet (usually ferrite, 

samarium cobalt, or neodymium iron 

boron) 

Reversing 

Switch 

Brushless DC Motors ς Basic Structure 
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3-Phase Brushless DC Motor 
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Brushless DC Motor Principle 

ÅBrushless DC motor rotation 

ÅBLDC motor rotates because of the magnetic attraction 

between the poles of the rotor and the opposite poles of the 

stator. 

ÅIf the rotor poles are facing poles of the opposite polarity on 

the stator, a strong magnetic attraction is set up between 

them. 

ÅThe mutual attraction locks the rotor and stator poles 

together, and the rotor is literally yanked into step with the 

revolving stator magnetic field. 
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Figure 1- No-load condition 

Figure 2- Load condition 
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Brushless DC Motor Control 

ÅSix Step BLDC Motor Control 
ï Voltage applied on two phases only 

Power Stage 

21 
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Commutation of a Brushless DC Motor 
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One phase is always unpowered 
at any given time 
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Brushless DC Motor Control 

ÅSix Step BLDC Motor Control 
ï Voltage applied on two phases only 

ï It creates 6 flux vectors 

ï Phases are power based on rotor position 

ï The process is called Commutation 

Phase voltages 
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Commutation of a Brushless DC Motor 
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Commutation Table 

ÅHall Sensors sense rotor flux and are aligned to phase to 
phase Back EMF voltage 
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Brushless DC Motor Control 

Å{ƛȄ {ǘŜǇ .[5/ aƻǘƻǊ /ƻƴǘǊƻƭ ŎƻƴǘΩŘ 

PWM 1 

PWM 3 

PWM 5 

PWM 2 

PWM 4 

PWM 6 

Hall a 

Hall b 

Hall c 
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Rotor Electrical Position (Degrees) 
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BEMF Voltage Zero Crossing Sensing 
Condition 

27 

1. The measured phase is disconnected from power source 

2. There is no current flowing through measured phase 

UC = BEMFC 
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