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Motor Design:
Basic Tutorial
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Electric Machine

= Electric machine - transducer for converting electrical energy to
mechanical energy or mechanical energy to electrical energy.

AC/DC Electric
Source - Machine

p=1*V P=T*S

= Type of Electric machine
* Motors
« (Generators
« Sensors
* Electromagnets

« Electromagnetic amplifiers, etc.
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Types of Motors (Commonly used in our industry)

= AC Induction
— Squirrel Cage
— Wound Field

Brushed DC
AC Synchronous

— Permanent magnets
— Wound field

Brushless AC/DC
Switched reluctance

Linear
— Flat
— Tubular

Stepper
— Permanent Magnet (PM)
— Variable Reluctance (VR)
— Hybrid Stepper
— Linear
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Typical Brushed DC Motor Construction and Performance

Insulator - Brushed DC Motor Perforamance @ 28VDC
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= Easy to predict motor performance
= Difficult to design brush system
= Availability of the brush system components
= Very difficult to predict brush life
= Not a motor of choice for new applications, replacement or redesign

= Manufacturing cost very low for mass production, when fully tooled
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Applications for Brushed DC Motor

= Appliances

= Hand tool

= Automotive

= Military and aerospace

= Autopilot/Auto-throttle Applications
* Fin Controls

= Gimbal Applications

= Optics & Radars

= Down-hole oil and gas exploration
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Typical Induction Motor Construction and Performance

= Easy to predict motor performance for a three phase design, notoriously
difficult for a single phase design

= Limited availability for copper fabricated rotors
= Still a motor of choice for a new 400 Hz aerospace applications
= Manufacturing cost low for mass production, when fully tooled
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Applications for AC Induction Motor

= Fans, Blowers & Pumps

= Aerospace

= |Industrial

= Flight Controls

= Radar Drives

= Environmental Control Systems
= Throttle/Pilot Interface Devices
= Down Hole Applications

= Valves

g
WINDINGS &

5T\



Typical Hybrid Stepper Motor Construction and Performance

= Difficult to predict motor performance, based on design experience

= Not a motor of choice for new applications, however is still attractive for

some space applications when feedback device not used, replacement or
redesign

= Sometimes require precision lamination stamping

= Manufacturing cost very low for mass production, when fully tooled, for
example, NEMA 17 hybrid stepper motor cost less than $10.

Holding Torque
/Max Pull-in Torque

Torque(N.m)

Max Full-in Frequency

Max Response Frequency

Speed (PPS)
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Applications for Stepper Motor

= Incremental Positioning Applications with no
feedback device

= Optics — Use for Positioning Filters or Lenses in
Optics

= Robotic Joint Positioning
= Pan & Tilt Assemblies
= Low Power, Low Speed Scanners

= Radar Drives (limited rotation, low inertia
or power).

= 3D Printers

= Proportional Valves — Hydraulic,
Fuel Control etc.
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Brushless DC Motor Construction and Performance

= Easy to predict motor performance, however motor performance
drive/controller dependent.

= Motor of choice for new applications.

Brushless DC Motor Control 1 |7 Current
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Brushless DC Motor Construction and Performance
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Applications for Brushless Motor

= Highest Performance Applications
— Fin Controls
— TVC Controls
— Multi-Mode Radar/Gimbal Drives
— Weapons Gimbals
— Turret Drives
— Primary & Secondary Flight Controls
— High speed / High Power Pumps & Fans
— Vehicle Traction Drives

= High Reliability and Storage Life.
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Switched Reluctance Motor Construction and Performance

= Electronically Commutated

= No Permanent Magnets!!

= High Torque Ripple

= Difficult to predict motor performance

= Once was a major alterative to induction and brushless DC

= Manufacturing cost low for mass production, when fully tooled
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Applications for Switched Reluctance Motor

= Appliances
= Hand tool

= Automotive
= Locomotive traction
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Linear Motor Construction and Performance

Tubular LM Flat LM
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Motor Construction and Performance

= Easy to predict motor performance
= Motor of choice for new applications.
= Manufacturing cost high
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