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A	permanent	magnet	AC	motor	(PMAC)	uses	rare-earth	magnets	on	the	rotor	to	create	a	strong	magnetic	field.	When	AC	electricity	passes	through	the	stator,	it	interacts	with	this	field.	This	interaction	generates	torque,	making	the	rotor	spin	and	producing	efficient	motion.	PMACs	differ	from	induction	motors	by	relying	directly	on	permanent
magnets.The	structure	of	a	Permanent	Magnet	AC	Motor	comprises	two	main	parts:	the	stator	and	the	rotor.	The	stator	houses	the	winding	coils	connected	to	an	AC	power	source.	The	rotor	contains	permanent	magnets	positioned	around	its	circumference.	This	arrangement	enables	efficient	energy	conversion.Torque	generation	in	a	Permanent
Magnet	AC	Motor	occurs	when	the	rotor	aligns	with	the	stators	magnetic	field.	The	strength	of	the	torque	depends	on	the	level	of	current	in	the	stator	coils	and	the	design	of	the	rotor	magnets.	Increased	current	results	in	a	stronger	magnetic	field,	leading	to	higher	torque.Understanding	these	principles	and	components	is	essential	for	exploring	their
applications	in	various	industries.	Next,	we	will	delve	into	the	advantages	and	disadvantages	of	Permanent	Magnet	AC	Motors,	highlighting	their	impact	on	modern	engineering.	What	is	a	Permanent	Magnet	AC	Motor	and	How	Does	it	Work?	A	Permanent	Magnet	AC	Motor	(PMAC)	is	an	electric	motor	that	operates	using	alternating	current	(AC)	and
employs	permanent	magnets	to	generate	a	magnetic	field.	This	design	eliminates	the	need	for	windings	on	the	rotor,	allowing	for	more	efficient	operation.	The	Electric	Power	Research	Institute	defines	PMAC	motors	as	devices	that	utilize	the	properties	of	permanent	magnets	to	create	an	efficient	and	reliable	magnetic	field	for	motor	operation.	This
definition	highlights	the	innovative	technology	behind	modern	electric	motors.	PMAC	motors	feature	key	components	such	as	a	stator,	rotor,	and	permanent	magnets.	The	stator	generates	an	alternating	magnetic	field,	while	the	rotor,	equipped	with	permanent	magnets,	interacts	with	this	field,	producing	motion.	PMAC	motors	are	known	for	their
high	efficiency,	precision	control,	and	compact	design.The	International	Electrotechnical	Commission	describes	PMAC	motors	as	synchronous	motors	that	maintain	constant	speed	over	a	range	of	loads.	This	characteristic	sets	them	apart	from	other	motor	types,	ensuring	consistent	performance	across	various	applications.	Factors	influencing	the
performance	of	PMAC	motors	include	design	quality,	materials	used	for	magnets,	and	operational	conditions.	Proper	cooling	and	maintenance	are	essential	for	optimizing	lifespan	and	efficiency.	According	to	a	report	by	Research	and	Markets,	the	PMAC	motor	market	is	expected	to	grow	at	a	CAGR	of	8.5%	from	2021	to	2026,	indicating	increasing
adoption	in	various	sectors,	including	automotive	and	industrial	applications.The	widespread	use	of	PMAC	motors	can	significantly	reduce	energy	consumption	and	greenhouse	gas	emissions.	Their	efficiency	leads	to	lower	operational	costs	and	a	decreased	reliance	on	fossil	fuels.Health	impacts	of	PMAC	motors	include	reduced	air	pollution,
contributing	to	better	respiratory	health	in	urban	areas.	Environmentally,	their	efficiency	supports	sustainability	goals,	reducing	carbon	footprints	across	industries.	Economically,	lower	energy	costs	can	enhance	business	competitiveness.For	instance,	electric	vehicles	powered	by	PMAC	motors	show	substantial	benefits	in	reducing	emissions
compared	to	traditional	combustion	engines.To	mitigate	challenges	related	to	PMAC	motors,	experts	recommend	investing	in	advanced	materials	for	magnets,	enhancing	manufacturing	processes,	and	promoting	research	into	new	technologies.	The	U.S.	Department	of	Energy	suggests	developing	incentives	for	companies	that	adopt	high-efficiency
motors.Strategies	to	address	PMAC	motor	performance	include	implementing	intelligent	control	systems,	routine	maintenance	protocols,	and	exploring	innovative	cooling	solutions.	These	practices	can	maximize	efficiency,	ensuring	PMAC	motors	continue	to	meet	modern	energy	demands.	What	Are	the	Key	Principles	of	Operation	for	a	Permanent
Magnet	AC	Motor?	The	key	principles	of	operation	for	a	Permanent	Magnet	AC	Motor	(PMAC)	include	the	interaction	between	magnetic	fields	and	electrical	currents	to	produce	rotational	motion.The	following	are	the	main	principles:Magnetic	Flux	GenerationElectromagnetic	InductionRotor	and	Stator	InteractionTorque	ProductionSpeed
ControlEfficiencyThe	significance	of	these	principles	extends	to	various	applications,	influencing	performance	factors	such	as	efficiency	and	torque.Magnetic	Flux	Generation:Magnetic	flux	generation	in	a	PMAC	motor	occurs	when	permanent	magnets	on	the	rotor	create	a	magnetic	field.	This	field	interacts	with	the	stators	alternating	current	to
produce	motion.	Permanent	magnets	provide	constant	magnetic	flux	without	requiring	a	separate	excitation	source,	which	is	advantageous	for	efficiency.Electromagnetic	Induction:Electromagnetic	induction	refers	to	the	principle	where	a	changing	magnetic	field	induces	an	electric	current	within	the	stator	windings.	According	to	Faradays	Law,	the
induced	voltage	is	proportional	to	the	rate	of	change	of	the	magnetic	field.	This	principle	enables	the	conversion	of	electrical	energy	into	mechanical	energy	within	the	motor.Rotor	and	Stator	Interaction:Rotor	and	stator	interaction	is	crucial	for	effective	motor	operation.	The	stator	generates	a	rotating	magnetic	field	through	alternating	current.	The
rotor,	equipped	with	permanent	magnets,	aligns	itself	with	the	stators	magnetic	field.	This	alignment	creates	rotation,	harnessing	the	energy	of	the	alternating	current.Torque	Production:Torque	production	in	PMAC	motors	occurs	as	the	rotor	rotates	in	response	to	the	magnetic	field	from	the	stator.	The	interaction	between	the	magnetic	fields
generates	torque,	which	propels	the	rotor.	Understanding	torque	is	critical	as	it	directly	correlates	with	the	motors	load-carrying	capability	and	performance.Speed	Control:Speed	control	of	a	PMAC	motor	is	achieved	by	varying	the	frequency	of	the	alternating	current	supplied	to	the	stator.	As	frequency	increases,	the	motor	speeds	up,	while	lower
frequencies	reduce	speed.	This	characteristic	allows	precise	control	of	operational	speeds	in	various	applications,	making	it	suitable	for	adjustable-speed	drives.Efficiency:Efficiency	of	Permanent	Magnet	AC	Motors	is	generally	high,	often	exceeding	90%.	The	direct	use	of	permanent	magnets	reduces	energy	losses	associated	with	excitation	currents
in	traditional	motors.	High	efficiency	translates	to	lower	operational	costs	and	better	performance	in	applications	where	energy	conservation	is	a	priority.	How	Do	Electromagnetic	Fields	Contribute	to	Motor	Function?	Electromagnetic	fields	play	a	crucial	role	in	motor	function	by	influencing	the	electrical	activity	of	neurons,	coordinating	muscle
contractions,	and	enabling	synaptic	transmission.	Research	demonstrates	multiple	ways	that	these	fields	contribute	to	motor	function:Electrical	Activity	of	Neurons:	Electromagnetic	fields	affect	the	polarization	of	cell	membranes.	This	polarization	influences	the	initiation	and	propagation	of	action	potentials,	which	are	essential	for	transmitting
signals	along	neurons	(Troyer	et	al.,	2020).Muscle	Contraction	Coordination:	Electromagnetic	fields	assist	in	neuromuscular	junction	signaling.	When	a	nerve	signal	reaches	the	junction,	it	triggers	the	release	of	neurotransmitters	that	prompt	muscle	fibers	to	contract.	This	process	is	vital	for	voluntary	movements	(Bennett	et	al.,	2021).Synaptic
Transmission:	The	presence	of	electromagnetic	fields	can	enhance	synaptic	plasticity,	a	mechanism	involved	in	learning	and	memory.	Enhanced	synaptic	strength	increases	the	efficiency	of	communication	between	neurons,	particularly	in	motor	pathways	(Fields,	2022).Understanding	the	impact	of	electromagnetic	fields	on	motor	function	is	essential,
as	disturbances	in	these	fields	can	lead	to	motor	disorders.	The	consistent	operation	of	these	mechanisms	is	fundamental	for	coordinating	movements	and	maintaining	balance	and	posture.	What	Key	Components	Make	Up	a	Permanent	Magnet	AC	Motor?	The	key	components	of	a	permanent	magnet	AC	motor	include	the	rotor,	stator,	bearings,
commutator,	and	housing.RotorStatorBearingsCommutatorHousingThe	main	components	of	a	permanent	magnet	AC	motor	work	together	to	create	efficient	operation	and	performance.	Rotor:	The	rotor	in	a	permanent	magnet	AC	motor	is	the	rotating	part	of	the	motor.	It	typically	contains	permanent	magnets	that	produce	a	magnetic	field.	This
magnetic	field	interacts	with	the	stator	to	generate	torque	and	initiate	rotation.	The	design	of	the	rotor	affects	efficiency,	speed,	and	performance.	For	example,	rotors	can	vary	in	size	and	magnet	arrangement,	which	can	lead	to	differences	in	torque	delivery	and	operational	smoothness.	Stator:	The	stator	is	the	stationary	part	of	the	motor,	containing
coils	of	wire	wound	around	a	core.	When	alternating	current	flows	through	these	coils,	it	creates	a	magnetic	field	that	interacts	with	the	rotors	field.	This	interaction	generates	motion.	The	design	of	the	stators	magnetic	circuit	significantly	influences	the	motors	overall	efficiency	and	performance.	Higher	quality	materials	and	precise	winding
techniques	can	lead	to	improved	efficiency	and	reduced	energy	losses.Bearings:	Bearings	support	the	rotor	and	allow	it	to	spin	smoothly	within	the	stator.	They	reduce	friction,	enhancing	operational	efficiency	and	lifespan.	The	type	of	bearings	used,	such	as	ball	or	roller	bearings,	can	affect	maintenance	needs	and	service	life.	Proper	lubrication	of
bearings	is	also	critical	for	optimal	performance	and	durability.Commutator:	In	permanent	magnet	AC	motors,	the	commutator	is	not	typically	present	as	they	often	use	alternating	current	directly.	However,	if	characterized	in	the	design,	it	serves	to	periodically	reverse	the	direction	of	the	current,	enabling	continuous	rotation.	Commutators	are	more
commonly	associated	with	DC	motors	but	understanding	their	function	in	electrical	control	is	essential	for	comprehending	motor	operation.Housing:	The	housing	encloses	the	motor	components	and	protects	them	from	environmental	factors.	It	also	serves	to	dissipate	heat	generated	during	operation.	The	material	and	design	of	the	housing	can	impact
the	efficiency	of	heat	dissipation,	thereby	influencing	the	motors	performance	and	longevity.By	understanding	these	key	components,	one	can	gain	insights	into	the	design	and	functional	efficiency	of	permanent	magnet	AC	motors.	Advanced	designs	may	incorporate	additional	features	such	as	improved	cooling	systems	or	advanced	materials	to
optimize	performance	further.	How	Do	Stators	and	Rotors	Work	Together	in	this	Motor	Design?	Stators	and	rotors	work	together	in	a	motor	design	by	creating	magnetic	fields	and	converting	electrical	energy	into	mechanical	energy.	This	relationship	is	crucial	for	the	motors	function	and	efficiency.The	stator	and	rotor	interact	in	several	key
ways:Stator:	The	stator	is	the	stationary	part	of	the	motor.	It	consists	of	coils	of	wire	that	create	a	rotating	magnetic	field	when	electricity	passes	through	them.	This	rotating	field	is	essential	for	the	operation	of	the	motor.Rotor:	The	rotor	is	the	rotating	part	of	the	motor.	It	is	placed	within	the	stators	magnetic	field.	The	rotor	contains	conductors	that
interact	with	the	magnetic	field	created	by	the	stator.	This	interaction	causes	the	rotor	to	turn,	producing	mechanical	energy.Magnetic	Induction:	When	the	stator	generates	a	magnetic	field,	it	induces	a	current	in	the	rotor.	This	process,	known	as	electromagnetic	induction,	is	essential	for	converting	electrical	energy	into	mechanical	energy.Torque
Production:	The	interaction	between	the	stators	magnetic	field	and	the	rotors	conductors	generates	torque.	Torque	is	the	rotational	force	needed	to	turn	the	rotor	and	is	directly	related	to	the	strength	of	the	magnetic	field	and	the	amount	of	current	flowing	through	the	rotor.Efficiency:	The	efficiency	of	the	motor	is	influenced	by	the	design	and
materials	used	in	both	the	stator	and	rotor.	High-quality	materials	optimize	the	magnetic	properties	and	reduce	energy	loss	through	heat.Synchronization:	In	alternating	current	(AC)	motors,	the	stators	magnetic	field	frequency	determines	the	rotors	speed.	Both	parts	must	work	in	a	synchronized	manner	for	the	motor	to	operate	efficiently.By
working	together	in	this	manner,	stators	and	rotors	ensure	that	electric	motors	operate	effectively,	providing	reliable	mechanical	power	for	various	applications.	This	interplay	between	components	is	foundational	to	motor	design	and	performance.	What	is	the	Role	of	Permanent	Magnets	in	Motor	Efficiency?	Permanent	magnets	are	magnetic
materials	that	maintain	consistent	magnetic	properties	without	requiring	an	external	power	source.	In	electric	motors,	these	magnets	enhance	efficiency	by	providing	a	strong	magnetic	field	that	interacts	with	the	motors	coil	windings	to	generate	motion.The	definition	of	permanent	magnets	is	supported	by	the	National	Renewable	Energy	Laboratory,
which	describes	them	as	materials	that	retain	magnetism	after	being	magnetized.	They	are	often	used	in	various	applications	including	motors,	sensors,	and	magnetic	storage	devices.In	electric	motors,	permanent	magnets	serve	crucial	roles.	They	reduce	energy	losses	associated	with	traditional	electromagnetic	coils.	This	enhanced	efficiency	leads	to
lower	operating	costs	and	improved	performance.	The	use	of	permanent	magnets	helps	create	a	compact	design	and	reduces	overall	weight.The	Institute	of	Electrical	and	Electronics	Engineers	includes	additional	insights,	describing	how	permanent	magnets	can	lead	to	higher	torque	density	and	power	compared	to	standard	induction	motors.	This
can	make	electric	motors	more	effective	for	various	applications.Factors	influencing	the	efficiency	of	motors	with	permanent	magnets	include	the	quality	of	the	materials	used,	the	design	of	the	motor,	and	operating	conditions.	Proper	maintenance	also	plays	a	role	in	maintaining	optimal	performance.A	report	by	the	International	Energy	Agency
indicates	that	the	adoption	of	permanent	magnet	technology	could	improve	motor	efficiency	by	as	much	as	10-20%.	This	is	significant	as	motors	constitute	about	45%	of	global	electricity	consumption.The	implementation	of	efficient	motors	can	contribute	to	reduced	energy	usage,	lowering	greenhouse	gas	emissions	and	benefiting	the	environment.
Efficient	motors	can	also	lead	to	economic	savings	for	industries	and	consumers.Examples	of	these	impacts	include	reduced	electricity	bills	for	businesses	and	enhanced	energy	reliability	in	industrial	settings.	Furthermore,	improved	air	quality	results	from	decreased	fossil	fuel	dependency.Addressing	the	efficiency	of	motors	utilizing	permanent
magnets	can	involve	investment	in	advanced	motor	technologies.	The	American	Council	for	an	Energy-Efficient	Economy	recommends	adopting	energy-efficient	motor	systems	and	prioritizing	research	and	development.Strategies	to	enhance	motor	efficiency	include	upgrading	to	high-performance	permanent	magnet	motors,	implementing	variable
frequency	drives,	and	regular	system	assessments.	These	practices	can	foster	sustainable	industrial	growth	and	energy	conservation.	How	is	Torque	Generated	in	a	Permanent	Magnet	AC	Motor?	Torque	is	generated	in	a	permanent	magnet	AC	motor	by	the	interaction	between	the	magnetic	field	of	the	rotor	and	the	magnetic	field	produced	by	the
stator.	The	rotor	contains	permanent	magnets,	which	create	a	constant	magnetic	field.	The	stator	has	windings	that	create	an	alternating	magnetic	field	when	an	alternating	current	flows	through	them.	As	the	stators	magnetic	field	rotates,	it	interacts	with	the	rotors	magnetic	field.	This	interaction	creates	a	force	on	the	rotor,	causing	it	to	turn.	The
torque	produced	is	a	result	of	this	force	acting	at	a	distance	from	the	rotors	axis	of	rotation.	The	difference	in	magnetic	polarities	between	the	stator	and	rotor	continuously	pulls	and	pushes	the	rotor,	maintaining	rotational	motion.	This	continuous	rotation	generates	the	torque	output	needed	for	the	motor	to	perform	work.	The	effectiveness	of	this
torque	generation	depends	on	factors	like	the	strength	of	the	magnets,	the	number	of	turns	in	the	stator	windings,	and	the	current	flowing	through	the	stator.	What	Factors	Impact	the	Torque	Output	of	This	Motor?	The	torque	output	of	a	motor	is	influenced	by	various	factors,	including	motor	design,	load	conditions,	electrical	input,	and
environmental	factors.Motor	DesignLoad	ConditionsElectrical	InputEnvironmental	FactorsUnderstanding	the	specific	factors	that	influence	torque	output	helps	to	optimize	motor	performance	for	various	applications.Motor	Design:	Motor	design	significantly	impacts	torque	output.	This	factor	includes	rotor	and	stator	geometry,	winding	configuration,
and	magnetic	materials.	For	example,	a	well-designed	rotor	can	maximize	magnetic	flux	interaction,	leading	to	higher	torque	production.	According	to	a	study	by	Patel	and	Zhang	(2021),	motors	with	optimized	rotor	shapes	can	improve	efficiency	and	torque	by	up	to	30%.	Adequate	design	balances	weight	and	strength,	enhancing	performance.Load
Conditions:Load	conditions	refer	to	the	resistance	that	the	motor	must	overcome	to	produce	torque.	The	type	of	load	affects	how	torque	is	generated.	For	instance,	a	constant	load	requires	consistent	torque,	while	variable	loads	alter	the	torque	output	dynamically.	A	2019	study	by	Lee	et	al.	indicated	that	understanding	load	characteristics	can	assist
in	selecting	motors	with	suitable	torque	ratings	to	prevent	overheating	and	excess	wear	and	tear.Electrical	Input:	Electrical	input	encompasses	voltage,	current,	and	frequency	supplied	to	the	motor.	The	amount	of	current	flowing	through	the	motor	windings	directly	affects	the	magnetic	field	strength,	influencing	the	overall	torque.	An	increase	in
voltage	can	enhance	the	motors	efficiency.	A	report	by	Miller	(2020)	stated	that	optimizing	electrical	input	settings	could	improve	torque	output	by	25%.	Engineered	precision	in	power	supply	can	create	more	dependable	motor	operation.Environmental	Factors:	Environmental	factors	like	temperature	and	humidity	can	alter	motor	performance.	High
temperatures	might	reduce	efficiency	and	torque	output	by	affecting	the	magnetic	properties	of	materials.	For	instance,	too	much	humidity	can	lead	to	moisture	accumulation	in	electrical	components,	diminishing	performance.	According	to	an	analysis	by	Chen	et	al.	(2022),	motors	operating	in	extreme	conditions	may	experience	up	to	a	15%	drop	in
torque	efficiency.	Understanding	the	operating	environment	aids	in	implementing	adequate	cooling	or	protective	measures.	How	Does	a	Permanent	Magnet	AC	Motor	Compare	to	Other	Types	of	AC	Motors?	A	Permanent	Magnet	AC	Motor	(PMAC)	compares	favorably	to	other	types	of	AC	motors,	such	as	induction	motors	and	synchronous	motors.
PMACs	use	permanent	magnets	to	create	the	magnetic	field,	leading	to	higher	efficiency	and	better	performance.	They	typically	have	a	simpler	structure,	reducing	maintenance	needs.	Induction	motors	rely	on	electromagnetic	induction	to	generate	their	magnetic	field,	which	can	result	in	lower	efficiency	and	higher	heat	losses.	Synchronous	motors,
while	also	efficient,	require	an	external	power	source	to	maintain	their	magnetic	field.	PMACs	operate	efficiently	at	various	speeds	and	loads,	making	them	suitable	for	many	applications.	In	summary,	PMACs	stand	out	due	to	their	efficiency,	reliability,	and	simplicity	compared	to	other	AC	motor	types.	What	Applications	Utilize	Permanent	Magnet	AC
Motors	and	Why?	Permanent	Magnet	AC	(PMAC)	motors	are	utilized	in	various	applications	due	to	their	efficiency	and	reliability.	These	applications	span	multiple	industries,	leveraging	the	motors	characteristics	such	as	high	torque	density	and	low	energy	consumption.Electric	VehiclesIndustrial	AutomationHome	AppliancesHVAC
SystemsRoboticsWind	TurbinesElectric	Bikes	and	ScootersThe	listed	applications	illustrate	the	versatility	of	PMAC	motors,	but	each	domain	might	emphasize	different	attributes	based	on	specific	requirements.	Electric	Vehicles:Electric	vehicles	(EVs)	often	use	permanent	magnet	AC	motors	for	their	excellent	efficiency	and	performance.	PMAC
motors	provide	high	torque	at	low	speeds,	essential	for	vehicle	acceleration.	According	to	a	report	by	the	International	Energy	Agency	(IEA),	electric	vehicles	are	becoming	more	popular	due	to	lower	emissions	and	increasing	efficiency.	For	instance,	the	Tesla	Model	3	uses	a	PMAC	motor	to	achieve	a	range	of	over	300	miles	on	a	single	charge.	This
design	contributes	to	the	vehicles	overall	performance	and	energy	efficiency.Industrial	Automation:PMAC	motors	are	common	in	industrial	automation	because	they	offer	precise	speed	and	position	control.	These	motors	can	operate	in	various	conditions,	providing	high	reliability	and	low	maintenance.	A	study	by	the	National	Institute	of	Standards
and	Technology	(NIST)	in	2021	highlighted	that	incorporating	PMAC	motors	in	assembly	robots	reduces	energy	consumption	by	30%	compared	to	other	motor	types.	This	efficiency	is	crucial	for	factory	operations	where	uptime	directly	affects	productivity.Home	Appliances:In	home	appliances,	PMAC	motors	enhance	efficiency	and	reduce	operational
noise.	Applications	include	washing	machines,	refrigerators,	and	vacuum	cleaners.	For	example,	some	high-end	washing	machines	utilize	these	motors	to	improve	energy	efficiency	ratings,	significantly	reducing	electricity	bills	for	consumers.	According	to	the	U.S.	Department	of	Energy,	Energy	Star-rated	appliances	can	lower	energy	use	by	10%	to
50%.HVAC	Systems:PMAC	motors	are	increasingly	found	in	heating,	ventilation,	and	air	conditioning	(HVAC)	systems	due	to	their	high	efficiency.	They	help	in	providing	consistent	airflow	and	temperature	control	while	consuming	less	energy.	The	American	Council	for	an	Energy-Efficient	Economy	(ACEEE)	reports	that	using	PMAC	motors	can	lead
to	energy	savings	of	up	to	25%	in	HVAC	applications,	making	them	an	attractive	option	for	energy-conscious	consumers	and	businesses.Robotics:Robotic	applications	benefit	from	PMAC	motors	because	of	their	high	torque-to-weight	ratio	and	controllability.	These	motors	enable	precise	movements	required	in	robotic	arms	and	automated	guided
vehicles	(AGVs).	Case	studies,	such	as	those	conducted	by	the	Robotic	Industries	Association,	show	that	adopting	PMAC	motors	contributes	to	improved	efficiency	and	reduced	operational	costs	in	manufacturing	environments.Wind	Turbines:PMAC	motors	are	used	in	wind	turbines,	particularly	in	direct-drive	systems.	These	motors	eliminate	the	need
for	a	gearbox,	which	reduces	mechanical	losses	and	enhances	reliability.	According	to	a	study	by	the	Renewable	Energy	Laboratory,	using	PMAC	technology	in	wind	turbines	can	increase	the	systems	efficiency	by	connecting	directly	to	the	generator,	potentially	increasing	energy	output	by	10%-15%.Electric	Bikes	and	Scooters:Electric	bikes	and
scooters	often	incorporate	PMAC	motors	to	achieve	the	necessary	power-to-weight	ratios.	The	lightweight	design	and	efficient	performance	support	longer	ranges	for	commuters.	A	report	by	the	European	Cyclists	Federation	indicates	that	the	use	of	PMAC	motors	in	e-bikes	has	contributed	to	a	steady	increase	in	their	adoption,	supporting
environmentally	friendly	transport	options	in	urban	areas.These	various	applications	highlight	the	advantages	of	PMAC	motors	in	improving	energy	efficiency,	enhancing	performance,	and	meeting	specific	demands	across	different	sectors.	Related	Post:	A	permanent	magnet	AC	motor	(PMAC)	uses	rare-earth	magnets	on	the	rotor	to	create	a	strong
magnetic	field.	When	AC	electricity	passes	through	the	stator,	it	interacts	with	this	field.	This	interaction	generates	torque,	making	the	rotor	spin	and	producing	efficient	motion.	PMACs	differ	from	induction	motors	by	relying	directly	on	permanent	magnets.The	structure	of	a	Permanent	Magnet	AC	Motor	comprises	two	main	parts:	the	stator	and	the
rotor.	The	stator	houses	the	winding	coils	connected	to	an	AC	power	source.	The	rotor	contains	permanent	magnets	positioned	around	its	circumference.	This	arrangement	enables	efficient	energy	conversion.Torque	generation	in	a	Permanent	Magnet	AC	Motor	occurs	when	the	rotor	aligns	with	the	stators	magnetic	field.	The	strength	of	the	torque
depends	on	the	level	of	current	in	the	stator	coils	and	the	design	of	the	rotor	magnets.	Increased	current	results	in	a	stronger	magnetic	field,	leading	to	higher	torque.Understanding	these	principles	and	components	is	essential	for	exploring	their	applications	in	various	industries.	Next,	we	will	delve	into	the	advantages	and	disadvantages	of
Permanent	Magnet	AC	Motors,	highlighting	their	impact	on	modern	engineering.	What	is	a	Permanent	Magnet	AC	Motor	and	How	Does	it	Work?	A	Permanent	Magnet	AC	Motor	(PMAC)	is	an	electric	motor	that	operates	using	alternating	current	(AC)	and	employs	permanent	magnets	to	generate	a	magnetic	field.	This	design	eliminates	the	need	for
windings	on	the	rotor,	allowing	for	more	efficient	operation.	The	Electric	Power	Research	Institute	defines	PMAC	motors	as	devices	that	utilize	the	properties	of	permanent	magnets	to	create	an	efficient	and	reliable	magnetic	field	for	motor	operation.	This	definition	highlights	the	innovative	technology	behind	modern	electric	motors.	PMAC	motors
feature	key	components	such	as	a	stator,	rotor,	and	permanent	magnets.	The	stator	generates	an	alternating	magnetic	field,	while	the	rotor,	equipped	with	permanent	magnets,	interacts	with	this	field,	producing	motion.	PMAC	motors	are	known	for	their	high	efficiency,	precision	control,	and	compact	design.The	International	Electrotechnical
Commission	describes	PMAC	motors	as	synchronous	motors	that	maintain	constant	speed	over	a	range	of	loads.	This	characteristic	sets	them	apart	from	other	motor	types,	ensuring	consistent	performance	across	various	applications.	Factors	influencing	the	performance	of	PMAC	motors	include	design	quality,	materials	used	for	magnets,	and
operational	conditions.	Proper	cooling	and	maintenance	are	essential	for	optimizing	lifespan	and	efficiency.	According	to	a	report	by	Research	and	Markets,	the	PMAC	motor	market	is	expected	to	grow	at	a	CAGR	of	8.5%	from	2021	to	2026,	indicating	increasing	adoption	in	various	sectors,	including	automotive	and	industrial	applications.The
widespread	use	of	PMAC	motors	can	significantly	reduce	energy	consumption	and	greenhouse	gas	emissions.	Their	efficiency	leads	to	lower	operational	costs	and	a	decreased	reliance	on	fossil	fuels.Health	impacts	of	PMAC	motors	include	reduced	air	pollution,	contributing	to	better	respiratory	health	in	urban	areas.	Environmentally,	their	efficiency
supports	sustainability	goals,	reducing	carbon	footprints	across	industries.	Economically,	lower	energy	costs	can	enhance	business	competitiveness.For	instance,	electric	vehicles	powered	by	PMAC	motors	show	substantial	benefits	in	reducing	emissions	compared	to	traditional	combustion	engines.To	mitigate	challenges	related	to	PMAC	motors,
experts	recommend	investing	in	advanced	materials	for	magnets,	enhancing	manufacturing	processes,	and	promoting	research	into	new	technologies.	The	U.S.	Department	of	Energy	suggests	developing	incentives	for	companies	that	adopt	high-efficiency	motors.Strategies	to	address	PMAC	motor	performance	include	implementing	intelligent	control
systems,	routine	maintenance	protocols,	and	exploring	innovative	cooling	solutions.	These	practices	can	maximize	efficiency,	ensuring	PMAC	motors	continue	to	meet	modern	energy	demands.	What	Are	the	Key	Principles	of	Operation	for	a	Permanent	Magnet	AC	Motor?	The	key	principles	of	operation	for	a	Permanent	Magnet	AC	Motor	(PMAC)
include	the	interaction	between	magnetic	fields	and	electrical	currents	to	produce	rotational	motion.The	following	are	the	main	principles:Magnetic	Flux	GenerationElectromagnetic	InductionRotor	and	Stator	InteractionTorque	ProductionSpeed	ControlEfficiencyThe	significance	of	these	principles	extends	to	various	applications,	influencing
performance	factors	such	as	efficiency	and	torque.Magnetic	Flux	Generation:Magnetic	flux	generation	in	a	PMAC	motor	occurs	when	permanent	magnets	on	the	rotor	create	a	magnetic	field.	This	field	interacts	with	the	stators	alternating	current	to	produce	motion.	Permanent	magnets	provide	constant	magnetic	flux	without	requiring	a	separate
excitation	source,	which	is	advantageous	for	efficiency.Electromagnetic	Induction:Electromagnetic	induction	refers	to	the	principle	where	a	changing	magnetic	field	induces	an	electric	current	within	the	stator	windings.	According	to	Faradays	Law,	the	induced	voltage	is	proportional	to	the	rate	of	change	of	the	magnetic	field.	This	principle	enables
the	conversion	of	electrical	energy	into	mechanical	energy	within	the	motor.Rotor	and	Stator	Interaction:Rotor	and	stator	interaction	is	crucial	for	effective	motor	operation.	The	stator	generates	a	rotating	magnetic	field	through	alternating	current.	The	rotor,	equipped	with	permanent	magnets,	aligns	itself	with	the	stators	magnetic	field.	This
alignment	creates	rotation,	harnessing	the	energy	of	the	alternating	current.Torque	Production:Torque	production	in	PMAC	motors	occurs	as	the	rotor	rotates	in	response	to	the	magnetic	field	from	the	stator.	The	interaction	between	the	magnetic	fields	generates	torque,	which	propels	the	rotor.	Understanding	torque	is	critical	as	it	directly
correlates	with	the	motors	load-carrying	capability	and	performance.Speed	Control:Speed	control	of	a	PMAC	motor	is	achieved	by	varying	the	frequency	of	the	alternating	current	supplied	to	the	stator.	As	frequency	increases,	the	motor	speeds	up,	while	lower	frequencies	reduce	speed.	This	characteristic	allows	precise	control	of	operational	speeds
in	various	applications,	making	it	suitable	for	adjustable-speed	drives.Efficiency:Efficiency	of	Permanent	Magnet	AC	Motors	is	generally	high,	often	exceeding	90%.	The	direct	use	of	permanent	magnets	reduces	energy	losses	associated	with	excitation	currents	in	traditional	motors.	High	efficiency	translates	to	lower	operational	costs	and	better
performance	in	applications	where	energy	conservation	is	a	priority.	How	Do	Electromagnetic	Fields	Contribute	to	Motor	Function?	Electromagnetic	fields	play	a	crucial	role	in	motor	function	by	influencing	the	electrical	activity	of	neurons,	coordinating	muscle	contractions,	and	enabling	synaptic	transmission.	Research	demonstrates	multiple	ways
that	these	fields	contribute	to	motor	function:Electrical	Activity	of	Neurons:	Electromagnetic	fields	affect	the	polarization	of	cell	membranes.	This	polarization	influences	the	initiation	and	propagation	of	action	potentials,	which	are	essential	for	transmitting	signals	along	neurons	(Troyer	et	al.,	2020).Muscle	Contraction	Coordination:	Electromagnetic
fields	assist	in	neuromuscular	junction	signaling.	When	a	nerve	signal	reaches	the	junction,	it	triggers	the	release	of	neurotransmitters	that	prompt	muscle	fibers	to	contract.	This	process	is	vital	for	voluntary	movements	(Bennett	et	al.,	2021).Synaptic	Transmission:	The	presence	of	electromagnetic	fields	can	enhance	synaptic	plasticity,	a	mechanism
involved	in	learning	and	memory.	Enhanced	synaptic	strength	increases	the	efficiency	of	communication	between	neurons,	particularly	in	motor	pathways	(Fields,	2022).Understanding	the	impact	of	electromagnetic	fields	on	motor	function	is	essential,	as	disturbances	in	these	fields	can	lead	to	motor	disorders.	The	consistent	operation	of	these
mechanisms	is	fundamental	for	coordinating	movements	and	maintaining	balance	and	posture.	What	Key	Components	Make	Up	a	Permanent	Magnet	AC	Motor?	The	key	components	of	a	permanent	magnet	AC	motor	include	the	rotor,	stator,	bearings,	commutator,	and	housing.RotorStatorBearingsCommutatorHousingThe	main	components	of	a
permanent	magnet	AC	motor	work	together	to	create	efficient	operation	and	performance.	Rotor:	The	rotor	in	a	permanent	magnet	AC	motor	is	the	rotating	part	of	the	motor.	It	typically	contains	permanent	magnets	that	produce	a	magnetic	field.	This	magnetic	field	interacts	with	the	stator	to	generate	torque	and	initiate	rotation.	The	design	of	the
rotor	affects	efficiency,	speed,	and	performance.	For	example,	rotors	can	vary	in	size	and	magnet	arrangement,	which	can	lead	to	differences	in	torque	delivery	and	operational	smoothness.	Stator:	The	stator	is	the	stationary	part	of	the	motor,	containing	coils	of	wire	wound	around	a	core.	When	alternating	current	flows	through	these	coils,	it	creates
a	magnetic	field	that	interacts	with	the	rotors	field.	This	interaction	generates	motion.	The	design	of	the	stators	magnetic	circuit	significantly	influences	the	motors	overall	efficiency	and	performance.	Higher	quality	materials	and	precise	winding	techniques	can	lead	to	improved	efficiency	and	reduced	energy	losses.Bearings:	Bearings	support	the
rotor	and	allow	it	to	spin	smoothly	within	the	stator.	They	reduce	friction,	enhancing	operational	efficiency	and	lifespan.	The	type	of	bearings	used,	such	as	ball	or	roller	bearings,	can	affect	maintenance	needs	and	service	life.	Proper	lubrication	of	bearings	is	also	critical	for	optimal	performance	and	durability.Commutator:	In	permanent	magnet	AC
motors,	the	commutator	is	not	typically	present	as	they	often	use	alternating	current	directly.	However,	if	characterized	in	the	design,	it	serves	to	periodically	reverse	the	direction	of	the	current,	enabling	continuous	rotation.	Commutators	are	more	commonly	associated	with	DC	motors	but	understanding	their	function	in	electrical	control	is	essential
for	comprehending	motor	operation.Housing:	The	housing	encloses	the	motor	components	and	protects	them	from	environmental	factors.	It	also	serves	to	dissipate	heat	generated	during	operation.	The	material	and	design	of	the	housing	can	impact	the	efficiency	of	heat	dissipation,	thereby	influencing	the	motors	performance	and	longevity.By
understanding	these	key	components,	one	can	gain	insights	into	the	design	and	functional	efficiency	of	permanent	magnet	AC	motors.	Advanced	designs	may	incorporate	additional	features	such	as	improved	cooling	systems	or	advanced	materials	to	optimize	performance	further.	How	Do	Stators	and	Rotors	Work	Together	in	this	Motor	Design?
Stators	and	rotors	work	together	in	a	motor	design	by	creating	magnetic	fields	and	converting	electrical	energy	into	mechanical	energy.	This	relationship	is	crucial	for	the	motors	function	and	efficiency.The	stator	and	rotor	interact	in	several	key	ways:Stator:	The	stator	is	the	stationary	part	of	the	motor.	It	consists	of	coils	of	wire	that	create	a
rotating	magnetic	field	when	electricity	passes	through	them.	This	rotating	field	is	essential	for	the	operation	of	the	motor.Rotor:	The	rotor	is	the	rotating	part	of	the	motor.	It	is	placed	within	the	stators	magnetic	field.	The	rotor	contains	conductors	that	interact	with	the	magnetic	field	created	by	the	stator.	This	interaction	causes	the	rotor	to	turn,
producing	mechanical	energy.Magnetic	Induction:	When	the	stator	generates	a	magnetic	field,	it	induces	a	current	in	the	rotor.	This	process,	known	as	electromagnetic	induction,	is	essential	for	converting	electrical	energy	into	mechanical	energy.Torque	Production:	The	interaction	between	the	stators	magnetic	field	and	the	rotors	conductors
generates	torque.	Torque	is	the	rotational	force	needed	to	turn	the	rotor	and	is	directly	related	to	the	strength	of	the	magnetic	field	and	the	amount	of	current	flowing	through	the	rotor.Efficiency:	The	efficiency	of	the	motor	is	influenced	by	the	design	and	materials	used	in	both	the	stator	and	rotor.	High-quality	materials	optimize	the	magnetic
properties	and	reduce	energy	loss	through	heat.Synchronization:	In	alternating	current	(AC)	motors,	the	stators	magnetic	field	frequency	determines	the	rotors	speed.	Both	parts	must	work	in	a	synchronized	manner	for	the	motor	to	operate	efficiently.By	working	together	in	this	manner,	stators	and	rotors	ensure	that	electric	motors	operate
effectively,	providing	reliable	mechanical	power	for	various	applications.	This	interplay	between	components	is	foundational	to	motor	design	and	performance.	What	is	the	Role	of	Permanent	Magnets	in	Motor	Efficiency?	Permanent	magnets	are	magnetic	materials	that	maintain	consistent	magnetic	properties	without	requiring	an	external	power
source.	In	electric	motors,	these	magnets	enhance	efficiency	by	providing	a	strong	magnetic	field	that	interacts	with	the	motors	coil	windings	to	generate	motion.The	definition	of	permanent	magnets	is	supported	by	the	National	Renewable	Energy	Laboratory,	which	describes	them	as	materials	that	retain	magnetism	after	being	magnetized.	They	are
often	used	in	various	applications	including	motors,	sensors,	and	magnetic	storage	devices.In	electric	motors,	permanent	magnets	serve	crucial	roles.	They	reduce	energy	losses	associated	with	traditional	electromagnetic	coils.	This	enhanced	efficiency	leads	to	lower	operating	costs	and	improved	performance.	The	use	of	permanent	magnets	helps
create	a	compact	design	and	reduces	overall	weight.The	Institute	of	Electrical	and	Electronics	Engineers	includes	additional	insights,	describing	how	permanent	magnets	can	lead	to	higher	torque	density	and	power	compared	to	standard	induction	motors.	This	can	make	electric	motors	more	effective	for	various	applications.Factors	influencing	the
efficiency	of	motors	with	permanent	magnets	include	the	quality	of	the	materials	used,	the	design	of	the	motor,	and	operating	conditions.	Proper	maintenance	also	plays	a	role	in	maintaining	optimal	performance.A	report	by	the	International	Energy	Agency	indicates	that	the	adoption	of	permanent	magnet	technology	could	improve	motor	efficiency
by	as	much	as	10-20%.	This	is	significant	as	motors	constitute	about	45%	of	global	electricity	consumption.The	implementation	of	efficient	motors	can	contribute	to	reduced	energy	usage,	lowering	greenhouse	gas	emissions	and	benefiting	the	environment.	Efficient	motors	can	also	lead	to	economic	savings	for	industries	and	consumers.Examples	of
these	impacts	include	reduced	electricity	bills	for	businesses	and	enhanced	energy	reliability	in	industrial	settings.	Furthermore,	improved	air	quality	results	from	decreased	fossil	fuel	dependency.Addressing	the	efficiency	of	motors	utilizing	permanent	magnets	can	involve	investment	in	advanced	motor	technologies.	The	American	Council	for	an
Energy-Efficient	Economy	recommends	adopting	energy-efficient	motor	systems	and	prioritizing	research	and	development.Strategies	to	enhance	motor	efficiency	include	upgrading	to	high-performance	permanent	magnet	motors,	implementing	variable	frequency	drives,	and	regular	system	assessments.	These	practices	can	foster	sustainable
industrial	growth	and	energy	conservation.	How	is	Torque	Generated	in	a	Permanent	Magnet	AC	Motor?	Torque	is	generated	in	a	permanent	magnet	AC	motor	by	the	interaction	between	the	magnetic	field	of	the	rotor	and	the	magnetic	field	produced	by	the	stator.	The	rotor	contains	permanent	magnets,	which	create	a	constant	magnetic	field.	The
stator	has	windings	that	create	an	alternating	magnetic	field	when	an	alternating	current	flows	through	them.	As	the	stators	magnetic	field	rotates,	it	interacts	with	the	rotors	magnetic	field.	This	interaction	creates	a	force	on	the	rotor,	causing	it	to	turn.	The	torque	produced	is	a	result	of	this	force	acting	at	a	distance	from	the	rotors	axis	of	rotation.
The	difference	in	magnetic	polarities	between	the	stator	and	rotor	continuously	pulls	and	pushes	the	rotor,	maintaining	rotational	motion.	This	continuous	rotation	generates	the	torque	output	needed	for	the	motor	to	perform	work.	The	effectiveness	of	this	torque	generation	depends	on	factors	like	the	strength	of	the	magnets,	the	number	of	turns	in
the	stator	windings,	and	the	current	flowing	through	the	stator.	What	Factors	Impact	the	Torque	Output	of	This	Motor?	The	torque	output	of	a	motor	is	influenced	by	various	factors,	including	motor	design,	load	conditions,	electrical	input,	and	environmental	factors.Motor	DesignLoad	ConditionsElectrical	InputEnvironmental	FactorsUnderstanding
the	specific	factors	that	influence	torque	output	helps	to	optimize	motor	performance	for	various	applications.Motor	Design:	Motor	design	significantly	impacts	torque	output.	This	factor	includes	rotor	and	stator	geometry,	winding	configuration,	and	magnetic	materials.	For	example,	a	well-designed	rotor	can	maximize	magnetic	flux	interaction,
leading	to	higher	torque	production.	According	to	a	study	by	Patel	and	Zhang	(2021),	motors	with	optimized	rotor	shapes	can	improve	efficiency	and	torque	by	up	to	30%.	Adequate	design	balances	weight	and	strength,	enhancing	performance.Load	Conditions:Load	conditions	refer	to	the	resistance	that	the	motor	must	overcome	to	produce	torque.
The	type	of	load	affects	how	torque	is	generated.	For	instance,	a	constant	load	requires	consistent	torque,	while	variable	loads	alter	the	torque	output	dynamically.	A	2019	study	by	Lee	et	al.	indicated	that	understanding	load	characteristics	can	assist	in	selecting	motors	with	suitable	torque	ratings	to	prevent	overheating	and	excess	wear	and
tear.Electrical	Input:	Electrical	input	encompasses	voltage,	current,	and	frequency	supplied	to	the	motor.	The	amount	of	current	flowing	through	the	motor	windings	directly	affects	the	magnetic	field	strength,	influencing	the	overall	torque.	An	increase	in	voltage	can	enhance	the	motors	efficiency.	A	report	by	Miller	(2020)	stated	that	optimizing
electrical	input	settings	could	improve	torque	output	by	25%.	Engineered	precision	in	power	supply	can	create	more	dependable	motor	operation.Environmental	Factors:	Environmental	factors	like	temperature	and	humidity	can	alter	motor	performance.	High	temperatures	might	reduce	efficiency	and	torque	output	by	affecting	the	magnetic
properties	of	materials.	For	instance,	too	much	humidity	can	lead	to	moisture	accumulation	in	electrical	components,	diminishing	performance.	According	to	an	analysis	by	Chen	et	al.	(2022),	motors	operating	in	extreme	conditions	may	experience	up	to	a	15%	drop	in	torque	efficiency.	Understanding	the	operating	environment	aids	in	implementing
adequate	cooling	or	protective	measures.	How	Does	a	Permanent	Magnet	AC	Motor	Compare	to	Other	Types	of	AC	Motors?	A	Permanent	Magnet	AC	Motor	(PMAC)	compares	favorably	to	other	types	of	AC	motors,	such	as	induction	motors	and	synchronous	motors.	PMACs	use	permanent	magnets	to	create	the	magnetic	field,	leading	to	higher
efficiency	and	better	performance.	They	typically	have	a	simpler	structure,	reducing	maintenance	needs.	Induction	motors	rely	on	electromagnetic	induction	to	generate	their	magnetic	field,	which	can	result	in	lower	efficiency	and	higher	heat	losses.	Synchronous	motors,	while	also	efficient,	require	an	external	power	source	to	maintain	their
magnetic	field.	PMACs	operate	efficiently	at	various	speeds	and	loads,	making	them	suitable	for	many	applications.	In	summary,	PMACs	stand	out	due	to	their	efficiency,	reliability,	and	simplicity	compared	to	other	AC	motor	types.	What	Applications	Utilize	Permanent	Magnet	AC	Motors	and	Why?	Permanent	Magnet	AC	(PMAC)	motors	are	utilized	in
various	applications	due	to	their	efficiency	and	reliability.	These	applications	span	multiple	industries,	leveraging	the	motors	characteristics	such	as	high	torque	density	and	low	energy	consumption.Electric	VehiclesIndustrial	AutomationHome	AppliancesHVAC	SystemsRoboticsWind	TurbinesElectric	Bikes	and	ScootersThe	listed	applications	illustrate
the	versatility	of	PMAC	motors,	but	each	domain	might	emphasize	different	attributes	based	on	specific	requirements.	Electric	Vehicles:Electric	vehicles	(EVs)	often	use	permanent	magnet	AC	motors	for	their	excellent	efficiency	and	performance.	PMAC	motors	provide	high	torque	at	low	speeds,	essential	for	vehicle	acceleration.	According	to	a	report
by	the	International	Energy	Agency	(IEA),	electric	vehicles	are	becoming	more	popular	due	to	lower	emissions	and	increasing	efficiency.	For	instance,	the	Tesla	Model	3	uses	a	PMAC	motor	to	achieve	a	range	of	over	300	miles	on	a	single	charge.	This	design	contributes	to	the	vehicles	overall	performance	and	energy	efficiency.Industrial
Automation:PMAC	motors	are	common	in	industrial	automation	because	they	offer	precise	speed	and	position	control.	These	motors	can	operate	in	various	conditions,	providing	high	reliability	and	low	maintenance.	A	study	by	the	National	Institute	of	Standards	and	Technology	(NIST)	in	2021	highlighted	that	incorporating	PMAC	motors	in	assembly
robots	reduces	energy	consumption	by	30%	compared	to	other	motor	types.	This	efficiency	is	crucial	for	factory	operations	where	uptime	directly	affects	productivity.Home	Appliances:In	home	appliances,	PMAC	motors	enhance	efficiency	and	reduce	operational	noise.	Applications	include	washing	machines,	refrigerators,	and	vacuum	cleaners.	For
example,	some	high-end	washing	machines	utilize	these	motors	to	improve	energy	efficiency	ratings,	significantly	reducing	electricity	bills	for	consumers.	According	to	the	U.S.	Department	of	Energy,	Energy	Star-rated	appliances	can	lower	energy	use	by	10%	to	50%.HVAC	Systems:PMAC	motors	are	increasingly	found	in	heating,	ventilation,	and	air
conditioning	(HVAC)	systems	due	to	their	high	efficiency.	They	help	in	providing	consistent	airflow	and	temperature	control	while	consuming	less	energy.	The	American	Council	for	an	Energy-Efficient	Economy	(ACEEE)	reports	that	using	PMAC	motors	can	lead	to	energy	savings	of	up	to	25%	in	HVAC	applications,	making	them	an	attractive	option
for	energy-conscious	consumers	and	businesses.Robotics:Robotic	applications	benefit	from	PMAC	motors	because	of	their	high	torque-to-weight	ratio	and	controllability.	These	motors	enable	precise	movements	required	in	robotic	arms	and	automated	guided	vehicles	(AGVs).	Case	studies,	such	as	those	conducted	by	the	Robotic	Industries
Association,	show	that	adopting	PMAC	motors	contributes	to	improved	efficiency	and	reduced	operational	costs	in	manufacturing	environments.Wind	Turbines:PMAC	motors	are	used	in	wind	turbines,	particularly	in	direct-drive	systems.	These	motors	eliminate	the	need	for	a	gearbox,	which	reduces	mechanical	losses	and	enhances	reliability.
According	to	a	study	by	the	Renewable	Energy	Laboratory,	using	PMAC	technology	in	wind	turbines	can	increase	the	systems	efficiency	by	connecting	directly	to	the	generator,	potentially	increasing	energy	output	by	10%-15%.Electric	Bikes	and	Scooters:Electric	bikes	and	scooters	often	incorporate	PMAC	motors	to	achieve	the	necessary	power-to-
weight	ratios.	The	lightweight	design	and	efficient	performance	support	longer	ranges	for	commuters.	A	report	by	the	European	Cyclists	Federation	indicates	that	the	use	of	PMAC	motors	in	e-bikes	has	contributed	to	a	steady	increase	in	their	adoption,	supporting	environmentally	friendly	transport	options	in	urban	areas.These	various	applications
highlight	the	advantages	of	PMAC	motors	in	improving	energy	efficiency,	enhancing	performance,	and	meeting	specific	demands	across	different	sectors.	Related	Post:	Permanent	magnet	AC	motors	(PMAC)	are	just	like	standard	induction	AC	motors	except	they	have	permanent,	rare-earth	magnets	attached	to	their	rotors	(the	center	part	of	the
motor	that	spins).	Having	these	permanent	magnets	instead	of	electromagnets	reduces	energy	losses	in	the	motor.	They	are	also	called	synchronous	AC	motors	and	are	even	more	efficient	than	electronically	commutated	motors	(ECMs).How	does	it	work?Rather	than	inducing	a	magnetic	field	in	the	rotor,	PMACs	use	the	natural	magnetic	field	of	the
rotor	material	to	create	motion.What	are	the	most	appropriate	applications?PMACs	will	save	energy	in	all	motor	applications	due	to	their	superior	efficiency.	The	best	applications	are	motors	located	in	refrigerated	spaces,	due	to	the	added	benefits	of	reduced	refrigeration	load.	Note	that	PMAC	motors	require	variable	frequency	drives	(VFDs)	that
are	specially	made	and	are	typically	offered	only	in	sizes	below	50	horsepower.What	are	the	savings?PMAC	motors	have	15-20%[1]	fewer	energy	losses	than	a	standard	NEMA	Premium	efficiency	induction	motor.	Replacing	just	a	two	horsepower	induction	motor	with	a	PMAC	motor	in	a	large	cooler	would	result	in	annual	energy	savings	of	about	400
kWh	between	energy	and	refrigeration	savings.	The	savings	will	increase	with	motor	size.	Savings	can	be	larger	if	the	motor	regularly	operates	at	lower	loads	as	PMACs	are	more	efficient	at	these	conditions	than	other	motors.What	are	the	non-energy	benefits?The	lower	operating	temp	of	PMAC	motors	reduces	maintenance	needs	and	increases
equipment	life.	Their	synchronous	operation	allows	for	improved	speed	control	over	induction	motors.	Finally,	they	operate	at	higher	power	factors.What	is	the	cost?Costs	have	been	reported	as	comparable	to	ECMs[2],	and	payback	periods	of	12	to	24	months[3]	are	possible	over	induction	motors	(using	incremental	cost).	Rare-earth	magnet	prices
are	highly	volatile,	so	the	prices	can	vary	significantly.What	is	the	status/availability	of	the	technology?This	technology	is	readily	available	through	multiple	vendors.What	kinds	of	incentives/programs	are	available?This	technology	is	typically	evaluated	under	Custom	Rebate	programs.	Download	this	article	in	.PDF	format	This	file	type	includes	high
resolution	graphics	and	schematics	when	applicable.Engineers	today	are	tasked	with	applying	myriad	motor	technologies	because	most	rotary	motion	is	ultimately	powered	by	electric	motors.	here	we	outline	the	capabilities	of	driven	AC	induction	motors,	permanent-magnet	motors,	and	servomotors	the	three	major	technologies	with	partially
overlapping	functionalities	for	larger,	higher-end	applications	requiring	precisely	metered	torque,	speed,	or	positioning.1st	of	3	technologies:AC	induction	motorsIn	all	its	iterations,	the	induction	motor	induces	magnetism	that	is	leveraged	to	output	rotary	motion.	The	stationary	outer	stator	is	connected	to	an	external	electrical	power	source;	this	is
fed	to	the	rotors	poles	in	a	rotating	progression	that	causes	revolutions	of	the	magnetic	field	within	the	motor.	Conducting	bars	in	the	rotor	interact	with	the	stators	magnetic	fields;	current	is	induced	in	those	bars,	which	in	turn	generate	magnetic	fields	that	are	attracted	to	those	of	the	stator.Illustrated	here	are	magnet-induced	flux	and	current-
induced	flux,	upon	which	all	electric	motor	operation	is	based.As	the	rotors	induced	current	and	magnetism	cause	it	to	follow	the	field	generated	by	the	stator,	rotary	motion	is	output.Because	an	AC	induction	motor	increases	the	flux	enclosed	by	its	stationary	coils,	it	is	a	transformer	with	a	rotating	secondary	(rotor).	The	rotor	currents	effect	on	the
air	gap	flux	causes	torque.AC	induction	motors	are	built	by	manufacturers	according	to	established	National	Electrical	Manufacturers	Association	(NEMA)	standards	in	myriad	fractional	and	integral	horsepower	ratings	and	associated	frame	sizes.	These	AC	induction	motors	are	quite	common	the	workhorse	of	industry.This	exploded	view	of	a	Leeson
Electric	AC	induction	motor	shows	the	stator	windings,	rotor	(in	red),	support	bearings,	cooling	fan	(in	white)	and	other	elements.An	induction	motors	stator	consists	of	a	stack	of	thin,	highly	permeable	steel	laminations	with	slots;	the	laminations	are	either	secured	in	a	steel	or	cast-iron	frame	that	provides	a	mechanical	support.	The	windings	that
accept	the	external	power	supply	are	run	through	the	slots.The	AC	inductor	rotor	assembly	resembles	a	cage	consisting	of	aluminum	or	copper	conducting	bars	connected	by	short-circuiting	end	rings	hence	the	nickname	squirrel	cage	for	induction	motors.The	rotor	also	has	laminations;	radial	slots	around	the	laminations	contain	the	bars.	As
mentioned,	the	rotor	turns	when	the	moving	magnetic	field	induces	current	in	the	shorted	conductors,	and	the	rate	at	which	it	rotates	is	the	motors	synchronous	speed	determined	by	power-supply	frequency	and	the	number	of	stator	poles.Synchronous	speed	is	the	fastest	theoretical	speed	a	motor	can	possibly	spin	when	the	rotor	spins	at	the	same
speed	as	the	motors	internal	rotating	magnetic	field.	In	practice,	an	AC	induction	motor	is	an	asynchronous	motor	(in	which	the	rotor	lags	field	speed)	so	its	rotor	must	spin	more	slowly	than	the	field,	or	slip.	This	allows	the	induction	of	rotor	current	to	flow,	and	production	of	torque	to	drive	attached	load	while	overcoming	internal	losses.Current	is
induced	in	the	rotors	conducting	bars,	and	associated	magnetic	fields	interact	with	those	of	the	stator.	This	causes	the	rotor	to	follow	the	field	generated	by	the	stator,	to	rotate	the	output	shaft.AC	induction	motor	capabilities	for	force,	torque,	and	speed:	AC	induction	motors	are	either	single-phase	or	poly-phase.	Single-phase	AC	motors	power	myriad
low-horsepower	commercial	and	industrial	applications	where	three-phase	power	is	impractical;	theyre	not	efficient,	but	can	last	a	lifetime.Theyre	also	classified	by	how	they	are	started,	as	these	motors	alone	develop	no	starting	torque,	but	require	external	means	for	initial	actuation.The	simple	split-phase	(induction-start-induction-run)	motor	has	a
small-gage	start	winding	with	fewer	turns	than	the	main	winding	to	create	more	resistance	and	put	the	start	windings	field	at	a	different	electrical	angle	than	that	of	the	main	causing	the	motor	to	rotate	until	it	reaches	75%	of	rated	speed.	Then	the	main	winding	of	heavier	wire	keeps	the	motor	running.	This	inexpensive	design	develops	high	starting
current	(700	to	1,000%	of	rated)	so	prolonged	starts	cause	overheating.	Suitable	applications	include	small	grinders,	blowers,	and	low-starting-torque	applications	requiring	up	to	1/3	hp.Split-capacitor	motors	are	common	but	slowly	being	replaced	with	more	efficient	motors	and	variable-frequency	drives	(VFDs),	which	well	explore	later.	Split-
capacitor	motors	have	a	run-type	capacitor	permanently	connected	in	series	with	the	start	winding,	making	the	latter	an	auxiliary	winding	once	the	motor	reaches	running	speed.	Starting	torques	are	30	to	150%	of	rated	load,	unsuitable	for	hard-to-start	applications.	However,	starting	current	is	less	than	200%	of	rated	load	current,	making	them
suitable	for	cycling	or	frequent	reversals	in	fans,	blowers,	intermittent	adjusting	mechanisms,	and	quick-reversing	garage	door	openers.Most	powerful	of	all	single-phase	types,	capacitor-start-capacitor-run	motors	have	a	start	capacitor	in	series	with	auxiliary	winding,	plus	a	run-type	capacitor	in	series	with	the	auxiliary	winding	for	high	overload
torque.	Some	have	lower	full-load	current	and	higher	efficiency	so	operate	more	coolly	than	other	single-phase	motors	of	comparable	horsepower.	Cost	is	higher,	but	these	motors	are	indispensible	in	woodworking	machinery,	air	compressors,	vacuum	pumps,	and	other	1	to	10-hp	high-torque	applications.Lastly,	inexpensive	shaded-pole	single-phase
motors	have	only	one	main	winding.	Starting	is	through	a	copper	loop	partially	covering	a	portion	of	each	motor	pole	causing	the	magnetic	field	in	the	ringed	area	to	lag	that	in	the	unringed	portion.	The	reaction	of	the	two	fields	causes	shaft	rotation;	varying	voltage	controls	speed.	These	are	disposable	motors,	and	common	in	household	fans;
efficiency	is	20%	or	lower.Three-phase	asynchronous	motorsFar	and	away	the	most	common	industrial	motor	is	the	three-phase	AC	induction	motor.	Single-phase	motors	are	versatile,	but	three-phase	(and	other	poly-phase)	motors	offer	higher	power	and	efficiency,	and	require	no	switch,	capacitor,	or	relays.	More	specifically,	three-phase	induction
motors	have	high	starting	torque,	because	six	poles	(only	60	apart)	work	in	pairs	to	boost	the	power	factor	also	useful	in	large	industrial	applications.Oversizing	and	undersizingCarefully	define	application	requirements	before	choosing	a	replacement	motor,	or	one	for	a	new	design:	An	undersized	motor	exhibits	electrical	stresses	and	premature
failure.	An	overly	powerful	motor	(with	high	locked-rotor	and	breakdown	torques,	for	example)	can	damage	the	equipment	it	drives,	and	runs	at	less	than	full	rated	load,	which	is	inefficient.NEMA	classifies	general-purpose	three-phase	motors	as	A,	B,	C,	or	D	according	to	their	electrical	design.	For	example,	NEMA	Design	C	motors	have	higher
starting	torque	with	normal	start	current	and	less	than	5%	slip.Some	of	these	motors	are	connected	directly	to	line	power	with	a	basic	switch;	others	are	fitted	with	wye-delta	windings	or	soft	starters.	However,	roughly	one-third	of	all	industrial	designs	are	variable-load	applications,	and	in	these	designs,	motors	are	increasingly	being	driven	by	VFDs
which	have	(thanks	to	increasingly	sophisticated	yet	affordable	semiconductors	and	circuitry)	proliferated	over	the	last	two	decades.In	these	devices,	pulse-width	modulation	(PWM)	is	used	to	vary	motor	voltage.	In	turn,	solid-state	switches	such	as	insulated	gate	bipolar	transistors	(IGBTs)	or	gate	turn	off	SCRs	(GTOs)	execute	PWM.	Here,	AC	line
voltage	is	converted	to	DC	and	then	reshaped	so	that	motor	speed	varies	with	the	frequency	of	the	pulses	in	the	output	voltage.	PWM	AC	drives	allow	wide	speed	ranges,	programmable	acceleration	and	deceleration	ramps,	and	good	energy	efficiency;	speed	and	torque	precision	can	in	some	cases	match	that	of	DC	systems.	In	its	simplest	iteration,
Volts-per-Hertz	VFD	operation	holds	the	ratio	of	voltage	and	frequency	constant,	by	tracking	voltage	magnitude.	This	prevents	magnetic	saturation	(at	which	a	motors	rotor	cannot	be	magnetized	further,	causing	high	currents);	voltage	to	be	applied	is	calculated	from	the	applied	frequency	required	to	maintain	air-gap	flux	a	method	that	provides
passable	speed	control,	though	no	direct	control	of	motor	torque.With	its	power	range	up	to	25	hp,	Leeson	Electric	SM2	Flux	Vector	Series	inverters	excel	in	applications	where	inverter	technology	was	once	considered	too	costly.	They	carry	four	modes	of	operation	V/Hz,	enhanced	V/Hz,	vector	speed,	and	Torque.	Applications	include	packaging,
material	handling,	and	HVAC.	Sensorless	vector	control	also	modulates	frequency	but	measures	(and	compensates	for)	slip	by	determining	the	amount	of	current	in	phase	with	the	voltage	for	approximated	torque	current	for	both	magnitude	and	angle	between	current	and	voltage.	This	helps	to	keep	the	motor	running	at	target	speed	even	under
varied	load.	Slightly	more	sophisticated,	flux	vector	drives	leverage	the	fact	that	in	induction	motors,	some	current	magnetizes	or	fluxes	the	rotor	to	magnetically	couple	it	to	the	stator.Flux	vector	drives	hold	this	flux	current	at	the	minimum	required	to	induce	a	magnetic	field,	while	independently	modulating	torque-producing	current	pulsing	through
the	stator.Finally,	the	VFD	iteration	called	field-oriented	control	pairs	a	drives	current	regulators	with	an	adaptive	controller	to	independently	meter	and	control	motor	torque	and	motor	flux.	This	kind	of	drive	can	be	paired	with	an	encoder	for	closed-loop	servocontrol,	but	its	consistent	performance	doesnt	typically	require	feedback.	Torque	output	is
consistent	from	zero	to	full	load	over	myriad	speeds.AC	induction	motor	limitationsEven	under	sophisticated	VFD	control,	AC	induction	motors	exhibit	inherent	efficiency	limitations	and	can	require	an	encoder	for	feedback	if	low-speed	accuracy	is	required.	In	addition,	retrofitting	an	existing	design	with	a	new	VFD	can	be	troublesome,	particularly
when	equipped	with	older	motors.Why?	Its	inverters	synthesized	AC	waveform	accelerates	heating	(though	advances	continue	to	improve	the	waveform	to	more	closely	approximate	an	AC	sine	wave.)	Extended	operation	of	a	VFD-powered	motor	at	less	than	50%	of	base	speed	is	also	unacceptable;	modern	inverter-duty	motors	have	higher	insulation
ratings,	but	extreme	cases	require	a	separately	powered	cooling	fan.Most	general-purpose	VFDs	have	no	position	control,	but	vector-controlled	pulse	width	modulated	(PWM)	drives	do	using	regulators	with	microprocessors	and	DSPs	that	improve	position	regulation.	Vector	drives	with	built-in	position	control	of	this	type,	when	paired	with	AC
induction	or	PMAC	motors	are	suitable	for	palletizing	and	other	fairly	sophisticated	tasks.Leeson	Electric	Inverter-Rated	motors	are	designed	for	inverter	or	vector	applications	in	which	up	to	2,000:1	constant-torque	speed	range	is	required.	Class	H	inverter-rated	insulation	withstands	the	heat	generated	by	inverter-driven	operation.143T	to	256	T
frame	units	output	constant	horsepower	to	2	x	base	rpm;	other	sizes	output	1.5	x	base	rpm.In	fact,	the	waste	heat	generated	by	any	AC	motor	is	capable	of	degrading	the	insulation	so	essential	to	motor	operation.	Stator	insulation	prevents	short	circuits,	winding	burnout,	and	failure:	Magnet	wire	coating	insulates	wires	within	a	coil	from	each	other;
slot	cell	and	phase	insulation	(composite	sheets	installed	in	stator	slots)	shield	phase-to-ground;	stator	varnish	dip	boosts	moisture	resistance	and	overall	insulation.NEMA	sets	specific	temperature	standards	for	motors	of	various	enclosures	and	service	factors	(of	1.5	or	more	in	most	cases.)	These	standards	are	based	on	thermal	insulation	classes
often	B,	F,	and	H.	Maximum	winding	temperature	ratings	are	total	temperatures,	based	on	104	F	maximum	ambient	plus	the	temperature	rise	generated	by	motor	operation.	5	hp	and	greater,	premium	efficiency,	and	inverter-duty	motors	typically	have	Class	F	insulation.	Beyond	that,	many	manufacturers	design	their	motors	to	operate	more	coolly
than	their	thermal	class	definitions.	Class	H	insulation	is	rarer,	reserved	for	heavy-duty,	hot,	or	high-altitude	conditions.Another	consideration	is	cycling:	Motors	built	for	frequent	reversals	can	withstand	it,	but	start-stop	cycles	in	others	can	cause	overheating,	because	a	typical	motor	under	these	conditions	draws	five	to	six	times	the	rated	running
current,	which	accelerates	heating.	NEMA	limits	three-phase	continuous-duty	induction	motors	to	two	starts	in	succession	before	allowing	the	motor	to	stabilize	to	its	maximum	continuous	operating	temperature.Finally,	the	VFDs	commonly	used	to	drive	three-phase	AC	induction	motors	are	sensitive	to	inertia,	horsepower,	motor	lead	length,	and
power	quality,	so	must	be	programmed	with	full-load	and	no-load	amps,	base	speed	and	frequency,	and	motor	voltage	when	initially	connected	to	a	new	motor.	Typically	VFDs	also	require	tuning,	during	which	motor	response	and	electrical	characteristics	are	logged.2nd	of	3	technologies:Permanent-magnet	AC	motorsOne	proliferating	option,
permanent	magnet	ac	(PMAC)	motors,	has	functionalities	that	partially	overlap	with	those	of	both	ac	induction	and	servomotors	for	larger,	higher-end	applications	requiring	precisely	metered	torque,	speed,	or	positioning.In	PMACs,	magnets	mounted	on	or	embedded	in	the	rotor	couple	with	the	motor's	current-induced,	internal	magnetic	fields
generated	by	electrical	input	to	the	stator.	More	specifically,	the	rotor	itself	contains	permanent	magnets,	which	are	either	surface-mounted	to	the	rotor	lamination	stack	or	embedded	within	the	rotor	laminations.	As	in	common	ac	induction	motors,	electrical	power	is	supplied	through	the	stator	windings.Permanent-magnet	fields	are,	by	definition,
constant	and	not	subject	to	failure,	except	in	extreme	cases	of	magnet	abuse	and	demagnetization	by	overheating.	PMAC,	PM	synchronous,	and	brushless	ac	are	synonymous	terms.The	magnets	in	permanent-magnet	motorsRare-earth	elements	are	those	30	metals	found	in	the	periodic	tables	oft-omitted	long	center	two	rows;	theyre	used	in	many
modern	applications.	Magnets	made	of	rare-earth	metals	are	particularly	powerful	alloys	with	crystalline	structures	that	have	high	magnetic	anistropy	which	means	that	they	readily	align	in	one	direction,	and	resist	it	in	others.	Discovered	in	the	1940s	and	identified	in	1966,	rare-earth	magnets	are	one-third	to	two	times	more	powerful	than	traditional
ferrite	magnets	generating	fields	up	to	1.4	Teslas	in	some	cases.	Permanent	magnets	are	used	in	MRI	machines,	portable	electronic	devices,	hysteresis	clutches,	accelerometers,	and	last	but	not	least	permanent-magnet	rotary	and	linear	motors.	Back-electromotive	force	(EMF)	is	voltage	that	opposes	the	current	that	causes	it.	In	fact,	back	EMF	arises
in	any	electric	motor	when	there	is	relative	motion	between	the	current-carrying	armature	(whether	rotor	or	stator)	and	the	external	magnetic	field.	As	the	rotor	spins	(with	or	without	power	applied	to	the	windings)	the	mechanical	rotation	generates	a	voltage	so,	in	effect,	becomes	a	generator.	Typical	units	are	(V/krpm)	volts/(1,000	rpm).A	PMAC
motor	has	a	sinusoidally	distributed	stator	winding	to	produce	sinusoidal	back	EMF	waveforms.All	PMAC	motors	require	a	matched	PM	drive	for	operation;	they	are	not	designed	for	across-the-line	starting.PMAC-compatible	drives	(known	as	PM	drives)	substitute	the	more	traditional	trapezoidal	waveform's	flat	tops	with	a	sinusoidal	waveform	that
matches	PMAC	back	EMF	more	closely,	so	torque	output	is	smoother.	Each	commutation	of	phases	must	overlap,	selectively	firing	more	than	one	pair	of	power-switching	devices	at	a	time.	These	motor-drive	setups	can	be	operated	as	open-loop	systems	in	midrange	performance	applications	requiring	speed	and	torque	control.	Here,	PMAC	motors	are
placed	under	vector-type	control.The	resultant	voltage	waveform	from	back	EMF	is	either	shaped	like	a	sine	wave	(AC)	or	a	trapezoid	(DC)	depending	on	the	power	supply	from	the	drive.	In	fact,	as	well	explore,	the	major	difference	between	PMAC	and	permanent	magnet	DC	motors	is	that	the	faster	a	PMACs	rotor	spins,	the	higher	back-EMF	voltage
is	generated.In	fact,	though	PMACs	require	a	drive	specifically	designed	for	PM	motors,	the	PM	drive	setup	is	most	similar	to	flux	vector	drives	for	ac	induction	motors,	in	that	the	drive	uses	current-switching	techniques	to	control	motor	torque	and	simultaneously	controls	both	torque	and	flux	current	via	mathematically	intensive	transformations
between	one	coordinate	system	and	another.These	PM	drives	use	motor	data	and	current	measurements	to	calculate	rotor	position;	the	digital	signal	processor	(DSP)	calculations	are	quite	accurate.	During	every	sampling	interval,	the	three-phase	ac	system	dependent	on	time	and	speed	is	transformed	into	a	rotating	two-coordinate	system	in	which
every	current	is	expressed	and	controlled	as	the	sum	of	two	vectors.Many	engineers	associate	permanent-magnet	construction	with	DC	servomotors,	but	newer	PMAC	motors	are	now	an	option,	and	they	exceed	the	power	density	efficiency	of	traditional	AC	induction	motors.	For	example,	Leesons	Platinum	e	permanent-magnet	technology	reduces
rotor	losses	to	save	energy	for	myriad	fractional	and	integral	horsepower	motors;	a	patent-pending	radial	magnet	design	greatly	improves	motor	efficiency	and	specific	output	power.	Variable	speed	operation	in	constant	and	variable-torque	applications	is	also	possible.Force,	torque,	and	speedIn	PMAC	motors,	speed	is	a	function	of	frequency	the
same	as	it	is	with	induction	motors.	However,	PMAC	motors	rotate	at	the	same	speed	as	the	magnetic	field	produced	by	the	stator	windings;	it	is	a	synchronous	machine.	Therefore,	if	the	field	is	rotating	at	1,800	rpm,	the	rotor	also	turns	at	1,800	rpm	and	the	higher	the	input	frequency	from	the	drive,	the	faster	the	motor	rotates.Most	manufacturers
of	synchronous	motors	hold	pole	count	constant	so	input	frequency	dictates	the	motor's	speed.	For	example,	for	a	48-frame	motor	with	six	poles,	the	motor's	input	frequency	from	the	drive	must	be	90	Hz	to	obtain	1,800	rpm.	To	extract	the	same	speed	from	a	10-pole	180-frame	motor,	input	frequency	must	be	150	Hz.	To	calculate	required	input
frequency	(Hz)	when	the	number	of	poles	and	speed	are	known:PMAC	motors	are	suitable	for	variable	or	constant-torque	applications,	where	the	drive	and	application	parameters	dictate	to	the	motor	how	much	torque	to	produce	at	any	given	speed.	This	flexibility	also	makes	PMACs	suitable	for	variable-speed	operation	requiring	ultra-high	motor
efficiency.Synchronous	motors,	and	switched	reluctance	operationA	permanent	magnet	AC	(PMAC)	motor	is	a	synchronous	motor,	meaning	that	its	rotor	spins	at	the	same	speed	as	the	motors	internal	rotating	magnetic	field.	Other	AC	synchronous	technologies	include	hysteresis	motors,	larger	DC-excited	motors,	and	common	reluctance	motors.	The
latter	includes	both	a	stator	and	rotor	with	multiple	projections;	the	stators	poles	are	wrapped	with	windings	that	are	energized,	while	the	rotors	magnetically	permeable	steel	projections	act	as	salient	poles	that	store	magnetic	energy	by	reluctance	leveraging	the	tendency	of	magnetic	flux	to	follow	the	path	of	least	magnetic	reluctance	in	order	to
repeatedly	align	the	rotor	and	stator	poles.	Note	that	this	switched-reluctance	motor	iteration	can	be	built	to	deliver	up	to	200	hp,	overlapping	with	induction	and	PMAC	motor	capabilities.	In	switched-reluctance	motors,	the	stator	coils	are	synchronously	energized	with	rotor	rotation,	with	overlapping	phases.	While	reluctance	motors	are	typically
used	as	open-loop	steppers,	their	switched-reluctance	derivative	(also	sometimes	called	variable	reluctance)	is	typically	operated	under	closed-loop	control.	In	fact,	stepmotors	are	somewhat	similar	to	switched	reluctance,	and	step	to	each	defined	rotor	position,	resulting	in	high	repeatability	and	accuracy.	Switched-reluctance	motors	produce	high
efficiency	and	control,	and	produce	100%	torque	at	stall	indefinitely	useful	for	applications	requiring	holding.	Finally,	though	torque	ripple	must	be	overcome,	switched-reluctance	motors	can	be	operated	at	higher	speeds	than	PMACs,	as	they	lack	back-EMF	constraints.	Cogging	the	unwanted	jerking	during	motor	spinning	from	repeatedly
overcoming	the	attraction	of	permanent	magnets	and	the	stator's	steel	structure	is	often	associated	with	PM	motors.	Particularly	at	startup,	cogging	arises	from	the	interaction	of	the	rotor	magnets	and	stator	winding	when	it	is	energized,	due	to	harmonics.	Cogging	in	turn	causes	noise,	vibration,	and	non-uniform	rotation.	Many	methods	for	reducing
cogging	can	be	leveraged	to	eliminate	torque	and	speed	ripple.	Some	PMAC	motors	are	designed	with	more	rotor	poles	than	equivalent	ac	induction	motors,	which	helps	reduce	these	issues.Closed-loop	functionalityIn	specialty	cases,	PMAC	motors	are	employed	in	closed-loop	configurations	using	speed	feedback.	Feedback	allows	the	drive	to	track
the	exact	rotor	position	to	provide	true	infinite	speed	range,	including	full	torque	at	zero	speed.	The	speed	reference	required	from	an	external	source	can	be	an	analog	or	encoder	signal,	or	a	serial	command	from	a	feedback	device	on	an	axis	one	wishes	to	follow.	This	is	normally	a	velocity	signal,	sometimes	further	processed	in	the	drive	before	it	is



used	as	a	command.Limitations	and	challengesPMAC	speed	is	limited	by	back	EMF	because	the	latter	increases	directly	with	motor	speed.	The	motor	is	connected	to	the	electronic	drive	and	its	electronic	components	are	designed	for	a	maximum	voltage	above	rated	drive	voltage.	Normally,	the	motor	and	controls	are	designed	to	operate	well	below
the	maximum	voltage	of	the	components.	However,	if	motor	speed	exceeds	the	design	speed	range	(either	powered	from	the	control	or	being	driven	by	the	load)	it	is	possible	to	exceed	the	maximum	voltage	of	the	drive	components	and	cause	failures.	Note	that	drives	are	capable	of	limiting	motor	back	EMF	when	operating	properly.	However,	if	the
drive	faults	and	loses	control	during	overspeed,	it	cannot	protect	itself.In	addition,	PMAC	motor	control	requires	some	technical	knowledge	for	implementation:	All	commercially	available	PMAC	motors	require	a	PM-compatible	drive	to	operate,	although	there	is	ongoing	research	in	the	development	of	a	line-start	PMAC	motor.SaliencyIn	reference	to
PMAC	motors,	saliency	refers	to	the	difference	in	motor	inductance	at	the	motor	terminals	as	the	motor	rotor	is	rotated.	This	difference	corresponds	to	alignment	and	misalignment	of	the	stators	rotor	a	characteristic	that	a	motors	drive	tracks	to	monitor	rotor	position	during	operation.	Not	all	ac	drives	are	suitable	for	operation	of	PMAC	motors;	only
drives	specifically	designed	for	permanent	magnet	motor	compatibility	are	suitable.	Here,	a	parameter	in	the	drive	programming	often	allows	an	operator	to	set	the	drive	for	a	PM	motor.	Some	drives	not	specifically	designed	for	this	use	can	run	and	control	PM	motors,	though	performance	is	degraded	and	one	can	damage	the	motor	or	drive	if	they
are	mismatched.Axial	and	radial	flux	motorsAs	with	other	motor	designs	that	include	permanent	magnets,	PMAC	axial	flux	motors	exist.	In	these	motors,	magnetic	force	(through	the	air	gap)	is	along	the	same	plane	as	the	motor	shaft	along	the	motor	length.	Axial	flux	can	be	thought	as	having	the	same	orientation	as	disc	brakes	on	a	regular	vehicle,
as	the	disc	rotates	like	the	rotor	in	an	axial	flux	design.	Radial	flux	motors	are	the	more	traditional	design,	in	which	the	magnetic	force	is	perpendicular	to	the	length	of	the	motor	shaft.	A	designs	form	factor	determines	which	orientation	is	most	suitable:	Does	the	machinery	require	a	longer,	skinnier	radial	motor	or	is	a	pancake	axial	design	more
appropriate?	The	final	determining	factor	may	be	cost	as	the	axial	design,	once	tooled	for	production,	provides	equivalent	torque	but	uses	less	active	material	for	better	power	density.	Though	not	yet	suitable	for	elevator	applications,	engineers	are	developing	PMAC	radial	motors	to	incorporate	axial	air-gap	PMAC	designs	into	elevators	sans	machine
rooms.	Finally,	high	current	or	operating	temperatures	can	cause	the	magnets	in	PMAC	motors	to	lose	their	magnetic	properties.	Permanent	magnets,	once	demagnetized,	cannot	recover,	even	if	current	or	temperature	returns	to	normal	levels.	PM	drives	reduce	the	risk	of	high-current	demagnetization	with	over-current	protection.	Some	motor
designs	further	minimize	the	possibility	of	demagnetization	with	high-temperature	magnets,	integrated	thermostats,	and	restricted	motor	operating	temperature.3rd	of	3	technologies:ServomotorsServomotors	are	motors	that	use	feedback	for	closed-loop	control	of	systems	in	which	work	is	the	variable.	AC	induction	motors	designed	for	servo
operation	are	wound	with	two	phases	at	right	angles.	A	fixed	reference	winding	is	excited	by	a	fixed	voltage	source,	while	the	control	a	variable	control	voltage	from	a	servo-amplifier	excites	the	winding.	The	windings	are	often	designed	with	the	same	voltage-to-turns	ratio,	so	that	power	inputs	at	maximum	fixed	phase	excitation,	and	at	maximum
control	phase	signal,	are	in	balance.	Any	motor	designed	for	servo	use	is	typically	25	to	50%	smaller	than	other	motors	with	similar	output,	and	the	reduced	rotor	inertia	makes	for	quicker	response.	For	example,	AC	servomotors	are	used	in	applications	requiring	rapid	and	accurate	response	characteristics	so	these	induction	motors	have	a	small
diameter	for	low	inertia	and	fast	starts,	stops,	and	reversals.	High	resistance	provides	nearly	linear	speed-torque	characteristics	for	accurate	control.Commutation	basicsCommutation	refers	to	how	current	is	precisely	routed	to	a	brushed	DC	rotors	array	of	coils,	to	generate	the	torque	needed	via	brushes	and	a	commutator.	A	commutator	is	mounted
on	the	rotor	shaft	and	includes	pads,	on	which	the	brushes	rest.	Current	is	conducted	from	the	brushes	to	the	commutator	and	then	to	the	connected	coils	as	the	rotor	spins.	Sometimes	the	term	commutation	is	used	to	refer	to	brushless	DC	motor	operation,	even	though	electronics	and	a	sensor	on	the	rotor	shaft	replace	any	brushes	or	commutator.
In	this	case	current	is	still	switched	but	by	electronics.	The	term	loses	meaning	in	the	world	of	AC	motors,	though	sometimes	refers	incorrectly	to	how	AC	voltage	is	generated	in	the	drive.	Wound-field	DC	motors	(with	copper	segments	in	the	rotor	connected	by	magnetic-wire	windings,	and	stator	windings)	are	another	option.	More	often,	however,
compact	brush	DC	motors	(which	employ	permanent	magnets	affixed	to	the	inside	of	the	motor	frame,	plus	a	rotating	wound	armature	and	commutating	brushes)	are	used	as	servomotors,	because	speed	control	is	easy:	The	only	variable	is	voltage	applied	to	the	rotating	armature.	There	are	no	field	windings	to	excite,	so	these	motors	use	less	energy
than	wound	DC	designs,	and	have	better	power	density	than	wound-field	motors.	Servo-built	brushed	DC	motors	also	include	more	wire	wound	onto	the	laminations,	to	boost	torque.DC	servocontrol:	SophisticatedReliable	speed	controls	for	DC	motors	abound.	Many	use	solid-state	devices;	silicon	controlled	rectifiers	(SCRs	or	thyristors)	are	common,
converting	AC	line	voltage	to	controlled	DC	voltage	that	is	applied	to	the	DC	motors	armature.	Increasing	voltage	increases	speed	so	this	is	sometimes	called	armature-voltage	control.	Its	highly	effective	for	motors	up	to	approximately	3	hp,	allowing	60:1	speed	regulation	and	constant	torque	even	at	reduced	speeds.Servocontrol,	on	the	other	hand,
takes	control	to	the	next	level	with	feedback	and	is	suitable	for	larger	designs.High-voltage	DC	motors	are	typically	used	with	an	SCR	or	PWM	controller	in	applications	requiring	adjustable	speed	and	constant	torque	throughout	the	speed	range.The	SCR	Rated	(general-purpose	motor)	shown	here	is	widely	used	in	applications	requiring	dynamic
braking	or	adjustable	speed	and	reversing.	The	brush	holder	design	provides	easy	access,	while	the	brushes	themselves	are	large	for	extended	life.Three-phase	PMDC	motors	(brushless	motors)	are	also	commonly	used	for	servo	applications.	Most	brushless	DC	windings	are	interconnected	in	an	array,	and	most	units	are	fitted	with	a	trio	of	Hall
sensors	at	one	stator	end.	These	Hall	sensors	output	low	and	high	signals	when	the	rotors	south	and	north	magnet	poles	pass	to	allow	the	following	of	energizing	sequence	and	rotor	position.Permanent-magnet	DC	motors	in	servo	applicationsToday,	many	PM	motors	are	DC	and	used	in	servo	applications	requiring	adjustable	speed.	For	quick	stops,
these	can	minimize	mechanical	brake	size	(or	eliminate	the	brake)	by	leveraging	dynamic	braking	(motor-generated	energy	fed	to	a	resistor	grid)	or	regenerative	braking	(motor-generated	energy	returned	to	the	ac	supply).	In	addition,	PMDC	motor	speed	can	be	controlled	smoothly	down	to	zero,	followed	immediately	by	acceleration	in	the	opposite
direction	without	power	circuit	switching.	In	typical	three-phase	brushless	DC	motors,	energization	is	controlled	electronically.	In	some	designs,	permanent	magnets	are	installed	on	the	stator.	More	common	designs	include	stators	with	stacked	steel	laminations	and	windings	through	axial	slots;	permanent	magnets	are	installed	on	the	rotor.	Here,	the
stator	winding	is	trapezoidally	wound	to	generate	a	trapezoidal	back	EMF	waveform	with	six-step	commutation.	Brushless	DC	switches	energize	changing	pairs	of	motor	phases	in	a	predefined	commutation	sequence.	Most	units	are	fitted	with	a	trio	of	Hall	sensors	at	one	stator	end,	to	allow	the	following	of	energizing	sequence	and	rotor	position.
Output	torque	has	considerable	torque	ripple,	which	occurs	at	each	step	of	the	trapezoidal	commutation.	However,	due	to	a	high	torque-to-inertia	ratio,	brushless	DC	motors	respond	quickly	to	control-signal	changes	making	them	useful	in	servo	applications.	In	their	most	basic	form,	the	drive	for	a	servomotor	receives	a	voltage	command	that
represents	a	desired	motor	current.	The	servomotor	is	modeled	in	terms	of	inertia	(including	servomotor	and	load	inertia)	damping,	and	a	torque	constant.	The	load	is	considered	rigidly	coupled	so	that	the	natural	mechanical	resonance	is	safely	beyond	the	servocontrollers	bandwidth.	Motor	position	is	usually	measured	by	an	encoder	or	resolver
coupled	to	the	motor	shaft.A	basic	servocontrol	generally	contains	both	a	trajectory	generator	and	a	PID	controller:	The	former	provides	position	setpoint	commands;	the	latter	uses	position	error	to	output	a	corrective	torque	command	that	is	sometimes	scaled	to	the	motors	torque	generation	for	a	specific	current	(torque	constant.)Servomotor
capabilities	for	force,	torque,	speed,	and	other	factors:	Servocontrol	exhibits	less	steady	state	error,	transient	responses,	and	sensitivity	to	load	parameters	than	open-loop	systems.	Improving	transient	response	increases	system	bandwidth,	for	shorter	settling	times	and	higher	throughput.	Minimizing	steady-state	errors	boosts	accuracy.	Finally,
reducing	load	sensitivity	allows	a	motion	system	to	tolerate	fluctuations	in	voltage,	torque,	and	load	inertia.Typically,	a	profile	is	programmed	for	instructions	defining	the	operation	in	terms	of	time,	position,	and	velocity:	A	digital	servocontroller	sends	velocity	command	signals	to	an	amplifier,	which	drives	the	servomotor.	With	the	help	of	resolvers,
encoders,	or	tachometers	for	feedback	(mounted	in	the	motor	or	on	the	load)	the	controller	then	compares	actual	position	and	speed	to	the	target	motion	profile,	and	differences	are	corrected.Servomotor	limitationsMost	importantly,	the	increased	performance	of	servomotor	designs	comes	at	dramatically	increased	cost.In	addition,	there	are	two
situations	in	which	servomotor	efficiency	declines	low	voltage	and	high	torque.	In	short,	servomotors	are	most	often	employed	because	of	their	ability	to	produce	high	peak	torque,	thus	providing	rapid	acceleration	but	high	torque	often	requires	that	servomotors	run	two	to	three	times	their	normal	torque	range,	which	degrades	efficiency.	Finally,
servos	are	designed	to	operate	over	a	wide	range	of	voltages	(as	this	is	how	their	speed	is	varied)	but	efficiency	drops	with	voltage.	Comparing	induction	motors,	AC	permanent-magnet	motors,	and	servomotorsDesigners	and	motor	personnel	benefit	from	finding	a	supplier	thats	an	experienced	resource	of	information	to	help	in	pragmatic	motor
selection.	Involve	application	specialists	as	early	as	possible,	as	they	can	help	develop	prototypes,	custom	electrical	and	mechanical	designs,	mountings,	and	gearboxes.	This	also	reduces	costs	associated	with	shorter	lead	times	and	rush	delivery.In	the	end,	all	industrial	motor	subtypes	have	strengths	and	weaknesses,	plus	application	niches	for	which
theyre	most	suitable.	For	example,	many	industrial	applications	are	essentially	constant	torque,	such	as	conveyors.	Others,	such	as	centrifugal	blowers,	require	torque	to	vary	as	the	square	of	the	speed.	In	contrast,	machine	tools	and	center	winders	are	constant	horsepower,	with	torque	decreasing	as	speed	increases.	Which	motors	are	most	suitable
in	these	situations?	As	we	will	explore,	the	speed-torque	relationship	and	efficiency	requirements	often	determine	the	most	appropriate	motor.Overview	of	the	pros	and	cons	of	each	motor	type	SPEED	Less	speed	range	than	PMAC	motors	Speed	range	is	a	function	of	the	drive	being	used	to	1,000:1	with	an	encoder,	120:1	under	field-oriented	control
VFD-driven	PMAC	motors	can	be	used	in	nearly	all	induction-motor	and	some	servo	applications	Typical	servomotor	application	speed	to	10,000	rpm	is	out	of	PMAC	motor	range	Reaches	10,000	rpm	Brushless	DC	servomotors	also	operate	at	all	speeds	while	maintaining	rated	load	EFFICIENCY	Even	NEMA-premium	efficiency	units	exhibit	degraded
efficiencies	at	low	load	More	efficient	than	induction	motors,	so	run	more	coolly	under	the	same	load	conditions	Designed	to	operate	over	wide	range	of	voltages	(as	this	is	how	their	speed	is	varied)	but	efficiency	drops	with	voltage	RELIABILITY	Waste	heat	is	capable	of	degrading	insulation	essential	to	motor	operation	Years	of	service	common	with
proper	operation	Lower	operating	temperatures	reduces	wear	and	tear,	maintenance	Extends	bearing	and	insulation	life	Robust	construction	for	years	of	trouble-free	operation	in	harsh	environments	Physical	motor	issues	minimal;	demanding	servo	applications	require	careful	sizing,	or	can	threaten	failure	POWER	DENSITY	Induction	produced	by
squirrel	cage	rotor	inherently	limits	power	density	Rare-earth	permanent	magnets	produce	more	flux	(and	resultant	torque)	for	their	physical	size	than	induction	types	Capable	of	high	peak	torque	for	rapid	acceleration	ACCURACY	Flux	vector	and	field-oriented	control	allows	for	some	of	accuracy	of	servos	Without	feedback,	can	be	difficult	to	locate
and	position	to	the	pinpoint	accuracy	of	servomotors	Closed-loop	servomotor	operation	utilizes	feedback	for	speed	accuracy	to	0.001%	of	base	speed	COST	Relatively	modest	initial	cost;	higher	operating	costs	Exhibit	higher	efficiency,	so	their	energy	use	is	smaller	and	full	return	on	their	initial	purchase	cost	is	realized	more	quickly	Price	can	be
tenfold	that	of	other	systems	PMAC	versus	servomotorsServomotors	are	utilized	in	motion	control	applications	where	low	inertia	and	dynamic	response	are	important.	In	fact,	many	motors	used	for	servo	applications	are	similar	to	PMAC	motors	but	use	special	controllers	(amplifiers)	and	feedback	to	control	position	rather	than	just	speed.	However,
the	price	for	servosystems	can	be	high	often	10	to	20	times	than	that	of	an	equivalently	rated	induction	motor.	Applications	requiring	near-servo	performance	are	suitable	candidates	for	PMAC	motors,	benefitting	from	their	cost-to-performance	ratio.	Case	in	point:	PMACs	are	well	suited	for	typical	pump	operations,	which	typically	run	at	variable
speed	between	75%	and	85%	of	maximum	speed.PMAC	motors	are	unsuitable	in	typically	servomotor	applications	approaching	10,000	rpm	out	of	the	PMAC	motor	range.	In	addition,	without	feedback	for	the	PMAC,	designers	can	find	it	difficult	to	locate	and	position	to	the	pinpoint	accuracy	that	servomotors	must	often	deliver.Now	compare	PMAC
motors	to	those	most	commonly	used	for	servo	applications	brushless	dc	motors.	A	traditional	brushless-dc	drive	waveform	is	trapezoidal;	here,	two	of	the	motor's	three	leads	are	used	for	the	phases,	and	the	third	is	used	for	hunting	so	it's	regularly	changing	fields.	In	contrast,	the	three	leads	of	the	PMAC	are	actively	used;	input	waveforms	are
sinusoidal,	to	boost	efficiency	while	minimizing	noise	and	vibration.As	mentioned,	motor	stator	winding	patterns	are	typically	specialized	for	a	specific	waveform	shape.	One	cannot	differentiate	them	by	visual	inspection.A	controller	that	produces	trapezoidal	waveforms	is	less	costly	than	those	that	produce	sinusoidal	waveforms.	However,	sinusoidal
controllers	and	motors	produce	more	consistent	shaft	rotation	than	trapezoidal	and	rotor	inertia,	motor	rating,	and	specific	controller	characteristics	magnify	the	difference	in	performance.On	the	integral-horsepower	curves,	consider	how	the	AC	induction-motor	curve	past	60	Hz	falls	off	asymptotically	to	the	X	axis:	Although	it	outputs	constant
torque	to	60	Hz	(and	typically	outputs	constant	horsepower	60	to	roughly	90	Hz)	at	about	35	to	40%	load,	the	torque	falls	off.	In	contrast,	a	PMAC	is	stable	from	the	40%	load	line	to	roughly	120	to	150%	and	maintaining	system	efficiency	and	torque.	Because	a	permanent-magnet	rotor	lacks	conductors	(rotor	bars)	there	are	no	I2R	losses	so	with
everything	else	equal,	a	PMAC	motor	is	inherently	more	efficient.One	caveat:	In	low-voltage	applications	(anything	below	110	V),	traditional	brushless	dc	or	ac	induction	motors	are	still	better	choices	than	PMAC	motors	although	there's	work	being	done	to	address	the	issues	that	arise	in	these	situations.In	short,	brushless	dc	motors	are	commonly
built	for	voltages	down	to	12	or	24	V.	However,	to	wind	a	PMAC	for	this	voltage	is,	in	effect,	taking	a	200	or	300	hp	and	winding	it	for	200	V.	Here,	lead	sizes	can	grow	to	the	size	of	an	average	coffee	cup	(an	inane	result)	and	winding	such	a	motor's	magnet	wire	(with	a	machine	or	by	hand)	is	problematic,	as	manufacturers	in	this	case	must	redesign
the	stator	and	rotor	fairly	extensively	to	ensure	that	the	setup	is	physically	possible.Induction	motors	versus	PMAC	motorsFor	an	apples-to-apples	comparison	of	ac	induction	motors	to	PMAC	motors,	we	must	consider	both	with	a	drive	as	the	latter	requires	a	drive	for	operation,	and	cannot	connect	directly	to	supply	power	as	typical	ac	motors
can.System	efficiency	is	higher	for	a	PMAC	motor/drive	setup	from	40%	to	beyond	120%	load.	In	addition,	a	PMAC	motor	exhibits	higher	power	density	than	an	equivalent	induction	motor:	Rare-earth	permanent	magnets	produce	more	flux	for	their	physical	size	than	the	magnetic	energy	and	resultant	torque	produced	by	an	induction	motor's	squirrel
cage	rotor.	In	the	latter,	the	effect	of	back	EMF	is	also	more	pronounced:	Back	EMF	reduces	current	and	works	to	slow	the	motor	and	gets	larger	as	speed	increases.	When	no	load	is	present,	it	approaches	the	input	voltage	magnitude,	reducing	efficiency.	Consider	that,	in	general,	certain	PMAC	motors	are	rated	for	variable	or	constant	torque	to	20:1
without	feedback	(open	loop)	or	2,000:1	for	closed	loop	(with	an	encoder).Speed	(input	frequency)	has	less	effect	on	PMAC	motor	efficiency	than	it	does	on	ac	induction	motors,	which	translates	into	energy	savings	at	reduced	speeds.	PMAC	motor	losses	(the	inverse	of	efficiency)	are	15%	to	20%	lower	than	NEMA	Premium	induction
motors.Depending	on	motor	size,	electric	utility	rate,	and	duty	cycle,	designers	can	realize	full	return	on	a	certain	PMAC	motor	purchases	in	one	year.	PMAC	efficiency	ratings	are	one	to	three	indexes	above	NEMA	Premium,	which	translates	to	10%	to	30%	fewer	losses	than	a	conventional	motor.	Electricity	is	estimated	to	comprise	approximately
95%	to	97%	of	the	total	lifecycle	cost	of	electric	motors,	so	energy	savings	significantly	reduce	the	total	investment.In	short,	due	to	their	synchronous	operation,	PMAC	motors	also	offer	better	dynamic	performance	and	speed-control	precision	a	benefit	in	high-inertia	positioning	applications.	Although	the	power	factor	with	a	drive	may	not	be	as	high
as	a	motor-only	induction	machine,	PMAC	motors	generally	provide	higher	power	density	due	to	higher	magnetic	flux.	Therefore,	more	torque	can	be	produced	in	a	given	physical	size,	or	equal	torque	produced	in	a	smaller	package.	Finally,	PMAC	motors	generally	operate	more	coolly	than	ac	induction	motors,	resulting	in	longer	bearing	and
insulation	life.Lets	say	we	have	a	5-hp	induction	motor	for	a	89.5%	NEMA	Premium	efficiency	value.	In	contrast,	a	comparable	PMAC	motor	(Leesons	Platinum	e)	built	after	December	2010	(when	the	Energy	Independence	and	Security	Act	or	EISA	went	into	effect)	exhibits	91.7%	efficiency.If	this	was	useful	to	you,	download	the	complementary	eBook
from	LEESON	Electric.	PDF	download	begins	automatically.	Permanent	magnet	AC	motors	(PMAC)	utilize	strong	magnets	in	the	rotor.	This	design	creates	an	efficient	magnetic	field	without	rotor	windings	or	brushes.	PMAC	motors	operate	synchronously	with	power	frequency.	They	offer	excellent	speed	regulation	and	constant	torque.	Common
applications	include	electric	vehicles	and	various	industrial	electric	motors.The	benefits	of	AC	motors	with	permanent	magnets	are	noteworthy.	They	have	a	compact	design,	resulting	in	lighter	weight	and	smaller	size	compared	to	traditional	motors.	This	compactness	allows	for	easier	integration	into	systems	where	space	is	at	a	premium.	Additionally,
these	motors	exhibit	better	performance	characteristics,	such	as	high	torque	at	low	speeds.	This	advantage	enhances	the	responsiveness	and	control	of	systems	they	power.Key	insights	into	AC	motors	with	permanent	magnets	highlight	their	growing	importance	in	todays	energy-efficient	landscape.	The	rise	of	renewable	energy	sources	and	the
demand	for	sustainable	solutions	amplify	their	relevance	in	various	industries.	As	technology	continues	to	evolve,	these	motors	will	likely	play	a	pivotal	role	in	future	innovations.Understanding	the	efficiency,	benefits,	and	applications	of	AC	motors	with	permanent	magnets	sets	the	stage	for	examining	emerging	technologies	and	advancements	in
motor	design.	What	Are	AC	Motors	with	Permanent	Magnets	and	How	Do	They	Work?	AC	motors	with	permanent	magnets	are	electric	motors	that	use	permanent	magnets	to	create	a	magnetic	field,	providing	higher	efficiency	and	better	performance	compared	to	traditional	induction	motors.Types	of	AC	Motors	with	Permanent	Magnets:	Permanent
Magnet	Synchronous	Motors	(PMSM)	Brushless	DC	Motors	(BLDC)	Switched	Reluctance	Motors	(SRM)The	next	section	will	delve	deeper	into	each	type	of	AC	motor,	highlighting	their	distinct	advantages	and	applications.Permanent	Magnet	Synchronous	Motors	(PMSM):	Permanent	Magnet	Synchronous	Motors	(PMSM)	are	AC	motors	that	rely	on
permanent	magnets	for	their	magnetic	field	instead	of	electromagnetic	windings.	This	design	results	in	higher	efficiency	and	better	torque	characteristics.	According	to	the	Department	of	Energy,	PMSMs	can	achieve	efficiency	levels	exceeding	90%.	These	motors	are	widely	used	in	applications	such	as	electric	vehicles	and	industrial	automation.	They
provide	precise	control	of	speed	and	position,	making	them	suitable	for	robotics.	Recent	studies	by	Zhang	et	al.	(2023)	demonstrated	that	PMSMs	reduce	energy	consumption	by	up	to	30%	in	comparison	to	traditional	motors.Brushless	DC	Motors	(BLDC):	Brushless	DC	Motors	(BLDC)	are	another	type	of	AC	motor	with	permanent	magnets.	They
operate	on	the	same	principle	as	PMSMs	but	utilize	electronic	commutation	instead	of	brushes.	This	eliminates	the	wear	and	maintenance	issues	associated	with	traditional	brushed	motors.	BLDC	motors	are	known	for	their	high	efficiency,	reliability,	and	compact	size.	Applications	include	computer	peripherals	and	electric	bicycles.	A	report	by	the
International	Electrotechnical	Commission	(IEC)	highlighted	that	BLDC	motors	can	increase	energy	efficiency	in	consumer	electronics	by	20%	compared	to	brushed	alternatives,	thus	appealing	to	environmentally	conscious	consumers.Switched	Reluctance	Motors	(SRM):	Switched	Reluctance	Motors	(SRM)	operate	without	permanent	magnets;
however,	there	are	hybrid	designs	that	integrate	them	for	improved	performance.	These	motors	rely	on	the	reluctance	of	magnetic	circuits	to	generate	torque.	SRMs	are	robust	and	suitable	for	high-temperature	applications.	They	are	increasingly	utilized	in	electric	vehicles	and	aerospace	applications,	where	reliability	is	critical.	Research	by	Huang	et
al.	(2022)	indicates	that	SRMs	can	deliver	significant	benefits	in	terms	of	thermal	management	and	efficiency	improvements.	Their	ability	to	function	in	harsh	environments	makes	them	a	compelling	option	for	various	industrial	applications.In	summary,	AC	motors	with	permanent	magnets	come	in	various	forms,	each	presenting	unique	features	and
benefits	suited	for	specific	applications.	How	Do	Permanent	Magnets	Improve	the	Efficiency	of	AC	Motors?	Permanent	magnets	improve	the	efficiency	of	AC	motors	by	reducing	energy	losses,	enhancing	torque,	and	improving	thermal	performance.	This	leads	to	better	overall	performance	and	energy	consumption.	Reduced	Energy	Losses:	Permanent
magnets	create	a	constant	magnetic	field	that	works	with	the	motors	windings.	This	results	in	minimized	copper	losses	(energy	lost	in	the	form	of	heat	in	electrical	components).	According	to	a	study	by	Kremer	and	Hameyer	(2018),	using	permanent	magnets	can	decrease	these	losses	by	up	to	25%,	improving	overall	energy	efficiency.Enhanced
Torque:	The	use	of	permanent	magnets	allows	AC	motors	to	produce	higher	torque	at	lower	speeds.	This	is	because	the	magnetic	field	created	by	the	magnets	interacts	more	effectively	with	the	stators	field.	The	increase	in	torque	provides	better	performance	in	applications	requiring	high	starting	power.	Electric	machines	designed	with	permanent
magnets	can	achieve	a	torque	density	that	is	significantly	higher	than	that	of	traditional	induction	motors.Improved	Thermal	Performance:	Permanent	magnet	motors	generate	less	heat	during	operation.	A	study	conducted	by	Wang	et	al.	(2019)	showed	that	permanent	magnet	motors	experience	a	temperature	rise	of	30%	less	compared	to
conventional	motors	under	similar	load	conditions.	This	reduction	in	heat	generation	helps	prolong	the	lifespan	of	the	motor	and	reduces	cooling	requirements.Higher	Power	Density:	Permanent	magnets	allow	for	the	construction	of	smaller	and	lighter	motors	without	sacrificing	performance.	This	characteristic	is	essential	in	applications	where	space
and	weight	are	critical,	such	as	in	electric	vehicles.	According	to	research	by	Liu	and	Zhu	(2020),	motors	with	permanent	magnets	can	achieve	power	densities	that	are	50%	higher	than	traditional	AC	motors.Overall,	the	incorporation	of	permanent	magnets	into	AC	motors	significantly	enhances	their	operational	efficiency,	reduces	energy	waste,	and
improves	performance	metrics,	making	them	a	preferred	choice	for	various	applications.	What	Impact	Do	Permanent	Magnets	Have	on	Energy	Consumption	in	AC	Motors?	Permanent	magnets	significantly	reduce	energy	consumption	in	AC	motors	by	increasing	their	efficiency	and	performance.Increased	EfficiencyReduced	Heat	LossSmoother
OperationHigher	Power	DensityPotential	Cost	SavingsThe	benefits	offered	by	permanent	magnets	in	AC	motors	lead	to	a	broad	range	of	improvements	in	energy	consumption	and	operational	efficiency.Increased	Efficiency:The	use	of	permanent	magnets	in	AC	motors	enhances	their	efficiency.	This	is	due	to	reduced	electrical	loss	when	magnets
provide	a	constant	magnetic	field.	The	efficiency	can	be	as	high	as	95%	in	permanent	magnet	synchronous	motors	(PMSMs),	compared	to	85-90%	for	traditional	induction	motors,	according	to	a	study	by	Sullivan	et	al.	(2020).	High	efficiency	translates	to	lower	energy	consumption	for	the	same	output.Reduced	Heat	Loss:Permanent	magnets	in	AC
motors	reduce	heat	generation	during	operation.	Unlike	induction	motors,	which	rely	on	the	rotors	magnetic	field	induced	by	electric	current,	permanent	magnets	provide	a	fixed	magnetic	field.	This	results	in	less	resistive	heating,	which	can	lead	to	energy	loss.	For	example,	research	published	by	Lee	et	al.	(2019)	highlights	that	PMSMs	show	30%
less	heat	loss	compared	to	their	inductive	counterparts.Smoother	Operation:Permanent	magnet	AC	motors	operate	more	smoothly	than	traditional	motors.	They	produce	a	consistent	torque	and	lower	vibrations,	which	reduces	mechanical	stress.	This	smooth	operation	can	lead	to	decreased	maintenance	and	energy	expenditure	over	time.	The	Electric
Power	Research	Institute	(EPRI)	states	that	smoother	motor	operation	can	lead	to	energy	savings	of	20%	in	industrial	applications.Higher	Power	Density:The	power	density	of	permanent	magnet	motors	is	higher	than	that	of	induction	motors.	This	means	that	they	can	deliver	more	power	per	unit	of	weight	or	volume.	Consequently,	smaller	and	lighter
motors	can	achieve	higher	performance	levels	without	needing	excess	energy.	For	instance,	a	study	cited	by	Wang	and	Zhang	(2021)	shows	that	PMSMs	offer	a	power	density	increase	of	up	to	50%	compared	to	induction	motors.Potential	Cost	Savings:Incorporating	permanent	magnets	can	lead	to	cost	savings	in	the	long	run	due	to	reduced	energy
consumption	and	maintenance	needs.	While	initial	costs	may	be	higher,	operational	savings	are	significant.	A	2022	analysis	by	Johnson	et	al.	indicated	that	facility	energy	costs	could	drop	by	15-25%	when	switching	from	traditional	motors	to	permanent	magnet	models,	justifying	the	initial	investment.In	conclusion,	integrating	permanent	magnets	in
AC	motors	creates	substantial	benefits,	including	higher	efficiency,	reduced	heat	loss,	smoother	operation,	increased	power	density,	and	potential	cost	savings.	In	What	Ways	Do	AC	Motors	with	Permanent	Magnets	Offer	Longevity?	AC	motors	with	permanent	magnets	offer	longevity	in	several	ways.	First,	these	motors	use	permanent	magnets	for	the
magnetic	field	instead	of	electromagnetic	coils.	This	design	eliminates	the	need	for	additional	power	to	maintain	the	magnetic	field.	Second,	the	absence	of	brushes	in	these	motors	reduces	friction	and	wear	over	time.	With	fewer	moving	parts,	AC	motors	with	permanent	magnets	experience	less	mechanical	fatigue.	Third,	they	generate	less	heat
during	operation.	Reduced	heat	contributes	to	longer	component	life	and	improved	reliability.	Finally,	their	efficient	performance	leads	to	lower	energy	consumption.	This	efficiency	means	lower	operational	stress,	further	enhancing	longevity.	Overall,	these	features	combine	to	make	AC	motors	with	permanent	magnets	a	durable	and	reliable	choice.
What	Industries	Most	Benefit	from	Using	AC	Motors	with	Permanent	Magnets?	AC	motors	with	permanent	magnets	most	benefit	industries	requiring	high	efficiency,	compact	size,	and	precise	control.Key	Industries	Benefiting	from	AC	Motors	with	Permanent	Magnets:	Automotive	Industry	Appliance	Manufacturing	Renewable	Energy	Sector	Robotics
and	Automation	HVAC	(Heating,	Ventilation,	and	Air	Conditioning)	Industrial	Machinery	Electric	Trucks	and	BusesThe	diverse	applications	of	AC	motors	with	permanent	magnets	reveal	their	impact	across	various	sectors.Automotive	Industry:The	automotive	industry	benefits	from	AC	motors	with	permanent	magnets	through	enhanced	energy
efficiency	in	electric	vehicles	(EVs).	These	motors	provide	high	torque	at	low	speeds,	making	them	ideal	for	electric	drivetrains.	A	study	by	the	International	Energy	Agency	(IEA)	in	2021	emphasized	that	permanent	magnet	motors	can	improve	EV	range	by	20%	compared	to	traditional	motors.Appliance	Manufacturing:In	the	appliance	manufacturing
industry,	AC	motors	with	permanent	magnets	enable	energy-efficient	designs	in	products	like	refrigerators	and	washing	machines.	These	motors	reduce	energy	consumption,	leading	to	lower	operation	costs.	Research	conducted	by	the	Energy	Star	program	shows	that	appliances	using	such	motors	can	save	consumers	up	to	$100	over	a	products
lifetime.Renewable	Energy	Sector:The	renewable	energy	sector	relies	on	AC	motors	with	permanent	magnets	for	wind	and	solar	energy	applications.	These	motors	convert	energy	efficiently	from	renewable	sources	to	electricity.	According	to	a	2022	report	by	the	National	Renewable	Energy	Laboratory,	the	use	of	permanent	magnets	in	wind	turbines
increases	energy	conversion	efficiency	by	up	to	30%.Robotics	and	Automation:Robotics	and	automation	industries	utilize	AC	motors	with	permanent	magnets	in	robots	for	precise	movement	and	control.	These	motors	offer	high	responsiveness	and	durability,	essential	for	automated	production	lines.	A	study	by	the	Robotics	Institute	in	2023	indicated
that	robots	equipped	with	permanent	magnet	motors	operate	25%	faster	than	their	counterparts.HVAC	(Heating,	Ventilation,	and	Air	Conditioning):AC	motors	with	permanent	magnets	improve	HVAC	systems	energy	efficiency.	They	enable	variable	speed	settings,	adjusting	airflow	and	reducing	energy	consumption.	The	American	Society	of	Heating,
Refrigerating	and	Air-Conditioning	Engineers	(ASHRAE)	notes	that	these	motors	can	enhance	efficiency	by	up	to	40%.Industrial	Machinery:In	industrial	machinery,	AC	motors	with	permanent	magnets	provide	high	reliability	and	robustness.	They	minimize	maintenance	needs	due	to	fewer	moving	parts.	Manufacturing	companies	utilizing	these	motors
report	a	15%	increase	in	equipment	uptime,	according	to	a	2020	analysis	by	McKinsey	&	Company.Electric	Trucks	and	Buses:Electric	trucks	and	buses	benefit	from	AC	motors	with	permanent	magnets	through	superior	performance	and	energy	efficiency.	These	motors	facilitate	longer	driving	ranges	and	faster	acceleration	without	compromising
payload	capacity.	A	2023	report	by	Bloomberg	New	Energy	Finance	noted	that	electric	buses	using	permanent	magnet	motors	could	achieve	30%	better	energy	utilization	than	those	with	traditional	motors.	What	Are	the	Common	Challenges	Faced	When	Implementing	AC	Motors	with	Permanent	Magnets?	The	common	challenges	faced	when
implementing	AC	motors	with	permanent	magnets	include	design	constraints,	cost	of	materials,	thermal	management	issues,	and	control	complexities.Design	Constraints	Cost	of	Materials	Thermal	Management	Issues	Control	Complexities	The	challenges	above	highlight	various	perspectives	and	considerations	when	implementing	AC	motors	with
permanent	magnets.	Each	challenge	carries	unique	attributes	that	can	impact	performance	and	efficiency.Design	Constraints:	Design	constraints	arise	from	the	need	for	precise	geometry	and	component	integration.	AC	motors	with	permanent	magnets	must	meet	strict	specifications	for	size,	weight,	and	performance.	According	to	a	study	by	Staton	et
al.	(2019),	the	geometry	of	rotor	and	stator	must	align	closely	to	avoid	inefficiencies.	Manufacturers	face	increased	pressure	to	fit	these	components	in	limited	spaces	without	compromising	performance.Cost	of	Materials:	The	cost	of	materials	is	a	significant	concern	when	producing	AC	motors	with	permanent	magnets.	Rare	earth	materials,
commonly	used	as	permanent	magnets,	have	fluctuating	prices.	As	noted	by	Energy	Information	Administration	(EIA)	in	2020,	prices	for	neodymium	magnets	can	vary	dramatically	based	on	market	demand.	High	material	costs	can	lead	to	increased	overall	production	expenses,	which	may	deter	implementation,	especially	in	budget-sensitive
applications.Thermal	Management	Issues:	Thermal	management	issues	occur	due	to	heat	generated	during	operation.	AC	motors	with	permanent	magnets	can	overheat	if	not	properly	managed.	A	2018	study	by	Wong	et	al.	detailed	how	excess	heat	can	lead	to	demagnetization	of	the	magnets,	affecting	the	motors	lifespan	and	efficiency.	Proper
cooling	systems	or	materials	must	be	integrated	to	mitigate	this	risk,	increasing	design	complexity.Control	Complexities:	Control	complexities	arise	from	the	need	for	advanced	control	systems	for	AC	motors	with	permanent	magnets.	These	motors	require	sophisticated	electronic	control	to	manage	start-up,	acceleration,	and	speed	regulation
effectively.	A	2021	analysis	by	Zhang	et	al.	emphasized	that	inadequate	control	can	lead	to	unstable	operation.	The	development	and	integration	of	these	control	systems	result	in	additional	design	time	and	costs.Addressing	these	challenges	is	crucial	for	the	successful	implementation	of	AC	motors	with	permanent	magnets	in	various	applications.
Each	challenge	must	be	analyzed	and	managed	to	ensure	optimal	performance	and	efficiency.	What	Future	Innovations	Are	Expected	in	AC	Motors	with	Permanent	Magnets?	Future	innovations	in	AC	motors	with	permanent	magnets	are	expected	to	enhance	efficiency,	reduce	costs,	and	improve	performance	in	various	applications.Increased
Efficiency	through	Advanced	MaterialsEnhanced	Cooling	TechniquesIntegration	with	Smart	TechnologyMiniaturization	and	Compact	DesignCost	Reduction	through	Manufacturing	InnovationsImproved	Magnetic	MaterialsSustainable	and	Eco-Friendly	SolutionsThe	landscape	of	AC	motors	with	permanent	magnets	is	evolving	rapidly,	with	various
innovations	and	perspectives	shaping	its	future.Increased	Efficiency	through	Advanced	Materials:Increased	efficiency	in	AC	motors	with	permanent	magnets	will	emerge	from	the	use	of	advanced	materials.	These	materials	can	minimize	energy	losses	and	improve	overall	performance.	For	instance,	high-performance	magnetic	materials	like
neodymium-iron-boron	(NdFeB)	enhance	the	magnetic	field	strength,	leading	to	better	efficiency.	As	per	a	study	by	Boucinha	et	al.	(2022),	motors	utilizing	these	advanced	materials	can	achieve	efficiency	rates	exceeding	95%.Enhanced	Cooling	Techniques:Enhanced	cooling	techniques	for	AC	motors	with	permanent	magnets	will	improve	their
operational	lifespan	and	reliability.	Effective	cooling	methods,	such	as	liquid	cooling	and	advanced	heat	sinks,	keep	motors	at	optimal	temperatures.	According	to	Andersson	et	al.	(2021),	improved	cooling	can	reduce	thermal	stress,	increasing	performance	longevity	by	up	to	30%.Integration	with	Smart	Technology:Integration	with	smart	technology
will	allow	AC	motors	featuring	permanent	magnets	to	connect	with	IoT	devices.	This	connectivity	can	facilitate	predictive	maintenance	and	real-time	performance	monitoring.	Analytics	can	optimize	energy	use,	providing	significant	cost	savings.	A	report	by	IEEE	(2023)	highlights	that	such	integration	can	lead	to	improvements	in	operational	efficiency
by	approximately	20%.Miniaturization	and	Compact	Design:Miniaturization	and	compact	design	of	AC	motors	with	permanent	magnets	will	optimize	space	and	reduce	material	costs.	As	technology	advances,	smaller	motors	can	deliver	the	same	or	higher	performance	than	larger	counterparts.	For	example,	recent	advancements	in	winding	techniques
contribute	to	this	trend,	as	seen	in	compact	motors	used	in	automotive	applications.	Cost	Reduction	through	Manufacturing	Innovations:Cost	reductions	in	AC	motors	with	permanent	magnets	will	arise	from	innovations	in	manufacturing	techniques,	such	as	additive	manufacturing	and	automation.	These	advancements	can	streamline	production	and
reduce	waste,	lowering	costs	by	as	much	as	25%,	according	to	a	study	by	Zhang	et	al.	(2022).Improved	Magnetic	Materials:Improved	magnetic	materials	will	enhance	the	performance	and	efficiency	of	AC	motors	with	permanent	magnets.	Innovations	such	as	substitute	iron-cobalt	alloys	can	offer	high	magnetic	strength	while	being	more
environmentally	friendly.	Research	from	the	Journal	of	Magnetism	and	Magnetic	Materials	(2023)	shows	that	alternative	materials	can	enhance	the	torque	density	of	motors	by	15%.Sustainable	and	Eco-Friendly	Solutions:Sustainable	and	eco-friendly	solutions	in	the	production	of	AC	motors	with	permanent	magnets	will	gain	prominence.
Manufacturers	are	increasingly	focusing	on	reducing	carbon	footprints	and	employing	recyclable	materials.	Safe	disposal	and	recycling	of	old	motors	will	also	become	standard	practices.	The	International	Energy	Agency	(2023)	emphasizes	that	such	efforts	can	significantly	contribute	to	reducing	greenhouse	gas	emissions	in	the	industry.	How	Can
Businesses	Determine	the	Right	AC	Motor	with	Permanent	Magnets	for	Their	Needs?	Businesses	can	determine	the	right	AC	motor	with	permanent	magnets	by	assessing	their	application	requirements,	understanding	motor	specifications,	and	evaluating	efficiency	and	performance	data.	Key	considerations	include	the	following:Application
Requirements:	Specific	Use:	Identify	the	application	for	which	the	motor	is	needed.	For	example,	motors	used	in	conveyor	systems,	pumps,	or	fans	will	have	different	torque	and	speed	requirements.	Environmental	Conditions:	Consider	operating	conditions	such	as	temperature,	humidity,	and	potential	exposure	to	chemicals	or	dust.	For	example,	a
study	by	Smith	and	Johnson	(2021)	emphasizes	the	importance	of	selecting	motors	that	can	withstand	external	factors	present	in	industrial	settings.	Motor	Specifications:	Torque	and	Speed:	Evaluate	the	required	torque	and	operational	speed.	Different	AC	motors	provide	varying	torque	characteristics	and	speed	ranges.	Ensure	the	selected	motor
meets	these	criteria	for	optimal	performance.	Voltage	and	Power	Rating:	Determine	the	voltage	supply	in	the	facility	and	select	a	motor	that	matches	this	specification.	The	power	rating,	expressed	in	horsepower	or	kilowatts,	should	also	align	with	the	operational	needs.Efficiency	and	Performance	Data:	Efficiency	Ratings:	Look	for	motors	with	high
efficiency	ratings.	A	study	by	Carter	(2022)	indicates	that	motors	with	higher	efficiency	lead	to	lower	energy	consumption	and	operational	costs.	The	efficiency	standards	may	be	indicated	in	terms	of	nominal	flux	density	and	power	factor.	Performance	Curves:	Analyze	performance	curves	that	depict	torque,	speed,	and	efficiency	across	different
operational	scenarios.	This	analysis	helps	predict	how	the	motor	will	perform	under	various	loads.Cost	and	Maintenance:	Initial	Cost	vs.	Long-term	Savings:	Compare	initial	costs	with	potential	savings	over	the	motors	lifespan.	A	more	efficient	motor	may	cost	more	upfront	but	save	on	energy	bills	over	time.	Maintenance	Needs:	Consider	the
maintenance	requirements	of	the	motor.	Permanent	magnet	motors	generally	require	less	maintenance	due	to	fewer	moving	parts.Supplier	Reputation:	Manufacturer	Reliability:	Choose	motors	from	reputable	manufacturers.	Research	their	history,	customer	reviews,	and	warranty	policies	to	ensure	reliability.	The	credibility	of	a	supplier	can	impact
the	quality	and	durability	of	the	selected	motor.	By	carefully	considering	these	key	aspects,	businesses	can	select	the	appropriate	AC	motor	with	permanent	magnets	that	meets	their	specific	needs	and	contributes	positively	to	their	operational	efficiency.	Related	Post:	Permanent	magnet	AC	and	AC	induction	motors	comprise	the	majority	of	electric
motors	sold	worldwide	and	total	more	than	70%	of	electric	motor	sales	in	2020.	AC	motors	are	used	extensively	throughout	numerous	industries	to	drive	various	devices,	from	fans	and	pumps	to	HVAC	systems,	appliances,	power	tools,	and	electric	vehicles.	Demand	for	higher	efficiencies	from	government	agencies	has	driven	advances	in	AC	motor
manufacturing	processes	and	innovative	motor	designs	that	improve	not	only	efficiencies	but	also	motor	life.	This	article	covers	the	pros	and	cons	of	the	two	leading	AC	motor	technologies.	A	permanent	magnet	AC	motor	uses	magnets	embedded	in	or	attached	to	the	surface	of	the	rotor.	The	magnets	provide	a	constant	magnetic	field	that	interacts
with	the	electromagnetic	field	of	the	stator	to	produce	motor	rotation.	In	contrast,	to	create	motion,	the	AC	induction	motor	requires	stator	excitation	to	generate	a	magnetic	field	that	then	induces	current	within	aluminum	bars	integrated	in	the	rotor.	The	electromechanical	design	of	the	PMAC	motor	provides	advantages	associated	with	efficiency,
power	density,	dynamic	response,	and	speed	range.	PMAC	motors	have	significant	advantages	over	AC	induction	motors	but	also	have	many	drawbacks	to	consider,	such	as	cost,	temperature	range,	demagnetization,	and	control	complexity.	With	additional	pressures	to	reduce	energy	consumption,	motor	efficiency	becomes	an	important	factor	in	AC
motor	topology	selection.	PMAC	motors	provide	clear	advantages	with	efficiency,	usable	speed	range,	dynamic	response	time,	and	can	reduce	the	physical	dimensions	and	weight	of	the	motors.	It's	important	to	note	that	the	specific	advantages	and	disadvantages	will	vary	due	to	the	specific	design,	application,	and	technological	advancements	in
motor	manufacturing.	Attributes	PMAC	Induction	Efficiency	***	**	Power	Density	***	*	Dynamic	Response	***	*	Speed	Range	***	**	Cost	**	***	Temperature	Range	**	***	Demagnetization	**	***	Control	Complexity	**	***	Request	a	QuoteRequest	a	Motor	Quote	[contact-form-7	id="7750"	title="Custom	Motor	Quote	Form"]	A	permanent	magnet	(PM)
motor	is	an	ac	motor	that	uses	magnets	imbedded	into	or	attached	to	the	surface	of	the	motors	rotor.	This	article	provides	an	elementary	understanding	behind	the	terminology,	concepts,	theory,	and	physics	behind	PM	motors.	Controlling	the	speed	of	ac	motors	is	accomplished	using	a	variable	frequency	drive	(VFD)	in	most	cases.	While	many
scenarios	involve	using	VFDs	with	induction	motors	with	stator	windings	to	generate	a	rotating	magnetic	field,	they	also	can	achieve	precise	speed	control	using	speed	or	position	feedback	sensors	as	a	reference	to	the	VFD.In	some	situations,	it	is	possible	to	obtain	comparably	precise	speed	control	without	the	need	for	feedback	sensors.	This	is	made
possible	using	a	permanent	magnet	(PM)	motor	and	a	process	called	the	high-frequency	signal	injection	method.Induction	machines	An	ac	induction	machine	(IM)	also	is	commonly	referred	to	as	an	ac	motor.	A	rotating	field	is	generated	by	the	stator	winding.	The	rotating	field	induces	a	current	in	the	rotor	bars.	The	current	generation	requires	a
speed	difference	between	the	rotor	and	the	magnetic	field.	The	interaction	between	the	field	and	the	current	produces	the	driving	force.	Therefore,	ac	induction	machines	are	the	predominant	motor	operated	by	adjustable	speed	drives.PM	motors	A	PM	motor	is	an	ac	motor	that	uses	magnets	imbedded	into	or	attached	to	the	surface	of	the	motors
rotor.	The	magnets	are	used	to	generate	a	constant	motor	flux	instead	of	requiring	the	stator	field	to	generate	one	by	linking	to	the	rotor,	as	is	the	case	with	an	induction	motor.	A	fourth	motor	known	as	a	line-start	PM	(LSPM)	motor	incorporates	characteristics	of	both	motors.	An	LSPM	motor	incorporates	a	PM	motors	magnets	within	the	rotor	and	a
squirrel	cage	motors	rotor	bars	to	maximize	torque	and	efficiency	(see	Table	1).Flux,	flux	linkage,	and	magnetic	flux	To	understand	the	operation	of	PM	motors,	it	is	important	to	first	understand	the	concepts	of	magnetic	flux,	flux	linkage,	and	magnetic	flux.Flux:	The	flow	of	current	through	a	conductor	creates	a	magnetic	field.	Flux	defines	the	rate	of
flow	of	a	property	per	unit	area.	Flux	current	is	the	rate	of	current	flow	through	a	given	conductor	cross-sectional	area.Flux	linkage:	Flux	linkage	occurs	when	a	magnetic	field	interacts	with	a	material	such	as	what	would	happen	when	a	magnetic	field	goes	through	a	coil	of	wire.	Flux	linkage	is	determined	by	the	number	of	windings	and	flux,	where	is
used	to	indicate	the	instantaneous	value	of	a	time-varying	flux.	Flux	linkage	is	defined	by	the	following	equation:Magnetic	flux:	Magnetic	flux	is	defined	as	the	rate	of	a	magnetic	field	flowing	through	a	given	conductors	cross-sectional	area.	Magnetic	flux	field	is	generated	by	a	permanent	magnet	within	or	on	the	surface	of	a	permanent	magnet
motor.Inductor:	An	inductor	is	a	circuit	element	that	consists	of	a	conducting	wire	usually	in	the	form	of	a	coil.	A	conductor	carrying	a	constant	current	will	generate	a	constant	magnetic	field.	It	can	be	demonstrated	that	a	magnetic	field	and	the	current	that	produced	it	are	linearly	related.	Changing	the	magnetic	field	will	induce	a	voltage	in	a	nearby
conductor	proportional	to	the	rate	of	change	of	the	current	that	produced	the	magnetic	field.	The	voltage	in	the	conductor	is	determined	by	the	following	equation:	Inductance:	Inductance	(L)	is	the	constant	of	proportionality	that	defines	the	relationship	between	the	voltages	induced	by	a	time	rate	of	change	in	current	that	produced	a	magnetic	field.
In	simpler	terms,	inductance	is	the	flux	linkage	per	unit	current.	It	must	be	made	clear	that	inductance	is	a	passive	element	and	is	purely	a	geometric	property.	Inductance	is	measured	in	Henrys	(H)	or	weber-turns	per	ampere.The	d	axis	and	q	axis:	In	geometric	terms,	the	d	and	q	axes	are	the	single-phase	representations	of	the	flux	contributed	by	the
three	separate	sinusoidal	phase	quantities	at	the	same	angular	velocity.	The	d	axis,	also	known	as	the	direct	axis,	is	the	axis	by	which	flux	is	produced	by	the	field	winding.	The	q	axis,	or	the	quadrature	axis	is	the	axis	on	which	torque	is	produced.	By	convention,	the	quadrature	axis	always	will	lead	the	direct	axis	electrically	by	90	deg.	In	simplistic
terms,	the	d	axis	is	the	main	flux	direction,	while	the	q	axis	is	the	main	torque	producing	direction.Magnetic	permeability:	In	electromagnetism,	permeability	is	the	measure	of	the	ability	of	a	material	to	support	the	formation	of	a	magnetic	field	within	itself.	Hence,	it	is	the	degree	of	magnetization	that	a	material	obtains	in	response	to	an	applied
magnetic	field.PM	motor	equivalent	circuit:	A	permanent	magnet	motor	can	be	represented	in	a	few	different	motor	models.	One	of	the	most	common	methods	is	the	d-q	motor	model.PM	motor	d-axis	and	q-axis	inductance:	The	d	axis	and	q	axis	inductances	are	the	inductances	measured	as	the	flux	path	passes	through	the	rotor	in	relation	to	the
magnetic	pole.	The	d-axis	inductance	is	the	inductance	measured	when	flux	passes	through	the	magnetic	poles.	The	q-axis	inductance	is	the	inductance	measure	when	flux	passes	between	the	magnetic	poles.In	an	induction	machine,	the	rotor	flux	linkage	will	be	the	same	between	the	d	axis	and	the	q	axis.	However,	in	a	permanent	magnet	machine,
the	magnet	reduces	the	available	iron	for	flux	linkage.	A	magnets	permeability	is	near	that	of	air.	Therefore,	the	magnet	can	be	viewed	as	an	air	gap.	The	magnet	is	in	the	flux	path	as	it	travels	through	the	d	axis.	The	flux	path	traveling	through	the	q	axis	does	not	cross	a	magnet.	Therefore,	more	iron	can	be	linked	with	the	q-axis	flux	path,	which
results	in	a	larger	inductance.	A	motor	with	an	imbedded	magnet	will	have	a	larger	q-axis	inductance	than	the	d-axis	inductance.	A	motor	with	surface-mount	magnets	will	have	nearly	identical	q-axis	and	d-axis	inductances	because	the	magnets	are	outside	the	rotor	and	do	not	limit	the	amount	of	iron	linked	by	the	stator	field.Magnetic	saliency:
Salience	or	saliency	is	the	state	or	quality	by	which	something	stands	out	relative	to	its	neighbors.	Magnetic	saliency	describes	the	relationship	between	the	rotors	main	flux	(d	axis)	inductance	and	the	main	torque-producing	(q	axis)	inductance.	The	magnetic	saliency	varies	depending	on	the	position	of	the	rotor	to	the	stator	field,	where	maximum
saliency	occurs	at	90	electrical	deg	from	the	main	flux	axis	(d	axis)	(see	Figure	1).Excitation	current:	Excitation	current	is	the	current	in	the	stator	windings	required	to	generate	magnetic	flux	in	the	rotor	core.	Permanent	magnet	machines	do	not	require	excitation	current	in	the	stator	winding	because	a	PM	motors	magnets	already	generate	a
standing	magnetic	field.Secondary	current:	Secondary	current,	otherwise	known	as	the	torque-producing	current,	is	the	current	required	to	generate	motor	torque.	In	a	permanent	magnet	machine,	torque-producing	currents	make	up	the	majority	of	the	current	draw.Pull-in	current:	Unlike	an	amplifier	and	servo	matched	set	intended	for	motion
control,	a	conventional	VFD	does	not	have	information	about	the	position	of	the	motors	rotor	magnetic	pole.	Without	knowledge	of	the	magnetic	pole	position,	a	field	cannot	be	generated	in	the	stator	to	maximize	torque	production.	Therefore,	a	VFD	has	the	ability	to	provide	dc	voltage	to	lock	the	magnetic	field	into	a	known	position.	The	current	draw
required	to	pull	in	the	rotor	is	called	the	pull-in	current.High-frequency	injection:	High	frequency	injection	is	an	inverter	methodology	used	to	detect	a	PM	motors	magnetic	pole	position.	The	method	begins	by	the	inverter	injecting	a	high-frequency,	low-voltage	signal	into	the	motor	at	an	arbitrary	axis.	The	inverter	then	swings	the	angle	of	excitation
and	monitors	the	current.According	to	the	injection	angle,	rotor	impedance	varies.	Interior	permanent	magnet	(IPM)	motor	terminal	impedance	decreases	when	the	high-frequency	signal	injecting	axis	and	the	magnetic	pole	axis	(d-axis)	are	aligned,	i.e.	at	0	deg.	The	impedance	is	maximum	at	90	deg.	Using	this	characteristic,	the	drive	can	detect	the
rotor	position	without	pulse	encoders	by	injecting	high	frequency	ac	voltage/current	to	the	IPM	motor.	Moreover,	the	high-frequency	signal	injection	method	can	be	used	for	speed	detection	in	the	low-speed	region	where	typically	full-load	torque	control	is	very	difficult	because	the	motors	back-emf	voltage	level	is	too	low.Back-emf	waveform	Back	emf
is	short	for	back	electromotive	force,	but	also	known	as	the	counter-electromotive	force.	The	back	electromotive	force	is	the	voltage	that	occurs	in	electric	motors	when	there	is	a	relative	motion	between	the	stator	windings	and	the	rotors	magnetic	field.	The	geometric	properties	of	the	rotor	will	determine	the	shape	of	the	back-emf	waveform.	These
waveforms	can	be	sinusoidal,	trapezoidal,	triangular,	or	something	in	between.Both	induction	and	PM	machines	generate	back-emf	waveforms.	In	an	induction	machine,	the	back-emf	waveform	will	decay	as	the	residual	rotor	field	slowly	decays	because	of	the	lack	of	a	stator	field.	However,	with	a	PM	machine,	the	rotor	generates	its	own	magnetic
field.	Therefore,	a	voltage	can	be	induced	in	the	stator	windings	whenever	the	rotor	is	in	motion.	Back-emf	voltage	will	rise	linearly	with	speed	and	is	a	crucial	factor	in	determining	maximum	operating	speed.Understanding	PM	machine	torqueAn	electric	machines	torque	can	be	broken	down	into	two	components:	magnetic	torque	and	reluctance
torque.	Reluctance	torque	is	the	force	acting	on	the	magnetic	material	that	tends	to	align	with	the	main	flux	to	minimize	reluctance.	In	other	words,	reluctance	torque	is	the	torque	generated	by	the	alignment	of	the	rotor	shaft	to	the	stator	flux	field.	Magnetic	torque	is	the	torque	generated	by	the	interaction	between	the	magnets	flux	field	and	the
current	in	the	stator	winding.Reluctance	torque:	Reluctance	torque	pertains	to	the	torque	generated	through	the	alignment	of	the	rotor	that	occurs	when	the	magnetic	field	forces	a	desired	direct	flow	from	the	north	stator	pole	to	the	south	stator	pole.Magnetic	torque:	Permanent	magnets	generate	a	flux	field	in	the	rotor.	The	stator	generates	a	field
that	interacts	with	the	rotors	magnetic	field.	Changing	the	position	of	the	stator	field	with	respect	to	the	rotor	field	causes	the	rotor	to	shift.	The	shift	due	to	this	interaction	is	the	magnetic	torque.SPM	versus	IPMA	PM	motor	can	be	separated	into	two	main	categories:	surface	permanent	magnet	motors	(SPM)	and	interior	permanent	magnet	motors
(IPM)	(see	Figure	3).	Neither	motor	design	type	contains	rotor	bars.	Both	types	generate	magnetic	flux	by	the	permanent	magnets	affixed	to	or	inside	of	the	rotor.SPM	motors	have	the	magnets	affixed	to	the	exterior	of	the	rotor	surface.	Because	of	this	mechanical	mounting,	their	mechanical	strength	is	weaker	than	that	of	IPM	motors.	The	weakened
mechanical	strength	limits	the	motors	maximum	safe	mechanical	speed.	In	addition,	these	motors	exhibit	very	limited	magnetic	saliency	(Ld	Lq).	Inductance	values	measured	at	the	rotor	terminals	are	consistent	regardless	of	the	rotor	position.	Because	of	the	near	unity	saliency	ratio,	SPM	motor	designs	rely	significantly,	if	not	completely,	on	the
magnetic	torque	component	to	produce	torque.IPM	motors	have	the	permanent	magnet	imbedded	into	the	rotor	itself.	Unlike	their	SPM	counterparts,	the	location	of	the	permanent	magnets	make	IPM	motors	very	mechanically	sound,	and	suitable	for	operating	at	very	high	speeds.	These	motors	also	are	defined	by	their	relative	high	magnetic	saliency
ratio	(Lq	>	Ld).	Due	to	their	magnetic	saliency,	an	IPM	motor	has	the	ability	to	generate	torque	by	taking	advantage	of	both	the	magnetic	and	reluctance	torque	components	of	the	motor	(see	Figure	4).PM	motor	structuresPM	motor	structures	can	be	separated	into	two	categories:	interior	and	surface.	Each	category	has	its	subset	of	categories.	A
surface	PM	motor	can	have	its	magnets	on	or	inset	into	the	surface	of	the	rotor,	to	increase	the	robustness	of	the	design.	An	interior	permanent	magnet	motor	positioning	and	design	can	vary	widely.	The	IPM	motors	magnets	can	be	inset	as	a	large	block	or	staggered	as	they	come	closer	to	the	core.	Another	method	is	to	have	them	imbedded	in	a
spoke	pattern.PM	motor	inductance	variation	with	loadOnly	so	much	flux	can	be	linked	to	a	piece	of	iron	to	generate	torque.	Eventually,	the	iron	will	saturate	and	no	longer	allow	flux	to	link.	The	result	is	a	reduction	to	the	inductance	of	the	path	taken	by	a	flux	field.	In	a	PM	machine,	the	d-axis	and	q-axis	inductance	values	will	reduce	with	increases
to	the	load	current.The	d	and	q	axis	inductances	of	an	SPM	motor	are	nearly	identical.	Because	the	magnet	is	outside	of	the	rotor,	the	inductance	of	the	q	axis	will	drop	at	the	same	rate	as	the	d	axis	inductance.	However,	the	inductance	of	an	IPM	motor	will	reduce	differently.	Again,	the	d-axis	inductance	is	naturally	lower	because	the	magnet	is	in	the
flux	path	and	does	not	generate	an	inductive	property.	Therefore,	there	is	less	iron	to	saturate	in	the	d	axis,	which	results	in	a	significantly	lower	reduction	in	flux	with	respect	to	the	q	axis.	Flux	weakening/intensifying	of	PM	motorsFlux	in	a	permanent	magnet	motor	is	generated	by	the	magnets.	The	flux	field	follows	a	certain	path,	which	can	be
boosted	or	opposed.	Boosting	or	intensifying	the	flux	field	will	allow	the	motor	to	temporarily	increase	torque	production.	Opposing	the	flux	field	will	negate	the	existing	magnet	field	of	the	motor.	The	reduced	magnet	field	will	limit	torque	production,	but	reduce	the	back-emf	voltage.	The	reduced	back-emf	voltage	frees	up	voltage	to	push	the	motor	to
operate	at	higher	output	speeds.	Both	types	of	operation	require	additional	motor	current.	The	direction	of	the	motor	current	across	the	d	axis,	provided	by	the	motor	controller,	determines	the	desired	effect.Angle	of	excitationThe	angle	of	excitation	is	the	angle	at	which	the	vector	sum	of	the	d-axis	and	q-axis	waveforms	are	excited	to	the	motor	with
respect	to	the	d	axis.	The	d	axis	is	always	viewed	to	be	where	the	magnet	exists.	Maximum	magnetic	flux	is	achieved	at	the	q	axis,	which	is	90	electrical	deg	from	the	d	axis.	Therefore,	most	references	of	the	angle	of	excitation	already	take	into	account	the	90-deg	difference	from	the	d	axis	to	the	q	axis.Phase	angle	and	torque	Magnetic	torque	is
maximized	when	the	stator	field	excites	the	motor	rotor	90	electrical	deg	from	the	d	axis	(motor	magnet	position).	Reluctance	torque	follows	a	different	path	and	is	maximized	45	electrical	deg	past	the	q	axis.	The	maximum	magnetic	torque	takes	advantage	of	both	the	motors	reluctance	and	magnetic	torques.	Shifting	further	away	from	the	q	axis
reduces	magnetic	toque,	but	is	far	outweighed	by	the	gain	in	reluctance	torque.	The	maximum	combined	magnetic	and	reluctance	torque	occurs	near	45	electrical	deg	from	the	q	axis,	but	the	exact	angle	will	vary	based	on	the	characteristics	of	the	PM	motor.	IPM	motor	power	densityA	PM	motors	power	generation	depends	on	the	configuration	of	the
motor	magnets	and	the	resulting	motor	saliency.	Motors	with	a	high	saliency	ratio	(Lq	>	Ld)	can	increase	motor	efficiency	and	torque	production	by	incorporating	the	motors	reluctance	torque.	An	inverter	can	be	used	to	change	the	angle	of	excitation	with	respect	to	the	d	axis	to	maximize	both	the	reluctance	torque	and	magnetic	torque	of	the
motor.PM	motor	magnet	typesThere	are	few	types	of	permanent	magnet	materials	currently	used	for	electric	motors.	Each	type	of	metal	has	its	advantages	and	disadvantages.Permanent	magnet	demagnetization	Permanent	magnets	are	hardly	permanent	and	do	have	limited	capabilities.	Certain	forces	can	be	exerted	onto	these	materials	to
demagnetize	them.	In	other	words,	it	is	possible	to	remove	the	magnetic	properties	of	the	permanent	magnet	material.	A	permanent	magnetic	substance	can	become	demagnetized	if	the	material	is	significantly	strained,	allowed	to	reach	significant	temperatures,	or	is	impacted	by	a	large	electrical	disturbance.First,	straining	a	permanent	magnet	is
typically	done	by	physical	means.	A	magnetic	material	can	become	demagnetized,	if	not	weakened,	if	it	was	to	experience	violent	impacts/falls.	A	ferromagnetic	material	has	inherent	magnetic	property.	However,	these	magnetic	properties	can	emit	in	any	multitude	of	directions.	One	way	ferromagnetic	materials	are	magnetized	is	by	applying	a	strong
magnetic	field	to	the	material	to	align	its	magnetic	dipoles.	Aligning	these	dipoles	forces	the	magnetic	field	of	the	material	into	a	specific	bath.	A	violent	impact	can	remove	the	atomic	alignment	of	the	materials	magnetic	domains,	which	weakens	the	strength	of	the	intended	magnetic	field.Secondly,	temperatures	also	can	affect	a	permanent	magnet.
Temperatures	force	the	magnetic	particles	in	a	permanent	magnet	to	become	agitated.	The	magnetic	dipoles	have	the	ability	to	withstand	some	amount	of	thermal	agitation.	However,	long	periods	of	agitation	can	weaken	a	magnets	strength,	even	if	stored	at	room	temperature.	In	addition,	all	magnetic	materials	have	a	threshold	known	as	the	Curie
temperature,	which	is	a	threshold	that	defines	the	temperature	at	which	the	thermal	agitation	causes	the	material	to	completely	demagnetize.	Terms	such	as	coercivity	and	retentivity	are	used	to	define	magnetic	material	strength	retention	capability.Finally,	large	electrical	disturbances	can	cause	a	permanent	magnet	to	demagnetize.	These	electrical
disturbances	can	be	from	the	material	interacting	with	a	large	magnetic	field	or	if	a	large	current	is	passed	through	the	material.	Much	in	the	same	way	a	strong	magnetic	field	or	current	can	be	used	to	align	a	materials	magnetic	dipoles,	another	strong	magnetic	field	or	current	applied	to	the	field	generated	by	the	permanent	magnet	can	result	in
demagnetization.Self-sensing	versus	closed-loop	operation	Recent	advances	in	drive	technology	allow	standard	ac	drives	to	self-detect	and	track	the	motor	magnet	position.	A	closed-loop	system	typically	uses	the	z-pulse	channel	to	optimize	performance.	Through	certain	routines,	the	drive	knows	the	exact	position	of	the	motor	magnet	by	tracking	the
A/B	channels	and	correcting	for	error	with	the	z-channel.	Knowing	the	exact	position	of	the	magnet	allows	for	optimum	torque	production	resulting	in	optimum	efficiency.	ServomotorsServomotors	are	permanent	magnet	motors	used	for	motion	control	applications.	Typically,	in	an	interior/internal	permanent-magnet	motor	design,	these	motors	are
paired	with	a	specific	amplifier	as	part	of	a	matched	set	to	maximize	performance.	The	amplifier	has	been	fine	tuned	to	the	PM	motor	to	reach	optimum	performance	by	its	manufacturer.	The	motion	amplifier/servo	configuration	typically	uses	motor	feedback,	which	also	provides	a	magnetic	pole	position	and	speed	feedback.Christopher	Jaszczolt	is	a
drives	product	management	specialist	at	Yaskawa	America	Inc.	He	has	more	than	nine	years	of	experience	in	motion	control.	In	addition	to	his	current	title,	Jaszczolt	has	worked	as	a	technical	support	engineer	and	an	application	engineer.	He	has	a	BSEE	from	Northern	Illinois	University,	DeKalb,	Ill.This	article	appearsin	theApplied
Automationsupplement	forControl	EngineeringandPlant	Engineering.	Published	August	25,	2020	In	this	article	we	look	at	the	benefits	and	disadvantages	of	permanent	magnet	AC	motors,	how	motors	are	rated,	and	the	impact	of	starting	currents	and	Power	Factors.	Permanent	Magnet	AC	Motors	Like	an	induction	motor,	a	permanent	magnet	motor
has	a	Stator	configured	to	provide	a	number	of	poles,	usually	for	a	3-Phase	supply.	However,	instead	of	containing	Rotor	bars,	the	Rotor	has	magnets	mounted	on,	or	embedded	in,	the	laminations.	These	magnets,	which	are	often	made	from	rare	earth	elements	(neodymium	or	samarium	cobalt),	provide	a	strong	permanent	magnetic	field	around	the
Rotor.	This	field	reacts	with	the	Stators	rotating	magnets	(in	the	same	way	as	in	an	induction	motor),	but	there	is	one	important	difference:	unlike	the	induction	motor,	which	relies	on	the	rotational	slip	between	the	Rotor	and	Stator	magnetic	fields	to	induce	a	magnetic	field	in	the	Rotor,	in	a	permanent	magnet	motor,	the	Rotor	follows	the	Stator
magnetic	field	directly.	Furthermore,	the	rotating	magnetic	field	is	created	by	an	electronic	circuitry	which	magnetises	demagnetising	the	appropriate	motor	poles.	Thus	by	altering	the	timing	or	pattern	of	the	process,	EC	motors	could	vary	their	speed	infinitely	and	change	rotational	direction.	Hence,	an	electronic	drive	is	required	to	control	the
operation	of	a	permanent	magnet	motor.	This	can	be	separate	just	like	a	variable	speed	drive	used	on	an	induction	motor	or	can	be	integrated	into	the	motor	casing,	usually	on	the	non-drive	end	cover.	The	international	description	for	permanent	magnet	motors	with	integral	drives	is	a	Power-Drive	System	(this	is	the	description	used	by	Flkt	Woods);
some	manufacturers	also	use	the	term	Electronically	Commutated	(EC)	Motor.	Benefits	of	Permanent	Magnet	AC	MotorsBecause	the	Rotor	in	a	PM	motor	doesnt	require	any	electrical	current,	it	can	be	more	efficient	than	an	equivalent	induction	motor,	as	there	will	be	none	of	the	electrical	losses	that	would	be	present	in	an	induction	Rotor.	This	also
means	the	heat	generation	is	reduced,	leading	to	improved	reliability	and	operational	life,	and	reduced	maintenance	in	terms	of	relubrication.	Because	of	the	permanent	magnetic	field,	the	Rotor	can	generate	a	higher	torque	at	start-up	compared	with	an	induction	Motor.	The	generally	stronger	magnetic	field	of	the	PM	Rotor	means	more	torque
generated	over	the	whole	operating	range,	giving	a	higher	power	output	for	any	given	frame	size.	Thus	the	same-size	motor	can	be	made	more	powerful,	or	conversely	the	motor	can	be	smaller	and	generate	the	same	power.	This	last	point	is	important	in	ventilation	systems,	as	it	means	reduced	weight	and,	crucially,	improved	aerodynamics	when	the
motor	is	mounted	in	the	airstream.	The	presence	of	an	electronic	drive	provides	for	variable	speed	control	with	no	increase	in	wiring	complexity,	apart	from	the	provision	of	a	control	signal.	Some	drives	including	the	Flkt	Woods	power-Drive	System)	can	use	connections	from	external	sensors	or	networks	for	intelligent	control.	Figure	One	is	a	table
showing	the	relative	advantages	and	disadvantages	of	permanent	magnet	motors	and	induction	motors.	Figure	1:	relative	advantages	and	disadvantages	of	permanent	magnet	and	induction	motors	Although	the	initial	cost	of	permanent	magnet	motors	can	be	three	or	four	times	that	of	induction	motors,	this	can	be	offset	by	the	increased	efficiency
which	delivers	improved	running	costs.	So	if	speed	control	is	required	and	it	is	intended	to	operate	mainly	at	reduced	speed	to	minimise	running	costs,	PM	motors	do	provide	cost	benefits	over	induction	motors;	however,	if	speed	control	is	not	required	and	running	costs	are	not	a	primary	concern,	PM	motors	appeal	is	not	so	great	although	their
compact	size	and	associated	reduced	weight	may	be	a	factor.	It	is	unlikely	that	PM	motors	will	be	suitable	for	us	in	emergency	high	temperature	applications.	The	Motor	Nameplate	All	general	purpose	motors	are	required	to	be	shipped	with	a	nameplate,	which	will	contain	specific	information	about	the	motor.	The	IEC	standard	requires	the	following
information	to	be	provided:The	manufacturer's	name,	model	and	serial	numberRated	voltage	and	full	load	ampsRated	frequencyPhaseRated	full	load	speedRated	temperature	rise	or	insulation	ClassRated	ambient	temperatureDuty	ratingRated	kWIE	rating	(efficiency)	of	Motor	In	addition,	further	information	may	sometimes	be	provided	on	the
nameplate:Service	factorEnclosure	typeFrame	sizeConnection	diagramsUnique	or	special	features	Motor	Ratings	Motors	are	rated	in	terms	of	their	mechanical	output	power	at	the	shaft,	in	accordance	with	IEC	60034-1.	The	power	is	specified	in	terms	of	Watts	(W),	but	most	manufacturers	express	the	power	in	kW.	The	temperature	rise	of	the	Stator
windings	must	be	within	the	limit	of	temperature	rise	for	the	motors	Thermal	Class,	and	is	assessed	when	the	motor	is	operating	in	its	intended	use.	IEC	60034-1	specifies	the	limits	for	operation	as	being	under	site	operating	conditions.	General	purpose	motors	with	integral	cooling	fans	will	be	tested	on	a	dynamometer	under	the	standard	ambient
conditions	(temperature	between	-15C	and	40C,	and	altitude	up	to	1000	m).	This	motor	rating	is	described	as	Totally	Enclosed	Fan	Cooled	or	TEFC.	Motors	designed	for	use	when	mounted	in	the	airstream	of	a	Direct	Drive	Fan	are	tested	when	installed	in	the	fan.	Sometimes	a	dynamometer	may	be	used	with	a	supplementary	fan	providing	cooling	air
at	the	equivalent	velocity	that	would	be	experienced	in	the	fan;	these	conditions	are	referred	to	as	Air	Over	the	Motor	(AOM)	or	airstream	rated,	and	the	motors	are	described	as	Totally	Enclosed	Air	Over	machines	(TEAO).	Generally	TEFC	rated	motors	can	be	used	in	Direct	Drive	Fans	without	adjustment	to	their	rating,	(although	the	direction	of	the
motor	fan	compared	with	the	main	airflow	should	be	considered).	AOM	rated	motors	can	only	be	used	when	installed	in	a	suitable	Direct	Drive	Fan.	If	the	fan	has	a	low	volume	flow	rate	(because	of	a	low	blade	angle,	for	example),	or	if	the	motor	is	mounted	in	a	drum	or	behind	a	large	hub,	then	a	de-rating	factor	will	be	required	to	adjust	the	motors
rating	accordingly.	Fans	installed	in	Direct	Drive	Bifurcated	Fans	must	have	TEFC	motors	rated	at	TEFC	conditions.	AOM	ratings	are	typically	10	to	20%	higher	than	TEFC	ratings,	depending	on	the	design	of	the	motor	and	the	air	velocity	available	from	the	fan.	Starting	Current	When	an	induction	motor	is	started	by	connecting	directly	to	the	full
voltage	electrical	supply,	the	instantaneous	current	drawn	will	typically	be	five	to	seven	times	higher	than	the	full	load	current.	Known	as	the	Locked	Rotor	Current,	it	is	so	high	because	when	the	Rotor	is	not	turning,	the	only	impedance	to	the	electrical	flow	comes	from	the	resistance	of	the	Stator	windings.	As	the	Rotor	starts	to	rotate,	this
impedance	also	increases,	resulting	in	less	electrical	current	flowing	in	the	Stator	windings.	Alternative	starting	methods	such	as	Variable	Frequency	Drive	(VFD	or	Inverter),	Soft	Starter	and	Star/Delta	can	reduce	this	initial	starting	current.	Power	Factor	Induction	motors	consist	of	resistive	and	inductive	circuits,	and	this	causes	the	current
waveform	to	be	out	of	phase	with	the	voltage.	The	phase	difference	between	the	voltage	and	current	waveforms	is	expressed	as	a	Power	Factor	(PF).	A	PF	of	1	means	that	the	waveforms	are	in	phase;	a	PF	of	less	than	1	means	that	the	current	is	leading	or	lagging	behind	the	voltage.	The	Power	Factor	can	be	calculated	using	the	equation:	Power
Factor	=	Active	Power	Apparent	Power	The	Active	power	is	the	useful	electrical	power	used	by	a	motor,	and	is	measured	in	Watts	(W).	The	Apparent	power	consists	of	Active	Power	and	Reactive	Power,	and	is	measured	in	volt-amps	(VA).	That	Reactive	Power	is	the	power	stored	in	and	discharged	by	a	motor,	and	is	measured	in	volt-amps	reactive
(VAR).	A	Power	Factor	of	less	than	1means	that	the	circuits	wiring	has	to	carry	more	current	than	that	which	would	be	necessary	were	the	power	Factor	equal	to	1.	That	could	mean	that	the	supply	cables	and	switchgear	would	need	to	be	sized	for	a	higher	rating.	The	Power	Factor	can	be	improved	by	selecting	a	different	motor,	or	if	this	is	not
possible,	power	factor	correction	capacitors	could	be	installed	although	these	are	expensive	and	not	always	practical.	Next:	Motors	Basic	Part	Four:	Physical	Considerations>>	
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