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Motor	which	works	on	direct	currentWorkings	of	a	brushed	electric	motor	with	a	two-pole	rotor	(armature)	and	permanent	magnet	stator.	"N"	and	"S"	designate	polarities	on	the	inside	axis	faces	of	the	magnets;	the	outside	faces	have	opposite	polarities.	The	+	and	-	signs	show	where	the	DC	current	is	applied	to	the	commutator	which	supplies	current
to	the	armature	coils	ElectromagnetismElectricityMagnetismOpticsHistoryComputationalTextbooksPhenomenaElectrostaticsCharge	densityConductorCoulomb	lawElectretElectric	chargeElectric	dipoleElectric	fieldElectric	fluxElectric	potentialElectrostatic	dischargeElectrostatic	inductionGauss's	lawInsulatorPermittivityPolarizationPotential
energyStatic	electricityTriboelectricityMagnetostaticsAmpre's	lawBiotSavart	lawGauss's	law	for	magnetismMagnetic	dipoleMagnetic	fieldMagnetic	fluxMagnetic	scalar	potentialMagnetic	vector	potentialMagnetizationPermeabilityRight-hand	ruleElectrodynamicsBremsstrahlungCyclotron	radiationDisplacement	currentEddy	currentElectromagnetic
fieldElectromagnetic	inductionElectromagnetic	pulseElectromagnetic	radiationFaraday's	lawJefimenko	equationsLarmor	formulaLenz's	lawLinardWiechert	potentialLondon	equationsLorentz	forceMaxwell's	equationsMaxwell	tensorPoynting	vectorSynchrotron	radiationElectrical	networkAlternating	currentCapacitanceCurrent	densityDirect
currentElectric	currentElectric	powerElectrolysisElectromotive	forceImpedanceInductanceJoule	heatingKirchhoff's	lawsNetwork	analysisOhm's	lawParallel	circuitResistanceResonant	cavitiesSeries	circuitVoltageWattWaveguidesMagnetic	circuitAC	motorDC	motorElectric	machineElectric	motorGyratorcapacitorInduction	motorLinear
motorMagnetomotive	forcePermeanceReluctance	(complex)Reluctance	(real)RotorStatorTransformerCovariant	formulationElectromagnetic	tensorElectromagnetism	and	special	relativityFour-currentFour-potentialMathematical	descriptionsMaxwell	equations	in	curved	spacetimeRelativistic	electromagnetismStressenergy
tensorScientistsAmpreBiotCoulombDavyEinsteinFaradayFizeauGaussHeavisideHelmholtzHenryHertzHopkinsonJefimenkoJouleKelvinKirchhoffLarmorLenzLinardLorentzMaxwellNeumannOhmrstedPoissonPoyntingRitchieSavartSingerSteinmetzTeslaThomsonVoltaWeberWiechertvteThe	Pennsylvania	Railroad's	class	DD1	locomotive	running	gear	was	a
semi-permanently	coupled	pairing	of	third	rail	direct	current	electric	locomotive	motors	built	for	the	railroad's	initial	New	York-area	electrification	when	steam	locomotives	were	banned	in	the	city	(locomotive	cab	removed	here).A	DC	motor	is	an	electrical	motor	that	uses	direct	current	(DC)	to	produce	mechanical	force.	The	most	common	types	rely
on	magnetic	forces	produced	by	currents	in	the	coils.	Nearly	all	types	of	DC	motors	have	some	internal	mechanism,	either	electromechanical	or	electronic,	to	periodically	change	the	direction	of	current	in	part	of	the	motor.DC	motors	were	the	first	form	of	motors	to	be	widely	used,	as	they	could	be	powered	from	existing	direct-current	lighting	power
distribution	systems.	A	DC	motor's	speed	can	be	controlled	over	a	wide	range,	using	either	a	variable	supply	voltage	or	by	changing	the	strength	of	current	in	its	field	windings.	Small	DC	motors	are	used	in	tools,	toys,	and	appliances.	The	universal	motor,	a	lightweight	brushed	motor	used	for	portable	power	tools	and	appliances	can	operate	on	direct
current	and	alternating	current.	Larger	DC	motors	are	currently	used	in	propulsion	of	electric	vehicles,	elevator	and	hoists,	and	in	drives	for	steel	rolling	mills.	The	advent	of	power	electronics	has	made	replacement	of	DC	motors	with	AC	motors	possible	in	many	applications.A	coil	of	wire	with	a	current	running	through	it	generates	an
electromagnetic	field	aligned	with	the	center	of	the	coil.	The	direction	and	magnitude	of	the	magnetic	field	produced	by	the	coil	can	be	changed	with	the	direction	and	magnitude	of	the	current	flowing	through	it.A	simple	DC	motor	has	a	stationary	set	of	magnets	in	the	stator	and	an	armature	with	one	or	more	windings	of	insulated	wire	wrapped
around	a	soft	iron	core	that	concentrates	the	magnetic	field.	The	windings	usually	have	multiple	turns	around	the	core,	and	in	large	motors	there	can	be	several	parallel	current	paths.	The	ends	of	the	wire	winding	are	connected	to	a	commutator.	The	commutator	allows	each	armature	coil	to	be	energized	in	turn	and	connects	the	rotating	coils	with
the	external	power	supply	through	brushes.	(Brushless	DC	motors	have	electronics	that	switch	the	DC	current	to	each	coil	on	and	off	and	have	no	brushes.)The	total	amount	of	current	sent	to	the	coil,	the	coil's	size,	and	what	it	is	wrapped	around	decide	the	strength	of	the	electromagnetic	field	created.The	sequence	of	turning	a	particular	coil	on	or	off
dictates	what	direction	the	effective	electromagnetic	fields	are	pointed.	By	turning	on	and	off	coils	in	sequence,	a	rotating	magnetic	field	can	be	created.	These	rotating	magnetic	fields	interact	with	the	magnetic	fields	of	the	magnets	(permanent	or	electromagnets)	in	the	stationary	part	of	the	motor	(stator)	to	create	a	torque	on	the	armature	which
causes	it	to	rotate.	In	some	DC	motor	designs,	the	stator	fields	use	electromagnets	to	create	their	magnetic	fields	which	allows	greater	control	over	the	motor.At	high	power	levels,	DC	motors	are	almost	always	cooled	using	forced	air.Different	number	of	stator	and	armature	fields	as	well	as	how	they	are	connected	provide	different	inherent	speed	and
torque	regulation	characteristics.	The	speed	of	a	DC	motor	can	be	controlled	by	changing	the	voltage	applied	to	the	armature.	Variable	resistance	in	the	armature	circuit	or	field	circuit	allows	speed	control.	Modern	DC	motors	are	often	controlled	by	power	electronics	systems	which	adjust	the	voltage	by	"chopping"	the	DC	current	into	on	and	off
cycles	which	have	an	effective	lower	voltage.Since	the	series-wound	DC	motor	develops	its	highest	torque	at	low	speed,	it	is	often	used	in	traction	applications	such	as	electric	locomotives,	and	trams.	The	introduction	of	DC	motors	and	an	electrical	grid	system	to	run	machinery	starting	in	the	1870s	started	a	new	second	Industrial	Revolution.	DC
motors	can	operate	directly	from	rechargeable	batteries,	providing	the	motive	power	for	the	first	electric	vehicles	and	today's	hybrid	cars	and	electric	cars	as	well	as	driving	a	host	of	cordless	tools.	Today	DC	motors	are	still	found	in	applications	as	small	as	toys	and	disk	drives,	or	in	large	sizes	to	operate	steel	rolling	mills	and	paper	machines.	Large
DC	motors	with	separately	excited	fields	were	generally	used	with	winder	drives	for	mine	hoists,	for	high	torque	as	well	as	smooth	speed	control	using	thyristor	drives.	These	are	now	replaced	with	large	AC	motors	with	variable	frequency	drives.If	external	mechanical	power	is	applied	to	a	DC	motor	it	acts	as	a	DC	generator,	a	dynamo.	This	feature	is
used	to	slow	down	and	recharge	batteries	on	hybrid	and	electric	cars	or	to	return	electricity	back	to	the	electric	grid	used	on	a	street	car	or	electric	powered	train	line	when	they	slow	down.	This	process	is	called	regenerative	braking	on	hybrid	and	electric	cars.	In	diesel	electric	locomotives	they	also	use	their	DC	motors	as	generators	to	slow	down
but	dissipate	the	energy	in	resistor	stacks.	Newer	designs	are	adding	large	battery	packs	to	recapture	some	of	this	energy.Main	article:	Brushed	DC	electric	motorA	brushed	DC	electric	motor	generating	torque	from	DC	power	supply	by	using	an	internal	mechanical	commutation.	Stationary	permanent	magnets	form	the	stator	field.	Torque	is
produced	by	the	principle	that	any	current-carrying	conductor	placed	within	an	external	magnetic	field	experiences	a	force,	known	as	Lorentz	force.	In	a	motor,	the	magnitude	of	this	Lorentz	force	(a	vector	represented	by	the	green	arrow),	and	thus	the	output	torque,	is	a	function	for	rotor	angle,	leading	to	a	phenomenon	known	as	torque	ripple)
Since	this	is	a	two-pole	motor,	the	commutator	consists	of	a	split	ring,	so	that	the	current	reverses	each	half	turn	(	180	degrees).The	brushed	DC	electric	motor	generates	torque	directly	from	DC	power	supplied	to	the	motor	by	using	internal	commutation,	stationary	magnets	(permanent	or	electromagnets),	and	rotating	electromagnets.Advantages	of
a	brushed	DC	motor	include	low	initial	cost,	high	reliability,	and	simple	control	of	motor	speed.	Disadvantages	are	high	maintenance	and	low	life-span	for	high	intensity	uses.	Maintenance	involves	regularly	replacing	the	carbon	brushes	and	springs	which	carry	the	electric	current,	as	well	as	cleaning	or	replacing	the	commutator.	These	components
are	necessary	for	transferring	electrical	power	from	outside	the	motor	to	the	spinning	wire	windings	of	the	rotor	inside	the	motor.Brushes	are	usually	made	of	graphite	or	carbon,	sometimes	with	added	dispersed	copper	to	improve	conductivity.	In	use,	the	soft	brush	material	wears	to	fit	the	diameter	of	the	commutator,	and	continues	to	wear.	A	brush
holder	has	a	spring	to	maintain	pressure	on	the	brush	as	it	shortens.	For	brushes	intended	to	carry	more	than	an	ampere	or	two,	a	flying	lead	will	be	molded	into	the	brush	and	connected	to	the	motor	terminals.	Very	small	brushes	may	rely	on	sliding	contact	with	a	metal	brush	holder	to	carry	current	into	the	brush,	or	may	rely	on	a	contact	spring
pressing	on	the	end	of	the	brush.	The	brushes	in	very	small,	short-lived	motors,	such	as	are	used	in	toys,	may	be	made	of	a	folded	strip	of	metal	that	contacts	the	commutator.Main	articles:	Brushless	DC	electric	motor	and	Switched	reluctance	motorTypical	brushless	DC	motors	use	one	or	more	permanent	magnets	in	the	rotor	and	electromagnets	on
the	motor	housing	for	the	stator.	A	motor	controller	converts	DC	to	AC.	This	design	is	mechanically	simpler	than	that	of	brushed	motors	because	it	eliminates	the	complication	of	transferring	power	from	outside	the	motor	to	the	spinning	rotor.	The	motor	controller	can	sense	the	rotor's	position	via	Hall	effect	sensors	or	similar	devices	and	can
precisely	control	the	timing,	phase,	etc.,	of	the	current	in	the	rotor	coils	to	optimize	torque,	conserve	power,	regulate	speed,	and	even	apply	some	braking.	Advantages	of	brushless	motors	include	long	life	span,	little	or	no	maintenance,	and	high	efficiency.	Disadvantages	include	high	initial	cost,	and	more	complicated	motor	speed	controllers.	Some
such	brushless	motors	are	sometimes	referred	to	as	"synchronous	motors"	although	they	have	no	external	power	supply	to	be	synchronized	with,	as	would	be	the	case	with	normal	AC	synchronous	motors.Other	types	of	DC	motors	require	no	commutation.Homopolar	motor	A	homopolar	motor	has	a	magnetic	field	along	the	axis	of	rotation	and	an
electric	current	that	at	some	point	is	not	parallel	to	the	magnetic	field.	The	name	homopolar	refers	to	the	absence	of	polarity	change.	Homopolar	motors	necessarily	have	a	single-turn	coil,	which	limits	them	to	very	low	voltages.	This	has	restricted	the	practical	application	of	this	type	of	motor.Ball	bearing	motor	A	ball	bearing	motor	is	an	unusual
electric	motor	that	consists	of	two	ball	bearing-type	bearings,	with	the	inner	races	mounted	on	a	common	conductive	shaft,	and	the	outer	races	connected	to	a	high	current,	low	voltage	power	supply.	An	alternative	construction	fits	the	outer	races	inside	a	metal	tube,	while	the	inner	races	are	mounted	on	a	shaft	with	a	non-conductive	section	(e.g.	two
sleeves	on	an	insulating	rod).	This	method	has	the	advantage	that	the	tube	will	act	as	a	flywheel.	The	direction	of	rotation	is	determined	by	the	initial	spin	which	is	usually	required	to	get	it	going.Main	article:	Permanent-magnet	electric	motorA	permanent	magnet	(PM)	motor	does	not	have	a	field	winding	on	the	stator	frame,	instead	relying	on	PMs	to
provide	the	magnetic	field	against	which	the	rotor	field	interacts	to	produce	torque.	Compensation	windings	in	series	with	the	armature	may	be	used	on	large	motors	to	improve	commutation	under	load.	Because	this	field	is	fixed,	it	cannot	be	adjusted	for	speed	control.	PM	fields	(stators)	are	convenient	in	miniature	motors	to	eliminate	the	power
consumption	of	the	field	winding.	Most	larger	DC	motors	are	of	the	"dynamo"	type,	which	have	stator	windings.	Historically,	PMs	could	not	be	made	to	retain	high	flux	if	they	were	disassembled;	field	windings	were	more	practical	to	obtain	the	needed	amount	of	flux.	However,	large	PMs	are	costly,	as	well	as	dangerous	and	difficult	to	assemble;	this
favors	wound	fields	for	large	machines.To	minimize	overall	weight	and	size,	miniature	PM	motors	may	use	high	energy	magnets	made	with	neodymium	or	other	strategic	elements;	most	such	are	neodymium-iron-boron	alloy.	With	their	higher	flux	density,	electric	machines	with	high-energy	PMs	are	at	least	competitive	with	all	optimally	designed
singly	fed	synchronous	and	induction	electric	machines.	Miniature	motors	resemble	the	structure	in	the	illustration,	except	that	they	have	at	least	three	rotor	poles	(to	ensure	starting,	regardless	of	rotor	position)	and	their	outer	housing	is	a	steel	tube	that	magnetically	links	the	exteriors	of	the	curved	field	magnets.A	field	coil	may	be	connected	in
shunt,	in	series,	or	in	compound	with	the	armature	of	a	DC	machine	(motor	or	generator)Main	article:	universal	motorSee	also:	Excitation	(magnetic)There	are	three	types	of	electrical	connections	between	the	stator	and	rotor	possible	for	DC	electric	motors:	series,	shunt/parallel	and	compound	(various	blends	of	series	and	shunt/parallel)	and	each
has	unique	speed/torque	characteristics	appropriate	for	different	loading	torque	profiles/signatures.[1]A	series	DC	motor	connects	the	armature	and	field	windings	in	series	with	a	common	D.C.	power	source.	The	motor	speed	varies	as	a	non-linear	function	of	load	torque	and	armature	current;	current	is	common	to	both	the	stator	and	rotor	yielding
current	squared	(I^2)	behavior[citation	needed].	A	series	motor	has	very	high	starting	torque	and	is	commonly	used	for	starting	high	inertia	loads,	such	as	trains,	elevators	or	hoists.[2]	This	speed/torque	characteristic	is	useful	in	applications	such	as	dragline	excavators,	where	the	digging	tool	moves	rapidly	when	unloaded	but	slowly	when	carrying	a
heavy	load.A	series	motor	should	never	be	started	at	no	load.	With	no	mechanical	load	on	the	series	motor,	the	current	is	low,	the	counter-Electro	motive	force	produced	by	the	field	winding	is	weak,	and	so	the	armature	must	turn	faster	to	produce	sufficient	counter-EMF	to	balance	the	supply	voltage.	The	motor	can	be	damaged	by	overspeed.	This	is
called	a	runaway	condition.Series	motors	called	universal	motors	can	be	used	on	alternating	current.	Since	the	armature	voltage	and	the	field	direction	reverse	at	the	same	time,	torque	continues	to	be	produced	in	the	same	direction.	However	they	run	at	a	lower	speed	with	lower	torque	on	AC	supply	when	compared	to	DC	due	to	reactance	voltage
drop	in	AC	which	is	not	present	in	DC.[3]	Since	the	speed	is	not	related	to	the	line	frequency,	universal	motors	can	develop	higher-than-synchronous	speeds,	making	them	lighter	than	induction	motors	of	the	same	rated	mechanical	output.	This	is	a	valuable	characteristic	for	hand-held	power	tools.	Universal	motors	for	commercial	utility	are	usually	of
small	capacity,	not	more	than	about	1kW	output.	However,	much	larger	universal	motors	were	used	for	electric	locomotives,	fed	by	special	low-frequency	traction	power	networks	to	avoid	problems	with	commutation	under	heavy	and	varying	loads.A	shunt	DC	motor	connects	the	armature	and	field	windings	in	parallel	or	shunt	with	a	common	D.C.
power	source.	This	type	of	motor	has	good	speed	regulation	even	as	the	load	varies,	but	does	not	have	the	starting	torque	of	a	series	DC	motor.[4]	It	is	typically	used	for	industrial,	adjustable	speed	applications,	such	as	machine	tools,	winding/unwinding	machines	and	tensioners.A	compound	DC	motor	connects	the	armature	and	fields	windings	in	a
shunt	and	a	series	combination	to	give	it	characteristics	of	both	a	shunt	and	a	series	DC	motor.[5]	This	motor	is	used	when	both	a	high	starting	torque	and	good	speed	regulation	is	needed.	The	motor	can	be	connected	in	two	arrangements:	cumulatively	or	differentially.	Cumulative	compound	motors	connect	the	series	field	to	aid	the	shunt	field,
which	provides	higher	starting	torque	but	less	speed	regulation.	Differential	compound	DC	motors	have	good	speed	regulation	and	are	typically	operated	at	constant	speed.Cogging	torqueWard	Leonard	controlTorque	and	speed	of	a	DC	motorArmature	Controlled	DC	Motor^	Herman,	Stephen.	Industrial	Motor	Control.	6th	ed.	Delmar,	Cengage
Learning,	2010.	Page	251.^	Ohio	Electric	Motors.	DC	Series	Motors:	High	Starting	Torque	but	No	Load	Operation	Ill-Advised.	Ohio	Electric	Motors,	2011.	Archived	October	31,	2011,	at	the	Wayback	Machine^	"Universal	motor",	Construction	and	working	characteristics,	Retrieved	on	27	April	2015.^	Laughton	M.A.	and	Warne	D.F.,	Editors.	Electrical
engineer's	reference	book.	16th	ed.	Newnes,	2003.	Page	19-4.^	William	H.	Yeadon,	Alan	W.	Yeadon.	Handbook	of	small	electric	motors.	McGraw-Hill	Professional,	2001.	Page	4-134.Wikimedia	Commons	has	media	related	to	DC	motors.Make	a	working	model	of	dc	motor	at	sci-toys.comHow	to	select	a	DC	motor	at	MICROMO	(archived	page)DC	motor
model	in	Simulink	Archived	2021-05-08	at	the	Wayback	Machine	at	File	Exchange	-	MATLAB	CentralRetrieved	from	"	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these
freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must
distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an
applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Your	browser	does	not	support	the	video	tag.	At	Motor	Specialty	Inc.	we	design	and	manufacture
custom	universal,	shunt	wound,	permanent	magnet	fractional	&	integral	horsepower	electric	motors,	gearmotors	and	armatures	&	fields	up	to	2	HP,	12	volts	to	240	volts.We	can	design	or	modify	existing	models	to	your	specifications	with	various	mounting	options	available	to	meet	your	needs.	Motor	Specialty	Inc.	has	been	serving	OEMs	with	quality
motors	for	over	75	years.	Company	History	-	Elliot	Snyder,	Ridge	Tool	Co.	DC	motor	is	a	machine	that	converts	electrical	energy	of	direct	current	into	mechanical	energy.	In	a	DC	motor,	the	input	electrical	energy	is	direct	current	which	is	converted	into	mechanical	rotation.	In	this	article,	we	will	learn	what	is	DC	motor,	its	Diagram,	Construction,
Working,	types,	and	applications.	We	will	also	compare	DC	and	AC	Motors	based	on	various	parameters.What	is	DC	Motor?DC	Motor	is	an	electrical	machine	which,	when	provided	with	direct	current	electrical	energy,	converts	it	into	mechanical	energy.	It	is	based	on	electromagnetic	induction,	where	a	conductor	carrying	current	(normally	a	coil	of
wire)	placed	in	a	magnetic	field	experiences	force	to	rotate.	This	rotation	is	used	to	perform	mechanical	work.There	are	many	applications	for	DC	motors,	they	can	be	used	in	robotics;	electric	vehicles,	and	some	industrial	machinery	as	well	as	household	devices.	DC	motor	can	be	used	at	such	places	where	speed	control	is	required.	That	is	why	DC
motors	are	often	used	in	trolleys,	electric	train	production	systems,	elevators,	etc.DC	Motor	DefinitionDC	motor,	also	known	as	a	direct	current	motor,	is	an	electric	motor	that	converts	mechanical	energy	from	the	electrical	energy	of	direct	current.DC	Motor	DiagramDiagram	of	Direct	Current	Motor	is	shown	below:Construction	of	DC	MotorDC	motor
has	such	basic	components,	as	a	stator	(stationary	part	of	the	element	producing	magnetic	field)	and	a	rotor	part	that	rotates	carrying	winding	or	coil.	When	a	DC	voltage	is	connected	to	the	coil,	current	flows	through	it	and	generates	an	electromagnetic	field.	When	the	magnetic	field	of	this	rotor	interacts	with	that	produced	by	the	stator,	a	torque	is
induced	which	causes	this	piece	to	start	spinning.DC	Motor	PartsDC	achine	has	the	following	main	parts:Field	System	or	StatorArmatureCommutatorBrushesField	Coil	or	StatorAs	the	name	suggests,	the	field	coil	or	stator	is	the	non	moving	or	the	stationary	part	of	the	DC	motor	around	which	coil	is	wounded	and	produce	magnetic	fieldThe	stator
consists	of	various	parts:YokePole	CorePole	BodyShoe	for	the	poleField	WindingEnd	PlatesYoke:	The	structure	of	a	DC	machine	works	to	create	the	magnetic	circuit	between	the	poles.Pole	Core:	Pole	Core	is	usually	of	laminated	iron	or	other	magnetic	material.	Its	function	is	to	serve	as	a	passage	for	the	magnetic	flux	generated	by	the	field
winding.Pole	Body:	Pole	body	works	with	the	pole	core.	When	an	electric	current	passes	through	the	field	winding,	a	magnetic	flux	is	established	not	only	in	the	pole	core	but	also	around	it.	The	poles	and	their	bearings	are	known	as	the	pole	body.Shoe:	Shoe	is	a	synonym	for	one	of	the	brushes	inside	an	electric	motor.	DC	motors	have	brushes	to
make	contact	with	the	rotating	armature,	and	typically	they	are	sodded.Field	Winding:	Field	winding	is	on	the	pole	core	next	to	the	stator.	Field	winding	uses	insulated	copper	wire.	An	insulated	copper	coil	is	wound	round	the	pole	core.	If	this	coil	on	the	pole	core	is	excited	with	direct	current,	we	get	magnetic	flux.End	Plates:	End	plates	encapsulate
the	entire	motor.	They	provide	a	casing	for	all	of	the	internal	parts--the	armature,	commutator	and	brushes	as	well	sometimes	also	including	field	windingsArmatureArmature	is	the	rotating	part	of	the	motor	which	generates	mechanical	energy.	Armature	core	has	windings.	The	armature	core	is	made	of	0.3	to	0.5	mm	thick	high	magnetic	strength
(silicon	steel	lamination)	and	a	thin	layer	of	varnish	is	applied	on	each	sheet.CommutatorCommutators	are	used	in	DC	appliances	such	as	DC	Motors	and	DC	Generators.	It	periodically	reverses	the	current	between	the	armature	and	the	circuit	and	produces	steady	torqueBrushesBrushes	or	often	called	Carbon	Brushes	are	made	up	of	graphite.	In	DC
Motors,	brushes	supplies	current	to	the	winding	of	the	armature.	DC	Motor	Working	PrincipleWhen	a	current	carrying	conductor	is	placed	in	a	magnetic	field,	a	mechanical	force	acts	on	it,	which	can	be	determined	by	Fleming's	left	hand	rule.	Due	to	this	force	the	conductor	becomes	mobile	in	the	direction	of	the	force.DC	Motor	WorkingImagine	that
a	current-free	conductor	(which	is	not	connected	to	the	supply)	is	placed	in	the	main	magnetic	field	the	and	without	the	magnetic	field	flowing	through	the	conductor.	Assume,	there	is	an	air	gap	from	N	pole	to	S	pole.Current	is	flowing	in	the	conductor	but	the	magnetic	effect	of	N	pole	and	S	pole	has	been	removed.	In	this	situation	the	conductor	will
maintain	its	own	magnetic	field.	The	magnetic	field	lines	of	force	of	the	conductor	will	be	clockwise	according	to	the	cork	screw	rule.Current	is	flowing	in	the	conductor	and	main	magnetic	field	is	also	present.	The	magnetic	field	produced	due	to	the	current	in	the	conductor	acts	along	with	the	main	field	above	the	conductor	but	opposes	the	main	field
below	the	conductor.	The	result	is	that	flux	accumulates	in	the	region	above	the	conductor	and	flux	density	reduces	in	the	region	below.From	this	it	is	clear	that	when	the	force	is	acting	on	the	conductor,	it	works	to	push	the	conductor	downwards.	If	the	direction	of	current	in	the	conductor	is	changed,	the	flux	will	accumulate	downwards	and	will	try
to	move	the	conductor	upwards.DC	Motor	CharacteristicsIf	length	of	conductor	=	L	meter,	field	intensity	=	B	weber	per	square	meter	(Bwb/m2)	and	current	flowing	in	the	conductor	=	i	ampere,	then	the	force	experienced	by	the	conductor	will	be	F	=	iBL	Newton.F=	B.L.I.Sinwhere,B	=	flux	density	(in	Tesla).L	=	length	of	conductor	(in	meters).I	=
current	flowing	in	the	conductor.Sin	=	angle	between	the	conductor	and	magnetic	lines	of	force.DC	Motor	Torque	FormulaTorque,	also	known	as	moment	or	moment	of	force,	is	the	force	that	tends	to	rotate	or	move	an	object	around	a	central	axis.	A	force	is	a	push	or	pull,	similarly,	torque	creates	twisting	to	an	object.	Mathematically,	torque	is	given
as	T	=	F	r.	For	DC	Motor,	the	torque	is	given	asT	=	(0.159PNZ/A)Iawhere,T	is	Torque	of	ArmatureIa	is	the	armature	currentP	is	Number	of	Poles	is	Flux	per	poleN	is	Speed	of	motor	in	(RPM)Z	is	Number	of	conductorsA	is	Number	of	parallel	paths	DC	Motor	EMF	EquationEMF	or	the	electromotive	force	is	responsible	for	flow	of	current	in	the
electrical	appliances.	EMF	is	not	an	force	but	the	electric	potential.	In	case	of	DC	Motor,	a	back	EMF	is	produced	which	counters	the	armature	current.	The	direction	of	this	back	EMF	is	given	by	Lenz	Law.	The	formula	of	back	emf	is	given	as	Eb	=	PNZ/60Awhere,P	is	Number	of	Poles	is	Flux	per	poleN	is	Speed	of	motor	in	(RPM)Z	is	Number	of
conductorsA	is	Number	of	parallel	pathsDC	Motor	SpeedThe	formula	for	DC	Motor	speed	is	given	as:N	=	KEb/where,N	is	speed	in	RPMK	is	constant	proportionality	which	is	equal	to	60A/ZPTypes	of	DC	MotorsDC	Motors	can	be	classified	into	various	categories	based	on	the	application	and	winding	connections.	Based	on	the	winding	of	armature	DC
Motor	is	of	two	typesSelf	Excited	DC	MotorsSeparately	Excited	DC	MotorsSelf	Excited	DC	MotorDC	motors	that	excite	themselves	have	a	part	and	coil	of	field	connected	in	series	or	partly	so,	same	for	parallel	connection.	They	can	also	have	combination	of	series	and	Parallel	connections.	They	also	get	power	from	only	one	place.	Three	types	of	self-
excited	DC	motors	exist:Series	DC	motorShunt	DC	motor	Compound	DC	MotorSeries	DC	MotorIt	is	a	motor	in	which	the	field	is	in	series	with	the	armature	and	its	starting	torque	is	very	high.	This	means	that	the	same	flow	of	current	goes	through	both	the	coil	and	armature.	Series	motors	always	go	in	one	direction	and	their	speed	is	affected	by	the
physical	load.Shunt	DC	MotorShunt	motor	is	a	DC	motor	in	which	the	field	is	jointed	in	parallel	to	the	armature	and	its	starting	torque	is	less	than	that	of	series	motor.	Inside	the	shunt	motor	the	field	winding	is	connected	parallel	to	the	armature	winding.	The	field	winding	is	made	of	more	turns	of	thin	wire.	Shunt	motors	are	used	in	applications
where	continuous	speed	is	required.Compound	DC	MotorCompound	Motor	is	a	Motor	in	which	both	series	and	parallel	fields	are	added.	Compound	DC	motors	use	both	parallel	and	connected	field	windings.	In	the	armature	winding,	everything	is	in	series.	However,	field	coils	can	be	shunt	or	series	types.Separately	Excited	DC	MotorIn	DC	motors
with	a	separate	excite,	field	coil	to	make	permanent	magnets.	But,	the	armature	and	field	coils	are	not	connected	electrically	to	each	other.	They	work	separately	and	do	not	bother	the	other.	But,	the	result	of	the	engine	is	added	up	with	both.More	Types	of	DC	MotorSome	more	types	of	DC	Motor	on	the	various	parameters	are	discussed	below:1.
Based	on	Commutation:Brushed	Motors:	Use	brushes	and	a	commutator	for	current	reversal.Brushless	Motors:	Switch	currents	in	the	windings	by	electronic	commutation.2.	Based	on	Application:DC	Servo	Motors:	Exact	control	of	position	and	speed.	Applied	in	robotics,	CNC	machine	tools	and	automation.Stepper	Motors:	Take	small	steps,	accurate
position	control.	Widely	employed	in	printers	and	CNC	machines.Hysteresis	Motors:	The	materials	'motion	makes	use	of	their	magnetic	hysteresis.	Used	in	devices	such	as	record	players,	rather	simple.Brushed	DC	Gear	Motors:	Have	a	gearbox	for	high	torque	at	low	speeds.	Applied	in	robotics,	electric	vehicles	and	automation.DC	Traction	Motors:
Intended	for	use	in	traction	devices,	including	electric	vehicles	and	trains.3.	Based	on	Speed-Torque	Characteristics:High-Speed	DC	Motors:	Designed	for	uses	involving	high	rotational	speeds.	Examples	include	tools	and	appliances.Low-Speed	DC	Motors:	Offer	high	torque	at	low	speeds.	Commonly	used	in	industrial	machinery.4.	Based	on	Size	and
Shape:Micro	DC	Motors:	Applications	such	as	consumer	electronics	call	for	very	small	motors.Large	DC	Motors:	As	used	in	industrial	purposes	such	as	steel	mills,	paper	industries	and	ship	propulsion.5.	Based	on	Control	System:Closed-Loop	DC	Motors:	Feedback	mechanisms	can	be	employed	for	more	precise	control.	Applications	where	precision
control	is	important.Open-Loop	DC	Motors:	Control	without	feedback,	simpler	design.	In	applications	where	control	is	not	so	critical.Difference	between	DC	Brushed	Motor	and	DC	Brushless	MotorThe	difference	between	DC	Brushed	Motor	and	DC	Brushless	Motor	is	given	below:DC	Brushed	Motor	vs	DC	Brushless	MotorComparison	DC	Brushed
MotorDC	Brushless	MotorConstructionConsists	of	a	stator	and	rotor	with	windings.	Uses	brushes	and	a	commutator	to	switch	current.Consists	of	a	stator	with	permanent	or	electromagnetic	magnets	and	rotor	windings.	Electronic	commutation	is	achieved	without	the	use	of	brushes	and	commutators.MaintenanceRequires	frequent	maintenance
because	of	brush	and	commutator	wear.Brushes	may	have	to	be	changed	and	commutators	need	cleaning.Generally	requires	less	maintenance	because	no	brushes	or	commutators	to	wear	outLifespanTypically	runs	out	faster	due	to	the	wear	and	tear	in	brushes,	commutators.It	usually	has	a	longer	life	since	there	are	no	brushes	and	commutators	to
wear	off.EfficiencyMay	have	reduced	efficiency	due	to	friction	and	wear	in	brushes,	commutators.Usually,	more	effective	since	there	are	no	brush-related	losses.Noise	and	VibrationMay	generate	additional	noise	and	vibration	resulting	from	physical	interaction	of	brushes	with	the	commutator.Generally	less	noisy	and	smoother	in
operation.CostGenerally	less	expensive	upfront.Normally	costlier	as	they	require	electronic	controllers.AC	and	DC	MotorsAC	and	DC	Motors	are	two	types	of	motors	based	on	the	input	of	the	type	of	current.	As	the	name	suggests	AC	Motor	uses	AC	Current	produce	mechanical	energy	while	DC	Motor	produces	mechanical	energy	from	Direct
CurrentDifference	Between	AC	And	DC	MotorThe	difference	between	AC	and	DC	Motor	are	discussed	below:AC	Motor	vs	DC	Motor	AC	MotorDC	MotorAC	motor	runs	on	alternating	current.	DC	motors	operate	on	direct	current.There	is	no	need	for	conversion	of	current	in	AC	motors.	Like	AC.There	is	no	need	for	conversion	of	current	in	AC	motors.
Like	AC.AC	motors	are	used	where	power	performance	is	demanded	for	extended	periods	of	time.	DC	motors	are	used	where	the	speed	of	the	motor	needs	to	be	controlled	externally.AC	motors	can	be	single-phase	or	three-phase.	All	DC	motors	are	single	phase.In	an	AC	motor	the	armature	does	not	rotate	while	the	magnetic	field	keeps	rotating
continuously.	In	a	DC	motor,	the	armature	rotates	while	the	magnetic	field	rotates.Repairing	AC	motors	is	not	expensive.DC	motors	are	very	expensive	to	repair.Brushes	are	not	used	in	AC	motor.Brushes	are	used	in	DC	motor.AC	motors	have	a	very	long	life	spanDC	motors	do	not	have	a	very	long	life	span.The	speed	of	AC	motors	can	be	controlled	by
simply	changing	the	frequency	of	the	current.	The	speed	of	DC	motors	can	be	controlled	by	changing	the	current	of	the	armature	winding.Application	of	DC	Motor'DC	motor'	is	used	to	refer	to	any	rotary	electrical	machine	that	converts	direct	current	electrical	energy	into	mechanical	energy.	DC	motors	can	vary	in	size	and	power,	ranging	from	small
motors	in	toys	and	appliances	to	large	mechanisms	that	power	vehicles.DC	motor	is	used	at	the	following	places.DC	motor	is	used	in	traction	work,	machine	tools,	industry,	elevators	etc.DC	motors	have	the	widest	variation	in	speed	(compared	to	other	motors).DC	series	motor	has	very	high	starting	torque	and	is	commonly	used	to	start	high	inertia
loads	such	as	trains,	elevators	or	hoists.Shunt	DC	Motors	are	used	in	drilling	machines,	centrifugal	machines	etc.Also,	CheckDifference	Between	AC	and	DC	MotorDifference	between	Motor	and	Generator	By	David	Birks,	Applications	Engineer,	Diodes	IncorporatedDC	electric	motors	have	been	around	for	nearly	two	hundred	years,	with	a	steady
series	of	refinements	in	that	time.	More	recently,	brushless	DC	motors	have	become	increasingly	popular	but	for	many	applications	brushed	DC	motors	are	still	the	right	choice.	Brushed	motors	are	lower	cost	and	are	simpler	to	drive,	so	they	remain	a	popular	option.In	this	article,	well	explain	the	basics	of	brushed	DC	motors,	and	then	look	at	the
circuitry	required	to	drive	them.	Well	also	introduce	brushless	DC	motors	and	their	pros	and	cons.Brushed	DC	Motor	BasicsGoing	back	to	basics,	the	fundamental	principle	of	an	electric	motor	is,	of	course,	that	it	converts	electricity	into	motion.	It	does	this	through	the	interaction	between	magnets,	one	of	which	is	typically	created	by	passing	a
current	through	wire	bound	around	a	ferrite	core.	The	current	flowing	through	the	wire	generates	the	second	magnetic	field.	This	interacts	with	the	primary	magnetic	field	to	create	an	opposing	force	that	moves	one	part	of	the	motor,	usually	causing	it	to	rotate	around	an	axle.Brushed	DC	motors	consist	of	four	key	components;	the	stationary	magnet
(called	a	stator),	the	rotor,	the	commutator	and	the	brushes	(see	Figure	1).	The	rotor	consists	of	one	or	more	windings	of	wire	wrapped	around	a	core	made	of	a	ferrous	metal,	usually	iron,	and	connected	to	power	with	a	metal	brush.	When	we	send	current	through	the	rotor	windings,	the	field	generated	interacts	with	the	stator's	field	and	creates	the
force	that	turns	the	rotor.	The	stator	can	be	a	permanent	magnet	or	electromagnet,	depending	on	the	requirements	of	any	particular	application.Thats	all	very	well	but	if	we	just	used	regular	wires	to	connect	the	rotor	windings	to	the	power	supply,	once	the	rotor	has	turned	far	enough	its	magnetic	force	would	effectively	reverse	direction	so	the	rotor
would	just	move	back	and	forth,	instead	of	rotating	in	one	direction.To	fix	this	we	use	the	commutator,	which	is	a	conductive	copper	sleeve	around	the	axle	of	the	rotor,	physically	and	electrically	divided	into	segments.	As	the	commutator	rotates	it	connects	and	disconnects	these	segments	through	the	brushes,	applying	power	to	different	pairs	of
segments.	This	causes	the	polarity	of	the	magnetic	field	to	reverse	each	time	the	motor	rotates	180,	resulting	in	smooth	and	continuous	rotation.	Figure	1:	Two	Pole	Brushed	MotorThe	Alternative:	Brushless	DC	MotorsAs	its	name	suggests,	a	brushless	DC	motor	has	no	brushes.	Instead	it	uses	transistors	in	the	electronic	control	circuitry	to	apply	and
remove	power	to	the	rotor's	wire,	producing	an	alternating	current	from	a	DC	supply	to	reverse	the	current	on	each	half-cycle,	achieving	continuous	rotation.Brushless	DC	motors	are	typically	smoother	and	more	efficient	than	brushed	motors,	have	higher	torque-to-power	ratios	and	offer	higher	speeds	with	more	precise	control.	With	no	wear	on	a
brush	or	commutator,	they	need	less	maintenance	and	have	a	longer	operational	life.	However,	one	of	the	main	drawbacks	of	the	brushless	motor	is	cost:	of	the	motor	itself,	and	of	the	more	complex	drive	circuitry	thats	needed.To	provide	continuous	motion,	the	brushless	motors	controller	reverses	the	direction,	or	phase,	of	the	current	each	time	the
motor	rotates	180	degrees,	or	another	fixed	amount	such	as	120	degrees	for	a	3-phase	motor.Varying	the	control	voltage	may	be	achieved	with	analog	components,	or	digitally	using	an	FPGA	or	microcontroller.	The	control	circuitry	needs	to	be	aware	of	the	relative	angular	position	of	the	motor,	so	it	can	activate	the	correct	phase	at	the	right	time.
This	can	be	achieved	with	sensors,	by	using	an	optical	encoder	or	Hall	effect	sensor,	or	without	sensors	by	inferring	the	rotational	angle	from	the	back	EMF	generated	by	the	magnetic	field.	In	either	case,	an	all-in-one	motor	driver	is	often	used	which	integrates	the	required	functions	into	a	single	chip.Drive	Circuits	for	Brushed	MotorsIn	principle,	as
discussed	above,	a	brushed	motor	does	not	require	an	external	controller,	as	the	change	of	magnetic	field	polarity	is	implemented	through	the	brushes	making	and	breaking	the	electrical	pathway	through	the	windings,	achieving	continuous	rotation	in	one	direction.For	some	applications,	thats	good	enough.	But	if	we	want	to	be	able	to	change	the
speed	of	the	motor,	or	reverse	the	direction	of	rotation,	we	need	a	drive	circuit.	This	can	be	as	simple	as	just	reversing	the	direction	of	current	flow	to	make	the	motor	turn	the	other	way.To	change	speed	we	could	alter	the	voltage,	using	a	potential	divider	with	speed	being	proportional	to	voltage.	However,	reducing	the	voltage	in	this	way	is
inefficient,	as	a	voltage	divider	does	not	reduce	the	total	current	flowing.	To	overcome	this,	pulse	width	modulation	(PWM)	is	often	used,	which	involves	rapidly	switching	the	current	off	and	on	to	reduce	the	average	voltage	across	the	motor.Lets	look	at	an	example	of	a	simple	single-direction	application,	such	as	a	toy.	For	this,	we	only	need	a	single
transistor	and	a	flyback	diode,	which	provides	a	route	to	dissipate	the	back	EMF	that	could	otherwise	cause	damage	(see	Figure	2).To	enable	the	speed	to	be	varied,	we	need	a	transistor	that	can	deliver	the	required	power	and	can	be	switched	on	and	off	by	a	control	signal.	An	example	of	this	is	the	DMTH4008LFDFWQ	from	Diodes	Incorporated,	a
rugged	MOSFET	device	that	operates	at	up	to	175C.	The	device	offers	high	power	density,	with	up	to	40V	and	11.6A	being	handled	in	a	compact	2mm	x	2mm	package.	Figure	2:	Single	Direction	Brushed	DC	Motor	ControlIf	changing	the	motor's	direction	of	rotation	is	required,	it	can	be	achieved	using	an	H-bridge'	circuit,	so	called	because	it	uses
four	transistors	to	control	the	flow	of	current	(see	Figure	3).	When	the	two	transistors	Q1	and	Q4	are	switched	on,	current	flows	through	the	motor	(labelled	BDC	in	Figure	3)	from	left	to	right,	making	it	rotate.	Switching	Q1	and	Q4	off,	and	turning	Q2	and	Q3	on,	causes	the	current	to	flow	from	right	to	left	through	the	motor,	causing	it	to	rotate	in	the
opposite	direction.	Figure	3	also	shows	that	we	still	need	a	flyback	diode	for	each	transistor,	as	in	the	single-transistor	circuit	discussed	earlier.	In	practice,	the	body	diode	of	the	transistor	provides	this	functionality.	Figure	3:	H-Bridge	Gate	ArrangementThere	are	now	devices	available	that	integrate	all	four	transistors	of	the	H-bridge	into	one
package,	such	as	the	DMHC4035LSDQ.	This	forms	an	H-bridge	that	can	switch	up	to	3A.	It	is	provided	in	the	SO-8	package	and	is	qualified	for	automotive	applications,	based	on	the	rigorous	AEC-Q101	standard.	This	device	can	also	be	used	to	control	a	single-phase	brushless	motor.ConclusionBrushed	DC	motors	may	seem	less	glamorous	than	their
brushless	cousins	but	they	deliver	reliable,	proven	performance	that	needs	less	complicated	drive	circuitry	keeping	overall	costs	to	a	minimum.Choosing	the	right	motor	for	any	given	application	depends	on	the	specific	requirements	of	that	application.	Is	precise	control	of	the	motors	position	required,	with	the	smoothness	of	motion	offered	by
brushless	motors,	or	can	a	simpler,	lower	cost	brushed	alternative	provide	a	better	solution?	Is	it	important	to	avoid	wear	and	maintenance,	which	a	brushless	motor	can	deliver,	or	does	the	application's	motor	operate	so	rarely	that	deterioration	of	the	brushes	and	commutator	is	a	low	priority?If	the	application	does	not	justify	the	higher	cost	and
complexity	that	come	with	the	features	offered	by	a	brushless	motor,	then	a	brushed	DC	motor,	coupled	with	the	right	drive	circuit	design,	can	still	provide	a	very	appealing	solution.This	article	discusses	the	distinctions	between	DC	motors	and	other	types	of	electric	motors,	including	the	various	types	of	DC	motors	and	their	respective	functionalities
and	control	mechanisms.	DC	motors	are	powered	by	direct	current	DC	motors	are	specifically	powered	by	direct	current.	They	possess	notable	features	such	as	the	capability	to	rotate	at	high	speeds	and	provide	high	starting	torque.	Due	to	these	characteristics,	they	find	extensive	applications	across	various	familiar	settings.	Generally,	DC	motors	can
be	categorized	into	two	main	groups:	brushed	DC	motors	and	brushless	DC	motors.What	distinguishes	a	DC	motor	from	other	types	of	electric	motors	Generally,	an	electric	motor	converts	electrical	energy	into	mechanical	energy,	resulting	in	rotational	motion	and	the	accomplishment	of	work.Types	of	electric	motorsElectric	motors	can	be	broadly
grouped	into	three	categories	based	on	their	internal	design	and	operational	principles.DC	motor	(powered	by	direct	current)AC	motor	(powered	by	alternating	current)Stepper	motor	(a	motor	that	rotates	one	step	at	a	time	in	response	to	electrical	pulses)The	table	below	describes	the	differences	between	DC	motors	and	other	types	of	electric
motors.	The	main	features	of	DC	motors	are:Ability	to	operate	at	high	speedHigh	starting	torqueMotor	speed	and	torque	can	be	controlled	by	voltage	Features	and	applications	of	DC	motors	DC	motor	type	1	-	brushed	DC	motor	Brushed	DC	motors	operate	through	the	mechanical	connection	between	their	commutator	and	brushes.	As	the	motor
rotates,	the	brushes	and	commutator	maintain	constant	contact.	However,	this	continuous	contact	leads	to	wear	and	tear	over	time,	which	can	eventually	result	in	motor	failure.	Consequently,	brushed	DC	motors	have	a	shorter	lifespan	compared	to	brushless	DC	motors	and	require	regular	maintenance.	Additionally,	the	constant	contact	between	the
brushes	and	commutator	generates	electrical	and	acoustic	noise	while	the	motor	is	in	operation.Furthermore,	brushed	DC	motors	can	be	classified	into	two	subtypes:	permanent	magnet	motors	and	electromagnet	motors,	each	possessing	distinct	characteristics.Permanent	magnet	brushed	DC	motorA	permanent	magnet	is	a	material	that	can	maintain
its	magnetism	for	an	extended	time	without	relying	on	an	external	magnetic	field	or	electrical	current.	When	the	stator	of	a	brushed	DC	motor	contains	permanent	magnets,	it	is	referred	to	as	a	permanent	magnet	brushed	DC	motors.Globally,	this	type	of	motor	finds	wide	application	in	various	fields,	such	as	auxiliary	automotive	motors,	as	well	as	in
model	cars	or	boats.	Furthermore,	based	on	the	rotor	design,	permanent	magnet	brushed	DC	motors	can	be	further	categorized	into	slotted,	slotless	and	coreless	motors.Electromagnet	brushed	DC	motorAn	electromagnet	is	composed	of	a	magnetic	core	and	a	surrounding	coil	of	wire.	It	becomes	magnetized	only	when	an	electric	current	is	passed
through	the	coil.	Electromagnet	brushed	DC	motors	generate	their	magnetic	flux	with	the	electromagnet.Electromagnet	motors	are	classified	into	three	types:	shunt	motors,	series	motors,	or	separately	excited	motors,	depending	on	the	connection	between	the	rotor	winding	and	field	winding.	These	configurations	are	typically	employed	in	mid-range
to	heavy-duty	motors,	offering	varying	levels	of	motor	output.How	do	brushed	DC	motors	work?	Brushed	DC	motors	feature	wound	coils	in	the	rotor,	surrounded	by	magnets	contained	in	the	stator.	The	two	ends	of	a	coil	are	connected	to	the	commutator.	In	turn,	the	commutator	is	linked	to	electrodes	known	as	brushes,	enabling	the	flow	of	direct
current	electric	power	through	the	brushes	and	coil	as	long	as	the	brushes	and	commutator	maintain	contact.However,	as	the	coil	rotates,	there	comes	a	point	where	the	brushes	and	commutator	lose	contact,	interrupting	the	current	flow	in	the	coil.	Despite	this,	the	momentum	of	the	coil	propels	it	to	keep	rotating.	As	the	consequence,	the	brushes
and	commutator	come	back	into	contact,	reestablishing	the	current	flow	through	a	different	coil.This	cycle	switching	of	current	flow	enables	the	brushed	DC	motor	to	continue	rotating.	Brushed	DC	motors	function	on	direct	current,	and	their	speed	can	be	easily	controlled	by	adjusting	the	applied	voltage.	Brushed	DC	motor	configuration	Drawback	of
brushed	DC	motors:	electric	noise	and	limited	lifespan	As	mentioned	earlier,	brushed	DC	motors	possess	a	simple	structure	yet	deliver	high	starting	torque	and	can	operate	at	high	speeds.	They	are	also	ease	of	use	and	can	function	without	a	drive	circuit	if	speed	control	is	not	necessary.	However,	brushed	DC	motors	do	have	disadvantages	to
consider.Tendency	to	generate	electrical	and	acoustic	noiseRelatively	short	lifespan	and	the	need	for	regular	maintenanceThe	generation	of	electrical	and	acoustic	noise	in	brushed	DC	motors	can	be	attributed	to	the	continuous	contact	between	the	brushes	and	commutator	during	motor	operation.The	limited	lifespan	of	brushed	DC	motor	is	an
important	factor	to	consider.	The	constant	contact	between	the	brushes	and	commutator	leads	to	gradual	deterioration	due	to	friction-induced	wear.	As	the	metal	brushes	wear	down,	their	ability	to	effectively	conduct	electric	power	diminishes.	Consequently,	the	motors	performance	is	compromised.	This	is	why	the	brushes	and	commutator	are
consumable	parts,	requiring	regular	inspection	or	replacement	as	part	of	maintenance.DC	motor	type	2	-	brushless	DC	(BLDC)	motor	Brushless	DC	motors	are	a	type	of	DC	motor	that	do	not	require	the	brushes	used	in	conventional	brushed	DC	motors.	They	do	not	rely	on	these	consumable	commutator	and	brushes,	resulting	in	longer	lifespans	and
reduced	maintenance	needs.	As	a	result,	brushless	DC	motors	are	being	increasingly	used.Another	advantage	of	brushless	DC	motors	is	the	elimination	of	electrical	and	acoustic	noise	caused	by	the	contact	between	the	brushes	and	the	commutator.	Consequently,	brushless	DC	motors	operate	quietly.Recent	years	have	seen	the	development	of	a	wide
variety	of	mechanisms	that	use	brushless	DC	motors,	especially	in	the	automotive	industry	as	well	as	in	home	appliances,	precision	machinery,	and	equipment	for	medical	applications.Brushless	DC	motors	that	use	permanent	magnets	in	the	rotor	are	called	permanent	magnet	brushless	DC	motors	(PM	motors)	or	permanent-magnet	synchronous
motors.	They	can	be	further	divided	into	the	following	types	based	on	how	the	permanent	magnet	is	fitted	into	the	rotor.SPM	motor:	The	permanent	magnets	are	attached	to	the	side	surface	of	the	rotor.IPM	motor:	The	permanent	magnets	are	embedded	in	the	interior	of	the	rotor.The	embedded	magnets	of	IPM	motors	make	them	mechanically	safer
than	SPM	motors	and	capable	of	faster	speeds.	SPM	and	IPM	for	inner-rotor	brushless	DC	motors	Outer-rotor	and	inner-rotor	motors	Brushless	DC	motors	can	be	typically	divided	into	outer-rotor	and	inner-rotor	motors.Outer-rotor	brushless	DC	motorAn	outer-rotor	brushless	DC	motor	feature	coils	located	on	the	inside	and	magnets	on	the	outside,
resulting	in	the	rotation	of	the	outer	circumference	of	the	motor.	While	this	configuration	increases	the	moment	of	inertia	of	the	rotor,	it	contributes	to	a	stable	and	consistent	rotation.Inner-rotor	brushless	DC	motorAn	inner-rotor	brushless	DC	motor	utilizes	magnets	as	the	internal	rotor	and	coils	as	the	external	stator.	The	advantage	of	this
configuration	is	that	the	rotor	has	a	low	moment	of	inertia,	enabling	precise	control.How	do	brushless	DC	motors	work?	Making	an	electric	motor	rotate	requires	that	the	direction	of	current	flow	through	the	motor	windings	(coils)	is	alternated	in	order	to	generate	a	rotating	magnetic	field.	In	the	case	of	brushed	DC	motors,	this	is	achieved	through
the	mechanical	action	of	brushes	and	commutator.	Then	how	do	brushless	DC	motors,	which	dont	have	these	parts,	generate	the	rotating	magnetic	field,	and	turn?Instead	of	a	commutator	and	brushes,	brushless	DC	motors	use	semiconductor	switches.	Brushless	DC	motors	generally	have	three	coils,	with	semiconductor	switches	connected	to	each	of
these.	Turning	the	semiconductor	switches	on	and	off	in	the	correct	sequence	alternates	the	current	flow,	which	generates	the	rotating	magnetic	field	that	causes	the	motor	to	turn.	Accordingly,	the	motors	require	a	drive	circuit	to	perform	this	sequencing.	Furthermore,	the	semiconductor	switches	are	switched	by	detecting	the	orientation	of	the
permanent	magnet	rotor,	using	a	magnetic	sensor	(typically	a	hall	sensor).Controlling	brushless	DC	motor	The	three	coils	of	a	brushless	DC	motor	are	connected	together	at	one	end,	so	by	connecting	the	other	end	of	one	coil	to	the	positive	pole,	and	that	of	another	coil	to	the	negative	pole,	causes	current	to	flow	through	both	of	these	two	coils.	Two
semiconductor	switches	are	connected	to	each	coil,	one	of	which	connects	to	the	positive	pole	and	the	other	to	the	negative	pole.	This	gives	a	total	of	six	switches,	which,	when	turned	on	and	off	in	the	correct	sequence,	causes	the	motor	to	rotate.	The	timing	of	this	switching	is	determined	based	on	rotor	orientation,	which	is	detected	by	a	hall
sensor.In	other	words,	turning	the	semiconductor	switches	on	and	off	in	the	correct	sequence	generates	the	rotating	magnetic	field	that	causes	the	brushless	DC	motor	to	rotate.	And	thus,	a	drive	circuit	is	needed	to	perform	this	sequence	of	steps.	Excitation	sequence	of	brushless	DC	motor	Configuration	of	brushless	DC	motor	drive	circuitDrive
circuits	are	made	up	of	the	following	main	elements.Rotational	position	sensorA	hall	sensor	that	detects	the	N	and	S	poles	of	the	rotor	magnet.Position	detection	circuitA	circuit	that	converts	the	signal	from	the	hall	sensor	into	a	digital	logic	signal.Logic	circuitBased	on	the	signal	from	the	rotor	position	detection	sensor,	this	circuit	outputs	the
sequencing	that	controls	the	direction	of	current	flow	through	each	coil.Pre-drive	circuitA	circuit	that	converts	the	sequencing	signals	into	the	signals	for	turning	the	semiconductor	switches	on	and	off.Semiconductor	switchesTypically,	six	semiconductor	switches	are	used.	These	are	turned	on	and	off	in	accordance	with	the	sequencing	signals	to
achieve	the	current	flow	through	the	coils	needed	to	make	the	motor	rotate.Motor	drive	power	supplyPower	supplies	are	required	to	provide	the	current	flow	through	the	motor	coils	and	to	power	the	logic	and	sensor	circuits.	Diagram	of	brushless	DC	motor	sensor,	control	circuit	and	drive	circuit	Brushless	DC	motors	offer	high	performance	without
the	issues	of	noise	and	limited	lifespan	that	are	commonly	associated	with	brushed	DC	motors.	While	they	do	require	a	drive	circuit,	brushless	DC	motors	overcome	these	challenges.Advantages	and	disadvantages	of	the	two	types	of	DC	motors	Brushed	DC	motors	are	currently	the	most	commonly	used	because	they	are	easy	to	miniaturize	and	provide
good	control	of	rotation	together	with	high	efficiency.Brushless	DC	motors,	on	the	other	hand,	benefit	from	long	life,	ease	of	maintenance,	and	low	noise	because	they	do	not	have	the	brushes	and	commutators,	which	are	the	downsides	of	brushed	DC	motors.Features	of	brushed	DC	motorsAdvantagesNo	need	for	a	drive	circuit	when	running	at
constant	speedHigh-efficiency	designAble	to	operate	at	high	speedHigh	startup	torqueResponsive	and	easy	to	use	as	speed	and	torque	can	be	controlled	by	voltageDisadvantagesMotor	life	is	shortened	by	the	need	for	brushes	and	a	commutator,	which	are	subject	to	wearThe	brushes	generate	both	electrical	and	acoustic	noiseFeatures	of	brushless	DC
motorsAdvantagesLack	of	brushes	means	long	motor	lifeHigh-efficiency	designStability	of	speed	controlAble	to	operate	at	high	speedHigh	startup	torqueDisadvantagesA	drive	circuit	is	requiredOvercoming	your	problems	with	brushless	DC	motors	ASPINA	specializes	in	brushless	DC	motors	among	various	types	of	DC	motors.	We	not	only	develop
standalone	brushless	DC	motors	but	also	provide	system	products	that	incorporate	drive	and	control	systems	along	with	mechanical	design.	Our	comprehensive	support	extends	from	prototyping	to	commercial	production	and	after-sales	service.At	ASPINA,	we	understand	the	diverse	needs	of	different	industries,	applications,	and	customer	products,
as	well	as	your	specific	production	arrangements.	That	is	why	we	offer	customized	solutions	tailored	to	meet	the	specific	functions	and	performance	requirements	of	your	project.We	are	here	to	support	not	only	customers	who	have	clear	requirements	or	specifications	but	also	those	who	face	challenges	during	the	early	stages	of	product	development.
Are	you	struggling	with	any	of	the	following	concerns?Motor	selectionDo	you	need	advice	or	drive	systems	on	motors	even	if	you	do	not	have	detailed	specifications	or	design	drawings	yet?Are	you	lacking	in-house	expertise	to	identify	the	best	motor	for	your	new	product?Motor	and	associated	component	developmentWould	you	like	to	focus	your
resources	on	core	technology	while	outsourcing	drive	systems	and	motor	development?Do	you	want	to	save	time	and	effort	to	avoid	redesign	of	existing	mechanical	components	when	replacing	the	motor?Unique	requirementAre	you	in	need	of	a	custom	motor	for	your	product	after	being	declined	by	your	usual	vendor?Have	you	been	unable	to	find	a
motor	that	provides	the	control	you	require,	causing	you	to	feel	hopeless?Need	solutions	to	these	problems?	Get	in	touch	with	ASPINA	now.	Were	here	to	assist	you.	Contact	ASPINA	Page	2An	actuator	is	a	device	that	combines	a	source	of	motive	power	with	mechanical	components	to	perform	mechanical	operations.	An	electric	motor	is	one	example.
The	ability	to	control	the	force,	speed,	angle,	and	other	parameters	associated	with	operations	performed	by	an	actuator	means	these	devices	play	an	integral	role	in	mechatronics*1.	Technology	that	combines	mechanical	and	electronic	engineering.How	actuators	work	Actuators	operate	using	a	combination	of	a	motor	and	mechanical	drive
mechanism.	By	transmitting	motor	torque	to	the	drive	mechanism,	actuators	can	convert	it	to	motion	that	include	linear	or	helical	motion,	as	well	as	rotation.	This	enables	actuators	to	drive	a	wide	variety	of	devices.Actuators	can	be	used	to	convert	the	rotation	of	a	motor	or	other	drive	sources	into	different	types	of	motion	such	as	the	following.Linear
motionMovement	in	a	straight	line.	Applications	include	the	opening	and	closing	movement	of	automatic	doors.Oscillatory	motionBack	and	forth	movement	over	a	fixed	angle.	Applications	include	robot	joints	and	vehicle	stabilizers	(active	suspension)	.Orthogonal	motionTwo	linear	motions	at	right	angles	to	each	other.	Applications	include	seismic
isolators	for	buildings.Rotational	motionRotation	of	360	or	more,	used	in	applications	such	as	robot	joints.Helical	motionA	combination	of	linear	and	rotational	motion.History	of	actuators	Waterwheels	and	windmills	can	also	be	thought	of	as	actuators,	and	in	this	sense,	the	history	of	these	devices	go	back	to	ancient	times.Nevertheless,	the	emergence
of	actuators	in	the	modern	sense	did	not	occur	until	the	industrial	revolution	was	underway.	The	spread	of	the	steam	engine	and	the	arrival	of	different	types	of	internal	combustion	engines	led	to	the	development	of	various	actuators	for	driving	machinery.Equipment	such	as	press	machines,	elevators,	and	draw	bridges	operated	by	water	pressure
began	appearing	in	the	19th	century,	accompanied	also	by	growing	use	of	pneumatics	for	things	like	the	airbrakes	in	railway	vehicles	or	to	open	and	close	automatic	doors.	Hydraulics	entered	use	in	the	20th	century	and	the	world's	first	wheelchair	with	electric	actuators	was	invented	in	1979,	leading	to	applications	in	a	wide	range	of	fields.Electric
actuators	driven	by	small	electric	motors	are	now	commonplace,	being	found	in	a	wide	range	of	products	such	as	robots,	cars,	and	home	appliances,	and	are	underpinning	our	industry,	society,	and	everyday	life.Types	of	actuators	While	many	different	types	of	actuators	exist,	they	can	be	grouped	into	the	following	categories	based	on	how	they	are
driven.Electric	actuatorsThe	electric	motor	is	a	typical	example	of	an	electrically	driven	actuator.	As	they	can	be	reduced	in	size	easily,	they	are	suitable	for	use	in	a	wide	range	of	products.Servo	motorsServo	motors	provide	control	of	position,	speed,	and	torque.Stepper	motorsStepper	motors	feature	the	precision	of	being	able	to	rotate	by	a	small
fixed	angle.Linear	motorsThese	operate	on	the	same	principle	as	an	electric	motor	but	provide	linear	motion.Hydraulic	actuatorsThese	actuators	are	driven	by	the	pressure	of	hydraulic	fluid.	Their	ability	to	deliver	large	amount	of	power	means	they	can	be	used	in	construction	machinery	and	other	heavy-duty	equipment.Hydraulic	cylindersThe	piston



in	a	cylinder	is	moved	up	and	down	by	the	pressure	of	hydraulic	fluid.Hydraulic	motorsA	motor	that	rotates	by	means	of	hydraulic	pressure.Pneumatic	actuatorsThese	actuators	are	driven	by	pressurized	air.	They	feature	both	simple	mechanical	design	and	flexible	operation.Pneumatic	cylindersThe	piston	in	a	cylinder	is	moved	up	and	down	by	air
pressure.Pneumatic	motorsA	motor	that	rotates	by	means	of	air	pressure.Other	types	of	actuatorsShape-memory	alloy	actuatorActuators	that	take	advantage	of	the	characteristic	of	alloys	that	deform	with	changes	in	temperature.Ultrasonic	motorsMotors	driven	by	ultrasonic	vibrations.Uses	for	actuators	Actuators	are	used	for	a	wide	variety	of
purposes	and	are	incorporated	into	many	different	types	of	equipment	and	machinery.Windscreen	wipersPower	windowsVehicle	door	mirrorsElectric	sunroofsVehicle	door	locksMagnetic	heads	in	hard	disk	drivesAircraft	undercarriageAircraft	steering	controlsRobot	jointsTunnel	boring	machinesSeismic	isolators	for	commercial	or	residential
buildingsMaglev	trainsLarge	amusement	gamesAstronomical	telescopesPositioning	of	arms	and	other	construction	machinery	attachmentsLifting	apparatus	used	in	medical	equipmentUltrasound	diagnostic	imaging	devicesCamera	zoom	mechanismVending	machinesProjector	micro-mirrorThe	following	are	some	examples	of	where	ASPINA	actuators
are	used.Power-assist	suitsThese	suits	assist	the	wearer	with	bending	and	walking	when	carrying	or	relocating	heavy	objects,	or	moving	up	and	down	slopes.	Along	with	its	high	power,	ASPINA's	actuator	features	a	slim	and	lightweight	design	that	does	not	impede	the	wearer's	movements.Mobility	assistThis	provides	users	with	the	ability	to	move
about.	Motorized	wheelchairs,	for	example,	reduce	the	burden	on	care-givers.	As	well	as	powering	low-speed	movement,	the	actuator	can	also	be	used	to	adjust	the	position	and	orientation	of	a	wheelchair.Simple	automatic	guided	vehicles	(AGVs)These	are	autonomous	vehicles	used	for	transportation	tasks.	A	four-wheel	vehicle	equipped	with	ASPINA
actuators	has	a	carrying	capacity	of	about	300kg	(including	the	vehicle	itself)	.Overcoming	your	problems	with	ASPINA	actuators	The	range	of	applications	for	actuators	is	expanding	as	the	devices	improve	in	performance	and	become	lighter	and	slimmer.	These	applications	include	power-assist	suits	and	motorized	wheelchairs	for	assisting	human
movement,	service	robots,	and	automatic	guided	vehicles	(AGVs)	.Along	with	the	actuators	themselves,	ASPINA	also	develops	integrated	systems	that	include	drive	circuits,	communication	technology,	and	other	such	features.	We	will	continue	to	deliver	further	technical	innovation	to	match	your	needs.Links	to	glossary	and	FAQs	pages	Page	3A
Permanent	Split	Capacitor	(PSC)	Motor	is	a	type	of	single-phase	AC	motor;	more	specifically,	a	type	of	split-phase	induction	motor	in	which	the	capacitor	is	permanently	connected	(as	opposed	to	only	being	connected	when	starting).AC	motors	can	be	divided	into	single-	and	three-phase	motors	depending	on	whether	they	are	driven	by	a	single*1-	or
three-phase*2	power	supply.A	number	of	different	types	exist	for	single-phase	induction	motors.	One	of	these	involves	using	a	capacitor*3	to	generate	a	magnetic	field	in	such	a	way	that	it	simulates	a	second	power	supply	phase,	thereby	generating	the	torque	needed	to	start	the	motor	rotating*4.	Such	motors	are	called	"capacitor	start	motors"	to
reflect	the	use	of	a	capacitor	for	this	purpose.	The	category	also	includes	motors	in	which	the	capacitor	remains	connected	at	all	times	(not	just	when	starting)	and	these	are	called	"capacitor	run	motors"	or	"permanent	capacitor	motors".	Single-phase:	The	type	of	power	supply	used	in	residential	homes.	Three-phase:	The	type	of	power	supply
generated	at	power	plants	and	supplied	to	factories	and	other	industrial	loads.	Capacitor:	An	electronic	device	that	is	able	to	accumulate	and	discharge	electrical	energy,	also	known	historically	as	a	condenser.	An	alternative	design	of	single-phase	induction	motor	that	does	not	use	a	capacitor	is	the	shaded-pole	motor.	In	addition	to	capacitor	start
motors,	two	other	single-phase	induction	motor	designs	that	do	not	require	a	capacitor	to	generate	a	starting	torque	are	the	split-phase	induction	motor	and	the	shaded-pole	motor.How	PSC	motors	work	To	use	a	single-phase	power	supply	available	in	residential	homes	to	drive	a	motor,	there	is	a	need	for	a	mechanism	to	start	the	motor	rotating.	A
PSC	motor	does	this	by	having	separate	main	and	secondary	windings	(as	shown	in	the	diagram),	with	the	main	winding	connected	directly	to	the	power	supply	and	the	secondary	windings	connected	via	a	capacitor.When	the	power	supply	is	turned	on,	the	current	flows	first	in	the	main	winding	and	then,	with	a	short	delay	due	to	the	capacitor,	in	the
secondary	winding.	This	difference	in	the	main	and	secondary	winding	currents	takes	the	form	of	a	phase	difference	(meaning	their	waveforms	are	offset	from	one	another	on	the	time	axis),	causing	the	peak	magnetic	field	to	alternate	between	the	two	windings	and	thereby	generating	a	torque	that	starts	the	motor	rotation.Background	to	development
of	PSC	motors	One	of	the	principles	behind	the	single-phase	induction	motor	(PSC	motor)	is	the	phenomenon	of	"Arago's	rotations"	discovered	by	Franois	Arago	in	1824.	His	discovery	was	that,	when	a	magnet	is	rotated	adjacent	to	a	disk	of	non-magnetic	material	(a	metal	such	as	copper	or	aluminum	that	is	not	attracted	by	a	magnet),	the	disk	also
starts	to	rotate	along	with	the	magnet.At	end	of	the	19th	century,	Nikola	Tesla,	recognized	as	one	of	the	main	proponents	of	the	alternating	current	(AC)	electricity	system,	invented	the	first	practical	induction	motor	and	established	the	associated	technologies,	leading	to	the	extensive	uptake	of	AC	motors	in	industry.	The	subsequent	emergence	of
simple	and	low-cost	single-phase	induction	motors	that	featured	ease	of	use	and	compactness	led	to	even	more	widespread	use	of	these	motors	to	power	home	appliances	and	other	machinery	in	a	variety	of	settings,	including	homes	and	small/medium	scale	factories.Nowadays,	however,	electronically	commutated	(EC)	motors	have	become
commonplace	in	a	wide	range	of	fields,	being	both	more	efficient	and	easier	to	use	than	single-phase	induction	motors.	These	EC	motors	are	commonly	known	as	brushless	direct	current	(BLDC)	motors.Comparison	of	PSC	motor	and	EC	motors	While	capacitor	motors	are	practical	and	easy	to	use,	EC	motors	have	come	to	be	widely	used	in	a	diverse
range	of	applications	due	to	advantages	that	include	superior	energy	efficiency	and	easier	control	of	speed	and	other	aspects	of	motor	performance.The	following	table	lists	the	advantages	and	disadvantages	of	the	two	types	of	motor.	Applications	for	PSC	motors	and	EC	motors	While	the	ability	of	PSC	motors	to	run	on	familiar	single-phase	power	has
led	to	their	widespread	use	in	areas	like	the	common	household,	small	scale	factories	and	agriculture,	the	use	of	EC	motors	has	increased	in	recent	years.Applications	for	EC	motors	include	the	following.Air	conditioningHome	appliancesWater	heaters	and	burner	unitsEnvironmental	equipmentBathroom	productsVending	machinesFreezer	and
refrigerator	display	cabinetsATMs,	bill	change	machines,	foreign	exchange	machines,	ticket	vending	machinesClean	roomsOptical	productsPrintersCopiersHealthcare	equipmentCommercial	equipmentPage	4A	blower	is	a	device	that	pushes	out	gases	by	imparting	energy	to	increase	its	pressure	and	speed.They	range	from	the	large	blowers	found	in
applications	such	as	production	machinery	and	clean	rooms,	to	the	small	blowers	built	into	devices	such	as	home	appliances	or	personal	computers,	and	are	used	to	blow	air	for	exhausting	ventilation	or	cooling.How	blowers	work	There	are	a	variety	of	different	types	of	blowers.	The	following	example	is	of	a	brushless	DC	blower	from	ASPINA.This
blower	is	a	centrifugal	turbo	type	and	is	shaped	like	a	snail	shell.	This	blower	contains	a	cylindrical	impeller.	The	air	is	drawn	in	is	pressurized	by	the	centrifugal	force	imparted	by	the	impeller	rotation,	and	this	pressurized	air	is	then	discharged.History	of	blowers	Historically,	among	the	very	first	blowers	were	the	bellows	used	to	supply	air	during
the	smelting	of	iron.	Mentions	of	these	bellows	can	be	found	in	the	literature	of	ancient	Rome	and	China.	Bellows	were	at	first	manually	operated,	then	underwent	various	enhancements	over	time	including	the	use	of	water	power,	evolving	into	an	efficient	means	of	supplying	air.In	more	recent	times,	the	arrival	of	new	power	sources	such	as	steam
and	electricity	led	to	the	development	of	a	variety	of	other	pneumatic	(air-driven)	equipment.	Example	applications	include	air	brakes	in	steam	locomotives	and	the	opening	and	closing	of	automatic	doors.Nowadays,	blowers	and	compressors	used	in	various	industries,	and	are	built	into	equipment	such	as	sorting	or	transportation	machines,	and
processing	or	assembly,	and	packaging	equipment.	They	are	also	found	in	products	such	as	computers	and	home	appliances,	where	they	facilitate	size	reduction	and	performance	enhancement.Definition	of	blower	The	American	Society	of	Mechanical	Engineers	(ASME)	defines	the	difference	between	compressors,	blowers,	and	fans	in	terms	of
discharge	pressure/suction	pressure	ratio	as	follows:Fans:	Up	to	1.11Blowers:	1.11	to	1.20Compressors:	1.20	or	moreAs	you	can	see,	blowers	occupy	the	middle	range	between	fans	and	compressors.Types	of	blowers	While	blowers	come	in	many	different	types,	ASPINA	supplies	centrifugal	blowers;	mainly	multi	blade	or	turbo	types.Multi	blade
typeThe	air	flow	is	perpendicular	to	the	axis	of	rotation,	and	the	blades	are	typically	angled	forward	in	the	direction	of	rotation.	These	types	tend	to	be	mid-range	in	terms	of	flow	rate	and	pressure,	and	are	used	in	applications	such	as	duct	ventilation,	air	conditioning,	and	cooling.Turbo	typeThe	air	flow	is	perpendicular	to	the	axis	of	rotation	and	the
blades	are	typically	angled	backward	with	respect	to	the	direction	of	rotation.	These	types	tend	to	feature	a	low	flow	rate	and	high	pressure,	and	are	used	in	applications	such	as	vacuum	cleaners	and	dryers.Uses	for	blowers	Air	intakeAir	intake	at	manufacturing	plants	where	machinery	such	as	presses	or	welding	machines	are	usedSuctionSuction	to
hold	objects	in	place	at	food,	textile,	and	other	such	manufacturing	plantsVacuum	grippingSuction	for	vacuum	packing	vegetables	or	to	hold	and	lift	paper	or	other	processing	materialsTransportationTransportation	in	equipment	such	as	pneumatic	tubes	or	powdered	material	transportersDust	extractionDust	extraction	at	manufacturing	plants	where
grinding	is	performed	or	powdered	materials	are	usedVentilationVentilation	at	worksites,	trains,	clean	rooms,	etc.Air	supplySupply	of	air	to	gas	burners,	incinerators,	or	medical	equipmentBlowingBlowing	for	pipe	cleaning,	sandblasting,	etc.AerationAeration	of	septic	tanks	or	oxygen	supply	to	aquaculture	pondsDrying	or	coolingDrying	or	cooling
processing	materials	on	a	production	lineAir	brushesVacuum	cleanersDryersAir	conditioningHumidifiersVentilation	fansWater	heatersCutting	plottersCopiersPrinters3D	printersAir	cleanersTelecommunication	equipmentMedical	equipmentHome	fuel	cellsAutomotive	equipmentServersPersonal	computersProjectorsLeaf	blowersOvercoming	your
problems	with	ASPINA's	advanced	blower	technology	The	key	to	blower	development	is	to	study	the	electric	motor,	fan,	casing,	circuitry,	and	other	components	in	detail	to	build	up	an	accurate	understanding	of	where	performance	losses	occur.	ASPINA	draws	on	their	expertise	built	up	through	many	years	of	blower	development,	not	only	to	optimize
fans	and	their	motors	and	improve	their	performance,	but	also	to	make	them	smaller,	lighter,	have	longer	operating	times,	and	able	to	run	quietly	with	low	vibration.Along	with	providing	greater	flexibility	in	product	design,	ASPINA	blowers	can	help	reduce	costs.	ASPINA	also	has	extensive	scope	for	customization,	so	please	don't	hesitate	to	contact
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for	Isolated	Signaling	in	Industrial	and	Computer	Applications	July	18,	2025	An	Electrical	Motor	is	a	machine	that	converts	electrical	energy	into	mechanical	energy.	It	is	used	for	generating	torque	to	lift	loads,	move	objects	&	various	other	mechanical	work.	In	the	following	article,	we	will	discuss	the	different	types	of	electric	motors	such	as	AC,	DC
and	special	types	of	motors	etc.An	electrical	motor	is	mainly	classified	into	three	types.AC	MotorsDC	MotorsSpecial	Motors	AC	MotorThe	AC	electric	motor	converts	AC	(Alternating	Current)	electrical	energy	into	mechanical	energy.	These	electric	motors	are	powered	using	a	single-phase	or	three-phase	alternating	current.	The	basic	working
principle	of	AC	motor	is	the	rotating	magnetic	field	(RMF)	generated	by	the	stator	winding	when	an	alternating	current	is	passed	through	it.	The	rotor	(having	its	own	magnetic	field)	follows	the	RMF	&	starts	rotation.The	AC	motors	are	further	classified	into	two	types.	Synchronous	MotorAsynchronous	or	Induction	MotorSynchronous	MotorAs	its
name	suggests,	such	AC	motor	has	a	constant	speed	called	synchronous	speed	that	only	depends	on	the	frequency	of	the	supply	current.	The	speed	of	such	electric	motors	only	varies	with	variation	in	supply	frequency	&	remains	constant	upon	varying	loads.	It	is	used	for	constant	speed	application	&	precision	control.A	synchronous	motor	has	the
same	stator	design	as	asynchronous	motor	&	it	generates	a	rotating	magnetic	field	when	supplied	with	input	alternating	current.	While	the	rotor	design	may	vary	i.e.	it	uses	a	separate	DC	excitation	to	generate	its	own	magnetic	field.Related	Post:	Difference	between	Synchronous	and	Asynchronous	MotorExcited	Synchronous	MotorSuch	synchronous
motor	requires	DC	excitation.	The	DC	excitation	means	that	the	rotor	has	a	separate	DC	supply	to	generate	its	own	magnetic	flux.	This	flux	reacts	with	the	revolving	flux	of	the	stator	to	generate	rotation.	The	utilize	wire	wound	rotor	with	commutator	&	brushes	assembly	to	supply	current	to	the	rotors	windings.Single	Phase	Synchronous	MotorSuch
synchronous	motor	runs	on	single-phase	AC	supply.	To	be	precise,	it	actually	uses	two-phase,	the	second	one	being	derived	from	the	first	phase.	The	reason	for	using	two	phases	is	that	a	single	phase	cannot	generate	a	rotating	magnetic	field.	Such	motor	can	start	in	either	direction	i.e.	its	direction	is	unidentified,	which	is	why	there	is	an	extra
starting	arrangement	used	for	giving	it	a	direction.The	speed	of	such	a	motor	only	depends	on	the	supply	frequency.	They	are	used	in	recording	instruments,	electric	wall	clocks.Three	Phase	Synchronous	MotorThese	synchronous	motor	runs	on	three-phase	power	supply.	The	benefit	of	a	three-phase	alternating	current	is	that	it	generates	a	rotating
magnetic	field	in	the	stator	while	the	arrangement	of	the	phases	decides	the	direction	of	the	rotation.	These	motor	does	not	need	any	special	starting	mechanism	to	decide	its	direction.	However,	the	rotor	still	needs	an	extra	DC	source	for	excitation.	They	are	used	in	industries	for	applications	that	require	constant	speed	over	a	range	of	loads	&
require	precise	positioning	in	robotics.Unexcited	Synchronous	Motor	Such	synchronous	motor	that	does	not	require	DC	excitation	i.e.	the	rotor	does	not	require	separate	DC	supply	for	generating	magnetic	flux.	They	utilize	squirrel	cage	rotors	such	as	the	one	used	in	induction	motor.Reluctance	MotorIt	is	a	single-phase	synchronous	motor	that	works
on	the	principle	of	generating	torque	based	on	the	magnetic	reluctance.	There	are	two	types	of	stator	windings	i.e.	main	windings	&	auxiliary	windings.	The	auxiliary	windings	in	used	for	starting	the	motor.	It	has	a	squirrel	cage	type	rotor	(with	no	windings)	just	like	in	an	induction	motor	made	of	ferromagnetic	material.The	motor	starts	like	an	actual
single	phase	induction	motor	using	the	auxiliary	winding.	Once	the	motor	reach	near	synchronous	speed,	the	auxiliary	winding	is	disconnected	&	the	rotor	is	locked	in	synchronism	due	to	the	rotors	ferromagnetic	nature	trying	to	keeping	itself	in	the	less	reluctance	position	inside	the	rotating	magnetic	field.Related	Posts:	Hysteresis	MotorSuch	type	of
synchronous	motor	works	on	the	principle	of	hysteresis	loss	or	residual	magnetism	occurring	in	the	rotor.	Such	electric	motors	are	operated	using	single-phase	as	well	as	three-phase	AC	supply.	in	a	single-phase	hysteresis	motor,	there	is	an	auxiliary	winding	beside	the	main	winding	as	in	a	reluctance	motor.	The	rotor	which	is	in	a	cylindrical	shape	is
made	of	ferromagnetic	material	with	high	magnetic	retentivity	or	hysteresis	loss	such	as	hardened	steel.	The	rotor	is	supported	by	a	non-magnetic	shaft.The	motor	starts	as	an	induction	motor.	The	stators	rotating	magnetic	field	induces	eddy	current	in	the	rotor.	The	eddy	current	generates	torque	along	with	the	hysteresis	torque	due	to	the	high
hysteresis	loss	property	of	the	rotors	material.	Due	to	the	eddy	current	torque,	the	motor	behaves	as	an	induction	motor.	Once	the	motor	reaches	the	near	synchronous	speed,	the	stators	rotating	magnetic	field	pulls	the	rotor	in	synchronism.	The	rotor	ferromagnetic	nature	produces	opposite	magnetic	poles	due	to	the	stators	RMF	&	it	starts	behaving
as	a	permanent	magnet.	At	such	speed,	there	is	no	relative	motion	between	stator	&	rotor.	So	there	is	no	induction.	Therefore,	there	is	no	eddy	current	or	eddy	current	torque.	The	torque	produced	by	the	motor	in	synchronous	speed	in	due	to	hysteresis	which	is	why	it	is	named	Hysteresis	motor.The	main	advantage	of	a	hysteresis	motor	is	that	it	is
brushless	&	there	are	no	windings	inside	the	rotor.	It	does	not	generate	any	noise	&	it	operates	quietly.	DisadvantagesIt	generates	very	low	torqueIf	the	load	torque	increases	a	certain	limit,	its	speed	drops	thus	it	no	longer	operate	as	synchronous	motorIt	has	less	efficiencyIt	is	only	available	in	small	sizes.It	is	used	in	record	players	that	require
constant	speed	for	recording	&	playback	features.	Also	electric	clock	requires	constant	speed	etc.Asynchronous	MotorThe	type	of	AC	motor	that	never	runs	at	synchronous	speed	is	called	asynchronous	speed.	Its	rotor	speed	is	always	less	than	the	synchronous	speed.	It	does	not	require	separate	rotor	excitation.The	asynchronous	motors	are	briefly
classified	into	two	types;Induction	MotorCommutator	MotorInduction	MotorThe	induction	motor	is	a	type	of	AC	asynchronous	motor	that	works	on	the	principle	of	electromagnetic	induction	between	the	stator	&	the	rotor.	The	revolving	magnetic	flux	induces	a	current	in	the	rotor	due	to	electromagnetic	induction	which	produces	torque	in	the	rotor.	It
is	the	most	used	electrical	motor	in	industries.	It	is	mainly	divided	into	two	types	based	on	the	construction	of	its	rotor.Related	Posts:	Squirrel	Cage	Induction	MotorThe	rotor	of	such	an	induction	motor	resembles	a	squirrel	cage.	It	is	made	from	copper	bars	connected	at	both	ends	using	a	conductive	ring	to	make	a	closed-loop	circuit.	There	is	no
electrical	connection	to	the	rotor.The	stators	varying	magnetic	field	induces	a	current	in	the	rotors	bars.	The	induced	current	generates	its	own	magnetic	field	in	the	rotor	which	interacts	with	the	stators	revolving	magnetic	field	&	tries	to	eliminate	it	by	revolving	with	it	in	the	same	direction.It	has	a	simple	design,	inexpensive	&	it	is	more	reliable.
Since	there	are	no	electrical	connection	or	commutator	&	brush	assembly,	it	requires	less	maintenance.Slip	Ring	or	Wound	Rotor	Induction	MotorA	slip	ring	or	wound	rotor	induction	motor	is	another	type	of	induction	motor	where	the	rotor	is	made	of	windings	that	are	connected	with	the	slip	rings.	The	slip	rings	are	used	to	connect	the	windings	to
external	resistors	for	controlling	the	rotor	current	&	hence	allowing	the	control	of	speed/torque	characteristics.It	has	the	same	operation	principle	as	squirrel	cage	induction	motor	except	for	the	induced	current	in	the	rotor	can	be	controlled	using	the	external	resistors.	The	external	resistance	also	helps	to	increase	the	rotor	resistance	during	the
startup	of	the	motor	to	reduce	the	high	inrush	current.	It	also	increases	the	starting	torque	to	left	high	inertia	loads.	The	downside	of	slip	rings	is	that	it	constantly	slides	with	the	brushes	that	require	costly	maintenance	due	to	mechanical	wear	&	tear.	The	construction	is	complex	&	it	is	more	expensive	than	a	squirrel	cage	motor.Related	Post:
Difference	Between	Single	Phase	&	Three	Phase	Induction	MotorCapacitorStart	InductionRun	MotorIt	is	a	single-phase	induction	motor	that	utilizes	a	capacitor	in	series	with	its	auxiliary	winding	to	generate	extra	torque	during	its	startup.	Its	name	clearly	suggests	that	the	capacitor	is	only	used	for	starting	the	motor	&	it	is	disconnected	once	the
motor	reaches	near	synchronous	speed	using	a	centrifugal	switch.It	has	two	stator	windings	called	main	windings	&	auxiliary	winding.	The	auxiliary	winding	is	connected	in	series	with	the	capacitor	using	a	centrifugal	switch.	When	the	motor	starts,	the	current	flows	through	both	windings	generating	high	starting	torque.	Once	the	motor	reaches	70-
80%	full	speed,	the	centrifugal	switch	disconnected	the	supply	to	the	auxiliary	windings.	The	motor	resume	operating	on	the	main	winding.CapacitorStartandCapacitor	Run	MotorIt	is	also	a	single-phase	induction	motor	but	it	utilizes	two	capacitors	in	its	operation.	The	two	capacitors	are	the	start	capacitor	&	run	capacitor.	The	start	capacitor	is	used
for	only	starting	the	capacitor	to	offer	extra	high	starting	torque	while	the	run	capacitor	is	used	continuously	for	normal	operation	to	run	the	motor.	The	starting	capacitor	is	connected	&	disconnected	using	a	centrifugal	switch.When	the	motor	starts,	both	capacitors	are	connected	offering	high	starting	torque	to	the	rotor.	As	the	rotors	speed	pickup,
the	switch	disconnects	the	starting	capacitor.	Such	motor	uses	both	main	&	auxiliary	winding	continuously	which	is	why	its	operation	is	smoother	than	the	motor	running	on	main	windings	only	such	as	capacitor	run	motors.	Related	Post:What	is	the	Role	of	Capacitor	in	a	Ceiling	Fan	Motors?Commutator	MotorThis	is	a	type	of	AC	motor	that	utilizes
commutator	&	brush	assembly	to	supply	power	to	its	rotor.	Such	electric	motors	have	wound-type	rotor.AC	Series	MotorAs	we	know,	electric	motors	have	two	types	of	windings	i.e.	the	stator	windings	known	as	the	field	windings	&	the	rotor	windings	or	armature	windings.When	these	both	windings	are	connected	in	series	it	is	known	as	series	wound
motor.	It	is	also	known	as	universal	motor	due	to	its	capability	to	run	on	both	AC	&	DC	supply	as	well.The	field	windings	carry	the	same	amount	of	current	as	the	rotor	windings.	The	brushes	that	supply	current	to	the	armature	winding	through	the	commutator	shorts	the	armature	windings	&	acts	as	a	shorted	transformer.	The	brushes	generate	arcs
that	decrease	with	the	increase	in	speed.AC	Compensated	Series	MotorIt	is	a	modified	form	of	AC	series	motor	where	an	additional	winding	known	as	compensating	winding	is	added	in	series	with	the	existing	field	&	armature	windings	to	eliminate	the	transformer	effect	that	happens	in	an	uncompensated	series	motor.	The	compensating	winding	is
added	in	the	stator	besides	the	field	windings	&	it	is	connected	as	shown	in	the	figure	to	eliminate	or	mitigate	the	arcing	problem.Related	Posts:	Repulsion	MotorRepulsion	motor	is	also	an	AC	single	phase	motor	where	the	AC	input	is	only	applied	to	the	field	or	stator	windings.	The	armature	windings	are	connected	to	the	commutator.	The	armature
windings	are	shorted	by	using	a	pair	of	shorted	brushes.	There	is	no	electrical	connection	between	the	field	windings	&	armature	windings.	The	rotor	current	is	generated	through	induction.The	brushes	are	configured	in	such	a	way	that	it	can	be	moved	to	change	its	angle	with	respect	to	an	imaginary	stator	axis.	The	motor	can	be	stopped,	start	&
reversed	by	changing	the	angle	of	the	brushes	&	also	vary	the	speed	of	the	motor.As	the	rotor	is	shorted	using	the	brushes	to	form	a	loop,	a	current	is	induced	when	alternating	current	flows	in	the	field	winding.	This	induced	current	flowing	in	the	rotors	windings	generates	its	own	magnetic	field.	The	direction	of	the	magnetic	field	depends	on	the
brushes	angle.	This	magnetic	field	interacts	with	the	stators	field	&	rotor	reacts	accordingly.	For	rotation,	the	brushes	are	slightly	rotated	at	20	at	either	direction	to	rotate	the	motor	in	that	direction.	Placing	the	brushes	at	90	or	180	or	0	would	stop	the	motor.	Varying	the	angle	increases	or	decrease	the	repulsion	between	the	stator	&	rotors
magnetic	field	&	the	rotors	speed	varies.The	starting	torque	can	also	be	controlled	by	varying	the	angle	of	brushes	providing	maximum	starting	torque	at	45.	This	motor	was	used	for	traction	due	to	its	superior	speed	regulation	but	it	has	been	superseded	by	other	traction	motors.Related	Posts:Electric	Motors	SymbolsThree	Phase	Motor	Power	&
Control	Wiring	DiagramsRepulsion-Start	Induction-Run	MotorRepulsion	Induction	motor	or	also	known	as	repulsion-start	induction-run	motor	is	a	modified	version	of	squirrel	cage	induction	motor	that	uses	the	high	starting	torque	feature	of	repulsion	motor	&	normally	run	as	a	squirrel	cage	induction	motor.There	is	a	special	mechanism	for	starting	&
running	the	motor.	During	the	motor	startup,	a	pair	of	shorted	brushes	is	connected	with	the	commutator	in	an	angle	such	as	in	the	repulsion	motor.	Once	the	motor	picks	up	its	speed,	the	mechanism	lifts	the	brushes	&	connects	the	bar	together	by	shorting	the	commutator	to	form	a	squirrel	cage	rotor.	The	motor	resumes	operation	as	an	induction
motor.The	benefit	of	the	repulsion	start	offers	5-6	times	high	starting	torque	as	compared	to	any	other	induction	motor.	The	brushes	also	have	a	longer	life	span	as	it	is	only	used	for	starting	of	the	motor.	Therefore,	these	electric	motors	have	high	mechanical	life	&	require	less	maintenance.DC	MotorThe	DC	motor	is	another	main	type	of	electrical
motor	that	only	runs	on	DC	or	Direct	Current.	There	are	no	phases	in	direct	current	that	is	why	DC	electric	motors	only	uses	2	wires	to	run.	They	are	the	first	motors	to	be	invented.	It	is	easier	to	control	its	speed	by	only	varying	the	supply	voltage.	It	offers	simple	starting,	stopping,	accelerating	&	reversing	mechanisms.	The	installation	cost	of	DC
motor	is	very	cheap	but	they	do	require	maintenance	whose	cost	increases	significantly	with	increasing	the	size	&	power	of	the	motor.Related	Post:Difference	Between	AC	and	DC	MotorsThe	basic	working	principle	of	DC	motors	is	the	Flemings	left	hand	rule.	A	current	carrying	conductor	inside	a	magnetic	field	experience	a	force	of	thrust	mutually
perpendicular	to	each	other.The	DC	motors	can	be	briefly	classified	into	following	typesBrushed	DC	MotorBrushless	DC	MotorCoreless	or	Ironless	DC	MotorsBrushed	DC	MotorAs	the	name	suggests,	such	DC	electric	motors	have	brushes	&	commutators.	They	are	used	for	connecting	a	stationary	circuit	with	a	rotating	circuit.	In	such	case,	the	rotor
winding	of	the	motor	is	energized	through	conductive	brushes.	The	disadvantage	of	any	brushed	motor	is	that	they	require	frequent	maintenance	due	to	continuous	sliding	of	brushes	&	the	sparks	generated	between	them.	However,	they	are	quite	simple	in	design	&	are	in	expensive.The	brushed	DC	electric	motors	are	further	classified	intoSeparately
Excited	MotorSelf-Excited	DC	MotorPermanent	Magnet	DC	MotorSeparately	Excited	DC	MotorSuch	type	of	DC	motors	has	separate	excitation.	The	excitation	refers	to	the	energizing	of	the	field	windings	also	known	as	the	stators	windings.	Both	windings	i.e.	field	windings	&	armatures	windings	are	connected	with	a	separate	power	supply.In	such
configuration,	we	can	independently	strengthen	the	magnetic	field	by	increasing	the	DC	excitation	without	changing	the	armature	current.	This	is	the	main	distinguishing	point	that	the	armature	current	does	not	flow	through	the	field	winding.Related	Post:	DC	Machine	Construction,	Working,	Types	and	ApplicationsSelf-Excited	DC	MotorSuch	type	of
brushed	DC	motors	has	self-exciting	field	windings.	The	field	winding	is	electrically	connected	with	the	armature	windings.	A	single	power	source	energizes	both	windings.	Therefore,	it	does	not	require	separate	excitation	source.However,	the	field	windings	can	be	connected	in	series,	parallel	&	partly	series	configuration	with	the	armature	windings.
This	is	why	self-excited	DC	motors	are	further	classified	into	following	types.Series	WoundShunt	WoundCompound	WoundSeries	Wound	DC	MotorIn	a	series	wound	DC	motor,	the	field	winding	is	connected	in	series	with	the	armature	windings.	Therefore	the	current	flowing	through	the	field	windings	is	same	as	the	current	flowing	through	the
armature	windings.The	speed	of	such	electric	motors	varies	with	varying	the	load	connected	to	the	motor.Shunt	Wound	DC	MotorSuch	DC	motors	have	the	field	winding	(also	known	as	shunt	field	winding)	connected	in	parallel	with	the	armature	winding.	It	allows	a	full	terminal	voltage	across	the	field	winding	while	both	of	windings	have	the	same
amount	of	voltage	across	it.	While	the	supplied	current	is	divided	into	field	current	&	armature	current.Such	electric	motors	are	used	for	its	constant	speed	application	since	it	maintains	its	speed	over	a	range	of	loads	connected	with	it.	The	shunt	winding	refers	to	the	windings	connected	in	parallel.Related	Posts:	Compound	Wound	DC	MotorThe
compound	wound	DC	motor	utilizes	the	features	of	both	series	wound	&	shunt	wound	DC	motor.	it	combines	both	the	parallel	combination	as	well	as	the	series	combination	of	the	field	&	armature	windings.Due	to	the	combination	of	the	series	&	parallel	windings,	the	compound	wound	motors	can	be	classified	into	the	following	two	types	depending
on	the	nature	of	windings.Cumulative	compoundDifferentially	compoundCumulative	CompoundWhen	the	shunt	field	&	the	series	field	windings	generate	flux	in	the	same	direction,	the	shunt	fields	flux	helps	increase	the	main	series	field	flux,	the	motor	is	said	to	be	a	cumulative	compound	wound	motor.The	total	flux	generated	in	such	case	in	always
greater	than	the	original	flux.Differentially	CompoundWhen	the	shunt	field	&	the	series	field	windings	generate	flux	in	opposite	direction,	the	flux	reduces	the	effects	of	each	other,	it	is	said	to	be	a	differentially	compound	DC	motor.They	total	flux	generated	is	always	less	than	the	original	flux.	They	dont	find	any	practical	applications	in	the
industries.Both	compounds	motors	can	be	short	shunt	&	long	shunt	depending	on	the	arrangement	of	the	windings.	Short	shunt	&	long	shunt	DC	motor	are	explained	down	below.Short	Shunt	DC	MotorA	motor	is	said	to	be	a	short	shunt	DC	motor	if	the	shunt	field	windings	is	only	parallel	to	the	armature	windings	&	it	is	in	series	with	the	field
windings	as	shown	in	the	figure	below.	It	is	also	known	as	compound	wound	motor.Long	Shunt	DC	MotorA	DC	motor	is	said	to	be	long	shunt	motor	if	the	said	shunt	field	windings	is	in	parallel	to	the	both	armature	winding	as	well	as	the	field	winding.	Permanent	Magnet	DC	Motor	(PMDC)The	Permanent	Magnet	DC	motor	or	shortly	known	as	PMDC
motor	is	another	type	of	brushed	DC	motor.	It	has	the	usual	armature	like	the	rest	of	brushed	DC	electric	motors	explained	above.	However,	there	is	no	stator	or	field	winding,	the	magnetic	field	is	generated	using	a	permanent	magnet	placed	in	the	stator.When	the	armature	windings	carrying	the	input	current	is	placed	inside	the	N	&	S	poles	of	the
magnet.	The	magnetic	field	interacts	with	it	&	the	armature	experience	rotational	force.The	permanent	magnet	generates	a	fixed	magnetic	field	which	is	designed	at	the	time	of	the	construction	&	it	cant	be	changed	after	that.	However,	the	strength	of	the	magnet	reduces	with	time.	There	is	an	extra	excitation	field	found	in	some	designs	that	helps
increase	its	magnetic	strength	when	it	reduces.PMDC	does	not	need	field	excitation	to	generate	the	field	flux	as	it	is	produced	by	the	permanent	magnet.	This	increases	its	efficiency	as	no	extra	power	is	consumed	for	excitation.	The	absence	of	the	field	windings	greatly	reduces	the	size	of	overall	motor.	Therefore	PMDC	motors	have	compact	designs.
They	are	also	very	cheaper	&	best	for	low	power	applications.Related	Post:	Power,	Voltage	and	EMF	Equation	of	a	DC	Motor	FormulasBrushless	DC	MotorAs	the	name	suggests,	Brushless	or	BLDC	Motor	is	an	another	main	type	of	DC	motor	that	does	not	have	any	carbon	brushes	&	commutators	assembly.	It	means	the	input	power	is	not	supplied	to
the	rotating	part	of	the	motor	but	to	the	stator	of	the	motor	which	in	this	case	is	made	of	multiple	windings	&	the	rotor	is	made	of	a	permanent	magnet.It	has	multiple	stator	windings	each	situated	at	a	different	angle	to	generate	flux	in	different	directions.	The	input	is	switched	between	the	stators	windings	to	generate	a	magnetic	field	that	pushes	&
pull	on	the	rotors	magnetic	field	causing	it	to	rotate	in	its	direction.	A	Hall	Effect	sensor	is	used	to	detect	the	position	of	the	rotor	&	switch	the	input	to	the	correct	stators	winding	respectively.Since	the	DC	input	to	the	stator	needs	to	be	switched,	such	electric	motors	used	electronic	commutations	instead	of	mechanical	commutation	using	switching
devices	such	as	thyristors.	These	switches	are	controlled	using	microcontroller	to	precisely	switch	the	input	between	the	stators	windings.	It	essentially	switches	the	DC	input	into	a	3-phase	supply	which	generates	a	smooth	rotating	magnetic	field.The	brushless	motor	speed	depends	on	the	frequency	of	the	AC	power	supplied	by	the	controller.	Which
is	why	it	is	also	called	synchronous	motorThe	controller	used	for	brushless	motor	is	more	sophisticated	&	very	expensive.	It	does	no	operate	without	its	controller	which	also	offers	the	precise	speed	control	&	positioning	of	the	rotor.	But	the	cost	of	the	controller	is	far	greater	than	the	motor	itself.Since	there	are	no	brushes,	there	are	no	electrical	or
electromagnetic	noises	&	the	sparks	generated	in	mechanical	commutation.	It	helps	in	increasing	the	life	span	of	the	motor	as	well	as	the	efficiency	of	the	motor.	The	energy	dissipated	in	brushes	is	converted	into	mechanical	output.	And	they	are	also	maintenance	free.Related	Post:	Difference	Between	Brushed	and	Brushless	MotorCoreless	or
Ironless	DC	MotorsAs	the	name	suggests,	such	DC	motors	have	no	laminated	iron	core.	The	rotor	winding	is	wound	in	skewed	or	honeycomb	shape	to	form	a	self-supporting	hollow	cage	often	made	with	using	epoxy.	The	rotor	made	of	permanent	magnet	sets	in	the	hollow	rotor.The	coreless	design	eliminates	the	issues	&	losses	associated	with	the
iron	cores	of	the	traditional	motors.	For	example,	such	electric	motors	have	no	iron	losses	which	increases	the	efficiency	of	the	motor	up	to	90%.	The	design	also	reduces	the	winding	inductance	which	reduces	the	sparks	generated	between	the	brushes	&	commutator	thus	increasing	the	lifetime	of	the	motor.	It	also	reduces	the	mass	&	inertia	of	the
rotor	which	also	increases	the	acceleration	&	deceleration	rate	of	the	motor.Special	MotorsThere	are	several	types	of	special	electric	motors	that	are	the	modified	versions	of	other	motor	designed	for	special	purposes.	Some	of	these	electric	motors	are	given	below.Servo	MotorsServo	motor	is	a	special	type	of	motor	used	for	pushing/Pulling	or	lifting
or	rotating	an	object	at	some	specific	angle.	Servo	motor	can	be	designed	to	run	on	AC	as	well	as	DC	power	supply.	Servo	motor	that	runs	on	DC	supply	is	called	DC	servo	motor	While	those	that	runs	on	AC	is	called	AC	servo	motor.	It	is	a	simple	motor	with	a	controller	&	multiple	gears	to	increase	its	torque.These	motor	are	rated	in	kg/cm	(kilogram
per	centimeter).	It	specifies	much	weight	the	servo	can	lift	at	a	specific	distance.	E.g.	a	servo	rated	3kg/cm	can	lift	a	load	of	3kg	that	is	at	1cm	away	from	its	shaft.	The	weight	lifting	capacity	decreases	with	an	increase	in	the	distance.The	servo	motor	has	a	gear	assembly,	controller,	a	sensor	and	a	feedback	system.	The	gear	assembly	is	used	to
decrease	the	speed	&	increase	its	torque	significantly.	The	controller	is	used	for	comparing	the	input	signal	(desired	position)	&	signal	from	the	sensor	(actual	position	of	the	servo)	which	is	acquired	through	the	feedback	system.	The	controller	compares	these	two	signals	&	eliminated	the	error	between	them	by	rotating	the	motor	shaft.Servo	motors
has	three	wires.	Two	of	them	are	used	for	providing	the	power	supply	while	the	third	one	is	used	for	controlling	the	servos	position.	It	is	controlled	by	providing	a	pulsating	signal	thorough	a	microcontroller	using	PWM	(pulse	width	modulation).The	servo	can	rotate	90	in	either	direction	making	it	a	total	of	180	rotation.	Neutrally	it	is	in	the	middle
position	at	90.	It	can	rotate	by	varying	the	pulse	width	between	1ms	&	2ms	where	1ms	corresponds	to	0,	1.5ms	corresponds	to	90	while	2ms	corresponds	to	180	angle	of	the	shaft.	Direct	DriveDirect	drive	motor	or	also	known	as	torque	motor	is	another	type	of	motor	that	produces	high	torque	at	low	speed	even	when	it	is	stalling.	The	payload	is
directly	connected	to	the	rotor	thus	eliminating	the	use	of	gearbox,	belts,	speed	reducers	etc.	It	is	a	brushless	permanent	magnet	synchronous	motor	with	no	commutators	&	brushes.	Since	there	is	no	mechanical	wear	&	tear,	it	reliable	&	has	a	long	lifetime.	The	fact	that	it	has	less	mechanical	parts	means	it	require	less	maintenance	and	low
cost.Related	Posts:	Linear	MotorsThe	linear	motor	has	an	unrolled	stator	&	rotor	that	offers	a	linear	force	instead	of	rotational	force.	If	you	slice	any	motor	&	lay	it	flat	on	a	surface,	you	will	get	a	linear	motor.The	armature	windings	are	designed	in	a	linear	fashion	which	carries	3	phase	current	to	generate	a	magnetic	field.	the	magnetic	field	does	not
rotate	instead	moves	in	a	straight	line.	The	magnetic	field	interacts	with	the	magnetic	field	generated	by	the	flat	permanent	magnet	lying	below	it.	The	interaction	between	them	generates	a	linear	force	upon	each	other	thus	the	armature	moves	forward	or	backward.It	is	an	AC	powered	motor	with	a	controller	such	as	in	servo	motor.	The	power	is
supplied	to	the	primary	part	of	the	motor	that	contains	windings.	It	generates	its	own	magnetic	field	whose	polarity	depends	on	the	phase	of	the	AC	supply.	The	secondary	part	of	the	motor	is	permanent	magnet	whose	magnetic	field	interacts	with	the	magnetic	field	of	the	primary	part	&	as	a	result	attracts	&	repels	it	by	generating	a	linear	force.	The
amount	of	current	determines	the	force	while	the	rate	of	change	of	current	determines	the	speed	of	the	primary	part.Linear	motors	are	used	in	robotics,	medical	device	&	factory	automation	etc.	Stepper	MotorA	stepper	motor	or	a	stepping	motor	is	a	brushless	DC	motor	whose	full	rotation	is	divided	into	a	number	of	equal	steps.	Such	motor	rotates	in
steps	(fixed	degrees)	instead	of	rotating	continuously.	Such	stepping	movement	offers	great	precision	which	is	utilized	is	robotics.The	stepper	motor	operates	on	pulses.	Each	pulse	moves	the	motor	by	one	step.	The	precision	of	the	motor	depends	on	the	number	of	steps	per	revolution.	The	steps	size	is	determined	during	its	design.	However,	the
speed	of	the	motor	can	be	controlled	by	applying	the	pulse	train	of	variable	frequency.	The	controller	inside	the	servo	motor	moves	forward	or	backward	the	rotor	by	one	step	upon	each	pulse.It	is	used	for	its	accurate	&	precise	positioning.	It	offers	full	torque	at	standstill.	It	has	less	maintenance	requirement	due	to	brushless	design.	Thus	they	are
very	reliable	&	has	long	lifetime.Stepper	motor	due	to	its	precise	positioning	is	used	in	industrial	machines	used	for	automatic	manufacturing	of	products,	CNC	based	machines.	It	also	found	applications	in	medical	instruments	&	machinery	as	wells	as	in	security	cameras.	Stepper	is	widely	used	in	electronic	gadgets	&	other	smart	electronic
systems.Related	Post:	Synchronous,	Stepper	and	AC	Motors	Formulas	and	EquationsUniversal	MotorThe	Universal	motor	is	a	special	type	of	motor	that	can	run	on	AC	as	well	DC	power	supply.	it	is	a	brushed	series	wound	motor	where	the	field	windings	is	connected	in	series	with	the	armature	windings.	They	offer	maximum	starting	torque	with	a
high	operating	speed.Since	the	windings	are	connected	in	series,	the	direction	of	the	current	through	both	windings	remains	the	same	even	if	the	current	direction	reverses	multiple	times	in	a	second.	Although,	the	motor	may	run	slower	on	AC	due	to	the	reactance	of	the	windings.Related	Posts	about	Electric	Motors:	Poly	Notes	Hub	In	this	note,	we
are	going	to	learn	a	topic	called	What	is	DC	Motor?	and	Its	Types,	Working,	and	Applications	as	well.	Welcome	to	Poly	Notes	Hub,	a	leading	destination	for	engineering	notes	for	diploma	and	degree	engineering	students.	Author	Name:	Arun	Paul.	A	DC	(Direct	Current)	Motor	is	an	electrical	device	that	converts	direct	current	electricity	into
mechanical	energy.	It	works	on	the	principles	of	electromagnetic	and	is	widely	utilized	in	a	variety	of	applications	because	to	its	simplicity,	dependability,	and	efficiency.	There	are	two	types	of	DC	Motor	Brushed	DC	MotorSeries	DC	Motor:	The	field	windings	are	connected	in	series	with	the	armature	windings.	High	starting	torque,	however	speed
varies	according	to	load.	Shunt	DC	Motor:	The	field	windings	are	connected	in	parallel	to	the	armature	windings.	Good	speed	regulation,	poor	starting	torque.	Compound	DC	Motor:	A	combination	of	series	and	shunt	windings.	Both	series	and	shunt	motors	exhibit	balanced	properties.	Brushless	DC	Motor:	Electronic	commutation	replaces	brushes	and
a	commutator.	Compared	to	brushed	motors,	they	are	more	efficient,	reliable,	and	long-lasting.	The	DC	motor	is	based	on	the	Lorentz	force	principle,	which	asserts	that	a	current-carrying	conductor	in	a	magnetic	field	experiences	a	force.	When	current	runs	through	the	armature	winding,	it	creates	a	magnetic	field	around	the	conductor.	This	field
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EIE	2nd	&	3rd	Year	Notes	A	Direct	Current	Motor,	DC	is	named	according	to	the	connection	of	the	field	winding	with	the	armature.	Mainly	there	are	two	types	of	DC	Motors.	One	is	Separately	Excited	DC	Motor	and	other	is	Self-excited	DC	Motor.	The	self-excited	motors	are	further	classified	as	Shunt	wound	or	shunt	motor,	Series	wound	or	series
motor	and	Compound	wound	or	compound	motor.The	dc	motor	converts	electrical	power	into	mechanical	power.	The	construction	of	the	dc	motor	and	generator	are	the	same.	But	the	dc	motor	has	a	wide	range	of	speed	and	good	speed	regulation	in	electric	traction.The	working	principle	of	the	dc	motor	is	based	on	the	principle	that	the	current-
carrying	conductor	is	placed	in	the	magnetic	field	and	a	mechanical	force	is	experienced	by	it.The	DC	motor	is	generally	used	in	the	location	that	requires	a	protective	enclosure,	for	example,	drip-proof,	the	fireproof,	etc.	according	to	the	requirements.	The	detailed	description	of	the	various	types	of	motor	is	given	below.Contents:	Separately	Excited
DC	MotorAs	the	name	signifies,	the	field	coils	or	field	windings	are	energised	by	a	separate	DC	source	as	shown	in	the	circuit	diagram	shown	below:	Separately	Excited	DC	Motor	Self	Excited	DC	MotorAs	the	name	implies	self-excited,	hence,	in	this	type	of	motor,	the	current	in	the	windings	is	supplied	by	the	machine	or	motor	itself.	Self-excited	DC
Motor	is	further	divided	into	shunt	wound,	and	series	wound	motor.	They	are	explained	below	in	detail.Shunt	Wound	MotorThis	is	the	most	common	types	of	DC	Motor.	Here	the	field	winding	is	connected	in	parallel	with	the	armature	as	shown	in	the	figure	below:Shunt	Wound	DC	MotorThe	current,	voltage	and	power	equations	for	a	shunt	motor	are
written	as	follows.By	applying	KCL	at	junction	A	in	the	above	figure.The	sum	of	the	incoming	currents	at	A	=	Sum	of	the	outgoing	currents	at	A.Where,I	is	the	input	line	currentIa	is	the	armature	currentIsh	is	the	shunt	field	currentEquation	(1)	is	the	current	equation.The	voltage	equations	are	written	by	using	Kirchhoffs	voltage	law	(KVL)	for	the	field
winding	circuit.For	armature	winding	circuit	the	equation	will	be	given	as:The	power	equation	is	given	as:Power	input	=	mechanical	power	developed	+	losses	in	the	armature	+	loss	in	the	field.Multiplying	equation	(3)	by	Ia	we	get	the	following	equations.Where,VIa	is	the	electrical	power	supplied	to	the	armature	of	the	motor.Series	Wound	MotorIn
the	series	motor,	the	field	winding	is	connected	in	series	with	the	armature	winding.	The	connection	diagram	is	shown	below:Series	Wound	MotorBy	applying	the	KCL	in	the	above	figure:Where,Ise	is	the	series	field	currentThe	voltage	equation	can	be	obtained	by	applying	KVL	in	the	above	figure.The	power	equation	is	obtained	by	multiplying
equation	(8)	by	I	we	getPower	input	=	mechanical	power	developed	+	losses	in	the	armature	+	losses	in	the	fieldComparing	the	equation	(9)	and	(10),	we	will	get	the	equation	shown	below:Compound	Wound	MotorA	DC	Motor	having	both	shunt	and	series	field	windings	is	called	a	Compound	Motor.	The	connection	diagram	of	the	compound	motor	is
shown	below:Compound	MotorThe	compound	motor	is	further	subdivided	as	Cumulative	Compound	Motor	and	Differential	Compound	Motor.	In	a	cumulative	compound	motor	the	flux	produced	by	both	the	windings	is	in	the	same	direction,	i.e.In	differential	compound	motor,	the	flux	produced	by	the	series	field	windings	is	opposite	to	the	flux
produced	by	the	shunt	field	winding,	i.e.The	positive	and	negative	sign	indicates	that	the	direction	of	the	flux	produced	in	the	field	windings.	Learn	how	a	DC	motor	works	to	understand	the	basic	working	principle	of	a	DC	motor.	We	consider	conventional	current,	electron	flow,	the	winding,	armature,	rotor,	shaft,	stator,	brushes,	brush	arms,
terminals,	emf,	electromagnets,	magnetic	attraction	as	well	as	detailed	animations	for	how	the	dc	motor	works.	Scroll	to	the	bottom	to	watch	the	YouTube	tutorial.	DC	Motor	DC	motors	look	something	like	this	above,	although	there	are	quite	a	few	variations.	These	are	used	to	convert	electrical	energy	into	mechanical	energy	and	we	can	use	these	for
example	in	our	power	tools,	toy	cars	and	cooling	fans.	Used	to	Convert	Electrical	Energy	When	we	look	at	a	DC	motor,	we	first	see	the	metal	protective	casing	which	forms	the	stator.At	one	end	we	have	the	tip	of	a	shaft	protruding	through	the	casing	which	we	can	attach	gears,	fan	blades	or	pulleys	onto.	Stator	On	the	other	end	we	have	a	plastic	end
cap	with	two	terminals.	We	can	connect	a	power	supply	to	these	terminals	to	rotate	the	shaft.	If	we	remove	the	casing	to	look	inside	the	motor,	we	then	find	two	magnets	which	form	the	stator.	These	are	permanent	magnets	which	form	a	north	and	south	magnetic	pole.	Magnets	Inside	The	Motor	Running	through	the	centre	of	the	motor	we	see	this
rod	which	is	called	the	shaft.	This	is	used	to	transfer	mechanical	energy.	Attached	to	the	shaft	we	have	the	rotor.	The	rotor	is	made	from	a	number	of	discs	which	are	laminated	together,	each	disc	has	these	T	shaped	arms	cut	into	them.	Wrapped	around	the	T	shaped	arms	of	the	rotor	are	the	coil	windings	which	carry	the	electrical	current	from	the
battery.	As	the	current	passes	through	the	coils	it	produces	an	electromagnetic	field,	we	control	the	timing	and	polarity	of	this	magnetic	field	to	create	rotation.	Inside	Motor	The	ends	of	the	coils	are	connected	to	the	commutator.	The	commutator	is	a	ring	which	has	been	segmented	into	a	number	of	plates	which	sit	concentrically	around	the	shaft.
The	plates	are	separated	and	electrically	isolated	from	each	other	as	well	as	the	shaft.	The	ends	of	each	coil	connect	to	different	commutator	plates,	they	do	this	to	create	a	circuit	and	well	see	that	in	detail	shortly.	DC	Motor	Basics	Sitting	within	the	plastic	back	cover	are	the	brushes,	arms	and	terminals.	The	commutator	plates	sit	between	the	two
brushes.	Brushes,	Arms	and	Terminals	The	brushes	rub	against	the	commutator	segments	to	complete	the	circuit.	Electricity	can	then	flow	through	a	terminal,	through	the	arm,	into	the	brush,	through	a	commutator	segment,	into	a	coil,	then	out	to	another	commutator	segment,	into	the	opposite	brush	and	arm	back	to	the	other	terminal.	DC	Motor
Components	These	components	give	us	our	basic	DC	motor.	To	understand	how	the	DC	motor	works,	we	need	to	understand	some	fundamentals	of	electricity	as	well	as	how	the	components	inside	work.	Electricity	is	the	flow	of	electrons	through	a	wire.	When	lots	of	electrons	flow	in	the	same	direction	we	call	this	current.	DC	electricity	means	the
electrons	flow	in	just	a	single	direction,	from	one	terminal	of	a	battery	directly	to	the	other.	If	we	reverse	the	battery	then	the	current	will	flow	in	the	opposite	direction.	Electricity	Basics	Inside	the	copper	wire	we	find	copper	atoms.	Orbiting	each	atom,	we	find	free	electrons,	these	are	called	free	electrons	because	they	are	free	to	move	to	other
atoms.	They	do	naturally	move	to	other	atoms	by	themselves	but	this	is	in	any	and	all	directions	at	random,	which	is	of	no	use	to	us.	We	need	lots	of	electrons	to	flow	in	the	same	direction	and	we	can	do	that	by	applying	a	voltage	difference	across	the	wire.	Voltage	is	like	pressure	and	will	force	the	electrons	to	move.	Electrons	only	flow	in	a	complete
circuit.	They	always	try	to	get	back	to	their	source,	so	when	we	give	them	a	path	such	as	a	wire,	they	will	flow	through	this.	Even	if	we	temporarily	create	a	path,	they	will	take	it	as	soon	as	its	available.	We	can	place	components	in	this	path	so	that	they	have	to	flow	through	it	and	do	work	for	us	such	as	illuminating	the	lamp.	Copper	Atoms	In	these
animations	were	going	to	be	using	two	terms.	Thats	electron	flow	and	conventional	current.	Electron	flow	is	whats	actually	occurring	with	the	electrons	flowing	from	the	negative	terminal	to	the	positive	terminal.	Conventional	current	moves	in	the	opposite	direction	from	positive	to	negative.	Conventional	current	was	the	original	theory	and	it	still
widely	taught	and	used	today	because	its	easier	to	understand.	Just	be	aware	of	the	two	terms	and	which	one	were	using.	Electron	Flow	and	Conventional	Current	Magnet	As	you	probably	already	know,	magnets	are	polarised	with	north	and	south	ends.	These	types	are	known	as	permanent	magnets,	because	their	magnetic	field	is	always	active.	When
in	proximity	with	another	magnet,	the	alike	ends	push	away	and	the	opposite	ends	attract.	So	we	get	these	pushing	and	pulling	forces	caused	by	the	magnetic	field	of	the	magnets.	Magnetic	Field	Lines	Magnets	have	these	curved	magnetic	field	lines	which	run	from	the	north	pole	to	the	south	pole	and	extend,	curving	around	the	exterior.	The
magnetic	field	is	most	powerful	at	the	ends,	we	see	this	because	there	are	more	magnetic	field	lines	closely	packed	together.	We	can	actually	see	the	magnetic	field	of	a	magnet	by	sprinkling	some	iron	filings	over	the	magnet.	Magnetic	Field	of	a	Magnet	Using	Iron	Fillings	When	two	magnets	are	in	close	proximity	to	each	other,	their	magnetic	fields
interact.	Two	alike	ends	will	repel	each	other	and	their	magnetic	field	lines	will	not	join.	However,	two	opposite	polarities	will	be	attracted	to	each	other	and	the	magnetic	field	lines	will	converge	into	a	highly	concentrated	region.	The	Magnetic	Field	of	Opposite	Ends	will	Merge	Therefore	we	place	two	magnets	of	opposite	polarities	into	the	motor
stator	to	form	a	strong	magnetic	field	through	the	rotor.	When	we	connect	a	wire	to	the	positive	and	negative	terminal	of	a	battery,	a	current	of	electrons	will	flow	through	the	wire	from	the	negative	to	the	positive	terminal.	When	electrons	pass	through	the	copper	wire,	they	generate	an	electromagnetic	field	around	the	wire.	We	can	actually	see	that
by	placing	some	magnets	around	the	wire.	When	we	pass	electricity	through	the	wire	the	magnets	rotate.	When	we	reverse	the	current	direction,	the	magnets	will	also	reverse	and	align	the	opposite	way.	So	we	can	create	a	magnetic	field	which	acts	just	like	a	permanent	magnet,	except	with	this	type	were	able	to	turn	the	magnetic	field	off.	The
problem	with	the	electromagnetic	field	in	a	wire	is	that	its	quite	weak.	But	we	can	make	it	much	stronger	simply	by	wrapping	the	wires	into	a	coil.	Each	wire	still	creates	an	electromagnetic	field,	but	they	combine	into	a	much	larger	and	stronger	magnetic	field,	thats	what	we	use	to	create	the	coils	in	the	rotor.	Make	the	Electromagnetic	Field
Stronger	by	Wrapping	the	Wires	into	a	Coil.	The	coils	of	wire	are	known	as	windings.	The	simplest	DC	motor	has	just	a	single	coil.	These	are	a	simpler	design;	the	problem	though	is	that	they	can	align	magnetically	which	jams	the	motor	and	stops	it	from	rotating.	The	more	sets	of	coils	we	have,	the	smoother	the	rotation	will	be,	this	is	especially	useful
for	low	speed	applications.	Therefore	we	normally	find	at	least	three	coils	in	a	motor	to	ensure	a	smooth	rotation.	The	More	Sets	of	Coils,	the	Smoother	the	Rotation	Each	coil	is	positioned	120	degrees	from	one	another.	Between	each	coil	we	find	a	commutator	plate.	Each	coil	is	connected	with	two	commutator	plates.	The	plates	are	electrically
isolated	from	each	other	except	that	they	are	connected	via	the	coils.	So,	if	we	connect	the	positive	and	negative	terminals	to	two	of	the	commutator	plates,	we	can	complete	the	circuit,	current	will	flow	and	a	magnetic	field	will	generate	in	the	coils.	Coil	Basics	The	rotor,	or	armature,	is	made	from	multiple	discs	of	iron	which	are	laminated	together.
Rotor	Each	disc	is	electrically	insulated	from	one	another	with	a	lacquer	coating.	If	the	armature	was	a	solid	piece	of	metal,	large	eddy	currents	would	swirl	around	inside.	These	are	caused	by	induced	electromotive	force	or	EMF.	These	eddy	currents	affect	the	efficiency	of	the	motor.	To	reduce	these,	engineers	segment	the	rotor	into	insulated	discs,
the	eddy	currents	will	still	flow	but	they	will	be	much	smaller.	The	thinner	the	disc	the	smaller	the	eddy	current	will	be.	The	Thinner	the	Disc;	the	Smaller	the	Eddy	Current	will	be	The	commutator	consists	of	small	copper	plates	which	are	mounted	to	the	shaft.	Each	plate	is	electrically	isolated	from	one	another	as	well	as	the	shaft.	The	end	of	each
coil	is	connected	to	a	different	commutator	plate.	In	this	design	each	commutator	plate	is	connected	with	2	coils.	The	plates	deliver	electricity	to	the	coils.	To	get	the	electricity	from	the	battery	and	into	the	plates,	we	have	some	brushes	which	rub	against	the	plates.	The	brush	arms	hold	these	in	place.	When	we	complete	the	circuit,	electricity	will
flow	into	the	commutator	segments	via	the	brushes	and	then	flow	into	1	or	2	coils	as	a	path	becomes	available.	Current	Flows	Between	Brushes	At	certain	points	in	the	rotation,	the	brushes	will	come	into	contact	with	two	plates.	This	will	create	an	arc	and	we	get	small	bursts	of	blue	light	as	this	occurs.	The	arcs	are	friction	will	destroy	the	brush	over
time.	Something	we	must	understand	is	Flemings	left	hand	rule	and	for	this	we	need	to	use	our	left	hand	in	this	funny	shape.	You	need	to	remember	that	Flemings	rule	uses	CONVENTIONAL	CURRENT	not	electron	flow.	Conventional	current	is	from	positive	to	negative.	We	use	Flemings	left	hand	rule	to	work	out	which	direction	the	coil	will	push	and
pull,	as	the	electromagnetic	field	interacts	with	the	magnetic	field	of	the	permanent	magnet.	If	we	look	at	a	wire	and	visualise	which	end	is	connected	to	positive	or	negative,	we	can	work	out	the	direction	of	force.	To	do	that,	stick	your	left	hand	out	flat,	and	think	of	these	as	being	your	thumb,	then	fingers	1,	2,	3	and	4.	Close	fingers	4	and	3.	Point
finger	2	to	the	right,	point	finger	1	straight	ahead	and	point	your	thumb	upwards.	Your	2nd	finger	points	in	the	direction	of	conventional	current	from	positive	to	negative.	The	1st	finger	points	at	the	magnetic	field	of	the	permanent	magnet	from	north	to	south.	Your	thumb	will	point	in	the	direction	of	movement.	Flemings	Left	Hand	Rule	Weve	made	a
PDF	guide	which	includes	some	examples	to	help	you	remember	this.	So	if	we	look	at	this	example,	the	conventional	current	is	coming	towards	us	and	the	magnetic	field	is	going	left	to	right.	So	we	point	our	2nd	finger	towards	us	and	the	1st	finger	in	the	direction	of	the	magnetic	field.	Our	thumb	is	therefore	pointing	upwards	which	means	the	force
on	the	wire	will	move	it	upwards.	Upward	Force	In	this	example	we	have	the	conventional	current	reversed	in	the	wire	so	its	moving	away	from	us.	Therefore,	we	flip	our	hand	over	so	our	2nd	finger	is	pointing	away	from	us.	Our	first	finger	still	points	in	the	direction	of	the	magnetic	field	and	our	thumb	points	down.	This	means	the	force	on	the	wire
will	move	it	downwards.	Downward	Force	If	we	wrap	the	wire	into	a	coil,	how	will	the	forces	act	now?	Well	we	need	to	consider	the	coil	as	two	halves.	On	the	left	half	the	conventional	current	is	flowing	away	from	us,	so	our	hand	flips	and	we	see	we	get	a	downward	force.	On	the	right-hand	side,	the	conventional	current	is	flowing	towards	us	so	the
force	is	upwards.	Therefore,	we	have	a	combined	upwards	and	downwards	force	so	the	coil	will	rotate.	So	now	we	see	how	the	motor	rotates,	lets	have	a	look	in	detail.	Left	Hand	Side	Right	Hand	Side	Ok	lets	consider	the	operation	of	a	dc	motor	in	slow	motion.	Well	just	point	out	the	main	parts,	theres	the	north	and	south	magnets	which	concentrate	a
magnetic	field	through	the	centre.	In	the	centre	we	find	the	shaft,	attached	to	the	shaft	we	have	the	rotor,	wrapped	around	the	rotor	we	have	the	coils,	connecting	the	coils	we	have	the	commutator	and	providing	power	to	the	commutator	we	have	the	brushes	and	brush	arms.	Then	we	have	a	power	supply.	The	rotor,	coils	and	commutator	are	going	to
rotate,	everything	else	will	remain	stationary.	DC	Motor	detail	Were	going	to	be	considering	the	flow	of	conventional	current	and	the	forces	which	are	occurring	in	the	long	sides	of	each	coil.	Well	also	label	these	coils	1,2	and	3.	And	the	commutator	plates	a,	b	and	c.	Position	1	In	this	first	position	the	conventional	current	will	flow	from	the	positive	of
the	battery,	into	plate	A,	then	through	both	coils	1	&	3,	through	plates	B	&	C	into	the	right	brush	and	back	to	the	battery.	The	right	side	of	coil	1	has	a	downward	force	and	the	left	side	has	an	upward	force.	Coil	3	has	an	upward	force	on	this	side	and	a	downward	force	on	this	side.	And	So	it	rotates.	Position	2	2.	The	current	now	flows	through	plate	A
into	coil	1	only,	then	exits	via	plat	B.	this	creates	an	upward	force	on	the	left	and	a	downward	force	on	the	right.	Position	3	3.	The	current	now	flows	through	plates	A	and	C	through	coils	1	and	2	into	plate	B.	coil	1	has	an	upward	force	on	the	left	and	a	downward	on	the	right.	Coil	2	has	an	upward	force	on	the	left	and	a	downward	on	the	right.	Position
4	4.	The	current	now	flows	through	plate	c,	into	coil	2	and	into	plate	b.	the	left	side	of	coil	2	has	an	upward	force	and	the	right	has	a	downward	force.	Position	5	5.	The	current	now	flows	through	plate	c	into	coils	3	and	2	and	exits	via	plates	a	and	b.	this	gives	us	our	upward	and	downward	forces	on	the	coils.	Position	6	6.	The	current	now	flows	through
plate	c,	into	coil	3	then	out	through	plate	a,	creating	our	upward	and	downward	forces.	Position	7	7.	The	current	now	flows	through	plates	c	and	B,	through	coils	3	and	1	and	out	through	plate	a,	giving	us	our	forces	on	each	side.	Position	8	8.	The	current	now	flows	through	plate	b,	into	coil	1	and	out	through	plate	a	which	creates	our	forces.	Position	9
9.	The	current	now	flows	through	plate	b	into	coils	2	and	1,	then	exits	via	plates	c	and	a.	Position	10	10.	The	current	now	flows	through	plate	b	into	coil	2	then	out	through	plate	c.	Position	11	11.	The	current	now	flows	through	plates	B	and	A	into	coils	2	and	3	then	out	through	plate	c.	This	then	repeats	again	and	again	like	so,	which	gives	us	our
rotating	force	which	we	use	to	drive	fans,	gears,	wheels	and	pulleys.	Current	Flows	Creating	Forces	If	we	reverse	the	power	supply,	we	reverse	the	current	and	that	will	reverse	the	forces	and	thus	the	direction	of	rotation	so	thats	how	we	use	magnetic	forces	and	electricity	to	create	a	simple	motor.	In	this	article,	youll	learn	what	is	DC	motor?	How
does	it	work?	and	different	types	of	DC	motors	explained	with	parts,	construction	detail,	applications,	and	more.You	can	also	download	the	PDF	file	of	this	article	at	the	end.What	is	a	DC	motor?An	electrical	motor	is	a	machine	that	mainly	converts	electrical	energy	into	mechanical	energy.	A	DC	motor	is	an	electrical	machine	that	converts	mechanical
energy	into	direct	current	and	vice-versa.Direct	current	(DC)	motors	are	widely	used	in	todays	manufacturing	industries.	Due	to	their	extensive	functionality,	DC	motors	are	frequently	used	in	small	and	medium-sized	motoring	applications,	including	robotics	and	automobiles.There	are	various	types	of	DC	motors	suitable	for	various	tasks	across	the
manufacturing	industry	because	DC	motors	are	used	in	such	a	wide	range	of	applications.You	might	want	to	read	this:	12	Basic	Parts	of	DC	Generator	&	Their	Functions	[PDF]How	does	DC	Motor	Works?Consider	a	part	of	a	multipolar	DC	motor,	as	shown	in	the	figure.	When	the	main	supply	is	applied	to	the	armature	conductors	and	field	magnets	are
excited,	the	conductors	experience	a	force	that	tends	to	rotate	the	armature.Armature	conductors	under	N-pole	are	assumed	to	carry	current	downwards,	and	the	S-poles	carry	upwards.	Now	by	applying	Flemings	Left-hand	rule,	the	direction	of	the	force	on	each	conductor	can	be	found.	This	is	shown	by	small	arrow	marks	in	the	figure	in	each
conductor.	The	force	F	experienced	by	each	conductor	tends	to	rotate	the	armature	in	the	anti-clockwise	direction.	The	continuous	and	unidirectional	torque	is	developed	by	a	commutator	which	reverses	the	current	in	each	conductor	as	it	passes	from	one	pole	to	another.Read	also:	A.C	Motors:	Types,	Working,	Construction,	Applications	and
MoreThe	operation	of	D.C.	The	motor	is	based	on	the	working	principle	that	when	a	current-carrying	conductor	is	located	in	a	magnetic	field,	it	undergoes	a	mechanical	force,	guided	by	Flemings	left-hand	rule	and	whose	magnitude	is	given	by:F	=	BIl	newtons.Where,B	=	Flux	density	in	cub/mI	=	Current	through	the	conductor	in	amperes.l	=	Length
of	the	conductor	in	meters.Read	also:	Resistors:	Types	of	Resistor	and	Their	Symbols,	and	Selection	of	ResistorsThe	construction	of	the	D.C.	motor	is	the	same	as	D.C.	Generator.Following	are	the	parts	of	a	DC	motor:Yoke	or	frameField	polesField	windingBrushesEnd	shieldsArmature	coreArmature	windingCommutatorShaft1)	Yoke	or	Frame:	It	is	a
stationary	part	called	a	starter.	The	functions	of	Yoke	are:It	supports	the	field	poles	and	field	winding.Provides	a	magnetic	path	to	the	main	field	flux.Protects	armature	from	mechanical	injury.2)	Field	Poles:	The	main	functions	of	poles	are	:Provides	support	to	the	field	winding.Provide	a	slow	reactance	path	to	the	main	field	flux.Distributes	the	main
field	flux	uniformly	all	around	the	periphery	of	the	armature.3)	Field	Windings:	They	produce	a	magnetic	field	when	D.C.	is	passed	through	them.4)	Brushes:	They	receive	D.C.	from	the	main	and	supply	it	to	the	armature	winding	through	a	commutator.5)	End	Shields:	The	main	functions	are:Supports	the	bearings	in	which	the	armature	rotates.It
covers	the	armature	and	protects	it.6)	Armature	Core:	It	houses	the	windings	in	the	slot	and	provides	a	low	reactance	path	to	the	main	field	flux	and	the	armature	flux.7)	Armature	Windings:	It	produces	armature	flux	when	current	is	passed	through	them.	This	flux	reacts	with	the	main	field	flux	and	produces	rotation	or	torque.8)	Commutator:	It
collects	D.C.	from	brushes,	converts	it	into	A.C.,	and	supplies	it	to	the	armature	windings.9)	Shaft:	The	main	functions	are	:It	provides	support	to	the	armature,	windings,	and	commutator.It	helps	the	armature	to	rotate.Checkout	this	article:	What	Are	The	Fundamental	Parts	of	Transformer?Following	are	the	three	main	types	of	DC	motors:Separately
excited	dc	motorPermanent	magnet	dc	motorSelf	excited	dc	motorShunt-wound	dc	motorsSeries	wound	dc	motorsCompound	wound	dc	motorsCumulative	compound	DC	motorDifferential	compound	DC	motorShort	shunt	DC	motorLong	shunt	DC	motorIn	this	type	of	dc	motor,	the	electrical	supply	is	given	separately	to	the	field	and	armature	winding.
In	this,	the	armature	current	does	not	flow	through	the	field	winding,	as	the	field	winding	is	powered	by	a	separate	external	source	of	DC	current.So	from	the	torque	equation	of	the	dc	motor,	we	getTg	=	Ka	IaIn	this	case,	the	torque	is	varied	by	varying	field	flux	,	and	it	is	independent	of	the	armature	current	Ia.A	permanent	magnet	DC	motor	has
armature	winding	like	a	usual	motor,	but	it	does	not	have	field	winding.	In	this	type	of	dc	motor,	the	radially	magnetized	permanent	magnets	are	placed	inside	the	stator	core	to	generate	flux.	At	the	same	time,	the	rotor	consists	of	a	conventional	DC	armature	with	a	commutator	segment	and	brushes.By	applying	the	torque	equation	of	the	DC
motor,Tg	=	Ka	IaThe	value	of	is	constant	because	permanent	magnets	of	the	required	flux	density	are	selected	at	the	time	of	manufacture	and	cannot	be	changed	thereafter.For	permanent	magnet	DC	motor,Tg	=	Ka1	IaWhere	Ka1	=	Ka.	is	constant.In	this	case,	the	torque	of	the	DC	motor	can	be	adjusted	by	controlling	the	armature	supply.Read	Also:
Different	Types	of	Essential	Electrician	Tools	[Names	&	Uses]In	a	self-excited	type	DC	motor,	the	field	winding	is	connected	in	series	or	in	parallel,	partly	in	series	or	partly	in	parallel	with	the	armature	winding.	Self-excited	DC	motors	are	then	divided	into	three	types:These	types	of	dc	motors	are	characterized	by	the	connection	of	field	winding	in
relation	to	the	armature	namely.Shunt-wound	motor:	in	which	field	winding	is	connected	in	parallel	with	the	armature.Series	wound	motor:	in	which	the	field	winding	of	the	motor	is	connected	in	series	with	the	armature.Compound	wound	motor:	which	has	two	field	windings:	one	connected	in	parallel	with	the	armature	and	the	other	in	series	with
it.A	DC	shunt	motor	(also	known	as	a	shunt	wound	DC	motor)	is	a	type	of	self-excited	DC	motor,	where	field	winding	is	shaken	or	connected	parallel	to	the	armature	winding	of	the	motor.	Because	they	are	connected	in	parallel,	the	armature	and	field	winding	are	exposed	to	the	same	supply	voltage.But,	there	are	separate	branches	for	the	flow	of
armature	current	and	field	current,	as	shown	in	the	figure	above.The	construction	of	a	DC	shunt	motor	is	similar	to	other	types	of	DC	motors,	as	shown	in	the	figure.	This	motor	can	consist	of	basic	parts	such	as	field	windings	(stator),	a	commutator,	and	an	armature	(rotor).The	working	principle	of	a	DC	shunt	motor	is	whenever	a	DC	motor	is	turned
ON.	Suddenly,	DC	flows	across	the	entire	stator	as	well	as	the	rotor.	This	current	flow	will	create	two	fields,	particularly	the	pole	as	well	as	the	armature.In	the	air	distance	between	the	armature	and	the	field	shoes,	there	are	two	magnetic	fields,	and	they	will	react	with	each	other	to	rotate	the	armature.	The	commutator	reverses	the	current	flow
direction	of	the	armature	at	ordinary	intervals.Therefore	the	armature	field,	as	opposed	to	the	pole	field	at	all	times,	keeps	rotating	the	armature	in	an	equal	direction.The	following	are	the	advantages	of	a	shunt-wound	motor:DC	shunt	motors	can	be	used	for	heavy	industrial	applications	where	torque	and	speed	are	a	wide	range.A	shunt-wound	motor
capable	of	running	at	a	predetermined	speed.The	power	supply	of	a	DC	motor	is	inexpensive.The	following	are	the	disadvantages	of	shunt-wound	motor:Installation	of	DC	shunt-wound	motors	is	expensive	compared	with	other	types	of	motors.Because	shunt	motors	are	constant-speed	motors,	this	would	be	a	disadvantage	where	it	is	necessary	to
operate	under	variable	speeds.The	shunt-wound	motors	are	inaccurate	in	low-speed	operation.Read	Also:	Different	Types	of	Insulators:	Their	Working	and	ApplicationsA	DC	series	motor	is	similar	to	any	other	motor	because	the	main	function	of	this	motor	is	to	convert	electrical	energy	into	mechanical	energy.	The	operation	of	the	series	motor
essentially	depends	on	the	electromagnetic	principle.Whenever	the	magnetic	field	is	approximately	formed,	a	current-carrying	conductor	cooperates	with	the	external	magnetic	field,	and	then	a	rotating	motion	can	be	produced.The	D.C	series	motor	is	consists	of	a	rotor	(armature),	commutator,	stator,	axle,	field	windings,	and	brushes.	The	fixed
component	of	the	motor	is	the	stator	and	is	constructed	with	two	or	more	electromagnet	pole	parts.The	rotor	consists	of	the	armature	and	windings	at	the	associated	core	for	the	armature.	The	power	source	in	the	brush	array	associated	with	the	commutator	can	be	connected	to	the	armature	winding.The	rotor	includes	a	central	axle	for	rotating,	and
due	to	a	large	amount	of	current	in	the	entire	winding	the	field	winding	should	be	able	to	hold	the	higher	current,	the	larger	will	be	the	torque	produced	with	the	motor.An	external	voltage	source	is	applied	in	a	series	configuration	of	field	winding	and	armature.	So	one	end	of	the	voltage	source	is	attached	to	the	winding	and	the	other	end	is	attached
to	the	armature	through	the	brush.Initially	at	the	motor	starts	with	a	voltage	source	attached	to	the	motor,	it	forms	a	large	amount	of	current	because	both	the	winding	and	the	armature	of	the	motor	are	made	up	of	large	conductors,	providing	minimal	resistance	to	the	current	path.	The	large	current	through	the	winding	produces	a	strong	magnetic
field.This	strong	magnetic	field	gives	high	torque	to	the	armature	shaft,	thus	exerting	the	spinning	action	of	the	armature.	Hence	the	motor	starts	rotating	at	its	maximum	speed	in	the	beginning.	A	rotating	armature	in	the	presence	of	a	magnetic	field	occurs	in	a	counter	EMF,	limiting	the	current	build-up	in	a	series	combination	of	armature	and



winding.Thus	the	series	motors	will	offer	maximum	speed	and	torque	once	started	but	with	increasing	speed	gradually,	its	torque	will	come	down	due	to	its	low	current.	In	practice,	this	is	required	from	motors.	Due	to	the	high	torque	provided	by	the	armature,	the	load	on	the	shaft	is	initially	set	to	rotate.Consequently,	the	low	torque	will	drive	the
load	forward.	This	further	helps	to	increase	the	heat	dissipation	of	the	motor.	But,	the	amount	of	torque	generated	by	the	motor	is	directly	proportional	to	the	winding	current.The	following	are	the	advantages	of	a	series	wound	motor:The	starting	torque	of	a	DC	series	motor	is	relatively	high	compared	to	other	motors,	so	such	motors	are	widely	used
for	traction	applications.It	can	be	used	for	AC	or	DC	supply;	therefore,	it	is	also	known	as	a	universal	motor.A	Shunt	motor	develops	more	power	for	the	same	construction	size	than	a	DC	shunt	motor.The	following	are	the	disadvantages	of	a	series	wound	motor:The	speed	control	and	regulation	of	the	DC	series	motor	are	not	good	enough.DC	series
motors	need	to	be	loaded	before	starting.	Therefore	the	DC	series	motors	are	not	good	to	use,	where	the	load	is	not	applied	in	the	initial	stage.Read	Also:	9	Different	Types	of	Batteries	&	Their	ApplicationsA	compound	wound	DC	motor	is	a	type	of	self-excited	motor	and	consists	of	both	series	of	field	coils	and	shunt	field	coils	attached	to	the	armature
winding.	Both	field	coils	provide	for	the	expected	amount	of	magnetic	flux,	which	links	with	the	armature	coil	and	delivers	about	the	torque	required	to	facilitate	rotation	at	the	desired	speed.As	we	know,	a	compound	wound	motor	is	basically	formed	by	the	amalgamation	of	a	shunt	wound	DC	motor	and	a	series	wound	DC	motor	to	obtain	better
closure	properties	of	both	these	types.Like	a	shunt	wound,	a	DC	motor	is	offered	with	a	highly	efficient	speed	regulation	characteristic,	while	a	DC	series	motor	has	high	starting	torque.	So	the	compound	wound	DC	motor	makes	a	compromise	in	terms	of	both	these	characteristics	and	has	a	good	combination	of	proper	speed	regulation	and	high
starting	torque.However,	its	initial	torque	is	not	as	high	as	in	the	case	of	a	DC	motor,	nor	is	its	speed	regulation	as	good	as	a	DC	shunt	motor.	The	overall	characteristics	of	a	DC	shunt	motor	come	in	between	these	two	extreme	limits.The	following	are	the	advantages	of	a	compound	wound	motor:The	motor	can	quickly	start	and	stop.The	reversing	and
acceleration	of	the	motor	can	do	fast.The	following	are	the	disadvantages	of	a	compound	wound	motor:The	operation	and	maintenance	costs	of	compound	wound	motors	are	expensive.DC	motors	cannot	operate	in	a	dangerous	situation	where	there	is	a	spark	in	the	brush	of	the	motor.The	compound	DC	motor	can	be	classified	into	two	types	according
to	the	nature	of	compounding.Read	Also:	What	Are	Circuit	Breakers?	Their	Types,	Working	&	ApplicationsIf	the	shunt	field	flux	assists,	the	main	field	flux,	which	is	produced	by	the	main	field	connected	in	series	to	the	armature	winding,	is	called	a	cumulative	compound	DC	motor.If	the	shunt	and	series	winding	are	arranged	so	that	the	field	flux
generated	by	the	shunt	field	winding	reduces	the	effect	of	flux	by	the	main	series	field	winding,	then	it	is	called	a	differential	compound	DC	motor.Both	types	of	compound	DC	motors	can	be	of	short	or	long	shut	type	according	to	the	nature	of	the	arrangement.You	may	like	this:	Working	Principle	of	Servo	Motor:	Diagram,	Types,	ApplicationsWhen	the
shunt	field	winding	of	the	motor	is	connected	in	parallel	to	the	armature	winding,	it	is	known	as	a	short	shunt	DC	motor.	The	diagrammatic	representation	of	the	short	shunt	motor	is	shown	in	the	figure	above.When	the	shunt	field	winding	of	the	motor	is	connected	parallel	to	both	armature	winding	and	series	field	winding,	then	it	is	known	as	a	long
shunt	DC	motor.	The	diagrammatic	representation	of	the	long	shunt	motor	is	shown	in	the	figure	above.Read	Also:	Types	of	Electric	Motors:	Their	Working	and	ApplicationsSeries	motor:	It	is	used	where	very	high	starting	torque	and	variable	speed	are	required,	such	as	electrical	fraction	work,	electric	locomotives,	trolleys,	cranes,	hoists,	and
conveyors.	Air	compressors,	vacuum	cleaners,	hair	dryers,	sewing	machines,	etc.Shunt	motors:	It	is	where	constant	speed	is	required	with	low	starting	torque,	such	as	for	lathes,	centrifugal	pumps,	fans,	reciprocating	pumps,	drilling	machines,	and	boring	machines.	Spinning	and	weaving	machines	etc.Compound	motor:	It	is	used	where	sudden	loads
are	applied	or	removed,	such	as	for	shears,	punches,	coal-cutting	machines,	elevators,	conveyors,	heavy	planners,	rolling	mills,	ice	machines,	printing	presses,	air	compressors	etc.Thats	it;	thanks	for	reading.	If	you	have	any	questions	about	types	of	DC	motors	ask	us	in	the	comments.	If	you	found	this	article	helpful,	then	please	share	it	with	your
friends.Subscribe	to	our	newsletter	to	get	notifications	of	new	articles:Download	the	Pdf	of	this	article	from	here:Check	out	the	topics	listed	below	as	well	if	youre	interested!Capacitors:	Types,	Definition,	Specifications,	and	Application	of	CapacitorElectric	Circuit:	Types	of	circuits,	Kirchhoffs	Law	and	Its	ClassificationA.C	Motors:	Types,	Working,
Construction,	Applications,	and	More16	Different	Types	of	Transformers	and	Their	Working	[Explained]What	is	Resistance	Welding?	Types,	Working,	Applications,	&	Advantages	Posted:	May	20,	2021	What	is	a	DC	(Direct	Current)	Motor?	A	DC	motor	is	any	class	of	rotary	electrical	motors	that	converts	direct	current	electrical	energy	into	mechanical
energy.The	history	of	DC	motors	goes	as	far	back	as	the	19th	century.	In	1832,	a	British	scientist,	William	Sturgeon,	created	the	first	DC	motor	that	had	the	ability	to	power	machinery.Sturgeons	initial	development	was	further	expanded	upon	by	an	American	scientist,	Thomas	Davenport.	Davenport	is	known	for	creating	the	first	working	DC	motor,
which	he	patented	in	1837.	However,	Davenport	ran	into	some	issues	with	the	cost	of	battery	power	while	the	motors	were	running.	This	made	the	motors	ineffective	to	stand	up	over	time.After	the	initial	invention,	created	by	Davenport,	many	other	inventors	began	developing	concepts.	In	1834,	Moritz	von	Jacobi,	a	Russian	engineer,	invented	the
first	rotating	DC	motor.	Jacobis	motor	became	well	known	for	its	power,	which	would	later	set	a	world	record.	Jacobi	went	on	to	create	an	even	more	powerful	motor,	thus	breaking	his	own	record	for	power	in	1838.	The	invention	of	this	motor,	by	Jacobi,	went	on	to	further	inspire	others	to	expand	and	produce	more	DC	motors	of	the	same
power.Antonio	Pacinotti	made	a	breakthrough	in	1864	with	the	development	of	the	ring	armature.	This	piece	has	become	crucial	in	the	design	of	the	DC	motor;	the	ring	armature	carries	the	current	through	the	grouped	coils.Even	with	all	of	the	developments	throughout	the	19th	century,	possibly	the	most	important	came	in	1886.	An	inventor	named
Julian	Sprague	invented	a	DC	motor	that	was	capable	of	maintaining	a	constant	speed	under	variable	loads.	Spragues	invention	would	lead	to	the	commercial	use	of	the	DC	motor.	This	would	include	early	variations	of	the	electric	elevator	and	electric	trolleys.	These	developments	led	to	high	demand	of	the	motors,	for	both	commercial	&	residential
usage.	Today,	DC	motors	are	widely	used	in	many	industries,	such	as	healthcare,	food	service	and	many	industrial	settings.	The	use	of	DC	motors	has	made	industry	work	far	more	efficient,	with	machines	able	to	function	with	a	dependable	source	of	power	and	speed.	DC	motors	have	made	many	other	industries	far	easier	to	function	in	their	day	to
day	faculties,	by	taking	a	lot	of	manual	power	off	of	humans	or	animals,	and	replacing	it	with	motorized	equipment.	Many	of	us	wouldnt	know	how	to	function	in	our	everyday	lives	without	DC	motors.	From	dishwashers,	to	blenders,	to	medical	equipment	at	the	doctors	office,	many	of	us	dont	know	just	how	ingrained	DC	motors	are	in	our	everyday	life.
We	help	provide	the	motors	that	you	need	for	the	equipment	that	you	use	or	manufacture.If	you	are	having	any	issues	with	your	machinery	or	your	current	DC	motor	provider,	please	contact	our	experts	today	at	Motor	Specialty!	In	a	DC	motor,	when	the	armature	rotates	under	the	influence	of	the	driving	torque,	the	armature	conductors	move
through	the	magnetic	field,	and	therefore	an	EMF	is	induced	in	them	by	the	generator	action.	This	induced	EMF	in	the	armature	conductors	acts	in	opposite	direction	to	the	applied	voltage	$\mathit{V_{s}}$	and	is	known	as	the	back	EMF	or	counter	EMF.The	magnitude	of	the	back	EMF	is	given
by,$$\mathrm{\mathit{E_{b}}\:=\:\frac{\mathit{NP\phi	Z}}{\mathrm{60}\mathit{A}}\:\cdot	\cdot	\cdot	(1)}$$The	back	EMF	$\mathit{E_{b}}$	is	always	less	than	the	applied	voltage	$\mathit{V_{s}}$.	However,	this	difference	is	small	when	the	DC	motor	is	running	under	normal	conditions.In	DC	motors,	the	back	EMF	$\mathit{E_{b}}$	induced
in	the	armature	opposes	the	applied	voltage,	thus	the	applied	voltage	has	to	overcome	this	EMF	$\mathit{E_{b}}$	to	force	a	current	$\mathit{I_{a}}$	in	the	armature	circuit	for	motor	action.	The	required	power	to	overcome	this	opposition	is	given	by,$$\mathrm{\mathit{P_{m}}\:=\:\mathit{E_{b}I_{a}}\:\cdot	\cdot	\cdot	(2)}$$The	power
$\mathit{P_{m}}$	is	one	which	actually	converted	into	mechanical	power.	For	this	reason,	the	power	$\mathit{P_{m}}$	is	also	called	as	electrical	equivalent	of	mechanical	power	developed.Consider	a	shunt	DC	motor	whose	electrical	equivalent	circuit	is	shown	in	Figure-1.When	a	DC	voltage	$\mathit{V_{s}}$	is	applied	across	terminals	of	the
motor,	the	field	electromagnets	are	excited	and	armature	conductors	are	supplied	with	current.	Hence,	a	driving	torque	acts	on	the	armature	which	begins	to	rotate.	When	the	armature	rotates,	a	back	EMF	is	induced	in	the	armature	conductors	that	opposes	the	applied	voltage	$\mathit{V_{s}}$.	This	applied	voltage	has	to	force	a	current	through
the	armature	conductors	against	the	back	EMF.The	voltage	equation	of	the	dc	motor	can	be	expressed	as,$$\mathrm{\mathit{V_{s}\:=\:E_{b}+I_{a}R_{a}}\:\cdot	\cdot	\cdot	(3)}$$Where,$\mathit{R_{a}}$	is	the	resistance	of	the	armature	circuit.Then,	the	armature	current	of	the	DC	motor	is	given
by,$$\mathrm{\mathit{I_{a}}\:=\:\frac{\mathit{V_{s}-E_{b}}}{\mathit{R_{a}}}\:\cdot	\cdot	\cdot	(4)}$$Since	the	applied	voltage	$\mathit{V_{s}}$	and	armature	resistance	$\mathit{R_{a}}$	are	usually	fixed	for	a	given	motor,	then	the	value	of	$\mathit{E_{b}}$	will	determine	the	current	drawn	by	the	DC	motor.	If	the	speed	of	the	DC	motor	is
high,	then	the	value	of	back	EMF	is	large	and	hence	the	motor	will	draw	less	armature	current	and	vice-versa.Significance	of	Back	EMF	in	DC	MotorThe	back	EMF	in	a	DC	motor	makes	it	a	self-regulating	machine,	which	means	it	makes	the	motor	to	draw	a	sufficient	amount	of	armature	current	to	develop	the	torque	required	by	the	mechanical
load.Now,	from	Equation-4,	we	may	explain	the	importance	of	back	EMF	in	the	DC	motor	as	Case	1	Motor	running	on	no	loadIn	this	case,	the	dc	motor	requires	a	small	torque	to	overcome	the	frictional	and	windage	losses.	Thus,	the	armature	current	$\mathit{I_{a}}$	drawn	by	the	motor	is	small	and	the	back	EMF	is	nearly	equal	to	the	supply
voltage.Case	2	Motor	load	is	changed	suddenlyIn	this	case,	when	load	is	suddenly	attached	to	the	motor	shaft,	the	armature	slows	down.	Consequently,	the	speed	at	which	the	armature	conductors	move	through	the	magnetic	field	is	decreased	and	hence	the	back	EMF	decreases.	This	decreased	back	EMF	allows	a	larger	current	to	pass	through	the
armature	conductors,	and	larger	armature	current	means	high	driving	torque.	Hence,	it	is	clear	that	the	driving	torque	increases	as	the	motor	speed	decreases.	The	reduction	in	motor	speed	stops	when	the	armature	current	is	sufficient	to	produce	the	increased	torque	required	by	the	mechanical	load.Consider	another	situation,	where	the	load	on	the
motor	is	decreased.	In	this	case,	the	driving	torque	is	momentarily	more	than	the	requirement	so	that	the	armature	is	accelerated.	The	increase	in	the	armature	speed	increases	the	back	EMF,	and	causes	the	armature	current	to	decrease.	Once	the	armature	current	is	just	sufficient	to	produce	the	reduced	driving	torque	required	by	the	load,	the
motor	will	stop	accelerating.This	discussion	clears	that	the	back	EMF	in	a	dc	motor	automatically	regulates	the	flow	of	armature	current	to	meet	the	load	requirements.	Today	in	Linquip,	were	going	to	discuss	everything	about	DC	motors,	their	types,	and	applications.	As	you	may	know,	a	DC	motor	or	a	direct	connection	motor	is	referred	to	as	any
type	of	rotary	electric	motors	that	converts	direct	electrical	energy	into	mechanical	energy.	There	are	four	main	types	of	DC	motor,	all	of	which	are	used	for	different	applications.	If	you	want	to	know	everything	about	a	DC	motor,	DC	motor	types,	and	their	utilizations.On	Linquips	website,	you	can	find	all	the	information	you	need	about	DC	motor
equipment	and	devices.	At	Linquip,	we	are	happy	to	assist	you	with	any	questions	you	may	have	related	to	DC	motors.	For	more	information	about	DC	motors,	visit	Linquip	and	explore	the	article	What	Is	DC	Motor?.Are	you	searching	for	DC	motor	devices	and	equipment?	Linquip	offers	a	wide	range	of	equipment	for	your	DC	motor	applications.	See
lists	of	DC	Motor	Products	Browse	them	online	free	of	charge.	Do	you	want	to	buy	DC	motor	devices	&	equipment?	Click	here	to	get	free	access	to	every	DC	Motor	Devices	for	Sale	you	may	need.	Need	an	up-to-date	price	list	for	DC	motors?	With	Linquip,	you	can	send	inquiries	to	all	reputable	DC	Motor	Suppliers	and	receive	quotes	for	free.	View	a
List	of	DC	Motor	for	Sale	and	Their	Suppliers	What	is	a	DC	Motor?Its	interesting	to	know	that	DC	motors	are	everywhere.	Unlike	its	bizarre	name,	direct	connection	motors	are	everywhere	around	us,	and	theyre	making	our	lives	much	more	comfortable.	In	a	nutshell,	any	device	that	uses	electricity	to	provide	various	motions	is	doing	it	using	DCmotor
types.Now	that	you	know	what	a	direct	connection	motor	is	lets	dive	deeper	into	the	concept	and	discuss	the	types	of	direct	connection	motors	and	their	application	in	the	industrial	field.How	Many	Types	of	DC	Motor	Are	There?There	are	four	main	types	of	direct	connection	motors:Permanent	Magnet	DC	MotorSeries	DC	MotorsShunt	DC
MotorsCompound	DC	MotorsIf	you	want	to	understand	how	direct	connection	motors	work	and	what	utilizations	they	have,	you	need	to	get	familiar	with	their	different	types.	1.	Permanent	Magnet	DC	MotorThe	permanent	magnet	motors	work	by	a	permanent	magnet	to	make	a	field	flux.	A	PM	direct	connection	motor	does	not	have	a	field	winding	on
the	stator	frame.	Instead,	it	uses	permanent	magnets	to	provide	a	magnetic	field	against	which	the	rotor	field	interacts	to	produce	torque.This	type	of	direct	connection	motor	makes	excellent	starting	torque,	and	it	has	good	speed	regulation.2.	Series	DC	MotorsIn	the	series	DC	motors	or	series	wound	DC	motors,	the	entire	armature	current	flows
through	the	field	winding.	Usually,	this	DCmotor	type	creates	a	large	amount	of	starting	torque,	but	it	cant	regulate	speed,	and	even	running	with	no	load	can	damage	it.	Therefore,	these	limitations	make	series	DC	motors,	not	a	good	option	for	variable	speed	drive	applications.	Electric	circuit	of	a	series	wound	DC	motor	(Reference:	Linquip.com)See
All	Series	Wound	DC	Motors	for	Sale3.	Shunt	DC	MotorsShunt	DC	motors	are	a	type	of	direct	connection	motors	in	which	the	shunt	field	winding	is	only	parallel	to	the	armature	winding	and	not	the	series	field	winding.	Shunt	DC	motors	are	also	known	as	compound	wound	DC	motors.	Shunt	DC	motors	provide	excellent	speed	regulation,	as	the	shunt
field	can	be	excited	separately	from	the	armature	windings.	This	feature	of	shunt	direct	connection	motors	provides	simplified	reversing	controls.DC	shunt	motor	(Reference:	motioncontroltips.com)Read	more	about	AssunMotors	coreless	brushless	DC	motor.4.	Compound	DC	MotorsCompound	DCmotors	or	compound	wound	motors	have	both	series
and	shunt	field	windings.	These	types	of	motors	offer	good	starting	torque,	but	they	may	have	control	problems	in	variable	speed	drive	applications.	These	motors	can	be	connected	to	two	arrangements:	cumulatively	and	differentially.	The	cumulative	type	connects	the	series	field	to	aid	the	shunt	field,	providing	higher	starting	torque	but	less	speed
regulation.	The	differential	type	has	good	speed	regulation	and	usually	operates	at	a	constant	speed.Various	DC	Motor	ApplicationsIn	general,	DC	motors	are	used	as	variable	speed	drives	and	for	the	applications	in	which	sever,	torque	variations	occur.	Now	that	youre	familiar	with	different	DCmotor	types	lets	get	through	their	usages	and
applications.Series	DC	motors	are	generally	used	where	high	starting	torque	is	required,	and	speed	variations	are	possible.	These	types	of	direct	connection	motors	are,	for	instance,	used	in	the	traction	system,	cranes,	air	compressors,	vacuum	cleaners,	sewing	machines,	etc.Shunt	DC	motors	are	used	for	applications	where	you	need	constant	speed,
and	the	starting	conditions	are	not	severe.	The	shunt	direct	connection	motors	applications	are	in	lathe	machines,	centrifugal	pumps,	fans,	blowers,	conveyors,	lifts,	waving	machines,	spinning	machines,	etc.Compound	wound	motors	are	usually	used	where	you	need	higher	starting	torque	and	relatively	constant	speed.	The	compound	DC	motors
applications	are	in	presses,	shears,	conveyors,	elevators,	rolling	mills,	heavy	planners,	etc.What	Are	the	Main	Parts	of	a	DC	Motor?DC	motors	are	composed	of	the	following	components:	a	stator,	a	rotor,	a	yoke,	poles,	armature	windings,	field	windings,	commutator,	and	brushes.	Many	of	its	parts	are	similar	to	those	in	AC	motors,	but	there	are	a	few
differences.What	are	the	Advantages	of	DC	Motors?Comparing	with	the	AC	motors	that	converts	alternating	current	into	mechanical	power,	DC	motors	have	some	advantages	you	might	want	to	consider.Generally,	direct	connection	motors	have	higher	starting	torque	than	alternating	current	ones.	This	feature	makes	it	easier	to	get	things	moving.
The	only	problem	of	this	feature	is	that	you	cant	start	them	unless	they	are	under	a	load.	If	a	DC	motor	doesnt	have	a	load	to	start,	it	can	burn	out	fast.The	other	advantage	of	various	DC	motor	types	is	that	they	generate	a	speed-torque	curve	thats	more	linear	than	the	AC	motors.	This	feature	is	actually	due	to	the	curve	plotted	between	the	torque	and
the	motors	speed,	which	explains	the	relationship	between	how	fast	the	motor	spins	and	how	much	torque	it	can	generate.The	ability	to	control	the	speed	is	the	other	upper	hand	of	direct	connection	motors.	If	youre	working	with	heavy	load	systems,	the	ability	to	control	the	speed	becomes	very	crucial,	and	it	determines	whether	youll	end	up	with	a
successful	job	or	a	burned	out	motor.	Therefore,	DC	motors	are	ideal	for	any	job	needing	constant	low-speed	torque	or	variable	torque.Another	important	point	to	consider	is	that	DC	motors	are	easier	to	install	compared	to	the	AC	motors.	They	also	need	less	maintenance	and	are	easier	to	repair.	If	your	industrial	types	of	equipment	are	set	up	to	use
DC	motors,	replacing	a	broken	one	with	a	DC	motor	is	quick	and	easy.	While	replacing	it	with	an	AC	motor	will	force	you	to	redesign	the	whole	motor	circuit.	What	is	DC	Motor?	What	is	Industrial	Motors?	DC	Motor	For	Sales	The	commonly	used	Types	of	DC	Motor	are	shown	in	Fig.	5.1.	In	a	separately	excited	motor,	the	field	and	armature	voltages
can	be	controlled	independent	of	each	other.	In	a	shunt	motor,	field	and	armature	are	connected	to	a	common	source.	In	case	of	a	series	motor,	field	current	is	same	as	armature	current,	and	therefore,	field	flux	is	a	function	of	armature	current.	In	a	cumulatively	compound	motor,	the	magneto-motive	force	of	the	series	field	is	a	function	of	armature
current	and	is	in	the	same	direction	as	mmf	of	the	shunt	field.	The	steady	state	equivalent	circuit	of	armature	of	a	dc	machine	is	shown	in	Fig.	5.2.	Resistance	Ra	is	the	resistance	of	the	armature	circuit.	For	separately	excited	and	shunt	motors,	it	is	equal	to	the	resistance	of	armature	winding	and	forseries	and	compound	motors	it	is	the	sum	of
armature	and	field	winding	resistances.	Basic	equations	applicable	to	all	Types	of	DC	Motor	arewhere	is	the	flux	per	pole,	Webers;Ia	the	armature	current,	A;	V	the	armature	voltage	V;Ra	the	resistance	of	the	armature	circuit,	ohms;m	the	speed	of	armature,	rad/sec;T	the	torque	developed	by	the	motor,	N-m;	andKe	the	motor	constant.From	Eq.	(5.1)
to	(5.3)Shunt	and	Separately	Excited	Motors:In	case	of	shunt	and	separately	excited	motors,	with	a	constant	field	current,	the	flux	can	be	assumed	to	be	constant.	LetThen	from	Eqs.	(5.1),	(5.3)	and	(5.4)	to	(5.6)The	speed-torque	and	torque-current	characteristics	of	a	separately	excited	motor	for	rated	terminal	voltage	and	full	field	are	shown	in	Fig.
5.3.	The	speed-torque	curve	is	a	straight	line.	The	no	load	speed	m0is	determined	by	the	values	of	armature	voltage	and	field	excitation.	Speed	decreases	as	torque	increases	and	speed	regulation	depends	on	the	armature	circuit	resistance	(Eq.	(5.10)).	The	usual	drop	in	speed	from	no	load	to	full	load,	in	case	of	a	medium	size	motor,is	of	the	order	of
5%.	Separately	excited	motors	are	employed	in	applications	requiring	good	speed	regulation	and	adjustable	speed.Series	Motor:In	series	motors,	the	flux	is	a	function	of	armature	current.	In	unsaturated	region	of	magnetization	characteristic,	can	be	assumed	to	be	proportional	to	Ia.	Thus,Substituting	in	Eqs.	(5.3),	(5.4)	and	(5.5)	giveswhere	armature
circuit	resistance	Ra	is	now	the	sum	of	armature	and	field	winding	resistances.	The	speed-torque	and	torque-current	characteristics	of	a	series	motor	at	rated	terminal	voltage	and	full	field	are	shown	in	Fig.	5.3.	Series	motors	are	suitable	for	applications	requiring	high	starting	torque	and	heavy	torque	overloads.	Since	torque	is	proportional	to	the
armature	current	squared,	for	the	same	increase	in	torque,	increase	in	motor	current	is	less	compared	to	that	in	a	separately	excited	motor	where	torque	is	proportional	to	armature	current.	Thus,	during	heavy	torque	overloads	and	starting,	power	overload	on	the	source	and	thermal	overloading	of	the	motor	are	kept	limited	to	reasonable	values.
According	to	Eq.	(5.14),	as	speed	varies	inversely	as	the	square	root	of	torque,	machine	runs	at	a	large	speed	at	light	load.	Generally,	mechanical	strength	of	a	Types	of	DC	Motor	permit	it	to	operate	upto	about	twice	rated	speed.	Hence,	the	series	motor	should	not	be	used	in	those	drives	where	there	is	a	possibility	of	the	load	torque	being	dropped	to
the	extent	that	the	speed	may	exceed	twice	rated	value.Compound	Motor:Speed-torque	and	torque-current	characteristics	of	a	cumulative	compound	motor	are	also	shown	in	Fig.	5.3.	The	no	load	speed	depends	on	the	strength	of	shunt	field	and	slope	of	the	characteristic	on	the	strength	of	series	field.	Cumulative	compound	motors	are	used	in	those
applications	where	a	drooping	characteristic	similar	to	that	of	a	series	motor	is	required	and	at	the	same	time	the	no	load	speed	must	be	limited	to	a	safe	value;	typical	examples	are	lifts	and	winches.	It	is	also	used	in	intermittent	load	applications,	where	the	load	varies	from	almost	no	load	to	very	heavy	loads.	In	these	applications	a	fly-wheel	may	be
mounted	on	the	motor	shaft	for	load	equalisation.	This	apart	from	equalising	load	on	the	supply,	permits	the	use	of	a	smaller	size	motor.	Pressing	machine	is	a	typical	example	of	this	type	of	application.The	characteristics	of	Fig.	5.3,	which	are	obtained	at	rated	terminal	voltage	and	full	field	are	known	as	natural	speed-torque	characteristics.	Rated	(or
full	load)	speed	is	known	as	the	base	speed.Universal	Motor:The	universal	motor	can	run	both	on	dc	and	ac	supply.	It	is	essentially	a	dc	series	motor,	with	some	differences	in	construction;	which	are	mainly	introduced	to	get	satisfactory	performance	on	ac.	In	series	motor,	torque	depends	on	the	product	of	armature	current	and	field	flux.	Reversal	of
the	terminal	voltage	reverses	both	the	armature	current	and	field	flux.	Consequently,	torque	remains	in	the	same	direction.	Therefore,	when	fed	from	an	ac	source,	the	series	motor	produces	unidirectional	torque.	Although	the	torque	fluctuates	at	a	frequency	of	100	Hz	between	zero	and	its	peak	value,	its	fluctuations	are	smoothened	out	by	motor
inertia	and	the	motor	runs	at	a	uniform	speed.A	simple	dc	series	motor	does	not	operate	well	on	ac.	Hysteresis	and	eddy	current	losses	that	occur	in	field	poles	and	yoke	reduce	motor	efficiency	and	increase	thermal	loading.	The	alternating	flux	produces	large	induced	currents	in	the	coils	that	are	short	circuited	by	brushes	during	commutation.	This
causes	excessive	sparking	at	the	commutator.	Motor	power	factor	is	very	poor	due	to	large	inductance	of	field	and	armature.	Universal	motor	is	specially	constructed	to	solve	these	limitations.	In	addition	to	the	armature,	field	poles	and	yokes	are	also	laminated	to	reduce	eddy	current	losses.	High	permeability	silicon	steel	lamination	are	used	to
reduce	hysteresis	loss.	A	compensating	winding	is	used	in	series	with	the	armature	to	reduce	armature	inductance.	The	field	inductance	is	lowered	by	using	fewer	turns	and	shallow	pole	pieces.	In	spite	of	these	changes,	when	fed	from	ac,	commutation	is	worse	than	when	fed	from	dc.	Therefore,	their	power	ratings	are	seldom	higher	than	1	kW.	No
load	speed	is	high,	but	generally	not	high	enough	to	damage	the	motor.Most	universal	motors	are	manufactured	for	use	at	speeds	in	excess	of	3000	rpm.	This	is	the	maximum	speed	of	an	induction	motor	when	fed	from	a	50	Hz	supply.	Below	this	speed	induction	motor	is	generally	preferred.	Many	universal	motors	operate	at	speeds	upto	12,000	rpm
and	can	go	upto	20,000	rpm.	Because	of	high	operating	speeds,	universal	motor	is	much	smaller	in	size	compared	to	an	induction	or	a	low	speed	dc	motor	of	identical	rating.	Because	of	brushes	and	commutator,	it	requires	frequent	maintenance	and	has	a	relatively	short	operating	life.Until	recently,	universal	motor	was	the	cheapest	motor	capable	of
running	at	high	speeds	and	having	relatively	very	small	weight	and	size.	The	brushless	Types	of	DC	Motor	or	a	single	phase	induction	motor	fed	from	variable	frequency	inverter	may	become	its	competitor	in	near	future.Some	applications	of	universal	motor	are	fans,	electric	drills,	home	appliances	etc.Permanent	Magnet	Motors:In	permanent	magnet
dc	motors,	field	excitation	is	obtained	by	suitably	mounting	permanent	magnets	on	the	stator.	Ferrites	or	rare	earth	(cobalt	samarium)	magnets	are	employed.	Ferrites	are	commonly	used	because	of	lower	cost,	but	the	machine	becomes	bulky	due	to	low	retentivity.	Rare	earths	because	of	their	high	retentivity	allow	a	large	reduction	in	weight	and
size,	but	they	are	very	expensive.	The	permanent	magnet	motors	are	mainly	employed	in	fractional	horsepower	range,	but	they	are	available	upto	5	kW	rating.Use	of	permanent	magnets	for	excitation	eliminates	field	copper	loss	and	need	for	field	supply.	Compared	to	the	field	wound	motors,	they	are	more	efficient,	reliable,	sturdy	and	compact.	The
field	flux	remains	constant	for	all	loads	giving	a	more	linear	speed	torque	characteristic.	In	a	separately	excited	motor,	failure	of	field	supply	can	lead	to	runaway	condition.	This	does	not	happen	in	permanent	magnet	motors.	As	the	flux	is	constant	in	these	motors,	speed	cannot	be	controlled	above	base	speed.	Such	motors	have	applications	in	electric
vehicles	like	mopeds,	forklift	trucks,	wheel	chairs	etc.DC	Servo	Motors:There	is	no	sharp	dividing	line	between	servo	and	conventional	field	wound	and	permanent	magnet	dc	motors.	Servo	motors	are	intended	to	be	used	in	closed	loop	speed	and	positional	control	systems	where	performance	requirements	are	such	that	they	cannot	be	achieved	by	a
normal	dc	motor.	A	normal	Types	of	DC	Motor	is	designed	to	achieve	good	full	load	performance	with	minimum	cost.	It	fails	to	provide	good	dynamic	response	and	steady	state	accuracy	when	employed	in	a	closed-loop	drive.	The	servo	motor	on	the	other	hand	is	designed	to	achieve	good	dynamic	performance	and	steady	state	accuracy.	It	is	designed
to	achieve	the	same	performance	in	both	directions	of	rotation,	high	torque	to	inertia	ratio,	low	friction	and	smooth	ripple	free	torque.	In	a	Types	of	DC	Motor,	the	armature	inertia	is	proportional	to	length	and	diameter	squared.	In	some	servo	motors,	inertia	is	reduced	by	reducing	diameter	and	increasing	length	for	the	same	rating.	In	low	power
servo	drives,	where	current	control	is	not	incorporated,	the	current	during	transient	operation	can	be	even	higher	than	ten	times	the	rated	current.	Commutator	is	designed	to	obtain	spark-free	commutation	even	at	such	large	currents,	which	will	not	be	possible	in	a	common	dc	motor.	Because	of	these	exacting	requirements	servo	motors	are	much
more	expensive	than	common	dc	motors.	Their	ratings	can	be	from	few	watts	(in	instrument	servos)	to	megha	watts	(steel	rolling	mills).	Small	servo	motors	are	usually	permanent	magnet	type.Moving	Coil	Motors:Some	applications	require	acceleration	much	higher	than	what	can	be	achieved	in	a	conventional	dc	servo	motor.	Armatures	of	moving	coil
dc	motors	have	special	constructions	which	allow	a	substantial	reduction	in	armature	inertia	and	inductance,	permitting	very	high	accelerations.	Two	types	of	moving	coil	motors	are	shell	and	disc	type.Shell	Type:In	order	to	maximize	acceleration,	armature	inertia	must	be	minimized.	In	a	conventional	dc	motor,	the	armature	consists	of	a	winding
housed	in	slots	provided	on	a	cyclinder	of	magnetic	material,	which	is	provided	mainly	to	give	low	reluctance	path	for	the	stator	field,	and	rotates	with	armature	winding.	Consequently,	armature	has	high	inertia.	In	a	shell	type	moving	coil	motor	(Fig.	5.4(a)),	the	rotor	consists	of	only	armature	winding.	Hence	it	has	very	low	inertia.	Low	reluctance
path	for	the	stator	field	is	provided	by	a	stationary	magnetic	material	cylinder.	Armature	winding	consists	of	conductors	assembled	to	form	a	thin	walled	cylinder.	The	commutator	may	have	a	cylindrical	construction	as	in	conventional	dc	motors	or	disc	type	construction.Tiny	motors	(with	diameters	around	1	cm),	known	as	micromotors,	have	armature
winding	consisting	of	simply	varnished	wires	arranged	in	cylindrical	form	and	a	disc	type	commutator.	Such	motors	are	widely	used	in	cameras,	card	readers,	video	systems	etc.	In	bigger	size	motors,	the	armature	winding	is	made	by	bonding	conductors	together	using	polymer	resins	and	fiberglass	to	provide	adequate	mechanical	strength.Disc	or
Pancake	Type:The	construction	details	are	shown	in	Fig.	5.4(b).	Armature	is	made	in	disc	or	pancake	form,	and	armature	conductors	resemble	spokes	on	a	wheel.	Armature	winding	is	formed	by	stamping	conductors	from	a	sheet	of	copper,	welding	them	together	and	placing	them	on	a	light	weight	disc.	Conductor	segments	are	then	joined	with	a
commutator	at	the	centre	of	the	disc.	Note	that	the	direction	of	flux	is	axial	and	armature	current	is	radial.	This	is	just	opposite	to	shell	type	(or	conventional)	motors	where	the	current	is	axial	and	flux	is	radial.	The	principle	of	operation	is	same	as	that	of	a	conventional	dc	motor.Disc	type	moving	coil	motors	are	more	robust	and	available	in	sized	upto
few	kilowatts.	They	find	applications	where	axial	space	is	at	a	premium	such	as	machine	tools,	disc	drives	etc.Moving	coil	motors	can	be	provided	with	large	number	of	conductors	(few	hundred).	Therefore,	torque	remains	almost	constant	as	the	rotor	turns.	This	allows	them	to	produce	very	smooth	rotation	at	low	speeds.	The	absence	of	iron	in
armature	of	disc	type	motor	eliminates	the	associated	core	losses,	making	it	more	efficient	than	conventional	dc	motors.	As	already	stated,	low	inertia	and	low	armature	inductance	gives	moving	coil	motors	an	excellent	dynamic	response.Torque	Motors:DC	motors	designed	to	run	for	long	periods	in	a	stalled	or	a	low	speed	condition	are	known	as
torque	motors.	A	normal	Types	of	DC	Motor	is	designed	to	optimize	full	speed	performance.	In	small	ratings,	the	stalled	or	low	speed	current	in	normal	dc	motors	can	be	5-10	times	the	rated	current.	If	these	motors	are	allowed	to	run	at	low	speed	(or	standstill),	armature	winding	will	get	burnt	by	overheating	and	the	commutator	will	get	damaged	due
to	heavy	sparking.	In	case	of	torque	motors,	because	of	special	design,	the	stalled	and	low	speed	current	remains	below	safe	value.	Some	torque	motors	are	designed	to	operate	at	low	speeds	intermittently.Applications	of	torque	motors	can	be	divided	into	three	categories:	Where	the	motor	is	required	to	operate	in	stalled	condition.	Here,	purpose	of
the	motor	is	to	develop	required	tension	or	pressure	on	a	material,	similar	to	spring.	Machine	tools,	spooling	come	under	this	category.In	second	category	torque	motor	is	required	to	move	through	only	a	few	revolutions	or	degrees	of	revolution.	Opening	of	valves,	switches	and	clamping	devices	are	some	examples.This	category	of	application	involves
continuous	movement	of	the	motor	at	low	speed,	e.g.	reel	drive.	Coding	Ground	For	Developers	Code,	Edit,	Run	and	Share	Ignite	your	coding	potential	on	Coding	Ground	-	an	immersive	online	platform	for	hands-on	learning,	collaboration,	and	skill	development.	Java	Compiler	Python	Compiler	C++	Compiler	HTML	Editor	We	know	that	there	are	two
types	of	motors,	namely	AC	and	DC.	The	AC	motor	uses	AC	current	to	transform	electrical	energy	into	mechanical	energy.	There	are	many	types	of	AC	motor.	The	DC	motor	uses	DC	current	to	transform	electrical	energy	into	mechanical	energy.	The	main	advantage	of	using	this	is	that	we	can	control	the	speed,	and	it	occupies	less	space.There	are	4
major	types	of	DC	motor.	They	are:Series	DC	MotorShunt/Parallel	DC	MotorCompound	DC	MotorsPermanent	Magnet	DC	MotorIn	the	case	of	a	permanent	magnet	DC	motor,	permanent	magnets	are	used	to	create	field	flux.	The	other	three	types	are	classified	based	on	the	electrical	connections	between	the	stator	and	the	rotor.	Each	of	them	has	a
unique	torque/speed.	You	may	also	want	to	check	out	these	topics	given	below!	Based	on	the	type	of	construction	and	electrical	connection,	DC	motors	can	be	categorised	into	four	major	types.	A	brief	chart	(based	on	the	type	of	construction	and	electrical	connection)	is	given	below:Types	of	DC	motor	when	listed	sequentially:Permanent	Magnet	DC
MotorShunt	MotorSeries	MotorCompound	Motor	is	again	classified	intoShort	Shunt	MotorLong	Shunt	MotorDifferentially	CompoundCumulative	Compound	In	these	types	of	DC	motor,	the	permanent	magnet	is	used	to	create	a	magnetic	field.	In	this,	no	input	current	is	consumed	for	excitation.	These	are	used	in	automobile	starters,	wipers,	air
conditioners,	etc	Here,	the	field	is	connected	with	the	armature	windings	in	parallel	or	also	known	as	a	shunt.	The	shunt	field	can	be	separately	excited	from	the	armature	windings	and	that	is	the	reason	it	can	be	used	for	greater	speed	regulation	and	can	also	offer	very	simplified	reverse	control.	Here,	a	large	wire	carrying	the	full	armature	current
winds	the	field	with	few	turns.	This	kind	of	motor	generates	a	large	amount	of	starting	torque	but	the	speed	cannot	be	regulated	here.	If	they	are	run	with	no	load	then	it	might	face	damage.	These	are	not	the	ideal	option	for	variable	speed	applications.	These	have	a	shunt	field	which	is	separately	excited.	They	have	a	good	starting	torque	but	might
face	problems	in	variable	speed	applications.	Here,	the	shunt	field	winding	is	only	connected	with	the	armature	winding	and	that	too	in	parallel.	The	field	coil,	which	is	in	series,	is	entirely	exposed	to	current	before	being	split	up	into	the	armature.	Here,	the	shunt	field	winding	is	connected	in	parallel	with	the	both	series	field	coil	and	armature	which
are	again	connected	with	each	other	in	series.	In	this	type	of	compound	wound	DC	motor,	the	flux	produced	due	to	the	shunt	field	windings	reduces	the	effect	of	the	main	series	windings.	Here,	the	flux	produced	by	the	shunt	field	windings	enhances	the	effect	of	the	main	field	flux	which	is	produced	by	series	winding.A	permanent	magnet	DC	motor
uses	permanent	magnets	to	create	field	flux.A	large	wire	carrying	the	full	armature	current	winds	the	field	with	few	turns.	This	kind	of	motor	generates	a	large	amount	of	starting	torque	but	the	speed	cannot	be	regulated	here.These	have	a	shunt	field	which	is	separately	excited.	They	have	a	good	starting	torque	but	might	face	problems	in	variable
speed	applications.The	types	of	compound	excited	DC	motors	are	short	shunt	motor,	long	shunt	motor,	differential	compound,	cumulative	compound.The	types	of	self-excited	DC	motors	are	shunt	excited,	compound	excited	and	series	excited	DC	motors.When	the	speed	of	a	DC	motor	increases,	back	emf	increases	but	there	will	be	a	fall	in	the	line
currents.	This	is	because	speed	is	proportional	to	the	back	emf.	If	there	is	a	series	motor,	the	armature	current	will	be	equal	to	the	load	current.The	direction	of	rotation	of	the	motor	is	determined	by	Flemings	left-hand	rule.	The	law	states	that	when	the	current-carrying	conductor	is	placed	in	the	magnetic	field,	there	is	a	force	acting	on	the
conductor,	and	on	the	other	side	of	the	conductor	is	forcefully	kept	under	a	magnetic	field,	there	will	be	an	induced	current	in	the	conductor.	Put	your	understanding	of	this	concept	to	test	by	answering	a	few	MCQs.	Click	Start	Quiz	to	begin!	Select	the	correct	answer	and	click	on	the	Finish	buttonCheck	your	score	and	answers	at	the	end	of	the	quiz
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What	are	the	4	types	of	dc	motor.	How	many	types	of	dc	motor.	Explain	types	of	dc	motor.	What	are	different	types	of	dc	motors.
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