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Abstract—
Abstract	 -	 In	 industrial	 applications	 and	

electric	vehicles	BLDC	(Motors)	are	being	used.	
This	 paper	 represents	 categorization	 of	 BLDC	
motor	 &	 applications.	 Preliminary	 design	 of	
AFM	 as	 well	 as	 RFM	 BLDC	 motor	 along	
with	 mathematically	 design	 equations	 further	
implemented	to	form	generalized	flowchart.
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I. Introduction 

Using	 of	 Permanent	 Magnet	 in	 electrical	
machines	 have	 many	 benefits	 and	 advantages	
then	electromagnetic	excitation	These	machines	
have	 zero	 excitation	 losses	 resulting	 in	 high	
efficiency,	 simple	 construction,	 low	 cost,	 less	
maintenance	and	high	torque	or	high	output	power	
per	unit	volume.	In	early	19th	century	permanent	
magnet	excitation	system	was	used	for	first	time	
in	electrical	machines.	The	performance	of	this	
machine	was	 very	 poor	 due	 to	 poor	 quality	 of	
hard	magnetic	material.	After	 the	 invention	 of	
alnico	 the	 use	 of	 permanent	magnet	 excitation	
system	increased.	Rare	earth	permanent	magnets	
improve	 the	 power	 density	 and	 dynamic	
performance	 of	 the	machine.	 Induction	motors	
are	most	popular	machine	in	the	20th	century	due	
to	its	simple	construction,	less	price,	reasonable	
reliability	 and	 low	maintenance.	 Due	 to	 small	
air	gap,	 lower	efficiency	and	 low	power	 factor	
than	 synchronous	 machine	 made	 synchronous	
machine	prevalent	in	industrial	applications.	Due	
to	high	power	to	weight	ratio,	high	torque,	good	
dynamic	control	for	variable	speed	applications,	
absence	 of	 brushes	 and	 commutator	 make	
Brushless	 dc	 (BLDC)	 motor	 [1]best	 choice	
for	 high	 performance	 applications.	 Due	 to	 the	
absence	of	brushes	and	commutator	there	is	no	
problem	of	mechanical	wear	of	the	moving	parts	
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[2],	[3].As	well,	better	heat	dissipation	property	
and	ability	to	operate	at	high	speeds	[4-5]	make	
them	superior	 to	 the	 conventional	dc	machine.	
Due	to	its	high	torque	and	efficient	performance	
it	has	wide	applications.	[6].	It	is	electronically	
commutated	 with	 high	 N/T	 characteristics,	
dynamic	 response,	 efficiency,	 &	 noiseless	
operation.

This	 paper	 gives	 relevant	 information	
about	 design	 of	 BLDC	 motor	 topologies	 and	
its	 applications.	 In	 section	 II	 detail	 study	 of	
Topologies	 of	 BLDC	 motor	 is	 explained.	
Magnetic	 Circuit	 design	 of	 Axial	 flux	 BLDC	
motor	and	radial	flux	BLDC	motor	is	explained	
in	section	III	and	IV.	Generalized	flow	chart	for	
BLDC	Motor	design	 is	explained	 in	section	V.	
Lastly	 the	applications	of	BLDC	motors	 along	
with	the	benefits	over	conventional	motors	have	
been	described	in	section	VI.
II. TOPOLOGIES

BLDC	motors	can	be	categorized	as,	radial	&	
axial	flux	motor.	In	RFM,	the	field	travels	radially	
between	stator	and	rotor	across	the	air	gap.	The	
radial	 field	 interacts	 with	 the	 axially	 flowing	
current	 which	 gives	 rise	 to	 a	 torque.	 BLDC	
motors	generate	trapezoidal	back	electromotive	
force	(EMF)	and	sinusoidal	back	electromotive	
force.	From	 this	perspective,	 the	name	“brush-	
less	DC”	fits	even	though	it	is	an	AC	motor.	

In	 AFM	 [7]	 the	 field	 is	 distributed	 axially	
between	 stator	 and	 rotor.	 Axial	 field	 interacts	
with	 the	 radial	 travelling	 current	 which	 gives	
rise	 to	 a	 torque.	 In	 RFM,	magnets	 act	 against	
centrifugal	force	on	the	rotor.

For	 direct-driven	 motor,	 an	 AFM	 more	
advantages	 compared	 to	 the	 RFM.	AFM	 with	
different	 configurations	 being	 adopt	 for	 better	
performance	 applications	 [8,	 9,	 10,	 and	 11].	 It	
is	 designed	 for	 higher	 torque-to-weight	 ratio	
with	high	efficiency.	Compared	to	slotted	axial	
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flux	motor,	non-slotted	axial	flux	motor	has	low	
ripple	torque	[11].

AFM	motors	are	of	Following	Types	[12]
A. Single Side type

Brief	topology	in	the	AFM	slot	and	slot	less	
is	shown	below:

Fig.1	Single	rotor	single	stator	structure
B.  Double Side type

This	topology	represents	double	sided	motor	
in	two	ways	:

•	 Two	stators	contains	sandwiched	rotor	or	
vice	versa.

•	 AFM,	slot	less,	disc	type	structure.	

Fig.2	Two	rotor	single	stator	structure
C. Multistage type

Fig.3.	shows	 the	stators	are	 formed	by	non-
slotted	 strip	wound	 stator	 steel.	Back	 to-	 back	
connected	 gramme	 type	 air	 gap	 windings	 are	
again	placed	around	the	stator	core.	

Fig.3.	Slot	less	Multi	Stage	PM	Machine

The	outer	rotor	discs	are	formed	by	both	rotor	
cores	 and	 axially	magnetized	 surface	mounted	
magnets	 as	 in	 other	 TORUS	 type	 topologies.	
The	inner	rotors	are	formed	by	rotor	discs	with	
permanent	 magnets	 on	 both	 sides	 of	 the	 rotor	
core.
III. AXIAL FLUX BLDC MOTOR

Fig.4	 shows	 the	 AFM	 topology	 showing	
geometrical	 definitions.	 The	 Leaving	 flux	
divides	by	two	from	the	center	magnet	and	enters	
through	air	gap	 into	 the	 two	adjacent	magnets,	
stator	iron	and	returns	through	air	gap	and	rotor	
iron	as	shown	in	Fig.	5	

Fig	5.Magnetic	path
	 The	 magnetic	 circuit	 for	 this	 flux	 loop	 is	

presented	in	Fig.6	

Fig.	 6	 (a)	Axial	BLDC	motor	magnetic	 circuit	
(b)	simplified	one.

As	motor	 consist	 of	 disc	 shaped	 rotor	 with	
PM	pasted	on	surface	facing	the	stator.	Air	Gap	
Flux	given	by:
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Where  

Pc :permeance coefficient,  

Kc  : crater coefficient and  

Km l: magnet leakage factor. 

Pc=lm/2c*g                                                           (3)  

Cφ : Flux concentration  depends on (Ag) area of air gap and 

(Am) area of magnet. 
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In Axial flux BLDC motor, magnetic area can be found as 

Am = 2𝜋𝜋 𝑟𝑟 − ∆𝑟𝑟 ÷ (2𝑝𝑝)EF
EG  dr            (5) 

Motor is having trapezoidal back emf, is then written as 

Eb = Nm KdKpKs BgNsppns(Ro
2-Ri
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Where, 

Kd : Distribution factor 

Kp  : Pitch Factor  
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Where	
Pg	:	air	gap	permeance	
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eq	1	can	be	rearranged	as

 
Fig.2 Two rotor single stator structure 
C. Multistage type 
Fig.3. shows the stators are formed by non-slotted strip wound 
stator steel. Back to- back connected gramme type air gap 
windings are again placed around the stator core. The outer 
rotor discs are formed by both rotor cores and axially 
magnetized surface mounted magnets as in other TORUS type 
topologies. The inner rotors are formed by rotor discs with 
permanent magnets on both sides of the rotor core. 

 
Fig.3. Slot less Multi Stage PM Machine 

 

III. AXIAL FLUX BLDC MOTOR 

 
 
 
Fig.4 shows the AFM topology showing geometrical 
definitions. The Leaving flux divides by two from the center 
magnet and enters through air gap into the two adjacent 
magnets, stator iron and returns through air gap and rotor iron 
as shown in Fig. 5  

                    
Fig 5.Magnetic path 
  
The magnetic circuit for this flux loop is presented in Fig.6 

 
Fig. 6 (a) Axial BLDC motor magnetic circuit (b) simplified 
one. 
. As motor consist of disc shaped rotor with PM pasted on 
surface facing the stator. Air Gap Flux given by: 
φ"# $

$%&'(
&)

*+
                                                   (1) 

Where  

Pg : air gap permeance  

Pm`: quivalent permeance (Pm + Pml). 
eq 1 can be rearranged as 

φ
"# ,

,- .+/0/'1
20

																																																				(5)
 

Where  

Pc :permeance coefficient,  

Kc  : crater coefficient and  

Km l: magnet leakage factor. 

Pc=lm/2c*g                                                           (3)  

Cφ : Flux concentration  depends on (Ag) area of air gap and 

(Am) area of magnet. 

𝑐𝑐8 =
𝐴𝐴;

𝐴𝐴<
																																															(4) 

In Axial flux BLDC motor, magnetic area can be found as 

Am = 2𝜋𝜋 𝑟𝑟 − ∆𝑟𝑟 ÷ (2𝑝𝑝)EF
EG  dr            (5) 

Motor is having trapezoidal back emf, is then written as 

Eb = Nm KdKpKs BgNsppns(Ro
2-Ri

2)ωm     (6) 

Where, 

Kd : Distribution factor 

Kp  : Pitch Factor  

											(2)

Where	
Pc	:permeance	coefficient,	
Kc		:	crater	coefficient	and	
Km	l:	magnet	leakage	factor.
Pc=lm/2c*g																					(3)	
Cφ	 :	 Flux	 concentration	 	 depends	 on	 (Ag)	

area	of	air	gap	and	(Am)	area	of	magnet.

 
Fig.2 Two rotor single stator structure 
C. Multistage type 
Fig.3. shows the stators are formed by non-slotted strip wound 
stator steel. Back to- back connected gramme type air gap 
windings are again placed around the stator core. The outer 
rotor discs are formed by both rotor cores and axially 
magnetized surface mounted magnets as in other TORUS type 
topologies. The inner rotors are formed by rotor discs with 
permanent magnets on both sides of the rotor core. 

 
Fig.3. Slot less Multi Stage PM Machine 

 

III. AXIAL FLUX BLDC MOTOR 

 
 
 
Fig.4 shows the AFM topology showing geometrical 
definitions. The Leaving flux divides by two from the center 
magnet and enters through air gap into the two adjacent 
magnets, stator iron and returns through air gap and rotor iron 
as shown in Fig. 5  

                    
Fig 5.Magnetic path 
  
The magnetic circuit for this flux loop is presented in Fig.6 

 
Fig. 6 (a) Axial BLDC motor magnetic circuit (b) simplified 
one. 
. As motor consist of disc shaped rotor with PM pasted on 
surface facing the stator. Air Gap Flux given by: 
φ"# $

$%&'(
&)

*+
                                                   (1) 

Where  

Pg : air gap permeance  

Pm`: quivalent permeance (Pm + Pml). 
eq 1 can be rearranged as 

φ
"# ,

,- .+/0/'1
20

																																																				(5)
 

Where  

Pc :permeance coefficient,  

Kc  : crater coefficient and  

Km l: magnet leakage factor. 

Pc=lm/2c*g                                                           (3)  

Cφ : Flux concentration  depends on (Ag) area of air gap and 

(Am) area of magnet. 

𝑐𝑐8 =
𝐴𝐴;

𝐴𝐴<
																																															(4) 

In Axial flux BLDC motor, magnetic area can be found as 

Am = 2𝜋𝜋 𝑟𝑟 − ∆𝑟𝑟 ÷ (2𝑝𝑝)EF
EG  dr            (5) 

Motor is having trapezoidal back emf, is then written as 

Eb = Nm KdKpKs BgNsppns(Ro
2-Ri

2)ωm     (6) 

Where, 

Kd : Distribution factor 

Kp  : Pitch Factor  

									(4)
In	Axial	flux	BLDC	motor,	magnetic	area	can	

be	found	as

 
Fig.2 Two rotor single stator structure 
C. Multistage type 
Fig.3. shows the stators are formed by non-slotted strip wound 
stator steel. Back to- back connected gramme type air gap 
windings are again placed around the stator core. The outer 
rotor discs are formed by both rotor cores and axially 
magnetized surface mounted magnets as in other TORUS type 
topologies. The inner rotors are formed by rotor discs with 
permanent magnets on both sides of the rotor core. 

 
Fig.3. Slot less Multi Stage PM Machine 

 

III. AXIAL FLUX BLDC MOTOR 

 
 
 
Fig.4 shows the AFM topology showing geometrical 
definitions. The Leaving flux divides by two from the center 
magnet and enters through air gap into the two adjacent 
magnets, stator iron and returns through air gap and rotor iron 
as shown in Fig. 5  

                    
Fig 5.Magnetic path 
  
The magnetic circuit for this flux loop is presented in Fig.6 

 
Fig. 6 (a) Axial BLDC motor magnetic circuit (b) simplified 
one. 
. As motor consist of disc shaped rotor with PM pasted on 
surface facing the stator. Air Gap Flux given by: 
φ"# $

$%&'(
&)

*+
                                                   (1) 

Where  

Pg : air gap permeance  

Pm`: quivalent permeance (Pm + Pml). 
eq 1 can be rearranged as 

φ
"# ,

,- .+/0/'1
20

																																																				(5)
 

Where  

Pc :permeance coefficient,  

Kc  : crater coefficient and  

Km l: magnet leakage factor. 

Pc=lm/2c*g                                                           (3)  

Cφ : Flux concentration  depends on (Ag) area of air gap and 

(Am) area of magnet. 

𝑐𝑐8 =
𝐴𝐴;

𝐴𝐴<
																																															(4) 

In Axial flux BLDC motor, magnetic area can be found as 

Am = 2𝜋𝜋 𝑟𝑟 − ∆𝑟𝑟 ÷ (2𝑝𝑝)EF
EG  dr            (5) 

Motor is having trapezoidal back emf, is then written as 

Eb = Nm KdKpKs BgNsppns(Ro
2-Ri

2)ωm     (6) 

Where, 

Kd : Distribution factor 

Kp  : Pitch Factor  

												(5)
Motor	is	having	trapezoidal	back	emf,	is	then	

written	as
Eb	=	Nm	KdKpKs	BgNsppns(Ro

2-Ri
2)ωm					(6)

Where,
Kd :	Distribution	factor
Kp		:	Pitch	Factor	
Ks	:	skew	factor,	
Nm	:	number	of	poles	,	
Nspp	:	number	of	slots/pole/phase	
 ns	:	number	of	turns/slot.
Constant	of	back	emf	expressed	as:
Ke	=	2	Nm	KdKpKs	BgNsppns(Ro

2-Ri
2)					(7)

Developed	Tem	is	given	by
																			T	=	KeI																												(8)
I	:	dc	coil	current.	[13]

IV. Radial Flux BLDC Motor
Fig	7	represents	RFM	which	consists	of	stator	

consists	of	 laminated	stampings	and	rotor	with	
surface	mounted	magnet	configurations.	

Conventional	design	method
To	identify	the	performance	of	motors	when	

dimensions	 are	 known	 conventional	 methods	
are	used	generalized	performance	equations	for	
design	 of	 Surface	mounted	 Permanent	magnet	
motors	described	by	Slemon.

The	 approximate	 expression	 for	 torque	 and	
losses	has	been	derived.	[14]

				T	=	2pr2lBgJs	sinf																																		(9)
Js:		linear	current	density.
r:	rotor	radius.
	l:	rotor	length.
Bg	:	air	gap	flux	density.
f:		displacement	angle	between	fields	

Fig.	7	Conventional	RFSMPM	machine

Fig.8	MEC	equivalent	model	of	a	PM	machine	

For	a	single	pole	RFSMPM	machine	[15]
For	modeling	flux	density	distribution	of	PM	

machines	MEC	is	used.	The	flux	between	nodes	
as	shown	in	Fig.8.

Fig.		9.	Schematic	view	of	a	RFM
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The	 different	 reluctance	 parameter	 is	 given	
by:

Rry:	rotor	yoke	
Rsy:	stator	yoke	
Rm:	PM	
Rmg:	stator	and	rotor	air	gap	
Rs:	slots.	
The	 coil	 windings	 are	 wound	 toroidally	

carries	 stator	 ring	 which	 is	 surrounded	 by	 R3	
and	R4	[16].

Machine	consists	of	uniform	field	variables	in	
an	axial	direction,	so	that	magnetization	vector	
of	 permanent	 magnet	 represented	 in	 Fourier	
series,

(9)

Where,	
Brem	:	magnetic	flux	density.
	Let	machine	 is	 two-pole	 type,	 then	air	gap	

field	will	 be	 very	 close	 to	 a	 sinusoid,	 and	 the	
magnetization	vector,	expressed	as:

        																								(10)
L’Hospital’s	theorem	is	used	to	identify	radial	

flux	density	in	air	gap	expressed	as:

													(11)

Value	of	ρ1	is
														(12)

Design	 of	 back	 iron	 is	 done	 in	 such	 a	way	
that	the	flux	density	in	the	iron	is	kept	below	the	
saturation	 density.	 Thus	 flux	 per	 unit	 depth	 is	
obtained	from

																					(13)

Expression	for	flux	density	is

																				(14)

The	generated	torque	from	Lorentz	force		

given	
by

																						(15)

The	current	density	of	the	coil	given	by,

																																	(16)

The	radius	factor	kr	is	defined	as

radius	factor	torque	can	be	written	as,

												(17)

The	total	torque	is	

												(18)

V. GENERALIZED FLOWCHART FOR 
PM BLDC MOTOR

Design	 procedure	 of	 PMBLDC	 motor	
includes	 main	 four	 steps	 i.e.	 calculation	 of	
main	 dimensions,	 stator	 design,	 rotor	 design	
and	 calculation	 of	 performance	 parameters.	
In	 addition	 to	 that	 two	 corrective	 loops	 are	
introduced	 in	 the	 flowchart.	 Inner	 loop	 is	 for	
correcting	air	gap	flux	density	and	outer	loop	is	
for	calculation	of	efficiency	[17].

As	shown	in	Fig.	10,	
•	 Using	 current	 and	 N,	 the	 slot	 area	 &	

dimensions	are	calculated.	

•	 Performance	parameter	is	calculated	and	
it	 should	 meet	 the	 desired	 parameter.	
If	 the	 required	 parameter	matches	with	
tolerance	afterwards	FEA	begins.
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Brem : magnetic flux density. 
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Fig.10 PMBL MOTOR design flowchart. 
 

Fig.10	PMBL	MOTOR	design	flowchart.
If	above	statement	not	satisfied	then	R,	L,	B	and/
or	even	motor	configuration	and	magnetic	materi-
al	type	may	be	changed	as	per	requirement.	[18].

																		VI.APPLICATIONS
Many	applications	require	high	torque,	high	

efficiency,	 economic	 feasibility,	 Compactness	

and	 Space	 factor	 which	 is	 fulfilled	 by	 BLDC	
motor.	 Few	 applications	 of	 BLDC	 motor	 are	
listed	as	below

A.	Wind	Power	Systems
AFM	synchronous	generator	can	be	used	for	

low-speed	wind	turbine	applications.
B.	Electric	Vehicles
AFM	motors	due	to	compactness,	robustness,	

high	 efficiency,	 and	 high	 torque	 are	 used	 in	
electrical	vehicles.	

C. Blowers
In	AFM	is	designed	for	blowers	in	vacuum	

cleaners	[19]
D.	Heating	and	Ventilation
HVAC	systems	use	brushless	motors	because	

microprocessor	allows	programmability,	control	
over	airflow.	[20]

E.	Industrial	Engineering
The	application	of	brushless	DC	motor	within	

industrial	 engineering	 primarily	 focuses	 on	
industrial	automation	design.	The	most	common	
uses	 of	BLDC	motor	 in	 industrial	 engineering	
are	linear	motors,	feed	drives	and	extruder	drive	
motors	for	CNC	machine	tools	.[21]

F.	Positioning	and	Actuation	Systems
For	 assembly	 robots,	 brushless	 motors	 are	

used	 to	 position	 a	 part	 for	 assembly	 or	 a	 tool	
for	 manufacturing	 process	 such	 as	 welding	 or	
painting.	 Such	 motors	 can	 be	 useful	 to	 drive	
linear	actuators.	[22]	and	[23]

G.	Solar	Race	Cars
Due	 to	 Low	 torque	 and	 low/medium	 speed	

applications	AFM	motors	are	used.	[24]
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