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A Study on the Design and Characteristics
Analysis of a Brushless DC Motor

Jung-Chul Park

Department of Electrical Engineering Graduate School

Pukyong National University

Abstract

In general, because the brushless DC motor has a high power out and
could be small size, light weight with magnets and development of a
electronic technology use of that have been important. Especially, because a
core type brushless DC motor with a silicon steel has a simple shape and

its manufacture process 1S very easy mass production is possible.

This paper describes the characteristics analysis of the brushless DC motor
by using the commercial finite element method. The basic design is done by
the commercial software(Ansoft RM Exprt) and the characteristic analysis of

the brushless DC motor is done by Maxwell software.
We can get design data and characteristics curve of the brushless DC
motor from the design software. The design software can change the design

data to the analysis model for finite element analysis.

The cogging torque and back e.m.f characteristics are obtained from the

finite element analysis.
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Fig. 2.1 Composition of BLDC motor
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7 AR AFRE [A/m],
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g A TR W Rmxperts AASA st AF 719 A=A

A, dA ag %9 £o=m dites AAgSs ddstA H¥4 7E

13, &9 B6[W], A4} 1 310IV], =5 18, &% F 112, 4 £

!

© 2050[RPM] o]t 19 412 BLDC d%7] AAES Ad 4= Aol

+

Properties: Design_BLDC - AMxzpriDesign] - Machine

Machine
Mame Yalue Unit Evaluated Yalue Description | Read-only ‘

Machine Type  |Brushless Permanent-Magnet DC Motor o

| [Mumnber of Poles |8 . | Nurnber of poles of the .. ~

| |Rotor PositionInner Fotor n | Inner rotor or outer fotar -

| |Fricional Loss |4 W 4w The frictional loss meas... -

| |Wind Loss o Sy W 0w "The wind loss measure.., ~

| |Reference Speed 2050 s rprm \TE reference speed at ., -
Control Type pc | (Control Type: DC, CCC L, ~

-

| [Circuit Type ] 3 "Drive circuit type

[~ Show Hidden

B =TS

9 41 BLDC AA 4=
Fig. 4.1 Input window for BLDC motor
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A&l A= A&
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2% dean, 2

NZme we EfA Bz 120% ov EdAzE 4 tolexze o
3t Aot AelE 2[VIER Atk 1Y 438 AR AAS 93 JH Ao
n = WeF Zol= [1[mmlol™, AR £29 FAE AAT 5 9t}
=3 g ARe) SAE 42T F

Properties: Design_BLOC - BMxzpriDesign] - Machine

Circuit
Name Yalue | Unit |Eva\uated Description ‘ 3
Lead Angle of Trigger i} deg Odeg Lead angle of trigger in electrical degrees

_TriggerPuIse Width 120 deg 120deg Trigger pulse width in electrical degrees

|| Transistor Drop 2 Y “oltage drap of one transistor

| |Diode Drop 2 Y Yoltage drop of one diode, or the total voltage for start—t,,,

5 S T a > 4 . FIF .\ | >
|~ Show Hidden
[T | &

a3 42 332 A4 A7 o

Properties: Design_BLDC - RMxpriDesign] - Machine

ol & =}

4%

Fig. 4.2 Input window for stator winding design

Statar
Name Value j Unit lEvaIuated J Description | Fead
Outer Diameter 85 ‘rm | B6rm 'Outer diameter of the stator core r
| |Inner Diameter |50 N y ~ mm  |50mm Inner diameter of the stator core r
| |Length 1 -2 - mm 1imm "Length of the statar core r
| |Stacking Factor 0,95 Stacking factor of the stator core r
I |Steel Type steel_1008 \ Steel type of the stator core r
| |Mumber of Slots |12 Murnber of slots of the stator core r
| |Slat Type B | Slot type of the stator core r
|| Skew width 0 Skew width measured in slot number r
.d I >
[~ Show Hidden
[ =2 ] ==

a9 43 A P

AA dEE

Fig. 4.3 Input window for stator design
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Properties: Design_BLDC - BMzprtDesignl - Machine £|
Slot
MNarne Walue | Init | Evaluated Yalu
Anto Design I
" |Parallel Tooth 2
| Toath Width 4 mm | dmm
- |Hs0 1.14 mm 1. 1dmm
- |Hs1 1.65 mm | 1.55mm
RGeS 9 mm  |Smm
" |Bs0 z e 2mm
- |Rs 1 " T [Tmm .
| - - 2 88 EBP%S &% ¥
< AT N il | 3
[~ Show Hidden

a4 44 342 Sx A 948%

Fig. 4.4 Input window for stator slot design
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F o sto] MM A7, WA F=s, AAE, I8 FA, AN 57
2

T 5 otk 9B® age 9¥d mE ngA Ade

Properties: Design_BLDC - HMzpriDesign] - Machine

Winding | End/Insulation |

Name | Yalue |
Winding Layers 2
Winding Type Whole-Coiled |
| [Parallel Branches 1
Conductors per Slat 1160 I
|| Coil Pitch 1 |
Nurmnber of Strands 1
|| Wire Wrap 0.05
ire Size Diameter: 0.23mm |

Zail Pitch |00
durnber... |0
Vire Wrap 0 mm

"

o8 45 nAA BAA AA AA QH

Fig. 45 Input window for detailed stator winding design

Properties: Design_BLDC - BMxzpriDesign] - Machine

Narne | Val Eva\ummum/ Description | Read-only | |
Outer Diarneter 433 rrn | 49 3mm Outer diameter of the rot... [
| [Inner Dlameter @ mrn | B Inner diarneter of the rot,.. ~
| Length 205 mm [ 20,5mm Length of the rotor core I
| |Steel Type steel_1008 | Steel type of the rotor core -
| Stacking Factor 0,95 Stacking factor of the rot,., -
I [Pole Tvpe 1 | Pole type of the rotor I~

I~ Show Hidden

T S

a9 46 N4 94 HA 9

Fig. 4.6 Input window for rotor design
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EQEE 4 oovh a9 488 A4S A 4 2AL 9D 3

Properties: Design_BLDC - BMxzpriDesign]l - Machine

te 1o
£
o

O:

o)
o
=

X

Pale
Name Yalue ‘ Unit ‘ Evaluated Yalue Description | Fiead-only |
Embrace 1 1 Pole embrace ~
| Offset a mrm O Pole-arc center offset fr,,, I~
[ |Magnet Type Plastic _Magnet | Magnet type I~
[ |Maanet Thickn,,, 7 mm 7mm Maximum thickness of |, -

[~ Show Hidden

=9

A4
o3

8 AT AT AN Fa A 929 F

Fig. 4.7 Input window for permanent magnet design

Solution Setup r>_(

General ]

Operation Type:

4. otoe L’

Load Type: |Const Speed |

Rated Output Power: |56 | |
Rated Yaltage: 1310 K |
Rated Speed: |2050 [rpr |
Operating Temperature: |75

o
ﬁ
b

2y 48 MM =4 4HA

Fig. 4.8 Input window for analysis setup
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B Solutions: Design_BLDC - BMxpriDesignl

Design Val‘\atlun I _i J
Simulation; Setupl hd

Salution Data | Pararmeter {UESTHN SEEt] Curves |

BRUSHLESS PERMAMENT MAGNET DC MOTOR DESIGN

s

File: Setupl.res — ——

GEMERAL DATA

Fiated Clutput Power [/}
Rated Voltags [+)
Number of Poles:
Given Rated Speed (rpm),
Frictional Loss [w]

ind Loss ().
Fotor Position
Type of Load:
Tupe of Circuit
L ead Anale of Triager in Elec Dearess: 0]
Trigger Pulse Width in Elec. gegla_sfs" 120
One-Transistor YVoltage Drop (V]
One-Diode Voltage Drop
Operating Temparaturs (T 5
Maimum Current for CCC (4]
Minimum Current for CEC (A):

oo

STATOR DATA

Mumber of Stator Slols:
Ouiter Diameter of Stator [vim]
Inres Diamneter of Stator [m@]
\
Tupe of Stator Slot %
Dirnension of Stator Slat \

¥ 49 AA Ay

Fig. 4.9 Window for design data
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(Amperes)

Ansoft Corporation 13:35:54
‘Winding Currents under Load
RMxprtDesigni
.40,
o0 ] =
.00
-0.40.
0.0 100.08 200.00 300.00 400.00
Electric Degree
(a)-3% 25
Ansoft Corporation 13:37:38
Efficiency vs Speed
BMxprtDesign
30.00 | ‘
1 -1 f
60,00 I !
] . " A ,
| [ !
i - L A
i | L - R
oo N ap
| | 4 f
_ (D~ S SRR
- Rk~ | IH &~
20.00. | I
0.00
(X 500.00 1000.00 1500.00 2000.00 2500.00 3000.00
n{rpmj}
(b) E=ef WE Z&
a4 410 54 =4
Fig. 4.10 Characteristics figure
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J|m

o] FAE 5[mmlolA 9Ymmlz BAFE 1140014 11800 =2 WHIIA|A

a9 411 2 A" BLDC #&57]
Fig. 4.11 Designed BLDC motor

EE

Ansoft Corporation 13:48:07 V1 ——]
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