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Acoustic Noise and Vibration Reduction of Coreless Brushless
DC Motors with an Air Dynamic Bearing

Iee-Woo Yang*, Young-Seok Kim* and Sang-Uk Kim**

Abstract — This paper presents the acoustic noise and mechanical vibration reduction of a coreless
brushless DC motor with an air dynamic bearing used in a digital lightening processor. The coreless
brushless DC motor does not have a stator yoke or stator slot to remove the unbalanced force caused
by the interaction between the stator yoke and the rotor magnet. An unbalanced force makes slotless
brushless DC motors vibrate and mechanically noisy, and the attractive force between the magnet and
the stator yoke increases power consumption. Also, when a coreless brushless DC motor is driven by a
120° conduction type inverter, high frequency acoustic noise occurs because of the peak components of
the phase currents caused by small phase inductance and large phase resistance. In this paper, a core-
less brushless DC motor with an air dynamic bearing to remove mechanical vibration and to reduce
power consumption is applied to a digital lightening processor. A 180° conduction type inverter drives
it to reduce high frequency acoustic noise. The applied methods are simulated and tested using a manu-
factured prototype motor with an air dynamic bearing. The experimental results show that a coreless
brushless DC motor has characteristics of low power consumption, low mechanical vibration, and low
high frequency acoustic noise.

Keywords: Coreless BLDC motor, Slotless BLDC motor, Air dynamic bearing, Stator yoke, Mechani-

cal vibration, Acoustic noise, Power consumption, 180° conduction type inverter

1. Introduction

Recently, brushless DC motors (BLDCMs) have been
placed in high value-added products including home appliances
and hard disk drives because they are smaller and have
higher efficiency than other types of motors. In particular,
general BLDCMs with a ball bearing (BB) or fluid-
dynamic bearing (FDB) have been used in small spindle
motor applications. But, their friction torque causes high
power consumption while cogging torque causes mechanical
vibration and acoustic noise as a result of torque ripple [1][2].
Consequently, many authors have conducted research related
to air dynamic bearings (ADBs) and slotless BLDCMs in
order to reduce these torque components and the problem
of high power consumption [3][4]. Digital lightening processors
(DLPs) are used in projection TVs or when projectors are
used which have a high speed color wheel which changes
from white light to color light. The color wheel driven by
the motor must rotate at a high and precise speed without
mechanical vibration or acoustic noise in order to provide a
high-resolution, high-colored image. The ADB without
friction loss is appropriate for color wheel bearings which
drive the motor and a slotless BLDCM without cogging
torque is adequate in regards to mechanical vibration and
acoustic noise. However, an ADB has a low load capacity
because it uses low viscosity air as a lubricator [5], and the
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assembling tolerance and processing error make the air-gap
difference between the magnet and the stator yoke. This
occurs in the unbalanced electro-magnetic force in slotless
BLDCMs. It imposes the ADB on the disturbance force
and makes the DLP vibrate and noisy mechanically, and
the attractive force between the magnet and the silicon
steel stator yoke in the unbalanced air-gap increases power
consumption. Consequently, coreless BLDCMs without a
silicon steel stator yoke is appropriate for a color wheel
driving motor.

A 120° or 180° conduction type inverter is used to drive
coreless and slotless BLDCMs which have small phase
inductance and large phase resistance. The peak component
of the phase current occurs in switching or the PWM of the
120° conduction type inverter because of a low electrical time
constant. Consequently, electrical acoustic noise appears in
high-frequencies, and the current waveforms need to change
to trapezoidal or sinusoidal waveforms.

This paper analyzes the unbalanced electro-magnetic
force of slotless and coreless BLDCMs in the fabrication
error and investigates the effect of the unbalanced electro-
magnetic force on the ADB and DLP using finite element
analysis (FEA) of the electromagnetic and mechanical
fields, and proposes the reduction method of high fre-
quency acoustic noise and mechanical vibration. In order to
get the precise speed and the trapezoidal phase current
waveform, a coreless BLDCM is driven by a 180° conduction
type inverter applied to a space vector PWM (SVPWM),
and the DC link voltage is controlled by a buck converter
which is controlled by a linear quadratic regulator (LQR).

In order to prove the validity of the proposed method and
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analysis, the power consumption, mechanical vibration, and
acoustic noise of a coreless and slotless BLDCM is tested using
a manufactured prototype motor with an ADB. Test results
prove that the proposed method reduces acoustic noise and
mechanical vibration, and analysis of the appropriateness
of the electromagnetic and mechanical field by FEA.

2. Air Dynamic Bearing

An ADB consists of the bearing journal and the sleeve.
The bearing journal rotates in a state of eccentricity in the
clearance between the journal and the sleeve because of the
journal’s weight and load force, etc. Eccentricity makes the
bearing move in the direction of the large clearance be-
cause of air pressure difference in the clearance.

Equation (1) is the pressure equation of the ADB from
the Reynolds equation [6] in a steady state. Fig. 1 shows
the structure of the ADB.
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Fig. 1. Structure of the air dynamic bearing

ﬂ(P}F &*
20 E)

3 OP

0
+—(PH"—
) 6g( o

=22 eH) 1)

where, P=-L: pressure rate of the bearing for the air pres-

a
sure,
p: air pressure in the bearing journal, p,: ambient

pressure

Ao B0
P.
h=CH=C,(1+¢cos0) : bearing clearance
u: viscosity coefficients, R : radius of the bearing
journal.

2
[é{ J : number of bearings

r

Equation (1) is linearized using the perturbation method
as equation (1) is a nonlinear equation, and the pressure
distribution in the bearing clearance is solved by the FEA.
Also, the eccentricity directional componentF, and the

perpendicular component F, of the load capacity F are

acquired by integrating to the surface by the eccentricity
directional and the eccentricity perpendicular directional
component of the pressure, respectively. The attitude angle
6 is the angle between F, and the load capacity F. The

load capacity F of the ADB is the stress force for the dis-

turbance.

3. Electromagnetic Field of a Coreless BLDCM

The electromagnetic field equation is deduced from the
Maxwell magneto-static equation and Coulomb gauge. The
governing equation of the electromagnetic field is Equation
(2) which is obtained by replacing the magnetized distribu-
tion of the permanent magnet by the equivalent current
density.

L J+7, 2)
Ho
where, u,: vacuum permeability,

A : magnetic vector potentials

J :stator current density by the external circuit

J., 1 equivalent magnetization current density of the
permanent magnet.

The Maxwell stress tensor method and Ampere’s cir-
cuital law are used to find the electromagnetic torque and
the unbalanced magnetic force [7]. The force density func-
tion per volume is equation (3).

F= vadv = _[V -odv = <j'cds (3)
v v S
where, f, :[VXE}B:L[B(V-B)—Bx(VxB)]
Mo Ho
1 1
Gjj =“_0(BiBj _EBZSij) P
o : Maxwell stress tensor,

5, : Kronecker Delta Function

Total force and torque is computed by integrating equa-
tion (3) to axis length.

4. Speed and Current Controller

This paper uses the speed control method which con-
trols the DC link voltage to the speed reference. The buck
converter controls the DC link voltage to minimize the
rotating speed error between the reference speed and the
real speed. It is controlled by a PI controller using an LQR
that locates the optimal PI gain for disturbance and system
noise. In order to make the phase current trapezoidal, the
SVPWM is applied to the voltage inverter. These control
methods are based on the current, voltage and torque in the
rotating reference frame.

The system equation is Equation (4). The system equa-
tion of the coreless BLDCM is transformed by the Clarke
and Park transformation and per unit conversion, and de-
couples the dependent terms using the vector control theo-
rem. The load is a color wheel with inertia. Also, in order
to apply the LQR, the integral terms are added to the sys-
tem equation for the purpose of improving the command
following characteristics of the rotating speed.

X, =A;x, +Bu,
Yo =Cx, @
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X idnref*icln
Where, Xy -‘l:qj|’ u, = iqm'ef_iqn
Opprer — Oy
A—ABB—BC—[C 0]
R O ’
Lgn _Rn/Ln 0 0
x=|ig, |, A= 0 -R,/L, 0|,
0, 0 k, 0
1
B=—1I1, C=1
L > s

I =3x3unit matrix,
q : integral output of error: g=u,
u, : state variable(i,,, i,, o,)error

igwers 1quer - PET UNIt d-axis and g-axis current reference,
i, ig : per unit d-axis and q-axis current,
O . Per unit rotating speed reference,
o, | per unit rotating speed,
R, :per unit phase resistance,
L, : perunit phase inductance
k, @ perunit torque constant,
The performance index of the LQR is Equation (5), its
solution is Equation (6).
P = [[x7Qx, +uRu, ]dt (5)
where, P=xIx,: performance index,
Q : positive semi-definite weight matrix,
R : positive definite weight matrix
PA, +ATP+Q-PB,R'BIP=0
K =R"BIP (6)
u, =-Kx,
where, K:6x6 gain matrix

From Equation (6), PI controllers for d-axis and g-axis
current, and rotating speed are obtained by means of apply-
ing gain K. Equation (7) is the PI controller.

Vi kg€ + Ikideiddt
Var | = Kpg®ig + JKiq@iqdt (7)
ign Koo + [Kip,dt
where, v, v, : perunitinput voltage
ko> k. k,,: proportional gain,
kg, ki, k,: integral gain,

€ = lgner “lgns ©iq = lgoret ~1gns €0 = Opper — Oy
The voltage components of Equation (7) are added
“@pig,, Onig, +K,0, /L, , respectively and are used to find
the DC link voltage reference such as in Equation (8).

The buck converter makes the DC link voltage track it,
and the coreless BLDCM rotates it at a constant speed.

2 2
Vdcref = \' Vdref + Vqref (8)

where, V... : DC link reference voltage.

v, - d-axis voltage reference,

Voo | q-axis voltage reference

5. Finite element analysis of the
coreless Brushless DC Motor

The structure of a coreless BLDCM is shown in Fig. 2.
The coreless BLDCM is composed of three parts, the ADB,
the magnetic bearing, and the electro-magnetic (EM) part.
The ADB only has a radial directional load capacity, but
does not have the axial directional load capacity. So, the
rotor of the coreless BLDCM can be flown up or down
because of the rotor and load weight. The magnetic bearing
does not have radial directional force but axial directional
magnetic force which prevents the rotor from flying.

Air Dynarric Bearing

Bearing
Joumal

Base

“ ‘Magnetic Bearing.

Z

Fig. 2. Structure of coreless BLDCM
5.1 Finite element analysis of an air dynamic bearing

An ADB consists of the bearing journal and sleeve
without supports which connects with the body of the rota-
tion and the stator including the coils and the coil guide,
respectively. Air is pumped into the bearing clearance be-
tween the journal and the sleeve. The rotor is supported by
air pressure created when the journal rotates.
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Fig. 3. Air pressure distribution at an eccentricity rate of 0.1
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Fig. 3 shows the FEA result for air pressure in the clear-
ance at an eccentricity rate of 0.1 at a rotating speed of
14,400tpm. The air pressure is 1.2x10*N/m’ in the small
gap and -9x10° N/m” in the large gap. The load capacity
integrated to the surface is 0.1kg. Fig. 4 shows the FEA
result for air pressure at an eccentricity rate of 0.4 at the
same speed. The high and low pressure regions are enlarged,
and the load capacity is increased to 0.38kg.
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Fig. 4. Air pressure distribution at an eccentricity rate of 0.4
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Fig. 5. Load capacity for the eccentricity variation
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Fig. 7. Attitude angle for eccentricity variation.

Figs. 5 and 6 show the load capacity and the friction
loss for the eccentricity variation, respectively. If the ec-
centricity is bigger, load capacity and friction loss are big-
ger. Fig. 7 shows the attitude angle for the eccentricity
variation. Under an eccentricity of 0.4, the attitude angle is
not changed and is 43°. Therefore, the journal of ADB sup-
ports the rotor weight and load stably under an eccentricity
of 0.4 and has low friction loss and little mechanical vibra-
tion. However, with an eccentricity over 0.4, load capacity
and friction loss increase and the attitude angle decreases
abruptly. The bearing journal doesn’t disperse the load and
support directly. Consequently, the bearing is unstable and
experiences mechanical vibration and mechanical noise
due to air friction.

The designed and analyzed coreless BLDCM is stable
under an eccentricity of 0.4.

5.2 Electro-magnetic part of a coreless BLDCM

The EM part of a coreless BLDCM consists of the sta-
tor and the rotor. The stator consists only of coils and the
rotor has a permanent magnet and a rotor yoke. Air acts on
the stator yoke which is the flux path of the permanent
magnet.

Fig. 8 shows the flux lines of an outer rotor type core-
less BLDCM by the FEA. The magnetization waveform of
the permanent magnet is sinusoidal and the airgap flux
density is 0.22[T]. Although the coils are displaced in the
inside of the permanent magnet, the waveform and the
value of the flux density are not changed because there is
no stator yoke. Fig. 9 shows the line-to-line back EMF
waveform of the coreless BLDCM sinusoidal and the back
EMF constant is 0.00358Vs/rad.

Fig. 8. Flux lines of a coreless BLDCM
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Fig. 9. Line-to-line back EMF waveform of a coreless BLDCM
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In order to inspect the effect of the airgap variation, the
FEA of a coreless BLDCM is performed assuming that the
coils are displaced as 100um to the upper direction of the
airgap by the fabrication error.

Fig. 10 shows the flux lines of the coreless BLDCM at
the displacement of the coils as 100um to the upper direc-
tion of the airgap. The flux density in the airgap is the same
as the flux density at the no displacement, although the flux
of the upper part which came into contact with the coils is
different to that of the under part: the former is 0.223T and
the latter is 0.212T. Consequently, the unbalanced magnetic
force is 2.4g at a rotating speed of 14,400rpm and a phase
current of 200mA occurs, as well as an unbalance torque of
0.185gfcm with the same conditions. These are very small.
A coreless BLDCM has little the unbalanced force and
torque.

Fig. 10. Flux lines of a coreless BLDCM at
an airgap variation of 100um

5.3 Unbalanced magnetic force of a slotless BLDCM
to the air-gap variation

The stator of a slotless BLDCM has coils and a stator
yoke which creates the unbalanced force and load torque
by fabrication error. If the stator is displaced, the flux be-
tween the permanent magnet and the stator at the small
airgap part is bigger than at the large airgap part. Therefore,
the unbalanced force and the unbalanced torque occur as a
result of the flux difference.

In order to investigate unbalanced force and torque, the
FEA of a slotless BLDCM is performed assuming that the
stator yoke is displaced as 100um to the upper direction of
the airgap by a fabrication error. In Fig. 11, the flux density
of the upper part is 0.41T and that of the under part is
0.19T. The unbalanced force is 0.75kg and the load torque
is 5.2gfcm. The former causes an ADB to become an ec-
centric rotation with an eccentricity rate of 0.8, and the
latter causes slotless BLDCMs to increase to an input cur-
rent 145mA. Fig. 12 shows the unbalanced magnetic force
to the airgap variation. An airgap variation over 110pum by
fabrication error causes an unbalanced force over 0.8kg.
The sleeve and journal of the ADB is contacted and de-
stroyed as the maximum load capacity of the ADB is about
0.78kg. An airgap variation over 50um causes the ADB to
vibrate because of its small attitude angle of 40° or under.

Fig. 13 shows the load torque of the airgap variation.
As with the unbalanced force, the load torque is very high.

No load current is over 200mA with an airgap variation
over 110pm.

As a result, a slotless BLDCM with an airgap variation
over 100um is not adequate for a motor using an ADB.

Fig. 11. Flux lines of a slotless BLDCM at
an airgap variation of 100pum
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Fig. 13. Load torque of a slotless BLDCM to airgap variation

5.4 Magnetic bearing

The axial directional force of the magnetic bearing
makes the ADB stable for up and down disturbances.

Fig. 14 shows the flux direction and flux density of a
magnetic bearing using a 3-D FEA when the inner N and S
permanent magnet is displaced 200um from the bottom.
The axial directional magnetic force between the inner and
outer permanent magnet is -0.32kg and the radial direc-
tional magnetic force is 0.0002kg. Although a load of
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0.32kg presses the inner permanent magnet, it would not
go down 200um or more. Also, the other parts of the core-
less BLDCM are not affected by the magnetic bearing be-
cause the radial directional magnetic force is 0.0002kg.
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Fig.14. Flux density of a magnetic bearing when the inner
magnet is at a rising height 200pm from the bottom

6. Experimental Results

In order to prove the analysis and design of a coreless
BLDCM using an ADB, prototype coreless and slotless
motors were fabricated and tested. Mechanical vibration,
namely the repeatable runout (RRO) and acoustic noise,
are measured to inspect the mechanical characteristics of
the prototype motors, and phase current, high frequency
acoustic noise, and speed error are measured to investigate
their electrical characteristics. Also, 120° and 180° conduc-
tion type inverters are used to drive them. The former is
controlled by a lead angle controller and makes the phase
current rectangular, and the latter is controlled by an
SVPWM method and DC link controller and makes the
phase current trapezoidal. The DC link controller regulates
the buck converter to make the DC link voltage tracks the
reference voltage which is set by an LQR speed controller.

Table 1 shows the specifications of the prototype core-
less motor and the motor drive inverter.

Table 1. Prototype coreless motor and motor drive inverter

specifications
Coreless BLDCM Inverter
Items Spec. Items Spec’
Poles 4 Input Voltage 12v
EMF const. 0.0035Vs/rad Input Current 1A
Current Rate 0.15A SW Freq. 50kHz
Voliage Rate 12V Control 120°,180°

Fig. 15 (a) shows the test equipment used to measure
the RRO at the side of the prototype motor hub. Fig. 15 (b)
shows the test equipment used to measure acoustic noise at
anechoicroom. They have the fixing jig of the prototype
motor and an insulating table blocking external noisc and
clectromagnetic waves. A photo sensor is used to measure

the distance from the hub to the sensor, and a Dynamic
Signal Analyzer (DSA) processes the photo sensor signal
and finds the RRO or acoustic noise of the prototype motor.
An oscilloscope measures the phase current.

The back EMF voltage is measured to check the elec-
trical characteristics of the prototype coreless BLDCM.
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Fig. 15. Measurement equipment
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Fig. 16. Back EMF voltage of the prototype cor¢less
BLDCM at a rotating speed of 14,400rpm
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Fig. 16 shows the line-to-line back EMF voltage of the
prototype motor at a rotating speed of 14,400rpm and the
back EMF constant is 0.003515Vs/rad. It is sinusoidal and
its peak value is 5.3V. The phase resistance and the induc-
tance of the prototype motor are 4.4Q and 35pH, respec-
tively. Fig. 17 shows the no load characteristics of a core-
less BLDCM driven by a 120° conduction type inverter.
The rotating speed in Fig. 17 (a) is 14,400rpm and the ro-
tating speed error between the reference speed and the real
speed is 1.4rpm, 0.1% of the reference speed. The precise
speed control is accomplished by the lead angle controller.

The phase current in Fig. 17 (b) is 28.3mA, and the es-
timated input torque is 0.99gfcm, which is composed of
0.437gfem by a rotor inertia of 5.8gfem” and 0.553gfem by
the ADB’s eccentricity. Actually, the RRO in Fig. 17 (¢) is
0.9um, and the eccentricity of the ADB is 0.25. It is similar
to the FEA result of the ADB and the coreless BLDCM.
The Acoustic noise in Fig. 17 (d) is 26.5dB. The acoustic
noise at the mechanical rotational frequency of 240Hz is
19.8dB and is caused by friction between the air and the
bearing journal of the ADB at a rotating speed of
14,400rpm. The acoustic noise at a switching frequency of
5.76kHz is 15dB and was created by the peak components
of the phase currents caused by the very low electrical time
constant 7.96x10 during the commutation period. The
phase currents need to reduce the peak current components
in order to improve the acoustic noise characteristics.

Fig. 18 shows the no load characteristics of a coreless
BLDCM driven by a 180° conduction type inverter. The
other characteristics, except acoustic noise, are similar to
the characteristics of a coreless BLDCM driven by a 120°
conduction type inverter. The rotating speed error in Fig.
18 (a) is 0.9rpm and the phase current in Fig.18 (b) and the
RRO in Fig.18 (c) are 28.5mA and 0.95um, respectively.
The acoustic noise in Fig. 18 (d) is 24.9dB. It improved by
about 1.6dB more than the acoustic noise of a coreless
BLDCM driven by a 120° conduction type inverter because
the acoustic noise at high frequency is reduced. The acous-
tic noise at a mechanical rotating frequency of 240Hz is
19.9dB, which is similar, and the acoustic noise at a
switching frequency of 5.76kHz is 10dB, which improved
by up to 5dB more than the 15dB shown in Fig. 18 (d). The
peak component of the phase currents was reduced by
making the phase current waveform trapezoidal, and the
acoustic noise at the switching frequency is reduced.

Fig. 19 shows the load characteristics of a coreless
BLDCM driven by a 120° conduction type inverter. The
rotating speed in Fig.19 (a) is 14,400rpm and the rotating
speed error between the reference speed and the real speed
is 1.3rpm. The phase current in Fig. 19 (b) is 89mA, and
the estimated input torque is 3.115gfcm, which is com-
posed of 2.55gfem by the rotor inertia of 33.8gfem” and
0.565gfcm by the ADB’s eccentricity. Actually, the esti-
mated RRO is 1.05um and the estimated eccentricity of the
ADB is 0.3. However, the measurement RRO in Fig. 19 (¢)
is 2.1pm because the color wheel surface in the measure-
ment area is not flat. The acoustic noise in Fig. 19 (d) is
52.8dB. The acoustic noise at a mechanical rotational fre-

quency of 240Hz is 39dB caused by the friction between
air and the bearing journal of the ADB at a rotating speed
of 14,400rpm and the friction between the surface of the
color wheel and air. But the wind acoustic noise of the 7-
segment color wheel appears at the broad frequency band
because it has acoustic noise from the mechanical rotation
of the color wheel, by each segment, and by the resonance
between every segment, ctc. Its frequency band is from
1.68kHz to 11.96kHz because the 7-segments of the color
wheel are different in size and shape. Consequently, the
electrical acoustic noise is revealed at 11.52kHz, twice that
of the switching frequency and at 17.28kHz, three times
that of the switching frequency. The electrical acoustic
noise at 11.52kHz is 23dB and at 17.28kHz is 19dB. Fig.
20 shows the load characteristics of a coreless BLDCM
driven by an 180° conduction type inverter. The other char-
acteristics, except acoustic noise, are similar to the charac-
teristics of a coreless BLDCM driven by a 120° conduction
type inverter. The rotating speed error in Fig. 20 (a) and the
phase current in Fig. 20 (b) is 0.8rpm and 88.7mA, respec-
tively. The RRO in Fig. 20 (c) is 2.1um which are the same
value as the RRO value of a coreless BLDCM driven by a
120° conduction type inverter. However, the acoustic noise
in Fig. 20 (¢) is different. The electrical acoustic noise at
11.52kHz is 16dB and at 17.28kHz is 8dB. The improve-
ment effect is up to 7dB. The peak component of the phase
currents was reduced by making the phase current wave-
form trapezoidal. Consequently, the acoustic noise at the
switching frequency is reduced.

Fig. 21 shows the no load characteristics of the proto-
type slotless BLDCM driven by a 120° conduction type
inverter at a rotating speed of 14,400rpm. The speed etror
in Fig. 21 (a) is 1.2rpm and the speed control is precise.
The phase current in Fig. 21 (b) is 160mA. It is over
130mA against the phase current of a coreless BLDCM,
and the estimated input torque is 5.6gfcm, which is com-
posed of 0.437gfcm from the rotor inertia and 5.163gfcm
from the ADB’s eccentricity. As a result of the FEA of the
slotless BLDCM for the fabrication error, when the ADB’s
eccentricity rate is 0.83, the unbalanced magnetic force is
0.74kg and the load torque is 5.163gfcm. Actually, the
RRO in Fig. 21 (¢) is 3.05um and the ADB’s eccentricity
rate is 0.86.

It is similar to the FEA result of the ADB and the slot-
less BLDCM at the fabrication error. Therefore, a slotless
BLDCM using an ADB is prone to the fabrication error.

The acoustic noise in Fig. 21 (d) is 28.6dB. The acous-
tic noise at the mechanical rotational frequency of 240Hz is
24dB and is caused by the friction of from the air and the
bearing journal of the ADB at a rotating speed 14,400rpm.
The mechanical acoustic noise is created by mechanical
vibration and the acoustic noise at a switching frequency of
5.76kHz is 19dB and caused by the peak components.

Tables 2 and 3 show the performance comparison of
applied methods. A coreless BLDCM and a 180° conduc-
tion type inverter reduce power consumption and high fre-
quency acoustic noise.
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Fig. 20. Load characteristics of a coreless BLDCM driven
by a 180° conduction type inverter
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Fig. 21. No load characteristics of a slotless BLDCM
driven by a 120° conduction type inverter

Table 2. Performance Comparison of a coreless BLDCM

with a slotless BLDCM
Items Coreless BLDCM Slotless BLDCM
RRO 0.92 ym 2.5 um
Acoustic Noise 26.5dB 28.6dB
Phase Current 28.3mArms(@9.6V) 160mArms(12V)
Power 0.27TW 1.92W

Table 3. Performance Comparison of a coreless BLDCM
driven by a 180° conduction type inverter with a
120° conduction type inverter

120° conduction type 180° conduction type
Items . .
verter inverter
RRO 2.1 um 2.1 pm
Acoustic Noise 23dB(@11.52kHz) 16dB(@11.52kHz)
Acoustic Noise 19dB(@17.28kHz) 8dB(@17.28kHz)
Phase Current 89mA 88.7mA
DCLink Voltage 104V 10.4V
Power 0.93W 0.93W

7. Conclusion

This paper proposes a reduction method of acoustic
noise and mechanical vibration for a coreless brushless DC
motor with an air dynamic bearing at the fabrication error.

Effects for the fabrication error of a slotless and a coreless
brushless DC motor are analyzed using the finite element
analysis. The unbalanced magnetic force makes the air
dynamic bearing unstable in a slotless brushless DC motor.
However, the unbalanced magnetic force of the coreless
brushless DC motor is small to the fabrication error. Con-
sequently, mechanical vibration and acoustic noise at the
mechanical rotating frequency are small and the phase cur-
rents of a coreless brushless DC motor are smaller than
those of a slotless brushless DC motor.

The low acoustic noise at a high frequency is achieved
by making the phase current trapezoidal. A 180° conduc-
tion type inverter drives the coreless brushless DC motor to
make the phase current trapezoidal and reduces the peak
components of the phase current at the switching frequency.
Consequently, the acoustic noises which occurred at a high
frequency over the switching frequency are reduced.
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