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Abstract—In HVAC applications, blower motors must be high
efficiency, low noise and low cost. Brushless dc I(BC) motors
gain more and more interest in this application fiéd. This paper
deals with a BLDC motor design process. The desigprocess
integrates an optimization algorithm to minimize cat and reduce
vibration and noise, coupled with analytical motor design
software. Preliminary optimal results are then anajzed using
high fidelity electromagnetic field and structural finite element
analysis (FEA) software tools. Finally, a prototypehas been
manufactured. Motor efficiency and acoustic noise wre
measured on the prototype.

Index Terms—permanent
acoustic noise.

magnet motors, optimization,

I. INTRODUCTION

Brushless dc (BLDC) motors have shown their potdsti
in many applications especially in small to medisize units
for HVAC. High efficiency is the first advantageibg sought.
This is to comply with more strict energy efficignstandard.
BLDC motors can achieve high efficiency mainly doethe
use of permanent magnet (PM) instead of shortitibars as
in induction motors. Other advantages are low dadipise
and vibration. Motors used in indoor units mustdute as
low as possible acoustic noise. A design procesadiction
motors including noise analysis has been describdd]. In
this paper, a BLDC motor is developed for bloweplagation.
The BLDC motor is designed to reduce manufactudogt
and to be high efficiency. An optimization algoniths used in
the design process in order to reach these godls A2
prototype is build. The efficiency and acoustic seobf the
prototype are then measured.

Il. DESIGN OFBLDC MOTOR

This section describes the design process. First,
optimization design has been carried out. Prototigpéhen
manufactured and tested. Noise is also measuredhen
prototype.

A. Design criteria

For HVAC application, blower motors must be hig
efficiency and low noise due to their indoor opienzl
condition. Furthermore, manufacturing cost musabdow as
possible.
selection, economy of scale by sharing parts betveeweral
models, are put forward to reduce cost. This catrdreslated
into:

- Use ring magnet for flexible number of pole design,

- Use multiple stacked ring magnets for scaling power
rating of motors,

- Use bonded NdFeB, PM which is advantageus in terms
of price per performance ratio, instead of ferRd
or sintered NdFeB,

- Use the lowest possible air gap length.

In air moving application like blower, air cuttitny blower
blades is the principal source of noise at higledpélowever,
the electromagnetic noise can dominate the airenibisower
speed. The electromagnetic noise is caused by rfzetgrs
such as combination of number of slot and poledBhension
of stator and rotor, eccentricity, incomplete mdigra¢ion of
ring magnet [4], current waveform, PWM frequency a@o on.
This study will focus on designing a BLDC motor rfroan
existing stator already available in the productioae.

B. Electromagnetic design

A preliminary design has been conducted using &naly
software: SPEED PC-BDC to achieve the specificatias
described in Table I. The preliminary design ressilthen
analyzed using a FEA software, Ansoft Maxwell, tnfirm
local magnetic field saturation and cogging torque.

SPEED PC-BDC has been coupled with an optimization
process using a genetic algorithm (GA), where thted
efficiency is used as the optimization objectiveeTollowing
five design variables are considered: magnet heigimber of
ring magnet (step stack height), number of turnsnier of
strands and wire gauge. Other motor dimensionsfigesl
beforehand as the existing or sharing parts aré. 0dgere are
several constraints such as flux density in yoked teeth,
winding temperature, rated and maximum inverterents,
cogging torque, etc.

Some design considerations such as wateri

a TABLE |
MOTOR SPECIFICATIONS

Parameters Unit Value
Rated powe W 90C
Rated spee rpm 135(
Number of slcs - 36
Number of poles 12
Stator outer diameter mm 139
Maximum stack lengt mm 90

The optimization process using SPEED PC-BDC allows
fast and optimized preliminary design. Howevercénnot
compute local magnetic phenomena of motor. The FEA
software, Maxwell, is applied to the motor obtairfesin the
optimization process. FEA is used to analyze lotajnetic



TABLE Il
DESIGN AND TEST RESULTS COMPARISON

BLT]

L]

1.4505¢+008
1,3598e+808
1.2602¢+808
1.1785e+008

Lovrsess Parameter Unit Design Prototype
.asshc-can Peak Back EMF at 1000 rpn \ 131 126
. 7 3000 Rated efficiency % 91 89.3

5. 43922001
4.8527e-001
3.62626-001
2.7198e-001
1,8131e-801
9.0654e-002
6.4507e-011

Time  =00031s
Speed =1350000000rpm

Position =30.110000deg 40 4
Fig. 1. Flux density at full load
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Fig. 4. FFT analysis on noise waveform at 900 rpm

frequency is around 500 Hz. This resonance cammat/bided
in the motor operation. However, this speed range be
passed rapidly by adjusting control parametersigéd

Fig. 2. Natural vibration mode shapes of a BLDC anot

IV. CONCLUSION

lll. EXPERIMENTAL RESULTS A design process has been described in this pdper.

A. Back EMF and efficiency integrates the'optimization algorithr_n .in the prétiary .design

. phase to maximize BDLC motor efficiency. The opfimesult

A prototype has been manufactured based on thenapti s frther analyzed using electromagnetic and girat FEA
design result. Its back EMF and rated efficiencyrene 515 The optimization process ensures optimum omot

measured. In the efficiency test, a BLDC sensorl@See gfficiency. The natural frequencies are predictgdHe modal

provides 3-phase 12Gquare wave currents to the prototyp%nawsis_ Finally, the experiments, including eééficy and

motor. A dc motor was coupled to the prototype ma® noise measurements, have been done on the pratciyee

apply a rated load torque. The efficiency was caepirom  regits are satisfied in terms of efficiency anisadevel.
the input electrical power and output shaft meatelrpower.
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