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A Study on Noise Reduction of a Fan DC Motor in a Vehicle using FEM

Ilho Jung*l) « Jonghwi Seo" + Taewon Park” - Jooyong Kim®”

"'Graduate School of Mechanical Engineering, Ajou University, Gyeonggi 443-749, Korea
Z)Department of Mechanical Engineering, Ajou University, Gyeonggi 443-749, Korea
Y Dongyang Mechatronics Co., Incheon 405-846, Korea
(Received 22 July 2004 / Accepted 7 October 2004)

Abstract : The DC motor in a vehicle may cause noise and vibration because of high speed revolution, which can
make a driver feel uncomfortable. There have been various studies attempting to solve these problems, focusing mostly
on the causes of and ways to reduce noise and vibration. It is suggested that the noise in a DC motor may be primarily
due to interaction between a brush and a commutator. Brush noise, the most common noise in a DC motor, results from
a brush bounced from the surface of the commutator, fluctuation of the friction between the brush and the commutator,
and the impact on the brush when passing over slots of the commutator. Based on the noise test, one of the most
important design parameters was shown to be the roundness of the commutator. As the DC motor is used, the roundness
of the commutator gets bigger with subsequent increase of the level of brush noise and vibration. There must be a
threshold in order to prevent the brush noise from getting worse. Using the method of CAE is more efficient than the
real test for purposes of looking for various design parameters to maintain the roundness of the commutator. In this
study, the design process to reduce the brush noise is presented with the use of a computer model. The design
parameters to reduce the brush noise and vibration are proposed by using FEM. The design parameters are used to
reduce the noise and vibration of a DC motor and it is verified with the test results on a fan DC motor in a vehicle. This
method may be applicable to various DC motor
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Table 1 Relation of roundness and noise before/after

durability test

Before After
No. | Roundness Noise Roundness Noise
<Um> <dB(A)> <gm> <dB(A)>
#1 Max. 3 614 146 78.8
#2 Max. 3 58.8 140 78.6
#3 Max. 3 60.3 137 78.9
#4 Max. 3 59 148 79.5
#5 Max. 3 60.3 78 74.1
#6 Max. 3 56.8 42 73.6
Revoiition of r&rmature Shaft
.:i;;j b‘mmcibetween B;]\L/lLsh and Commutator

Frictionbetween Brush and Commutator

Abraston of Brush and Commutator

!

#ad Rountness of Commutator

Hgn goise after Durability Test

Fig. 1 The main cause of DC motor's noise and vibration
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Accelerometer

Fig. 2 3D CAD model of DC motor assembly

Stay
Bracket Assembly

Assembly

Armature Stator
Assembly Assembly
Fig. 3 3D CAD model of DC motor parts
Table 2 Specification of DC motor assembly
Items Options
Test voltage(v) 12
RPM 2700£200
No-load
Current(A) Max. 3.5
Torque(kgf-cm) 5.2
Rated load RPM 2180+170
Current(A) Max. 15+1.2
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Fig. 4 FE model of DC motor parts
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Fig. 5 FE model of DC motor assembly

Table 3 Result of normal mode analysis

[ Naturat frequency (Hz)

Part name Ist 2nd 3rd |

| Armature 886 2062 3274

Stay 776 1173 1275

Cover | 771 1005 1019
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Fig. 8 Cover ist mode shape (2 points support)
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Fig. 12 Experiment setup for a DC motor noise and vibration
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Fig. 13 Result of noise test (The existing model)
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Fig. 14 Result of vibration test (The existing model)
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Fig. 15 Result of noise test (Stay with 4 rubbers)
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Fig. 16 Result of vibration test (Stay with 4 rubbers
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Fig. 17 2 points support cover (The existing model) and 4
points support cover

Mode 1 : Freq = 1661.7

Fig. 18 Cover 1st mode shape (4 points support cover)

Table 4 Result of the noise and vibration test
(Location of measurement : Refer to Fig. 2, 12)

List Noise Vibration
N (dB[A]) s’y

Existing model 59.5 3.0

Slay. added rut.>bers 577 27
at inner 3 points

Stay added rut.)bers 56.0 25
at outer 4 points

4 points support Cover 58.7 2.5
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