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The Noise Reduction of A DC Motor Using Multi-body Dynamics
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Abstract

The DC Motor of a vehicle may cause noise and vibration due to high-speed revolution, which can
make a driver feel uncomfortable. There have been various studies that attempted to solve these
problems, mostly focusing on the causes of noise and vibration and the means of preventing them.
The CAE methodology is more efficient than a real test for the purpose of looking for various design
parameters to reduce the noise and vibration of the DC motor. In this study, a design process for
reducing brush noise is presented with the use of a computer model, which is made by using a
multi-body dynamics program (DADS). The design parameters to reduce the brush noise and vibration
were proposed using a computer model. They were used to reduce the noise and vibration of a DC
motor and verified by the test results of a fan DC motor in a vehicle. This method may be applicable

to various DC motors.

=

1. M B

-

3|

DC REEHx= Tx¢ AsdErt vy 7hd
), s|AA7E 9 A REZA obF 4

g 545 7HAA 9lal, ARE Ao R o
oA g2 ARSE AL vk ShX|RE DC RH =
afow Idsty] witol Alxwel w2
ol 23 FAE AL F S 59
e T AAY TEAAE Sl AR
DC H= AlE 5% 25/70E0] e B
AREAFN A EHE FEE 5 QLo AAl A

Tolustn ued 71428

E-mail : ilhojung@hotmail.com

TEL : (031)219-2952 FAX : (031)219-1965
* o}prstal 7] A g ey

R I s R e )

875

=2

=49 A7t H s}
EEZ =3 DC By 2&/7

2918 A FAHCommutator) 9} H 24
(Brush) A}ol9] =4 89s 4 = dA
DC RH+= #2274 ByHA /A Akolddl 7]
A Aol wAyste] whzbo] wRAlgiTE, o] whzbo]
DC ZE 9 714 FH 2g/7lEge] Hn, o=
gk AgS BHE BH4 Agoldgt FEY oY

ki3

o4 o] H-itof of 9¢]
E A Aol

5o Fo e
o] HE= A

S
3
S 3

el

ich

o k= ofmbFol(Armature)®] =R H, ofvtFo] F
I Wy Alele HE AE T Af/E H
A ale] A g2

B AFE @A AL S A=k o] ALEH

T DC EHe 545 detsty] flste] DC &
Blo] Al g9 ®ills Agreta, s
gatgiet. 4 A3 T 2ZEH A BEL] W
He T2 wEeginh o FERke] ukgo] 4
& REA WA E 2Fd xEel b d
Ak B 2] wielth By Aee B



2004

1o o yo
18 o ™ 2 do

o
b =
dlo
> 2 o8 ot rlo rlo

2. DC B2 2EZ
HoAgo|A 3% DC RE RS T4 470
o] o] Al E-2](Assembly)® o] Fo1A oth RE 9
ZA)Ho| 9|23 olnf3o] o] MEg|e}l o]2 A
stal A& AHO]E|(Stator) oAl EE e} B
(Bracket) o] A Eg], 18] olnfFolo] HFE %

A5 S TR A S

226 ©](Stay) owlz—ai

—r%oﬂ gt 372 Fig

DC UHQ] /ﬂxﬂ E
(Contact) HAYSS 01%3}04
A SiTh 1 R4 e
el A g Eujo|H g we
17, ofmtF=ole] F4l shtito -ﬂﬂé}
= ARE ddvt= ARAke 24 "}0101] 47}

o A= fAYZOR o]FolA 9
Fig. 2¢14& DC RE AA mde] 748 1

73 gtk DC BE 98 waleA] 4 F
2@ AF WAUES EFete] T} o] 7
ol et

Stay
Assembly

Bracket
Assembly

Armature itatoll;]
Assembly sScubly
Fig. 1 CAD model of DC motor

876

@Disiance from

Amature’s CG :
10mm

Mass : 0.2bg

Bearing Contact

© ;i: j‘ @ @ Commutator
&
Brush Contact
Oilless Metal Contact

Fig. 2 Schematics of Dynamics model

Z =

D 2 wew 1%,
velH@me AR
EEMECEE R
of A E o3 72

PN
9T 5 Qe

1 3}o]

@ Hg Wy A=,

©)
552 Sl (clearance)E T

AAvFel Fans. o

A AT Fe Ag

1~n
i)
mlo

Unbalance)<
L= R (Balancmg)
SHAITE 100% %EL 3
o] EHYPL 579
= A R R E1‘31(Dummy)
el agaae,
o AT WA B
v = g3 HrtE o
® Fig. 32> AFA¢
(Roundness)7} F-o1¥ = EO“]‘ZFE
FAFY] ©@H 2 w4 (Random number)E
o kBanel FAH O RHE AuE Qe w3
e ALEshel Ashs WAES
A Sfsdet, AglA
ukel S Al (slot) 7}
AFAAR, B4 7

%%ﬂﬂﬂﬂﬂ@ﬂoﬂiﬂﬁ4ﬂ%ﬂ

4

0>‘(
> m1m

-

R



2004

¢ Sketcher: line_arc, curvel

® Hel4lE AA DC ZECA e e FH
545 TEs] S8, A R 2B} A2
Jom Rdy ol Slvh 479 BH= 47
SRR AFAst A5S s ols S B
galet ARAEe] FE A8E ol B 5 U=
5 ol B3, Zhzhe] Axw e wist
e w4 M= Thssitt

180 RPM< A 3l==
o] g3}t ofmlFo]
HEETY AT A

[\

o WAAIRA, Aol AEom e
EAEE IHEE B Fo AA e 2

& s Ads) Fa vk
2 ordle 542 A4 DC EHO s54&
FRSIA A5 MAUES Agaes o)
. AE5FE ol&d EEAAES dAFEAY
(Continuous analysis)® ™S AF&-3}9 0w, H = o]
[e]

A &2 % Z(Hertz Contact) 3 =TS
AbEsETE 9T siA S gt AAIANEC]

7w S Za 9l s AA ATE
ol Bistel DC 2H F54S w480t
3. oA A1t

AA MFE vpoi7b 12 B¢ ofntE o &
2180 RPMo. 2 3| HA|7]&= 598 & 33}
gtk 2 593 4 AydEsE FAdA AR A
HEEojoF & A= 22 AF dF 2 o
el e uF £ g BEd wEm = dlgo)
o 7|4 B4 wrE 479 B4 AR
2} Afole] HEFH Rd A WAshE 72 HEE
RMS(Root Mean Square)2] it gkolar, & HbeS

877

N9 2 of Ak ox p

Reaction Force RMS (N)

3 dE 2 wold) Mg woldel 4 A
2 RMse] B#gtolth ne4 WL g
gHoE 2 9L MAA g BE v
o AFAY AFo oA AFH SHel =
2w u, % uEe Agude A%
AoHon & gRe FA Ak 3, opniE
e 2 wolds) My woldd} 15 do
o, 2E Al A%el gge Frh e,
MR ofldo] Bt £%9 Aseluw
E Agel e Tl g BRolth of
Zokstel Z47ke] Ase wAsgch
31 AFA A4

FAkel 2079 wh oA 7}
upe] daks JAER
FAre] Yz we o

r

o

31 e ol of
ol Hl
3

o

oy

B 2

—a&— Brush reaction force
25 - -® - Shaft reaction force

1 v LI
0.00 0.02

LI
0.08

—T — —rTT
0.04 0.06 0.10 0.12 0.14 0.16
Commutator Roundness (mm)

Fig. 4 Commutator roundness vs. reaction force



2004

Table 1 Test results before and after durability

Before After

Group | Roundness Noise | Roundness Noise
[mm] | [dB(A)] [mm] | [dB(A)]

Max.3 61.4 0.146 78.8

Al Max.3 58.8 0.140 78.6

Max.3 60.3 0.137 78.9

Max.3 59.0 0.148 79.5

Max.3 60.3 0.078 74.1

Bl Max.3 56.8 0.042 73.6

Max.3 53.9 0.087 76.5

A2 Max.3 52.1 0.067 71.1
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