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Study on the Noise Reduction of BLDC Fan Moteor
by the Diminution of the Electro-Magnetic Exciting Source

Hyun-Jung, Shin, Dong-il, Lee
DA Research Lab. LG Electronics.

Abstract - It is important to diminish noise source of an electric
motor used in appliances, We studied on the noise reduction of
BLDC motor to drive a fan. Especially, this study was focused
on detent torque caused by interaction between a permanent
magnet of rotor and groove in stator. This source and rotating
system brought about a resonance. This paper showed that the
higher harmonic component of this torque had a main factor to
lessen noise. So, we had designed new magnets with shape like
a peanut and pseudo-sinusoidal flux density for low-noise BLDC
motor in refrigerator.

LM B
A slolM, Fde $2 29 F9 A A¥FY 2F
FES e B8 AR YFgME 03 ¥ F dE A F
8% &4 947t gt dvdog sMAAEAN SAHE £§
€& AF gdet 3 540 dey, £ B A Fd @ gz
Ax7lg dode AF A8 44sd 2 RAolFE uH B 4

it

2 aroMe olg ¥ g AF TN YFLE A AF
2 sged, 58, ¥¥ng ¥ RE s AFAS $Fn
B AE 58 HEAIe d F FREA, 9 B 7HE TS
Zteth ol # ol ® st AMEA UM oA EE EF o
F F4% A% F4 $Eoly 1 KEHE AY dU¥Y AF A
Ys3 glnh ¥E34 ¥ ZHE 97 S8 8)3 4F Al
g F 3¥d 38 F7 4T BARU4Ad 822 3 g,
M AFE 1 Bge) FAH wFol VB FE FEVIGA
BLDC REjZ 9] tiad H&o] o]jFojx 3 9o} 28U 7]1&Y HE
AE71%e & 7% BEAE Z#e BLDC AEr7ie HA® 447
olfol A& o +4E & B4E Fou, 2% ¥E BY L3
g &% 248 % € £ 971 WEd BLDC 2¥ AAr] 7k
L & Y £ A A7 4o
FolMe Yy AL G&(ON/OFF) £4(F -200% 4
l T% BLDC ¥ 2e{7} 53 oA &4 € o Y=l
ol £&% WU, P 4, A A % dF 5 A4s
F® 28 Af 2 A7 A(E dehhd

o% U]O

e

&
2
3

b e

.22 B

2.1 HY By
44 A4 7% BLDC 4 2®9 7% ¥ ok (Figlld 2

o]l iy e FF ¥E 9 Pz FA=HA it 44 AF
dge Aty 9 AHF J2E AX mEH nRAd U=
F(Hal) AMBREE ] A5 AE ZA 8o of 180% vt UL V
N9 g AFH ALE A FAARE e dez P4
g 2 d7dM HEsz e BLDC EHEe 2324E 85Y
(Skeleton type)el €4 23 (pole) EEjoID], 538, olg} @& 449
RHE A2 ¥ =(Detent Groove)E A8t 34 nA A
M7 AT YA ARSI 2 fAeA 21§ fch 28A
oz 22 JEA B4 & £ = 715 dolo] o Ay
2 Hdstz ek

5 % v 2 “§ s q ¥
B 7 Fae ’
o J T\
"‘vw”"““ ‘ ]' W'L; |1 maShe :
Ay & A }; [ i i fa\ {A
AL S
LT e o v

{Fig. 1)Simple Drive Circult and Structure
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[Fig.2] Nolse Profile in SET Condition.
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[Fig.3] Test Apparatus

<E 1> Test motor Vs. DC Drive

+ &2 Test motor | DC Driver
Poles 2 6
Phase 1 3
Slots 2 9
Cogging Frequency | rpm x2 pmx18
input A8XM@ | DCHH
Remarks Topmount | Dios&

[Fig3l® e Ad ZAE F3d, AL EA(Voltage=0)2
X 2 ZHAM AHA gL G L Hesto 34 BLDC
2HZ TEHEAN FA71U 228 A3z, A9 dFANE
A48 34 BLDCEHE FE389 27 Ea 19 288 83
ate] oiell [Figdl9t Z& HA2&(Overall noise)ol] g e 2 &
4o JIHEE d& & YUk ol2REH IPEAZ ofrjEH A L0
AH &gl 714 Ay %S o, 53] Flez BayolxE
EF $4 £504 1 7ldEE 0% 22 ¢ F Ut

X0 1500 170 10 . 210
{Fig.4] Noise Source identiflcation

2.3 FUET A&

2 dolAe 2ZEA7 71 AEY &8 Qo2 goaFe J
o g AZL B3 IPEIE FLHn A 249 IS
BAE FESAL G4 23 (Pole) REHY Yol 3IAEaY 7
2 Fof (He v&3 g

f = (rpm /60 )x(Poles) : fundamental frequency (1Y

Tmtpolor  Twewe Detoctr  Swppog MOl 1oy jg om

[Fig.5] Test Apparatus of Cogging and Torque Curve

el [Figsleld By uteh Zol, 2QEAE FA48t7] Asted dA
B E2(F 18T 1313)2 3dste 2gRes EAHE o] 43}
AL AAE 4 S22 HANNEA A W Z 46
W 3273 st dHE E3E ASF ¥ F I o7 FFe
A 4 &4 o4& [Fig5ll vehigled oie 2L 39 A
71E &FA%a 7] WEd wEd 2L B9 %Y Ax
€ U

2.4 ERY B

A9 1% B4 A4S H8td A 242 IHY Y99 F
Az 249 vEY 24 AE 542 AESdc 99 FEA
74718 ol 4% AHEI AU(Sine Swept)7t HH oz T3
B4 g G2 H [Fig6ls el dojzien, vEY 34
i obef [4) 2]9F F& ha@ Ao gt (% 218 ol

Sojxd,
R VARV
S k& Vi Yot V)

<& 2> Natural frequency by torsion [Hz]

oo™
i B AN ro g

. Y

T  |Plastic {fan /plastic magnet)
DU (F)| 289 4

o (o) 215 5

J2RE WEUS W 1§ VFSE 10Hz 240Hz, 350HzE 2
o &7 WEY THAFSE 4200 Ho9E YJsdn

2.5 Campbell ME

SA Hdd A / g nHASF=RE A Py
(Campbell) M= & HE3QU 2JEA} 714 F88 743 do
2 g4-H04Au, 2YEIY Az A8 dAE THAE
& #AAAY. 5 &4 dYdA oja gL HELL ¥ 2y
o RS 3REIY 43 23 A AER  H9 nHAESFU)
A3 ¢ 160071700 pmE G4 LA Pen, £& 589 1
z3 71 ¥ SA¢ DRAFFI AEA A 4 &4
doolM FHE Yoyge HAsot

Speed [rpm]
400 1600 1800 2000 2200 2400

{Fig.7} Campbelil Diagram - Resonance

[Fig719l 24 dx=2%s 3d 49& 44 3¢ 7% BLDC ¥
29 &4 AY HAE 1el & o o 1,400 T 2.200rpm (FFA
49 A9)e oi% F @ £d 498 Zed 2Ry FE4
Mg B¢ F2 dve Brhsez wasHdR nay sty
€ ALY gayel glenz FALEY F vd AR B2AE
A AFE Y £F A4 BeNE BUAAG. 53 o) Ea9
718l Fete 1723 A2 @4 A3 v o] 7% A
& #A7] fgte] Al JRolvlel 43763 JEue] nAEA
7HR el AN 2 ArlE g AAN FAA A &89
a71g #2437 9487} gl

- 858 -



3. A L8 MY

3.1 7ipMee] E&

i ¥ IPEAE AZEy] Hstd durzez HAR =
Aol A& YEFux density)E HoF A E A (sinusoidal wave) s
B2 AsH(magnetization)A| B2 % 2zl AEL AZslE Aol 7}
Fatvh el oje d REY AVH 84 HER 4 olfoin
o B ot  dFdME olE sl F JiA WE L HE
At A 23 wWd ¥ agn M ¥4 EFE n8eE
dov 8o EFFQ Wyez dod 9] Ao dsld 24
§ d3E d& o AAE dFEr e 8,

dA, A3 Y WAL 53 A4 A4 FWH ALUEEFE
(Surface Flux Density Distribution)e] o] [Fig.8]e] vehjgich
ol Iy ASdx FY ¥ ¥EHE o o Hgdl UdA &
& AF 5 29 oy $5E Ao #wuEo] o o] wWyer
He z2Me] FUxASUEEYE AW HEE FHsE Aol
AREA 2ZE% A A4 B 4%S §4 ¢ F A

Gauss
N wa
S
1 BEEEE I
T T A E
shiell
¥ +
| i
s H w"‘v'm\wvﬂ i
gnl e T
AR S e
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[Fig.11] Noise Evaluation in SET
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