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ABSTRACT

In this paper, we identify the noise source of an interior permanent magnet synchronous motor

(IPMSM) for servo systems and reduce the noise level of the motor through structural modifications.

To identify the main noise source, noise and vibration signals were measured at various motor

speeds and installation positions, and the frequency spectra of these signals were analyzed. From the

experimental analysis, axial clashing caused by the precession of the brake disk in the gap between

the brake plates was identified as the major source of noise. To reduce the noise, we propose struc-

tural modifications, including altering the brake system to incorporate an O-ring, enlarging the shaft

diameter, and increasing the space between bearings. A prototype with these modifications was test-

ed, resulting in a noise reduction of up to 16.0 dB(A).

1. M E

AR REE 99, 455, B30 AUe Aol
HhEA o Fdsokstrld] & AE =T aE.
ME BHZ AREHE IR E 71757 (interior
permanent magnet synchronous motor, IPMSM)<]
g ME AJLR] AEdE A= L 2 &
loltt. 53] o57)7], AR gol WHds= 74
T, AL IPMSM O] &foll ARE =25 7]
A1 IPMSM<2] NVH(noise, vibration and harsh-

T Corresponding Author ; Member, Hanyang University, Professor
E-mail : jchung@hanyang.ac.kr

*  Hanyang University, Student

** Higen RNM co., Itd, Researcher

y
o
o
K

ol
e
-,
¥o,

ness) A A AME HE 7
Fod HAz e g,

IPMSM9] 25 9 AF A Y1 RES] A}
7190 oet 4 B A B9, & wojy %,
44 2 32 3 FEY 22 7AA A

L
=
ATE Y Y

&
o} WA AN WA Be Aol R

i Recommended by Editor Jung-Woo, Choi
(© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 34(4) : 411~416, 2024 | 411


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2024.34.4.411&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Minjoe Go et al.; Noise Reduction in an Interior Permanent Magnet Synchronous Motor through Structural Modifications

HOo
=

A .

Wang et al. & F-ARd(pseudo- random) et el
7t TR aw X17L°ﬂ B9 A72 g9
et al.2? 7\§]- A5
zo 7

, Harries
Whe Fajol 1% 2 £ 2
OJ'% A9t Suthep et al.2?
|(EEMF observer)E ©]-83}o] X
ataL olo 7uks F HE A
Lee et al.>® IPMSM¢l| <17}
AN 543 A 2 4
_UIL IPMSM W 2719 &4
AA B, Lin et al.&® &3 74 ZE(slot
opening width, SOW)¥} 4] &of HA sk 53 71
% A7+ A48Tk Chai et al.&® F= Zo]
(air-gap) A= B3 AE A7 weks AA e
t}. Jung et al. 2" —‘::xg Tz‘s}z,saoﬂxu Hthx 34
4 9% B9 2%

to rir > 1o o
™

to do tn > T o qf

%%ﬂlmmMﬂﬁJQ%%@ﬂMH%%%ﬁﬁ
Oﬂ]-jr
AT

fo,
N
lo

oft
o
ot
>
fols
EN
Rl
° o

2
o
o%
o
-0,

AR AR
<+

Al XE WS

o O
Fﬁ, o
p
r

2

. aEit 2Hel A

ful

rir
o
2
>

o
i)
_IZi

X o

E}

Z37v 4
2714 Q1A} %

z}iﬁgﬁ}%@ﬂw
d Qo
h R E B

)1' oxl
i
2

2, of

v 2

mﬁ o4

='= not i
at

X
g
m

i
é
_>_
12
—{N' r°l'
N
N
=
i3

o XN T fo 12 [E
2
)

0 oo L oz

2 H g £ oo o
e >

e

-

fr

~

L

2Bk
it
[
o

BN e
HT oft oz
2 2 i tlo

(T
B~
dlo

Z}A of

e O A2 4 N

o M
1%
2L
ed
™,
offt
Fob 32 = o off o & of

E
)
hat
N

1 il

&

il
=
El
_C:L
2
o

DI A = e 5
e
“:l:‘
ML e
o o
o.i":é
1> 8 o
S}i
2
b=
SN

°of A7 W IPMSME = %
st ek %—Q WWOﬂ e 1A
A= 2749 HjolY =

412 | Trans. Korean Soc. Noise Vib. Eng., 34(4) : 411~416, 2024

ﬂO]EL# 3% ?ﬂ‘ﬂ@r 7]
SEYe Had, viEe 5ot
7]% ZY|o|ER Fig. 29} #o] 4
Aol Qlth. ZYolEx Bo]ae] HAAd] s
238 Asshe $2ow 5
EUo|E7F "olAA 3]H
3 tz=a7k 3 s st gk

&8 9 A% AT S 2 P 234 gl &
R Aol A ePs}
f?} 30cm 7ol A

jm}
nlo] A2 E(PCB 378B02)C.2 ZAFon, %
AEe Beo|Ar} R = Fro) 894 3% 7}
Front bracket Shaft Rear bracket

Bearings

!

Rotor & Stator

!

Brake Encoder

Fig. 1 Schematic of the IPMSM

A

Fig.2 Schematic of the brake system of the original
motor



Minjae Go et al.; Noise Reduction in an Interior Permanent Magnet Synchronous Motor through Structural Modifications

AB&K 4520y F-Zato] SAsqlth 29
+ 0 r/min ~ 2000 r/min®]™, 100 r/min 7+2
AEE F43TE 0Hz~3200Hz He oA

N3 E #4? BX47/(B&K 3050-B060)%
4 Xh:]] :rLH

b
!

Fig. 3 Y

oo AN ot i
o ool HUo
32 o i,

02‘:'

_O|L

32

T

o

Jl)l'

el

dlo

o

it
1 g

)
mié
jﬁ >

o
i
o
9 rir
[m o
E

toh

i

stol 5%
ZE(waterfall plot)S ©]&3 Al
IPMSM] Ax7] 7H EAL = ¢ &% &
of &S W=t WS AR 7

21 (1)} Eo] &k 4= i)
f=nS+tmP)X 1)
SE &£F &, P 2 5, on, me Y99 Aoy
Fig. 37 2 (DolA X&E F9| A3 (Hz)olth
Fig. 494 H5o] A4S AlFdMEe 10X A&y}
650 Hz, 1450 Hz 9 9o] S35 veltar, 2% Al

SoE RE @k A 1X, 10X, 60X A¥o] A7
Ueldon 1 A3E Fig 49 2ok o794 1X A
e 2E AR ofgk 2EolH, 10X, 24X, 60X
AeS BEH Ul AA] 7he] ofdt g Aot
g ATAA P FEHAE 49 T S5

FeiA dAs Fakg ool UrEMUi 71 A4
Qold W A8o07 o=Hr) wak vy Hau
el zEol AA LA dukARl B &

Accelerometer

[SSV TS

Fig.3 Experimental setup for noise and vibration
signal measurement

%—H o] AFo] A B As & F vk
Byolze] Ayt 257 Mol e JiS
48] flsl H==] ok IPMSMO] -5 Aol
whe} 5 45 200 r/min, 500 v/miin, 800 rimin, 1200 tmin,
2000 r/mindl| W3] AS ANEE ZAEATE 7 3A
_u_\:oﬂ/ﬂ tﬂ—/&go},_ 288 HusH] 6H}\1 ;ﬂEHo_Iﬂ
Zg(overall noise)s F=ste] ol& MG AdE
Fig. 591 UJeRNQItE. Beol=a9] tgAas AAZ 7
O L% 21 800 r/min ©]5F F oA 2go] HA
S 7adls AL selEeth BEY 15 AA(S
Ags Hag 3£ Fig. 6

)l w2 Ay

2.0k 2
g
=}
1.5k &
o
%
F1.0k &
- ~
z
—hoskE
- - : . . ——-0k
0 0.5k 1.0k 15k 2.0k 2.5k 3.0k
Frequency (Hz)
(a) Acoustic noise
60X
[2.0k
g
15k 2
b=}
]
1.0k &
0.5k g
T T T 0Ok
15k 20 25k 30k
Frequency (Hz)
(b) Radial vibration
60X
e — 20k 2
04 R - ] G
sk S
k]
P = rLO0k &
=l
o
S — - e | )4 g
: . 0k
15k 2.0k 2.5k 3.0k
Frequency (Hz)
(c) Axial vibration
60X
bt 2.0k €
= — g
- S5k S
-
3
- -1.0k &
el
)
05k €
: T . — T T . Ok
0 0.5k 1.0k 15k 2.0k 25k 3.0k

Frequency (Hz)
(d) Tangential vibration

Fig.4 Waterfall plots of the original IPMSM for
noise and vibration signals

Trans. Korean Soc. Noise Vib. Eng., 34(4) : 411~416, 2024 | 413



Minjoe Go et al.; Noise Reduction in an Interior Permanent Magnet Synchronous Motor through Structural Modifications

—_ ~>— With disk — ~
Z 607 4+ Without disk P :
: S
z X P e
»n 504 . -
: P
: RN
?E X
£ 1
o .
+
250 500 750 1000 1250 1500 1750 2000

Motor speed (RPM)

Fig.5 Comparison of overall noise levels with and
without disk

2 —X~ Horizontal
< 601 4 <Vertical B
; e
: ‘ I
50 4 .
=] P
g 40 + .
3 . X
250 500 750 1000 1250 1500 1750 2000

Motor speed (RPM)

Fig. 6 Comparison of overall noise levels across dif-
ferent installation postures

-

& =
\r ro

o S
o X
(m e
BT
dlo
<
2,
oft
rlo

po
o
fu
v
ol

oM A oox o > o &
& ;
[}

il

4. M WMo HAl L BT

AT s B 1T WA A AE lste] AA N
A AADA W8S AT v

414 | Trans. Korean Soc. Noise Vib. Eng., 34(4) : 411~416, 2024

o-ring

—)

Fig.7 Schematic of brake system of the improved
motor

Shaft

Fig. 8 Improved design of the IPMSM

28t 3B o-ringS
Hd Heo]

o o
)
2
30,
rlr
2
|
<
(g
o,
ob,
n:
|z
=)
o
W
N
N
XN
oft
ol
)

gy HFuE A% A WY £ 3
Pajgiek 712 BB 9% dolge B F 5
7o) FASA Rasks BFig 1 F)E W) o)
2ol & 34 A9 ANE Aol 9% 572 9%
%73 5w SEon sl §Y WEE oAls
Gk R 71E REM Fol Qi S 217}
ShPY 913t} E2 A sk Rl Wol L ol
BHoR 92 WHde] | ANEE 2 F U5

3l WS qAISkT Fig. 82 71 RE S FrxolH,
=77} ol 7114 )
T WA AES A3 A BEE ThEo] oA
W 2L 2o A st AsE S48
. AEE Ag 2 52z IHE
Zgot}, A AT} 650 Hz, 1450 HzollA LERH
717} 890 Hz, 1750 Hz& ©|&3&}o]



Minjoe Go et al.; Noise Reduction in an Interior Permanent Magnet Synchronous Motor through Structural Modifications

T2.0k
g

15k 2

=1

&

-0k &

~

5

0.5k 2

= . : —— 0k
055k 1.0k 15k 2.0k 25k 30k
Frequency (Hz)
(a) Acoustic noise
2.0k £

in
2

=)
=
JNdY) paads 1030

r0.5k

—_— . . . . Ok
0.5k 1.0k 1.5k 2.0k 2.5k 3.0k
Frequency (Hz)
(b) Radial vibration
1X 10X 60X
2.0k £
)
F15k S
=
&
1.0k &
— ~
]
‘O,Skg
e e o G -0k
0.5k 1.0k 1.5k 2.0k 2.5k 3.0k
Frequency (Hz)
(¢) Axial vibration
60X
: T 20kE
2
15k =
3
&
1.0k &
g
0.5k 2
P 1 — T Ok
0 0.5k 1.0k 1.5k 2.0k 2.5k 3.0k
Frequency (Hz)

(d) Tangential vibration

Fig. 9 Waterfall plots of the improved IPMSM for
noise and vibration signals
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