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ABSTRACT

If less noise radiates from vessels and submarines under water, it is less likely for enemy troops
to detect them, which in turn improves the survivability and mission capability of their crews. The
Korean Navy thoroughly assesses the structure-borne noise level as a special-performance evaluation
item to reduce the underwater radiated noise before loading any equipment. The evaluation is per-
formed at the manufacturing site or in an anechoic chamber, depending on the allowable horizontal
support conditions. However, the pre-installation evaluation method does not take into account the in-
fluence of inclination conditions during the rolling, pitching, diving, and surfacing of vessels, which
may cause its results to differ from the noise levels during an actual operation. This study tests and
analyzes the effect a vessel's inclination angle on the structure-borne noise in an electric motor. The
results show no major frequency movement, which confirms that the structure-borne noise in the ro-
tational frequency component increases with the inclination angle. Therefore, the inclination angle is

a factor to consider during the design, evaluation, and operation of a vessel.
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Fig. 1 Environment condition (test lab. vs underwater)
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Table 1 Inclination angle for the test

Trim Test angle (°)
-30.0
-27.5
-25.0
=225
-15.0

-7.5
Even 0.0
+7.5
+15.0
+22.5
+25.0
+27.5
+30.0

Diving angle

Surfacing angle

Table 2 Test equipment

Equipment | Specification & type
| 4 Test RPM 1200 t/min
| Diameter (L) 100 mm
~ | Diameter (H) 80 mm
Power 25W
. Max. +£35°
inclination
Table size |2 000 mm % 2 000 mm
Pay load 1500 kg
Control Frequency, Time,
parameter Velocity
Signal LMS / SCM201
analyzer
Accelerometer MMEF /§943B100,
Kistler / 8776A50
Vibration | y;10r 1 394C06
calibrator
Power +Load
Input

Main
Controller

Fig. 3 Inclination test diagram
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Fig. 4 Inclination angle for the test
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Fig. 5 Test setup for the vibration test
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Fig. 6 Test results of the vibration by inclination
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Fig.7 Test results of the vibration by harmonic frequency

Trans. Korean Soc. Noise Vib. Eng., 31(6) : 668~674, 2021 | 671



Hoyeon Jeong et al.;

Effect of Inclination Angles on Motor Vibration and Structure-borne Noise Characteristics

TOP VIEW

v
ll—x

=)
S]

©
=3

80

70

60

50

Structure-borne vibration level [dB]

at )

)
S
Q

b:

1/3 octave band frequency (Hz)

Fig.9 Test results of structure-borne noise by fre-

quency (0.0°, Point 1)

3% JHEEA 218 FAEh 54
AT 1X 9] 20 HzE X3
& 2Hz~ 1 kHzo|W, A o] e Fa5= 4 9

stob w9 we] MskE WS

3.4 BAF 2o wE
;q;. }\gﬂEEJ ‘:'}\4 7:134.’
1200 /min®] 12} 3| A4 2
& & HARE A 1 EM Hj =g 0]

3z}
(harmonic) FE|Z UERIT} Fig. 69 (a)= 3
(axial)o A 438 277} £30° AALE FUAS A9

e d8E vk 2ol
0° 7|Fo w2 AAE Folxs W 3 FIk 1X
B A Al MLA7E oF 154 Aede Hol
Aom, 4 Hze AF3r Zso] YeEbAIR 73]
H(vertical) 52 Hw S Al AA AR K50l
FFE T FE2 oMU Fig. 69 (b=
ol aelmeM, 1300 A FOIAE A
Hrc) 28] 35 FFo] WA
=4 70 1 e MARS T IX

o XL

U of K

05

2~z
_’_
2~
T

= 5

Foir

672 | Trans. Korean Soc. Noise Vib. Eng., 31(6) : 668~674, 2021

-2 2X T3, 3X 53
Fig. 79 2=

(20 Hz)& W% 6}01 Cli
Zl e
Ab Z¥ 7} %7Pe-r—| 1X “rvq'

ANl

¥
[N}
>

rE N
i)
N
2
X
I
=
)

N Led ‘E
L
* %
(B oo
Ho o
3 %
% &

S
ofl
)
E& r

b o

“

O B
rlr

o

o

o

™

offt
(e}

l:l w
__)i/“
B
dlo
e
Y
>

Eorfr o o
= ok
g
ﬁ £
-
o]
—
> &
kil
ml %
oz,
L
ReT
Y
=
oﬁ
o
—»
O%
ol
%0

]E_i Jr%(X), A3(Y),
}‘ﬁdr. 574 A= o vk
point 1~4)°l 3% 7}
o} —T—‘" 4~ W= 1/3 octave band
ol w7 g IS HA

ol
odk
o
fu
_IIN'
2L
ofr

il E

4C 2

2,

ﬁwihlm%loﬁﬂdr}i
Ol
=
(=)
N
3
l

s3] st

=
a.
o]
o
ol
ol
ro,
=
o
B
dlo
o
o
=
X
>
o
) mlo
e
08‘:"4
ol
ol

ui;;]# _Jr;d—»‘]_oﬂotr:] 3% W
g} Fe o)o] uhy o}% 1-2— sjelakgink

b 2tzol e DAHAS Alg Aol
ok Q] AJE] Wil 25 Z7oA ] 1A AL

7 A= Fig. 99F 2k A3 el 1200 r/min
o] 3 Fulr AE 20Hz 2 W Tl RS 3
3k 63 Hz, 125 Hz W= tYollA Frgfdl §5 5A4S
Holw 3% Wk F JePlaiZ-axis) o2 7Y 2
Aaies HAAZIAL Stk o] Hlol®’ X Zé
I A Hso] - TERES T

=
o
A amell Y=

3.6 ZA
oA o]

[N

o

Hmon

L0
)
H_
W
=
-3
O
o,
>
ulf
g —lN
;9,
— flo ®
& o
N o
N
%
ru
rﬁ
r&

Ak wAEE
Z

[e)
e Eol 7pen @g} g}ogo}oq Fig. 109 &}

it 1X Fu RHek ]/\1 —30° ztwel Ao
82dp 45.o% 717 = WS niled, 125Hz 3
o4 9] 49 2.5dB 4} B 2= o} At

o W 5 F3hel o5 b gigkon], 1
Zo 27)o] Wl AL dde] S ek,



Hoyeon Jeong et al.; Effect of Inclination Angles on Motor Vibration and Structure-borne Noise Characteristics

10 . & 89
) 5 T
100 e =
7 & 588
. g s
g % S s
E @ 80 E 87
Qo Qo
5 8 g 8
®
5 76 86
> 7 30 15 0 15 30 30 15 0 15 30
£ Inclination angle (°) Inclination angle (°)
8 e
g 92 83
3 ok ) Taz
3 .91 )
or S Do % & % ol
30 S Ss0
10 125 16 20 25 315 40 50 63 80 100 125 160 g 89 g 79
1/3 octave band frequency (Hz) > >
88 78
30 15 0 15 30 30 15 0 15 30
Fig. 10 Changes of structure-borne noise levels by Inclination angle (°) Inclination angle (°)

inclination (Z-axis)
Fig. 12 Changes of the structure-borne noise by in-

% clination (1X frequency)
. X axis
i Table 3 Structure-borne noise levels by inclination
Eu (1X frequency, Z-axis)
%82, Inclination (°) Structure-borne noise levels (dB)
%80 cunatio Point 1 | Point 2 | Point 3 | Point 4
> —30.0 87.0 88.5 91.0 80.8
r —27.5 84.4 87.5 90.0 79.2
76 —-25.0 82.5 87.7 89.9 79.3
. -225 80.6 87.6 89.5 79.1
o2 ™ lination angle () » * -15.0 77.9 86.8 89.1 79.1
=75 78.3 86.9 89.0 79.3
Fig. 11 Changes of the structure-borne noise by in- 0.0 78.8 86.6 89.0 79.3
clination (X, Y, Z-axis) +7.5 78.7 86.6 89.0 79.9
+15.0 79.5 86.6 89.3 80.4
+22.5 81.1 86.6 89.7 80.7
; = AA = 7} 2]

Fig 11oA4= Bkl w2 X, Y, Z 7 59 3 25.0 82.2 87.1 89.7 80.8
2 dd WSS vlaegith X A AS ¥ +27.5 82.5 87.4 89.8 80.8
ere 529 tn] AAze] wel Hd) +1.5dB, Y& +30.0 83.2 88.0 90.0 82.0
& Hol +2.0dB Wa}siH], 259 +8.2dB] W
H Hu S v Ao v MstRks HojErh 4.3 B
£ 71290 net FAolAY e wae] wal
&AL 7 FHe aAaS dEe A AEAY = o] Aol A= aAlAs B7F W BAF el
o5 &k GAVIEES S ouA e Ao AeHr A 20& Agste] H53Al Ht
Aoz F71e0eS dAE & Ak e AN A7) FRAzEoR AfEe

4719} pointoll A FAPEEE, 1X Fakar Aol Al FAlE st A7 AE dde® A4l
A8 W WS Fig 12 % Table 304 2 4 olth ] @64 WA 5 i AR £30°8 7@
Zusk Fl whet AL AAE BRI B A wAagel WAL 9% dTed.
ofFal dow % B ate W] upgl LA LS T8 B A 2004 SAZ aALE B
B Al Al AT A AP 24 A A BN A S G spsen, 2 o)
Bhghg WE 150 AR Ho1Z A% U0 b F 2 WaeS sk Faee SAFAE 1X 4R
el S AR W, o= ViEhdth, BAAE AAE BAle] Aol ket

Trans. Korean Soc. Noise Vib. Eng., 31(6) : 668~674, 2021 | 673



Hoyeon Jeong et al.; Effect of Inclination Angles on Motor Vibration and Structure-borne Noise Characteristics

FEz g AT 1X ARelA] Ad 8.2dB
kel Ane B3

WALE ZH3 FAG AE7) el 8k
A A el 4 AR BAsgon, 4
Aol mhe Az F7h 90 H57) wojd]
A ERE A Sl <@ 85 5]
olF 394 BEL 53 % AAA Agse
Aoz e

5719 wjoj”ol] BAE BAshE 7 wlol™ o
o] mpEs} wkdo] St g AE IR % IF
S WA g Sl olE WAIsk] Sl ] A
Al ]

9 200 ALgehs AwAel wolge Al
= Ak A mhE Folut 3999 8

24e ABYoR BARE J15E 2 A% 24
Sepiloly o) A 3l & olek £ v
A9 el AHgake A 5

2 =
i T
A Al frere] A, ob e e

1

] .

ojs} gol &g AA AR At w1
A B Al o7k W s wkedeljoR abn, auA|a
9 818 7IEA AR Al A eAE AR Ve
S ks Ao] dasit. 53] i g2
TRl R EAe] AS A, B H
FADAL]] whE ARzt st Al A Age] Srhe
- 4 28 A ol 54 1
G

o =L 2021 ST ALOT PG
ol A ATAMFAY

715 CO, 43PN

References

(1) Han, H. S. and Lee, K. H., 2013, Estimation of the
Underwater Radiated Noise of a Naval Vessel Using Hull
Vibration, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 23, No. 5, pp. 394~400.

(2) Yi, J. J, Kang, M. H, Han, S. J, Bae, S. R,
Kim, J. H. and Jung, W. J., 2014, A Numerical

674 | Trans. Korean Soc. Noise Vib. Eng., 31(6) : 668~674, 2021

Analysis Study on the Estimation of the 3D Underwater
Radiated Noise Pattern using the Hull Vibration Signals,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 24, No. 10, pp. 770~779.

(3) Kim, J. S, Kim, H. S. and Kim, S. Y., 2001,
of  Structure-Borne  Noise to
Underwater Radiated Noise, Proceedings of the KSNVE
Annual Spring Conference, pp. 138~142.

(4) US Department of Defense, 1986, Structure-Borne
Vibratory Acceleration Measurements and Acceptance
Criteria of Shipboard Equipment, MIL-STD-740-2(SH), p. 3.

(5) IEC 60092-504 edition 4.0, 2016, Electrical
Installations in Ship — Part 504 : Automation, Control
and Instrumentation.

(6) United States Government,
Requirements ~ for  Ballast =~ Water
System(BWMS) Components — Fluctuation in Power
Supply Test, 46 CFR 162.060-30.

(7) US Department of Defense, 2005, Mechanical
Shipboard (TYPE-I
Environmental and TYPE-II Excited),
MIL-STD-167-1A, pp. 11~15.

Transfer  Function

2012,

Management

Testing

Vibrations of Equipment

Internally

Hoyeon Jeong received a B.S. in
Department of Marine Engineering
from Mokpo Maritime
University in 2009, He then re-
ceived M.S. degree

National

in  Weapon
System Engineering from Pukyong
National University in 2020. He is
currently a Ph.D. candidate in the National Korea
Maritime & Ocean University and a Senior Researcher
in the field of sound, vibration and shock at Korea

Marine Equipment Research Institute(KOMERI).

Heemo Goo received a B.S. and
M.S. in department of Mechanical
= Engineering from National Korea
Maritime & Ocean University in
2007 and 2013. He is currently a
Ph.D. candidate in the

Korea Maritime & Ocean University

National

and a Principal Researcher in the field of sound, vi-
bration and shock at Korea Marine Equipment Research
Institute(KOMERI).



	경사 각도에 따른 전동기의 진동 및 고체소음 특성 분석
	ABSTRACT
	1. 서론
	2. 함정 탑재장비 특수성능 평가
	3. 경사조건 고체소음 및 진동 평가
	4. 결론
	References


