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ABSTRACT

In accordance with the USCG type approval procedure, a fixed CO, fire-extinguishing system is

mounted on a ship after obtaining type approval. For it to pass the vibration test for type approval,

an appropriate vibration resistance design is required. In this study, we analyzed the severity of the

vibration test standard UL2127 and developed a modularized test method for USCG type approval.

Based on the proposed test method, the vibration response characteristics of each module were eval-

uated with three-axis vibration test machines. In the case of the cylinder module, damage was caused

by excessive vibrations due to resonance, which can be mitigated by changing the rigidity of the

boundary structure and shifting the natural frequency out of the frequency range of interest.
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Discharge V/V_|

T Discharge nozzle

Cylinder V/V

{ Pilot control cylinder

(a) Diagram of extinguishing system

(b) Layout on a ship

Fig.1 Compositions of fixed CO, fire-extinguishing

system

Table 1 Test equipment

Equipment

Specification & type

Max. sine force

289 kN

Max. payload

5 ton

Table size (2000 x 2000) mm
Useful frequency (2~1700) Hz
Max. sine force 70 kN
Max. payload 1 ton
Table size (1500 x 1500) mm

Useful frequency (2~2300)Hz
Max. sine force 30kN
Max. payload 500 kg

Table size

(1200 x 1200) mm

Useful freq.

(2 ~2300) Hz
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Fig. 2 Comparison of vibration test conditions

Table 2 Amplitudes of vibration tests

Frequency | Displacement | Acceleration
Test standard
et standat (Hz) | (mm, pk-pk) | (g, 0-pk)
10 ~ 19 1.52 03~ 1.1
UL2127
2017) 20 ~ 39 1.02 0.8 ~ 3.1
40 ~ 60 0.51 1.6 ~ 3.7
MIL-STD-167-1A| % ~ 15 1.52 01~07
(type 1) 16 ~ 25 1.02 0.5~ 13
(2005) 26 ~ 33 0.51 0.7 ~ 1.1
IACS UR 2% ~ 132 2.0 0.01 ~ 0.7
E10 (2018) 1132 ~ 100 - 0.7
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Fig.3 Test setup of modules for vibration test

Table 3 Specification of CO, cylinders for the vibration

test
Cylinder | ¢y filling | Weight(total) | Stora8®
capacity ratio (ke) pressure
(L) £ (MPa)
68 0.67 130 58
82.5 0.67 148 538
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(valve module), ¥ #A|o]E ¢33 RCC X E(remote
control cabinet module), "FA|=ro 2 thu] &gk whAY
< 9%k 39t Atoldl EE(pneumatic siren module)
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Table 4 Result of the resonance search test

Maximum resonance point
Module
Axis Hz Transmissibility
X 12 4.4
Cylinder Y 12 4.8
Z 38 1.3
X 54 2.8
Valve Y 60 3.1
V4 48 2.9
X No resonance
RCC Y 58 14.8
Z No resonance
X 34 2.5
Pneumatic siren Y 20 3.0
Z 20 2.4

Fig. 4 Faults of cylinder module during the test
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Fig. 6 ODS of the cylinder module during the vibration

test (12 Hz)

(a) Bracket added (1* natural frequency 12 Hz)

(b) Bracket removed (1% natural frequency 9 Hz)

Fig. 7 Modal analysis of the cylinder module

(b) After (bracket removed)

Fig. 8 Comparison before and after the reinforcement

Trans. Korean Soc. Noise Vib. Eng., 32(5) : 495~501, 2022 |499



Hoyeon Jeong et al.; Study on Vibration Characteristics of a Ship's Fixed CO, Fire-extinguishing System for ...

. o2 gQlgk ¥ Fig. 87 o] & W7E Ay B
R f p—=— h= =] O =) ) =2 3 =]
Prgiiaiirm | et e ] 5o NS 53 1% §H WaE geladl

»

Trasmissibility ratio

10 20 30 40 50 60
F H =yl 2=
requency (He) A

(a) Response of X-axis o, A AT} 1 Hzo A7 whA et Ak

3
E ‘ [ g | Ao FAHANA ADELe 4 g

? 1 545 vehloy 3 Fak gigll 7Hd
99 10Hz~60Hzo H9E A3}
Al A AGES XF 4490004 1.94)
44
Ak durdoz Iz WAl 7)o i 2n)

o

2
M
ix

»

Trasmissibility ratio

N
Y

Frequency (Hz)

(b) Response of Y-axis 5.4 B

>,
Ol
k1
>,
Iy
o ©
Lo,
2
il
tot,
Oz
o
[o
2,
>
ol
ol
2
fuf
&

Trasmissibility ratio
w

N
T

] =
=
1 JUUOUEUEt S ~ WY ODSE i A7)

| o
s * Fresgency (Hz)40 * * U] U]‘gi ° %/\] 7] 7] %

(c) Response of Z-axis

Fig.9 Transmissibility before and after the re-
inforcement

s RS CIEEIEE

2 A% UFAIES Ao uL21279 W

e WS

500 | Trans. Korean Soc. Noise Vib. Eng., 32(5) : 495~501, 2022

_|_,
odk
—
[\
jan
N
=2
>
[oe)
jan
N
fu
2,
offt
ofr
o
38

<
e 3y J
° m}g: 1o, —|L —iN e FE
£y

o] dAFoAE Murg uAHA CO, AFHAH|
—A— Bracket removed
2

o o 4

&L ol

38

Hoox Ay o to dy of

ot

of [o g



Hoyeon Jeong et al.; Study on Vibration Characteristics of a Ship's Fixed CO, Fire-extinguishing System for ...

2 &4 3 2] H]
T oAlo} H2E USCG F45¢ AEAdS 51
gom, &% 45 ZAA e HAaksle] wpE

A A HH 3 A A
Aoz AtsE

==
N
=
ik
rﬁ

™
¥2 o
tlo of\

B9 o 7 goksak

13-9e] Ads ol gk AP FAl
< 71% CO, 48}
4] SYSTEM 7|

)y
=
I

References

(1) Guidance SOLAS Chapter 1I-2, 2015, Construction
- Fire Protection, Fire Detection and Fire Extinction.

(2) MSC  Guidelines
Suppression Systems, 2017, Procedure Number: E1-06.

(3) 46 CFR 162.161, 2012, Fixed Clean Agent Fire
Extingusihing Systems.

for Carbon Dioxide Fire

(4) Underwriter Laboratories, Inc., UL 2127 Edition
3, 2017, Standard for Safety for Inert Gas Clean Agent
Extinguishing System Units.

(5) IACS UR E10 Rev.7, 2018, Test Specification for
Type Approval, pp. 4~5.

(6) US Department of Defense, 2005, Mechanical
Vibrations of Shipboard Equipment (TYPE-I Environmental
and TYPE-II Internally Excited), MIL-STD-167-1A, pp. 4~8.

(7) Yun, D. Y., Jeon, B. G., Jung, W. Y., Chang, S. J.
and Shin, Y. J., 2019, Analysis of Anchorage Behavior
Characteristics of the Electrical Cabinet using Shaking
Table Tests, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 29, No. 1, pp. 43~50.

(8) Kim, C. J., 2019, Response Analysis of Supported
Module
Mass-block, Transactions of the Korean Society for Noise

System  with Mount Including  Basement

and Vibration Engineering, Vol. 29, No. 1, pp. 51~56.

(9) Song, A. Y., Yim, S. H, Kwon, B. O., Han, D.
H. and Jung, H. J., 2021, Structural Design through Test
of Structure Equipped with Vibration
Isolator System, Transactions of the Korean Society for

and Analysis

Noise and Vibration Engineering, Vol. 31, No. 6, pp.
589~596.

(10) Kim, J. D. and Yoon, M. C., 2021, Characteristics
of Forced Vibration System according to the Frequency of
External Exciting Force, Journal of Convergence for
Information Technology, Vol. 11, No. 9, pp. 130~137.

(11) Park, J. H., Lee, D. Y., Yang, J. W. and Song,
C. Y., 2019, Design Enhancement to Avoid Radar Mast
Resonance in Large Ship using Design of Experiments,
Journal of Ocean Engineering and Technology, Vol. 33,

No. 1, pp. 50~60.

Hoyeon Jeong received a B.S. in
Department of Marine Engineering
from Mokpo
University, Korea, in 2009. He then
received M.S. degree in Weapon

National Maritime

System Engineering from Pukyong
National University, Korea, in 2020.
He is currently a Ph.D. candidate in the National Korea

Maritime & Ocean University, Korea and a Senior
Researcher in the field of sound, vibration and shock at
Korea Marine Equipment Research Institute(KOMERI).

Jongrae Cho received a B.S. from
Busan National University, Korea,
in 1982. He then received an M.S.
and Ph.D. from KAIST, Korea, in
1984 and 1993, respectively. He is
the

Mechanical

currently a  professor at

Department of
Korea Maritime and Ocean University,

Engineering,

Korea. His research interests include metal forming anal-
ysis, nonlinear analysis, structural and seismic analysis,

and design of plant equipments based on codes.

Trans. Korean Soc. Noise Vib. Eng., 32(5) : 495~501, 2022 | 501



	USCG 형식승인을 위한 선박용 고정식 CO₂ 소화설비의 진동 특성 연구
	ABSTRACT
	1. 서론
	2. USCG 형식승인 진동시험 방안
	3. 진동시험 결과
	4. 실린더 모듈 개선
	5. 결론
	References


