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ABSTRACT

Shelter system is applying to weapon systems as usage of performing specific mission with ar-
ranging several electronic equipments and operators. Recently the electronic equipments is changing
from development products to COTS(commecial off-the-shelf) for demonstrating high performance at
low cost. As internal operators of shelter system conduct several missions for specific or long time
in this present situation, one of the most important element considering the best combat power is in-
ternal noise level. Therefore, I desire to analyze the features and foresee multiple noise level with

test for conforming whether requirements of design is met or not in this research paper.
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Table 1 Permissible noise exposure limits"’ DAILY EXPOSURE
g [~ WITH EAR MUFFS
. . o Laq (24) = 108
Zone Criterion Exposure level Cl I I ZONED) - - oo e SecASIONAL
) ) 2 EXPOSURE WITH EAR
Zone |[Maximum exposure| Exceeding 105 dBA(24hr), z | DAILY EXPOSURE MUFFS OR EAR PLUGS
A with protection | exceeding 120 dBA(under lhr) YT EAR MUEFS (ZONEC)
L0
Zone Occasional Exceeding 110 dBA(under 8hr), “< | Legtzar-so
B exposure Max 120 dBA l
X : sl NO PROTECTION REQUIRED AN
Zone Occasional 85~110 dBA(exceeding 8hr), (ZONEE)
C exposure 75~85 dBA(exceeding 16hr) -
Zone L 1 L 1 L L
Daily exposure 85~110 dBA(under 8hr) 10 min. The 2 4 16 24 hours
D DURATION OF EXPOSURE
Zone [Maximum exposure| Under 85 dBA(under 8hr), . L . W
E | without protection | under 75 dBA(exceeding 16hr) Fig. 1 Permissible noise exposure limits
C aregmyl System Requirements
A No direct person-to-person voice conununication required. Maximum design limit.
Hearing protection required.
B Electrically-aided communication via attenuating helmet or headset required. Noise
levels are hazardous to unprotected ears.
C No frequent direct person-to-person voice communication required. Occasional
shouted communication may be possible at a distance of 30 em. Hearing protection
required.
D No frequent person-to-person voice communication required. Occasional shouted
communication may be possible at a distance of 60 cm. Levels in excess of Category
D require hearing protection.
E Occasional telephone or radio use or oceasional communication at distances up to
1.50 m required. (Equivalent to NC-70)
F Frequent telephone or radio use or frequent communication at distances up to
1.50 m required. (Equivalent to NC-60).
Categories A, B, C, and D are based primarily on hearing conservation priorities: the remaining
categories are based primarily on communication requirements. For fixed-plant facilities, see
MIL-STD-1472
Fig. 2 Steady-state noise categories(z)
Limit Category: 4! B 1 ct D! E P
A-Weighted Limit (dBA): 108 100 90 <85 75 65
SIL-4 Limit: 67 57
. . .. . 2
Fig. 3 Steady-state noise limits(dBA) for personnel-occupied areas®
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Fig. 5 Absorption characteristic of cellular material®

Table 2 Internal main noise sources of shelter system

Units Cabinets Ventilator| Airduct
#1 #2 #3
Workstation S5ea | 2¢a - - -
VME rack 2ea - - - -
UPS lea - - - -
Data recorder - lea - - -
Backbone S/W - lea - - -
Server unit - - 3ea - -
Data processor - - 4ea - -
Fan - - - 3ea -
Aircon - - - - 2ea
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40.0 -=-DL380 lea
(Unit) / Front
30.0 —+-DL380 lea
(Unit) / Side

DL380
/Front
(3.0m)

DL380
/Front
(2.5m)

DL380
/Front
(2.0m)

DL380
/Front
(1.5m)

DL380
/Front
(1.0m)

DL380
/Front
(0.5m)

DL380
/Front
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Fig. 6 Measurement results (workstation/1 ea)
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Fig. 7 Front measurement results of workstation with
cabinet
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Fig. 9 Front measurement results(aircon)
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Table 3 Multiple noise of cabinet(without door/air-

duct)
[Unit : dBA]

Cabinets
Units Ventilator | Airduct
#1 #2 | #3

Workstation 69.9 1699 | - - -

VME rack 70.0 | - - - -

UPS 60.0 | - - - -

Data recorder - |550] - - -

Backbone S/W - |700]| - - -

Server unit - - 170.0 - -

Data processor - - 150.0 - -

Fan - - - 68.0 -

Aircon - - - - 68.5

Multiple noise(front) | 78.4 | 77.8 | 74.8 72.8 71.5

Total multiple
noise(1 m)

Total multiple
noise(2 m)
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Table 4 Multiple noise of cabinet(with door/airduct)
[Unit : dBA]

Cabinets
Units Ventilator | Airduct
#1 | #2 | #3

Workstation 51.8|51.8| - - -

VME rack 52.0| - - - -

UPS 450 - - - -

Data recorder - |45.0| - - -

Backbone S/W - 152.0] - - -

Server unit - - 1520 - -

Data processor - - 1450 - -

Fan - - - 68.0 -

Aircon - - - - 65.5

Multiple noise(front) | 60.4 | 56.9 | 57.8 72.8 68.5

Total multiple

noise(1 m) iU

Total multiple
noise(2 m) )

[Unit : dBA (Y-axis)]
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(Cabinet door Closed)

Fig. 14 Right measurement results of workstations
with cabinet

Trans. Korean Soc. Noise Vib. Eng., 25(4) : 255~265, 2015 | 261



Sang-Hyun Kim et al.; Multiple Noise Analysis of the Inside Equipments in Shelter System

Sroz WAHE AT 92 Bu ohle W
o) gl AMNERA Zgro] AYHOT e 2
FEE WA dRole BErELh

(TERCTS

70.5 dBA

Fig. 15 Areal multiple noise results(Table 4)

Noise Creterion Curve
90 —

80 -

ToF-

B0 - back 4o - T e

40f-

Sound Pressure (dB)

30

==4= Values

0 Vo H i H H H HEEHE i
10 10°
Center of Frequency (Hz)

Fig. 16 NC graph(without cabinet door/front)

Noise Creterion Curve

7
:
\
3

Y

-y
\

Sound Pressure (dB)

NC-70
—=#+—= Values

10 10°
Center of Frequency {Hz)

Fig. 17 NC graph(without cabinet door/1.0 m)

262 | Trans. Korean Soc. Noise Vib. Eng., 25(4) : 255~265, 2015

UeRd o) NCHAS ARgate] AAlehE Bl Ut
Aol e} agdol AuE AlFEHA ¢
A 2 A BEAS) NEwe 4e F
gleh. webA, Z47be] Agdo] YehllE &% 5
S FFT 9584 § 1/3 SEldl=2 g3t
NC=Ae xd§o=A 7t A5 53 54

srelg)®,

NC 1¥= A&43 Adzort g
Aol ©AlE workstation> W (Fig. 16)°1A]
NC-70 ©]%9] =2 FF(800Hz)S Holal glon}
I m ©]ZAAX|(Fig. 17) NC-65 o|3}= 7rAHlc) wk

Hz olalo|n A& SEo] A48 7aHglon o

AR NC-70 o149 %2 (1250 Hz~4000

Noise Creterion Curve

Sound Pressure (dB)

1| ==4== Values

10°
Center of Frequency (Hz)

Fig. 18 NC graph(with cabinet door/front)

Noise Creterion Curve
T

Sound Pressure (dB)

{ ==4== Values

10 10*
Center of Frequency (Hz)

Fig. 19 NC graph(with cabinet door/1 m)



Sang-Hyun Kim et al.; Multiple Noise Analysis of the Inside Equipments in Shelter System

Hz)S Holal 9, 1 m ©]F A|(Fig. 19) NC-70 ©]

32 ZAFY. AA Ao E workstationS 400 Hz

ola Fhsrujelol A NC-50 olate] A 28 5L

Sound Pressure (dB)

Sound Pressure (dB)

Sound Pressure (dB)

Noise Creterion Curve

==4== Values

;
10°
Center of Frequency (Hz)

Fig. 20 NC graph(ventilatior/0.5 m)

Noise Creterion Curve

NC-70
--4- Values

Center of Frequency (Hz)

Fig. 21 NC graph(ventilatior/1 m)

Noise Creterion Curve

NC-TO
—=4- Values

Center of Frequency {Hz)

Fig. 22 NC graph(ventilatior/1.5 m)

YERN I 500 Hz~1000 Hz thYolA £ 39
Ags WS o)A Ao 1 FFe] AA
8] FraEe e Holal itk

NC 1= =43 4y g7+
NC-70, 1.5m ©]Z4 A] NC-657H] A=
AAg] we} A Aol A2 A & F vk
Fu g 428 FFE 50~75dB Alold] #¥
o] 9la £3], 150~200 Hz, 400~800 Hz, 3150 Hz
oAb kA AF o = AS o 5= Qi)

NC 23z AEZd3 Yubigz= o] dA g el
b ZHa Aol AAM AW K(Fig. 23)0lA4 =
NC-70°] %33 1 m o4 Al(Fig. 24) NC-60
To 8 ATk

AzHor A3 uzHA EAE work-
station(Figs. 16, 17)% @ ¥dX|(Figs. 23, 24)<

Noise Creterion Curve

90— ——
80—
0~
60—
o
=
2 s
]
o
=
o
- 40
2
s
@
30—
20
0
i| ==¥= Values
0 i
10° 10°
Center of Frequency (Hz)
Fig. 23 NC graph(aircon/front)
Hoise Creterion Curve
90
80
Q- ', v
i
60 : -
g — Ly
® 50 S
7 I R i e G H SR B e e S S S SR NC-15
z NC-20
E 40 ---- NC-28
3 NC-30
@ --- NC-35
30 NC-40
NC-45
o NC-50
NC-55
NC-60
10 NC-65
NC-TO
—=+= Values
0

Center of Frequency (Hz)

Fig. 24 NC graph(aircon/1 m)

Trans. Korean Soc. Noise Vib. Eng., 25(4) : 255~265, 2015 | 263



Sang-Hyun Kim et al.; Multiple Noise Analysis of the Inside Equipments in Shelter System

ol %ol

w
rhu

A AR o] f/5ol th s

Azl wek gAIRE & VI 87149 zone

E/category E~F Alolo] s|gdslnz F5A7F 48

H R EEA AHEAE A8 Al dA dAE A

3 ARt VIEo R A S wEEt L 3

7t & 2%de NC Y=
u

[QIR=N
AT

ol ]j‘ r
ol &
flo (%
1o
1=
=)
o
o
1o,
o
b
o
L)
=

&
A
1o,
g2
e
>,
>

X
:

>,

>

)
an)
)
B
o
=
B
oo
10 o
n
e~
i\
ol
weh Rl
PR A

=
Y
rlr
P
N
il
X
=
et o
ol o
N
N
olf

References

(1) Departments and Agencies of the Department of
Defense., 2012, MIL-STD-1472G Human Engineering,
pp. 151~152.

(2) Departments and Agencies of the Department of
Defense., 1997, MIL-STD-1474D Noise Limits, pp. 12
~17.

(3) Hong, S. M,
Vibration, pp. 8~64.

1995, Handbook of Noise And

264 | Trans. Korean Soc. Noise Vib. Eng., 25(4) : 255~265, 2015

(4) Choi, Y.-W., Koo, J.-S., You, W.-H. and Koh,
H.-I., 2010, A Study on the Increase of Transmission
Loss of Metro Train, Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 20, No. 3,
pp. 257~262.

(5) Oh, J.-K., Park, H.-N. and Sohn, J.-R., 2009,
Development of the Noise Prediction Program to apply
in Construction Site, Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 19, No. 4,
pp- 409~417.

(6) Kang, D. J., Lee, W. S., Lee, J. W.,, Hong, J. K.
and Jo, Y. H., 2006, Characteristics of Absorption
Performance of Sound Absorptive Materials according to
Test Conditions, Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 16, No. 7, pp.
683~689.

(7) Hong, S. K., Kim, J. H., Kim, K. T. and Lee, S.
G., 2007, A Laboratory Study on Low Frequency Noise
based Acceptability  Limit,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 17, No. 8, pp. 736~740.

(8) Kang, D. J, Gu, J. H. and Lee, J. W., 2009,
Level

Assessment on Noise

Sound Power of Electric Home Appliances
According to Measurement Method, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 19, No. 4, pp. 335~346.

(9) Oh, J.-K., Park, H.-N. and Sohn, J.-R., 2009,
Development of the Noise Prediction Program to Apply
in Construction Site, Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 19, No. 4,
pp- 409~417.

(10) Kang, D. J, Gu, J. H. and Lee, J. W., 2010,
Characteristics ~ of  Industrial ~ Machinery  Noise,
Transactions of the Korean Society for Noise and

Vibration Engineering, Vol. 20, No. 2, pp. 160~165.

Sang-Hyun Kim received his B.S.
degrees from Korea
University in 1998 and 2001. He

is a

Aerospace
research  engineer  at
Mechanical R&D
Lab, LIG Nexl. His research in-
terests

Engineering

are design and analysis



Sang-Hyun Kim et al.; Multiple Noise Analysis of the Inside Equipments in Shelter System

about military satellite system, actuator, vibration,

shock and noise environments

Byung-Ho Lee received his B.S.
and M.S. degrees from Hanyang
University in 1989 and 1992. He
is a research engineer at
Mechanical ~ Engineering R&D
Lab, LIG Nexl. His research in-

terests

are design and analysis

about military actuator.

Dong-Seok Kang received his
B.S. degrees
University in 1981 and 1986, re-
pectively, and his M.S. degrees
from Korea University in 2012
. and 2013. He is a research en-

gineer at Mechanical Engineering
R&D Lab, LIG Nexl. His research interests are de-

sign and analysis management about military system.

from Kyung Hee

Sock-Kyu Lee received his B.S.
and M.S. degrees from Pusan
University in 1995 and 1997. He
is a research engineer at
Mechanical ~ Engineering R&D
Lab, LIG Nexl. His research in-

are design and analysis

g

about military equipment endured at vibration, shock

terests

and noise environments.

Jeung Lee received his B.S. de-
grees from Pusan University in
1986 and 1989. He is a research
engineer at Mechanical Engineering

R&D Lab, LIG Nexl. His re-

search interests are design and

analysis about military satellite
system, actuator, vibration, shock and noise
environments.

Trans. Korean Soc. Noise Vib. Eng., 25(4) : 255~265, 2015 | 265



