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ABSTRACT

f41)

To verify the mechanical stability of the electronic equipment rack mounted on domestic naval
ships, the developing electric equipment rack should pass the mandatory test procedures, namely
MIL-STD-167-1A and MIL-S-901D for vibration and shock, respectively. The criterion for the two
harsh tests is no abnormality for the mounted electronic equipment and no damage to the mechanical

rack structure. In this study, a verification method for the naval ship’s electronic equipment rack was
proposed to verify the structural robustness during the two harsh test situations. The feasibility of the
structural robustness was first evaluated using the finite element model of the electronic equipment

rack for the two test cases and then, bench tests were conducted on a prepared prototype according
to the speculated test regulations, for both MIL-STD-167-1A and MIL-S-901D. The test results

showed that the prepared prototype exhibits structural robustness during the two test procedures.
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Fig. 1 Configuration of EER

Fig. 2 Configuration of resilient mount

Table 1 Static stiffness of mount

Static stiffness (N/mm)
Type
z X Y
A 150 21 20
B 220 40 57
Hard Max. axial 9 .
Type (I&B‘;IS\]S) 13:(1 ?ﬁ; Material Supplier
A 40 1500
NR NSV/Korea
B 45 2000
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Fig.3 Acceleration spectral input according to BV-
043 specification

A~ B(2ea)[Back] A~ B(lea) [Back]

A ~ B (5ea)[Bottom] A ~ B 4ea[Bottom]

(a) Case 1 (b) Case II

Fig.4 Representative two cases of resilient mount
location of EER

Table 2 Preliminary simulation results for simplified
EER model
Combination #1 #2 #3 #4
Bottom A-5 B-5 A-4 B-4
Back A-2 B-2 A-1 B-1
First (Hz) 2.8 3.7 2.3 3.1
Second (Hz) 6.0 8.4 5.7 6.5
Third (Hz) 8.5 10.0 7.5 9.2
Deflection (mm) 4.16 2.6 5.1 33
Static load (N) 596 570 752 730
Acceleration (m/sQ) 156 218 120 173
tronic equipment rack, EER)¥} BHJv}2E 42 7}
7} Fig. 1, Fig. 29} 2t} EER £]5- Alo] == 600(W)
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Fig. 29| ®APREE  Ao]=&=
90(H) mm, FAI= theF 3 kgolth
Table 1> 27F4] BFY] ©Awhe-Eol] gt g4 24
% T8 AFES 77 Fed slo|th EER©] AeiA=
27 4 8749l FZ(MIL-S-901D)¥} - %&(MIL-STD-
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x10*

Fe-A-type| ‘
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N
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Displacement (mm)

Fig. 5 Compression test result of resilient mount
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Table 3 Classification of FEM model

Item Element type N:lr: rt:;rnt()f Mass (kg)
Electronics Concentrated 10 166.4
mass
Frame body Tetra (3D) 145458 96
Resilient mount Spring 7 -
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0.254

Displacement (mm)

33(HZ)
Frequency (Hz)

Fig. 6 Input profile of constant-amplitude vibration test

Table4 Resonance frequency of EER system for
constant-amplitude vibration test

Axis Resonance frequency (Hz)
4
X
11
8
Y
12
4 12
(a) X-axis : 4 Hz (b) X-axis : 11 Hz

-

8 Hz

L

(c) Y-axis : (d) Y-axis : 12 Hz

(e) Z-axis : 12 Hz

Fig.7 Dynamic response of EER system for con-
stant-amplitude vibration test
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Displacement (mm)

> (a) X-axis : 4 Hz (b) X-axis : 11 Hz

15 25 33
Frequency (Hz)

Fig. 8 Input profile of variable-frequency vibration test

%

(c) Y-axis : 8 Hz (d) Y-axis : 12Hz

(a) X-axis : 4 Hz (b) X-axis : 11 Hz (e) Z-axis : 12 Hz
Fig. 10 Zoomed configuration of stress-concentrated
' zone
Table 5 Max. stress of each direction
. Resonance freq. Yield

Axis (Hz) Stress (MPa) E—
(c) Y-axis : 8 Hz (d) Y-axis : 12Hz % 4 3.5
11 7.3

r‘ v 8 4.5 265 (MPa)
12 7.6
12 16

Aok 531, 8 e Fig 63 2.
e gy a0
A

2Ro2 Fo S5 4 AP
(e) Z-axis : 12 Hz [ e
ow, 3% W@ AE FUH L Fe Y P
Fig. 9 Dynamic response of EER system for varia- Table 4, Fig. 7 747} L}Ehﬂoip}

ble-frequency vibration test the-o 2 ypHFuE A" 8-S B 4Hz~33 Hz

FI g ol|x] 7HH Z1Z AT = °“(s1ne dwell) 7Fd.2.
@ A% % g meme] 750 oa e A 2 ol Faker) We) S0z Uekid Fig 83 2tk
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Ao &apA k. ol wieh #AE AlE Axe 3 A 2o dis TS s s A
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0.254mm, =4 ARQIOE 7k § FXHE Zokrh. SHslM we FEo B 7t 3 g2 gt
o -

FAH WA A9 gl weh Faeew A4S 913 3 ) %S Fig 10, Table 5ol 217} veRigick
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(a) X-axis

(c) Y-axis

(e) Z-axis

Fig. 11 Hot spot of EER system from transient re-
sponse analysis

Table 6 Stress results of EER system

Direction Von-mises stress max. (Xilfé%gltf?fsg)
X 40
Y 57 265 (MPa)
z 61

Table 7 Maximum displacement of resilient mount at

EER system
Direction Max. displacement (mm) Limit (mm)
X 58
Y 48 75
Z 55
1) A§t4 : MIL-STD-167-1A : 2005 Type-I

ENVIRONMENTAL

2) A4 ¢ FESGS TEHAEE

3) A FREA, AT A $ 3]
gUst FRHAA FAEAE AA

4 g AA 2 Ay JfE A T B &
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Axis Prepared specimen Sensor location

(b) 30° inclined impact

Fig. 12 Configuration of vibration test of EER system Fig. 13 Configuration of shock test of EER system

Table 8 Comparison results of resonances between 3l AAIBIAUTE Al F52 Fig. 1390 YERIRIL &
test and analysis A A B AN AR ekl AWE olgeb Zrt

Resonance frequency (Hz) 1) AItA : MIL-S-901D(NAVY):1989
Direction ) (Hi-Shock Testing)
Test Analysis
< 5 2) @A T AT AT 5F
X 9 12 3) AlgZx7 : Medium Weight-30° inclined Test,
13 - Vertical Test(Z} 33| 714)
y : 4 4) A A3t gl
10 i - v B 5 = & Y ] ) ol i g}l
9 - A ek BHA & wLE gl
z 10 12
= FANT 291 23 B4 &4 2 ] o) o)y
Nz 2=gugde AEA Agte] SaAe selg  © WATh BFA F W S92 oA ] Ao A
7] 9% Table o] 549 AAFS FAP} oy 7 S FEEHmedium weight) AT A Wl A
B2 nne 9. 2APS vws 2 o gapsk B9 39A vRkeF 75mm oJshE HgE L gla
Fo oo 350 FEHeR ey o A ZIEel REShS RS SR . 34
O A4 AY NS At 52 B Sae] 2 A S A WA F8e B9 AT W7} ol
Aoz wedso] Q7] Wi g B4 EAo] o A FHste] I AjlolA AR SO WAS 285
3 s o) Be FRAS AW Aow wdEnt  Ao® FAAY AA A AN BEHE Y F %
Mo 4 34 A 3 2ud EtE 298
4.2 SAME o] Z743ISith Fig. 14 54 W 54 Efoltk
AA AE P 3Gl A Fsof st AlE A =4 W9 54 23 Ho g2 oF 69 mmEA A
Ql MIL-S-901Dell wel 54 AdS &4 Aol ol A3 HiA]Q) 58 mm thH] 11 mm F3ah= A5 0
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Fig. 14 Measurement of dynamic displacement under
shock

Table 9 Comparison of resilient mount displacement
between shock test and analysis

Analysis Test Limit

Max. Disp. (mm) 61 69 75

HFA 0= FANA AASHE 75 mm olate] 7]

og
A7t} Table 9 dld A& Hlwsk Holrt,

o

Mo &

I o

52 &

i ol §H A B+ EER A|Z2Hlo] 7 1A o
HEA] ASs ok el A E(MIL-STD-167-1A) %}
MIL-S-901D)°ll th-g-5}7] 913 A Z=2Ax
Al A AT 4 wheES HA X
Z317] 913l 47HA] TR Alo|A~E 1L
7 AR 7P E uf9- ghee m
S3kqleh a4 A3 7HE 54 5o
gt wheE 1S AA3SIh o
gs7] ffal AAR RAPy

s

o

* oo [k AL M oy x
= o
e 2o e o
©, ~ M
n)
o

=¥ o
E

O]
=3
o
lr
Hopf A o ff X off i B ¥R S N O o pm o P

o

=

o
o 2o e
e
i H
fr
e}
N
N
N
>
o
=2
Rl
N
r
O %)
to 2 [
ox
ro XY
_>‘~l_‘
(K o

-
o,

ol
-

o > o
ol md &
lo o v W

BN
)
o
il
>
feicc)
o
o|X
tlo
o
:IOL_"
>
>
uld]
tlo
__>|~I_“
0y
ol
2

578 | Trans. Korean Soc. Noise Vib. Eng., 32(6) : 571~579, 2022

gaiaith. A1E A AAIE
TARE Tk el A
A SHE FAHoE HuE = ¢l
Aot Al & ot ol gleow FriElon,
B g A3k A Aol vla) o
W 7152 75 mm ©|3}E Wt
Z35koleh. webA] AbE =El 7uke] AlE#old =
2N 2w A AAEofof af= 2714 AlES A
T U ARl digkelS ERIg & i

¢

o wEE FWIEANFATE THAAX A
FHBUAA 2%, 2 9 P 32 A% AL )%

References

(1) Department of Defense Test Method Standard,
U.S.A., 2005, Mechanical vibrations of shipboard equip-
ment, MIL-STD-167-1A.

(2) Kim, Y., Han, H., Jeon, S. and Lee, C., 2020,
Research for Improvement of Flexible Rotor Vibration
Criteria in MIL-STD-167-1A, Transactions of the Korean
Society for Noise and Vibration Engineering, Vol. 30,
No. 6, pp. 581~590.

(3) Department of Defense Test Method Standard,
U.S.A., 1989, Shock Tests, H.I(High-Impact) Shipboard
Machinery, Equipment, and Systems, Requirement for,
MIL-S-910D.

(4) Kim, Y. and Song, O. 2006, Study for
Characteristics of DDAM using MIL-S-901D Shock Test
and Transient Response Analysis, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 16, No. 11, pp. 1132~1139.

(5) Moon, S. J., Choi, S. M., Jeong, J. A., Jung, W.
J. and Koo, J. Y., 2010, A study on Development of an
Active Hybrid Mount for Naval Shipboard Equipment,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 20, No. 7, pp. 685~692.

(6) Shin, C. J., Hong, C. S., Jeong, W. B. and Seo,
H. S, 2009, Dynamic Response of Hull Mounted
Cylinderical Array Sonars to Shocks, Transactions of the



Yu-Jong Seo et al.; Verification Method of Naval Ship's Electronic Equipment Rack Using Shock and Vibration Fatigue Test

Korean Society for Noise and Vibration Engineering,
Vol. 19, No. 2, pp. 146~154.

(7) Bae, S. W., Hong, C. S., Jeong, W. B., Park, Y.
S. and Bin, J. G., 2010, Shock Resistance Analysis of a
Propulsion Motor for Naval Vessels, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 20, No. 12, pp. 1183~1189.

(8) Kwon, J. 1., Lee, S. G. and Chung, J. H., 2005,
Shock Response Analysis of MIL-S-901D Floating
Shock Platform, Journal of Society of Naval Architects
of Korea, Vol. 42, No. 5, pp. 493~498.

(9) Kim, T. Y., Shin, Y. H.,, Moon, S. J., Jung, B.
C. and Lee, T. J., 2016, Elastic Modulus Extraction of
Wire  Mesh Vibration Mount
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 26, No. 7, pp. 806~813.

(10) Kim, S. H., Kim, M. Y., Jeon, J. L, Son, D. H.,
Lee, J. H. and Lee, H. S., 2019, Study on Vibration
Specification Analysis Procedure of Equipment With

for Development,

Isolator, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 29, No. 1, pp. 57~66.

(11) Seo, Y. J,, Lee, C. D., Ahn, H. D. and Kim, C.
J., 2022, Study on Design of Vertical Column Sectional
Profile of Electronic Equipment Rack for Naval Ship,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 32, No. 3, pp. 236~242.

(12) Federal German Army Procurement Office, 1985,
Shock Resistance Experimental and Mathematical Proof,
BV-043.

(13) Kim, J. H., 2007, Shock Response Analysis
under Underwater Explosion for Underwater Ship us-
ing ALE Technique, Journal of the Korean Society for

Marine Environmental and Energy, Vol. 10, No. 4,
pp. 218~226.

(14) Jeon, S. H., Hong, C. S., Jeong, W. B., Seo, H.
S. and Cho, Y. H., 2012, Structural Response and
Reliability of a Cylinderical Array Sensor due to
of the
Society for Noise and Vibration Engineering, Vol. 22,
No. 1, pp. 81~87.

Underwater Explosion, Transactions Korean

Yu-Jong Seo received Bachelor. de-

gree Pukyong

University in 2007. He was junior

from National
engineer at Hatlapa Korea during 2
(2009~2010) and at Korea
Delphi Automotive Corp. during 3
years (2011~2014). Since 2014 to
now, he has been working at Daeyang Electric Corp. as

years

a senior engineer. His job is to design and simulate
products of Korea Navy deeply related to shock and

vibration.

Chan-Jung, Kim received Ph.D. de-
gree from Seoul National University
in 2011. He was senior researcher
at Korea Automotive Technology
Institute over 12 years (2003~2015).
Since 2015, he has been joined as
the faculty of Pukyong National
university, where he is associate professor of Mechanical

Design Engineering. His research interests are in the
area of the vibration fatigue, noise and vibration issue
of mechanical systems.

Trans. Korean Soc. Noise Vib. Eng., 32(4) : 571~579, 2022 | 579



	해군 함정용 전자장비 랙의 충격 및 진동 시험 검증 방법
	ABSTRACT
	1. 서론
	2. 탄성마운트 배치 설계
	3. 유한요소 모델 기반 평가
	4. 시험을 통한 시제품 검증
	5. 결론
	References


