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ABSTRACT

The vibration characteristics of the mounting platforms of surveillance and reconnaissance equip-
ment differ, and their operating conditions should be considered during their design In addition, the

attenuation characteristics of an applied vibration are important when a dust prevention system is
equipped; therefore, structural integrity should be verified through analysis and testing. Vibration and
shock tests were conducted to analyze the characteristics of an isolator, and the isolator was selected.
Reinforcement was designed by finding the vulnerabilities of the equipment using data obtained from
a pretest. A dynamic characteristic analysis of the system with the reinforced structure was carried

out using measured data. The reinforcement design was completed by verifying the structural in-

tegrity of the system through a structural analysis.
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Fig. 1 Reconnaissance equipment mounted on various
platforms
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590 | Trans. Korean Soc. Noise Vib. Eng., 31(6) : 589~596, 2021

ol ﬂﬂﬂl

4 oo —H
==

rlr

Q) A B Zedw

3@
o
e
o
Ll
N
e
o
fru
>
oo
3l
il o
&
e
pc)
Mo o i 2 e J

o
2 H

Ry}
32 El ool oo

T

ol
o
o T
ol
o,
rol off

ol
ol
of
=
-

b

I

ol
e
o, i
o, e e

of
ol
2
>
oot
)
i\
Y
offt
&
:Io&
1%
)
offl
o
=
=

o
ol
2
_—‘.’é

21 AME2E M ¥ S5H 24

AFRES 43S Fig. 37} 2o] 7A€ 59 W
- ZYo| E(isolator plate)”} W7 H(inner gimbal)¥}
ddxfo] glom, Rz <ol Fhw|ebalA (camera
sensor)’} F EOIER dAso] 9= Fxolt) o,

Motor (Point Mass)

Fig. 3 Test model configuration



Ah-Young Song et al.; Structural Design through Test and Analysis of Structure Equipped with Vibration Isolator System

o
mlu

TolEx= Eeks, WH-HRe] 24&
4 }“DP TR glo] Al EEe
7k stef SRl Rl
Agatgie. T o=
7Pl e s} Fhe} Hrle
=4 :[L' ;5‘]-0:] i’}/\% %}\—_0_ X'LQ_{SH (=R=
=349 Azhs Table 19} 2k 17
27} L= 148.1 Hz, 33F R 220.7 Hz
skt ojuy hele} tioll A= AlA
SE 300Hz P02 RSN E
9= ww%—g Fsto] AdE
RES 7)tes A Zahglh),

M

a
r_mruo—LI

e of
_O|L
N
§2
]1]

o ojr

_11
ol
ﬁd
dim

o
ol
_Y}i

i

1 H S ox of rusZ
oo #O Hz o J

i)
ot
(o

5

rlr

—_—

1.4Hz, 2

)
N
<

o o b oM o ook
0 o
p‘L
— 32
5
m

Oggogmﬁ
—[NE
°gﬁ4>4

do o
=)
E=)

BATE AT W, 7P A
ofstuA s Fo 9L v
Ao AoFEIETL 30 HzA el A 100 Hz
grha gk, Y Fus 99 144
g3% PATE A5 AT e o]

& elete] A EH, PAFY el 4
Fo) AzEFAFANN A AAE sl 3
Wl gol A S19I7kE REslo dut. o
of NFRE Aol A AZARIA BAT 1A A
AN AHF2AQ A ()7 QF B3 A Wl
e Ama,

o
O

T
s
3\ [e]

12

aO&_ﬂ,
g

P A

[e)

2

ey
=" 2
9.8 @

Dynamic spring rateS 7itele] 123402 A&
o] 7Hsd WATE AxAIA AFshs KARE
ol gafo] HeElE 4 QL)

Table 1 Test model modal analysis result
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Table 2 Isolator performance characteristics
Mode Fret%_l[lency Mode FI‘CC%-lIlCl’le Mode Fret%_l[lency

[Hz] [Hz] [Hz] Axial Dynamic Dynamic

1 1114 5 285.8 9 432.6 EOIROE | gy | el Material
no. [Hz] spring rate | spring rate

2 148.1 6 339.3 10 466.2 i) ] —

2 13 71 79 BTRY

3 220.7 7 357.5 11 487.4 )

8 21 173 192 BTR®

4 263.0 8 401.8 12 500.3 14 12 61 68 BTR®II
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Fig. 4 Vibration testing input file; Mil-STD-810G profile
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Fig. 10 Shock testing input file; Mil-STD-810G profile
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Fig. 11 Shock data for isolator no. 2(Y axis)
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Fig. 14 Structural analysis of isolator plate structures
before reinforcement

Motor Iate
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Fig. 15 Structural analysis of isolator plate structures
after reinforcement

Fig. 16 Finite element model

Table 3 Structural analysis results for before and after
isolator plate reinforcement

Before After

Sine sweep | Motor | Resolver Motor Resolver

plate plate plate plate

Deformation | ¢ 560 06 | 2.51¢-05 | 1.20e-05 | 1.46-05
[mm]
Stress

[MPal] 0.026 0.023 0.024 0.014

Frquency | 114 | 14811 129.4 1433
[Hz]




Ah-Young Song et al.; Structural Design through Test and Analysis of Structure Equipped with Vibration Isolator System

0.01 o

1E-3

1E-4

1E-5

PSD(g'/HZ)

— X_after_isolator
—— y_after_isolator

1E-6 .
—— z_after_isolator

1E-7 o

1E-8

T T
10 100 1000 2000

Frequency(Hz)

Fig. 17 Convert vibration data measured in the isolator
of the test module to an analysis input profile

LE-01
LE-02
LE-03

LE-04

LE-05
- -~ Analysis Tsolator plate

1.E-06 - - = Analysis Inner Gimbal

PSD(g2/Hz)

—Test Isolator Plate
LE-07 .
——Test Inner Gimbal

1.E-08 ~——Test Dummy Sensor

LE-09

10 100 1000
Frequency(Hz)

Fig. 18 Comparative analysis data of interpretation
and test(isolator no.8, Y axis)

Fig. 19 Analysis result using convert random vibration
data; max deformation, max stress

W Zeo]E9f Fo] AdE = wlojy] YA F
TOE 0.065mmolth o]& FH(6061-T6) %
olAZ RS 88882 241 MPa® -8 &

Table 4 Analysis result using convert random vibration
data; max deformation, max stress

Axis Deformation [mm] Stress [MPa]
X 0.027 26.42
Y 0.065 29.03
V4 0.027 10.66
FEE VA= G2 okl o] HdsA o] F
oA} Tekasi
4. 8 E
Wil e WTE AAs] feiA U
Qe FEYS BYsha, PAT AofFss
o) el sl ATl A8 s A
WA 72 885 ol WE 99 8.0 mm
HF A" 89 WxlTe] A4 21 HzolA] 5.1 mm
WAE 2t A5FA A9 A0 AEE
Aergl e, SRNE et FASHA e

ClE Y o BE 1 x> e oot fo fu LB o

=

7}Vst

e olgsto]l Al 7o BRATHER A,

9 Al W] AEE pSDRS AZsA

29 B34 QAERT FAAGNA P 8ol

) JEe] AEHE T AL G

3 ANAES S REdAelA AEsin

& A2l 300 Hze 540 e AS B

o AlAE Fake SAS vHr7] feiA A

golEe] wildAE el om, AddeA Al
Zojolelg 8ate] BT 7ASE wEe
gt} sl Aszke] HolE wuEAdS FaA
Axnde dHEE gusigon, oF wgow
RAAAAE APl BAo] o] Folx A a4
A 8elsgeh

o] ATE FallA 7] AellA dlolE s}t Hef 9l

=
o
X
i\
o
f
__IT(_"
o
v
oty
ob
32
£
o
rir
o
>
o
o
ro,

UE Tl T 5S4 B o 24
olHE Al¥

o] ¥ AF
ol A €]

s =3
stojof gt} WAHE oA AR ES o8-8t

Trans. Korean Soc. Noise Vib. Eng., 31(6) : 589~596, 2021 | 595



Ah-Young Song et al.; Structural Design through Test and Analysis of Structure Equipped with Vibration Isolator System

A ALE F9F B So) Frpq9l wsgh
Algo] zs] oot &% AFoz AFE AL
213k o Qo))

References

(1) Lee, S. E., Lee, T. W. and Kang, Y. G., 2014,
Shock Analysis of Gimbal Structure System Including
Rubber  Vibration
Reconnaissance Aircraf, Journal of the Korean Society

Isolator in a  Observation
of Manufacturing Process Engineers, Vol. 13, No. 2, pp.
73~80.

(2) Kwon, K. B., Jung, J. H. and Han, J. S., 2018,
Abnormal Condition Analysis and Validation of RK4
Multi Axis Rotor
Analysis, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 28, No. 2, pp. 204~213.

Systems Using Finite Element

(3) U.S. Department of Defense, Department of
Defense Test Method Standard, Revision 2019,
MIL-STD-810G.

(4) Inman, D, J., 2009, Engineering Vibration, 3rd
Edition, Pearson, New Jersey.

(5) Aerospace & Defense Isolator Catalog : Vibration
& Shock Theory, pp. 6~53.

(6) Song. A. Y., Kwon. B. O., Han, D. H., Jung, H

596 | Trans. Korean Soc. Noise Vib. Eng., 31(6) : 589~596, 2021

S. and Jung, H. J,

Interference in

2020, Analytically Confirm
the the
Reconnaissance Equipment under Vibration, Transactions
of the Korean Society for Noise
Engineering, Vol. 30, No. 3, pp. 143~148.

(7) Lee, S. E. and Lee, T. W, 2016, Dynamic
Analysis of Gimbal Structure System Including
Nonlinear Elastic Rubber Vibration Isolator With Shock
Acceleration, Transactions of the Korean Society of
Manufacturing Process Engineers, A, Vol. 40, No. 4, pp.
415~422.

(8) Shin, D. J.,, Ahn, S. H., Lee, J. H, Ryu, G. H.
and Kwon, M. S., 2019, Analysis of Transport Dynamic
Property for Lowbed Trailer and Vibration Specification
Establishment of Large Radar, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 29, No 5, pp. 632~638.

Displacement Barrel of

and Vibration

Ah-Young Song is a research en-
gineer at Mechanical Engineering
R&D Lab, LIG Nexl.

degree

She received
a Master’s in Dept. of
Mechanical Engineering from

Sungkyunkwan University in 2013.



	방진구 시스템을 장착한 구조물의 시험 및 해석을 통한 구조설계
	ABSTRACT
	1. 서론
	2. 시험모듈의 방진구 선정
	3. 취약부 구조보강 설계
	4. 결론
	References


