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A Study on the Vibration Analysis for the Composite Multi-axial Optical Structure
of an Aircraft

Dae-Young Kim, Jae-Hyuck Kwak', Jun-Ho Lee Kwang-Woo Park, Kwang Young Jeong*, and
Seong-Sik Cheon™”

ABSTRACT

In this paper, a dynamic model is proposed for multi-axis optical structure of an aircraft. Modal analysis,
sing-wave analysis, and random vibration analysis are donme using a muti-body dynamic program for the
multi-axis optical structure. By applying Al 6061-T6 and two types of CFRP to the camera module, x, y, and

z responses are found and compared according to each axis excitation. The results will be used for reducing
the weight of the camera module.
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Fig. 1 Shape and structure of test module.

Table 1 Mass of test modules

(Unit: kg)
Part Al6061-T6  |CFRP Type-1|CFRP Type-2
in(c}llLrl?lli):é ?:rr::ra 60 36 40
Isolator Mounts 8 4 5
Module Jig 209 209 209
Total Mass 277 249 254
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Table 2 Materials of test modul
. Densi Young’s Poisson’s ot p
Material | oo Modules(GPa) ratio 3
Al6061-T6 2700 68.9 0.33 ‘-
183 |
CFRP 1600 120 030 g
Type-1 g
CFRP
Type-2 1800 70 0.30 & oo
SUS304 8000 200 0.29 \

Table 3 Stiffness and Damping

Type Value

Radial Stiffncss 65.1x10° (N/m)

bearing Axial Stiffness 24.3%10° (N/m)

Moment Stiffhess 53.4 (kN/rad)
12 (kN/m)

484 (Ns/m)

Spring Coefficient

Isolator

Damping Coefficient
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Fig. 2 Random vibration test profile.

Fig. 3 Static analysis.
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Table 4 Static deflection of Al6061-T6 and CFRP

(Unit: mm)
Al6061_T6 Type-1 Type-2
Calculation 1.36 0.81 091
Simulation 1.40 0.84 0.94

B AYFL Al6061-T6] A eoll= Axdgtat sj4gat
8 2= 29%°ltt. EE Type-19] CFRPY 39 o=
37%9 oA TASEY S, Type-29] CFRPQI ZA Qo=
33%94 QAL WA ShoiTh HA o] Aol s

o8 & £ gloug =Zodld wdgo) E}-ELO}E]-Q o=
EJE]- E3H & 7FA] Type®] CFRPE AE-519-& #$o
AIGO6LT6S Agetele ool vistel 2120 oF 40, 3%
w9 HHel Qo] Fo} B Ao tpehut.

rir

P

rr

3.2 2= 5N

B2 s dstE e Bl AfE puEe &
T EAst olgdt REE AR AAE|E 873t
ES mdlo] 3%, 34, &4 Sl webA nab BRoME
AA HEge] oxt7t AxA = olole o 74x] Y4l
o qleh 2 xRS B /) BEWRORE R Yok
ARFE & 5 ni10-12].

ADAMS ZZ 13- AlR3to] Al6061-T6St = 712 EHEjeQ)
CFRPo| o3t m= sl42 stol, A% WE gA7bxe] 1471

5 Table Sof| Weliolct & s o2 X Az} 4
ZE4E= Al6061 T6o] A% 13317 1332 Hz® Y& 723
Translational mode?]S &9ttt Tableol= 2 32 BEgo
L} Al6061-T62} CFRP EAdof A glol 8;1} LDoyka) e
Mode ShapeE 7}A]11 Q12 &olsigict 1, 2, 32 w=9 A
2 Y72t Y, Z, XZ Translational modeE 7}A0, 4, 5, 69
AL ¥ X, Z, Y= Rotational modeE 7}2t) 67§29] Az}
oe FHEE BEo) geR, 73 et
45 ¥y movh E3Ee] 9l HelolAut Translational,
Rotational modeZ}t FH= o] Sle FHeHE tebdg ISk

A DRASFE FEAHES ol§W TANCE U
AROE TY 27 ATk of Adel BE sHoR Tt

HA npREeet o A% A=A dux g

Al6061_T62] 7-goff 2T t&e] A2 60kg A< Table

Lofl vhekalc. Y (B 29ge2 dFol 23d 1 36709

FAPe 25 9 AdE AxPe RS st Aol =

Mol wiulgro® §e oz o] AXIO FEPAL
=

1

et 7% 4 ek BFH §

2 %4

A4S & Wel g AFSE o AL ol gstel AN
A

T

o

L (3)

A7|M k= ok &

Al6061_T6 ot
20 ofg] WA AL d Ao SEAPoT ZAlste]
73 Ages we o vRE 13 HAUFSE Table 6
of ueluiich ARt sjAgkate]l @27t Al6061-T69] 7
ol ok 1.5% uERton, Type-19] CFRPQl ALl
1.7%, 722|3 Type-2¢] CFRPQI OToﬂL oF 12% 97} 1t
Bt gua At 5 23S g% 4 o
onz Ao gl o= A= O‘ZEJCIM

Type-1 3 Type-2 CFRPE AMEE A$ Al6061_T6Z A
&8 Ao Hste] AT} zhzd 40% W 33% FaTEA
A 06 AFpe A7 oF 4Hz U 3Hz AR FHES
g 5 dglem 2 =Foe elA SUARE 874X ¢
Mode Shape= 22

Table 5 Natural frequencies obtained from modal analysis

(Unit: Hz)
Mode Al6061_T6 Type-1 Type-2
I 13.31 17.23 16.26
™ 13.32 17.24 16.27
31 13.46 17.41 16.44
4" 15.63 20,22 19.10
5" 20.87 27.00 25.50
6" 23.50 30.42 28.71
7" 66.12 85.75 80.90
8" 124.26 161.23 152.06
Table 6 The lowest natural freq i btained from approximation and
simulation
(Unit: Hz)
Al6061_T6 Type-1 Type-2
Approximation 13.5 17.5 16.5
Simulation 133 17.2 16.3
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