14 WA PR A2k

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,
sine-wave analysis, and random vibration analysis are done 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%lmki)r?glj fcr:rr:gra 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 modules

. Densit Young’s Poisson’s
Material (kg/my Modules(GPa) ratio
Al6061-T6 2700 68.9 0.33
CFRP
Type-1 1600 120 0.30
CFRP
Type-2 1800 70 0.30
SUS304 8000 200 0.29

Table 3 Stiffness and Damping

Type Value
Radial Stiffness 65.1x10° (N/m)
bearing Axial Stiffness 24.3x10° (N/m)
Moment Stiffness 53.4 (kN/rad)
Spring Coefficient 12 (kN/m)
Isolator
Damping Coefficient 484 (Ns/m)
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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 0.91
Simulation 1.40 0.84 0.94
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Table 5 Natural frequencies obtained from modal analysis

(Unit: Hz)
Mode Al6061_T6 Type-1 Type-2
1 13.31 17.23 16.26
2" 13.32 17.24 16.27
3" 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 frequencies obtained from approximation and

simulation
(Unit: Hz)
Al6061_T6 Type-1 Type-2
Approximation 135 175 16.5
Simulation 133 17.2 16.3




18 AT - A - 0|2 - upe - A - A4 HEBAH R
100 —=—Cam Gimbal 100 i
0 " —=—Cam Gimbal
1 1
3 0.1 % 0.1
g 0.01 -3 0.01
ks % 1E-3
:% 1E-4 < 1E4
1E-5 1E-5
1E-6 1E-6
1E-7 - . . 1E-7 L L
1 10 100 1000 1 10 100 1000
Frequency (Hz) Frequency (Hz)
@) (@
100 ——Cam Gimbal nm—‘ ——Cam Gimbal
10§ 10F
1} 1
% 01 5 MF
£ omf g 0.01 |
$ w3} £ m3f
< E4f ‘:EIF.--M-
1E-S§ 1E-5
1E-6 | 1E-6 |
1E-7 L L L 1E-7 L L L
10 100 1000 1 10 100 1000
Frequency (Hz) Frequency (Hz)
(b) (b)
100  Cam —— Gimbal Fig. 5 X Axial excitation and response: (a) CFRP_Type-1, (b) CFRP_
0f Type-2.
1
F 100 ——Cam Gimbal
L 10}
b 1
b g 0.1
b £ oonf
[ % 1E3F
1E7 ; ' : 2 m4}
10 100 1000 _
1E5 |
Frequency (Hz) 1B
(C) 1E-7 L L L
Fig. 4 AI6061-T6 excitation and response: (a) X Axial excitation, (b) Y ! 1 . ‘:'“ 10
Axial excitation, () Z Axial excitation. (")““““” ")
a
3.3 Atelmh 2 Sl 4 " —on— G
Ateldt A% sine T cosine o] R3S thdt B
201
e, E4 Fuke e Yol EAste 3 FHE £ om
A7 Zobd 4 gl @ WoltH913]. ARelut gJelo] Tt
bt mareuler AW REo) SHe el glste] 4 :
P, oF 0.3g Y AT JE AR A EelY e
Fupss dolo] AHA FAlo] 7HxIsHe @Y oH*M EEI , , .
1 10 100 1000
olu} AL AHFulo|A Fuz UAASH Hrg 7t Fukp Frequency (Hz)
HES EHoR g RA B} s} gt g ®)
ANE AdL 2 Qlrh Fig. 6 _\Fyé)_(izal excitation and response: (a) CFRP_Type-1, (b) CFRP_

=

W BfAefafel o] shaet ojw]
P atxelAl $EATs ekl
JFREO] EHS AlG061-T6S AMIEIAS AS 7t wakd
A 7kl digete S° 7SR HES Fig 40 =43t
stk X& 7Hdo] diet X& $iel A% 100Hz v]qte]

Ry e By 7

J\l

o
AFSAA 4 6, 74 BEe GFE W Slo ol
L5Hz, 25Hz, 65Hz 2ol s S0l WAskAh 371
HEL PRTE JF0R PUY BH moln, wHTe

,1 CFRPE A3l 9ol 5
o JlsE 5L Flgs. 5~7°ﬂ vrehhgich X3 7Hde] gk
o 7HE=E Fig. 59 UEtWil=tll, Type-1¢] CFRP



#2425 45 2 Bk 2011 4 FE718 SRR o5 F 9] AEsid] it A+ 19
" —— Cam —— Gimbal (L: —— Cam —— Gimbal
10 001
1 z IE3
a T 1B
2w PR
H & 1E6
g onf £ k7
3 IE3 I oIEs
g 3 IE9
< 1E-4 2 1E10
1E-5 1E-11
B4 1E-12
) 1E13 10 100 1000
1E-7 . . .
1 10 100 1000 Frequency (Hz)
Frequency (Hz) (€)
@ 1
0.1 —— Cam Gimbal
100 [ ——Cam Gimbal 5 Oory
10f = IE3f
T B4
1r 2 IES
Ic) L] 1E-6
E L E 1E-7
£ o0t £ Is)
2 Es ERd 1
S IE3f 2 1E-10f
< iEaf 1E-11f
1E-12 |
IE-S | 2 h
? 11 10 100 1000
1E-6 | Frequency (Hz)
Ty 10 100 1000 (b)
Frequency (Hz) L
(b) 0.1 Cam Gimbal
= 0.01
Fig. 7 Z Axial excitation and response: (a) CFRP_Type-1, (b) CFRP_ £
Type-2. s s
< IE6
£ 7
B4 A9 4,6, T BES] Y W Ao Holt 2, L
= N X o o Z 1E10
30, 86HZ FZoA w2 S0l WEESH, Type-29| ©
o 1E-12
CFRP ﬁ/‘é*/l ‘l‘E 19, 28, 81Hz —‘?*E“’ﬂ/ﬂ == ’5‘%}0] 'T'r_]' 1E-13

HE|QTE Y, 2% Ahdel digt v, 2% S9e Fig. 63} 79
el %ol Type-13t Type-22] CFRP E49] 79 17~18Hz,
16~17HzE Zol| A Z+z}t = Stho| "rAistqiL). o] Fulil
Y, Z %9 HAX mEo| FYsHs Fupgeolrt.

Fals ojelolale] 7Ro) ofak

A= AowA 7 R SHE mHh WS
kR, &5, W9, E go] @ 4 glo10]. ATEY o
% B The Aol 5
A Hg3l7] olet wul ohe} 3152 283 Slehie
e 2 AZE 2L fel] el sl Alzkak ulgol
Wol £5n2 WY AE AUSY seo) Laskin el
ADAMSE =3t Ful= So(Frequency response)siAlol tiajiAl
+= FFT(Fast Fourier Transform)7} A=t ol FEgo] H
B AT} ZABALS 0§ olit Felo] MBS A
o] A gy\a 9 & Es atE daEEelth 2 =2
oA R oE Fage) 49 A AN 1 o
N T e e e
Soz Q8| AR LxEe ZAuskt A71A Hek g
e m7at gejolA AjHes A vehdch

rﬁL ol ot

10 100 1000
Frequency (Hz)

©

Fig. 8 AI6061-T6 excitation and response: (a) X Axial excitation, (b) Y
Axial excitation, (c) Z Axial excitation.

HY A A AL Fig. 20]4] xﬂw PSD(g2/Hz)E 7}
Aok, &2 ghe sk HulRR gos e e
A P e

FHIA X, Y, Z Al Bgon BT NS HEsile
o 7t el ol Sqtol gt B4 SsAch

AIB0BL-T6S AH4-31%1S ¢ 2 whakdl PSD 918 7H2
of sigsk= ATE Fig. 8o Uetfiglom ARlal 2534
ARl Fig. 49} Hlwsto] Aigstazt gtk X& 7hxlo] o
g §EE HY AR ggIt A Zou 120Hz¢}
220Hz el 9 =27} gtk Apol7k Slew Y& 7hd &
HolAz e Aol wEHTh I olf&= Fig. 29} o]
120Hz®} 220Hzo|A] = A& ©o]F+= Power Spectral Density
ol gl MY s SHeR ey weelth Z
= 7Rl digk 3=l Fig. 8(c)oll ueklem Fig. 4(c)et
H|&}H 460HzFE Lo A o] A77F Ads] AFSS &
4= gt} o] 460Hz= Test Profilee] 4¥H#] w=o] 3jda}
o] b gFho] 2% §EE =t AwHEHh

7H & SAske fI1AE Al6061-T6r} ZA| st +
229 B4 T Jeo] CFRPS ALE319S 2% PSD 9

7Hdel sfgshe B3-S Figs. 9~110 WeRgth X3 7ho]

:

:

Jl



20 A - FAY - o]FZ - wES- - FFG - FAGA TEBIRE A MR
04: 1 L ——Cam——Gimbal | 0': —— Cam —— Gimbal
0.01 < 0.01
1E-3 = IE3
1E-4 T B4
1E-5 a 1E-5
1E-6 ==- 1E-6
1E-7 2 IET
1E-8 g 1E-8
S IE9 T IE9
2 IE10f 2 1E10
1E-11 1E-11
1E-12 1E-12
= 100 1000 113 0 100 To00
Frequency (Hz) Frequency (Hz)
@) @
"_: ——Cam Gimbal u.: ——Cam Gimbal
= 0.01 = 0.01
= IE3 = IE3
Tx 1E4 Tw o IR
2 lF;w 2 IEs
= 1E6 T IE6
2 IET7 2 IE7
£ IES8 £ IES
T OIE9 E OIEY
2 1E10 2 1E-10
1E-11 1E-11
1E-12 1E-12
B3 100 1000 T m To00
Frequency (Hz) Frequency (Hz)
(b) (b
Fig. 9 X Axial excitation and response: (a) CFRP_Type-1, (b) CFRP_ Fig. 11 Z Axial excitation and response: (a) CFRP_Type-1, (b) CFRP_
Type-2. Type-2.
w o= AIGOBL-T6] Aol 43| & 2719 $5& Holn g
0.01
" g wste] Q1o CFRP o] 4ol o] Fulgol $%
s o 2o} oA 2 e A Eoifﬂ Qet.
e Fig. 20 Fo]Z PSDE 7} Ygoz 3slo] Al6G061-T62}F
i F 7HA FEY] CFRP £/4% 7H 7hillet BEof el si4
e < o A% Y& o) R gl gt Y& $ge £ Ut
e e A FEe] CFRPO] A THATS 2ol A Usko
@ 2% Qee] st 2% L Al60L-T6o] ZA| LhehA] o
b —— Cam—— Gimbal EA40] ¢ {Esittar wdst = gt agox ESsial
.1
- % 71X Fele] CFRPS AIB0BL-T6el nls WaFo] ZfobA] ]
= 1E-. _
2 e Yol AL A9 f2E Hol gkl Az
§ o
£ IES
g 1E-9
R 4. 4 2
1E-12
1E-13
B AgolA @A) ole] HopolA chokabA AME T
(b) Wil B A w44 A9, wEa,
Fig. 10 Y Axial excitation and response: (a) CFRP_Type-1, (b) CFRP_ Ablal &4 2 @iy AEE4S AlG061-T6 =4S AR5
Type-2.
e o 94 45T, = 714 Heje] CFRP 4L ZAL o
st & 7kx] &eje] CFRPO] S-S AIG061-T6SF H]mahH AJste] v steict
A AR gagks 3= Fur) 17-18 Hz2 23 3719 REsdg =35 A Al6061-T6 43 AMEsle] A2
m ocho] 37| Al6061-T6L} 79| Zriw & 2 AAE}. AL E= 13.3Hzo|w Z23 YA Y L{FTE
Y@y A e gisk Y= 99e ujmahd =S oy, & FH S CFRPE AR 8?01 ae HAL/FA
= el CFRP 9 AL EE HA 1{Fuls HLojA S4E Z47F 17.2Hz, 16.3HzZA] 1GH547 S3®5 A
AIGOBL-T6o] H]3) Ste] =7t Ags Ax= ofae A HAALGAFENCE B4 Uehdth CFRPE AHg3a
°o]aL Stk = S Wy g ustel dA AMAE Sk gt 1
ZZ% 7}A0] dgt 2% S9S Fig. 1104 AlgEE 2|A FRETE 95 5+ AL AR AlRET Al 7HA] B B
A BoA= = FEe] CFRPO] 79 Al6061-T62} F AR REQ 67 F Z2 BE Pyt Ueyled], 1-
Hj=3t F7]19] SES HolFal Qluh b 460Hz FLof A 2} HE=i= Translational modeo]il, 4~62} M I=i= Rotational



#2475 5 2 Bk 2011. 4 FE718 SRR o5 F 9] AEsid] it A+ 21

modert Wt A& B 4 9tk f3 4GS Agstol
Pe HALGAEST) BE 4T A 2L e Fnm
wayel yerge susigon, A4 4Y Anehs A

A 43 & Aom B :

ARlut a4 gl Y AFsdE Sstol Al WEe 7R
ol ik Ml B S-S wlaskglh AIB061-T6S} -+ 7}
A Fee] CFRP 4% 71 7hiet REo] tiet siXe 3
R S IR K L e e R I
¢ CFRPo] XA Jfxlss FZolM AA ukey, 725 9
2ol gt 7% SE2 AlB061-T60] A uglch 7Hd 9 &
ol wel S A7t Adolste] o= Ao] felsirhal
W7l Z-ekA CFRPE ARESE 7t a2 7|
et BEZ e & ¢ Sl & Aol Jden= A8t
2 ZAoR JthEn AL A7 2ed Aotk

il
i
T

N

=

-

% 7]
2 ATE FYHTAFA0 2] 9&(2009-2010) Wl 423
= AFU
FnEA
1) AEq, oA, olvld, “BAdy|o AAMYSE $Igt
AZtAo1g ARl T3t AT S EF ety A
HT 3], 2004, pp. 146-149.
2) W28, Y, AAE, “ADAMS/MATLAB %52 53t

Aot 3l A28l AZs)4]”, MSC. Software Korea, User
Conference, 2005.
3) AEd, AL, Fud, 44

=
o, “"EERE JH F3}

ELR P
w17 AFHA,” FHLSAE R =R, Vol. 15,

No. 1, 2005, pp. 63-71.

4) DA, AAR A, B, o] 99l, “CFRP Ujiel
PZT U 3ol ofgt 45 % T mI A7 @A
A Res FAStad ] ==, 2009, pp. 71-75.

A%, AEd, LAY, A4E FAE, AHS, oL,

Y, o] 7, “FHRE W TR7 FoksS Lt AvE

Q171 Hol-gEs A", Tl =4, Vol

16, N0.9, 2006, pp. 926-936.

5)

40N N
il

=13
553

o

6) w7, HAH, PFY, WEA, ke, “2ukE Rl
RGE ANBHT FRATHA," 2205558 27
sh&t3] =53], 2009, pp. 593-598.

I.F. Mondragén, P. Campoy, C. Martinez, M. Olivares,
“Omnidirectional vision applied to unmanned aerial
vehicles (UAVs) attitude and heading estimation,” Robotics
and Autonomous Systems, Vol. 58, 2010, pp. 809-819.
S.H. Chang, S.S. Cheon, “In-plame directional mechanical
properties of carbon fabric skins in sandwich structures
after thermoforming,” Composite Structures, Vol. 75, 2006,
pp. 577-581.

232, A7), HRE, 4P 2P AEY

7

-~

8

N

9

£

H
HEZFA,” a3t A, A7 6%, 2009,
pp. 586-594.

10) 23], o]FE, “slolHE B MELA] Hde 43
H Az B3 9149 s 54 BE =y
535357, A38H A|85 2010, pp. 798-805.

11) 23], A7), BHE, “Ter]edd3s EFA 24

2 SR AFRe o4 AR eFE eI, Al

36 A|12%, 2008, pp. 1201-1206.

2A3], FAE, LdH, AdE, AHE, oY, ¥ES,

“A3E 9uE 2 MESIHE FHE 4R Qe

Nede] mE SH3 wheekdy e R R

5}3] %], Vol. 14, No, 4, 2001, pp. 8-14.

13) Az, odd, HHE, A3 ol AA

“9lg QY FREY ARl " Adu A AE

34, St==EgA| =] x|, Vol. 14, No. 5, 2001, pp.

20-25.

233, A7), ez, AW, “Asre9d 3% o

e Nenes)i” =alyeets FA SR

3] =E3|(11), 2007, pp. 869-872.

15) o], AAY, “9I8A HAE S WE AFHA”
AT FEyeFrls, A5 A23, 2006,
pp. 102-107.

16) K.B. Doyle, “Structural line-of-sight jitter analysis for
MLCD,” Proceedings of SPIE, the International Society
for Optical Engineering, Vol. 6665, 2007, p. 6665 OI.

N,

12

—

14

=



