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of Asly|2 sy, A7] AE7](electrodynamic shaker): 7Fd Fuk=e) 712 &S AHeA Aojgd 4=
of, ¥HEE HAREdAR AR 2 HAIE A& F U

i

e 4711500 = 7F171(140) 5 Alefste] 7k s dAskar, AAE 7h sjdol weh Al A4 (120)

= -
dA &H%E Eg4 3 Azl A2 AA(130)dA4 FHH JF 2155 F4 =9l (frequency domain) AZ 2
H3lsle] AP AA(110)9) F35 29 &5 (Frequency Response Function)E AFEdt}. wizt: 2417](150) =
T4 SH Fg4E 71RE AEAA(110) A YF WE(variable)dl W W= A4 (sensitivity

index)Z AFE3th. AlFZAA (Object)(110)E A& A|~®l(Linear system) & 7}AE wj, F345 S ==
A e SE AEAAY B4 BEAdS Sk W a4 Wy Jked shuolt.

ML WAE BAZI(150)7 T S9G4S AEs

FE

AE A%

it

AEse Age A A

H7]

[0

o7 B84 & Fekar 3 A9 AFAA(110)9) 1A% (1-DOF, Degree of Freedom) A& mdAL
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mx+cx+kx=F

o7l A, me& AEAA] A (mass), ctE A4 (damping coefficient), ki ZAA7AI(stiffness
coefficient), F= &JFoA 7187 B84 3, x= 97 3d &) 25 AJFAA(110)2] WY

kA 18 7|22 AEE AIAA (11009 T2 F3<=(resonant frequency i+ natural frequency): 3}7]
st 22 BAIE 4 glew, AlEAA(110)9] 74]&(damping ratio) 3l7] 84 302 HAIE & Ut}

wyg = Wy +J(1—&2), wp = ﬂi\—;

7oA, ond I Fu4

r L
(___. = —
2vVmk
A7lA, ond FX FI5 L= S

37 S84 4x IAHE(DR) A8 2RAel 8t 1
zZ

S 2% A F3}l(mass normalization)ste] Y FH#E
(modal coefficient)® %3t Aoz I Futxo 7448 S

o] &3t ekl Zlojtt.

[t 4]

X+ 2eméx +—am, — Ji it = P

SO 4T NAFENDR S U REdoR BASE 43, 7] #3459 gUHom EAE & dvh

—

zeros 2wy Zeros @y Zeros Fq
X4 9 X b X=
zZeros zZeros 2wy NEN Zeros mi, Fn
A71NA, wn,i2 i¥A EE(i-th mode) T3 FoF, tiv i9A E= &, Fiv id4 B= 9 3 X

= [x1, x2, -~ , xN]' (22 ®% 2 ¥ (colum vector))

G " 240 ([Fi = 0, except i#j), Fjo F34 &9 T 7] w84 622 A2 F vt

—— =H(w) =
FF(CL}) _L’L}Z _‘_ZCLJHI(UL_,II _;_(L}
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(34 9]

aH(wop) N —~2R¢ . ()(m,,J 0))
= — 4 (& (0, + @y (0
d ,-21 [+ 200, (0)as (6,) -+ wn (O] (@&i(6,p)j+wni(6))

(&0,
+QJ&J”,(U) (.,(STP}

(%314 10]

d(H(w, 6, = —2R¢ A(%i(0,
W o) 3 foono 2602
P i=1 [—w + 2w, ;(0)w&;(0,p)j + w,i(0) ] P
% B471(1650) = 84 95 o]g3te] Zm(0)d wE WUgs A5 aEdth. &7 84 11 kA
A A FE(specimen)®] 1HA EE=(i-th mode) T35 S8 el dighk Z4=(0) W& VL AFE v
Epdich

I ay,i(0) wyil(6) 1\ (&0, ;
= [anit0) 22550 1 o560, 252 + wi(0) 254520 )

: = 05 d(H{w,0,p))
lo,i(k) = Hwop) 90

A71A, T (k)= kHA A1FAA FE(specimen)d] iHA RE=(i-th mode) FoF 9 o g =

T3, WA= B247)(150)F ] 108 o] gske] AlFAA(110)0] 7FeiAE B2F] 3o Fog ~HAER o)
El(p)o W& W% X5 &3t 7] 8] 12+ kHA /\]547”2%] ¥ (specimen)?] iWA| EZ=(i-th
mode) T3 S ol digh Ty ~HEY " (p)ol] WE WAE AFE e
[=&4] 12]

|05 Ao | a0

i H(w,8,p) dp .1 ap
oA7lolM, 1, (ke kA AFAA FEE(specimen)?] iHA E=(i-th mode) T34 ¢ ol thst Fu4
2

A=Y ARl (p)el wHE WgE A5

8o AGAA 11009 W) 27 MAE A57h AR, NAE 4711500 4 AQAA] Ug ws v
s

AT B47)(150)= A5 wd ()7t thE dojm 27 o)) AdAA Y i 4 Fube 2" ER]
e (p)el wE ‘ﬂﬂE Aot (o) e A% AFE AEsta, 4 AlgAAeA AEE 4 UHdE A
TE VN EE Z AEAA g H3 UdE AFE ST 4 Qo

s17] 4784 13e kA AP AA ZE(specimen)] iHA E=(i-th mode) F35 5 3o sk W w7t
= AFE ek,
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NNA, 1o Z=(0)d dat ¥ Vs 5, 1,5 Fo5 294 gl (p)o] dg Wi vze %

T 4a9t & dbve VIR B4 AAE AFHoz % 45 YERle =Wt

% date Al AA(12002 2= AlA(load sensor)E AFE3te] Adx oz HLAT ofojar, T 4be= AlFAA Q]
EP%‘ off H=o] A2 AAI(130)(#1, #2, #3, -+ , #7))E WAt AFHo= FAg ofolr),

37 B 18 7R (140)2 E5) AFAA(110)0] 713+ 2= e e, = 713 JPES
(140)+= % 19} 22 W9 (random) HE I} &5 Y (harmonic) &S A|FAA (110) 7} 4= 91‘?.

[ 1]
Table 1. Profile for random excitation.
No. Frequency (Hz) Acceleration (g?/Hz)
1 10 0.005
2 500 0.005

Table 2. Profile for harmonic excitation.

No. Frequency (Hz) Acceleration (g)
1 10 0.5
2 500 0.5

% 5a, & 5b ¥ % 5cE ZF ARAAA (#1, #2, #3)Y FoF F FFE =233 =woltt.
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0.8 1 I T T
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= i
204} d 1
i 1
BN
S
0.2} 0
0 1 | 1
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Frequency(Hz)

Summation of frequency response functions with CFRP specimen #1 (direction: 0%)
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Summation of frequency response functions with CFRP specimen #2 (direction: 45°).
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Summation of frequency response functions with CFRP specimen #3 (direction: 907).
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Direction of carbon fiber(degree)

Variation of natural frequency over direction of carbon fiber. (a) First mode

EH6b
=240 .
e
b
&
5230
&
ﬁ &-Random
= 220 = Harmonic
=5 ~ Fitting for random
= --Fitting for harmonic
Z 210 : .

0 20 40 60 80
Direction of carbon fiber(degree)

Variation of natural frequency over direction of carbon fiber. (b) second mode.
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Variation of damping ratio over direction of carbon fiber. (a) First mode
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Scaled sensitivity index over the direction of carbon fiber in the second mode. (a) Random
(b) Harmonic.
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Scaled sensitivity index of damping ratio in the second mode.
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