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AlE(110)2 B4 tde] e AR vd WaddS 2k A dldd & k. A A A, AlA (11
Oor vd Zr(er F+x ZAA BAE o B4 7w 24 (Unidirectional Carbon-based Composite
Structure, UCBC)ell sigda 4= iv}.

7k2171(120) = A2 AH(110)0 JHEE <A7MeE & e 1484 JU9E A& &8 5 vk, o A4

ool A, 7FA7]1(120)+= YRE 3™ (impact hammer) F& 7] ZE57](electrodynamic shaker) 55 ¥3¢3 4=

ATk, ot A=, Awel HE 3, dHE FHE JIXIVE AMESe AE 7HEste] AdeErlE gt

AHE sjul= Al (110)0] =83 &S dor|A% i, AlEE 93 APd 7hee] BRskA gow, B

Fukgo] ZA AIA(110)e] IHEE A/E F ok, AHE Sn A, AA 7] HE FE(IHE
[

F)el "(tip)el 7rld 4= ot

AA(130) = A1 (11009 7] A" ARl Fab™, 7Ez171(120) e o3 7tefizl S84 @l <& AJH(110) 9]

A ARE AEE SRS A AAdelA, AJHE(110)dd= Hol= st o) A $1X|ell AlA (130)7F B X]

T ark. AA130)9 FRE TR sk 2E8F Ase] FRel wep dekd = k. dE 5o, 7t
F-&(acceleration vibration)S FAsle A% 75 AA7F AFE 4 903, &

2 ZA3= A4S doA AN Ae=E Ao, WSl (displacement) & FHAste= A ARAS
A

(photogrammetry)o]u} ~E3 I(string pots)o] AF&E < Ut}. o]Flo| &=,

2 2

i

i
b

0)Z 7IE% AA7F AMEEHe] JE A3 E s 45 7Hgste] AdHsr|& i,

e ¥g BAR(140)+= AlHE(110) 7l 2814 g3 72A] fAdA S4E AF ASE VxR T35 &
G AEEe] Bd B3 a, AJF(110)0] 3 RE P4 HEES A&t R W3 BAR(140)= AEd
e P WHE BAgsta, B B YA WHE o)&ste RE AF 7O S AT 4

o BXR(142), A BRE A WE ASH(144), Al B A 7123 ARER(146) 2 A2 RE AlF 7]
T AEN(148)E e

g BAR(142)= AlFE(110) 7l 814 g3k AJE(110) o] AR A4 (130) & T3l 5449 s AEE
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[0086]
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]
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% 4T B HPHE T 2 AT %A $R AR 9 AF el Sdela, S 5E A a4
BaE A A U olE e Edold

T 49 = 55 FFehd, AE(110)9 I 1090l 1A (#1, #2, #3, #4, #5, #6, #7, #3, #9, #10)°l 7I&%
Zd 4 vk, EEE A (130) 9] it wiA] A= FE ool wEr gEbE g dvk. A AA|

AA Aol Apol7h AA kAR oA o] AJH(110)9] Aol FAsHA wWxE 4 ).
A Ao, me W3l Bo] Alo]= 20 mm (W) X 37.5 mm (L) X 3 mm (H) Abo]=9] A]#H(110)0] A-&=

=

A

Al & 18 #H23E, 7F71(120)0 5 Aol 98] #3 YA -z5 WEoer Eed S shekal, #1-#10 $X
o] AA(130)F ©&(+2) WEgo= HF 2 FH3le] Bx W3 BENR(140)2 A,

A AAdo A A H(110)S AP A EH (Linear Time-Invariant) A|=®o g2 714
(dynamic behavior)< EdY HEugz ZTdE S Arf. HAFA|EH A|2H] nx} z}%}_ =) uj
degree-of-freedom governing equation)< 3}7] 82 12 3= 4 Qt}.

[F8t] 1]
MX@®)+CX(O)+KX(®)=[0 .. 0]

X)) =[x() .. x,®OI"

o 7)o, M A (mass) 3E, C= 74 (damping) FE, K= A (Stiffness) FHLS e, [A]'= As)e
o] Az 3 (transposed matrix)<> vebT,

AZF =WQl(time domain)e] 48] 12 F34= vl (frequency domain)9] =82] 22 FdE 4 U},

X(t) = OR
1 zeros 20418 zeros w? zeros 0

[ R+ R+ R = l

zeros 1 zeros 2wy nén zeros w3 0

_ T
R=[r() .. m()]

w N

o] 7)ol A, M= iz meol #x F3%(resonance frequency), El = iz rE9 wy 7+H] (moda
damping ratio), i¥ AAFE vephitk

d)(: [‘pl (pn]) - ome

izt =9l AA A A (viscous damping coefficient, c¢;)& &7] 78] 302 Yepd 4= 9oy, iz} R =

o] Fx A (stiffness, k)& 3F7] 342 42 Yepd 4 Qo).
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[0100]
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[0103]
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[0106]
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[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]
[0117]
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ki =m; (wn,i)2

A7) A, mE iz} R=o B daF(modal mass)S UERATE.

A A"l o= 8, JdEXEY 28R He] g F, 2XH AR, nAH) Alel9] izt = Fu4
St 3F=(FRF, Frequency Response Function): &}7] =34 52 yepd 4= o).
[5=<k4) 5]

i
Tmn

Hin(w) = 3
(Wni) — 02 + 20, ;0E, i)

NN, o Fo4, r e 2k 229 A (residual), j= 3% (imaginary) RS YERIITH

2

% F39(resonance frequency)™= T35 % &9 nodal pointE At W= HF EQJE(peak
point)ollAd A= 4 glon Bd 73] Ags 32 Fae wbd# ¥ E(half power point)Abe]d] #e

=4
1§t AEE & Ak, A mEel By 44N (5, ) ] F5 62 o8] 4EE & Ak,

E, = W i
nt (2) 1)
2I(‘)n,i — Wy

A A el A, AA(110)0] 6 =2 B2 {7t wjdy o,

A AL, T2 A0 B e g vk SEAE AE AJx"ow AT 4 Q).

kel Bk 7ie BebAe] e gelu|E s &%, 7F2 9® (impact, random, harmonic) ¥ ¥4 A9 Wk
Q. o)

(orientation)o] 9&S W=t}.
e e g AR wE 5, gaAR7)
7w (0)9 7 2 & A

olgld A, Ax(oxE Fx Aol BAtd
(FRF) = &}7] =8t4) 73} 7ro] ebd 4= 9iu}.

r.nn (O), 9) = 2
(0n:(8)) — @ + 20wy (0)En,:(6)j
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g(Phe j

#E(MAC)
)

=
R

] 84 (transpose matrix),

2

_]

A2 B A 7

s
*

(110)°] th3dl
Fod A2 BE AF 7]

(148)
(144)

=

g

|07 ()
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A7 34 (conjugate matrix)
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[0123]
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(144)

&l e

3]

5

=
=T

Joll A R A7kA o] A

=

=

295 A
A

ol
g e

Jol 4 7k )

e
[=)

B At

L
o

Ao o

R

(144)

)

p
T

=]

=
=T

Joll A [ a7k 9] =4 A
T-Z(deflected structure)olA]

Bl At

s

(distortion)°]

oL
bl

epie

=

=

g WEol )

(¢}

ERERE
i

5
A HER,

A

=
=

dy_,1(0) dy(8)]

Joaks HEbdT

|

(144) 9

(110) el AA(130)7F mizl® 2+ 722 9
, A T

=]

3
==
Adll A

A Ao vir Aoz, Ayrstd A WEHZ gojd 4 v,

D(6)
max(D(6))

=

A= (modification window)o]t}.

L

L

AR (130)7 AR 2 24 gANN WA 52 A
2B

Bl A

10& A
-

)

82
/\01—

[¢]

L

2 111

Jol A HAd7kA] €

AA el A,

1

D(8) = [d,(8) < (8)
=Rt

W)

7l =+
W Aoz Ag wWER A" 4 g},

]
q
x

s

o 4 AY(di, do, d3, ds, ds, ds, dr, ds, do, dio)
[

(radius of curvature)o] Z°]

o371l A, max(A)

9
e

[

[0132]
[0133]
[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]

[0141]

bl

(44) = Bd £45(142)004 ke =

e E

Zhs

e
T4 2=

[0142]

e (Phe 43 a=

o

L]
il

A

X

ijl
il

o

=

=

o]

129} o] Upehu

epie

o

=

A
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EH6
Table A2, Mode shape vector of UCBC #1 specimen, (7 imaginary unit},
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

-8.57 - 2651 562+ 092 -10.15 - 0.40¢ —6.39 + 3.48i 12.38 - 0,171
-13.34 - 4.28¢ -4.91 - 3.6% 5.01 - 1.20 =011+ 1.33/ 11.14 + 0.32i
-1.49 + 0.87i 1.54 +0.07i 238+0.15i 6.92 + 0.63¢ =2.80 + 0.08;
-4.28 + 2521 =1.20 - 186 0.32 - 0424 0.36 + 1.34i =3.13+0.22i
2934 1.94 -1.26-0.32 1.24 - 041 -0.31-231¢ 2.79+0.23
294 =274i 0.85+ 432§ =5.38 + 0.73f =7.66 = 0641 =1.94 = 0.241
=9.69 + 2,88 =5.62 + 0.06¢ =2.55=0.52{ 244+ 1541 10.73 = 0.00¢
-10.58 + 0.79i 570-031i 9.60 - 1.21¢ 0,58 - 2.45¢ 10.47 + 0.25i
16.66 — 4.28i =010+ 034 592 - 084 -3.25 - 1.50¢ =011+ 0.17i
16.53 - (.83¢ 013 - 0.4% =5.81 - 0.194 4.33 - 0424 (.16 - 0061
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k1
N2
©

Normal line
»

(x0)

. Projected line

g

(du-;;).{ (dy-2) (dy-,)

\ (= )

Ll
=810
Maodal parameters of 30455 specimen.
Resonance Frequency (Hz) Modal Dampi.ng Ratio (%) Mode Shape
647.2 0.6 Bending (first)
7345 0.6 Twisting (first)
1601 0.8 Twisting (second)
1773.2 0.6 Bending (second)
2341.2 0.6 Bending (third)
EHII
Specimen  Resonance frequency (Hz)  Modal damping ratio (%) MAC Mode type
1,961.6 5.4 827 Bending (first)
3180 38 972 Torsional (first)
UCBC #1
6, = ﬂ:] 1,064.5 27 86.1 Torsional (second)
. 3,103.6 3.8 517 Bending {second)
B84.1 2. 773 Bending (third)
2,5394 74 335 Bending, (first)
306.5 2.5 42.0 Torsional (first)
1 g
f'; C'f‘;(‘:} 749.3 25 56.2 Torsional (second)
4 2,162.1 44 529 Bending (second)
1,199.8 21 44.2 Bending (third)
285.7 256 494 Bending (first)
. 5200 1.9 803 Torsional (first)
(k]
l;CI_S(;Sa 7211 1.9 534 Torsional (second)
(82=45% 2,069.3 34 634 Bending (second)
1,688.0 23 83.8 Bending (third)
267.6 30 64.5 Bending (first)
iz 387.1 23 918 Torsional (first)
UCBC 24
) —C;O*) 851.6 22 794 Torsional (second)
i 680.8 34 396 Bending (second)
2,504.9 4.8 723 Bending (third)
158.3 35 641 Bending (first)
. - 2,480.5 52 835 Torsional (frst)
UCBC
(05 = q;f) 3360 6.0 728 Torsional (second)
% 425.6 4,0 87.6 Bending (second)
2,581.1 0.7 359 Bending, (third)
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EHI2
. Modified mode shape Original mode shape
Fpwianm Each MAC  Averaged MAC  Each MAC  Averaged MAC Neuee
§2.7 737 Bending (frst)
97.2 8l.6 Torsional (firsth
1
st 86.1 790 803 694 Torsional (second)
6, =0%) 51.7 355 Bending (second)
773 76.1 Bending (third)
55.5 46.7 Bending (first)
= 4.0 66.1 Torsional (first)
gclacssnz 56.2 50.2 737 65.7 Torsional (second)
(621307 529 711 Bending (second)
442 70.7 Bending (third)
9.4 65.9 Bending (first)
80.3 78.2 Torsional (first)
';Cfﬁ ;3 534 665 632 65.0 Torsional (second)
{a=t3) 65.4 643 Bending (second)
538 332 Bending (third)
648 B8.8 Bending (first)
4 918 933 Torsional (first)
(gcf"; ';:i} 79.4 696 66.8 67.9 Torsional (second)
* 39.6 47.9 Bending (second)
722 1209 Bending (third)
64.1 818 Bending (first)
. 83.5 53.3 Torsional (first)
{g‘::m; u'f) 728 68.8 958 64.6 Torsional (second)
] 876 824 Bending (second)
35.9 9.8 Bending {third)
EHI3
3 w1
& < -
z z
3 22
£ £
= -
“a @
g E,
] o M
=4 Z 20 0l G0 50

.
]

(b)

Variations in the structural stiffness considering only MAC values: (a) bending modes,
=€ first bending mode; —E—: second bending mode; =€ third bending mode; (b) twisting
modes, € first twisting moce; —5—: second twisting mode.

EH14
g S " . g d . —
o2 o
£ £
E‘ E" )
8 4 =
= o
w w 0.5
2 g 0 s_on
=0 20 40 L] S0 - 0 20 10 GO 80
UI‘ ”f
(a) (b)

Variations in the viscous damping coefficient considering only MAC values: (a) bending
modes, —8—; first bending mode; —E—: second bending mode; =4 third mode; (b) twisting
maodes, —S— first twisting mode; =5 second twisting mode.
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