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Abstract

This study performs to measure fiber orientation angles of single layer CFRP plates by acoustic excitation. In order to
confirm the vibration mode of the CFRP plate, the laser doppler velocimeter and a time-averaged digital holographic
interference device are produced. These devices are able to find the natural frequency and vibration modes of the plate in the
same time. In the experiment, it is confirmed that the node line of the vibration mode is able to determine the fiber orientation
angle. The aspect ratio of the plate and the order of the vibration mode have much influence on the accuracy of fiber
orientation angle identification. In this study, it is clear that using the higher order of the vibration mode is effective to reduce
the range of the error of the identification of the fiber orientation angle.
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Fig. 1 Definition of Fiber orientation angle 8 and support condition of CFRP plate.

Table 1 Parameters of Single Layer CFRP Plate

angle length [mm] width [mm] | thickness [mm] mass [g]

0[deg]
0 50.15 9.85 0.119 0.077
15 50.25 9.95 0.121 0.077
30 50.55 10.55 0.118 0.082
45 50.50 10.05 0.116 0.077
60 50.50 10.20 0.115 0.078
75 50.65 10.30 0.117 0.081
90 50.25 10.10 0.113 0.076
0 50.10 15.00 0.116 0.113
15 50.10 15.20 0.116 0.114
30 50.20 15.40 0.115 0.113
45 50.00 15.00 0.116 0.116
60 50.20 15.15 0.124 0.119
75 49.80 14.95 0.124 0.114
90 50.10 14.80 0.118 0.114
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Fig.2  Schematic of the experimental apparatus (optical system of time averaged holographic interferometry).
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Fig. 4 Example of frequency response of CFRP thin plate that has Odeg fiber orientation angle.

3:3 BMEHKOTS T4 FHk
AR TIE, VXV AT—=) 2 BEHFRn Y7 A EFIRTS. K2R LI RERICE WD TR b DR ST

EEREDLDBBNE ZTHER T, CCDIZEERL, TR EINT ARy I N E2RT 7 — U 2 EBT 5 LT,
BABETS. 0D, BEICEBEEAETE, ERPIIKTY TALYA LATRIIBFLESH, THREHERTS
ZLBERETH B.

CCD IZB W\ TR SN B EHRIL, Wik 6 KT S A KEDEIRD 5 O RERE L % LV EEEE 2 (5 L C & 7= 20R
MNOEDBBNEDTHELE R, WKL LIREE L BEN- X 27 J— 2 ETOIERE UX,NE, SRS DEHTEORE
18 RXIE, 7 VRNVERTESICE DV ENERUTO L S iIcRBEh S,

2 2 2 2
UX,y)= Aexp{in £ A.;,Y }fff(x,y)exp'{iﬂ ad /1+Ly }exp{—ibt

2 2 2 2
=Aexp{inX;LY }S[f(x,y)exp{iﬂx;lly H M

T, oA OBES, xy (IMKEEIER, XY IZRA7 Y —VEER (T72bH CCD), AIXHEOHE

xX +yY

}dxdy

R, (IEEEN, 4 BEREETHD. T, B 2kTT7— ) 2EBROEBEETRT. xy EOEE@Gb)IC
FET 2 BNFEOEEIL § (r-ay-b) TR EN, FULL 7 VRAEWRES TRETS L,



2

R(X,Y)=Aexp{in’x * XX+ y¥

}dxdy

2 2 2
Y }ffé(x—a,y—b)exp{inx A+Ly }exp{—iZn

. X+Y? __a’+b? . _aX+bY
= Aexp]imw expsin expq-i2x )
AL AL AL

27 Y —EER (CCD) DETHRA()EQDTFHICL Y MESMBREDDT,

I(X,Y)=|RX, V) +UX.Y)| =|R] +|U[ +RU+RU’ 3
ZORO 1V REHTE R'U Z3#ET 5 &,
} { aX+bY}
+y*

2 2
R'U = Aexp —thX +¥ exp —inZ
AL

X exp{iﬂ X ;}JY } [f(x y)exp{m

2 2 2 2
= Aexp{—in a /1+Lb }exp{ﬂn‘ aX;LbY}S[f(x, y) exp{in‘ a ;Ly H @

Lid, WP LEAn 77 A0FEL, EEEOFEEFAEIC 2RI —) 2 FRIZLVPEBIFBEINDS. T
bbb, AuS T ARMICAR LEERERESN, 7 URVETESICEVEER (& n ETHEINhSLD, E
FEOLIC2RT7— V= EBHRTRD LN, F0 1 KETEOMESMIL,

(E+a) +(n+b)
AL

2

&)

AL

BAEBRORIBLMIL, DEROERREE-a, - THLELDELTELNRS.

—%, BEMRE L TV E5E, BELOBESMRIL, WEORENI > TEBIT 2N EZMICEL
THDT, UKY,0=I[fxy)expli@sinon] £ ETD. T I T, RIEHLIBELEE S D ENEBIR AR T
EBLTVD, ZOLEDRAY Y —2 ko 1RERFEOEEIR, BARMTHESLELOIERLDT, Yy vs
—BE wiyZAWTC, BERIESIR 0 7T LB (B, 2009),

L(Em) =£”S[R*U] = exp{—in’a il }f(§+a,r]+b)exp(in

I(X,Y)= f wOI(X,Y,t)dt = f w(t)R'U(X,Y,1)dt ©)
AR D IRIBIREE 57 1L,
w2
L&m=[3[RU] )

ThY, —ERFLHEKEL, 1A O~T £ THEFEEHTSL,

2

I (5= =|f(E-an-b)f I} (Q) ®)

f@@mmﬁWWﬁﬁmbfwét%@ﬁi@@ﬁgf@éwa,%1@Nyt»%ﬁh@F0®%%®Qﬁ%w
FHE LIS 2720, THROMBIISy VRO VRED Z LD, E, WEDRIE 4 HE
1, XDOAFAEL, REAGLTEEQ=2x(cosB+cos®) A TEZBEND. LMo T, WEROEMNEJ L,
AQ
- . )
27 (cos6, +sinb,)




ICEhRObNhD,

WERRCRFRITESE L D200, Bt EZBEOESEAHP L Y L0 VERZ & > TRET S LIEICKY,
BREH T 7T 7 0 FHEC LY IEOIRIBIZISE U TR R ONE. ZOFEICEDE, BLR3HoE
FALB T2 NTedIZ, HLZBESIND Z L &2, BREPERITAI-DIZE L=FEL2oTNS.

3:3 HERKBEROFE

BREHAR O 75 7 4 FHIEC L > TELRAERICEWT, BLEENSL R8N ERE LY, FOH
BOBEZEZRDD D, EROBICLYEREBRL, TOAERZERNT S, BHAERIT 256 RO SR TH
RENTWD., ZO@ER%E Matlab (2L 0 = v VI ZITV), BREBRT 28Oy VLo T 5 A2
T5. ZOBRICEEOBEIIRFSEGROEBRNREL LY TERVI S ICTHEL TV, BRI TER G
£, 2000) Z2AVE. K527 EROBSXERT.

4 .
b4 Y N P P i Supports a point (x;, )
* e / Supports a point (x3, 32)
i " p = x,sinf+y,cosf -
LR P . ¥
° . o / N
L] ° . . /
L ]
Pa e o oo //
e L ® 4
P e : Group of straight lines ™~
“a . passing through (x;, ¥)point
. A i 5

6 6, 6

(a) Discrete points (b) Straight line via the (x;, y)point (¢) p=xsinf+ycosf (d)Decision of p,and 6,
Fig.5 Theory of Hough transform

T, R5@PEIREAMEHIEREEZXD. ZOEHOHE—4E (x, y) ZE85HD5—O>OBEBIKRT
REh3.

y,=ax,+b (10)

ZOEBT, BSOICTRT L ICRANLDERORE o LERNS x L 2THA O EAVIL, KOOI IICHR
FTLENTES.

P, =Xx,sinf, +y cosf, (n

ZORHIELND (6, p) ZES5)DE 7 (6, p) DEERIZTay b5, I, & &, ) @5
ELARTERICHFETEH, 020 2n T CELSETLERDOL D ITEEERT S L, K5c)D L 5 iedhiikD 7
2y bR TES., BRI, DS (n, y) 1220 TH, FOLAZBEIERICAGTS (6, p) ODEHEZT Y
b5 E, B SO LS ICESOMBIRO 70 v hRELRDZ LIRS, K SADTay hOFREND AT
H(b)THD | ROEMERL TAH720, K S THRADHEESX LHO®LES (6, p) ZHNE, TOHEEFFOE
RIIENTNOEZBAERD D LILATHERE LD, Z06,OEEZAVNE, HEROABENELND

4. RHERARE

41 BMFEHKRATS 74 FBZRICEIEDE—FOTRILER

X 6 (ZBRIEHFR 0 7T 7 4 FERNEIC K 5 BEE CFRP #AROIRENE— MO AR R 2 3. HEAEAKIIIE 10mm,
EX0.1mm, AFFHORS 35mm OFZE T, WHEELHAEZ 0 END 90 EET IS BEXNATEELI-LOTHS.
M 6 X ENENORBA BV TE LN -BER IR Z EKERE) LIEE K EEED T, HRITIHEOR



BE— FOARILERTHD. | KRE— FOARILERE RS L, 0deg TIEFHMARFHAIIK L CEEICL

S>TEY, HIFRBNEZ TWAZ EAbns.
Fix 35mm

Free Fix . 35mm _ Free
T

-l i —
=l o v/ o
I__";Bending mode [__] Torsional mode 3 ,///k\\\\\\ 43
9 6: Fibt:r= gﬁgnrgmn angle
1st mode 2nd mode 3rd mode 4th mode 5th mode

Fig. 6 Vibration modes of CFRP plates. Plate size is 35mm length and 10mm width.

Fix 35mm  Free

Fix 35mm Fref p teo
P . ) o 43
i__~,Bending mode [__] Torsional mode 3 s
O o: Fiber orientation angle

1st mode 2nd mode 3rd mode 4th mode -

Fig. 7 Vibration modes of CFRP plates. Plate size is 35mm length and 15mm width.
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(a) Before conversion (b) After detection of the line
Fig.8  Detection result of the straight line of fiber orientation angle Odeg

(a) Before conversion (b) After detection of the line

Fig.9  Detection result of the straight line of fiber orientation angle 45deg

Table2  Angle and error of the straight line

SEERRI A [deg] | MRIHHE BEHBOMAE  [deg] | B2 [deg]
0 1 1

15 11 4
30 10 20
45 32 13
60 57 3
75 80 5

90 0 90
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Fig. 11 Vibration modes of CFRP plates. Plate size is 35 mm length and 15 mm width.

90

= ¢ Patternl *

2 75 * Pattern2-1 -

oy A Pattern2-2

2 60 Pattern2 Average '3

5‘) —Fiber Orientation Angle

g 45 ‘

st

3

S 30

Z

3

g 15

-

= \

§ 0

. }
-15

0 15 30 45 60 75 90
Fiber Orientation Angle 0 [deg]

Fig. 12 Result of Identification of fiber orientation angle. Plate size is 35 mm length and 10 mm width.



105

¢ Patternl

';.3 90 | ® Pattern2-1
=, A Pattern2-2
@ Pattern2 Average
2 75 —Fiber Orientation Angle
=
< 60
@
=
-
> 45
°
=]
Z 30
S
=
s 15
2
§ of
p=

-15

30 45 60 75 90
Fiber Orientation Angle 0 [deg]

o
—
W
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