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Accuracy of Intensity Method for the Measurement of Fiber Orientation
Distribution of Long Fiber-Reinforced Polymeric Composites

Hyuk Kim*, Dong-Gi Lee*, Gil-Young Han** and E-Gon Kim™***

ABSTRACT

To investigate the accuracy of intensity method for the measurement of the fiber orientation
distribution, the fiber orientation distribution of long fiber-reinforced polymeric composites is
measured using image processing. Theoretical results of fiber orientation function are compared
with the experiments for the composites with different fiber contents and fiber orientations.
In the experiments the intensity method is used for the fiber orientation function.

The results show that, firstly, the characteristics of fiber orientation can be represented by
the fiber orientation function, ] and the measured fiber orientation function, Ju is related to
the theoretical fiber orientation function J as Jy=0.81J. Secondly, for the measurements of
fiber orientation distribution, the intensity method is found to be very effective since it uses
the intensity difference in the measuring ranges. Finally, the accuracy of the intensity method
is improved as the clash of the fiber is decreased
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Fig. 1. Fiber orientation model in two dimension
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Fig. 2. Distribution of relative fiber length according
to the fiber orientation angle
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Fig. 3. Model of the minute part of the soft
X-ray photograph

Aze] FEAR akAelE e BAaT
A(edge)®] #HE-L Fig.4o] vield npsh o]
Sobel 2 & olE]E o]&-3sled FAlAFR (]38}
sgaetn e £, 3 g es AH, AV
£ Axre9]. et FEA AGE &
F4& &3, AGHe] Thresholdgh Rr} &
B$+E &FAe R .

AG=(1AH| +1 AVI])/2  soeeveneens (13)
fG-1, j-1 G, j-1 fG+1, -1
fG~1, D {EA)) fG+1, 1
fGi—-1, j+1 (G, j+1) fG+1, j+1D
Observation pixel(i, j)
-1 0 1 1 2 1
-2 0 2 0 0 0
-1 0 1 -1 -2 -1
AH AV

AH={fGi+1, j-1)+2£G+1, PD+G+1, j+D}
~{f(i~-1, j-D+2f(-1, D+G-1, j+D}

AV={{(i-1, j+D+2£G, j+1)+G+1, j+D}
={f(i-1, j-D+2G, j~D+G+1, j-D}

Fig.4. Sobel operator of 3x3 pixel



WoR, W25, 199.6

AR 28 S At BESA6 ol TEde] AU 27

E, A9 #2499 0 4109 2o

............

O=tan™ (AV/AH) +n/2

AX-A AR 2 RE doix] FEA M BE
Blael] et AR wlgd 99} AGE Fulyle
9 A lE3d 22 A05)9 2o

No(R)

Hp(k) = 55—

P Ny
9714 n& 0< <7 o FZoln, Ny(B)E (2
—Dr/2n < 6<(2+1)71/202) M) o £
THALE shapolr], o|ehzte] 4(15) 2 &Hg
Hp(R) ZH-E] Hazlsye] 9sto] 4wy
JE el & A¥9 AZelA Al&-3 Threshold
e AFErge] 10wt% ol 2 strando]™ A%
B &g J=1 A5 7]1E8}] Table 1] ekl
ule}zko] Threshold 3-g A A &As}ed on,
ol AR A wlFghpghel 1 SAEHA A
- 645 Thresholdzto & ZAAslgdch, Al-gulsk
F52 355 0°8, AAWEe A+ sx
ZE, ng 185804 92 el 10°0)z AX~-4
AR FEAHHEE o] &ste] A He vk B
E Hp(R)2HE] A(12)<) 23] 73 A4 wjakst
T JE EAD AR i Jyo 2 e Ay
Aol AeEE o 4 ok

Table 1. Values of measured orientation function
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Table 3. Gradient between the simulated orientation
function Jg and the measured orientation

function Jy
. Fiber length
Specimen L=1,000mm | L=2,000mm
Gradient 0.85 0.83
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Fig. 10. Soft X-ray photograph and orientation fu-
nction(J=0,8, 10wt%, 1 strand)

0.3~ -

Ju=0.68

Relative finer length Ho( k)

1 ]
-90 0 90
Orientation angle (9)

(b) Fiber orientation function J
Fig. 10. Continued

Hite A3 9 A0t A= A2 $ ol
A7 ZASE e FEelAde YT B3-S
4 5 93, E8s SEANE F7]Y 4%

10mm

(a) Soft X-ray photograph of specimen

Fig.11. Soft X-ray photograph and orientation fu-
nction(J=0.8, 20wt%, 1 strand)



Hod, H2, 199.6

AU 2EA Bie) A9uNgT B2 9

oA sEye] Fux 31

.1

0.2 -

2]

/ Ju=0.46

t

Relative fiber length Ho( £)

0«
I { |

-%0

Orientation angle (©)
(b) Fiber orientation function J
Fig. 11. Continued

Table 4, Gradient between the calculated orienta-
tion function J and the measured orien-
tation function Jy,

Gradient
Strand  |Fiber content|Fiber content|Fiber content
Swt% 10wt % 20wt %
1 Strand 0.74 0.77 0.82
2 Strand 0.74 0.82 0.85
4 Strand 0.85 0.84 0.82
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