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Residual Stress Estimation of CFRP by X-ray stress measurement method
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ABSTRACT

The purpose of this study is the estimation of the internal stress distribution in CFRP composite by the X-ray
stress measurement method. This CFRP is consisting of the carbon fiber and the polyamide matrix. There are

thermo induced initial residual stresses by heat press processes in CFRP composite. In this study, the carbon
fiber and the polyamide matrix were measured separately to estimate stress distribution in the CFRP. Each

sample of the carbon fiber and the polyamide matrix were loaded known several values respectively by the

small tensile testing machine. These stresses were measured by the X-ray stress measurement method

nondestructively. From measurement results, the stress relationships between the applied stresses and the

measured X-ray stresses were obtained from the carbon fiber and the polyamide matrix respectively. This time,

the carbon fiber is measured by the 3-axis method and siny method. These stresses calculated to compare.
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Fig. 1 Coordinate system of X-ray stress measurement
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Fig. 2 Schematic diagram of d-sin’y diagram

A B TR AEE5 5 (PR 294E)

I 51T, —RAISITRIEICEHAT 2 72002, BN
BEAIOD AT 2 A, W< DhDd-sin?yiit X % I E
T5. INHDOd-sinPFRX N S 1535 N2 ERROME S M
% fMEdhis, BERIOEMIN I 2 i 5 &, Fig3 (2
R M-ofgBINESND. D Mok % MBI Z &z
N9 USRS FHE S e R 5.

-

0d/d(sin’y): M

>

stress

Fig. 3 Coordinate system of M-o diagram
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Fig. 4 Reflection and transmission method
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Fig. 5 CFRP composite

(b) CFRP plate
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Fig. 6 Sample of carbon fiber

Table 1 Characteristic of carbon fiber
(TORAY T300-3000)®

Tensile strength 3260 MPa

Tensile elasticity 233 GPa
Filament 3000
Density 1.76 g/cm?
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Table 2 Conditions of X-ray stress measurement for
carbon fiber samples
Reflection Transmission
method method
Characteristic X-ray MoKa MoKa
Tube voltage 30kV 37.5kV
Tube current 20 mA 22.5mA
Measurement angle | 26=8.0~ 16.0 °, 26=15.0 ~
0.2 step 25.0 °, 0.2 step
ET. 5s 30s
Filter Zirconium Zirconium
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Fig. 7 3-axis coordinate of carbon fiber part of
CFRP plate



CFRP plate

Fig. 9 Measurement of 3-axis direction
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Table 3 Conditions of X-ray stress measurement for CFRP

plate by 3-axis method
X-axis y-axis Z-axis
Characteristic MoKa MoKa MoKa
X-ray
Tube voltage 30 kV 30 kV 30 kv
Tube current 20 mA 20 mA 20 mA
Measurement 20=7.0~ 20=7.0~ | 26=7.0~
angle 24.0°,0.2 18.0°,0.2| 18.0°0.2
step step step
ET. 60s 60s 60s
Filter Zirconium Zirconium | Zirconium
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Fig. 12 Peak profile alterations of carbon fiber
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Table 4 Conditions of carbon fiber by siny method

Characteristic X-ray MoKa
Tube voltage 30kV
Tube current 20 mA

sin’y 0.5~ 1.0

Measurement angle

20=17.0 ~ 23.0°,0.2 step

F.T.

20s

Filter

Zirconium

Table 5 Conditions of CFRP plate by sin’yy method

Characteristic X-ray MoKa
Tube voltage 30kV
Tube current 20 mA

sin?y 0.5~ 1.0

Measurement angle

26=17.0 ~ 24.0°, 0.2 step

F.T.

30s

Filter

Zirconium
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Table 6 Results of stress by 3-axis direction
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5. MERMREEER

Poisson's o,[MPa] oy[MPa] o0, [MPa]
ratio
0.30 5608.638 9894.052 9541.706
1.05 -4772.925 -2055.345 -2278.784
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Fig. 15 M-o diagram of carbon fiber
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Fig. 17 Stress estimation by the M-o diagram of
CFRP plate
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