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X-ray Residual Stress Measurement of Polymer Materials in the Cryogenic Temperature
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ABSTRACT

CFRP has useful mechanical characteristics of high tensile strength, high elasticity in the fiber direction, low density, et
al.. In the case of composite materials, the thermo induced residual stresses are generated by the mismatch of the thermal
expansion coefficient between the fiber material and the matrix material. Therefore, residual stresses become the
important parameter in the strength design and the fatigue life. Furthermore, recently the CFRP is used in the severe
environment such as very low temperature. In this study, residual stresses in polyamide matrix of CFRP during very low
temperature conditions are measured by the X-ray stress measurement technique with the cryostat system. This cryostat
system is modified from a cryo pump to keep the CFRP sample in the very low temperature condition. Furthermore, the
in situ low temperature stress measurement was performed by the X-ray stresses measurement method. These results
were compared with results in the room temperature case, and discussed in the viewpoint of the stress alterations.
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Fig. 1 Tensile mechanism. Fig. 2 Sample stage with

polyamide sheet.
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Fig. 3 Absorbed gaseous molecule by cryogenic system.
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Fig. 6 d-sin’y diagram.

Relationship between lattice spacing with sin’y.

X MG RE N B 1 2 3l R 1H D HEFER % Fig. 7 12mR
T MRIEREES 2 THES R Ut &, sinfy
FIZB T 2IIVREIZATORNTRINSG.

E 1 adz/}
O’X: —_
(1+V) d, asinzw

2)

ZIZTEEFEY VIR, vIZRTY VU, dI 3SR
RECOHMEME, d4,/3EHFETORTHFETHY,
o AL FHISIVRBIZE T2 —Mlic hTHD. 72, (2)
AIZ BT B ad,/o(sin’y) D IH L d-siny #5 [X] O 3 AL E
DIHETHD. EAXKY adkDOEND. T TE/
()i X KR E R L XN, BARORICRINS.

TS=T =S L (3)

ZIZTM 3 dsiny SHDEESTHD. TNnLDIET
HOTAZHET D& TEREIGHZRDD ZLNT
5.

7,

X

Fig. 7 Definition of coordinate system and y angle.

Fig. 6 \ZRU7z d-sin®y SRXI O & M & MEdiic 2 0, B
ZIS 12 E D & Fig. 8D X D124 5. ZOXIEM-¢
M EIPENSD . ZThZhOMEHZB W THfE S N,
FERRIZ d-sinfy AR & D 6 2R T D BICHW S
5.

Gradient M
P

>

Stress

Fig. 8 M-o diagram.
Relationship between gradient M with stress.

4, JIEEHFBLCRHERE
ARIFRIZB W THIE THW R R % Fig. 9 1R L,
Z DB % Table 1 127779,

Fig. 9 Measurement sample sheet.

Table 1 Characteristics of polyamide.

Flexural modulus 2.5 GPa
Poisson's ratio 0.38
Density 1130 kg/m’
Liner expansion coefficient 90.0 ppm/K
Thermal conductivity 0.35 W/m-K
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Fig. 10 schematic diagram of X-ray measurement method.
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Fig. 11 X-ray measurement device RIGAKU MSF-2M.
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Table 2 Conditions of X-ray stress measurement.

Characteristic of X-ray CrKa

X-ray current 30kV, 8 mA

20 angle 25°~45°, 0.5°step
sin®y 0.5~1.0, 0.1step
F.T. 10 sec
Filter Vanadium
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