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The X-Ray Study on Macrostress and Microstress
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Abstract

The residual stress is inevitably introduced into composites because of the mismatch of the coefficient
of thermal expansion, and it is different in each phase. The X-ray technique can detect separately the stress
in each phase, so will yield useful information for analyzing the toughening mechanisms of composites.

In order to apply the law of mixture to alloy steels with composite microstructures, two phase stainless
steel, consisted of ferrite (a-Fe ) and austenite (y-Fe) structures, was selected. The tensile elastic deformation
was loaded, and then the X-ray diffraction technique was used to measure the X-ray elastic constants, the
X-ray stress constants and the phase stresses. The law of mixture was investigated and the separation of
macrostress and microstress was carried out. The phase stresses (the residual stresses of phase)in each
phase, which were measured by X-ray technique, was directly proportional to the applied stress. The macrostress
calculated from the phase stresses by using the law of mixture was nearly equal to the applied stress.
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Fig. 1 Definition of direction of stress and strain .
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Fig. 3 Shape and dimension of specimen for X-ray stress co-
nstant measuring (in mm)
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Table 1 Chemical composition of SUS 329 J1 stainless steel (wt. %)

C Ni Cr Mo S Mn P S
0.03 532 23.75 0.25 0.32 0.75 0.028 0.06
Table 2 Mechanical properties of SUS 329 J1 stainless steel
02% Tensile Reduction Young's
Proof stress strength Elongation of area modulus
c02(MPa) c(MPa) a(%) ¢ (%) E (GPa)
430 608 41 77 194
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Table 3 Conditions of X-ray diffraction
(a) Material A

Type of X-ray apparatus XD-610(SHIMAZU)
Method Parallel beam method
Material Ferrite Austenite

Characteristic X-ray Cr—Ka Cr—Ka
Diffraction plane a-Fe(211) y-Fe(311)
Filter V foil -
Tube voltage 30KV 30KV
Tube current 20mA 20mA
Scanning speed 2 deg/min 2deg/min
Time constant 4 sec 10 sec
Irradiated area 8X8 mm?® 8X 8mm”®
Detector Sintillation counter

(b) Material B

Type of X-ray apparatus MSF (RIGAKU)
Method Paralle] beam method
Material Ferrite Austenite

Characteristic X-ray Cr—K, V—K.
Diffraction plane a-Fe(211) y-Fe(220)

Filter V foil Ti-foil

Tube voltage 30KV 30KV

Tube current 5mA 5mA

X-ray fixed time 4 sec. 6Gsec.
Irradiated area 8X8 mm’ 8X 8mm?
Oscillation +3 deg +3 deg

Detector Sintillation counter

120 130 140 150
Dittraction angle 20. deg

(b} Cr-Ker and Cr-KB

Fig. 4 X-ray diffraction profile of two-phase stainless steel .
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Fig. 5 Schematic illustration of loading jig for calibration of
the X-ray stress constant .
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Fig. 6(b) 26 vs. sin®y diagram of y phase in material, A .
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Table 4 Experimental value of X-ray elastic constants of two-phase stainless steel

X-ray elastic constants X-ray
Diffraction plane E/(1+v) E. Vx stress constant
(GPa) (GPa) K(Mpa/deg)
Material, A a-Fe(211) 168 206 0.226 -327
y-Fe(31D 144 182 0.262 -360
Material, B o-Fe(211) 156 195 0248 -303
y-Fe(220) 184 228 0237 -271
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Table 5 Phase stress under uniaxial tension
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