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R B OMEE (3 3C) : Tungsten fiber reinforced titanium composite (W/Ti composite) was
manufactured by the spot welding method. Residual stresses in the W/Ti composite was estimated by the
high temperature in-situ x-ray stress measurement and the cryogenic temperature in-situ neutron stress
measurement. It was confirmed that the almost generated stresses in the W/Ti composite are the thermal
induced stresses, and depend on the thermal expansion mismatch between the tungsten fiber and the
titanium matrix.
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Fig. 1 One example of the temperature program
for the in-situ stress measurement. This program
is for the tungsten fiber in W/Ti composite.
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Table 1 Conditions of x-ray high temperature
in-situ stress measurement.

Characteristic x-rays CuKoa
X-ray optics Parallel beam
Tube voltage and 40KV, 25mA

Tube current

sin*y 0,0.5,0.6,0.7

hkl plane & W 321,26=131.1°, Ti
diffraction angle 213,26=139.3°
20 step angle & W:0.2°, 40sec.,
fixed time Ti: 0.1°, 90sec.
Filter Nikkel
Irradiated area 10x5 mm
Peak deciding FWHM method
method

Young’s modulus: £
& Poisson’s ratio: vV

W: E=402.5GPa, v =0.28
Ti: £=113.1GPa, v =0.32
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Table 2. Conditions of neutron cryogenic
temperature in-situ stress measurement.

Wave length NBS 640B Si powder
measurement by Diffraction planes: 111,
zero-dimensional 220,311,400, 331

detector A=0.18301 nm
2D detector pixel 256x256 pixel
Resolution 0.0038 deg./pix.
Reactor power 15 MW
hkl plane, Ti 103, 26= 86.5°
diffraction angle W 220,26=111°

Young's modulus £
Poisson's ratio v

Ti: E=114.7GPa, v=0.3
W: £=402.5GPa, v=0.3

Incident slit : 3 x 10 mm

Slit system Receiving slit :open

Ti: 2700 sec./profile

Measurement time W: 900 sec./profile
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Fig. 2 Schematic diagram of, (a) the
manufacturing procedure by the spot welding
method, (b) the spot welding positions which
define the coverage for W/Ti composite.
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Fig.3 Photographs of the W/Ti composite; (a) a
lot of indentations by the spot welding were
observed on the sample surface, (b) a
microphotograph of the cross section of W/Ti
composite, (c) the specimen surface polished by
#1500 emery paper.
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Fig.4 Measurement results of the thermal stress
alteration in tungsten fiber under the thermal
cycling from 15°C to 700°C. The result of the
first heat up stage is plotted the dotted line. The
solid lines are the result of thermal cycling after
the first heat up stage.
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Fig.5 Measurement results of the thermal stress
alteration in titanium matrix under the thermal
cycling from 15°C to 500°C. The first heat
upstage and the other cycling are as well as Fig.4.
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Fig.6 Comparison of results for the elastic
calculation and the experimental in the tungsten
fiber and the titanium matrix.
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Fig.7 Results of neutron in-situ stress

measurement under the low temperature cycling.
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Fig.8 Results of neutron in-situ stress
measurement under the low temperature cycling.
These data were averaged in each temperature
and heat up-down stages.
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