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Abstract: The objective of this study is the estimation of the mechanical properties of HIP-treated MMCs by an
optimized manufacturing process. The Ti-MMCs were fabricated by HIP and rotary swaging (RS) for secondary
processing. The Ti-MMCs with different tungsten fiber contents of 0, 6, 9, and 12 vol% were subjected to tensile tests,
fatigue tests, and hardness tests. The results show that the hardness values of Ti-MMCs increased with the increasing
volume percent of tungsten fibers, the tensile strength increased by approximately 50% (specific strength: 38%) at the 9
vol%. The value of tungsten-fiber orientation F affects the tensile strength. The fatigue strengths of the Ti-MMCs did
not improve. HIP is a useful manufacturing method for Ti-MMCs and RS is an important process for improving fiber
orientation during secondary processing.
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Table 1 Chemical compositions of Ti-6Al-4V alloy
Al A% Fe (0] C N H
6.14 393 0.17 0.19 0.011 0.014 0.0043

(Mass%)

Table 2 Tensile strength and aspect ratio of W fiber

i Aspect rati
Fiber diameter Tensile spect ratio
strength 1#/d
d(um
(um oMPa) [ Max T Min T Ave.
20 3430 135 7.0 47.9

*1; Fiber length, d; Fiber diameter

(b) W short fibers

Fig. 1 Materials for the development of W short fiber
reinforced Ti-6Al-4V alloy MMC
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Fig. 2 HIP treatment conditions
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Table 3 Results of Vickers hardness test

Materials | Average Surface* Core* Matix**  Interface®*
Con. 316.9 3205 3132 - -
HIP-0 - 3343 345.0 - -

HIP-6 381.0 410.0 373.0 3595 424.6
HIP-9 405.5 4213 3799 3822 453.5
HIP-12 418.2 4313 396.0 406.0 437.5

* 5 HV(L.96N) ** ; HV(0.049N)

Table 4 Densities of MMCs

Materials Thez);{/'yc I(i;r)lsuy Relatn(/OeA) ()1en51ty
HIP-RS-6 5.36 82.2
HIP-RS-9 5.8 70.6
HIP-RS-12 6.25 64.2

Table 5 Tensile strength of MMCs

. Tensile strength 0
Materials MPa € (%)
Con. 980 12
HIP-RS-0 1088 1.8
HIP-RS-6 1144 -
HIP-RS-9 1520 0.36
HIP-RS-12 1288 -
7,7,2,,721,&2,*,,7,7 _
20 20 20
60
(a) Fatigue specimen
M6 0.8
/ ¢

<5 —=

30

(b) Tensile specimen
Fig. 3 Specimen geometry (Unit: mm)
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(a) Con. Ti-6Al1-4V alloy
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(d) Microstructure of composite
A:W fiber, B: diffusion phase, C: Ti-6Al-4V matrix

Fig. 4 Microstructure of HIP treated specimen comparing
with conventional Ti-6Al-4V alloy, vertical section
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Table 6 Hellman’ s orientation coefficient

Materials Coefficient
HIP-RS-6 0.8995
HIP-RS-9 0.9121
HIP-RS-12 0.8717
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Fig. 6 MMCs S-N Curves with various fiber volume
fractions
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Fig. 7 Porosities in Ti-6Al-4V matrix after ratigue test
(HIP-RS-9) A:fiber, B:porosity
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Fig. 8 Porosity density for various fiber volume fraction
on HIP-RS MMCs
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