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I ntroduction

Gum Metal is a trademark of Toyota Central Reseér€revelopment Laboratories, Inc. which standsdalass of
multifunctional B-Ti alloys. A specific chemical composition (typilgaTi—23Nb—0.7Ta—2Zr-1.20, at.%) as well as
technological processing of the alloy result inrfedition of a material with a set of superior pntigs. Among
them, an ultralow elastic modulus (around 60 GRajelatively large range of nonlinear reversibléodaation
(around 2%) and a high strength (around 1000 MPa)characteristic for Gum Metal [1]. They are calby
unconventional deformation mechanisms which hawntiscussed in the literature in the last decadesuliar
observations of the Gum Metal microstructure emdmlasignificant crystal lattice rotations, nanodisances and
“giant faults” -localized planar defects carryingry large plastic strains [1]. The mechanism of tloalinear
reversible deformation of Gum Metal is most propatdlated to the stress-induced growth of orthorbicna”
phase nanodomains suppressed by added oxygen-thsinaa as suggested in [2].

Experimental Results

The goal of this research was to analyze thermoaréchl couplings in Gum Metal subjected to tensiora testing
machine at strain rates: & and 10% s. During the deformation, changes infrared radiati@re measured by a
fast and sensitive infrared camera, while displaa@nthanges were monitored by a high resolutioibleidight
camera. The combination of infrared thermograpRyjland digital image correlation (DIC) appliednnitor the
tension of Gum Metal enabled to obtain temperatiséributions and strain fields at selected stagfeading.
More details of the experimental procedures cafobed in [3, 4].

Fig. 1a shows a stressand average temperatuk& vs. straire curve of Gum Metal subjected to tension at?1€}
and a thermograph as well as a strain field infpaAthand A respectively. It was found that the nmazi drop in
Gum metal temperature (point A*) occurs signifidarearlier than the relatively large limit of itsethanically
reversible nonlinear deformation. The temperatnoedase proves a dissipative character of the pso@iso at this
stage and is related the deformation-induced grefthi partially suppressed by oxygen-added strains.

Fig. 1b shows a comparison of stresand average temperatusd vs. straine curves of Gum Metal subjected to
tension at 10' s* and 107 s* as well as thermographs and strain fields jusbreefupture. As could be expected
the yield strength for the strain rate 18" is higher than for 13 s*. During the plastic deformation, both the strain
and temperature distributions demonstrate thaigheh strain rates strain localization starts naibhey just after the
yield limit leading to the specimen necking andtane. Macroscopically, it is exhibited as softenofgthe stress-
strain curve in contrast to the strain hardeningeoled at lower strain rates.
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Fig. 1. (a) stress ¢ and average temperature AT vs. strain € curve of Gum Metal subjected to tension at 10 ?s™
and a thermograph as well as a strain field in point A* and A; (b) comparison of stress ¢ and average
temperature AT vs. strain € curves of Gum Metal subjected to tension at 10 * s* and 10 ? s* as well as
thermographs and strain fieldsjust beforerupture.

Conclusions

The analysis of thermomechanical couplings in GuetaVisubjected to tension on a testing machin&ra@nsrates:
10 * s* and 107 s* with aid of IRT and DIC was conducted. Elasticitimf Gum Metal under tension was
determined based on a maximal drop in the specemerage temperature. The nonlinear reversible deftion of
the alloy was found to have an exothermic charadtee development of plastic deformation of Gum alletas
studied via the evolution of thermographs and istii@ids at selected stages of loadings.
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