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Abstract: As a representative y-TiAl alloy, the TNM alloy has a low density and high specific strength, demonstrating
significant potential for application in the aerospace industry. However, its pronounced room-temperature brittleness and
complex deformation mechanisms pose challenges for conventional tensile testing, which is limited in capturing the
evolution of localized strain. This constraint hinders the optimization of its forming processes and broader application.
Therefore, there is a pressing need for an effective and precise method to characterize its deformation behavior. Digital
image correlation (DIC), an emerging technique, offers advantages such as a broad measurement range, high accuracy, and
noncontact operation. This enables visualization of the strain distribution and displacement evolution during deformation.
Nevertheless, its application in studying strain and displacement variations in TNM alloys during room-temperature tensile
testing remains limited. To address this gap and provide a clear depiction of the strain and displacement distribution
behavior of the TNM alloy under room-temperature tension, this study employed DIC equipment and its associated
software, Istra 4D. The results indicate that the true stress-strain curve of the TNM alloy during room-temperature tensile
testing consists of elastic deformation and work hardening stages, without a distinct yield plateau. The ultimate tensile

strength is measured as 464.35 MPa, with a postfracture elongation of 3.39%. Using DIC, the strain distribution and
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displacement changes during the tensile process are successfully captured. The quality of the speckle pattern used in the

experiment is found to be satisfactory. The displacement exhibits an approximately linear increase over time, characterized

by significant fluctuations in the early stages and a more stable trend in the later stages. This study confirms the
applicability of the DIC method in analysing the tensile deformation behavior of TNM alloys. The DIC technique enables

full-field, noncontact deformation measurements across macroscopic to microscopic scales, revealing deformation

inhomogeneities, localization phenomena, and their correlation with microstructural features that are not detectable via

conventional methods. Furthermore, it facilitates in situ, multiscale, and multiphysical field coupled analysis, thereby

providing essential experimental data for understanding complex deformation mechanisms and damage progression and for

validating advanced material models.

Key words: TNM alloy; digital image correlation; tensile behaviour; mechanical properties

- TNM v-TiAl ,
=
, TNM N )
(34]
Bl
TNM , e
o (digital
image correlation, DIC)
(89)
[10-11]
12
(3] 2195
, DIC
4 DIC 5A02
5A02 o 3 Q235B
45 T8 3 )
DIC N
o , DIC
[13-16]
TNM o

TNM

SRl ES PRI

https://www.cnki.net

DIC TNM
1
TNM , Ti-435Al-
4Nb-1Mo-0.1B( ,%),
s 8 mm,
o 600 C ,
1200 C 15 min, o
, 1200 C 12 min,
1 mm/s s
20%( 24 mm),
, 1300 C 17 min,
1 mm/s ,
30%( 36 mm), o
,  TESCAN Clara GMH
(SEM)
, 11 mm, 15kV,
1 nA, 8 mmx
8 mmx4 mm ,
60% +35% +5% ( ),
25 V, 0~3 OC 5 20 So
TNM DCMT-100/1200
15 mm, 3 mm, la
DIC o 0.000 1 s,
b 3 b



Vol.46 No.09
898 FOUNDRY TECHNOLOGY Sep. 2025

1 DIC :(a) ;(b) DIC ;(c) DANTEC/Q-400
Fig.1 Room-temperature tensile tests and DIC system: (a) geometric dimensions of the room-temperature tensile sample; (b) camera
settings of the DIC system; (¢) DANTEC/Q-400 three-dimensional optical deformation measurement system
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Fig.2 SEM images of the TNM alloy: (a, b) before forging; (c, d) after forging
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Fig.4 DIC analysis for tensile testing: (a) before sample stretching; (b) after sample stretching; (c¢) contour plot of the specimen strain
distribution; (d) Line 1
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Fig.5 DIC curves: (a) displacement-time curve; (b) initial
displacement curve during stretching; (c) displacement curve at

the final stretching stage
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