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Characterizing Residual Stress of Post-Heat Treated Ti/Al Cladding
Materials Using Nanoindentation Test Method

Sang-Kyu Yoo, Ji-Won Kim, Myung-Hoon Oh, In-Chul Choi'
School of Materials Science and Engineering, Kumoh National Institute of Technology,
Gumi 39177, Republic of Korea

Abstract Tiand Ti alloys are used in the automobile and aerospace industries due to their high specific strength
and excellent corrosion resistance. However their application is limited due to poor formability at room tempera-
ture and high unit cost. In order to overcome these issues, dissimilarly jointed materials, such as cladding mate-
rials, are widely investigated to utilize them in each industrial field because of an enhanced plasticity and
relatively low cost. Among various dissimilar bonding processes, the rolled cladding process is widely used in Ti
alloys, but has a disadvantage of low bonding strength. Although this problem can be solved through post-heat
treatment, the mechanical properties at the bonded interface are deteriorated due to residual stress generated
during post-heat treatment. Therefore, in this study, the microstructure change and residual stress trends at the
interfaces of Ti/Al cladding materials were studied with increasing post-heat treatment temperature. As a result,
compared to the as-rolled specimens, no difference in microstructure was observed in the specimens after post-
heat treatment at 300, 400, and 500°C. However, a new intermetallic compound layer was formed between Ti
and Al when post-heat treatment was performed at a temperature of 600°C or higher. Then, it was also con-
firmed that compressive residual stress with a large deviation was formed in Ti due to the difference in thermal
expansion coefficient and modulus of elasticity between Ti Grade Il and Al 1050.
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2. Residual stress measurements
using instrumented nanoindentation
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Fig. 1. Residual stress inference method using nanoindentation test.
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Table 1. Chemical composition of Ti Grade II and Al 1050

3. Experimental
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Fig. 2. Roll-cladding process for Ti/Al cladding material.
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Fig. 3. Schematic diagram of specimen preparation for a residual stress analysis through nanoindentation test.
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4. Results and Discussion
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Fig. 4. Backscattered electron images of Ti/Al cladding materials as a function of post-heat treatment temperature (a) As-

Rolled, (b) 300°C, (c) 400°C, (d) 500°C, (e) 600°C, (f) 650°C.
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Fig. 6. Load-displacement curves of Ti/Al cladding materials for residual stress analysis (a) Al, (b) Ti.

Table 2. Influence of post-heat treatment temperature on measured residual stress by Eq. (1)

(MPa) 300°C 400°C 500°C 600°C 650°C
Al -3.50+0.96 -3.28+1.19 -2.46+0.88 -3.39+0.29 -3.20+1.17
Ti -42.22 +12.51 -99.62 £ 11.33 -27.72 £12.40 -99.41 £39.95 -113.30 £ 9.65
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