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Abstract of Thesis

The superplasticity behavior of fine-grained high carbon tool steel can improve its weldability during solid

state bonding. The superplastic deformation can facilitate the bonding process.
In the present study, the solid state bonding of superplastic steel SK105 with different bonding surface
asperities and original steel without superplasticity was investigated. Base on the existing identification model,
the predominant bonding mechanisms during different bonding stages were distinguished by the characteristic
values of stress exponent, n and activation energy, . The influence of bonding surface asperity on the bonding
process was also discussed.

In Chapter 1, the superplasticity behavior of fine structure materials and its evaluation indexes were
explained to show the advantages of superplasticity for solid state bonding of dissimilar materials. The solid
state bonding and its modeling were overviewed and the current researches on solid state bonding of
superplastic materials were also introduced. The identification of predominant bonding mechanism and the
description of the effect of superplastic flow on bonding process were extracted as the objective. Research flow
was presented.

The basic theories of high temperature deformation and the predominant bonding mechanisms were
described in Chapter 2. The type of creep can be distinguished by the character values of n, and €. the
predominant bonding mechanisms controlled by high temperature deformation or diffusional creep can be also
identified by n, and € during different bonding stage. To calculated the characteristic values of n and ¢ during
the bonding process, the identification model based on the solid state bonding of superplastic material and
nonsuperplastic material in the present study was explained in detail.

In Chapter 3, the experimental procedure employed in the present study was described. The superplastic
tool steel SK105 with ultrafine structure was obtained after heat treatment. The mechanical properties of
superplastic steel were investigated to determine the bonding conditions. The superplastic steel with different
bonding surfaces were bonded to the original steel with perfectly flat surface in vacuum. Specimen 1 and 2 with
relatively coarse bonding surface roughness were designed for identifying the deformation mechanisms in the
middle bonding stage while Specimen 3 with fine bonding surface roughness was for diffusional mechanisms in
the final bonding stage. The measurement method for the characteristic values of n, and ¢ and the characteristic
microstructure after bonding were also described.

In Chapter 4, the solid state bonding of superplastic steel with different initial void shapes was investigated
under different bonding conditions. The bonding process controlled by deformation mechanisms was analyzed
by characteristic values of n, and . Two predominant bonding mechanisms for solid state bonding in the middle
bonding stage were discussed. According to the results, in the case of middle bonding stage, superplastic
deformation played a dominant role from a bonding ratio of 30% to 50%, under the conditions of bonding
temperature 7= 1023~1053K and bonding pressure P= 35~45MPa. The n value was about 2.5 and the ¢ value
was close to the activation energy of y-Fe interface self-diffusion, @». However, superplastic flow cannot be
always predominant. If 2 and 7 were out of the appropriate range for superplastic flow. The bonding process
should be controlled by power law creep. The bonding surface asperity as a geometrical factor influenced the

bonding process, especially the bonding rate but it was independent to the predominant bonding mechanism.




That is, surface asperity of initial void cannot change the predominant bonding mechanism. On the whole,
superplastic solid state bonding was just produced in the middle bonding stage under the conditions of 7=
1023~1053K and P= 35~45MPa.

The solid state bonding of superplastic steel and original steed in the finial bonding stage was investigated
in Chapter 5. The bonding process controlled by diffusional mechanism was identified and two fundamental
diffusional mechanisms were also discussed. In the case of final bonding stage, diffusional creep predominantly
contributed to the bonding process from a bonding ratio of 65% to 72%, under the conditions of relatively low
bonding pressure P= 10~20 MPa and bonding temperature 7= 1023~1083K. The n value was less than unity
due to the flattening of void shape. The ¢ value was much close to the activation energy of volume self-diffusion,
@». The predominant bonding mechanism can be controlled by diffusional creep and influenced by the coarse
structure of original steel. The predominant bonding mechanism depends on the combined effect of both bonding
materials. In spite of the representation of superplasticity, the diffusional bonding mechanisms should be
predominate in the final bonding stage for a sound bond.

In Chapter 6, conclusions of this research were given. In general, the superplastic solid state bonding were
produced under appropriate bonding conditions and it was confirmed by the characteristic values of n, and @.
superplastic flow cannot always predominantly contribute to the bonding process. It just acts on the interfacial
contact process in the middle bonding stage when the interfacial stress is appropriate. The influences of surface
roughness and material microstructure on the bonding process were investigated. Several unfinished points
needed to be research further such as the stress distribution at the bonding interface, the prediction of bonding
time required to attain a sound bond, and a more comprehensive description of bonding process between

superplastic materials were also discussed.
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