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6. Progress within the reporting period
(Not exceeding 3 pages, including tables and figures)

thermal strain

heat flow Flgure 1: Cross.-sectlon of the girder-shape cast plate oriented
in the x-y coordinate system.

Model of thermal stresses

Temperature profiles and their time evolution obtained in the first modelling step [1] served as an input
of the second step in which the thermal strain and the associated stress state in the y-direction (see
Fig. 1a) were analyzed. Figure 2a schematically illustrates length changes in the cast-mould system
during cooling to room temperature. The state of the system in the moment when the cast had just
solidified (time t = 0) is described by the coordinate y = y, as it is shown in the left situation of Fig. 2a.
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Figure 2: (a) Contractions due to different thermal expansion coefficients of the ceramic shell mould
and the TiAl cast during cooling of the cast-mould system from pouring temperature as schematically

illustrated for free (middle) and constrained (right) situations. (b) The spring-dashpot model of the
constrained case.

With increasing time and decreasing temperature, the length of the cast would decrease to y.(t) and
the length of the mould to yn(t) provided there were no anchoring points between the cast and mould
(situation in the middle of Fig. 2a). In the constrained case with anchoring (right part of Fig. 2a) the
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cast and mould must shrink equally to the length y(t) in time t > 0. Thus, in the comparison to the free
shrinkage, the constrained state of the system during cooling is characterized by a balance between
the tensile force in the cast and compressive forces in the corresponding mould walls. A mechanical
representation of the constrained case is shown in Fig. 2b. Here we further assume that the cast can
deform both plastically by creep (a dashpot element 1) and elastically (a spring 2) while the adjacent
mould walls deform only elastically (two springs denoted as 3). The analysis yields an ordinary
differential equation for the stress inside the cast o in the form

T, T
doc +B-c.” :am-d—m—a a1

A ¢’
dt dt dt

(1)

where T, and T, are average temperatures of the mould and cast in the time t, respectively. The
parameter A can be expressed as a combination of mould and cast elasticity moduli E,, and E. and
their area fractions X1/X2 and (X2-X1)/X2. The second term on the left side of Eq. 1 represents plastic
strain rate due to creep in the cast (Norton law); data concerning parameters B and n were obtained in
an earlier study [2]. Finally, strain rate difference due to different thermal expansion coefficients of the
mould (&) and cast («a.) constitutes the right hand side of the Eq. 1.

Assessment of stresses in TiAl casts

The numerical simulation of tensile stresses in the experimental TiAl casts [1] requires the analysis of
two coupled processes of heat flow [1] and the generation of thermal mismatch strains (Eq. 1) during
cooling. Due to the coupling, different initial and boundary conditions set for the heat flow in terms of
the initial mould temperature, the amount of superheat and the external temperature influence not only
the cooling kinetics itself but also the generation of tensile stresses in the casts. The primary objective
of the present study was the minimization of stresses created in the TiAl casts during cooling.
Consequently, we have been looking for the set of the initial and boundary conditions that would
minimize the stress state present in the experimental cast plate at room temperature. Results of some
preliminary calculations are presented in Fig. 3. Combinations of two different initial mould
temperatures (870 and 1300 K) and two different cooling paths (either air or furnace cooling) were
considered in these numerical experiments. It is clear from Fig. 3 that the combination of 1300 K as
the initial temperature of the ceramic shell mould and the furnace cooling yield so far the smallest
tensile stress in the TiAl investment cast plate [1].
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Figure 3: Stresses induced into the investment cast Ti-48Al-2Cr-2Nb-1B plate shown in [1] during
cooling to room temperature - different combinations of the initial mould temperature and the cooling
path are considered.
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