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STUDY OF TEMPERATURE DISTRIBUTION IN A JOINT OF DISSIMILAR
MATERIALS DURING DIFFUSION WELDING
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Abstract. The temperature distribution in a part joined by diffusion welding was studied using
computer simulation with consideration of the thermophysical properties of dissimilar materials and
the geometry of the welded joint. A picture of the temperature distribution over time was obtained in
accordance with the developed welding mode for industrial parts, both in the section of the part and
directly in the welded joint area. It was shown that when using this temperature mode of diffusion
welding, a fairly uniform heating of the parts along the radius is ensured.

Keywords. computer simulation, temperature distribution, thermal properties, temperature.

Diffusion welding in a vacuum is widely used in the manufacture of parts from dissimilar
materials, such as electromagnet housings [ 1-3]. In this case, the most appropriate method is induction
heating. However, with the induction method, a thin surface layer is heated, from which the heat
spreads to the center of the product. Depending on the heating rate and the holding time at a constant
temperature, the metal of the part may have a different temperature across the cross-section. It is
known [4] that during diffusion welding of materials with different physical and mechanical
properties, the magnitude of plastic deformations that determine the formation of joints changes
depending on the radius. The nature of the stress-strain state also changes. Plastic deformations
change toward the axis of the part, and in the center of the cylinder, shear deformations are zero.
Thermal cycling is used to intensify plastic deformations and localize them in the joint zone [5].

When modeling the stress-strain state, the temperature distribution along the radius of the parts
is not uniform. Therefore, the study of the nature of the temperature distribution in the joint zone
during diffusion welding is relevant.

The purpose of this work is to study the temperature distribution in a joint during diffusion
welding of dissimilar metals, taking into account both the changing thermophysical properties of the
materials being joined and the geometry of the joint.

The studies were carried out for a joint of two dissimilar parts made of 12X18N10T and 10895
steels, the physical and finite element models of which are shown in Fig. 1, a and b.

185



IHHOBALIII B CYTHOBYIYBAHHI TA OKEAHOTEXHILII XVI MixHapoaHa HayKOBO-TEXHiYHA KOH(EPEHLIis

4 ; iW/ZZZZZA

ooy I

‘\c%
~ &
[ O®

a b
Figure 1 — Physical (a) and finite element (b) models of a welded joint of 12XI8N10T (1)
and 10895 (2) steels

The studies were carried out using the finite element method with the ANSYS software
package. Due to the symmetry of the connected parts, the axisymmetric eight-node temperature
element PLANE 77 was selected for modeling. The algorithm for solving the problem includes a
sequential iterative procedure of transient thermal analysis. When modeling the process, it was taken
into account that the thermophysical properties of the materials of the parts (specific heat capacity,
thermal conductivity coefficient) significantly depend on temperature.

Surface heating by high-frequency currents was simulated by setting the temperature on the
cylindrical surface of the model over time in accordance with the developed welding mode for
industrial parts (Fig. 2). Heating from 20 to 750 °C was performed at a rate of 100 degrees per minute,
and above 750 °C — 30 degrees per minute.
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Figure 2 — Welding process cyclogram

The temperature distribution fields were studied during the entire welding process (Fig. 3) and
the temperature distribution diagrams in the joint zone of the materials being joined (Fig. 4). For ease
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of comparison, Table 1 shows the maximum temperature differences within the cross-section of the
node ATmax"% and the joint ATma/*™ at various moments of the welding cycle.

Table 1 — Maximum temperature differences in the node ATmna"% and at the joint AT ya/*™
at different moments in time

Point No. 1 la 2 2a 3 3a 4 4a 5 Sa 6 7 7a 8 8a
AT ax™% 21 7 6 1 0 7 7 7 6 1 0 7 1 0 15
AT a0 9 3 2 0 0 3 2 3 3 0 0 2 0 8

An analysis of the degree of non-uniformity of temperature fields at individual (key) moments
of the welding process (Fig. 3 and Table 1) showed that the degree of non-uniformity of temperature
distribution in the unit as a whole and within the joint during the welding cycle changes from 21 to 0

degrees and 9 to 0 degrees, respectively.
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Figure 3 — Temperature change fields (°C) at times 1, 2, 3,4, 5, 6, 7, 8, and 9 (see Fig. 2)

The nature of the temperature distribution along the joint at different points in time (Table 1)
indicates a fairly uniform heating of the parts according to the developed cycle. At the same time,
when loading by thermal cycling in a different temperature range, it is necessary to take into account
the influence of uneven heating on the stress-strain state in the joint zone.
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Conclusion. The nature of temperature distribution, both in the section of the part and directly
in the weld joint area, during the joining of dissimilar materials, is non-uniform and constantly
changing. When thermal cycling according to the developed mode of diffusion welding of industrial
parts, a fairly uniform heating of the parts along the radius is ensured. When increasing the
temperature range of thermal cycling, it is necessary to take into account the effect of non-uniform
heating on the stress-strain state of the joined unit.
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