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THERMAL STRESSES IN A CERAMIC-METAL COMPOSITE
AFTER BRAZING PROCESS
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Abstract. The framework of this study is the thermo-mechanical analysis
and the simulation of brazing process of ceramic and metal composites.
Brazing is a welding process which produces the coalescence of materials
by heating them to a suitable temperature and by using a filler metal, having
a liquidus below the solidus of the base materials. The difference between
ceramic and metallic materials coefficient of thermal expansion (CTE) leads
to the development of residual stresses during cooling from brazing to room
temperature which reduce the bond strength. The design of joints in
engineering structures and the optimization of the industrial brazing process
require to determine and to analyze such a phenomenon. In this way, the
present work aims at first characterizing the progress these thermally
induced stresses and then, at creating a numerical model able to predict
their development in the ceramic-metal assembly during the brazing

process.

Keywords. Ceramic-metal assembly, Residual stresses, Brazing process,
FEM.

1. Introduction

During the production cycle of the ceramic-
metal assembly, the difference between
ceramic and metallic materials coefficient
of thermal expansion (CTE) leads to the
development of residual stresses during
cooling from brazing to room temperature.
It was found that the residual stresses
induced by such a thermal expansion
gradient could reduce the bond strength by
initiating fractures on the interfaces [1;2].
Many studies have been carried out to
estimate the residual stresses and improve
the bond strength. Many analytical and

numerical analyses [2-7] have been used
to calculate the residual stresses in the
ceramic metal assemblies.

Residual stress distribution depends on the
difference of coefficient of thermal
expansion (CTE) and the elastoplastic
properties of the components and on the
joining, geometrical and cooling conditions.
These main parameters of the brazing
process, which influence the residual
stresses, have been identified and
analysed with the ABAQUS code. The
results show that stress concentration
occurs near the ceramic-filler metal
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interface, which corroborates the
experimental observations [6]. During
cooling, the stresses increase gradually up
to a value limited by the plastic yield stress
of the filler metal.

2. Numerical model

The simulation conditions have to be
defined according to the process to create
a numerical model able to predict the
residual stresses development in the
ceramic-metal assembly. The figure 1
describes the cooling conditions of the
brazing process.
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Fig. 1. Cooling conditions of brazing process

The node temperature according to time is
given by a thermal analysis with the
ABAQUS code. Initial simulation
temperature is the filler metal solidus
temperature after brazing stage. As the
assembly is brazed in a controlled
atmosphere  furnace, the boundary
conditions have to be defined according to
the process. First, as the assembly is in
vacuum atmosphere until a low cooling
temperature, the boundary condition
applied to its external surface is the furnace
temperature. Then, cooling is accelerated
by introducing nitrogen into the furnace; the
boundary condition applied to the external
surface of the assembly turns into the
convection flow.

From this thermal analysis, the node
temperatures obtained according to time
are introduced in the mechanical analysis
to obtain the stress-strain response. The
thermal analysis effect on residual stresses
is discussed with the uniform cooling
hypothesis: all the node temperatures are
assimilate to the furnace temperature
according to time and introduced in the

mechanical analysis. Residual stresses
responses with the thermal analysis and
the uniform cooling hypothesis are
compared.

The brazing process numerical simulation
is now possible by modeling physical
phenomena like thermal transfers,
metallurgical changes and mechanical
behaviours. Figure 2 gives the physical
phenomena involved during brazing and
their coupling relations.
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Fig. 2. Physical phenomena during brazing
process and their couplings

The dashed lines represent physical
mechanisms, which are neglected in our
study. Ceramic, metal and filler metal
haven’t a metallurgical transformation after
the filler metal solidification (Initial
simulation temperature). The metal is an
austenitic stainless steel what has no
metallurgical transformation during the
cooling from brazing to room temperature.
There is no mechanical loading on the
ceramic metal assembly, so the plastic
dissipation is neglected and the thermal
and mechanical analyses are uncoupled.

The assembly geometry (Figure 3) for this
study is a cylinder. The model for the
simulation is axisymetric 2D. The bond
between ceramic and metal component is a
plane (disc area). Geometrical effects on
residual stresses are carried out with
factorial analysis. The  geometrical
parameters are the height of each
component: alumina (Ha), filler metal (Hgy),
stainless steel (Hss) and the internal (Ri)
and external radius (Rey) of the cylinder.
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For a full cylinder the internal radius value
is null (Ri=0).
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Fig. 3. Geometrical parameters of the ceramic
metal assembly

Two two-level factorial analyses are
performed to examine the impact of
geometrical parameters on the Von Mises
stress maximum value of the assembly,
one for the full cylinder design (Ri,=0) and
another one for the pipe design (Ri,#0). In
the factorial experiments, the maximum
stress value is calculated for sixteen
different assembly models where four
factors are each assigned two levels. The
factors and their levels are described in
table 1-a. for the full cylinder (Ri+=0) and in
table 1-b. for the pipe design (R0 and
HFM=0.1mm).

Table. 1. Geometrical factors level (mm)
a) full cylinder design — b) pipe design

a) A | +1 b) | 1 | +1
Rew | 15 | 30 R | 6 | 8
Hss | 10 | 20 Rew | 10 | 14
Hew | 0,05 | 0,15 Hss | 20 | 40
Ha | 10 | 20 Ha | 20 | 40

The ratio between the alumina and
stainless steel height (Ha/Hss) represents
an important factor. The filler metal height
(Hrv) maximum value is limited by the
brazing process.

Materials  behaviour  depending on
temperature has an important influence on
the residual stresses distribution.
Concerning the dependence of material
behaviour on temperature, the ceramic is
known to be linear elastic and its
parameters have been identified through
ultrasonic tests at room temperature. In
opposition, the metal and the filler metal

exhibit elastoplastic behaviour depending
on temperature [8;9]. Full bibliographic
mechanical and thermal properties (table 2)
are available for alumina (A), stainless
steel (SS) and the filler metal (FM).

Table. 2. Mechanical and thermal properties of
each component depending on temperature

Young’s modulus E (GPa)

T(°C) | 20 | 100 | 200 | 300 | 400 | 500 | 600

A 330 | 330 | 330 | 330 | 330 | 330 | 330

FM 79 | 79 | 79 | 79 | 79 | 79 | 79

SS | 193 | 191 | 183 168 148

Poisson coefficient v (.10-2)

T(°C) | 20 | 100 | 200 | 300 | 400 | 500 | 600

A 26 | 26 | 26 | 26 | 26 | 26 | 26

FM 33 | 33 | 33 | 33 | 33 | 33 | 33

SS 22 | 27 | 27 31 37

Thermal expansion coefficient a (.10-6K)

T(°C) | 20 | 100 | 200 | 300 | 400 | 500 | 600

A 79 79|79 7979|7979

FM 20 | 20 | 20 | 20 | 20 | 20 | 20

SS 19 [ 19 | 19 | 19 | 19 | 19 | 19

Yield stress oy (MPa)

T(°C) | 20 | 100 | 200 | 300 | 400 | 500 | 600

FM | 247 | 183 | 87 | 40 | 27 | 13 6

SS | 247 | 243 | 169 | 148 | 136 | 133 | 125

The residual stresses distribution of an
elastic model and a plastic model are
compared. Two yield stress evolution
depending on temperature (Figure 4) are
studied to understand their effect on
residual stresses distribution, evolution and
maximum value.
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Fig. 4. Filler metal plastic yield stress evolution
depending on temperature
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3. Residual stresses

3.1. Effect of the material constitutive lows

Figure 5 presents the evolution of the
stress along the free side surface. It
appears that the hypothesis of an elastic
behaviour over-estimate the residual
stresses. In this case the stresses are four
times more important than those with the
elastoplastic model. Simulation cannot be
carried out in linear elasticity. Moreover,
there are no difference for the residual
stresses results between the perfect
plasticity and the hardenable plasticity
hypotheses. The work hardening model for
the plastic strain stainless steel has a very
low impact on the stresses values. In this
simulation, the plastic strains are limited.
The filler metal yield stress value is the
most important material property to
estimate the residual stresses values on
the ceramic metal assembly. The perfect
elastoplastic model appears to be the more

suitable for the residual stresses
estimation.
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Fig. 5. Stress distribution along the assembly
free side surface

In the high temperatures range (over
400°C) materials are less rigid, and upper
their yield stress value there is flow of
material. This result is true for the filler
metal whose vyield stress value at high
temperature is very low, (13 MPa at
500°C). The filler metal flow at high
temperature limits the stress growth on the
other components of the ceramic metal
assembly. The filler metal is an interface
between two materials which accept the
shearing strains created by the thermal
expansion coefficient difference between
the alumina and the stainless steel part.

In the low temperatures range (under
300°C), the materials are more rigid. Thus,
the filler metal and stainless steel have the
same plastic yield stress value (247 MPa at
20°C). The stresses increase at low
temperature when the interlayer metal
loses its ductility.

The residual stresses evolution follows the
pattern of the filler metal plastic yield stress
during cooling (figure 6). The residual
stress value is limited by the plastic yield
stress of the filler metal. The most
important data is the plastic yield stress at
20°C, because the two different evolutions
lead to a maximum stress difference of 20
MPa.

The vyield stress evolution depending on
temperature has a significant impact on
residual stresses evolution during the
brazing process but not on their final
values.
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Fig. 6. Maximal stress evolution depending on
filler metal plastic properties

3.2. Effect of the cooling conditions

The thermal gradient in the ceramic metal
assembly is low (3 at 5°C) during cooling
simulation for the perfect conduction and
for the radiation and convection

hypotheses ( figure 7).
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Fig. 7. Heat gradient
a)perfect conduction - b)radiation and convection



Cazajus V., Seguy S., Lorrain B., Welemane H., Prat C., Karama M.,
THERMAL STRESSES IN A CERAMIC-METAL COMPOSITES AFTER BRAZING PROCESS

Residual stresses responses with the
thermal analysis and the uniform cooling
hypotheses are the same (figure 8); the
curves are perfectly identical for the two
cooling conditions.
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Fig. 8. Final stress distribution along the free side
surface depending on cooling conditions
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The thermal analysis shows that the heat
gradient value in the ceramic metal
assembly is very low, so this gradient has a
significant impact on the residual stresses
evolution and distribution during cooling but
not on their final values (figure 9).
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limited by the brazing process, so its
impact on residual stresses is limited.

For the pipe design (Ri#0), alumina and
stainless steel height don’t have an
important impact on the residual stress
because the effects are very low. But if the
internal radius (Rit) increases, the stresses
decreases, and if the external radius (Rex)
increases, the residual stresses increases.
For this geometry, it is necessary to limit
the pipe thickness to limit the residual
stresses.

Table. 3. Factors effects
a) full cylinder design — b) pipe design

a) Rext Hss Hem Ha
Effects | 13073,5| -1753,2 | -408,6 | 16294,3
b) Rint Rg(t HSS HA

Effects | -84,57 | 127,01 | -1,82 -1,39

.
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Fig. 9. Maximal stress evolution depending on
cooling conditions

3.3. Effect of the geometry

The effects of the geometry are described
in table 3-a. If the alumina height (Ha) and
the part radius (Rex) are increased, the
stresses in the assembly will increase,
because the effect is positive. Then, if the
filler metal (Hgy) and stainless steel height
(Hss) increase, the stresses in the
assembly will decrease with a smaller
effect. These results are qualitatively
interesting; nevertheless it's difficult to
braze a high thickness of alumina. These
results are correlated by existing data [7].
The maximum stresses are obtained for the
biggest alumina and stainless steel height
ratio (Ha/Hss=2 for Ha=+ and Hss=-). The
filler metal height (Hpw) maximum value is

4. Conclusion

The following conclusions can be drawn for
the different parameters effects on residual

stresses during the brazing process
simulation.
Mechanical behaviour and geometrical

parameters have a significant influence on
the residual stresses distribution and their
maximum values. The difference between
ceramic and metallic materials coefficient
of thermal expansion (CTE) and the
metallic materials elastoplastic properties
are the most important parameters of the
assembly mechanical behaviour. The ratio
between the alumina height and stainless
steel (Ha/Hss) represents the most
important geometrical factor.

The cooling conditions and the filler metal
yield stress evolution depending on
temperature have only a significant impact
on the residual stresses evolution during
the brazing process and not on the final
value.
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