
ABSTRACT

In the analysis of the thermo-mechanical
response of the wire bond connection found e.g in
IGBTs modules, it has been found that the level of
stresses are within the plastic range [1]. Therefore an
incremental (or/and) transient analysis is necessary to
obtain reliable data for a further fatigue analysis for
example. The subsequent increase of computational time
when compared to the thermo-elastic case is so impor-
tant that the reduction of computational time must be
searched in every possible direction. This paper focuses
on the time stepping optimization. The time integration
features are first recalled. In a second section, the time
stepping optimization itself is described with its various
possible variants. Finally, numerical examples are dis-
cussed.
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NUMERICAL TIME INTEGRATION

Thermal case

The numerical scheme used to integrate the
global semi-discrete heat transfer equation belongs to
the family of the Generalized Midpoint Schemes. It
encompasses the classical explicit and fully implicit
Euler schemes. It involves the known previous time step
and the current unknown nodal temperature field.

Mechanical case

The integration of the plastic dependant behav-
iour is done locally and based on a return mapping algo-
rithm consistent with the global equilibrium equation.
As it is equivalent to an implicit Euler scheme, the latter
one will also be used in the thermal case. The variable of
interest  here is the equivalent plastic strain.

TIME STEPPING PROCEDURE

The time stepping procedure can be divided
into two different and independant steps.

First of all, an error bound relative to the time

integration scheme adopted must be devised. This error
bound enter the family of a priori estimate. Depending
on the considered problem, various and performing error
bound can be found in the litterature. As mentionned in
the previous section, a two step schems is used for the
integration of the thermal and the mechanical problem.
Accordingly, the final error bound will involve the rele-
vant field at the current time step to be computed and the
known field at previous time station.

We have to mention now that the situation for
the thermal and mechanical problem are quite different.
For the linear thermal problem, a rigorous and true error
bound can be derived while for the mechanical part, it is
not possible to exhibit such an error bound. It may be
considered as a reasonable extension of the thermal case
template.

The second step of the procedure is called the
time correction strategy because it consists in changing
the current time step in order to obtain an error as close
as possible to the user given tolerance. Assuming that V
is the variable in consideration, the discrete and practical
error as derived from the theoritical continuous error
bound can be written:

E=||Vn-Vn-1|| < Tol (1)

Where the subscripts n and n-1 denote the current and
previous time station index and Tol is a user given toler-
ance. The norm used in Eqn. (1) is the so-called infinite
norm.

A first computation is done with a time step set equal to
the previous one. If the the computed error E is close to
the tolerance, no time correction is necessary and the
simulation may go to the next increment. If the error is
too small, a new time step larger than the current one has
to be used and the computation must be done once again.
If the error is too large a same process apply with a
larger time step. The unknown field is computed until no
more correction  is needed.

Thermal case [2]

The inital error bound consistent with the back-
ward Euler scheme can be written:

||Tn-Tn-1|| < Tol (2)
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The time step does not appear here but it is implicitely
contained in the solution Tn. The tolerance is given is
degree K.

This leads to the following algorithm for the
time stepping of the thermal problem:

1/choose the inital arbitrary time step
2/solve the thermal heat equation with∆tn=∆tn-1
3/if the error belongs to the interval [γTol,Tol] than
accept this time step
4/Otherwise increase or decrease the time step by a
common given factor.

The curve on fig.1 shows the profile of the
time step correction:

Fig.1 Time Step Correction vs. Nor-
malized error for the thermal prob-
lem.
The parameter f is the scaling factor
and is always greater than 1. The
parameter γ determines the area
where no time step change is needed.

The value of 0.5 forγ seems to be a good com-
promise. Usually, the scaling factor is also taken to be
equal to 2 but the example presented later suggests that
a value of 3 is more optimal.

Mechanical case[3]

The final form of the error bound driving the
time stepping procedure is very similar to the thermal
case:

||εp
n-εp

n-1|| < Tol (3)

Where the tolerance is directly given in plastic strain
unit in %.

However, this error bound is valid only for the
considered increment while in the thermal case the
error bound was valid for the cumulated increments.
The time step correction pattern is somewhat different
as shown in the Fig. 2:

Fig.2 Time Step Correction vs. Nor-
malized error for the mechanical
problem. The driving parameter is
the equivalent plastic strain.

The coupled case

In the thermomecanical case, both the thermal
and mechanical case give possibly a new value for the
time step. Two configuratiom may be considered:

If the coupling is weak, different time steps for
the two problems may be used and the two problems
are solved separately using interpolated values of the
other problem as input. For example, if the thermal
problem require large time step, it will be computed
first and for intermediate time steps required for the
mechanical problem, the value of the interpolated tem-
perature will be used to compute the thermo-elastic part
of the deformation. This option may be very efficient
from the computation time viewpoint.

If the coupling is strong, both problems are
solved for the same time station set. The global time
step in this case is the smallest of the two problems.
This option is obviously the easier to implement but it
can require a high computational cost even if one of the
problem is not very “active”.

NUMERICAL EXAMPLES

Example 1:

In this example concerning the temperature, a
true stationary state is reached: the heat source is a heat
power generation. A priori, the automatic time stepping
procedure will detect and adapt the time step significan-
taly near the end of the simulation. Figure 3. shows the
evolution of the time step versus the number of incre-
ment. It can be seen that each time a jump appears in
the curve, the time step is increased. At the very end of
the simulation, the increase take an exponential form.
The companion curve concerning the norm of the error
show oscilations of the norm with lowest points con-
cerning the change of time steps. At the beginning of
the process, the adaptation of the initial time step is
well seen on this curve.
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Figure 3.: Thermal Simulation: Time
Step vs. Increment Number. The time
step increase is noticeable near the
end of the simulation.

Figure 4: Transient Norm of the tem-
perature vs. Increment Number. The
initial adaptation for the initial time
step is clearly visible on the norm.

Example 2:

This example concerning the mechanical part of the
simulation is very different since the load is non exis-
tent at the beginning of the simulation: the plastic range
is not reached and thus for elastic behaviour there is no
condition on the time step. Once the system enter the
plastic state, a stationary regime at approximatively
constant plastic load is reached. A priori, the time step
will me more or less constant.
Figure 5 and 6 show the similar curves as in the previ-
ous example and show up clearly the different stage
described below.

Fig. 5: Time Step vs. Increment num-
ber for the mechanical problem. The
stationary regime is reached giving a
nearly constant time step.

Figure 6: The norm curve vs. the
increment number shows that after an
initial elastic regime where the error
is 0, the plastic regime tends towards
a constant error equal to the pre-
scribed one.

Example 3:

In this last example is shown the influence of the scal-
ing parameter for the same configuration as in the first
example. Figure 7 shows that better performances are
obtained for a value of 3 (rather than 2) . It allows to
gain additional time (provided that the computational
time for one increment is always the same)
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Fig. 7: Thermal problem: compari-
son between a scaling factor of 2
and 3. This highest value improve
the performance by about 20%.

Finally the curve of the norm shows why a scaling
factor larger than 3 would not be adapted because the
highest point for the amplitude of the oscilation is
very close to the treshold value of 1. Indeed the ampli-
tude of the oscilation is directly related to the scaling
factor. If this one is too small, the algorithm will lead
to an unnecessary small value for the error. If it is too
large, the first corrected time step may lead to an error
greater than the tolerance an then request an inverse
correction, starting up an endless trial/correction
loop.

Figure 8: The two curves show the
norm evolution pattern when the
scaling factor is changed. The norm
exhibit a larger amplitude of oscila-
tion when the scaling factor
increases.

CONCLUSION

A time stepping procedure for the thermo-mechanical
finite element simulation has been presented. It allows
to reduce the computation time by a significant factor
when compared to the standard uniform time-step-
ping.
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