Comparison of Simulation Software

Comparison 5: Two State Model

Comparison 5 has to be revised due to wrong numbers
given for tasks ¢) and d). Please note that in task c) the time
Jor the last discontinuity has to be changed, and conse-
quently the final value for y). In task d) the value for
parameter c2 in state 2 has to be changed. For more infor-
mation see also comparison 5 solution with SIL, page 38.

In many engineering problems simulation models turn
out to be discontinuous. That is, the solution itself is con-

tinuous, but either the first or higher order derivatives have
Jjumps. Discontinuities may occur either at specific time
points or when certain conditions are satisfied.

When a discontinuity has been passed, not only the model
may be changed, but also the function that determines the
location of the discontinuity, Consequently, if this dis-
continuity is not correctly modelled and determined, respec-
tively, the results may go wrong qualitatively.

This example tests the ability of the simulator to handle
discontinuities of the forementioned type in a satisfactory
way. The problem is as follows

dyi/dt=c1 * (y2+¢2-y1)
dy2/dt=c3 * (cs - y2)

This ODE system is essentially a simple linear stiff
problem with exponential decays as analytical solution. One
of these is a very rapid transient, and the stationary solution
of the slow decay varies from the two states of the model.
This actually "drives” the model (and the discontinuity).

Parameters c1 and c3 remain unchanged during simula-
tion: ¢1 = 2.7E-6, ¢3 = 3.5651205.

The model operates in two states:

¢21s 0.4 and ¢4 is 5.5 when the model is in state 1
(also the initial state). The initial values are y1(0) = 4.2 and
y2 (0) = 0.3. The model remains in state 1 as long as
¥1 < 5.8. The choice of ¢z and ¢4 ensures that y1 will grow

past 5.8.

When the model switches to state 2, parameters c2 and c4
change to ¢2 = -0.3 and c4 = 2.73. The model remains in
state 2 as long as y1 > 2.5. When passing this instance the
model switches back to state 1; the choice of ¢z and c4
ensures that this will happen.

The time interval is 0 to 5.

The tasks to be performed are:
a) Plot y1 as function of time.

b) Printout the time for every located discontinuity and
the final valve y1(5.0).

¢) Repeat quesuon b) for the true relative accuracy va-
rying between 10°°, ° 101

Analytical solution values can be found, so for compari-
son we state that the last discontinuity occurs at time
4.999999646 and the y1(5.0) value should be approximately
5.369. If the last discontinuity is not located, the previous
ones are not found with adequate accuracy. The value of
y1(5.0) also reflects the accuracy of the locations of the
discontinuities and any value between 5.8 and 5.1 can be
expected.

d) Change the state 2 parameter values of ¢z to -1.25, ¢4
to 4.33 and the condition to y1 > 4.1 and rerun a) and b) with
a true relative accuracy of 101
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