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seen in the equation 6.3

f(t) =0.5 [U(t) - u(t - 01)] (63)

Comparison of responses from simulations in Matlab and Solidworks

——Matlab Simulation
—SolidWorks Simulation

Angle(sexagesimal)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time(s)

Figure 6.5: Comparison of responses of experiment 3 (¢ = 0.5Ns/m)

The responses obtained are quite similar. The main difference is the amplitude. The

SolidWorks simulation has less amplitude than the Matlab simulation. The difference

of deviation is not so high.

Experiment 4

For Experiment 4, the initial position is zero degrees. As well as experiment 3, rect-
angular pulse force is introduced, but it has a higher value F' = 1.5N and duration

to = 0.25s as seen in equation 6.4

fuy = 1.5 [u(t) — u(t — 0.25)] (6.4)
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Comparison of responses from simulations in Matlab and Solidworks

: : : ; )| ——Matlab Simulation
_____________ —SolidWorks Simulation
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Figure 6.6: Comparison of responses of experiment 4 (¢ = 0.5Ns/m)

As it is expected, in figure 6.6, the difference of amplitudes increases respect to ex-

periment 3 because a greater deflection. Regarding to frequencies, they have a similar
response.

Experiment 5

For this experiment, the rod has a initial angular position of 45°. Also, a force is
introduce with a value of F' = 0.5N and a duration 0.2s (equation 6.5).

Fay = 0.5 [u(t) — u(t — 0.2)] (6.5)
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—— Matlab Simulation

Angle(sexagesimal)
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Time(s)

Figure 6.7: Comparison of responses of experiment 5 (¢ = 0.5Ns/m)

It is observed in figure 6.7 that rod oscillates while a force is applied on it. This
is because the angular deviation is so high that force of the compression spring is
increased enough to recover its stabilization despite of the force introduced. However,
that force will be reducing while angular deviation increases, so the force applied is
greater than force of the spring. Consequently, it increases the angular deviation and
go on, until rectangular pulse force disappears. In this experiment, the amplitudes have
not too much difference of values. Frequency is the same, but as seen in experiment

2, there is an error due to higher angular deviation in Solidworks simulation.
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6.3.2 Analysis of the compliance

For this part of the simulation, the stiffness was tuned while the rod tries to return
to its stabilization point. The rod is rotated with a certain angle, depending on the
experiment. Experiment 1

For this experiment, the initial angular position is fixed in 10°. There are not external
forces, so the rod tries to return to its stabilization point. At the time = 0.1s the

motor started to rotate at a speed of 10rsps or 600rpm until time = 0.2s.

Response for a variation of an active coil

f=25.88Hz

Angle(sexagesimal)

0 0.1 0.2 0.3 0.4 05 0.8 0.7 0.8 0.9 1
Time(s)

Figure 6.8: SolidWorks’ response for experiment 1 (¢ = 0.5Ns/m)

As it can be seen in figure 6.8, the initial frequency is f = 25.88 H z until the rotation
starts. Later, after a transition state while motor stops, the frequency is increased
until f = 28.16Hz. Because the rotation speed is 10rsps, for a variation of time of
At = 0.1s the linear displacement would be 5mm. It means that a complete active
coil is decreased.

Experiment 2

For this experiment, the rod is introduce with a initial angular position of 45°. No
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external forces are introduced in the model. In this experiment, the motor start to

rotate at time = 0.1s until t2me = 0.3s with the same speed of 10rps

Response for a variation of two active coils
60

f=22.52Hz

Angle(sexagesimal)

Time(s)

Figure 6.9: SolidWorks’ response for experiment 1 (¢ = 0.5Ns/m)

From figure 6.9, it can be observed that frequency increases from time = 0.1s when

motor starts to rotate with a speed of 107rps until time = 0.3s. It means a displacement

of 10mm which would also mean a decrease of two active coils.
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7 Conclusions

Software for Multi-body simulation, as SolidWorks for this thesis, could have problems
in simulation due to its own limitation. For instance, the conflict of mates between
elements. Even when elements might have the same dimension to be mated, some
movements generate conflicts such as rotation. Nevertheless, it is possible to apply
sources for describing the behaviour as made in this work.

The comparison of the models developed in this current thesis indicates that they have
characteristics quite similar, even for angular deviation greater than 15°. That is the
value limit where system is supposed to have greater errors. As it was observed, the
approximated response works properly for a maximum deviation of 45°.

By tuning the compliance of an actuator, the response of the system changes not only
for frequencies, but for amplitudes as well because the value of stiffness is involved
in the calculations of both parameters. However, obtaining the response of both pa-
rameters with a tunable stiffness will increase its complexity, so it would be required

another strategy for calculations.
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