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I ntroduction

In this lab we will be testing a system to find gt@nt model. From this plant we will
design a controller to give a better step responseeddytftem. We chose to analyze Rectilinear
Dynamic System (Mass Spring)/ Model and chose to usBlibe&ontroller to give us this better
response.

Analysis and | dentification of System Properties

The open loop step response of the mass spring syssbiows below. From this response we
found the system characteristics shown in the tadd@b
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Overshoot 63.2%
Damped Frequency 3 Hz
DC Gain 0.85




From the numbers above we where able to find thesferafunction of the system using
Mathcad.
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Below is our Matlab simulation of our open loop plant ni@ahel the Bode plot.

| System: p

Peak amplitude: 1.39
! Overshoot (%): 531
I At tims (sec) 0.168

system: p
seo 1% -
- Settling Time (seck 1,36 - — - — === — - — - — - — - — - Final Value: UBS_

| System: p
Rise Time (sec): 0.0804




Below is a table summarizing the characteristicsunfdant model.

Overshoot 63.1%
Damped Frequency 3 Hz

DC gain 0.85

Gain Margin Infinite

Phase Margin 26.9 deg
Settle Time 1.36 seconds

This is very close to our physical system characdiesis

Design of Controller

We chose to design a controller to give us 20% overshiwbteduce the settle time to 0.1
seconds. Using the analytical PID design method wenalotdhe controller design shown

below.

Proportional Gain K

Integral Gain K

Derivative Gain k

10.6

0.1

0.19

Below is the Simulink model of our system with the Riintroller.




When we tried to implement this controller for the gibgl system, we found that these gains
were far too high and the system would become unst&iéereduced the gain until we
achieved stability in the system. When stabilitys\aétained, we adjusted the gain until the
optimal step response within our design specificationsolvasrved.

Below is the final numbers we obtained for the physigstem controller.

Proportional Gain K

Integral Gain K

Derivative Gain k

1.5

0.6

0.015

Below is the closed loop step response of our systeimthetincluded PID controller.
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Below is a table of our system with the controliaplemented.

Overshoot 14.4%
Settle Time 0.08 seconds
DC Gain 0.975




We returned to Matlab with our iteratively determined harms. We noticed that these numbers
where a factor of ten different than those previodshermined. Thus we multiplied our
experimentally determined gains by ten in our models @ave us the following graphs.

Step Response of the controlled system

Bode Diagram
Gm=Inf, Pm=42.4 deg (at 79.2 radisec)
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Analysis of results

We noted that there seems to be a discrepancy ofa faf ten between our Matlab
numbers and our physical system numbers. Possiblensefisahis could be changes made to
the system by other users (damper screw, etc.) oegdaacies in the controller software. When
we simulated using the physical numbers multiplied by tenhgerved very similar results.

We improved the overshoot from 63.1% to 14.4%, the detitefrom 1.36 seconds to
0.08 seconds and the steady state error from 15% to 2.58edry with the presence of an
integrator we should have a 0% steady state error; l@veenr step response period was not
long enough to see our system reach 0% steady state error

We achieved numbers better than our specificationdhéovershoot and settle time.
This is likely due to our iterative method of design. Avdoack to this design is we cannot
reproduce the results exactly in Matlab.

Conclusion

For this laboratory, we analyzed the step respondgeahass/spring system to obtain a
plant model and then designed a PID controller to imptioigeresponse. Using the analytical
PID design contained in our textbook, we calculated tbessary PID components to lower the
percentage overshoot, as well as lower the settéewiith the following parameters: P= 0.41,

I= 0.1, D=0.002. When we used this controller on the aotaas/spring system, the response
was not as anticipated, as it became unstable whenguyor noise was added to the system.
The most likely factor causing the system to behaverdiitly is the plant could have been
altered since the previous time we used it. Although a@enstrides to recreate the original
system, the damper was moved since we last had modelgthtit and it is possible that a
different spring was inserted into the system. Assaltethe plant was altered and our controller
did not behave properly.

Once we saw the controller was not working for thesn” system, we found an effective
PID controller by an iterative approach. We found @ &bntroller with the following
parameters to be effective: P= 1.5, I= 0.6, D= 0.015. W tie® controller in Simulink with
our original plant model and it was in turn, not effegtiAgain, this was most likely caused by
the plant being changed.

From this laboratory, we learned it is absolute§eesial that the plant is not altered at all
when a controller is being designed to control the plérthe plant is altered, the controller that
was designed will most likely be ineffective. Additidpait is impossible to perfectly model
any physical system. Any model that is generated fyaical system is an approximation.

For this second order system, it is usually possibleake a fairly accurate model that can be
simulated in Simulink. Our original model did closely mathel original system, so our
controller should have been effective had the origifaait not changed. Overall, this lab
provided us with good experience on real life controllsigeand some of the potential
difficulties.



