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2. Introduction

A control system is an arrangement of physicd componrents conneded or related in such a
manner as regulate itself or anather system. For testing and simulating such systems either
lots of hand cdculations have to be dore, or atod like Matlab icluding Simulink can be used.

3. Objectives

The objedives of the Lab wereto simulate aliquid level control system with an eledrically
driven pump and a presaure sensing liquid level transducer whase output corresponds with the
level of water in the liquid tank.

Figure 1 shows the simplified owerall block diagram of the system.

figurel




The equations governing the tank are & foll ows:

dh
A—=Q, -

dt an Qout
Qout :Cda Zgh

where A isthe aoss ®dional area of the tank =0.0Im?*=100cm?
Qin isthe flow rate of water into the tank
Qout isthe flow rate of water out of the tank (cm3/sec)
Cqisthe discharge wefficient of the tank outlet =0.7
aisthe Areaof the tank outlet =0.473cm?
g isthe gravitational constant

The pump and the liquid level gains were obtained from a graph containing the pump and the
level sensor characteristics.
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C,a,/2g Cqisa mnstant, which can be calculated by C,a,/2g =14.67



4. Lab procedure

a) Simulation diagram

First part of the Lab procedure was to design asimulation dagram of the system with Vi, as
the referenceinpu an hand Vy, as the system outputs.
Figure 2 shows the resulting diagram.

figure2




b) Response of h versustime

The next part was to perform atransient response on the system and dot the respornse of h
versus time.

h versus time with 1V step input
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From this plot the time anstant T of the system can be obtained, by reading the time which

the output neeads to reach 63 per cent of itsinpu.

The plot was obtained by using the workspacefunction d Simulink. It writes the simulation
result into amatrix, which can be used in Matlab with the plot function. Also the labels and
the titles were alded by means of the gpropriate Matlab functions.



c) Open loop Transfer function

From b) Resporse of h versus time the open loopgain, the time cnstant T and the open loop
gain can be determined. Hence the transfer function can be determined.

Asauming a 1% order function H(s) is given by H(s) = 9

1+st
where g isthe open loop gain and T thetime @nstant.

0.25
1+5s

Hence H(s) =

Anather way to derive the transfer functionisto describe the transient function take the
Laplacefunction d it and apply an step input to it.

h(t) =g(-d *)

Laplacetransform:

applying astep inpu means to multiply H(s) by s

H(s) = g _025
1+1s 1+5s

which leads to the system’ s transfer function.



d) Output versus different input voltages

Next part of the Lab was to simulate the system and a so the transfer function with dff erent
step inpu voltages.
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When comparing the two graphs, it can be seen, that the system canna be of first order. This
isdueto the square root of h in the badkward loop d the system.

e) Controller driven pump

Last part of the Lab wasto add a cntroller with gain K to the system, such that the controll er
drives the pump. The output of the controller isthen Vc=K*(Vi,-V}). Theinpu of the system
isnow the reference height hj,, which was to set to 15cm.

For various values of K atransient response shoud be obtained with and withou a maximum
pump vdtage of 10V.

Figure 3 shows the resulting block diagram, where Gain4 is the alded controller and Gain3
the Pump.
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i. without constrained pump-voltage

k=1

k=0.7

k=0.5

k=0.3

k=0.1

The simulation withou a @nstrained pump vdtage is not very redistic, because every
eledric an medhanic devices have restrictions, which bring them away from their ideal
characteristics.

For exampl e the voltage applied to the pump must nat be increased over amaximum level in
order to prevent damage from the pump. This decreases the time & which the tank readhesits
maximum level li ke shown at the figure on the next page.

If the gain K of the controll er exceads alevel abou 0.7 the water height exceeds the desired
level of 15cm.
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ii.  With pump voltage constrained to 10V

k=1

k=0.7

k=0.5

k=0.3

k=0.1

It can be eay seen, that therising timeis much greaer than in the diagram above, because the
power suppy of the pump isreduced to 10v. Hence the pump can oy transport arelativly
small amourt of liquid.

For the simulation d the pump vdtage constrained to 10V a

5. Conclusion

Matlab is avery powerful tod to simulate very complicate processes without the need of
solving complex equations. ‘But it is very essential to understand the process which isto
simulate to prevent wrongresults andin some spedal cases Matlab can provide wrong resullts.
So the results have to be dways checked ontheir correaness

Dirk Becker, dirk.becker@gmx.de, www.oldradio.home.pages.de
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