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Error Signal:

It is the signal obtained by the difference between the Set-Point and the feedback signal
supplied by the Signal Conditioner.

Disturbance:
It is an unwished (input) signal which changes the value of the output.

The main advantages of the closed-loop control systems in respect to the open-loop ones
and which justify the use of the closed-loop control can be synthesized in this way:

» Less sensitivity to parametric variations.
» Less effects on the disturbing actions.

The importance of these two advantages can be better explained by the fact that parametric

variations and disturbances are generally aleatory, i.e. unpredictable if not in their statistic
characteristics.

Procedure:

1. Connections between G30A and G30B:
e Connect jack 15 of G30B to input +12V DC/1.5A of G30A.
e Connect jack 3 of G30B to jack 6 of G30A.

2. Connection between G30A and TY30A:

e Connect “+” and “-“ present on G30A to corresponding terminals of

TY30A.

e With DIN cable connect G30A to TY30A.

3. Power supply for module G- 30A: connect power supplies + 12 VDC/2A and
5VDC/1.5A
4. Power supply for module G- 30B: connect + 12 VDC/2A & +12VDC/2A.
Inside module G30A, connect terminals 6 to 7,8 to 14 this will enable display to
show level of liquid.
Make connections as per figure given bellow.
Put level switch to ON position on G30A.
Open valve V1 of Unit TY30A to half position and turn valve V2 ON.
Turn switch I1 to position LEVEL.
0. Set PID controller to half way position with the knobs PROPORTIONAL,
INTEGRATIVE and DERIVATIVE.
11. From Set-point and Error Block of G30B apply a voltage of OV at terminal 2 and
note the display of G30A.

12. Fill the observation table taking corresponding readings.
13. Also note the effect of changing the flow of fluid by varying valve V1.
14. Draw graph taking Set-point values on x-axis and level in mm on y-axis.
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Observation:
S/No | Set-point Level in mm
value (Volts)
1
2
3
4
5
6
7
8
9
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Effect of increasing decreasing flow by valve V1:

Result:

The Automatic Close Loop System of Level Control is studied and the effect of variations
are observed.
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Experiment # 7

Object:

The effect of PROPORTIONAL, INTEGRETIVE and DERIVATIVE Components of PID
Controller on Closed Loop Automatic Control of level.

Equipment:

9. Measurement Unit mod. IU9/EV.

10. Power Supply module PS1-PSU/EV.

11. Module holder.

12. Level, Pressure and Flow rate transducer kit G30A.
13. Level and Flow Control kit G30B.

14. Attachment unit TY30A/EV.

15. DIN cable.

16. Connecting wires.

Theory:

Proportional Action (P):

It is the action introduced by the amplifier attenuator. The output, apart from the
multiplicative coefficient, is a perfect copy of the input. The figure shows an amplifier
attenuator which transfer function is equal to KP.

Vi Va=KpsVi

Integrative Action (I):

This action is introduced by a pure integrator. The transfer function of the block bellow
which carries out the integrative action is equal to:

W(s) = KUs = 1/(1Ls)
28



where “tI” is called “Time constant of the Integrative Action". The output, related to a step
input, has a delay of linear kind. After a time equal to the constant of the Integrative action,
the output reaches the value of the input. Once the input value is reached, the output keeps
on rising with the same slope, until the input is null.
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Derivative Action (D):

It is the action introduced by a pure derivator. The output, relative to a linear ramp input,
has a value equal to the one the input will take after a time equal to the constant of the
derivative action.

The transfer function is equal to:

W(s) =s.KD =s.Td

where tD is called "Time Constant of the Derivative Action" and which
physical meaning is shown in fig. bellow.

Vi VD:KD“S'vi

i HDI'S -

The value of the output, equal to the value the input will take after a time tD, is kept until
the input changes slope.
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Regulation with (P) Controller:

With this kind of regulator the output signal of the controller is proportional to its input
signal: the variable which can be varied in this case is the constant of proportionality, i.e.
the ratio between

output and input. There is a value of the output signal for each value of the input signal,
this value is determined by the constant of proportionality. The above said is true only if
the controller is ideal; with a real controller, if the constant of proportionality is too big or
if the constant of proportionality is too high, there is saturation and consequently a non
linear behavior. It is obvious that the behavior is linear only for a limited band of input
values (proportional band).

Refer to fig. to see this fact better. ASASA
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The error signal, obtained by the comparison between the reference signal (wished value
for the output) and the signal supplied by the signal conditioner of the transducer (value
effectively obtained across the output), normally constitutes the input signal of the
controller; this signal, on passing across the proportional controller, is amplified by the
constant of proportionality (KP).

Outside the proportional band (where the behavior is linear) the controller determines a
production of ON/OFF power, i.e the actuator is applied all the power available or nothing,
while inside it the power is modulated.
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Once the transistors are modulated, the power supplied by the amplifier of the actuator,
depends on the power supplied by the load and by the efficiency of the same actuator.

The main characteristic of this controller is to have an error always different from zero; we
can affirm that the error is proportional to the gain of the regulator and depends on the
coefficient KP and by the value of the proportional band. We can also say that the error
different from zero is necessary to obtain an output voltage different from zero. You must
also note that, when the KP increases, if the error diminishes, the system gets toward
unstable condition. According to the proportional band set there are different behaviors of
the controlled variable (in this case level) as function of time.

Fig. shows different behaviours of automatic control of level with:
a) Too large Bp

b) Correct Bp
c¢) Too narrow Bp

TITrbb————=—

Regulation with (P I) and (P I D) Controller:

In the integrative controller, the output voltage is the integral of the input voltage. The
main disadvantage of the controller with proportional action is that it always needs an input
voltage different from zero (and consequently an error different from zero in closed-loop
control systems) to have an output voltage different from zero. With the integrative action,
there can be an output different from zero with null output and then the error with at steady
state can be reduced to zero.

Then, the great advantage of the integrative controller is to reach a steady state with null
error. Anyway, if the inertia of the system is high or if the time constant of. the integrative
action is high, it may happen that the system is taken to unstable conditions (oscillations).
To solve these problems, we can put together the proportional and the integrative actions,
in order to exploit the advantages of both regulations and reduce the introduced problems.
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If the oscillations remain, you can add the derivative action, together with the proportional-
integrative one: the effectiveness of the derivative

action depends largely on the controlled variable. In the derivative controller the output is
the derivate of the input function and so it has a high influence on the signals which rapidly
vary. As limit case with constant input voltage, its output is null. While the process
evolves, the derivative action decades and the integrative one takes its .place to reduce the
regulations error to zero

in respect to the steady state value. We will see, that in case of level and position
regulation, the

Influence of the derivative action is very poor due to the fact that the variables under test
vary very slowly.

Procedure:

15. Connections between G30A and G30B:
e Connect jack 15 of G30B to input +12V DC/1.5A of G30A.
e Connect jack 3 of G30B to jack 6 of G30A.

16. Connection between G30A and TY30A:
e Connect “+” and “-“ present on G30A to corresponding terminals of
TY30A.
e With DIN cable connect G30A to TY30A.

17. Power supply for module G- 30A: connect power supplies £ 12 VDC/2A and
5VDC/1.5A

18. Power supply for module G- 30B: connect + 12 VDC/2A & +12VDC/2A.

19. Inside module G30A, connect terminals 6 to 7,8 to 14 this will enable display to
show level of liquid.

20. Make connections as per figure given bellow.

21. Put level switch to ON position on G30A.

22. Open valve V1 of Unit TY30A to half position and turn valve V2 ON.

23. Turn switch I1 to position LEVEL.

24. Insert only PROPROTIONAL action of controller by connecting only the P knob
and setting it to minimum value.

25. From Set-point and Error Block of G30B apply a voltage of OV at terminal 2 and
note the voltage level at terminal 4 of Set-point Block which is the Error signal.

26. Fill the observation table taking corresponding readings.

27. Measure for all values indicated in the observation column.

28. Now change the value of KP by P knob to maximum and repeat the same.

29. Draw the two graphs on single graph paper taking Set-point values on x-axis and
Error output on y-axis and also give your conclusion on the space provided.

30. Now insert Integrative and Derivative control on PID and put them on half way
positions and measure the Error signal.

31. Note how the Integrative action tends to zero the Error.

32. Turn I & P knobs to minimum and check the error again.

33. Give your observation stating why system is not stable at high P values.
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TY30A

Observation:
S/No | Set-point | Error at | Error at|Error
value min P|max P |when
(Volts) (V) (V) PID(V)

O (0 QI NN =W~

33




Effect of increasing decreasing P value:

Result:

The effect of different components of PID on Automatic Close Loop System of Level
Control are studied and the effect of variations in Proportional Band are observed.
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Experiment # 8

Object:

To study the Closed-loop Automatic Control of flow and the effect caused by the variation
in the conditions.

Equipment:

17. Measurement Unit mod. IU9/EV.

18. Power Supply module PS1-PSU/EV.

19. Module holder.

20. Level, Pressure and Flow rate transducer kit G30A.
21. Level and Flow Control kit G30B.

22. Attachment unit TY30A/EV.

23. DIN cable.

24. Connecting wires.

Theory:

FLOW DIGITAL MEASUREMENT:

The Flow Transducer:

The proper name of this sensor is "blade or turbine flowmeter"; this chapter demonstrates
how this sensor can give meaningful information on the flow. The sensor consists in a
turbine on which blades the magnets are mounted (see figure).

~ MAGNET

——  BLADES

The rotation of these magnets, caused by the water flow, is detected by the magnetic field
sensor (Hall Effect probe), which permits to transform the magnetic field variations into
electrical variations (voltage variations). Once filtered and squared by the signal
conditioner, the voltage variations generate a rectangular pulse corresponding to the
passage of the blades in front of the Hall Effect probe.
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As the rotation angle of the turbine is proportional to the volume of the liquid flowing
across the blades, the sensor produces a number of pulses carried out via the modules
G30A and G30B and via the external unit TY30A, appears as shown in the block diagram
of fig. bellow.

]
G308
TY304

+ PID POWER
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CONDITIONER

B -

As concerns the different actions developed by the PID controller you can refer to the same
considerations made in the previous experiment.

A

Procedure

34. Connections between G30A and G30B:
e Connect jack 15 of G30B to input +12V DC/1.5A of G30A.
e Connect jack 3 of G30B to jack 6 of G30A.

35. Connection between G30A and TY30A:
36



36.

37.
38.

39.
40.
41.
42.
43.

44,
45.
46.

47.
48.

e Connect “+” and “-“ present on G30A to corresponding terminals of
TY30A.

e With DIN cable connect G30A to TY30A.
Power supply for module G- 30A: connect power supplies + 12 VDC/2A and
5VDC/1.5A
Power supply for module G- 30B: connect + 12 VDC/2A & +12VDC/2A.
Inside module G30A, connect terminals 19 to 20, 19 to 14 this will enable display
to show flow of liquid.
Inside module G30B, connect terminals 4to 5,6to 7,8t09, 10to 11 and 12 to 13.
Turn switch I1 to the position FLOWRATE.
Make connections as per figure given bellow.
Open valve V1 and V2 of Unit TY30A to the position ON.
Set PID controller to half way position with the knobs PROPORTIONAL,
INTEGRATIVE and DERIVATIVE.
From Set-point and Error Block of G30B apply a voltage of OV at terminal 2 and
note the display of G30A.
Fill the observation table taking corresponding readings.
Slightly close valve V2 so that the operating conditions of the controller are varied.
pay attention not to close the valve too much in this way the pump will not reach
the set flow rate value.
Repeat the measurements and note new reading in column flow rate 2.
Draw graph of both on a single graph paper taking Set-point values on x-axis and
flow rate in lit/min on y-axis.
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Observation:

S/No | Set-point Flowrate (1) | Flowrate (2)
value (Volts)

N NN W —
O (IN|W KAl

Effect of increasing decreasing flow by valve V1 & V2:

Result:

The Automatic Close Loop System of Flow Control is studied and the effect of variations
are observed.
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Experiment # 9

Obj €Ct: The effect of PROPORTIONAL, INTEGRETIVE and DERIVATIVE
Components of PID Controller on Closed Loop Automatic Control of Flow.

Equipment:
25. Measurement Unit mod. IU9/EV.
26. Power Supply module PS1-PSU/EV.
27. Module holder.
28. Level, Pressure and Flow rate transducer kit G30A.
29. Level and Flow Control kit G30B.
30. Attachment unit TY30A/EV.
31. DIN cable.
32. Connecting wires.

Theory:
Proportional Action (P):

It is the action introduced by the amplifier attenuator. The output, apart from the
multiplicative coefficient, is a perfect copy of the input. The figure shows an amplifier
attenuator which transfer function is equal to KP.

Vi Vo=KpsVi

Integrative Action (I):
This action is introduced by a pure integrator. The transfer function of the block bellow
which carries out the integrative action is equal to:

W(s) = Kl/s = 1/(tL.s)

where “tI” is called “Time constant of the Integrative Action". The output, related to a step
input, has a delay of linear kind. After a time equal to the constant of the Integrative action,
the output

reaches the value of the input. Once the input value is reached, the output keeps on rising
with the same slope, until the input is null.
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Derivative Action (D):

It is the action introduced by a pure derivator. The output, relative to a linear ramp input,
has a value equal to the one the input will take after a time equal to the constant of the
derivative action.
The transfer function is equal to:

W(s) =s.KD =s.1D
where 1D is called "Time Constant of the Derivative Action" and which
physical meaning is shown in fig. bellow.

"I,n'll 'H’D=H'Dtﬁr"ul'i

|
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The value of the output, equal to the value the input will take after a time 1D, is kept until
the input changes slope.

Regulation with (P) Controller:

With this kind of regulator the output signal of the controller is proportional to its input
signal: the variable which can be varied in this case is the constant of proportionality, i.e.
the ratio between
output and input. There is a value of the output signal for each value of the input signal,
this value is determined by the constant of proportionality. The above said is true only if
the controller is ideal; with a real controller, if the constant of proportionality is too big or
if the constant of proportionality is too high, there is saturation and consequently a non
linear behavior. It is obvious that the behavior is linear only for a limited band of input
values (proportional band).
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Refer to fig. to see this fact better.
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The error signal, obtained by the comparison between the reference signal (wished value
for the output) and the signal supplied by the signal conditioner of the transducer (value
effectively obtained across the output), normally constitutes the input signal of the
controller; this signal, on passing across the proportional controller, is amplified by the
constant of proportionality (KP).

Outside the proportional band (where the behavior is linear) the controller determines a
production of ON/OFF power, i.e the actuator is applied all the power available or nothing,
while inside it the power is modulated.

Once the transistors are modulated, the power supplied by the amplifier of the actuator,
depends on the power supplied by the load and by the efficiency of the same actuator.

The main characteristic of this controller is to have an error always different from zero; we
can affirm that the error is proportional to the gain of the regulator and depends on the
coefficient KP and by the value of the proportional band. We can also say that the error
different from zero is necessary to obtain an output voltage different from zero. You must
also note that, when the KP increases, if the error diminishes, the system gets toward
unstable condition. According to the proportional band set there are different behaviors of
the controlled variable (in this case level) as function of time.

Fig. shows different behaviours of automatic control of level with:

a) too large Bp

b) correct Bp

¢) too narrow Bp
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Regulation with (P I) and (P I D) Controller:

In the integrative controller, the output voltage is the integral of the input voltage. The
main disadvantage of the controller with proportional action is that it always needs an input
voltage different from zero (and consequently an error different from zero in closed-loop
control systems) to have an output voltage different from zero. With the integrative action,
there can be an output different from zero with null output and then the error with at steady
state can be reduced to zero.

Then, the great advantage of the integrative controller is to reach a steady state with null
error. Anyway, if the inertia of the system is high or if the time constant of. the integrative
action is high, it may happen that the system is taken to unstable conditions (oscillations).
To solve these problems, we can put together the proportional and the integrative actions,
in order to exploit the advantages of both regulations and reduce the introduced problems.
If the oscillations remain, you can add the derivative action, together with the proportional-
integrative one: the effectiveness of the derivative action depends largely on the controlled
variable. In the derivative controller the output is the derivate of the input function and so
it has a high influence on the signals which rapidly vary. As limit case with constant input
voltage, its output is null. While the process evolves, the derivative action decades and the
integrative one takes its .place to reduce the regulations error to zero

in respect to the steady state value. We will see, that in case of level and position
regulation, the

influence of the derivative action is very poor due to the fact that the variables under test
vary very slowly.
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Procedure:

49.

50.

51.

52.
. Inside module G30A, connect terminals 19 to 20, 19 to 14 this will enable display

53

54.
55.
56.
57.
. Insert only PROPROTIONAL action of controller by connecting only the P knob

58

59.

60.
. Observe how the system regulated only with the Proportional component is

61

62.
63.

64.

65.

66.
67.
. Note how the Integrative action tends to 0 the Error.
69.
70.

68

Connections between G30A and G30B:
e Connect jack 15 of G30B to input +12V DC/1.5A of G30A.
e Connect jack 3 of G30B to jack 6 of G30A.

Connection between G30A and TY30A:
e Connect “+” and “-“ present on G30A to corresponding terminals of
TY30A.
e With DIN cable connect G30A to TY30A.
Power supply for module G- 30A: connect power supplies = 12 VDC/2A and
5VDC/1.5A
Power supply for module G- 30B: connect + 12 VDC/2A & +12VDC/2A.

to show flow of liquid.

Inside module G30B, connect terminals 4to 5,6to7,8t09, 10to 11 and 12 to 13.
Turn switch I1 to the position FLOWRATE.

Make connections as per figure given bellow.

Turn switch I1 to position FLOWRATE.

and setting it to halfway position.

From Set-point and Error Block of G30B apply a voltage of 3.2V at terminal 2
which corresponds to the flow value of 2 lit/min and note the voltage level at
terminal 4 of Set-point Block which will be the Error signal.

Fill the observation table taking corresponding readings.

unstable.

Give an explanation of this fact in the space provided in the observation column.
Now change the value of KP by P knob to minimum and observe if the system
stabilizes and measure the Error voltage at this value and give reason.

Now insert Proportional, Integrative and Derivative control on PID and put them on
half way positions and measure the Error signal.

From Set-point and Error Block of G30B apply a voltage of 3.2V at terminal 2
which corresponds to the flow value of 2 lit/min and note the voltage level at
terminal 4 of Set-point Block which will be the Error signal.

The variation of this voltage indicates the system is not stable.

Now turn Integrative knob to half way position and observe the Error.

Turn the knob I to minimum value and again note the error.

Also note that the Derivative action does not have a significant importance by
varying the knob of Derivative action.
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Observation:
S/No Set-point Error at Error at | Error at | Error at
value (Volts) | half way | minimum | half way | minimum
P (V) P (V) I(V) I(V)
1 3.2

Effect of increasing decreasing P value:

Result:

The effects of different components of PID on Automatic Close Loop System of Level

Control are studied and the effects of variations in Proportional Band are observed.
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