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18.3 Practical Exercise
Characteristics of a Positional Control System - 1
Proportional Control
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Fig 18.3

Study the diagram.

The proportional control section runs across the middle of the diagram. The
10kQ) wirewound resistor is the command input. The function of the Differential
Amplifier is to inject a step input voltage later in the investigation. The step
voltage is generated by Amplifier #2 offset voltage, which is the only purpose for
including this amplifier. You will see that it does not need an input for this
purpose.

Integral control will be added later by connecting the Integrator in between the
Error Detector (the Instrumentation Amplifier) and the Summing Amplifier.
Derivative control will also be added later via the Summing Amplifier. The
Inverter in between the Differentiator and the Summing Amplifier is to provide
negative feedback.
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The Summing Amplifier combines all of the control systems as required.

Connect the circuit as shown in Fig 18.3. This circuit is arranged for
proportional control only.

Press the left hand side of the mounting plate of the Servo Potentiometer and
then release it to engage with the drive shaft.

Set Amplifier #1 GAIN COARSE control to 10 and GAIN FINE to 0.1 to give an
overall gain of 1.0.

Remove the power connection to the Motor. Switch ON the power supply.

Set Amplifier #2 GAIN COARSE control to 100 and GAIN FINE to 1.0 and
adjust the OFFSET control for an output of +3V. Return the GAIN COARSE
control to 1. The output voltage should fall to near zero volts. Note that
since this +3V step is fed into the system via the inverting input of the
Differential Amplifier the actual step injected will be -3V.

Transfer the Moving Coil Meter to terminal B of the 10kQ wirewound
resistor. Adjust the setting of the 10kQ resistor control to its central position
to give OV output.

Zero the setting of the Servo Potentiometer dial against the pointer.

Transfer the Moving Coil Meter to the output of the Power Amplifier and
adjust Amplifier #1 OFFSET to give OV. Restore the Motor power
connection.

Rotate the 10kQ wirewound resistor control slowly over its full travel.

The Motor drive shaft and the Servo Potentiometer dial should rotate and
follow the movement of the command input, although the system may be
sluggish and there will be a lag before the Servo Potentiometer starts to
follow the input setting. This is because the system gain is low, Amplifier #1
gain being set to 1.0.

Amplifier #1 Gain = 1.0 Positive Negative

Maximum Dial Reading

(degrees)

Table 18.3



IT02

Practical Control Systems

Curriculum Manual Chapter 18

@ 18.3a Enter your maximum Servo Potentiometer dial reading with positive input
voltage in degrees when Amplifier #1 gain is 1.0.

Return the 10kQ resistor to its central position. Set Amplifier #1 GAIN FINE
to 0.5 (overall gain 5) and repeat the procedure. With this higher setting of
the gain control the Servo Potentiometer should follow the input closely for
no load on the drive shaft and it should be possible to obtain the full travel
of the wirewound track resistor in both directions.

Rotate the input control slowly when nearing the end of the travel or the
Servo Potentiometer contact may overshoot and pass the end of the
track, causing the drive shaft to rotate continuously. If this occurs,
return the 10kQ resistor quickly to its central position.

Note the full range of travel of the Servo Potentiometer against the setting of

the 10kQ) wirewound resistor command input. Record the results in Table
18.4.

Control Setting

Servo-Potentiometer
Dial Reading (deg.)

0/
360

Table 18.4

Graph 18.3

180
Servo Potentiometer [ S O ) i S S

Dial Reading 150 T R R B
(degrees) 120———— i I B

90
60
30
0/360
330 ~
Jp0f———— 11
270
240
210
180

I
1 2 3 4 5 6 7 8 9 10
Control Setting

311



Practical Control Systems 1T02
Chapter 18 Curriculum Manual

®  Plot the graph of Dial Reading against Control Setting on the axes provided
on the previous page (Graph 18.3).

®  Repeat the readings in the reverse direction and compare the dial readings
obtained with the previous readings recorded in Table 18.4.

@ 18.3b Read from your graph and enter the approximate Control Setting for a Servo
Potentiometer dial reading of 90°.

®  Set Amplifier #1 GAIN FINE to 1.0 and use the input command control to
return the Servo Potentiometer dial reading to 0°.

® Move the Servo Potentiometer dial by rotating the Hall effect disc by hand
and note the total range (for example +20° to -10° = 30°, it may not be
symmetrical) over which the dial can be moved without the system
responding and moving the dial back. This value represents a deadband over
which the system does not respond. Record the result in Table 18.5.

Amplifier #1 Gain | 10x 1.0=10 10x0.5=5 10x0.1=1

Deadband (deg.)
Table 18.5

®  Repeat the procedure for Amplifier #1 GAIN FINE settings of 0.5 and 0.1,
adding the results to Table 18.5.

< 18.3c The effect of system gain on the deadband is:
E high gain gives a small deadband

IEI high gain gives a large deadband
gain makes no difference to deadband
@ there is no change in deadband below a gain of 5

N
18.3d Enter your value of deadband in degrees when the gain of Amplifier #1 is 5.
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18.3¢

18.3f

18.3g

®  Set Amplifier #1 GAIN FINE to 0.1.

®  Switch the GAIN COARSE control of Amplifier #2 from 1 to 100 and note the
effect on the output shaft position. Return the control to 1 and again note the
effect. Repeat the procedure several times.
Take care not to touch the OFFSET control when you are doing this as
the setting is very critical.

®  Repeat the procedure with the Amplifier #1 GAIN FINE set 0.5 and then 1.0.

The effect of gain on the response to a step input was that the speed of
response was:
E| greatest with high gain El slowest with high gain

the same for any value of gain El no response with gain less than 2.5

The effect of gain on the response to a step input was that overshoot was:
@ greatest with high gain EI least with high gain

the same for any value of gain @ no response with gain less than 2.5

A proportional control system which has low gain in the feedback loop will
have:
EI large deadband and underdamped response to a step input

IE small deadband and overdamped response to a step input
large deadband and overdamped response to a step input

@ small deadband and underdamped response to a step input

®  Switch OFF the power supply, but:

Keep the circuit connected if possible for the following Exercises.
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18.4 Practical Exercise
Characteristics of a Positional Control System - 2
Proportional + Integral Control
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Fig 18.4

®  If necessary, re-connect the circuit as shown in Fig 18.4 (without the
Integrator output connected initially). Re-check the settings as follows:

® Remove the power connection to the Motor. Zero the setting of the Servo
Potentiometer dial against the pointer. Ensure that the potentiometer is
engaged with the drive shaft.

®  Set Amplifier #1 GAIN COARSE control to 10 and GAIN FINE to 0.1 to give an
overall gain of 1.0.

®  Switch ON the power supply.

®  Connect the Moving Coil Meter temporarily to terminal B of the 10kQ
resistor and check the setting to its central position to give 0V output.
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@ 18.4a

@ 18.4b

Transfer the Moving Coil Meter back to the output of the Power Amplifier
and check the adjustment of Amplifier #1 OFFSET to give OV. ‘

Transfer the Moving Coil Meter to the output of Amplifier #2, set the GAIN
COARSE control to 100 and GAIN FINE to 1.0 and check the adjustment of the
OFFSET control for an output of +3V. Return the GAIN COARSE control to 1.
This control will again be used to introduce a step input.

Restore the power connection to the Motor. With the Integrator time
constant set to 1s, press and hold the RESET button, connect the Integrator
output lead to the Summing Amplifier input as shown by the arrow in Fig
18.4 and then release the RESET button.

In the event of continuous rotation of the Motor shaft in the following
tests, immediately return the Amplifier #2 GAIN COARSE switch to 1 and
then hold the Integrator RESET button until the shaft becomes
stationary.

Note the effect on the output Servo Potentiometer dial reading when a step
input is applied by switching Amplifier #2 GAIN COARSE to 100 and then
back to 1. Watch the long term effect on the Integrator output voltage (on
the digital voltmeter) and on the dial setting.

The Integrator output voltage:

@ goes negative and then quickly returns to zero volts
IE goes positive and then quickly returns to zero volts
goes quickly to a positive voltage and then remains constant

@ is still varying after two minutes

The Servo Potentiometer Dial Setting:

E] moves slowly and smoothly towards a target
E moves rapidly towards a target, overshoots and stays there
moves rapidly towards a target, overshoots and then returns

@ moves slowly towards a target in jerking steps

Repeat the procedure with the Amplifier #1 GAIN FINE set 0.5 (overall gain
of 5) and then 1.0 (overall gain of 10) and respond to the following
questions:
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@ 18.4g

@ 18.4h
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With Amplifier #1 gain set to 5 compared to the gain at 1, the effect on speed

of response was:
E slower

|£| faster the same

With Amplifier #1 gain set to 5 compared to the gain at 1, the effect was:
IE less overshoot

@ no rotation

@ more overshoot

no overshoot @ continuous oscillation

With Amplifier #1 gain set to 10 compared to the gain at 5, the effect on speed
of response was:

E| faster |£| slower the same

With Amplifier #1 gain set to 10 compared to the gain at 5, the effect was:
IE less overshoot

EI no rotation

@ more overshoot

no overshoot @ continuous oscillation

®  With Amplifier #1 GAIN COARSE set to 10 and GAIN FINE to 1.0, repeat the
procedure with the time constant set to 10s and then 100ms and note the
effect.

®  Count the number of overshoots for each of the time constant settings (if
possible).

The time constant which gave the smallest number of overshoots was:

E] Is |E 10s 100ms IEI all the same

®  With the time constant switched to 100ms and Amplifier #1 GAIN FINE set to
0.5, note the effect of displacing the output from its stable position manually
by moving the Hall effect disc about 10° on the dial and then releasing it.

A very short time constant may result in:

El no overshoot on return IE some overshoot on return

build up to continuous running @ slow response

®  Switch OFF the power supply but keep the circuit connected if you can.
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18.5 Practical Exercise

Characteristics of a Positional Control System - 3

Proportional + Derivative Control
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Fig 18.5

® If you still have the circuit connected then remove the lead from the
Integrator output to the Summing Amplifier and connect the output from the
Inverter to the Summing Amplifier as shown in Fig 18.5. Otherwise connect
the circuit as shown.

Re-check the settings as follows:

® Remove the power connection to the Motor. Zero the setting of the Servo
Potentiometer dial against the pointer. Ensure that the potentiometer is

engaged with the drive shaft.
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®  Set Amplifier #1 GAIN COARSE control to 10 and GAIN FINE to 0.1 to give an
overall gain of 1.0.

®  Switch ON the power supply.

®  Transfer the Moving Coil Meter temporarily to terminal B of the 10kQ
resistor and check the setting to its central position to give OV output.

®  Transfer the Moving Coil Meter temporarily to the output of the Power
Amplifier and check the adjustment of Amplifier #1 OFFSET to give 0V.

®  Transfer the Moving Coil Meter back to the output of Amplifier #2, set the
GAIN COARSE control to 100 and GAIN FINE to 1.0 and check the adjustment
of the OFFSET control for an output of +3V. Return the GAIN COARSE control
to 1.

®  Restore the power connection to the Motor.

®  Set the Differentiator time constant to ls and note the output Servo
Potentiometer response to a step input of +3V applied by changing
Amplifier #2 gain control from 1 to 100 and then back to 1.

®  Repeat the procedure and note the response for Differentiator time constant
settings of 100ms and 10ms.

After the step input has been applied in both directions the Servo
Potentiometer dial reading:
EI returns accurately to zero setting

IEI may not return to zero setting

returns nearest to zero setting with a time constant of 1s

@ overshoots when the time constant is long

® With the Differentiator time constant set to 10ms, note the effect of

manually moving the output from its stable position by about quarter of a
turn with the Hall effect disc.

Is there any tendency to re-adjust and correct the error?

|Yes| or|N0|
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»
@ 18.5¢ Derivative control affects the response:
El when the output is in the steady state

E during change of output only
when there is no error signal

@ only when the command input is steady

»
@ 18.5d Increasing the time constant of the differentiator:

@ causes the output to change more quickly
IE increases the damping effect
corrects any steady state error

@ results in faster response

®  Switch OFF the power supply, but

Keep the circuit connected if possible for the next exercise.
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18.6 Practical Exercise
Characteristics of a Positional Control System - 4
Proportional + Integral + Derivative Control
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Fig 18.6

®  Re-construct the circuit of Fig 18.6 if necessary, making sure that the output
of the Inverter is connected to the input of the Summing Amplifier but do
not connect the Integrator to the Summing Amplifier at this stage.

Re-check the settings as follows:

® Remove the power connection to the Motor. Zero the setting of the Servo
Potentiometer dial against the pointer. Ensure that the potentiometer is
engaged with the drive shaft.
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®  Set Amplifier #1 GAIN COARSE control to 10 and GAIN FINE to 0.1 to give an
overall gain of 1.0.

®  Switch ON the power supply.

® Connect the Moving Coil Meter temporarily to terminal B of the 10kQ
resistor and check the setting to its central position to give OV output.

®  Transfer the Moving Coil Meter back to the output of the Power Amplifier
and check the adjustment of Amplifier #1 OFFSET to give 0V.

®  Transfer the Moving Coil Meter to the output of Amplifier #2, set the GAIN
COARSE control to 100 and GAIN FINE to 1.0 and check the adjustment of the
OFFSET control for an output of +3V. Return the GAIN COARSE control to 1.
This control will again be used to introduce a step input.

®  Restore the power connection to the Motor.

®  Press the Integrator RESET button and then connect the Integrator output to
the Summing Amplifier input. Set Amplifier #1 GAIN COARSE to 10 and
GAIN FINE to 1.0.

® Note and record in Table 18.6 the effect of applying a 3V step input to the
system with all the possible combinations of Integrator and Differentiator
time constants to note their effect and determine the combination giving
optimum response, possibly with one small overshoot.
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Test Integrator | Differentiator Continuous Response time Number of
time constant | time constant | running YES/NO | SLOW/MEDIUM/FAST | Qscillations
1 Is
2 10s 100ms
3 10ms
4 1s
5 Is 100ms
6 10ms
7 Is
8 100ms 100ms
9 10ms
Table 18.6

®  Check your best results against each other, referring to the question below.

S
18.6a Which of the following is the most desirable characteristic for a positional
control system?
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EI Continuous running

IE Slow response time, no oscillations

Fast response time, no oscillations

@ Fast response time, two or more oscillations

®  Switch OFF the power supply, but

Keep the circuit connected if possible for the next exercise.




