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2. Abstract
Using the L) Create 1750 Transducer and Instrumentation Trainer the task is to simulate and
evaluate the following control systems:

1. Proportional Control.

2. Proportional and Integral Control.

3. Proportional and Derivative Control.

4, Proportional and Integral Derivative Control.

Figure 1: Image showing layout of the LI Create 1750 Transducer and Instrumentation Trainer.

As can be seen from above, the Proportional Control unit is housed in the centre of the LJ Create
1750 Transducer and Instrumentation Trainer. The “Wirewound Track” (10kQ Resistor) is used as a
command input. The “Differential Amplifier” is used to inject a step voltage. This is generated by
the “Amplifier #2” offset voltage.

The Integral Control can then be added by connecting the Integrator into the circuit between the
“Instrumentation Amplifier” (used in this instance for error detection) and the “Summing Amplifier”.

The Derivative Control can also be added via the “Summing Amplifier”. This is done using the
“Inverter” in the circuit between the “Differentiator” and “Summing Amplifier” to provide negative
feedback.

This report will outline the methodology for this detailing how the equipment was used and the
results obtained.




3. Introduction

Industry today is progressively looking towards intuitive methods for reducing cost & increasing the
efficiency of work. Amongst the many ways in which such initiatives can be implemented is the
automation of tasks rather than having them carried out through human interaction. Control
systems are designed into engineering systems to allow for a greater level of controlled automation
and optimisation.

Why use control systems?
1. To allow for a level of accuracy within the system.
Zi To ensure operational boundaries or safety limits are not exceeded.

There are two types of Cantrol Systems:
1 Feedback — Closed Loop System.
2. No Feedback — Open Loop System.

A Feedback (Closed Loop) System includes:

On / Off.

3 State Control.

Proportional Control (P).

Proportional Integral Control (P1).
Proportional Integral Derivative (PID) Control.

U e

Proportional Control is the difference between the start point and a process variable, deviation
should not be large or sudden. The Pl allows for a variable within the controller to be turned back to
a set point should an error occur. The Derivative controller is usually used either with a Proportional
Control (Proportional Derivative = PD) or with the Proportional Integral (PID). This gives the
advantage of improving the response of the system.




Controller

Advantages

Disadvantages

Proportional (P)

Makes a system more stable by
reducing the error state.

Can increase the maximum
offshoot of the system.

Proportional Intregral (P1)

Can return the control system
back to the initial set point.

Slow response to error’s.

Proportional Derivative (PD)

Improves the response of the
system.

Does not improve the error
state of the system.

Proportional Integral Derivative
(PID)

The Proportional Integral Derivative Controller comhi

Advantages and Disadvantages of the above systems.

Table 1: Advantages and Disadvantages of each type of Proportional Controller,

Figure 2: Image showing the control systems to be simulated.




4, Method

Prior to the commencement of any testing a series of steps for each procedure were carried out in
order to calibrate the LJ Create 1750 Transducer and Instrumentation Trainer for each test.

4.1, Calibration
4.1.1 Proportional Control.

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

. Set “Amplifier #1 — Gain Course” control to 10 and “Gain Fine” to 0.1. This gives
an overall gain of 1.0.

. Remove the power connection to the Motor and switch on the power supply.

. Set “Amplifier #2 - Gain Course” control to 100 and “Gain Fine” to 1.0. Adjust the
“Offset” control to provide an output of +3V.

. Return the “Gain Course” control to 1.

. Transfer the “Moving Coil Meter” to Terminal B of the “10kQ wirewound resistor”
and adjust it to its central position to provide a OV output.

. Zero the setting of the “Servo Potentiometer” lining up with the pointer.

. Transfer the “Moving Coil Meter” to the output of the “Power Amplifier”.

. Adjust “"Amplifier #1 — Offset” to OV.

. Reconnect the Motor.

4.1.2  Proportional and Integral Control.

. Remove the power connection to the motor.
. Zero the setting of the “Servo Potentiometer” lining up with the pointer.
. Ensure the “Potentiometer” is engaged with the drive shaft.

. Set "Amplifier #1 — Gain Course” control to 10 and “Gain Fine” to 0.1. This gives
an overall gain of 1.0.

. Switch on the Power Supply.

. Transfer the “Moving Coil Meter” to Terminal B of the “10kQ wirewound resistor”
and adjust it to its central position to provide a 0V output.

. Transfer the “Moving Coil Meter” to the output of the “Power Amplifier”.

. Adjust "Amplifier #1 — Offset” to OV.

. Transfer the “Moving Coil Meter” to the output of “Amplifier #2".

. Set the “Gain Course” control to 100 and “Gain Fine” to 1.0 and adjust the

“Offset” control to provide an output of +3V.
. Return the “Gain Course” control to 1.




4.1.3 Proportional and Derivative Control.

Remove the power connection to the motor.

Zero the setting of the “Servo Potentiometer” lining up with the pointer.

Ensure the “Potentiometer” is engaged with the drive shaft.

Set "Amplifier #1 — Gain Course” control to 10 and “Gain Fine” to 0.1. This gives
an overall gain of 1.0.

Switch on the Power Supply.

Transfer the “Moving Coil Meter” to Terminal B of the “10kQ wirewound resistor”
and adjust it to its central position to provide a 0V output.

Transfer the “Moving Coil Meter” to the output of the “Power Amplifier”.

Adjust "Amplifier #1 — Offset” to OV.

Transfer the “Moving Coil Meter” to the output of “Amplifier #2”,

Set the “Gain Course” control to 100 and “Gain Fine” to 1.0 and adjust the
“Offset” control to provide an output of +3V.

Return the “Gain Course” control to 1.

4,14 Proportional and Integral Derivative Control.

Remove the power connection to the motor.

Zero the setting of the “Servo Potentiometer” lining up with the pointer.

Ensure the “Potentiometer” is engaged with the drive shaft.

Set “Amplifier #1 — Gain Course” control to 10 and “Gain Fine” to 0.1. This gives
an overall gain of 1.0.

Switch on the Power Supply.

Transfer the “Moving Coil Meter” to Terminal B of the “10kQ wirewound resistor”
and adjust it to its central position to provide a OV output.

Transfer the “Moving Coil Meter” to the output of the “Power Amplifier”.

Adjust “Amplifier #1 = Offset” to OV.

Transfer the “Moving Coil Meter” to the output of “Amplifier #2".

Set the “Gain Course” control to 100 and “Gain Fine” to 1.0 and adjust the
“Offset” control to provide an output of +3V.

Return the “Gain Course” control to 1.




4.2, Proportional Control
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Figure 3: Image showing the layout of the Proportional Control on the U Create 1750 Transducer
and Instrumentation Trainer.
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4.2.2

4.2.3

4.2.4
425

4.2.6

4.2.7

4.2.8
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4.2.10

4.2.11

4.2.12

With the power supply switched on, rotate the “10kQ wirewound resistor” slowly over
its full turn.

Record the Maximum “Servo Potentiometer” reading when “Amplifier #1 — Gain Fine” is
1.0.

Return the “10k(} wirewound resistor” to its central position.

Set “Amplifier #1 — Gain Fine"” to 0.5 and repeat 4.2.2 to 4.2.3.

Record the full range of travel of the “Servo Potentiometer” against settings of 1-10 for
the “10kQ wirewound resistor” command input and plot the graph of the Dial Reading
against the Control Setting.

Repeat 4.2.5 in the reverse direction and record these readings.

Set “Amplifier #1 — Gain Fine” to 1.0. Using the input command control, return the
Servo Potentiometer dial to 0°.

Moving the “Servo Potentiometer” by hand, record the range that it can be mowved
without the system automatically returning the “Servo Potentiometer” back.

Repeat 4.2.8 with “Amplifier #1 — Gain Fine” set to 0.5 and 0.1.

Set “Amplifier #1 — Gain Fine"” to 0.1.

Switch the “Gain Course” control of “Amplifier #2” from 1 to 100 — record the effect on
the output shaft position. Return the control to 1 and repeat this process several times.
Repeat 4.2.11 with “Amplifier #1 — Gain Fine” set to 0.5 and 1.0.

' LI Create Curriculum Manual.
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Figure 4: Image showing layout of the Proportional Integral Control on the Ll Create 1750
Transducer and Instrumentation Trainer.

43.1 With power to the motor, ensure the “Integrator Constant” time is set to 1s.

4.3.2  Press and hold the “RESET” button.

4.3.3 Connect the “Integrator Output Lead” to the “Summing Amplifier” (as shown in diagram
above) and release the “RESET” button.

43.4 Record the effect on the “Servo Potentiometer” dial when a step input is applied by
switching “Amplifier #2 — Gain Course” to 100, and then by switching it back to 1.

4.3.5 Record the long term effect on the “Integrator Output Voltage” using a digital voltmeter
as well as the dial setting.

4.3.6 Repeat 4.3.4 with “Amplifier #1 — Gain Course” set to 0.5 and then 1.0.

? LI Create Curriculum Manual.
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Figure 5: Image showing the layout of the Proportional and Derivative Control on the LJ Create 1750
Transducer and Instrumentation Trainer.

4.4.1 With power to the motor, ensure the “Differentiator” time is set to 1s.

4.4.2 Record the effect on the “Servo Potentiometer” dial when a step input of +3V is applied
by switching “Amplifier #2 — Gain Course” to 100, and then by switching it back to 1.

4.4.3 Repeat 4.4.2 and record the response for the “Differentiator” time constant settings of
100ms and 10ms.

4.4.4  With the “Differentiator” time constant set to 10ms, record the effect of manually

moving the output from its stable position by approximately 1 quarter turn of the “Hall

Effect Disk”.

¥ LI Create Curriculum Manual.
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Figure 6: Image showing the layout of the Proportional and Integral Derivative Control on the LJ

Create 1750 Transducer and Instrumentation Trainer.

4.5.1 Record the effect of applying a 3V step input utilising all combinations of “Integrator”
and “Differentiator” time constants.

4.5.2 Record the effects and determine the optimum response.

* LI Create Curriculum Manual.
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5. Results

5.1. Proportional Control.

Positive

Negative

140°

213°

Table 2: Maximum “Servo Potentiometer reading with positive and negative voltage.

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

Dial Reading Continuous | 205 245 288 220 | 0/360 12 58 103 148 165
(Deg) Rotation

Confirming Continuous | 205 | 235 | 273 | 317 | 0/360 2 48 92 142 | 160
Readings (Deg) Rotation

Table 3: Full range of travel for the “Servo Potentiometar”, set against the setting of the “10kQ
wirewound resistor”, readings also show the reverse direction of travel for the “Servo

Potentiometer”.

180
150
120
a0
60
30
0/360
330
300
270
240
210
180

T T
7 8 9 10 11 12 13 14 15

Graph 1: Showing Dial Reading associated with Control Setting.
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Graph 2: Showing Dial Reading associated with Control Setting with Confirming Readings overlaid.
Amplifier #1 Gain 10x 1.0=10 10x0.5=5 10x0.1=1
Deadband (Deg) 8 15 80
Table 4: Results of deadband compared to amplifier gain.
Amplifier 1to 100 100to1 1to 100 100to 1 1 to 100
Gain Clockwise | Anti-Clockwise | Clockwise | Anti-Clockwise | Clockwise
0.1 318 280 330 275 335
0.5 348 247 5 250 0
1.0 0 250 0 250 0
Table 5: Results of the effect on “Gain Course” of “Amplifier #2" on the output shaft position (Deg).

5.2. Proportional and Integral Control.

5.2.1
5.2.2

5.2.3

5.2.4
5.2.5

The effect on the “Integrator” output voltage is that it is still varying after 2 minutes.

The “Servo Potentiometer” dial moves rapidly towards a target, then overshoots and
returns.

The response was faster when “Amplifier #1” gain was set to 5 compared with the gain
being set to 1.

This also caused continuous oscillation.

Setting gain to 10 had no effect on speed, it remained the same, also with continuous
oscillation.

The time constant with the fewest number of overshoots was 10 secands,

12




5.3. Proportional and Derivative Control.
5.3.1 After the step input has been applied in both directions, the “Servo Potentiometer”
reading may not return to 0 with no tendency to re-adjust to correct the error.

5.4. Proportional and Integral Derivative Control.

Test Integrator Differentiator Continuous Response time Number of
time constant | time constant | running (Yes/No) | (Slow, Medium, Fast) | Oscillations
1 1s No Slow 0
2 10s 100ms No Medium 0
3 10ms No Fast 2
4 1s No Slow 1
5 1s 100ms No Medium 1
6 10ms No Fast 2
7 1s No Slow 6
8 100ms 100ms No Fast 1
9 10ms Yes Fast N/A

Table 6: Results showing the effect of applying a 3V step input to the system with all possible
combinations of “Integrator” and “Differentiator” time constants.

13




6. Discussion
6.1. Proportional Control.
6.1.1 Looking at the graphs 1 to 3, it can be seen that the approximate “Control Setting” value
for a “Servo Potentiometer” reading of 90°is 7.7.
6.1.2 From the Table 2, it can be said that a High Gain gives a Small Deadband. AfF&Xample of
this is where “Amplifier #1” is 5, the Deadband in degrees is T —
6.1.3 From the Table 4, it can be seen that the effect of gain on the response to a step input
was that the speed of the response was greatest with high gain.
6.1.4 The effect of the gain on the response to a step input was that the “Overshoot” was
greatest with high gain.
6.1.5 Therefore, a proportional control system which has low gain in the feedback loop will
have a large Deadband and overdamped response to a step input.

6.2. Proportional and Integral Control.
6.2.1 Insummary, a very short time constant may result in a build up to continuous running.

6.3. Proportional and Derivative Control.
6.3.1 Derivative Control affects the response during the output only.
6.3.2 Increases the time constant of the “Differentiator” increases the damping effect.

6.4. Proportional and Integral Derivative Control.

6.4.1 Fast response time, no oscillations is the most desirable characteristic for a Positional
Control System.

14




7. Conclusion

Proportional Control is the difference between the start point and a process variable, deviation
should not be large or sudden. The Pl allows for a variable within the controller to be turned back to
a set point should an error occur. The Derivative controller is usually used either with a Proportional
Control (Proportional Derivative - PD) or with the Proportional Integral (PID). This gives the
advantage of improving the response of the system.
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