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THE HEALTH AND SAFETY AT WORK ACT 1974

We are required under the Health and Safety at Work Act 1974, to make available to users of this equipment certain information
regarding its safe use.

The equipment, when used in normal or prescribed applications within the parameters set for its mechanical and electrical
performance, should not cause any danger or hazard to health or safety if normal engineering practices are cbserved and they are
used in accordance with the instructions supplied.

If, in specific cases, circumstances exist in which a potential hazard may be brought about by careless or improper use, these will be
pointed out and the necessary precautions emphasized.

While we provide the fullest possible user information relating to the proper use of this equipment, if there is any doubt whatsoever
about any aspect, the user should contact the Product Safety Officer at Feedback Instruments Limited, Crowborough.

This equipment should not be used by inexperienced users unless they are under supervision.

We are required by European Directives to indicate on our equipment panels certain areas and warnings that require attention by the
user. These have been indicated in the specified way by yellow labels with black printing, the meaning of any labels that may be fixed
to the instrument are shown below:

AN\ s

CAUTION - CAUTION - CAUTION -
RISK OF RISK OF ELECTROSTATIC
DANGER ELECTRIC SHOCK SENSITIVE DEVICE

Refer to accompanying documents

PRODUCT IMPROVEMENTS

We maintain a policy of continuous product improvement by incorporating the latest developments and components into our
equipment, even up to the time of dispatch.

All major changes are incorporated into up-dated editions of our manuals and this manual was believed to be correct at the time of
printing. However, some product changes which do not affect the instructional capability of the equipment, may not be included until it
is necessary to incorporate other significant changes.

COMPONENT REPLACEMENT

Where components are of a ‘Safety Critical’ nature, i.e. all components involved with the supply or carrying of voltages at supply

potential or higher, these must be replaced with components of equal international safety approval in order to maintain full equipment
safety.

In order to maintain compliance with international directives, all replacement components should be identical to those originally
supplied.

Any component may be ordered direct from Feedback or its agents by quoting the following information:

1. Equipment type 2. Component value
3.  Component reference 4.  Equipment serial number

Components can often be replaced by alternatives available locally, however we cannot therefore guarantee continued performance
either to published specification or compliance with international standards.

C E DECLARATION CONCERNING ELECTROMAGNETIC COMPATIBILITY

Should this equipment be used outside the classroom, laboratory study area or similar such place for which it is designed and sold
then Feedback Instruments Ltd hereby states that conformity with the protection requirements of the European Community
Electromagnetic Compatibility Directive (89/336/EEC) may be invalidated and could lead to prosecution.

This equipment, when operated in accordance with the supplied documentation, does not cause electromagnetic disturbance outside
its immediate electromagnetic environment.

COPYRIGHT NOTICE
@ Feedback Instruments Limited

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any
means, electronic, mechanical, photocopying, recording or otherwise, without the prior permission of Feedback Instruments Limited.
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Modular Servo system MS150-5

INTRODUCTION

SECTION 1

The development of control systems, communica-
tion networks, etc has evolved a new method of
transmitting information. This new method is
known as the sampled data system and deals
with the way that information within a system
can be sent at discrete intervals of time and
still operate the system successfully.

In the following assignments a series of practicals
will develop sampling ideas step-by-step to
show how they can be applied to such systems as
servomechanisms and process controllers,

The basic ideas are simple and will enlarge the
understanding of a student studying control
systems.

To simplify the idea of sampling, let us consider
the following situation. A radar operator on
board a ship will receive information about the
position of another ship A every time the beam
of the rotating antenna traverses A as in fig 1(a).

The operator receives his information using a
slow sweep oscilloscope. The electron beam is
continuously sweeping from the centre of the
CRT to the edge, rotating a fraction on each
sweep. |f a return signal is received at any
instant, then it is shown as a bright blip on the
screen. The blip on the screen of fig 1(b) would
shown A on a heading of 45° at a distance of 8
miles. The probiem here is that the information
is only received at discrete intervals of time but
the afterglow of the phosphor forming the CRT
screen makes it possible for the information to
‘be continued to be shown. On the next sweep
the position blip may be renewed or moved.

(a)

Fig1

For such a system to operate properly

a) The ship A must notmove very far between
sweeps, and

b) The aftergiow must persist just long enough
to show the position of A between sweeps,

otherwise there would be confusion with two or
more blips showing on the screen,

If we consider a voltage analogy, the 150M
Sample/Mold unit is able to sample the instan-
taneous values of a signal voltage at predeter-
mined rates and hold this value as an output till
the next sample instant.

It is the idea that there must be a proper
relationship between the sweep speed of the
trace and possible movement of A that allows
us to develop a theorem known as the Sampling
Theorem. For the complete recovery of a given
signal, sampling must take place at least twice
as fast as the highest frequency component. A
more rigorous treatment of this theorem is
given in Appendix 2.

The meaning of this theorem is brought out
more clearly if we consider the following

“example. A disc with a slot at position A can be

rotated as in fig 2. Behind the disc a pendulum
swings from position A’. An-observer stationed
at X will just catch a glimpse of the pendulum as
it rotates past A and will see it again when the
disc rotates 180° to B. On the face of it he will

_seem to have no way of knowing how fast the

pendulum is swinging as he will only see the ex-
tremities and will have no other information
about the intermediate positions of the pen-
dulum,

ship
(A}

{b} 270

|| N 90°

180°
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In actual fact if the disc is rotated out of step,
let us say slightly faster, then on each rotation
a different intermediate step will be viewed.
The amplitude swing of a pendulum about a
fixed point can be plotted as a sinusoidal wave-
form. This can be taken as the input curve of
fig 3 while the distance of the bob from the disc
centre is shown as discrete outputs on the sample
graph. A

ot lV\ |
|
|

et

{a)

(b)
Fig 3

Again, considering a voltage analogy, the position
of the pendulum may be represented by a
sinusoidally varying voltage. The samples are
then narrow pulses, whose amplitude corres-
ponds to the waveform amplitude at the samp-
ling instant. Provided samples are taken at least
twice per cycle (of the highest frequency com-
ponent present) then the information content of
the waveform is retained. Under such circum-
stances, the input may be recovered completely,

6

(a)
output
[ sampling periods
Vin ,ainput
\\' t
(b)
}
Vo

Fig4

provided a filter of suitable characteristics is em-
ployed. If too low a sampling frequency is used,
then the information is not retained and false
outputs can appear.

In the SH150M, the input voltage is held at its

‘instantaneous value for the duration of each

sample period as shown in fig 4(b).
Simple filtering is provided to examine the
effect of low pass filling the output. This gives a

closer approximation to the input signal, see fig
4(c).

These features are examined in a practical in
Assignment 2.

Sample_and Hold circuits are classified according
to their transfer function. A circuit called a
Zero Order Hold, fig 5, is used in the SH150M.
I'ts output is a pulse whose height corresponds to
the sample value and width to the sample period.
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Ln Using these introductory remarks the following
assignments will take you step-by-step through a

sample zero order JL series of practicals showing, initially, how the
hold controls on the 150M are used and their effect

on varying waveforms

(al With this basic information the assignments then
show the purpose of the sampling oscilloscope
and the basic characteristics of a sample control
system using-the 150 Modular Servo. The system
is then extended to use also the PT326 Process

iaput t Trainer and PCS327 Process Control Simulator.

(b)

output

Figh
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FAMILIARIZATION

ASSIGNMENT 1

Object

To introduce the basic sampling techniques and
show how the controls on the module can be

used.

Equipment required

Quantity
1

1
1

1

Apparatus
SH150M Sampie/Hold Unit

PS150E Power Supply Unit

FG600 Functional Generator or
similar generator

Dual-trace Oscilloscope

Approximate time required
One and a half hours

Prerequisites

Nil
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PRELIMINARY PROCEDURE

1. Interconnect the units as shown in fig 1.2.

2. On the SH150M Sample/Hold set the

switches:
SAMPLE/FOLLOW to Follow
TRIGGER/FREE to Free
EXT/INT to INT
+ve/-ve to +ve
Frequency multiplier to X10
Sampling frequency knob to 10

3. On the FGB00 Function Generator set:

Frequency range at 10-100Hz

Frequency dial to 1, i.e 10Hz

Function Switch for triangular waveform
output

Output amplitude to 10V p-p.

4. On the dual-trace oscilioscope set:

Timebase 10ms/cm
Amplifiers 2V/em

5. Connect the PS150E Power Supply, FG600
Function Generator and Oscilloscape mains plug
into the mains sockets. DO NOT switch on vyet.

DfSCUSSION AND EXPERIMENTAL
PROCEDURE

19Ty 2
QN é’

i =
i 3

i -
SAMPLE & HOLD UNIT SH150M

Fig 1.1

in fig 1.1 is a mimic of the SH150M Sample/
Hold Unit. Let us examine the controls and
terminals forming its deck.

Modular Servo system “1&-5

Power Supplies

As the unit is designed to operate using the
Power Supply PS150E unit from the Modular
Servo kit, the power supplies have been designed
for £156V. The sockets together with the OV
input are located at the top of the deck. The
regulated +18V outputs from the 150E Power
Supply unit are intended to be used as the
voltage source.

Practical 1.1 Follow Control

We will first examine on an oscilloscope the
follow function of the ZERO ORDER HOLD.

Ensure that you have followed the instructions
in the Preliminary Procedure and then switch on.

Q1.1 What is the reason for using the trigger
output on the oscilloscope?

Adjust the trigger controls on the oscilloscope
for a steady display.

Q1.2 On the oscilloscope screen does the out-
put waveform follow the input waveform?

Now set the function switch on the FG600 to
sinusoidal waveform and then to a square wave-
form.

Exercise 1.1

With all three waveforms, did the output wave-
form follow the input waveform on the oscillo-
scope?

What was the gain in each case?
Sampling

There are three controls to reguiate the sampling
facility on the SH150M. The SAMPLE/FOLLOW
switch when set to sample will switch in the
sampling circuits,

The sampling period is controlled by the
SAMPLING FREQUENCY control with divisions
1 to 10 over frequency ranges of X10 giving up
to 100Hz, X1 giving up to 10Hz, and XO.1
giving up to 1Hz.

At the moment the settings are a range of X10
and the frequency set to position 10.

Q1.3 What will be the sampling period?

11
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Practical 1.2 Sample Control

To see how the 150M samples, keep the FG600
function generator on the triangular waveform
output and switch to SAMPLE: you shouid then
obtain waveforms as in fig 1.3. Make a tracing of
the input and output waveforms on the oscillo-
scope screen.

Switch the FGB600 to first sinusoidal and then,

_.“/
-

square waveform outputs, each time observe the
tracings of the waveforms on the oscilloscope
screen.

Switch the FG600 back to a triangular wave-
form output and set the sampling frequency
control to position 5. Make tracings once more
of the outputs on the oscilloscope screen.

sample /hold
output

Fig 1.3

12
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Exercise 1.2

Draw horizontal axes on the four sets of wave-
forms and mark the quarter-cycle intervals.

a) What effect has the sampling frequency on
the reproduction?

b) Is there any effective difference in the sampl-
ing of the three types of waveforms?

Q1.4 What advantage would there be in having
triggering facilities in a sample/hold unit?

Triggering Controls

There are four trigger controls and an output
terminal. When the TRIGGER/FREE switch is
set to Trigger, the triggering circuits can be used.

With the LEVEL control the value of voltage at
which triggering will occur can be set and the
+ve/-ve switch determines whether it is on the
positive or negative-going slope of the input
waveform, '

The EXT/INT switch allows the SH150M to be
triggered from an external source or from its
own internal triggering circuit. When external
triggering is used, the EXT terminal is connected
to the external triggering source.

Practical 1.3
To observe the effect of triggering, set the
TRIGGER/FREE switch to Trigger.

Q1.5 What will the effect of varying the level
control be?

Now vary the level control and you should be.

able to observe the effect as in fig 1.4.

trigger

input

F-— = = = == —L

b - - - - - -
b e m e e . e

L
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You may need to vary the sampling frequency to
make the effect clearer.

Q1.6 Why should varying the sampling fre-
quency control affect the triggering point in a
sample period?

Then set the +ve/-ve switch to negative and
vary the triggering level, so that by setting the
polarity switch you now trigger on either siope
of the input waveform.

It is possible to inspect the pulse that triggers
each sample period by taking an output from
the terminal GATE PULSE. Transfer the oscillo-
scope lead from the input of the SAMPLE/
HOLD to the Pulse Gate terminal so that you
will see the following waveform as in fig 1.5.

Fig 1.5

A\,

Vary again the level control and examine both
waveform slopes.

Now vary the sampling frequency as well as the
level controi and note the effect on the triggering
pulse.

sample/ hold
output

Fig 1.4

AL
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Exercise 1.3

Set the controls so that triggering is at +135°
as in fig 1.6 and the sampling frequency control
to position 6.5.

A
/A\

retriggering point

6-5 samples
per cycle

J

N\ A 1

\ : N ,/ time
135° \ I I

— /

10Hz triangular \

waveform

Fig 1.6

Take a tracing of the waveforms on the oscillo-
scope.

Calculate the sampling period and the point at
which triggering will occur and compare it with
your traced result.

Now set the FGB00 function generator to give a
triangular 1Hz waveform output.

Set the frequency range switch on the 150M to
X1,

Reduce the time base speed on the oscilloscope
to 20ms/cm.

The output will still be synchronised but at a
lower speed.

Q1.7 Do you think that using this technique,
sampling can be carried out at any frequency?

Practical 1.4

Lastly to use the external triggering facility of
the SH150M, set the EXT/INT switch to
External and the +ve/-ve switch to the slope
you wish to investigate. The external triggering
terminal is already connected to the triangular

wave output of the FG600. Set the range switch '

to X1. Connect the input and gate pulse to the
oscilloscope Y-inputs.

Return the oscilloscope settings to that in the
Preliminary Procedure. On the FGB600 function
generator set the frequency to 10Hz with a tri-
angular waveform output.

You will now be able, using the level control,
to vary the position of the external triggering
pulse on the slope of the input waveform.

14

Check that it is the triggering pulse by noting
whether it is affected when the sampling fre-
quency control is varied. As a further check
remove the EXT lead, set the EXT/INT switch
to Internal and again vary the sampling frequency
control.

Exercise 1.4

Finally, carefully read Appendix 2 on the
Sampling Theorem and then suggest a type of
filter and its mode of operation, that wouid
reduce the guard space between the spectra at
the expense of increased but tolerable delay.

APPLICATIONS

The uses to which sampled data can now be put
are numerous.

A frequent use for the technique is in
sampling data. Very often a large number of
different signals must be sent over one com-
munications link. We can take a military applica-
tion where a guided missile has to transmit
back certain basic information so that altera-
tions in its course may be made. This informa-
tion would include details of its velocity,
acceleration, altitude, temperature, course, rate
of fuel burn, etc. Each variable can be given
its own channel or time share. One simple
method of using time sharing is for each variable
to be sampied; the sampling rate and duration
of each sample can then be determined by the
number of pieces of information being used
and the fact that the missile will transmit for
part of the time and the master station for the
rest of the time. In such a case the received
information can then be held &siong as possibie
in the binary store of a computer.

The development of the computer has been a
major factor in spreading the use of data
sampling. In many applications it is essential
to transmit positional information; the usual
device to do this is the synchro. If the synchro
data is digitised to maintain compatibility with
the system, it can be transmitted by line or
radio link and then fed into the reproducing
unit, or servo, so that the required shaft
position can be set.

1f the line or radio link has to serve a number of
stations, then the digitised data can be sampled.
The output of the synchro will normally be in
analogue form and so will need conversion to



digital. At the other end there will agair be a
conversion to analogue to operate the servo.
Such systemsoffer improvement in performance
at expense of bandwidth.

The early development of automatic control in
chemical and petroleum plant also has led to the
extensive use of data sampling, whether in
analogue or digital form. By this means settings
of the multitude of process control valves that
can be situated over a very wide area and some-
times in hazardous or concealed positions, can
be centrally controlled, monitored and logged
either by operators, automatic controllers or
computers. Only by the use of data sampling
can the multitude of signals be effectively
transmitted and received.

Modular Servo system MS150-5

A further widespread use of data sampling is in
the numerical control of machines. Many mach-
ines are now controlled by a program fed into
an external computer. Several machines may be
time shared whilst if all the information for
the various settings is to be transmitted in a
minimum number of lines, then data sampling is
the normal way by which this data is sent.

The set of assignments comprising this manual
is designed to show you how the ideas that we
have developed in this assignment can be used in
applications such as the use of an oscilloscope
with a low frequency band, with which to
measure signals outside its range, and its use
with servo and process control systems.

15
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| Modular Servo system MS150-5
WAVEFORM SAMPLING , ASSIGNMENT 2

Object
a) To examine the effect of sampling various
waveforms using a simple RC filter.

b) To demonstrate the sampling oscilloscope.

Equipment required
Quantity  Apparatus

1 Power Supply Unit 150E
i Sample/Hald Unit 150M
1 Function Generator FG600
1 Oscilloscope with:
Dual trace

External triggering
Frequency sweep
Pulse brightness control input

Approximate time required
One and a half hours.

rerequisites
Assignment 1.

17
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PRELIMINARY PROCEDURE

1. Set the switches of the Sample/Hoild 150M
Unit to

SAMPLE/FOLLOW to Sample
TRIGGER/FREE to Free running
+ve/-ve to +ve
EXT/INT to INT

The frequency range selector to X10 and the
sampling frequency adjuster to position 10.

2.  On the function generator FG600 set the
frequency range to 1 to 10Hz, the frequency
line control to 10 and the waveform selector
switch to sinusoidal.

3. On the oscilloscope set the:-

Timebase to 50ms/cm
Beams to 10V/cm

4. |Interconnect the units as in fig 2.4.
5. Connect the mains plug on the FG600Q,

150M and oscilioscope to the mains sockets. DO
NOT switch on yet.

DISCUSSION AND EXPERIMENTAL
PROCEDURE

In Assignment 1 we showed how the 150M
controls eould be used.

Q2.1
signal?

What is the purpose of sampling a

Q2.2 Why do we need to hold the signal value
during the sampling period?

Q2.3 What advantage is there in triggering the
sampling period at set signal values?

As a first practical in the assignment we are
going to place a capacitor in the output circuit
of the 150M to form a simple lag filter. In fig
2.1 we can represent the output impedance of
the system sampled by a 1k$2 resistance and the
value of the capacitance we shall be usmg will
be 33uF.

- 1
S ‘sampler !

V40— el AAAA— =
supply L R C output
O T O—T—O

-15V
Fig2.1

Modular Servo system MS1 50-5

If we switch on the supply the output voitage
across C will take time to virtually reach the
supply voltage V. Atany instant its value will be:
v=V(1

-e’VRc) volts Eq. 2.1

and if we plot a graph of voitage v against time
in seconds the resulting curve will be as in fig 2.2.

ﬁl

vy

Fig22

Again if we switch off the input, the way in
which the voltage v across C decays will be of

the form: _
v = VeYYRC volts Eq. 2.2

and the graph of the voltage v against time in
seconds will be as in fig 2.3.

[y

volts

seconds
Fig2.3

Q2.4 What effect will the capacitor C have on
the output of the 150M when it is in sampling
mode?

Q2.5 Why is the negative side of the capacitor
in fig 2.1 connected to the -15V supply?

Practical 2.1  Use of Filters

Ensure that you have connected up the circuit
of fig 2.4 as in the Preliminary Procedure.

19
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Now switch on and compare the output wave-
forms. Take a tracing of the waveforms on the
oscilloscope screen.

Remove one of the capacitor leads for an
instant so that you can make an immediate
comparison with and without using a filter.
Replace the lead.

Exercise 2.1

a) Taking the output in fig 2.5 (b) as the
unfiltered output, calculate and piot the curves
for the effect of the filter in a sampling period
of 50Hz and refer to the information given in
fig 2.1 for the time constants of the circuit.

b) What did you notice as you varied the
sampling frequency control knob over its range?
Using the plot of 2.1(a) explain why the output
will appear sinusoidal when a filter is used.

Now set the FGB0C to a square waveform at
10Hz and the sampling frequency to 100Hz.
Draw a tracing of the two waveforms on the
oscilloscope screen.

20

Fig2.4

{a) Impulse train
with envelope
shown

N

(b) Approximation of
the envelope with
a clamping (hold)
circuit

Fig2.5

Remove a capacitor lead so that you can see
the effect of using a filter. Replace the lead.
Reset the input frequency to 1Hz and vary the
sampling frequency control over its range. Watch
the oscilloscope carefully and note all changes.



Exercise 2.2

Explain why a nhigh sampling rate is needed
to recover the square waveform of the input.

Lastly set the FG60O0 to a triangular 10Hz wave-
form with a sampling rate of 100Hz. Draw a
tracing of the two waveforms on the oscillo-
scope.

Remove & capacitor lead so that you can see the
effect of filtering. Replace the lead.

Reset the FGB00 to a 1Hz frequency output and
vary the sampling frequency control over its
range. Watch the waveforms carefully.

Exercise 2.3

WHy with a lower sampling frequency will you
get a sinusoidal output?

To complete this assignment on the way that
we can use sampling of waveforms, we will carry
out an .experiment that will underline the
principle of the sampling oscilloscope

Sampling oscilloscope

At very high frequencies, say over 100MHz, 1t is
extremely difficult to design oscilloscopes that
have a broad enough bandwidth to deal with
such waveforms. The incorporation of sampling
offers an effective solution to this problem.
Taking the waveforms in fig 2.6(a), if this wave-
form is pulse sampled at a lower speed, that is at
a fixed fraction of the input signal, then after a
certain number of cycles the pulse will repeat
the pattern of fig 2.6(b). This means that if we
are unable to view directly the signal waveform
then the sampled waveform will give us the
shape of the signal.

Moadular Servo svstem MS150-5

The shape would be even more effective It we
could just see the tips of the pulses so that
they formed an envelope.

Practical 2.2 Use -of sampling oscilloscopes

In this practical we shall use an oscilloscope with
an external brightness control. This means that
the beam can be made to flash brightly when it
is pulsed. This pulsing will occur at the instant
of sampling. The connections to make for the
circuit are as in fig 2.7. The sweep control on the
oscilloscope will externally trigger the 150M so
that puising over each screen sweep will be
synchronised with the sampling pulses. By using
a trigger from the FG600 into the external
trigger of the oscilloscope, the whole system
becomes synchronised.

Using a triangular waveform the image seen on
the oscilloscope screen will be as in fig 2.8. Ifn
is the ratio of signal to sampling frequency then
the pulses P will advance at a rate of 360 + n°
along the waveform,

Adjust the waveform to triangular 100Hz output
and set the sampling frequency to 99Hz.

Switch on and make a tracing of the waveforms
on the oscilloscope screen.

\,
K

Exercise 2.4

Draw a block diagram of the essential parts of
a sampling oscillosgope.

AN AN/ AN/ AN A

IVAAVIAVE

A
AVARVARV/

o

Fig 2.5
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PRACTICAL CONSIDERATIONS AND
APPLICATIONS

The use of sampling techniques has meant a very
significant advance in the frequencies at which
oscilloscopes can be used. As we have seen the
CR tube X-Y controls using the principle of the
stroboscope can study fast motion using a
sampling pulse; an oscilloscope of relatively low-
bandwidth can be used to build up a series of
dots into the waveform of the incoming signal.
The only limitation of this type of instrument is
that only one sample is taken and displayed for
each period of the signal. However, for wave-
forms having bandwidths of over 10GHz and
with amplitudes of only a few mV, the sampling
oscilloscope is the only means of viewing the
signal.

A recent development has been to use the oscii-
loscope on a random sampler basis. Using
random sampling where there is no fixed samp-
ling rate leads to simplification of the circuitry,
as no delay line or pre-trigger is needed.

A further development in the use of Sample/
Hold circuits has been in systems using Pulse
Code Modulation {PCM). In such a system the
input is sampled and a binary word generated
equivalent to the height of the sample. After
serialising, the PCM words are transmitted using
high frequency techniques. At the receiver each
word is reformed into a pulse of a value equiv-
alent to the original and is then maintained ina’
hold circuit till the next pulse is generated, as in
fig 2.9.

22
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Receiver

Conversion of binary value
A into pulses

pulse

abcde t’

Use of hold circuit to maintain
each pulse until next pulse
is generated

Y

abcde :

Fig29
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SAMPLED DATA SERVO CONTROL SYSTEM

ASSIGNMENT 3

Object

Effect that the sampling rate has on the opera-
tion of a feedback Servomechanism when a
Sample/Hold circuit is interposed in the error
channel.

Equipment required
Quantity Apparatus

1 Operational Unit 150A
Pre-Amplifier 150C
Servo Amplifier 150D
Power Supply 150E
Input Potentiometer 150H
Output Potentiometer 150K
Sample/Hold Module 150M
Dual-trace oscilloscope

FEEDBACK Function Generator
FG600

1 Centre zero voltmeter
1 100k 2 resistor

- awd wd wmd d e ad b

Approximate time require\d

Two hours

Prerequisites
Kit 150M Assignments 1 and 2.

Kit MS150 D.C Basic Assignments in Control —
Book 1, Assignments 1 to 5 and 7.
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PRELIMINARY PRCCEDURE

1. Interconnect the units forming fig 3.4.

2. Connect up the 15V and OV outputs on
the Power Suppiy 150E to *15V and OV inputs
on the Operational Unit 150A, Pre-Ampiifier
150C, Servo Ampiifier 150D, Input Pot 150H,
Cutput Pot 150K and Sample/Hold 1E0M.

3. Connect the 8-way socket on the Power
Supply 1B0E to Servo Ampiifier 180D.

4. Connect the 8-way socket on the Servo

Amplifier 1500 to the Motor Unit 180F.
5.. On the Sampie/Hold 1E0M set the:-
Sampie/Follow to FOLLOGW
Trigger/Free to FREE
Ext/Int to INT
+ve/-ye to +ve
Frequency Multipiier to X130
Sampling Frequency to position 10

-~y

8. On the FEECBACK Function Generator

FG600 set the:
Frequency range to 1-10Hz
Frequency dial to 1
Function switch to square waveform
Output Amplitude to zero

7. On the dusl-trace oscilloscope, set the:

100ms/cm
1V/em

Timebase
Amplifiers Y, and Y,
8. Set the Input Potentiometer 150H to 0C.

9. Set the Feedback Selector Switch on the
Cperational Unit 150A to resistive feedback.

Modular Servo system MS160-5

Fix a 4mm piug onto one side of a spare 100k §2
resistor and piace it into position 4 on the amp-
lifier and the other side into the output of the
Function Generator.

10. Connect the Power Supply 150E, Function
Generator FG8C0 and Oscilloscope 1o the Mains
outlets. DG NCT switch on yet.

CISCUSSION AND EXPERIMENTAL
PRCCEDURE

We have aiready seen in Assignments 1 and 2
that the great advantage of the Sample/Hoid
circuit is in its ability to maintain the level of a
signai at a discrete !evel chosen by the sampling
pericd.

The object of this assignment is t0 show how
such a circuit can be used to control a series
of seryo mechanisms, set over 3 wide areg, from
a centrai point.

Whiist we could incorporate the Sample/Hoid
circuit in a system such as in fig 3.1, it wouid
have the disadvantage that the actual state of
each servomechanism was not known and so
dangerous variations from the required state can
occur. To overcome this, transducers can be
fitted to the machines to monitor their actual
performance with the information being relayed
back to the signai source and then electronically
compared with the required state. Now the
controi signal consists not of the required state
but of the error vaiue.

sample/ - ; servo-
hold conrtroller mechanism
i ] - sample/ » - servo-
signals multiplexer hold controtler mechanism
sample/ servo-
Fig.3.1 hold controller mechanism
other systems
comparator
‘- ——————————
signals — multiplexer @»---u multiplexer Sc;rglpdle/ controller b—
other J
systems
Fig 3.2 transducer servo-

mechanism
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Q3.1 What do you notice about the position-
ing of the Sample/Hold circuit?

We have now moved the Sample/Hold circuit
into the error channel so that it will maintain
discrete signal values.

For the purpose of this assignment the machine
to be controlled will be the DC Modular Servo
System MS150 connected as a Position Control
Servomechanism, having a schematic layout as
in fig 3.3. In this assignment we will examine the
effect on the system performance of interposing
" the Sample/Hold circuit in the error channel to
simulate the type of condition we have been
discussing.

It is more important for a proper understanding
of this assignment that you have carefully read
Section 1 to 5 of Part 1 of the MS150 Modular
Servo Manual Book 3 and fully appreciate the
principles of operation of a Position Control
Feedback system using proportional and
velocity control.

Exercise 3.1

Write an essay explaining the operation of a
Position Control Feedback system, such as is
shown in fig 3.3 but ignore the use of the
Sample/Hold circuit and Function Generator.
Explain how the Operational Amplifier pro-
duces an error channel; the use of the Pre and
Servo Amplifiers; how feedback from the Qut-
put Rotary Pot produces proportional control
and using the Tachogenerator produces velocity
control. Deal with the transient response of the
system and how overshoot occurs.

Q3.2 If the input potentiometer is connected
to £15V supplies and has a range of 3009,
what rotation of the potentiometer would give
an output of 3 volts?

Now in this assignment we are not going to rotate
manually the input potentiometer by 30° to give
an output of 3 volts but use the output of the
FG600 Function Generator to simulate the effect
of having a remote signal source. By this means
we can control accurately the speed and way in
which we wish to create this input, because we
can do it suddenly with a square waveform or
gradually with a sinusoidal waveform.

Setting up the Servomechanism

Ensure that you have connected up the circuit
of fig 3.4 as set out in the Preliminary Procedure.

Check that the MS150M Sample/Hold is set to
FOLLOW and the FGB00 Function Generator is
set to a square wave output at a frequency of
1Hz but that the output amplitude is set to zero.

Before starting the assignment it will be necessary
to zero set the Operational Unit 150A and Pre-
Amplifier 150C as well as ensuring that the
rotary potentiometers are properly adjusted.

The Basic Assignments on Control manual
(Book 1) gives full details of how to carry out
these procedures and the assignments that give
the information are listed under PREREQUI-
SITES on the front page of this assignment.

TWG 501
+
hold amplifier amplifier
- t
comparator +
rotary
input pot. St VAYAAm tacho motor
—ANM
rotary
output pot.
Fig 3.3
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3V

3V input

output

1s
3V L

Fig 3.5

Practical 3.1 Operation of the system

Switch on the Oscilloscope and Function Gene-

rator. Set the Generator’s output to 3 volts.

Make a tracing of the waveforms appearing on
the oscilloscope screen.

Q3.3 Did your observations agree with those
shown in fig 3.5?

Now set the Sample/Follow switch to Sample
on the Sample/Hold unit.

Make a tracing of the waveform zppearing on
the oscilloscope screen.

Q3.4 Is there any change in the waveforms
from fig 3.5?

Q3.5 Why is there no change in the appearance
of the waveforms?

Sampling at 100Hz with an input of 1THz will
virtually rebuild the shape of the required
error signal, so there should not be any change.

Q3.6 Why is the transient reéponse of the
systemn important in determining the response to
types of input signals of varying frequencies?

The transient response shows the delays in time
between an error output value and the motor
running at the speed required by the value of
this signal. So that if the motor is unable to
respond fast enough to changes in error values,
overshoot will occur and the degree to which
these are damped gives an indication of the
stability of the system. The time taken for the
output to settle is therefore the minimum
period for a system to be input.

Q3.7 In what way can reduction of sampling
rate affect the system response?

For a good control there must be a smooth
change in error value as the output nears
alignment. If the sampling time intervals and
consequent error value changes may be too
great, then the output will not smoothly come
to a halt but will overshoot and oscillate about
30

the point of alignment. Instability can also occur
if the sampling intervals_become too great in
to the approach speed of the output and the
point of alignment.

On the Function Generator change the variable
control to give a sinusoidal waveform output at
a frequency of 2Hz. Then slowly reduce the
sampling rate from 100Hz to 0.5Hz, noting what
happens to the behaviour of the Output Pot and
the waveforms on the oscilloscope screen. At
.16Hz, 4Hz and 0.5Hz sampling rates, make
tracings of the waveforms on the screen and
note for each set what is happening to the
indicator on the Output Pot.

Exercise 3.2

Explain the reason for the behaviour of the Out-
put Pot indicator together with the waveforms
appearing on the oscilloscope screen over the
sampling range of 100Hz to 0.5Hz with a sinu-
soidal input of 2Hz. If the indicator rotates,
explain the reason with diagrams.

Reset the sampling frequency of the Sample/
Hold circuit to 100Hz and change the variable
control on the Function Generator to give a

square waveform output at the same frequency
of 2Hz.

Connect the Y, input to the oscilloscope to the
PULSE output of the Sample/Hold circuit and
adjust the sampling rate to give a response as
in fig 3.6.

Vout

Y

sampling
pulse

Fig 3.6




Siowly reduce the sampling frequency until the
system becomaes unstable.

Exercise 3.3

Explain what happens as you reduce the samp-
ling frequency and why, in the end,the indicator
rotates.

Exercise 3.4

Draw a design for a two-servo system having a
common error channel interposed between the
Operational Amplifiers and the Pre-Amplifiers.
If the servos have a simple lag type frequency
response with bandwidths of 1Hz and 2Hz
respectively, state what sampling frequency you
woulid use.

PRACTICAL CONSIDERATIONS AND
APPLICATIONS

The use of" computers to controi industrial
processes has meant that many machines set out
over a wide area can be controlled in a very
sophisticated manner from 3 central point. Very
often the machine itself will have several para-
meters that have tc be controiled, such as a
numerically controlled magazine-fed multi-tooi
machine.

A computer has the great advantage that it is
able to make calculations at great speed and
store information in the form of programmed
instructions and reference data and then process
the data under the direction of a controller, as
in fig 3.7.

arithmetic
Jnit

input = store

‘ 1

control
unit

——s-output

Fig3.7

Modular Servo system MS150-5

In this way programs of instructions can be
written that will control the operation of sach
machine in the system, to take account of all
operating conditions and problems. The operat-
ing state of the machine being controlled is then
input into the computer and this information
then becomes data forming part of a series of
calculations that will form the new error state.
So that now the comparator and signals from the
Input Pot or Function Generator output that
helped to form the e2rror channel in this assign-
ment, are incorporated into the computer. As a
fast computer can undertake a string of instruc-
tions with caiculations in a few milliseconds,
either a large number of machines can be con-
trolled or the computer can carry cut other jobs
such as processing accounsts, etc and then be
interrupted at each sampling intervai to receive
information on the state of the machine, and
calculate the error value which is then output to
the Sampie/Hold input of the machine system.
The triggering on the Sample/Hold can be used
1o synchronise the sampling puise to the cutput
from the computer.

If however, a number of systems are to be con-
troiled then the sampling frequency will decide
the number that can form part of amy process
control system. Each machine will need to
receive signals giving changes in error value that
are sufficiently rapid for there to be a smooth
response. A balance, therefore, has to be struck
between an economic utilisation of the process
controiler and acceptabie performance by each
machine in the systerh that is based on a sampl-
ling rate that allows a reliable feedback signal to
be processed by the computer.
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SIMULATED SAMPLED DATA CONTROL SYSTEM ASSIGNMENT 4

Object
To examine the use of sampling techniques in

the error channel of a simulated integral control
system.

Equipment required
Quantity  Apparatus

1 Power Supply MS150E

1 Sample/Hold SH150M

1 Process Control Simulator PCS327

1 Function Generator FEEDBACK
FG600

1 Oscilloscope

Approximate time required
Two hours

Prerequisites

Experiments 1, 2, 3, 4and 5 in Manual PCS327.
Kit 150M Assignments 1, 2 and 3.
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PRELIMINARY PROCEDURE

1. Interconnect the Process Control Simulator
PCS327 to the Sample/Hold SH150M as in fig
4.2,

2.  Patch the front panel of the PCS327 as in
fig 4.3. Set the controls to:

Proportional band to 50%

Set Value to zero

Lag/Integ to INTEG

Fast/Slow Process to SLOW

3. Connect the £15V and COM outputs on
the Power Supply PS150E to the *15V and
COM inputs on the 150M.

4. Set the controls on the 150E to:-

Sample/Foilow to FOLLOW
+ve/-ve to +ve
Ext/Int to EXT
Trigger/Free to FREE
Sampling frequency to 10
Frequency range to X1

5. Connect the Function Generator FG600
main square wave output to the PCS327 input
and triangular wave output to the oscilloscope
input as shown in fig 4.2. Set the controls to:
Function switch to square waveform output
Frequency range from 0.01 to 0.1Hz

Frequency dial to 3

6. Connect the Y input on the Oscilloscope to

the PCS327 output. Set the amplifier amplifi--

cation to 5V/cm,

7. Connect the Maiﬁs plugs on the 150€E,
PCS327, FGB00 and Oscilloscope to their
respective Mains socket. DO NOT switch on.

DISCUSSION AND EXPERIMENTAL
OCEDURE

In complete systems such as automatically
operated chemical plants, oil refineries, paper
mills, etc; masses of liquids and gases are
continuously in movement and subject to process
at various temperatures and pressures. During
movement of the liquid and gas, pumps must be
used to maintain pressure, heaters to set the
temperature and valves to control the rate of
flow. ’

Q4.1 In what way can Sample/Hold circuits
be used in such systems?

Modular Servo system MS150-5

Such coupled system will use a large number of
valves, pumps and heating elements. There will
be a complex interaction between these control-
lers, for optimum operation of the whole system,
the state of each part of the system will need to
be referenced back at suitable time intervals to a
central source so that calculations may be made
to see if alterations are needed in the settings of
the controllers. If a system is to operate using a
common error channel then the advantages
brought out in Assignment 3 of using Sample/
Hold circuits will also apply in such systems.

Q4.2 In what way would the use of a Sample/
Hold circuit be an advantage in such an Auto-
matic Process Controfled system using a common
deviation channel?

As each Controller in the system will be con-
nected to the error channel for only a fraction
of time, the Hold facility can be used to
maintain a driving signal during the time interval
the Controller is not connected to comparator.

Q4.3 Whatare the uses and advantages of using
the Process Control Simulator PCS327 when
modelling the Coritrollers of a Process Contro/
System?

The advantage of the PCS327 is that we can
build up a simuiation of a Controller so that it
operates according to a combination of states
and terms that we require.

Q4.4 With integral control the output signal
of the system will change at a rate proportional
to the time integral of the deviation.

So that if § = deviation
6. = output signal
K = system gain
dé.

then It = Kda

orf. = -Kﬁ.dt

It is from this equation that the control action
derives its name.

Q4.5 What effect does integral control have on
the performance of a Controller?

Using integral control the steady state deviation
of the system will be reduced to.zero because
there will be an output response as long as there
is a deviation.
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amplifier
. zero order '
input hold L»\,\MI_
integrator
delay I
Fig4.1
'Practical 4.1 Sampling techniques with Process Q4.6 Why does the front panel patching of the
Controtller PCS327 include an inverter and delay?’

Fig4.1 shows in block form the elements needed
to simulate a Controlier using integral feedback
control including the Sample/Hold in the error

channel.

Connect up the Process Control system accord-
ing to the instructions given in the Preliminary

Procedure.

Fig4.2 Examinétion of simulated sampled

data control system .

As the integrator is in the feedback path of the
system, an inverter has to be used to ensure
an odd number of inversions so that the feedback

is negative. The time between a signal being

input and the system responding is simulated by
the delay.
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Switch on the 150E, PCS327, FG600 and the
Oscilloscope.

Q4.7 Is the output waveform on the oscillo-
scope screen the same as in fig 4.4?

input

1 overshoot

Fig 4.4 1 undershoot

Now change the Follow/Sampie switch to
SAMPLE.

Q4.8 Has there been any change in the output
waveform shown on the oscilloscope screen,
when changing from Follow to Sample on the
Sample/Hold circuit?

Changing the switch on the 150M to SAMPLE
will not, with an input of 0.03Hz and sampling
rate of 10Hz, alter the shape of the output wave-
form.

04.9 Why does the output waveform remain
the same?

As we saw in Assignment 3, when the sampling
period is very small in comparison with the
input signal, changes in the value of the deviation
will be reproduced by the Sample/Hold circuit
without noticeable degradation of the required
output driving signal. In this case the sampling
period is 1/333 of the input signal and so is very
small.

Exercise 4.1

Explain, using the observations made in Assign-
ment 3, what you would expect to happen to
the output waveform, if the sampling frequency
was gradually reduced to 0.3Hz. How would

reducing the system gain affect the output wave-.

form?
Input
E(s)j zero order
2 hold
| —esT A |
s ST,

Now reduce the sampling frequency to 3Hz and
then 1Hz. On each occasion make a tracing of
the waveform and output on the oscilloscope
screen.

Q4.10 How oscillatory did the output become,
as the sampling frequency was reduced?

The number of overshoots and undershoots will
increase as the frequency of sampling is reduced.

Alter the proportional band control to 200%.

Q4.11 How will this affect the gain of the
system?

By increasing the proportional band control
from 50% to 200% the gain is reduced to a
quarter of its previous value,

Reduce the sampling frequency to 0.3Hz and
make a further tracing of the waveform output
on the oscilloscope screen.

Exercise 4.2

Using the explanation given in exercise 4.1,
relate the output effect shown by a sampling
frequency of 3Hz and 1Hz with proportional
band control of 50% to a 0.3Hz sampling
frequency and proportional band control of
200%. What will be the frequency of the
oscillatory signal superimposed on the steady
state response of the output?

Exercise 4.3

Fig 4.5 shows the transfer functions of each
item in the system used in this assignment.

The loop gain expressed as a transfer function is:

Xi(s) _1—esT 1 A
E (s) s sT 1+sT,

1

I X, (s)

Fig4.5
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Show that the corresponding z-transform is

X](Z) = A1 (Z1 -Zz)
E (z-1)(z-2g)

where zg = e and g = T/T,.

PRACTlCAL CONSIDERATIONS AND
APPLICATIONS

Continuous process plants, such as chemical,
petroleum refining plants, etc. have been in the
fore-front of those industries using automatic
control. Usually the power to operate the
Controllers has been hydraulic or pneumatic.
Such sources of power have not lent themselves
to centralised control as a way of achieving
optimum operating conditions. The incentive
to introduce central process control has already
been there as a way of increasing the economic
return of the plant,and the development of the
computer has provided a means by which this
can be achieved.

As an example, let us take a simplified block
diagram (fig 4.6) of a petroleum refinery.

To optimise the income on a certain type of
crude oil an output split of 70% petrol, 20%

stack
gases

air

air
preheater evaporator reflux
ench
g furnace qu L

combined feed

Modular Servo system MS150-6

tar and 10% gas is needed. This can only be
achieved if every part of the plant is operating
at the correct temperature, pressure and rate
of flow. With flow rates of many tons an hour
any one part not operating at set conditions
would affect every other part of the plant; only
a central process control could safely run the
plant to yield the best return.

The use allows for the control of hundreds of
elements that form part of a complex plant.

In such situations Sample/Hold circuits are the
only way in which each element would time
share its error channel with all the other elements
in the system.

This assignment has dealt with the use of
Sample/Hold circuits for Controtlers. Assignment
5 will deal with the use of these circuits where a
process is being carried out, such as in the
Reactor of a Chemical Plant.

Further Reading

Automatic Control Systems. D.C. Kuo (Prentice
Hall)

On transfer function of hold circuits pp. 374-5.
On gain, damping, etc. pp. 360 et seq.

fractionating

tower condenser
reflux
gas
separator
g P><3—» petrol

.

water crude
cooler . oil

Fig4.6

P

wcter
cooling
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SAMPLED DATA PROCESS CONTROL SYSTEM ASSIGNMENT 5

Object '

To investigate the effects on the output of a
process control system of interposing a Sample/
Hold circuit in the error channel.

Equipment required
Quantity  Apparatus

1 Power Supply MS150E

1 Sample/Hold SH150M

1 * Process Trainer PT326

1 Function Generator FEEDBACK
FG600

1 Oscilloscope

Approximate time required
Two hours

Prerequisites
Assignments 1, 3 and 4.

Process Training Manual PT326. Experiments 1,
2,3,5and 6.
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PRELIMINARY PROCEDURE

1. Interconnect the Sampie/Hold SH150M,
Function Generator FG600 and Oscilloscope to
the Process Trainer PT326 as in fig 5.2.

2. Connect the *15V and 0V outputs of
the Power Supply MS150E to the %15V and
0V inputs of the Sample/Hold SH150M.

3. Set the Sample/Hold SH150M controls as
follows:-

Sample/Follow to FOLLOW
Trigger/Free to FREE
+ve/-ve to +ve
Ext/Int to EXT

Set the sampling range switch to X1.
Set the sampling frequency to 10.

4. On the Process Trainer PT326:-

Patch the front panel as in fig 5.2.
Adjust SET VALUE to 40°C.
Adjust the BLOWER INLET to 400.

Place the DETECTOR PROBE in 11"
position.

5. On the Function Generator FG600:

Set the Function switch to square wave-
form.

Set the Output Amplitude to 5V peak-to-
peak.

Set the Frequency Range switch to 0.1 to
1.0Hz.

Set the Frequency dial to 1.

6. On the oscilloscope set the amplifier to
5V/cm.

7. Connect the Mains plugs on the MS150E,
PT326, FG600 and Oscilloscope to the Mains
outlets. DO NOT switch on yet.

DISCUSSION AND EXPERIMENTAL
PROCEDURE

In Assignmeni 4 we examined some of the
reasons that make Sample/Hold circuits neces-
sary in complex Process Control systems.

Q5.1 What principles of sampling techniques
are there that can be demonstrated by making
a hybrid experiment using the Process Trainer
PT326 and Sample/Hold SH150M?

Modular Servo system MS150-5

The elements forming the PT326 can be inter-
connected so that they can produce a physical
change. This change consists in raising the
temperature of air flowing in a process tube.
During its flow the air will lose heat and a
transducer will record this actual value at the
other end of the tube. Various control systems
can then be formed to control the behaviour of
the air. While the PT326 gives the example of an
air flow, for a control system we can take the
Process to represent the rate at which a chemical
reaction proceeds, the level of a liquid in a tank,
etc. Because we can choose the types of elements
to form the system, a full knowledge of each
specific type of process control system can be
obtained. Together with the Process Control
Simulator PCS327, we can model the behaviour
of any complex Process Control system. Whilst
the PCS327 showed how different types of
Controllers operate, the PT326 deals with the
actual process.

For such systems to be centrally controlled the
settings of the Process have to be optimised with
that of the Controllers forming the systems. A
common error channel will be required with
each control in the Process and on the Control-
lers time sharing their use of the Comparators.
The Sample/Hold circuit connected into each
error channel, then maintains the deviation value
whilst the channel is connected to the com-
parator and prevents degradation of the signal
by sampling.

Exercise 5.1
Write an essay explaining:-

a) The difference between distance/velocity lag
and transfer lag.

b) The difference between two step and con-
tinuous control.

c) The meaning of disturbance and system res-
ponse to continuous control.

Practical 5.1 Using Sampling in a Process

Control System

As in Assignment 4 we can only show the
behaviour of a single variable, the temperature
of the Process, and this is shown in block
diagram form in fig 5.1.

Ensure that you have interconnected the units
and made the connections on the Process
Trainer as well as set the controls as shown in
fig 5.2.

Switch on the units and the oscilloscope.
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disturbance

amplifier
value o hold circuit supply
A
LAAAN
process
°
bridge amplifier detector

Fig5.1

Exercise 5.2

Explain why you should have an output response
shown on the oscilloscope,, as in fig 5.3.

Fig 5.3

Now set the Sampie/Hold SH150M to SAMPLE.

Exercise 5.3

Explain the output response that you now
obtain on the oscilloscope.

Reduce the sampling frequency to 0.5Hz. Observe
the output response shown on the oscilloscope.

Exercise 5.4

Explain why with a sampling frequency of
0.5Hz the output response becomes unstable.
Can you obtain any relationship between the
instability frequency and the sampling frequency.

Q5.2 What would you consider a satisfactory
output response of the Process Trainer?

For a satisfactory response we must try to
obtain a response as near as possible to that
obtained when the Sample/Hold was set to
FOLLOW.
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Q5.3 How much overshoot and undershoot
would you then tolerate.

With the Sample/Hold in FOLLOW there was one

overshoot and one undershoot.

Exercise 5.5

State the minimum sampling frequency at which

you consider the system performance to become
‘satisfactory. Give your reasons why the per-

formance has become satisfactory at this samp-
ling frequency.

FRACTICAL CONSIDERATIONS AND
APPLICATIONS

This assignment has dealt with the use of the
Sample/Hold circuit when forming part of the
forward control path, controliing the tempera-
ture of a mass of moving air. We have already
discussed the part that Sampie/Hold techniques.
play in the effective operation of industrial
processes using a central process controlier.

With this technique one monitoring and control
system can be connected to a number of furnaces or
reactors to analyse the atmosphere above the melt,
or the characteristics of the gasified product. For
simplicity a thermostat has been used to measure
the temperature of the air. However with the use of
infra-red techniques the proportion of CO, CO,,
S0O,, NH;and a large number of hydro-carbon and
other gases in the stream can be measured by the
highly characteristic spectra of each particular type
of gas. By making these measurements at periodic
intervals below the response time of the furnaces or
reactors, a very sophisticated technique becomes
available for controlling the purity of the final
product.
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APPENDIX 1

Transfer Functions of Hold Circuits in Sampling
Systems

A normal way of establishing the characteristics
of a discrete data sampling system using a hoid
circuit, is through its input-output relationship.
The equations that are then derived can be
expressed in terms of time (t). The hold circuit
turns each sampled value into a pulse, having a
period equal to the sampling period and with the
input pulse related to the output by a constant
delay interval T. To analyse the transfer function
we can break the pulse, fig A1.1 into a Fourier
series. To manipulate the resulting equations,
we need to reduce them to an algebraic form,
but if Fourier transforms are used there is the
problem that the function must converge.

Fig A1.1

The Laplace Transform

The Laplace transform can overcome this con-
vergency problem by taking the starting time of
t = 0 so that if {T) is the known function of t
for values of t > O then the Laplace transform
I.(s) of { (T) is defined as

Lish = .= e Ts{(T)dt

In the cases we will be dealing with, s will be a
complex variable whose real part is sufficiently
large to make the integral in the equation con-
vergent.

a) Transfer function of a zero order hold circuit

In fig A1.2 the zero-order hold circuit has an
input, consisting of a train of unit pulses of
amplitude V,, related to the output by a
constant delay interval T. The output may then
be regarded as the sum of two step functions, as

in fig A1.3 (a) and (b).
Vo } “Vo‘
Aok

zero
order
hold

FigAl1.2

{a)

1
f
|
I
]
1
1
)
I

(b)

- T

FigA1.3

Expressed as Laplace transforms.

- esT where e*7 is the delay factor

. Qutput = 1 —1—. esT =
s S

1 _e’ST
3
b) Transfer function of a first-order hold circuit

With a first-order hold circuit the form of the
output response will be as in fig A1.4,

2Vo
v I I first Vo
° — order {}—— T
hold T lvo
FigA1l.4

Developing the method used for the zero-order
circuit, will give an output of

1+7T 2
output =< To S) (1 - e‘”)

The Z-Transform

When using Laplace transforms to obtain the
transfer function for the hold circuit, the
exponential term e-ST will produce non-algebraic
functions in the equations produced when
analysing discrete data systems. A convenient
way of overcoming this difficulty is by making

z= esT

A detailed description of the z-transform is
beyond the scope of this appendix. However,
in brief terms, for a hold circuit the transfer
function expressed as a z-transform, can be
calculated for given parameters. The method
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involves the use of root locus techniques to
establish conditions under which the system
will be stable. The plots, however, are made in
the z-plane and if a constant damping ratio locus
is superimposed on the root loci then a value of
gain for a constant value of damping can be
obtained.

In Assignment 4 practicals were carried out on
a process simulator with an exercise E4.3 asking
how the response could be optimised for a given
system gain. The following example shows how
z-transforms can be used to set out the basic
equations with fig A1.5. Set out in block diagram
form is the system with Laplace transforms for
. each unit of the system.

As a Laplace transform the transfer function of
the system will then be:

E,(s)

Xi(s) _1-esT A 1

Els)h s "sTy  1+sT

giving a corresponding z-transform of

Xq(2) = Aglz-29)
E (z-1)(z-2)

where zg = e8 with § ='Tl
2

. 1+8)eP-
with z, = (B—1)ie' ! and

_Bg-1 +ebf TA
8 T,

Ao

Further Reading

For further details on gain, damping, etc. see
“Automatic Control Systems” by B.C. Kuo
p. 360 et. seq.

+
| st

>—’\/\/\/¥I—y——> X (s)
T

FigA1l5
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APPENDIX 2

The sampling Theorem
This states that:

When a signal is sampled at a rate such that
at least two samples are taken during the
period of its highest-frequency component,
the samples can be used to reconstruct the
original signal.
Fig A2.1 shows a continually varying signal
which is sampled to provide the values indicated
by the blobs, at repeated intervals T,
at a constant frequency fp = 1/T.

To demonstrate the Sampling Theorem, we shall
resort to a mathematical trick. Imagine that the
signal is fed into a product modulator, or multi-
plier. If this modulator is to produce the same
output as our sampler, the other input would

voltage
I\ . /1/7'_7\
// Nt \\

N \T\

\

s

Fig A2.1

be a series of narrow pulses, as in fig A2.2. This
pulse train canbe analysed by Fourier’s Theorem
into a harmonic series. Call the waveform P, the
puise width dt (since it is supposed to be ex-
tremely narrow), and the pulse repetition
frequency fp. Then

P=fpdt(1 +cos 2w fpt + cos 2.2m fpt +
cos 3.2 fpt + .. )

T dt

—»p» time

Fig A2.2

The factor fpdt is a dimensionless multiplier and
a constant. Each of the terms in the bracket will
give rise to a term in the output of the mod-
ulator, and clearly the first term is the one
which will cause the original signal to be present
in its output, unchanged except for the muiti-
plier fpdt. Incidentally, it is because dt is
supposed to be small to the point of vanishing
that we have to stretch the pulses using the hold
unit.

Since we have shown that the original signal is
present in the modulator output(irrespective of
the value of fp), why the restriction about
taking at least two samples? To answer that we
must ook at the other terms in the series P.

Also, to simplify matters, let us take a simple
signal

s = Ssin 27 fgt.

With this signal, the second term in the series P
will give rise to a component in the output
sfpdt sin2nfsgt cos2nfpt, which may be expressed
as

s fp dt %lsin 27 (fg + fp) t + sin 27 (fs — fp)t].

We have, so to speak, a pair of sidebands either
side of the component frequency fp of the
‘carrier’ P.

Each of the harmonics (components of fre-
quency nfp) will likewise generate sidebands in
the output signal.

These are most easily presented in a graphical
form. For this we shall devise a notation, which
will save us a lot of mathematical work. We are
concerned with signais having frequency-
components distributed over a frequency band.
Fig A2.3 shows a conventional representation
of the frequencies which may be present in the
signal. On a horizontal frequency axis a triangle
is erected, whose base indicates the extent of the
frequency band, and which has its highest point
at the highest frequency in the band, fm.

fm — frequency

Fig A2.3
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The lowest frequency in the sampling waveform
(ignoring d.c) is the pulse repetition frequency
fp. This frequency and some typical signal
frequency fg after processing by the modulator
produce product terms of frequencies fp * fs.
Each harmonic of fp will also be present in the
sampling signal, i.e every frequency nfp, where n
in any integer. The harmonics and the signal
will give rise to further frequencies nfp * fs.
These frequencies are shown in fig A2.4 in the
same notation as fig A2.3, with the convention
that the high end of each triangle corresponds to
the highest value, fm, of fs.

Fr 2fm
i ! (a) Signal
! |
2fm fp 2fp

: (b} Sampled signal fp>2fm

[ 1
| | (c) fp=2fm
[
2fm
{d) fp< 2fm
FigA2.4
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For each of the four conditions shown in
fig A2.4 the left-most triangle represents the
frequency components of the reconstruction of
the original frequency. The other triangles
represent further frequencies which must be
eliminated (for otherwise they would corrupt
the signal). The diagram shows that if fp > 2fm
(i.e the conditions required by the Sampling
Theorem are met) then the unwanted frequencies
are outside the wanted band of frequencies, and
can therefore be removed by frequency-selective
fitters. If f5 < 2fm then some of the spurious
frequencies lie within the wanted band and
therefore cannot be separated. Such frequencies
are called ‘alias’ frequencies.

The fact that the sample-and-hoid unit stretches
the samples out in time alters the relative mag-
nitudes of frequency components, but does not
in general alter which frequencies are present.
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CIRCUIT DESCRIPTION AND MAINTENANCE

SECTION 2

Circuit Description

In the module are a sample-and-hold circuit
and a pulse generator which normally controls
it. Fig M1 is a block diagram and fig M2 the full
circuit diagram.

The input signal is fed by voltage follower AA-

to the sample-hoid circuit AD, C2. When the
analogue switch AD is ‘on’ the voltage on C2
follows the buffered input voltage. When the
switch is off the voltage on C2 will remain
substantiaily constant for as long as it is required,
since neither the switch AD nor the output
voltage foilower will allow current which might
alter C2's charge. in both conditions the output
voltage follower AA provides a buffered output
signal at low impedance.

If the sample-follow switch S5 is at ‘follow’ the
0V input to the switch holds it permanently
‘on’, so that the output always follows the input.
When S5 is switched to sample, the analogue
switch is controlled by a pulse generator which
comprises an integrator AB and a comparator
AC.

Positive feedback around the comparator makes
it function as an analogue-driven switch with
backlash. Driven by the integrator it generates

input

pulses at a repetition frequency set by the
‘frequency’ potentiometer R1 and switch S1.

These controls together with R5, R6, R7
determine a charging current input to the in-
tegrator. On this depends the speed with which
the output of AB goes negative. As it approaches
a value of about —12V, comparator AC switches
its output from approximately the positive
supply potential to OV. This causes the two
analogue switches AD to conduct. One analogue
switch places a new sample of the input on C2;
the other (pins 9, 16) supplies a large negative
current via R8 to the integrator input. This
current causes the integrator to reset itself and
the comparator AC, thus starting a new cycle.

Tr1 inverts the switching output of comparator
AC to provide a buffered signal which goes
positive during sampling pulses.

The pulse generator may be triggered by the
analogue input signal or an external signal. This
signal is compared by comparator AB with the
potential set by ‘level’ control R10. The com-
parator produces trigger pulses (sharpened by
positive feedback, R15) whose edges, passed via
C3 to the comparator AC, force early term-
ination of the ‘hold’ period.

external
trigger

frequency

integrafor

1

PULSE GENERATOR

sample / hold ﬂ
+
follow o Yo sample
Y
_______ R
switch with [ ! gate pulse
hysteresis i T
!
i
| I buffer
I ¢
_______ B |

FigM.1 51
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ASSIGNMENT 1

SECTION 3

Experimental Points

As the oscilloscope will be used with a function
generator frequency output of 10Hz, care should
be taken to see that the student is using the
trigger and has steady traces.

The oscilloscope used in the experiment will
need the following facilities:-

Dual trace
External trigger.

Assignment Exercises

E1.1 The student is asked if the output of the
150M followed the input when triangular
sinusoidal and square waveforms were
input.

The gain in each case was asked for and
shouid be unity.

E1.2 Waveforms of the input and sampled
output are drawn from the oscilloscope
screen for the following values.

Input Input (Hz) Function
(volts) Sampling
10 100 Triangular
10 100 Sinusoidal
10 100 Square
10 50 Triangular

Horizontal axes are placed on the wave-
forms and marked at quarter cycle inter-
vals.

a) Comment on the effect of the sampling
frequencies on the reproduction of the
output is asked. It should be possible for
the tracings to show that with a 10:1
ratio the reproduction is better than
witha 5:1.

b) There should be no effective difference
in the way that the three waveforms are
sampled and the reproductions should
be the same.

E1.3 With the controls set for sampling and
triggering to occur at +135° on a trian-

E1.4

gular waveform input. The sampling
frequency is also set at 6.5 on the x10
range.

The triggering point will then occur at
75% of the value of the input signal, as
+1800 will give the maximum value. It
will occur in the middle of the sampling
period as there will be 6.5 samples for
each input waveform.

A tracing is to be taken of the oscillo-
scope screen to verify the point at
which triggering occurs. Comparison is
to be made with the effect varying the
sampling frequency when the 150M is
being triggered internally and externally.

Read the notes on the Sampling Theorem
contained in Appendix 2 and then suggest
a type of fiiter that would reduce the
guard space needed in the spectra at the
expense of increased but tolerable delay.
Show why the characteristics of such a
filter would make it suitable and compare
it with a simple RC lag filter.

Taking the case of a simple RC lag filter
T1.¥a), a Bode diagram plot of its
transfer function will be as in fig T1.1(b).
If for example a filter such as a 2-pole
Butterworth (maximally flat) type filter
were used, the increased rate of cut-off
enables a smaller guard space to be used.

Answers to Questions

Q1.1

Q1.2

The reason for using a trigger output on
the function generator connected to the
trigger input oscilloscope is to synchron-
ise the beams to that of the waveform.
At the low frequency of 10Hz unless the
trace is very steady the sampling effect
will not be shown clearly.

The first experiment is to obtain a
follow output and the student should be

z oo
R —— =
S 2 F 2TRC g+
> 2
S o
[Vm CI Tvout %’ ° phase angle curve
. m -
— a S M curve
: c 9 (-20dB/decade)
a E
-90° -dB“

Fig T1.1
{a)

(b) 55
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Q1.3

Q1.4

Q1.5
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able to see an in-phase reproduction of a
triangular 10Hz waveform.

The sampling period with the sampling
frequency control set to 10 and the
range switch to x10 is 10 milliseconds.

The advantage in having triggering facilit-
ies on a sample/hold unit is that the
output can be synchronised to the input.

An explanation is required of the trig-
gering controls on the 150M. The student
should be able to appreciate that varying
the level control will vary the level at
which triggering takes place.

Q1.6

Q1.7

Varying the sampling frequency control
will affect the point in a sample period.
This is because-the trigger will be set to

operate at a certaip point in the input
cycle. The sampling frequency will then
determine the exact number of sampling
periods taking place in each cycle. The
number of sampling periods will not be
integers but will also include a fraction
of a period that will vary if the sampling
frequency is changed.

From the practicals that the student has
carried out he should be able to say that
sampling can be carried out at any
frequency.
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ASSIGNMENT 2

Experimental Points

The oscilloscope used in this assignment will
need the following facilities.

External trigger

Frequency Sweep

Pulse brightness control input
Dual trace.

Assignment Exercises

E2.1

b)

With a sinusoidal waveform input fre-
quency of 1Hz and sampling frequency
of BOHz the output curves for the
sampling period V; and Vs in fig T2.1 are
to be calculated and plotted. |t is assumed
that the value of V4 is V volts and Vjg is
2.5 voits. There is a 33uF capacitor con-
nector across the output to the -15V
supply and the 150M has an output
impedance of 1kS2.

For V,, the formulav, = V, (1-e't/RC)
volts where V, =2V,

and vg the formula vg = Vg et/RC volts
where Vg is 2.5V, R = 1Q2, C = 33uF and
1 =,02 secs.

a) impulise train
with envelope
shown

N

‘b) Approximation of
the envelope with
a clamping (hold)
circuit

Fig T2.1

The student should notice that as he
increased the sampling frequency that
the output waveform using the 33uF
as a filter increasingly took on the form
of the input waveform. That the effects
would in part (a) of this question increas-
ingly smooth the steps as the sampling
frequency was raised.

E2.2

E2.3

A high sampling rate is needed to recover
a square waveform when the filter is
used. To see the reason for this we must
first set out the equation for the square
waveform.

v = Vz {sin wt + 1/3 sin 3wt + 1/5 sin

Swt ....... ) where wt is the instantaneous
value and V the amplitude of the square
waveform.

The reactance of the capacitance will now
form a potential divider with the output
of the 150M as in fig T2.2 the reactance
of the fundamental will be much higher
than on the harmonics. This means that
the harmonics will be attenuated and
the fiitered output appears as in fig
T2.3.

FigT2.2

Unless the terms of the Sampling
Theorem are met for the higher harmon-
ics good reproduction cannot occur.

Fig T2.3

Using a triangular output the student is
to draw a diagram when the number of
periods in each cycle is low. The voltage
change in each step is large and the
effect of the filter will then be to
smooth these changes. This will give a
near sinusoidal output.
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E2.3

signal
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With a much higher sampling frequency
rate the step changes at the valleys and
peaks of the waveform are small, the
smoothing effect is then not able to
distort the triangular form of the wave.
If one compares the effect at 10Hz and
at 100Hz, then for the time constant using
a 33uF capacitor and the 1kl output
impedance of the 150M, there will be a
voltage of 95% of the step difference at
10Hz and only 26% at 100Hz.

The student is to draw a block diagram
of the essential parts of a sampling oscil-
loscope. A simplified diagram will look
like fig T2.4.

gate
pulse
| -
sampling * -
frequency -
generator
; T
timebase | H—
=S
Fig T2.4

Answers to Questicns

Q2.1

Q2.2

Q2.3

Q2.4

Q2.5

The purpose of sampling a signal is so
that we can obtain instantaneous values
at a rate that is a ratio between the siznal
and sampling frequency.

We hold the signal value during the
sampling period, because the sampling
only gives us its instantaneous value. If
we need to operate on the sampled value
then it is necessary to have a means of
retaining, helding, its value.

I1f the sampling period is triggered at a
set signal value, then we can obtain
sampling that is synchronised to the out-
put signal for display purposes.

When a capacitor is connected to the
output of the 150M, in sampling mode,
the capacitor will smooth the sampled
values of the signal. The rate at which
this is done will depend on the time
constant of the circuit. The 150M has
an output impedance of 1k§2, so that
this value with the capacitor capacitance
will for— the time constant. The effect
will then be to smooth out the sampling
steps in an exponential fashion,

The negative side of the capacitor is
connected between the output of the
150M and the -15V supply and not 0V,
because the input signal can be either
positive or negative. The capacitor being
electrolytic must be polarised correctly.
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ASSIGNMENT 3

Experimental Points

't is important that the student understands the
orinciples of operation of a Position Control
Feedback Servomechanism of the type formed
from the DC 150 Moduiar Servo kit. The first
exercise requires an essay to be written explain
ing the kit layout.

Assignment Exercises

£3.1

£3.2

An exercise is to be written explaining
the operation of a Position Control
Feedback system, as in fig T73.1. The
essay is to include explanations on how
the Operational Amplifier produces an
error channel, the use of the Pre and
Servo Amplifiers as well as to why feed-
back from the Qutput Rotary Pot pro-
duces proportional control and velocity
control from the Tachogenerator and
also the transient response of the system
is to be dealt with and how overshoot
occurs. It is suggested that the student
reads Book 3 Part 1 of the Modular
Servo Manual.

A Function Generator is connected to
the input of the Operational Amplifier
and has a sinusoidal waveform of 2Hz
and a 3-volt maximum amplitude. An ex-
planation is to be given of why the
indicator on the Output Pot will even-
tually rotate as the sampling rate of the
Sample Hold circuit placed between the
Operational Amplifier and the Pre-Amp-
lifier is reduced from 100Hz to 0.5.

The error value is Vi, - (Vour + VTacn) at
any instant. At a sampling frequency of
100Hz, there are fifty sampling periods
in each sinusoidal half-cycles of the input
signals. This will mean that the output
of the Sampie/Hold circuit will corres-
2ond very closely to the required error

operational
amplifier

E3.3

value and the output indicator will move,
with a small delay, in unison with the
input signal.

As the frequency is reduced there will no
longer be sufficiently close correspond-
ence of the Sample/Hold circuit to the
required error value.

At a certain point the sampling fre-
quency is low enough for the sampling
output to be maintained for a sufficient
time to cause the Qutput indicator to
oscillate continuously about the align-
ment point. At the next sampling inter-
val the error value may either drive the
Output indicator once more in the same
direction round the indicator or if the
instantaneous error value turns out to
have an“opposite value, the direction of
rotation will be in the opposite direction.
The type of instability will then depend
on the instantaneous error value at th:
sampling periods,

The Function Generator is now switched
to pioduce a square waveform output
and the same question as in Exercise 3.2
is asked.

In Assignment 1 it was shown how a
much higher rate of sampling is needed
with a square waveform than with a
sinusoidal waveform to produce a reason-
ably good reproduction of the input
signal. This means that uniess a high
sampling rate is used with a square wave-
form input, the sampling of the error
value will produce a sguare waveform
in the output of the Sample/Hold circuit
degraded to a series of steps causing
overshooting of the Output indicator at
the point of alignment. Further reduc-
tion of the sampling frequency will cause

pre
amplifier

rotary

input pot.

tacho

servo
amplifier rotary
output pot
motor
+

e AAAN

“ig T3.1
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E3.4

wild oscillation of the indicator and
then uncontrolled rotation.

A two servo system having a common
error channel interposed between the
Operational Amplifiers and the Pre-
Amplifiers is to be drawn. If the servos
have a simple lag type frequency res-
ponse with bandwidths of 1Hz and 2Hz
respectively, what sampling frequency
would the student use?

An example of such a system is shown
in fig T3.2. The feedback signals are
compared with the driving signals to
produce any error signals. Suitable
switching then transmits the error signals
along acommon error channel where they
are routed to each servo system. Through
the use of hold circuits the error signals
will be maintained at their values till

. subsequent signals are received.

A suitable sampling rate for the 1Hz
servo would be 2.2Hz and for the 2Hz
servo would be 4.4Hz, based on the
Sampling Theorem. The sampling rate
for the common error channel will then
be 6.6Hz.

Answers to Questions

Q3.1

Q3.2

60

The Sample/Hold circuit is interposed in
the error channel of fig T3.1 so that the
channel maintains discrete signal values
during each sampling period.

An input potentiometer connected to
+15V supplies, having a range of 300°
has for an output of 3V a rotation of:-

Q3.3

Q3.4

Q3.5

Q3.6

Q3.7

With a 1Hz 3V square waveform input
into the Operational Unit and a Sample/
Hold set to FOL'LOW the student should
be able to get responses on the oscillo-
scope screen as in fig T3.3.

With the Sample/Hold circuit set to a
sampling rate of 100Hz the waveforms
should still appear as in fig T3.3.

There will be no change in the appear-
ance of the waveforms because at a
sampling rate of 100Hz the sampled
output will virtually rebuild the shape of
the required error signal.

The transient response is important as it
shows the delay in time between an error
output value and the motor running at a
speed required by this error signal. So
that if the motor is unable to respond
fast enough to changes in error value,
overshoot will occur. The degree to which
the overshoots are damped gives an
indication of the stability of the system.
Although a gear system is used for the
purpose of the assignment, backlash is
ignored.

Reduction of the sampling rate will
increase the sampling time intervals so
that the conseqguent error changes may be
too great, then as the output nears the
point of alignment it will not come to a
halt smoothly but will overshoot and
oscillate about the point of alignment.
Further reduction of the sampling inter-
vals become too great in relation to
approach speed of the output in relation
to the point of alignment.

. _ 3009 - 2n0
Rotation = 30V X 3V =30
+
common
error
channel

Fig T3.2
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ASSIGNMENT 4

Experimental Points

For the purpose of the assignment it is assumed
that an MS150E Power Supply is available. If
required an Application Note is available detailing
how OV and *15V d.c supplies can be drawn
from the power supply of the Process Control

Reducing the gain will reduce the speed
at which the output changes, in con-
sequence during a sampling period there
will have been a smaller change in
deviation.

A
x1+s|2

X, (s)

. E4.2 This develops Exercise 4.1. What would
Simulator PCS327. be the effect of reducing the proportion-
The last exercise in this assignment, E4.3 is only al band of 50% at a sampling frequency
intended for advanced students who are practised of 3Hz to 200% at 0.3Hz? Also what
in manipulating Z-transforms. Further reading will be the frequency of the oscillatory
on effects of gain and damping on the system signal superimposed on the steady state
transfer function can be found in Automatic >
Control Systems by B.C. Kuo (Prentice Hall). output.‘ .

) ) The gain is reduced to a quarter at the
Assignment Exercises lower sampling frequency. Although the
E4.1 On the basis of the observations made in period is ten times as great the change

Assignment 3, an explanation is to be will be at a quarter of the speed. There-
given as to what would happen to the fore at the lower sampling frequency
output if using an 0.03Hz square wave- the output will have changed at 2.5 times
form input, the sampling frequency was the speed. The frequency of oscillation
gradually reduced from 10Hz to 0.3Hz. will be 3Hz and 0.3Hz respectively and
Also the effect of reducing the gain the amplitude of oscillation at 0.3Hz will
should be covered in the answer. be greater as there will have been a

. . greater output change in the sampling
The system is using integral control so period.
that the output signal will change at a
rate proportional to the deviation. The E4.3 Fig T4.1 shows the transfer functions of
amplitude of the output signal will also items in the system used in this assign-
be proportional to the gain. ment , giving a loop gain of:
As the sampling rate is reduced, the
length of time at which the output -
will be changing at a constant rate will Xifs) _1-esT 1
increase. A point will come where the E{s) S X sT]
output will overshoot the alignment
point during a sampling interval. The In terms of z-transforms
correcting deviation given during the
next sampling interval will then cause X1 () - A(7-1 ‘Zz)
an undershoot. The output will then E(z) (z-1) (z-2p)
oscillate about the steady state value )
governed by the sampling frequency and where z3 = eB and g= T/ T2
the number of oscillations and their
amplitude will be decided by the system As an exercise the response of the
gain and the inertia of the system damp- system is to be obtained from the above
ing out the oscillations. z- transform.

2 l;
. zero order
input —@'— hold >—’\/\/\/‘I——'
|-esT A | I
S s T, N L
| .
|+ STZ
FigT4.1
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The gain of the amplifier A will then be needs each element being referenced
_ back to a central controller, at suitable
A= (-1+eb) TA ' intervals, so that calculations can be made
B T as to the optimum setting for each
. ! controller. This will require a common
and ' error channel with Sample/Hold circuits

connected to each controller.

_(1+p)ef -1 .

Z4 —m Q4.2 From QA4.1, the advantage will be that
as each Controller will be connected to
This gives a pole-zero pattern of the the error channel for only a fraction of
generalised form as in fig T4.2. the. time, the Sample/_Hold C|rcy|t will
maintain a driving signal during the
Z plane time the error channel is connected to

the other Controllers. During the time

. that the Controller receives a deviation
unit signal, sampling will ensure that degrada-
circle tion of the signal does not take place.

Q4.3 The use and advantage of the Process
Control Simulator PCS327 is that a
simulation of many types of Controller
can be made according to any com-
bination of states and terms needed.

Q4.4 Integral control means that the output
Fig74.2 signal of the system will change at a
rate proportional to the deviation.

The 180° locus depends on the value of Q4.5 The effect that integral control Ijas on
5. the performance of a Controller is that

the steady state deviation of the system
For values of § < 5, the locus is within is reduced as there will be an output
the unit circle as in fig T4.3. response as long as there is a deviation.

There is the disadvantage that the overall

Z plane response time is reduced.

locus Q4.6 The front panel patching of the PCS327
includes a delay, see fig T4.4, to simulate
the lapse of time that will occur in a
Controlier between a signal input and
the actuator responding. An inverter is
also patched to maintain the negative
feedback sense around the loop.

x

Q4.7 In the first experiment the output wave-
form using the FOLLOW on the Sample/
Hold, should be as in fig T4.5.

Fig T4.3

Regions outside the unit circle represent - input
instability. :

Answers to Questions

Q4.1 In complex process control plants there 1 overshoot
is a need for Sampie/Hold circuits. This
is because such systems will use a large
number of valves, pumps and heating
elements. There will be a complex inter-
action between the controllers and
optimum operation of the whole system Fig74.5

1 undershoot
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Q4.9 The output waveform should stay the
same because with an input signal of
0.03Hz the sampling frequency of 10Hz
is relatively so large that each sampling
interval is too small to cause any de-
gradation in performance.

Q4.10 Reducing the sampling frequency to
1Hz will increase the number of over-
shoots and undershoots.

Q4.11 Altering the proportional band control
from 50% to 200% will reduce the gain
to a quarter.
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ASSIGNMENT 5

Experimental Points

it

is assumed that a Modular Servo Power

Supply MS150E will be available, if this'is not
the case, an Application Note is available detail-
ing the points in the Process Trainer PT326
from which #15V and QV d.c supplies can be
obtained.

In these exercises the PROPORTIONAL BAND
control on the PT326 is inoperative and the
amplifier is set at unity gain. This is equivalent to a
proportional band setting of 100%.

Assignment Exercises

E5.1a) Distance/velocity lag is the time inter- -

b)

c)

val between an alteration in the con-
dition of a process and its detection
by a transducer. Transfer lag is the time
taken, following a step change in input,
for the output to reach 63.2% of the
final value. Five transfer lags can be taken
as the effective time to reach the final
value.

In a two-step control the output signal
changes from a pre-set value to another
value when the deviation changes sign.
This means that the controlled deviation
will alternate above and below a mean
value at a frequency that is determined
by a combination of the two lag effects
and the energy level at which the cor-
recting element operates.

With continuous control the correcting
element will operate at a value determined
by the value of the deviation.

With continuous control, if there is a
disturbance at the input, causing a step
change in the controlled condition the
response of the system will be deter-
mined by a combination of the effect
of transfer lag and the energy level of

disturbance

set zero order
value - hoid

amplifier

output

the correcting level. |If the system is
underdamped then as in fig T5.1 there
will be a series of undershoots and over-
shoots depending on the effectiveness of
the damping.

input

Fig 75.1

With a block diagram layout as in fig
T5.2 a 5V peak-to-peak 1.0 Hz square
waveform disturbance and with Sample/
Hold set to FOLLOW the output wave-
form will appear as in fig T5.3 showing
that the system is slightly underdamped.

Fig T5.3

With the Sample/Hold now set to SAMPLE
there should still be the same output
response as in fig T5.3. This is because the
ratio of sampling to input frequency is so
great, 10:1, that there is virtually no dif-
ference between the Sample and Follow
modes. The sampling period being far too
small to cause any noticeable effect on the
fidelity of the deviation to the required
changes.

thyristor
control
circuit

power
supply

bridge amplitfier

AAMA
process

<

detector

Fig T5.2
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E5.4

E5.5

68

The degree of oscillation about the mean Questions Raised
value of the output response when the g 4

Sample/Hold is set to SAMPLE, is govern-
ed by the transfer lag of the heater, the
sampling frequency and the gain. As the
sampling period is increased, so the
deviation at any sampling instant will be
held at that value for the sampling
period. The thyristor control circuit will
then power the heater at a value propor-
tional to K8 (where K = system gain and
@ = deviation). If the output is greater
than the input value at the end of the
sampling period, then the deviation will
have changed sign and so the heater will
be switched off. However the transfer
lag of the heater will have made the
heater gain energy that it will radiate
during its switched off time. If at the
end of the next sampling period all this
heat has not been radiated, then the
effect of the system gaining more energy
than it loses on alternate sampling periods
will cause the output response to become
unstable. The frequency of oscillation
will then correspond to the sampling
frequency.

The system performance will become satis-
factory with a sampling frequency ot
about 3Hz.

From E5.4 it will be seen that due to
the transfer lag, there will be an initial
overshoot at alignment. The damping of
the system wiil then be sufficient to

produce a steady state after the next as

undershoot.

5.2

Q5.3

The sampling principles and techniques
that can be demonstrated by making
a hybrid experiment using the Process
Trainer PT326 and Sample/Hoid SH150M
are the application of sampling to a com-
mon error channel. The hot air process
produced in the PT326 is representative
of the many continuous processes occur-
ring in industry, such as in a chemical
reactor, refinery, furnaces, etc. In any
complex Process Control system there
will be a variety of variables needing
control in the Process together with the
control of the settings of a large number
of Controls in the rest of the system.
A centralised controller using feedback
information as to the actual state of the
various elements can act as a basis for
sending deviation signals along acommon
error channel. This ensures that the
system will operate under optimum
conditions. Taking the PT326 as being
part of such a system the signal amplitude
controlling the heater Power Supply must
be sampled so that it will not degrade
the system response during its time
sharing period.

During the rest ot the time the deviation
must be held till the next time share
period.

On the PT326 there is no access for the
Sample. Hold between the Comparator
and Proportiona! Band. However as the
sampling circuit has unit gain it can,
without affecting the system perform
ance, be placed between the Proportional
Band and the Continuous Control.

A satisfactory output response for the
Process Trainer is shown in fig T5.3.

With the Sample/Hold set to Sample
the output response of the Process Train-
er could tolerate one overshoot and one
undershoot.
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