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Introduction
CONTROL CONCEPTS

MODULE No. : EA904
SUBJECT No. : 6032A

DURATION : 40 hours (Full Module)

PREREQUISITES: Nil

PURPOSE :

This module aims 10 provide the student with the required basic knowledge of

industnal/process control systems

LEARNING OUTCOMES :

On completion of this module, the student will be able 10

eristics of an ideal amplifier and d
haractenstics

l Iist the charact escribe the effect of negative
feedback on these C
n the operation of the main types of transducers used for

List and explal .
and positional measurement.

temperature, force, speed
e operation of the main type

rJ

s of final control elements.

3 List and explain th
the function of the various functional blocks in a control system.

4 Explain

5 Explain the main types of control loops and the methods used 10 condition control
signals.

ea904mt js.97 Sydney Institute of Technology 0.1
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Solid State Switching Devices
Review Questions

Skill Practice 6 : Solid State Switching Devices

Automatic Control

Open Loop Control

Closed Loop Control

Control System Terminology
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Two Position Control
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Proportional + Integral Control (P + I)
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Skill Practice 9 : P + D Control - Positional Control

S. Control Loops and Conditioning
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PURPOSE

The purpose of this section is to provide the student with an understanding of basic electronic

amplifier principles and the use of operational amplifier used in closed loop configuration. It
covers learning outcome 1 of the National Module Descriptor, | )

TO ACHIEVE THE PURPOSE OF THIS SECTION :

This section represents around 20% of the module, and should take approximately 8 hours.

At the end of this section the student will be able to

Draw the equivalent model of a voltage amplifier and explain the function of each section.
Calculate amplifier voltage gain, current gain and power gain.
Explain the term input/output phase relationship.
Describe and calculate the effects of source resistance on amplifier input signal level.
Describe and calculate the effects of load resistance on amplifier output signal level
Measure the gain of an amplifier.
Draw the operational amplifier symbol and explain the term operational amplifier.
List four ideal operational amplifier characteristics and compare these to the
characteristics of a practical operational amplifier.
Explain the limitations in operating the operational amplifier in the open loop
configuration.
Identify and explain the operation of the following operational amplifiers closed loop
configurations:

® Inverting amplifier

® Non-Inverting amplifier

® Voltage Follower

@ Simple Integrator

® Simple Differentiator

ASSESSMENT

Assessment for this section will be by way of practical and written tests to be held at the
completion of the module.

EA904S1T.JS.95 Sydney Institute of Technology 1.1




akes an input signal and produces a larger version of that

nally electronic, hut can be

) : ic or mechanical \
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- Discrete components
- Integrated circuits (1.C)
- Hybrid (discrete components and L.C's)

AMPLIFIER OPERATION

The term amplification is used to describe the action of a electronic circuit that produces

an output signal larger than the input signal An ideal amplifier will produce an output
signal that has exactly the same shape as the nput signal, except it will be larger.

N.B. The term amplification is derived from the term amplitude, which refers to the
height of a waveform

The amplifier input signal is used -
to control the amount of power |:
delivered from the d.c. supply to
the output as shown in Figure 3

+ dc power supply

3 Output

Input N 8i
-E> ....... e
Input

Signal
Source

Load
X

—

Figure 3
Amplifier Gain

i in in the s or power. The

. An lxﬁa'canpmduoeagmnmthemgnalvol.tage, current anc '
gainm:f?an amplifier is a measure of "how many times la:ger the nutl,'nnls thm the
input. That is, a ratio of output to input. Amplification (or gain) is simply a
number and has NO units.

EA904S1T.JS.95
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ge of 100mV and an output voltage of 1 volt. Determine the
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e

Student Exercise 1.3

Calculate the amplifier input resistance when the input ¢
voltage 1s S0mV.

Student Exercise 1 4

A signal source produces an open
circunt voltage of 50mV and has an
internal resistance of 10kQ. If an
amplifier having an input resistance of
5kQ 1s connected to the signal source.
what wll be the input voltage to the
amplifier?

Comment on the size of the input voltage to the amplifier

Student Exercise 1.5

If an amplifier having an input resistance of 1 MQ was mmt_tected to the signal source in
Student Exercise 4, determine the input voltage to the amplifier.
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f a voltage amplifier the lower the output resistance the better the
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e of the amplifier.

AMPLIFIER EQUIVALENT CIRCUIT

1.6

- Phase Relationship

e Phase relationship is the relationship between the input and output wavefarme

- Non-Inverting where Vo and Vin are "in-phase” with each other.

Input Signal A mplifier Output Si
3 ignal
by f Vo

e
T

- Inverting where Vo and Vin are "180™ out of phase with each other.

Input Signal Amplifier , Output Signal
Vin \ A Vo
i
°I o A .
o v

NB. An amplifier with a minus sign (-) in front of the gain value will indicate that the
amplifier produces an inverted output.

-20 (minus 20) means that the amplifier produces an

ie. An amplifier with a gain of )
than the input but inverted.

output waveform 20 times larger

EA904S1T.JS.95 Sydney Institute of Technology
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13 OPERATIONAL AMPLIFIERS

o we o onldbeats e reproducti roc lﬁﬂﬂ:?ft..hé
: ;, inlihe T- _w iﬁ'inm:m' this CDUId
R e mmm This is often

J )
iNg mer
: =

gain, high input resistance and low output resistance. e

" }’he op amp is manufactured in integrated circuit REERL|
orm. g 8

@ Inmally the op amp was developed to perform
mathematical operations but has also found
various uses in other circuits as filters, oscillators,
precision power supplies, comparators etc.

2 The op amp has two inputs and one
output. The inputs are:
- inverting input (-V)
- non-inverting nput (+V)
>l
0
Inverting
Input
—
Non- Untput
Y =
I Operational Amplifier
Output S ignal & Op Amps must be provided with a d.c. power supply to bias the ampliﬁelj.
:— Some op amps require a dual power supply, while others require only a single
power supply
’,t .__; 3 o e I Ve
——— T _'_l -_.I
EA904S1T.JS.95 Sydney Institute of Technology
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Control Concepts (EA904) - Section 1 - Amplifiers

1.4  OPERATIONAL AMPLIFIERS CONFIGURATIONS
: . Comparator eyt L
|I Op amps can be used as comparators in open loop configuration (no '&Edhck} m
voltage gain of the circuit is very high, an input voltage will cause the output voltage
to be either maximum positive (+Vo sat.) or maximum negative (-Vo sat.) -
+Vo
Comparstor +15v T +Vo sat.
A Vo  -Vin +Vin
- -
VB >— 0
Tise -Vo sat. *
-Vo
E Inverting Amplifier
The inverting Op
amp input signal
is fed into the
inverting
termunal, a
resistor (Rf)
provides
feedback (closed
loop
configuration) Vo
Inverting Amplifier o
= ¢ shown for simplicity
Output voltage = 0 volis when VA = VB (power supply 10
N.B. Ide: ;'i_}i;"?fi‘.—'.":'.r-!i_-;__?-; : i‘ cs are assumed unless otherwise state.
Institute of Technology i
EAQ04S1T.JS.95 Sydney
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®  Non-Inverting Amplifier

Op amp input signal
1s fed into the non-
inverting terminal
(+), which will
produce a output
which is "in-phase"
with the input.

Operation of Non-Inverting
Amplifier

Vin

.

= (7

Non -Inverting Amplifier

(power supply not shown for simplicity)

| lo F ‘EL ' |[Rg=100kQ
=lv :li —1
]| v I‘Jr R =10k0
! é,‘,
Non -Inverting Amplifier
Differential input Voltage = 0v
~ Voltage Grain AV =
EA904S1T.1S.95 Sydney Institute echnol




e of the non-inverting op amp is very high i.e. = Q and the output

I :lhwuyluw(ﬁr lower than the stated op amp T,).
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Operation

b The Differentiator

The differentiator uses a capacitor in the input circuit to produces an output that is
proportional to the "rate of change of
the input signal. Volts

C

@
T §

g —-
|
]
I
b

R

\
/

e -
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Control Concepts (EA904) ) - Section 1 - Amplifiers
——— - Amphfiers

An operational amplifier:

e o 0 T
h 3 14! |r'!.,i 4[ 4! u ﬁhsﬁ (H.) “““tablﬂtﬂampllfyﬁumn
1 (b)  has only one signal input terminal .
swer A B, C or D fi ﬂhﬁﬂowms questions and place the letter in 1 () is an impedance matching device

le answer “'_i : | (d)  hasalow open loop gain

-an .,, onts found in the emuvalent model of a voltage |

; 7, An operational amplifier operated in open loop configuration would:
S o dlouion i resistitice ()  have negative feedback
1 gmerator mput resistance and output resistance (b) have positive feedback
. mt =5 mgnal generator and internal resmtance (¢)  bea voltage follower
a Rl s eneratioc, signal souroe aud intermal s (d)  have no feedback
ywer delivered to an amplifier's output load would be supplied by s The ideal characteristics of an operational amplifier are:
(a) Open Loop Av =, Rin = =, Rout = = and BW =
(b) Open Loop Ay = m,Rm 0, Rout = wandBW~—m
(d)  Open Loop Av=0, Rin =0, Rout = = and BW = 0
9 Voltage followers are used to provide:

S i lu \ml[ﬁﬂ

e
I

(2)  is another name for a power amplifier ()  maximum amplification

pad” (b)  impedance matching
() mbﬂ used pf}owr I:I_I:npedam:f': matching © mum phase shift of signals

hasan output power less than 1 watt (d) minimum feedback

. . : : : e
r would produce an output waveform which is: 10 A simple integrator is used to provide

ﬂﬁﬂﬂ out of phase with the input waveform ((_;; ilm ramp c:ch:nge to a step input signal
w’ ‘out of phase with the input waveform pedance matching

s 0
90 Mofplme with the input waveform (c)  astep change to a ramp input st
H - :n g 'wnh ﬂlem wavefom (d) maximum ampllﬁcaﬂﬁﬂ

To answers questions 11 to 20 write your one or more words answer in the space provided.

d have an input resistance of A
11.  The choice of amplifiers used in a circuit is determined by the following requirements -
voltage, current, power gain and/or

12.  When the amplifier is operated within its design parameters, the output waveform will
be a true reproduction of

— EA904S1T.JS.95 Sydney Institute of Technology
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Control Concepts (EA904) - Section 1 - Amp

Show all working out for questions 21 to 30.

| 21.  Determine the voltage gain of i < - -
| € gain of an amplifier which has output voltage of 2 volts peak

22. What Input vnltage: would be required to be applied to an amplifier having a voltage
gain of 15, to provide an output voltage of 1.5 V p-p? |

e the condition when a voltage and/or current is applied to an amplifier t0 set the

-
-

___ 23 Calculate the voltage at the input terminals of an amplifier having an input resistance of
e | 6k ohm which is fed by a signal source with a 600 ohm output resistance if the signal
: _ source delivers 200 mV p-p with its terminals -circuited.
ain of an operational amplifier can be modified by adding PP uEse ed

——

24 Calculate the amplifier input resistance if the input voltage is 200 mV and the input
current to the amplifier is 20 4A. |

_',.-u' I-' : - Ry = =l -
Jr:‘u]j-':lﬁf-g.mn T
R e e =

#s g ES s
N e

erting operational amplifier circuit is connected to the
volts at no load. When a load of 10 k ohm is

— — S— : | f2 5
G .. 25 An amplifier has an output voltage of 2 | Sy
open loop output resistance , of an operational amplifier is AR BTP & the output voltage dropsto 17 volts. Calculate the ampifier OF(FS |

e e S resistance

| EA904S1T.JS.95
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it diagram of an op amp connected sO as 10 provide 180° phase shift
20 mV signal up to 1 V. The input resistance of the circuit 1s to be

)

Yo

.

(a) Voltage Gain:

(b) Output Voltage:

(c) Phase Relationship:

30.  Sketch the input and output
voltages for the circuit
shown if the input voltage
to the circuit 1s:

(a) 10 mV p-p sinewave.
(b) 1V p-p sinewave.

(c) 0.5V p-p squarewave.
(d) -02Vd.c.

15 kQ

470 kQ

EA904S1T.JS.95
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Figure 1

to 15 volts.

oduce a 0.5 volt peak to peak sinewave at 1 kHz.

Le DM 'F;
(s f:!" n'
1C

display both the input and output waveforms. Make sure the CRO
ygered, 5o | “I.E bo 'mvaforms are stable on the screen.

_ l l“t-.u.; e--:-—*qu

| Input Vultnge 3
Vin p-p volts

0.5

1

e —

3. Amplifier Relationship

(a)  Using the waveforms as obtained in M

ethod 2, i -
phase or out of phase? Record your are the input and output voltages in

answer in Table 2 below

_____ 8 ST Table 2

gnput - Qutput Phase Eelatiogs;hi__

(b)  Sketch the input and output waveforms, label all axis on the grid below.
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- 3. From your answer in question 2, whmmyoumyabaﬁmwmﬁ -nﬁ;ﬁ‘n’l-{ er?

= e
= C I

'1 — _a-li_zp

| : 4 Why did the output voltage become distorted when the input voltage was increased?

-

5 Was the amplifier able to produce a reasonable output voltage when the D.C. power
supply was turned off?

SIS (O TSV ORI T Y H-l-u-.li%i-i-u-{""j'_f_ﬂJ|.'

e e

I lll;-.E.T-;- '_'._jf‘ip.ﬂPJf' || "| | L

ing the output voltage on the CRO, switch off the D.C. power supply and
pens "‘-tﬂ‘tﬁﬁ mmlt voltage. Record your observation below.
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(b)  Set the input voltage Vin to 0.5 =
volts peak to peak sine wave, 1Ky [l

(c) Measure the output (Vo) usin g the Vin|
CRO and observe the phase _ (ﬂ)

relationship between Vin and Vo

mand]’lug in Base Vo = volts =z |

Phase Shift =
verting d.c.Operational Amplifier Characteristics

(d)  Calculate the voltage gain using the measured results.

4. ] . Ry = 680kQ, . Av = Vo/Vin =
Rp=330kQ——— 3
, :

Non-Inverting d.c.Operational Amplifier.

— +15v S :
Ri = 68k0 (a) Connect up the circuit as shown in
1.5vy| A" Figure 3.

Co LF35IN - T Ri=22kD  Re=110kQ
5 |

+ : | |
- /g‘, (b) Adjust the potentiometer to set Vin

+15
Vo to | volt . 54

Pot.

15v
4 (c)  Measure the voltage V; with the | ce

Figure 1 DMM and confirm that V; = Vin. — f

—
P
e

(d) Measure the output voltage (ch) - | 4
with the DMM noting the polanty. | _ = _

Vo = volts

the voltage at point "A" ("virtual earth") with respect to ground (earth). (¢)  Calculate the Voltage Gain (Av)

using the measured values.

e = Vo/Vin= _ = —
-edback resistor (R) to the 680 k(Q resistor and set Vin to 1 volt. A

ydney Institute of Technology 1.26 LR
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Conclusion:

should have increased. Was this the case in ?Duru ks h@mfm tﬁc AR for
your answer. What would limit the size of this feedback resistor? reasons o

Signal

Generator

=~ SIS CRO - Earth
~ Figure 4

3 What is the purpose of an inverting operational amplifier circuit?

L =,

4 What is the purpose of an non-inverting operational amplifier circuit?

5. What is the purpose of a voltage follower operational amplifier circuit?

Sl

- e
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The purpo se of this'-sect__ tion 1s to pl‘ﬂwdethestﬂdenfvﬁ‘tjﬁﬂ;g e e el
of operation and application of common industrial trancdr o OWiedge of the principles
e, a v ! I - S S he e S =

1

& o
i

1

TO ACHIEVE THE PURPOSE OF THIS SECTION :

This section represents around 20% of the module, and should take approximately 8 hours.

At the end of this section the student will be able to :

®m [.ist the common variables monitored in industrial processes and the terminology used
associated with transducers.

m Identify and explain the principle of operation of common temperature measurement
transducers.

® [dentify and explain the principle of operation of common force measurement transducers.
® [Identify and explain the principle of operation of common speed measurement transducers.
m Identify and explain the principle of operation of common positional measurement

transducers.
ASSESSMENT i

: _ 9 . 5 (P .. _m{!@' & he

Assessment for this section will be by way of practical and wntten _
completion of the module.
EA90452T.JS 95
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21 INTRODUCTION

B Transducers form a important component in any closed loop control system or
progr able controller (PLC) system used in industrial control.

Power
Supply l
PROCESS ; - [nputs l y Outputs
. 1'8 ! L] 0 0 o

‘ = Input Output
' Module Module

Block Diagram of a PLC System

EER I RONSDUCER
S s i
A transducer consists of the sensor and its ; :
associated circuitry to produce an output i |
or ! SENSOR Ll i
: .
L i
50T IS 8 : '
3 a ' i
..Jl‘_,_.lf_ e | E E
AVCIL UIS Chianpe ' \
| Ul=za=x - il e g p— : ----"-Il-v-——----ﬂ-:

s = . 1] | |

I_.::-",-'g'h.'-' l' ey B = - - ——
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Control Concepts (EA904) - Section 2 - T erceur

2.2 SI UNITS

| titles 'Df:' [teﬂgth(men'ﬁ)‘ Timé( __ "-d:ﬂ::_,:"._'f '...':'!1-'-:'=It]n
Electric current (ampere), Amount of Substz ]' oBTam),

® Length

The unit of length is the metre (m), and is defined as the lenath of a nath feavella

- o ’ e length of ; ;
vacuum dunng a time interval of 1.299,792 458 second. Areaiis amﬂ‘ “‘g’@]ﬁg ht
(m?). and volume in cubic metres - (m’) measured 1n squ:

®Time |

The unit of time 1s the second (s), and is the duration of 9,192,631,770 cycles of the radiation
of a Caesium-133 atom. Frequency in terms of cycles per second or Hertz (Hz). Speedn
metres per second (m.s™) and Acceleration in metres per second per second (m.s”).

® Mass

The unit of mass is the kilogram (kg). It is equal to the mass of the intemationa_l pmypgpf the
kiloeram Force is measured in newtons (N), Energy in Joules (J), and Power in Watts (W).

B Temperature

e Kelvin (K). The Kelvin is the fraction 1/273.16 of the

The unit for temperature is th Shen salcased hee e e

thermodynamic temperature of the triple point of water.
(°F) and Celsius (°C)

® Flectric Current . if

e ampere (A) and is defined as the onns_tani current ﬂm, |
ductors of infinite | ib

m::a;mm, would produce between these conductors &

of length.

The unit for electric current is th
maintained in two straight parallel
area and placed one metre apartina
force equal to 2 x 10”7 Newton per metre

® Amount of Substance i  ofa
: tance is the mole an
The unit for amount of subs G en

system which contains as many eotary entit

kilogram of carbon-12. The elementa! o
molecules, ions, electrons, other particles,

EA904S2T JS.95
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ola (cd). The candela is the luminous intensity from g
x 1012 Her zand has a radiant intensity of 1/680

i
r .

1T ,E_!_.-I.J_I{‘:;;.

I

1

- Vis ble, infrared and ultra-violet light, microwave, Xray, nuclear, etc

~ent. velocity, acceleration, force, pressure, flow, sound, etc

e T R L
| W / 11 a8

VIUETIC
— = e e

RANSDUCER TE OLOGY

The given operating range of the transducer. 1.e. a temperature transducer may

have a range of (300°C to 3000 °C ).

s is the difference between the upper and lower values of the range 1e the

i WA

temperature transducer has a span of 2700 °C.
=y ek

® lineantv "We'l i
e ot S > output of the transducer is directly proportional to its |
_pﬁﬁfu__ ‘o prop 0 its input over the

P e il g L e e £
sensitivity: 1his descnbes the : 1 1 1
ty: This describe  the amount of output signal in relation to the transducer

e -

: szf.::"!'||1 1Y e VT
(o L a temperature sensor could have a sensitivity of

— —

u ' - 2.4 .
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ey Institute of Technol @
5y

Control Concepts (EA904) - §

0 .
i

2.5

D UL
Y = Sectinn D . Tede oo 1
— 1) - 9ECUOoN £ - Industrial Traned:
——— =~ usinal 1ransducers

N

N Totroducton
11 ™

In industrial applications, temperature monitoring i< an. o = —
the control of a wide range nm’fumﬂmwonequmma used in

| | 'Y
When temperature measurements are made, one of two variables can be determined:

« Temperature (analogous to voltage)
« Heat (analogous to current)
The material that makes up the composition of any mass within a thermal system can be:

« Sold
« Liquid
« Gas

The transmission of heat through a mass can take one of three paths, the three paths are.

« Conduction - Heat energy 1s transferred by each molecule.
« Convection - Heat energy is transferred by circulating currents.
. Radiation - Heat energy is transferred by the radiation of waves.

can be made in several ways, non electrical indicators such as

Temperature measurement )
cuits using a thermoelectnc sensor.

thermometers or electronic cir

amounts, for example, chemical

duction can be from many SOUrCes, in varying
S xitis gas, Electrical such as arc,

reactions such as Iron rusting, Fossil fuels such as coal or
resistance or induction furnaces.

e measurement in industry cat
267°C to +7500°C, these
mperatures require a vanety

Temperatur
range from
extremes of te
of sensors.

There are three different temperature
scales that the Industrial electrician needs
to be aware of, the Celsius and Kelvin
scales are the commor, and absolute

temperature scales of the SI system of

units.

EA904S2T.JS.95
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The type of temperature sensor will depend on several factors, the most important factors are
 «  Sensitivity - Rate of change of output for input changes.

« Accuracy = % error of total scale.

« Temperature range - Maximum temperature rating of sensor.

‘® Thermocouples

;_d;_vl!plﬁmmmoﬂ common method of measuring temperatures between 500°C and
500°C The thermocouple consists of two (2) dissimilar metal wires which have a junction in
e region of the unknown temperature (called the Hot Junction - H.J.). The other junction is
cold junction - C.J. and is normally at room temperature. The two junctions are
onnected (o an instrument which measures a small thermoelectric output generated by the
I-*:"" ouple in millivolts (mV.)

ermocou H"El'“’:"ﬁ !

]
LRI

- 1

.

.—?_T;: T ———

Control Concepts (EA904) - Section - Tud. st o
s (BA904) - Section 2. Industrial Transducers

tables or graphs. .(Theggld.jHMi_m_ Gﬁnveﬂadtua,m rature by refern

® Resistance Temperature Detectors (R.T.D.s)

Also called resistance bulbs or resistance thermometers. The resistance temperature detector
depends on the property that the resistance of pure metallic conductors increases with -
temperature rise 1.¢. they have a positive temperature coefficient (P.T.C.)

{F‘W

Gioss cealing

—

Ceramuic red

Pigtmum wire,
/ arvrd

Element =

. Supaerimg
minoture ol

cogr

Guerd fube wiih
eenlidating nales

The R_T.D. consists of a length of metal wire with known reprqducible and stable ,
temperature/resistance characteristics wound on a non conductive former. Altemsa:lvaly he
metal can be deposited onto a ceramic substrate then an etching process can be used to tom

the resistance to the appropriate resistance value.
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+allic oxides and can either be positive

mperature coefficient (NTC) .

o = 100 °C to +300°C) and non-linear output
are - limited temperat range ("100 Cto ) i
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2.6 FORCE MEASUREMENT RN —-

® The Strain Gauge

The stn:a’irg load,‘ torque, acceleration and vibration on an object can be determined
measuring the displacement of predetermined points. etermined

- A
| -

The amount of displacement is very small ie. ym, a sensor commonly used to determine the
displacement 1s the resistance strain gauge.

The principle of operation in the strain gauge is that when a force is applied to the object that
has the strain gauge attached, the gauge and the object will distort slightly. If the strain gauge
is stretched its resistance will increase, if compressed its rﬁsistanceiwill decrease.

SRr4

Ingerinesg
A
-|Jr b e
== B
-ﬁ g
Cod | ==
DR _-‘\H'*-{ | Bt
)
{__
)
Sengiieer f::_ SR
i ) J ——
il-\.
)
c"._
D,
{_ 'F:‘]
| =3

‘.',
[ R " 4at Sale s
Active DHMV
Force
————— q
b ;
Strong Object
{ Anchored)

' ing se two
tached to an object that ‘< {0 be monitored the strain gauge may sen

L 429 ,
Whenia.gaige s nd/or the longitudinal strain.

strains, the transverse straina
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2.7
® Tachogenerator e

rantages Over Wiit Baliots -

Tachogenerators are usually small
permanent magnet DC generators. They
are coupled to the motor to be
l monitored with three methods shown
being direct coupled belt driven or gear
driven. The belt driven and gear driven
provide a method of ratioing the speed
‘Unbonded to desired generator output level.

strain gauge consists of a resistance element bonded to a flexible membrane. The The tachogenerator output is rated in
pauge is used to measure strain at a specific location. volts/rpm. eg. 1V/150 rpm. Therefore

the output voltage is 10V at 1500rpm.

To.

“ﬂ Bonded wire AC tachogenerators are available and
NS e mounted in the same way as a DC

 Beaing tachogenerator. The alternator output
O magnitude and frequency is directly
et E| proportional to motor speed. Usually

the output is rectified to give a DC

| wate ‘O‘UO_TUDJ signal Because of this rectification the

g — output is unidirectional and therefore
sd strai unsatisfactory to detect motor reversal

peg s _r,ﬁllaeisushdto measure very small displacements which are directly
to it by a mechanical linkage. Student Example 2.1

age of 2 volts per 1000 RPM. If its output

A tachogenerator has an outpul volt : |
to a motor shaft, determine the motor shaft

voltage is 3.3 volts when connected
speed
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® Precision Polentiometers

Typically consists of a circular resistive wire wi

: esistive wire with a movable arm, or wiper in -_
_surface_ This sensor converts position to a change of resistance and thuef‘orecc:n be conv st
into a output voltage signal. ' e converted

Features - simple, cheap, subject to brush wear and electrical noise with limited travel.

Er Travel
: | wpprox. 330°
Speed may also be detected using - cremental encoders (pulse generators).
‘These usually take two basic forms retro reflective and through beam optocoupler
encoder. The retro reflective type is suited to portable speed measurement In this SUpPY Wiper Arm
‘a reflective tape is placed onto a motor shaft or coupling and the tachometer 10 v s
ing of a transmitter and receiver sensor transmitting an infra red signal is
¥ .:-I” . ‘* g |.,, oy I - ] Vout
optocoupled type 15 common for permanently mounted encoders using a
te transmitter (ired led) and receiver (phototransistor.) 1 : (o) (o}
Angular motion polentiometer: (2] wire wound, (B} film tyge.

Speed is direct’ pmporuonal to the frequency of the output pulses and if direction 15

=
o

d a second photosensor may be provided that is displaced 90° electrical from

L TR
:_'-._'—-_._.*ﬁr. 1010SENS OT.

® Synchros
nsformer where the relationship between the

: : : : : : A synchro (and a resolver) are a simple rotary tra
| Pulﬂﬁ_l_l_l_ l | l | | ‘ I | primary (rotor) and the secondary (stator) is controlled by the shaft angle. Therefore the voltage
induced in the stator vanes as a function of the shaft angle
SYWCHRD RESOLVYER
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displaced 120°E apart where the

o

vt

vides a digital output that indicates change in shaft position, while ap,

actual shaft position.

i Electronics Boarnd

J Code Disc
Multiple
Fixed Apeniure .-

C'Dllimltlng Optics
and Light Source
Suh—AH!mblr

"'\_\"

214

\ Bearing Housing Assy

What

Tad

s the difference between a sensor and a transducer?

4 Complete the table below by

phenomena
—
PHENOMENA UNITS OF MEASUREMENTS
| Mass
2 Length
3. Displacement
4 Veloaity

| 5 Temperature

6 Acealersion

7. Force

—

| 8 Pressure

LS. Flow

10.Speed

11. Level

EA904S2T 1S 95
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10. Explain the operating principle of a synchro.

11. A tachogenerator has an output of 0.035v/RPM and rotates at a speed of 300 RPM.
Calculate the diffence in voltage output if the motor was rotating at 250 RPM.

ting principle of a foil bonded strain gauge.

ance, a rotation of 350 degrees and has rotated 154

12. A potentiometer has a linear resist
culate the voltage output if the supply voltage is 24 volts.

degrees from the zero position. Cal

 the difference between the principle of operation of a tachogenerator and a optical
r when usec to measure the speed of a motor.

216
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Nl |
ouples 0 ﬂ],f(i]_ 120 \'\1 30 | ,H ol
nd ThermoCOup: | | r i
and Thermocouples e - +——T—t+—t+—1+—
: - l ermistor : i '._f o h i T
rs and Thermocoupies st | | | A |
| RTD e ';'; =
(ohms) B S ;L._
| Thermocouple |
(mV) _# -— e — TS, =

(d) Draw the transfer curves for the three test transducers on the axes provides from the results
obtained in the Table of Results.

Resistance Resistance
A ohms THERMISTOR A ohms RTD
-

Temp. Readout

-

1 ;“lll‘ rj l_u e Varous mP perature E B E B .
tra ansd :* by observation and meter = - |
I}:__‘-':-:-I _ __ ) > < RTD Lu?ut |

3 : h Test ! -

.Jm .- .":_:_:} '._;_ : _;.I. o P 5 shm in e TIBIIBdnﬂ : . _ ‘ . ' . . ‘ * - ’ -
L5 i) jﬂlﬂtﬁtm & -l" Controller 0 T 100 120 :" ? 0 4 6 g0 100 130 Mo 18
- 20 40 & #0100 120 140 1 C

Panel Temperature - °C Temperature =
Digital , Output THERMOCOUPLE
Multimeter Figure 1 B
REMEMBER THAT "
{ENT WILL BE VERY HOT.
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(if) Thermocouple:

(ii1)) RTD:

=

B

- . ' . When applied to thermocouples explain what is meant by the terms

. h of the transducers in terms of the output to the input. reversal and what effect would these have on any temperature readings.
he sensitivity of each of the U eadin

(1) reversal:

LQPC

‘J' 1] __L:‘ H

BT "ol
B W s eaiha
i -ﬁ=". o

(i1) double reversal:

(i)  Sensitivity 0 RTD e A 8 State two methods of determining the polarity of a thermocouple.

A |

STITNE

] ——

ﬁumﬁegriphs-plotted-the temperature co-efficient of each transducer tested

‘exercise.
= e R

:.r-.:: - _..,..,,.. : ; e e .:
(1) 10SrmocOoupic.

O

» ot 3 - o
(ii1) RTD:

=

d
A
-

s

. - oy - |
Sed WILNOut |
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ennent of a strain gauge in a working circuit
)
_eads - 4mm Banana Leads
nnect the circuit up as Power
nin Figure 1. fm ov +ise Supply
=
ionthe Sipply T T Y
Gange :
Pane)” L
i Bridge : u\ ut
R
_L Oov
o Figure 1
step (d) for each load mass until a maximum load of 500g.
h of autput DC voltage against load.

s
(3
==
o

r
Ic:!
|

|

|

Output
mV STRAIN GAUGE

40+
30T
10 4
‘M:-
o "* ¥ T y - - : - - . —
100 200 300 400 500

Load - Grams

Conclusion:

1. From the graph determine the LINEARITY of the strain gauge.

2. The output from the amplifier is in mV. What form is the ou

tput from the stain gauge itself?

3 What is the form of energy conversion in a strain gauge?

EAQ04S2T.JS.95
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sree beam. One is the active gauge and the

O o the beam and identify each.

‘ﬁlg' s it necessary for the strain gauge to connect to the amplifier via a BRIDGE?
: n_;: - "

- 2 --"_I lm | 2‘24 -

= —— —— -_-,__ ___ 1_‘1[.};-::_

-
F— e ——

- — 1 .
e ——

2.12

Atinis: e

® To determine the relationshi

potentiometer P of pasition 1o voltage signal for a rotary position

Equipment:

Dual dc power supply

Variable power supply

Motor control unit (MS15 dc motor control module)
Digital multimeter

Command potentiometer

Connection Leads - 4mm Banana Leads

Method: 1. Positional Measurement

Special Note: Polarity and voltage levels are extremely important and should be set and
verified with the digital voltmeter before connecting to the supply.

(a) Set all power supply levels and then switch off the power supplies
(b) Connect the circuit as shown in Figure 1. (Have the teacher check the circuit)

(c¢) Leave the command potentiometer output disconnected and connect the multimeter to the
potentiometer output.. Switch on the supply now.

(d) Make sure that the position potentiometer is connected to the drive shafi. Rotate the motor
drive shaft until the potentiometer output reads zero,

(e) Check that this position corresponds to the pointer on the yellow position indicator

If it does not call the teacher

(f) Complete the potentiometer Table 1. Switch aff the supply

() Disconnect the position potentiometer electrically and mechanically.

EA904S2T.JS 95 Sydney Institute of Technology
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Potentiometer 150
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Graph 1 - Positional Control - Voltage vs Position

Ov

| Motor Control Module A+Voltage - volts

Figure 1

SR ok M sacnrainen 1

1l
¥ S Y S _yae g p - | ] i i i 1 1 ] 1 ] | L] i >
(a) Connect the multimeter to the tacho output. iy 1 +Position

- i -P OSitiO n
oo e N o | ‘ Degrees -4 Degrees
(b} Connect the command controller to the motor drive input &
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Conclusion:

m .
I From the results plotted in Granhs 1
two transducers, T

3T [(pel RUDRE L e T, -
1C 15‘.55"1'*1Lﬂ117-'—‘.l!-'1E'-‘i"r'-'--'rlf"":x.’- Y of th

L e R -

-

Ghve an example of an application for both transducers.

HINT: for the next two questions find volt/rpm and volts/degree

L

Using Table 2 results, estimated the output voltage from the tachogenerator at 750rpm and
240 45 rpm

4 Using Table 1 results, determine the angular position of the shaft with a position
potentiometer output voltage of 2.4V and 1.86V

S With the aid of a sketch briefly explain how an optocoupler style tachometer operates.

1 L -| I ' [

S e
e

30 Ii | ?T'.!

> Qe

90 120 150 180 210 240

Tachogenerator Speed - RPM
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TO ACHIEVE THE PURPOSE OF THIS SECTION :

This section represents around 10% of the module, and should take approximately 4 hours

At the end of this section the student will be able to:

= Explain the operation of the three main types of electro-mechanical devices used in
control systems
® Solenoids
® Relays
@ Contactors
= List and explain the protection methods used with electro-mechanical devices
® Contact protection
® Interface circuit protection
® Contact bounce protection
@ List the four main types of valves
@ Electrical solenoid
® Motor dniven
@ Ppeumatic
® H}'draUlic
= Explain the operaﬂun of the above four types of valves.

® Bipolar Junction transistor (B.J.T.)

® Thyristors (S.C.Rs and TRIACS)
- Explain the operation of the above two types of switches.
—~ Connect and operate various solid state switching devices.

ASSESSMENT

Assessment for this section will be by Way ﬂf practi
! completion of the module. .
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