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nstrumentation and Control Systems

Table 16.1

anb anb ) A.B
Intersection ofaand b aandb ‘and’
aub avb A+B
Unionofaand b Either a or b or both ‘or’
d ~a A
Complement of a Notofa ‘not’

The laws of Boolean Algebra and the use of Truth Tables greatly facilitate the
simplification of electrical logic circuit design.

Switching circuitlogic

Devices using electromagnetic relays in control systems have been used over a long
period of time for such functions as sequential starting, protection interlocks, counting
circuits, etc. A simple application of electrical circuits is shown in Figure 16.4.

The truth table is given (Table 16.2) where true’ is referred to as state 1, that is, relay
closed, closed circuit, current flows, voltage across load; ‘false’ is referred to as state
0, that is, relay open, open circuit, no current flows, no voltage across the load. In
electronics, power supply connections are often +6V, -6 V, 0 V. Voltage used depends

on devices and circuitry requirements.
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A Figure 16.4 Switching circuitlogic

Table 16.2 Truth table

0 0 0 0 1 1
0

1 0 1 1 0
1

0 0 1 1 0
1

1 1 1 0 0

uTS
INP AND OR NAND NOR
Note:

1. A series circuit is the AND function for output, that is, output signal is the same
sense as inputs only when all inputs are the same.

2. Aparallel circuit is the OR function for output, that is, output signal is the same sense
a's input change for any one or all input changes. Inclusive disjunction (gate) means
either or all for the OR function and exclusive means either not all (symbol @)

3. The single relay, or switch, is the NOT function, that is, contact closed gives output
(_closed circuit, state 1, A) and contact open gives no output (open circuit, state 0
A). Similarly the unity ratio operational amplifier (inverter) is a NOT function.

4. In electronics the provision of a unity ratio operational amplifier (inverter) in series
with an AND circuit gives a NAND circuit (NOT-AND) with output opposite in sense
tc.) inputonly when all inputs are the same. Similarly the inverter in series with an OR
circuit gives a NOR circuit (NOT-OR) with output opposite in sense to input change
for any one or all (inclusive) input changes. Compare output states in Table 16.2.
Logic symbols vary, two conventions are shown in Figure 16.5 and other forms are

A A
o— o | A (O—o
B B
C=AB C=A+B C=A
N OR NOT




shown in the text to illustrate the variations, such as small circles at output change

AND to NAND and OR to NOR.

solidstatelogic

are being increasingly used in place of relays and thermionic
valves. The convention for relays of 0 (off) and 1 (on) has to be modified because input
and output have non-clearly defined states less simple than on—off. 1 may represent
higher (or more positive) voltage and 0 lower (or less positive) voltage. This is positive
logic which is usually used with npn transistors because collector potential (and

output) becomes more positive when the transistor is cut off. The reverse applies with
pnp transistors and negative logic is used; this convention is adapted in this chapter, that
is, negative true logic, logical 1 negative with respect to logical 0 from a voltage level
aspect. Digital logic functions can be ac
former simpler and the latter more effective.

Such logic circuits (gates)

Refer to Figure 16.6. With A and B at say
output is -6 V, that is, output state 1 for coinci
atsay 0V (state 0), thatis, any diode conducting, output voltagei
0). A diode, to earth across output, is sometimes
polarity of both input and output signal requirements gives an
or B or both at 0V (state 0), with any diode conducting,
Resistors are sometimes fitted at inputs (see Figure 16.11).

hieved by the use of diodes and transistors, the

_6V (state 1) no current flows through R and
dence of state 1s atinput. With any input
s small, near 0V (state
fitted to ensure output OV. Reversing
OR circuit, that is, A =
means output is 0V (state 0).

OR gate (diode) negative true logic

pefer to Figure 16.7. Output volts are zero until one or both diodes conduct, when -6V

is applied to either or both inputs, the output i
= ’ is then - i
B bination of state et p n -6V, thatis, output state 1 for any

Again reversing polarity reverses role (b
ecomes AND) and resi
sistors are sometim
es

fitted at inputs (with or without diodes - see Fi
- see Fi i .
annot affect each other. gure 16.8). Diodes ensure that inputs

NOT gate

1e (0] g Q. p 1

- d if any input
an y Input no output. Input say -6 V (state 1) gives output 0 V (state 0), that is

-6V
A
QE—H_‘ R
5 |
Output
ov
+6V

é‘ pnp transi
B“ p transistor Output

Common y

Input R




antiphase,

may be £6 V.

Refer to the time delay switch in Figure 169 where operation is similar to the above. &
With no input volts, output volts approximately equal negative supply volts. When | 1

or input 0V output _6 V. For the configuration shown (pnp transistor) when
there is 0V input signal the base is slightly positive with respect to the emitter (reverse
pias) and no current flows.The transistoris then essentially a high resistance impedance-
resistance between emitter and collector with an output voltage approximately equal
to the negative supply voltage. When an input signal of sufficient negative magnitude
is applied the base swings to negative with respect to the emitter and current flows to
the collector. If such current is arranged to cause saturation of the transistor then the
resistance across emitter and collector is negligible so that the volt drop is negligible
and output volts are almost zero. Thus the bi-stable amplifier with common emitter
connection (as distinct from an alternative common base connection sometimes
utilised) acts as a switch circuit with on-off limits. The emitter could be regarded as
earthed. This device is often used in annunciator systems (see Figure 16.19). Supplies
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Output

6V

A Figure 16.10 (Inclusive) NOR gate

the input signal is applied and causes the base to become negative then output the =}

becomes zero as the transistor activates and the capacitor (CAP) charges. When the =
input signal is removed the capacitor discharges through the transistor emitter circuit
as the rectifier (A) blocks any outlet (anode is negative) through the input circuit. So
there is a time delay before the output reappears; the delay depends on the resistor
and the capacitor values (i.e. RC time constant). A variable resistor between P and Q
allows shorter time delays and a capacitor between X and Y allows longer time delays,
both resistor and capacitor being adjustable. Supplies may be +6 V for power source, -

and the common line may be earthed.

pnp transistor

Output

Common

R R A Hal AN S

~ NOR gate (inclusive)

~ Gee Figure 16.10: The

B o o more, npt s?:::gflls one output and two or more inputs. Output chan

B change. This is  negat ange and the output change is anti-phase potentialgfcES

the pnp transistor base is.gneve Stlgn output OR gate. If -6V is applied to A or B or bot:
B oimost zero (small ?eas'Flve so that a large collector current flows and out utl

B . ccioned in with o V;stanc.e acro.ss emitter—collector) if appropriate circpuit

to cut off at near +6 V). A symb Tpplled t.o inputs the output is -6 V (transistor biased

B s oo vari)és Ao sketch l.S shown at the top of the diagram. Notatio

with small circle (sometime l:;l ) alte_fnat,ve often used is a semi-circle, base.to in tn

toindicate inversion (Fi s blacked in) or bar line on circumference leadin iy

gure 16.5). g tooutpyt

- NAND gate

W

Single
output changes only i i
Y ang . nly if all inputs change. With i
Ntsrisistar s bi . With inputs at 0 V
stor is biased at cut off. If all inputs are -6 V then bias is OUtPUthOltS .
removed and the

V p .

Cir< Ui
it Silll i i e an ant if A f
ohﬁcatl i
on will he annarent if anlv Ana (Ar twA) Asta
C ara t1icoa nr :II
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' (losing the start button momentarily allows -6 V input and the first NOR

- with output 0V. The second NOR gate gives output <6 V and this si Ig'ate s

the first NOR gate. This circuit output is maintained when the start gnta . fed packto

that 1S, held or remembered from the initial signal instruction. Cl o casech

~ (say stoP) button changes the 0V line input from reset to -6 v %hezse:;eanth: reiet
) gate,

GV 24 . -
; B preV'f’”jly with t\t/;/o inputs at 0V, now has one input at -6 V and conducts, so output i
| L V. Fina output becomes 0V and feedback at 0 i : Non
| ) E gate are 0V and its -6 V output maintains thev o e o o e frst NOR
! 3 . non-energi
J‘ ] ., o R et ergised state when the stop
%‘l“l ‘. i alternative example is given in Figure 16.13.

.~ flectronic transistor gates are similar to relays. Functions can also be achieved usi
. siodes powere i i o
diodes p d by the input signals. However transistor gates, as amplifiers, have thz

. decided advantage of utilising a se ircui
3 parate circuit .
- - the scope greatly of supply for output power which

ov

A Figure 16.11 NANDgate :

o Ir.1 'O?lc circuitry entire circuits are packaged and it is not necessary to know th

rc i , w

1 exaft CI- .UIt configuration of a particular device (chip) becauseitis encapsulated. Si P}

" tracing isimpossi iti .Signa
e possible anditis only necessary to understand the relation between oeraH

';- input and output signals and repair is by replacement (the black box philosophy)

2. Reversing polarity of gates reverses the role of the device.
NAND gates can act as inverter NOT gates when only one input is applied. If a

NAND gate output is fed to another single input NAND gate in series final outputis
in phase, that is, AND gate. Combinations of NAND gates can also provide OR, NOR,

HOLD circuits. ] - .
 type circuits can be quickly built up for otherwise complicated functions

4. Remarks similar to (3) apply in general for NOR gates.
for example, the logic illustrative circuit shown as a combination in Figure 16.13. Th
1D, e

HOLD (memory) circuit . drcuit may be interpreted as follows: if the off signal is not interrupted at the b
' ed at the button

A time delay circuit has been considered previously (Figure 16.9). The remaining logic -

circuit commonly used is hold, or memory, which can now be considered. Feedback - 1 1 —p |
holds in the circuit even after input signal is removed. A reset signal then restores the = 3 5
state of the system. Consider Figure 16.12. 3 2 2 ——
AND OR NoT
e

Feedback

Start

Output

Reset

_gVe—e o —

Stop
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and the on signal or the feedback (or interlock) signal G is energised there will be an Manual
output at H. Pressing the on button gives inputs at A and D, hence an AND function jaj 1 b Air
and output at H (the two NOT functions at B and C cancel, that is, like two negatives F—’—' Q‘
make a positive; similarly E and F). Release of the on button still allows output to be ’—'_r @_"—@’F_‘J;
maintained through the feedback, that s, the alternative input of the two element (OR) Lub
circuit. Pressing the off button cuts off one of the signals in the AND circuit and cuts off | }/ K3
output H. Strictly the combined sketch is NOT (A), NOR (D), NAND (CF) but redundant O
items (BCEF) simplify to OR (D) and AND (CF) and the shading section on D would then P(;ﬁi;n
be crossed. o
=Fuel
Flip-flop circuit Yy V;z};r
Multi-vibrator circuits have been discussed in Chapter 7. The univibrator circuit as =
sketched in symbolic form in Figure 16.14 is used in computers. With inputs Xand Y M;r;:al

at state 1, say -6V, the feedbacks at state 0 (0V) and state 1 (-6 V). For the lower gate
feedback (0) and input Y (1) through NAND gives state 1 (=6 V). For the upper gate
feedback (1) and input X (1) through NAND gives state 0 (0 V). Connecting inputs to
state O will give stable reversing. A positive pulsetoone input reverses output potentials
again. For counting both inputs are connected so that two positive input pulses are
necessary for each positive output at the outer transistor, that is, each successive binary

changes at half the speed of the one driving it.

A Figure 16.15 Logic sequence énginesyStem ;

gives all 0 Vinputs (earth) to gate A whose inverted output i "
omAand — g put is -6 V. Gate B inputs are —
: Z:)rutput st g Vil\gsir:stgf;m.verted f'GEdbaCk NOR gate (whose inputs are aIFI)O V)?rGeat:
B e e aa(;zjtartdﬂgnal pulse and via double inverters / (single input
B ot o NOR gate at 0 ;Tfanf;zzzgi)ll(?:;si (tdell\fc); by capacitors in circuit) at
A ) utto NORgate b -
tGOa:;OBP ;:t:fonptaciirgztc): or fa ulF on circuits 2, 5, 6) its outputgbeco:\::rge\alst:s;/a(t:ul}e
B o change, At ing and its output signal will become -6V so shutting off fuei
ge. A time delay, not shown, can easily be arranged to shut off only the

yv

quence engine syst

Figure 16.15 is a practical illustration of applied logic. All inputs, points 1-7, can be ‘:
regarded as -6 V through input resistors. With all essential start criteria 2-6 satisfied, ©

the transducers will have closed these input relays and operation of the start button 1

Devices use flui i
uid flow in sensin i :
» g, logic computation and i
principle is th : nand actuation. A commonly utilis
Pipe surface (\i/clcl)anda effect, that is, the tendency of a jet stream to attach itsZIf to tf\ce{
all). A complete range of devices can be built up and are widely used i
in

ndustry, |t ;

y.Itis i ;

thosen. The b’;‘;tt:;s&blel t.o Fover all designs but to illustrate principles two types are

. c - e multi-vibrator (flip-flop) has been i :
tdic principles are illustrated in Figure 16.16 consigered elestienically ang

Referri
fing to th i
atoutput | e t.op sketch the fluid can be regarded as attached to the wall of tube A
-Input sianal at B senaratec attachment and divartc fl tntitha R o
c tlrwrtn tiiha Anitnnt Thic
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Input A

Scale 10 ...10% 102 10! 1 L L 1
10 10° 103
Output B : Scale3d ..3% 3 g3 ¢ 1 1 1
Supgly 3 32 3
fluid 3 Scalen .. m® ot 1 1 1. 1
Output A n i

f ‘ _— 51 denary in the scale 3.

| | Vent

b b

| 51=1Xx3+2%374+2x31+0x 1=1220 (base 3)

Output B : .
Input A Utpu - g48 denaryin the scale 5.

< 3 =1X5+4x%x5+ 1 =
| Input B /Z Output A - o 48 4x 5"+ 3% 1=1443 (base 5)

TR 0356 b i 5

- 1475 denary in the scale 12.

S R s 1475=1ten X 122+ 2 x 12 + eleven x 1 = t2e (base 12)
A Figure 16.16  Fluidic logic devices .~ - ;

(tand e to be new digits representing ten and eleven in the denary scale)
condition will hold (memory) if input B signal is removed and can be reset by an input % | By in the scale 2.

A signal to the initial state.

The lower sketch illustrates an exclusive OR device, that is, input A or B will give output = 19=1x2 +0x 2> +0x2? +1x 2'

A or B but not both. If inputs are zeros output is zero and if inputs are applied together v =10011(base 2) T
= e

the jets impinge, flow goes to vent, output to zero. & ‘

If output change for this momentum type device is greater than input (control) change . The latter, base 2, is the binary scale.

it is amplification. A turbulence amplifier utilises a cross-control jet to change from

laminar flow.

The reader should first verify for practice:

101011 base 2=43 base10

It is first necessary to consider simple computer-counting in binary terms. 39 base10=100111 base 2

T .
‘ 1h:: ;Ciasljafllae;tl:e advantage of expressing any number in terms of two symbols, 0 and
- iso rep'zalsent current off and‘1 to represent current on (or two voltage
the basis of the 5_0?5' @ to use many e.lectncal currents to perform calculations. This is
igital computer counting in digits, pulses or bits.

Scales of notation

The denary scale (base 10) is in general use but any number base can be used in a scale. =

Consider the following:
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Addition and subtraction ,;f : |
hiu 26 25 24 23 22 21 1 &
o cc - - :
i Y o0 1 0 1 1 A prief introduction to constituent eleme
A nts igi
o 59 - - ' onsidered. Refer Figure 16.17 of the digital computer can first be
- 8 t i e :
1 Carry figures 1—_’1_1’_1_1’_— [nput unit
| 82 1 01 0 0 1 0

FunCtiOTL" to accept input data coded information in the form of ei

ma.gneﬂc tape or converted analogue signals and transmit theO le'ther ‘pur‘mched or
digital form to the arithmetic unit. The connecting link betwe e e_Ctrf)mc signals in
programs are typed in on a keyboard and displayed on a video ;i:plljar;t;nlist (c\a/I[I)TJd) o

‘ | Addition is as illustrated above. If the digit sum in any column totals 2, carry 1 to the
| next column and leave 0; if 3, carry 1 leave 1;if 4, carry 1 two columns and leave 0; etc.

Subtraction is as illustrated below. When subtracting 1 from 0 borrow (10) that is, 2 Arithmetic unit

from next column, change 0 to 1 working to the left until a 1 is reached, change this to

a 0, and continue the subtraction.

. ess I. - . .
Asse“] (o) bl-Sta i i p g I p" p

i fiES, i i i ’

6 o5 4 o3 2 L
_hf 2—_—2’_2/—2——2?—2; buffer store, etc.: all pulse-operated combinational and m i
oo faures T ay 01 1 (0 memory and control units to form the central processing u:ir?(?j;yuo)li\//;:e; ‘Gfoflped il
= —— T would be the microprocessor in a microcomputer. TR B e
;63 = [N I S B Memory unit
o 1 1 0 0 1

Store informati i ;
b - ation with two basic stable state elements Storage can be
es ; : ape
. ferl;te pools,. magnetic drum or magnetic core stores, Magnetic cor:sp r O;
core rings, grouped into lines (words or bytes) with up to 36 digit a(r;_o)
gits (bits

Multiplication and division

ure exactly as denary using final addition or subtraction techniques above. |

Proced
Programme ’ |
1 1 010 Control Lq'ype
o]
1011(1101110 ° l enirig
0010 L. S . |
10110 1011 M [—Displ
In i ; play
00000 O Retference ' put ‘-J Arithmetic Outpil»-{
1011000 1011 g | F—Alarm
e 1011 |
1101110 I
’ ogging
Memory |
. ontrol
'+>DAC
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per word. A store with 12 bit (cores) per word and 2'2 words (4096) has almost 50 k cores
and is known as a 4 k memory store. This would be classified as small with 64 k as quite
large. Random access memory (RAM) contains instructions. ROM is read only memory.

Control unit

Display

Essentially the brain element of the computer. This is sometimes referred to as
programme unit. The programme input is decoded, addressed and so internal transfer
involving memory and arithmetic functions is carried out. Programmes involved in
the central processor may be specific language for a particular type of machine or
generalised high-level language code such as Algol, Cobol, Fortran or C+ which is then
[ processed to machine code. Input and output units are also controlled. Assemblersand
| compilers translate between languages.

Oscillator

Figure 16.18 Digitallinﬁtru}ﬁénf"l .

. '~ gcanner
Output unit 5can

4 surements ;

3 Mearateol o ére sequentially selected by transistor circuits. The transistors a
e ; .

: OP' e unit d)i/ : lmpLIt signal from the scan control device regulated by pulses fro fe

,‘ puls gital clock. Scan speeds can reach 400 points per second if required me

Receives computed outputs as electrical signals, transmits directly to control functions
of plant, operates digital logging units, displays alarm devices and presents output for
typewriter or as tape. Outputs may require reconversion digital to analogue for control
action to analogue computers, plant controllers, etc.

.‘ Analogue to digital converter
perioheral unis :_ Analogue display is illustrated by a car speedometer, that i i

. display by the distance device, that is, discrete stepsj Or: ch’ezziC)r:)tln:OUS, o
reference vo;cage potentially divided by resistance binary stepgs 2‘? ;O;z"erter o
. are compared to the input voltage si i i ity, w ’
. tapped .resistances is then digital.gA sir?w?lzlr I;]ris:gsien;:; l;)zt;I pa;rltcjll
' comparing input and output resistances. There are man t . Ief
and a typical digital instrument is shown in Figure 16 12? T};ieei;
zz:sg::’/)h;: ;he refetren'ce voltfige is greater than the integrat
e Tghate cwcuujc allowing the oscillator pulses (propor
- therange is variable, with an RC time constant.

In this case refers to units outside the digital computer itself, that is, outside the input-

output boundaries shown as dotted chain in Figure 16.17.
etc. which

when output from
by a balance bridge
converters available
mparator provides an
ed input voltage. This
tional to input voltage)

For general purpose computers requiring high speeds and used mainly for data
processing in business, systems inputs and programme inputs would be tape and
outputs would be tape and type. The programme input and digital pulse timing clock
are obviously essential peripheral equipment to any digital computer.

Engineering computers require reference sets, scanners and analogue-digital 3
converters. Outputs would be type logging on paper tape, display, alarm and control »

. In| .
functions. arge computers it i .
puters itis necessary to have maximum utilisation of computer time. Batch
. Batc

OPE l. ! '

) i
Nsumers s generally necess

Reference sets

. i pon.se to priority input when required. Time sharing to
Amplified transducer inputs from scanners are compared to manually set high-low : ary in present digital systems. g
level limits by potentiometers arranged as multi-position rotary switches before 1
analogue inputs to the converter. Alternatively comparison is arranged digitally by =
direct programme control on desired values or manual set by pinsinserted on a matrix |

patch board.
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o fse

-6V

1 Alarm
g 3 receipt [—.
In engineering, digital data processing equipment provides an integrated system of '}; L
monitoring plant process and includes alarm scanning, centralised display and data Pf 3 e
| b

recording.

_Datalogger

|| Thisis essentially centralised instrumentation only. As such has now only a secondary
function of measuring and logging with display. Useful for continuous monitoring and
documentation of records of, for example, large refrigeration storage plants. Generally
refined and superseded by an integrated system to include alarm scanning which =

provides malfunction protection in complex machinery installations. ; )

Alarm / 9@«
i contact "*’

i1 -6V

B
g 23 i

[ A Figure16.19 Annunciaiorsystem

Atf At fault, alarm cont
: ; ntact opens, D output (0) and N off, E i
Are central surveillance-collection points. An off normal condition results typically in = ho hold D. Input to F is (0) and signal generator K also en;er:;:‘l’s‘;t ('] )tWEICh :‘eeds zaCk s
' . 1 sinto F so that M
gfopip 8 O Outputs from D and B are both (0) so output from G is (1) and operates L wehes

W:‘en the alarm receipt button is operated a (1) signal is fed into A and B, output is (1)
which feeds back to hold A; also overides flash input to H so M exhibits constant red

Normal On

light and switches L off via G.
Fault Off Flashing On
Recelve off Steady off »4 Wflen the alarm contact returns to normal and closes, both inputs to C are (0) and its (1)
outpu ircui .
— - off off put resets the hold circuit DE, then AB, so M is extinguished and N lights up.

o

T

iy

o

Integrated system

Figure 16.18 shows a diagrammatic circuit for a single-point annunciator system.
State (1) is -6 V and State (0) is OV, NOR gates are used (except J-NOT). Consider

Figure 16.19.

o

‘ ?::;ie;c:i:a}:ogglmg asone function. Es.sentiallya digital computer but of afairly simple

R pr,o rar[: era. sare as aIready'descrllfJed.The programme is designed and fixed so

g . g[}iﬁEdmeO;nput, c.ontr.ol, arithmetic and memory units as shown in Figure 16.20

R novp; o ‘an combined into on? central processor. A very brief outline description
given and reference to Figures 16.16 and 16.19 should be made.

Under normal conditions the alarm contact is closed, D output (1) which operates the -
green light N, G output (0) and J output (O) so klaxon L and red light M are off.




Analogue section Digital section
s Limit
Settings setting 1| Digital
relays board l«—| comparator
Digital
clock [ ]
L Alarm
OTO/.‘: printer
- |
=] 1
g, |
o2 ! = Analogue to ’
[
§,.§, E Amplifier digital converter > Lgr%;t'g?
=0 1
[} ]
c I
< |
! To =
b all Pro%rgirtnme l
/ Scanner units <
Input
selection L N B
relays Inputs
from
transducers

A Figure 16.20 Schematic diagtam of electronic alarm scanning and data logging system

Primary inputs

Analogue signals from transducers represent variables such as pressure, level, flow, etc.
Each transducer has a plug-in printed circuit module for measurement range, limits,

etc. and is switched in by the scan control unit.

Signal selection

A scanner unit. Sub-units may be used at local points in the installation for say 40 points
which reduces cable runs to the central control room and relieves space requirement =

of the processor.

Signal processor

Provides amplification, analogue to digital conversion, limit sets analogue or digital, ."
scaling, linearising, etc. with outputs to digital (or analogue with d-a conversion) =

display, routine logging and alarm circuits.

Output devices

Visual and audible alarms are required. A logging typewriter records alarm conditions &
and events, until cleared. The typewriter can log by routine all points on demand of =
at time intervals. Display requires careful consideration with a minimum of gauges =
restricted to essential observation. Mimic diagrams of plant circuits with indicator lights_

EEE—— |
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design for comfort, correct instrumentation and alarm in
lighting. Construction of components is modular with plug-in circuit cards for fay|
» . . ) au
rectification. Process plant subject to such surveillance provides accurate and re | t
records and machinery protection with reduced watchkeeping staff, oo

dication plus good effective

This is a full digital computer programmed so as to maintain output variables at th
design condition by providing outputs to controllers, At present most contra Il .
work on analogue inputs so the digital computer requires an output digital—anal0 e
converter. Direct digital control is however coming into use where the ¢ e
output acts directly as control action on the final correcting elementonSq'pUtler
computers generally include controllers, Data processing is now well estab'l' hlrzp'e
follows that computer control is very relevant. In marine e
programmed as to provide, for example, complete prepa
. seatogether with computer control on passage. Built-
L Such a large computer could of course cope adequate
and naviga.tional route placing with suitable addition to store and provision of co
programming. Until recently (and in principle) the analogue computer is faster o
complex run but the digital computer is accurate, repeatable and suited to short rj:sa

practice a computer can be so
ration of machinery plants for
in emergency action is provided.
ly with cargo handling in tankers

Recent developments have led to increased automat

: . edmass production of miniaturi
and highly sophisticated functional com s o

. plexes of circuits at decreasin
Y . o g costs and
olumes (size). Mini computers of large potential computing power are now used

\aNIth time sha.ring links to central large mainframe computers. Microprocessors, with

pr?ceer:;i)r:)é cuh‘:i S;?rage, Prograr'nme) and input/output devices linked to the c:entral

o o ch p,I are increasingly L'Jsed virtually as microcomputers dedicated to

- rol system and function. Programmable Logic Controllers (PLCs) and
S are now standard components of control systems.

Ov
attehf:lilnsi:tyi:tledrzslioerformar-\ce, inclu.ding interaction between components and loops,
O the dynamic (Srn Stége Is becoming increasingly important, Analysis and simulation
Bthermss: ansient) peffc‘Jr‘mance, as well as steady state behaviour, is required.
- mOde'S’ based lnltla”y on linear analysis for freatiancy racnanca ~nd b

S



e 16.21 illustrates a boiler water-level control loop. Boiler (B), (d) scaling unit.

The upper sketch of Figur :
w transmitter signals are to the P com uting relay (X) with 5 ]
g puting y , Sketch the components interconnected in the logger.

steam (S) and feed (F) flo
output, joined by level transmitter signal (L),
The output signal from Y operates the feedwater c

arranged to the | computing relay (¥). < Write down in |
P+ “‘“ : o n in logic symbols, for i
trol val d vesitioner (V). e 3 ymbols, for input and outp ollowing io
ontrol valve and posttion rv) with two inputs A and B: SRR S e each

A computer simulation can be set up and a suitable patch diagram is shown in the ‘. o) USiget

| lower sketch of Figure 16.21. () eniR

| (c) AND gate,

(d) NAND gate.

Sketch, in logic symbol form, each gate.

Draw a circuit di

modifications ’coC(lg:ia:/geraNnO]Rf;)rr]dt ZZ:SDR fz:gtigrtlslief;;ii:e?; el descibe the

For a data logger system:

(a) What is meant by time division multiplexing?
(b) Explain the use of a comparator.
(c) What is the difference between analogue and digital signals?

(d) Discuss the reasons for A to D conversion

toring the alarm

1. Describe, with sketches, an electrical panel for use in moni
conditions of a set of diesel generators.

2. With references to data logging systems,
terms:

explain the meaning of the following

(a) sensing device,

{hY cranner
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16. With reference to automatic control technolo
gy, define and clarif .
(a) desired value, rify the following:

(b) deviation,

(c) correcting unit.

Note: Questions on instrumentation and control systems are set within a wide range of

subject titles such as Engineering Knowledge (General, Motor, Steam), Instrumentation,
Electrotechnology, Power Plant, etc. The specimen questions following are based on
expected 30 min answers, which is the most common practice. In some examinations
however only shortanswer questionsare set, forexample, Class Three (DTp - SCOTVEQ) -
f 1 10 min, and in others a combination of sections involving 30 min and short answer
| ’ questions is used, for example, some BTEC and SCOTVEC.

2. Describe instruments used for measuring the temperature in the following spaces:
(a) refrigerated hold, g spaces:
(b) engine room,

(c) boiler uptake.

3. I[‘)es'ccrlll.oe with sketches, two methods for remotely determining the quantity of
iquid in a tank. Compare the accuracy of these methods and explain how the

degree of accuracy can b intai
e maintained. State one possib
B e p le source of error for each

1. Sketch a thermometer suitable for remote reading - indication.
2. Sketch a valve for automatically controlling fluid flow in a pipeline.

4, Sketc i
3 .h and describe three methods of sensing temperature change. Describe ho
e signals are converted and fed into an automatic control system !

3. Describe, with a simple sketch, any level indicating device.
4. An engine alarm sounds intermittently. How would you determine if it is a genuine

or nuisance alarm?
5. List any five essential instrument readings, indicating the running condition of
machinery, for display on a centralised instrument panel. e Explai
1 . Explain how a temperature sensiti
sitive element installed in i
a refrigerated stores

SOfr.

7. Describe, wi i
, with sketches, how the inlet temperature of lubricating oil to main engine

7. Sketch a moving coil type of electrical measuring instrument.
or gearing may be automatically monitored and controlled

8. Briefly describe any method of speed control for an electric motor.

9. Describe, with a simple sketch, how a flapper-nozzle device controls pneumatic 8. Describe a bridge/engine room tele i
, : E graph interconnecting gear. Explai
: . Explain how the

pressure in an air line. system may operate a‘wrong way’alarm.

wW

following air pollutants are dealt with:
(@) water,
(b) oil,

(€) dustand dirt.

station.
11. List four essential parameters of machinery in operation requiring alarm indicators: =

12. Describe, with a sketch, any one type of flame or fire or smoke detector.

13. Explain the principle of operation of a pneumatic diaphragm actuator.
- - -~ o e Ll o im bt mnlles ~mtivinta an alarm if (il faed suooly fails. 3

10. p
. raw . -
a line diagram of an arranaement wherahy tha nracer ien & ~il Adaliomond o
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E 7. The left-hand side of a small bar of crystalline silicon contains a small proportion of
¢ the elerTwent phosphorus as an impurity and the right-hand side contains a smal|
proportion of aluminium. Silicon has four valence electrons, phosphorus five and

. is pneumatically controlled within set limits. Trace the sequence of events upon

deviation in oil pressure.

| 11. Sketch a compressed air system for pneumatic controls labelling all the principal |} .
| ; g | - aluminium three.
: items. 2
3 ; ketch the bar, and indi ;
- Describe with sketches an automatic drain on the air compressor. State what = 4 5 . » and indicate the n-type region and the p-type region. Draw a
4 " ¥ 5 e r .
routine maintenance and tests are needed to keep the system fully operational. 1 : batte y_COr;nechted between the opposite ends of the bar and show the polarity of
' . i its terminals which will bia -nj ion i L
12. Sketch a pneumatically operated valve for regulating coolant flow. 1 . s the p-n junction in the forward direction.
. : 1 xplain wny no current will f] : .
Explain how the pneumatic system controls valve movement. State how valve = ] i 5 ow through the bar when this polarity is reversed.
s w o b : 3 re ium- .
position is indicated at the control station. il 18. ; i dertiance to medium- or slow-speed engines, describe transducers suitable
. . ) ) ) 3 | ] or producing electrical or ic si At
13. Figure A illustrates how a transistor amplifies a signal from a thermocouple to 3 q pneumatic signals to indicate:

| | operate a relay. Describe the principles underlying this amplification and explain (a) lubricating oil pressure,

why it is necessary. (b) jacket cooling water temperature.

Explain how each of these transducers can be tested.

® 19. Flgurc‘a Billustrates a three-phase fullwave bridge rectifier circuit. Using this diagram
o ¥ explain how an ac voltage is converted to a dc voltage. Draw the graph of output
T o volt?ge aga?lnst time for one cycle. State where such a circuit could be used in
operating 3l marine engineering.
From relay 2=
thermocouple 21 #
: ; r
+ | - - + =t
o Jl — l li —o | > g
L 3 1 Three-phase
= ac supply
A g 4
A Figure A
-
| - L
14. The following terms may be used to describe a boiler feed water controller: 7
(a) detecting element, Output
§ de

(b) servo-motor, A 3
. E
(c) desired value, A Figure B

(d) difference element. 2. With ref
- 3 =Y. With reference to automati i P—
Relate the terms to practical components and describe their operation in the: i matic combustion control, explain with sketches how

| (a) and why pressure differentials across air registers are measured
s and ; (b) air-fuel ratios are adjusted,

controller.

15. Sketch a simplified circuit diagram of an npn transistor illustrating its use a

amplifier. Give a reasoned account of its operation in terms of the electron theory- () the boiler can continue to operate upon failure of the fuel flow regulating valve
‘ ;

ketch in detail a section through a hydraulic governor as fitted to medium

Speed unidirecti i ; :
Sl _c_tuonral engines. Explain how it operates under frequent and wide

16. Sketch and describe a master controller, operated by variation of pressure in the
boiler, for regulating the air and fuel supply to the furnace by a pneumatic contfol‘




22. Describe with sketches an automatic supervisory and alarm arrangement for the
control of bilge water accumulation under periodically unattended conditions.
Explain how the control system is prevented from giving a false alarm due to ship’s
motion.

23. Explain the term ‘semi-conductor’ and describe what is meant by ‘p’ and ’'n’ type
materials.

With the aid of a simple sketch discuss the conditions at the junction between a
p-type and an n-type semiconductor.

24. Draw a line diagram of a pneumatic system for control of ballast, labelling the
principal components.
Describe how a ballast valve is remotely operated.
State why driers, filters and automatic compressors are preferable to ‘bleed off’
from main or auxiliary air receivers.

25. Figure C shows a simplified circuit of an automatic voltage regulator. Explain how
the arrangement maintains a constant voltage output.

ac generator

HE
g

3

G Exciter

w !
00000/
IIHIHIII

Carbon
pile

Operating
coil

A FigureC
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- 26. Describe, with sketches, integrated alarm and control systems for monitoring th
following: o e

(a) air pressure,
(b) tank contents,
(c) oil temperature,

97. Describe with sketches two different methods for the remote measurement of fluid

flow through a pipe. Compare the accuracy of the methods. Give one cause of error
in each method.

. 28. Draw aline diagram of a system to operate widely distributed valves from one point
i Describe how any one valve is remotely manipulated. |
| Suggest, with reasons, a shipboard system which lends itself to such control.

- 29. Describe how a crankcase oil mist detector operates.

Sketch a mist detector system showing the run of the sampling pipes.

State how sampling is controlled.

30. Draw a. line diagram of an automatic sootblower system. Describe the sequential
operation of the blowers. Give reasons for the order of operation followed

State what safety devices are incorporated in the system and why they are fitted

* 31. A bridge circuit containing zener diodes may be used in a static automatic voltage
regulator to monitor the voltage output of an alternator. State:

(a) details of operation of zener diodes,
(b) how the error signal is derived in the bridge circuit.

~ 32. (a) In practice ‘two-step’ control devices have a small ‘dead zone’; illustrate this by
means of a control variable-time diagram.

(b) Explain what is meant by ‘two-step’ control and give three examples of where
such a control system may be used in an engine room.,

]. D . S .

ee%crll?e how the supervisory equipment for the control of machinery in a
Periodically unattended engine room is itself monitored for defects on individual
channels and as a complete unit.

2. Explai . ’
Plain the problems in controlling the upper and lower limits of temperature of

IUhrirai-:m,~ P N T



3. State two advantages and two limitations in the use of electrical signals and also in
the use of pneumatic signals as transmitting media in data transmission systems.
Explain with the aid of diagrams the principle of operation of a force balance
transmitter employing either electrical or-pneumatic signals as the transmitting
medium.

4. Describe, with sketches, how electrical signals are converted to pneumatic signals
in control systems.

Suggest a shipboard application featuring this conversion and state the defects to
which the arrangement is susceptible.

5. Sketch and describe a system for indicating remotely the propeller shaft speed.
Explain how, for the system selected, inaccuracies occur and are kept to a

minimum
6. Sketch and describe a method of measuring the pressure differential for fluid flow

systems.
State what are the effects of altering the orifice plate size or the position of the

tapping points.
7. Describe the construction and principle of operation of a Bourdon pressure gauge.

State the factors upon which its operation depends. Outline a sequence of tests
and adjustments applied to such a gauge known to be inaccurate and in particular
mention at least three of the following:
(a) leakage,
(b) hysteresis,
(c) non-linearity,
(d) magnification,
(e) zero error.
8. State what the purpose of each of the following items in a machinery control
system:
(a) portable mercury manometer,
(b) portable inclined-tube manometer,
(c) portable temperature potentiometer,
(d) compressor and vacuum pump.
Describe in detail any two of these items.
9. With reference to a gyro-controlled hydraulic steering gear, explain its action using
control engineering terms making specific reference to:

(b) feedback,

(c) actuator.

State the part played by the cylinder relief valves in the automatic control system

10. Sketch and describe a fuel meter T
S used with high viscosity fuel. Explain how it

Explain the value of the readings obtained and how they are used

11. Sketch and describe how coolant flow may be measured on a linear scale

Exlplam the principle of operation of the instrument concerned. Explain why the
values recorded may vary from those expected from calculations.

12. State why the temperature of lubricating oi
icatin ; .
control. g oil supplied to an engine needs close

Sketch i

> mstrand des-crlbe an arrangement and explain the principle of operation
t umentatlon.and control equipment for automatically maintaining the
emperature of lubricating oil supplied to an engine at its desired value

13. Sketch and describe in detail i
the ¢ ,
P—— onstruction and operation of one of the

(a) an electric torsionmeter,

(b) a preferential trip,

(c) an electric telegraph.

14. Defi ‘ g i
SkEtns the term ‘cascade control’as applied to control engineering. Describe, with
ches, cascade control as applied to an engine coolant system. Show on the

sketch i
. es how pressure and temperature varies at the cardinal points in the system
ive one advantage and one disadvantage of this control arrangement .

15. Figur ircui i
Cugr etD sf?ows a circuit of a common-emitter amplifier. The transistor has a high
‘ren gain so that its base current is small. If the current through the emitter
resi i i
stor is 0.4 mA determine the battery voltage. Assume that when the transistor

50 kQ 50 kQ

.
L

50 kQ
20 kQ
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is conducting, the voltage between the base and emitter is 0.2 V (90.2 V - this is
abnormally high, with a 2 kQ resistor in the emitter circuit the supply voltage is 11

V which is a much more acceptable value). L 19
16. With reference to boiler combustion control explain: E
(a) the operation of the master controller following variation in steam pressure, ¥
(b) the importance of pressure drop across the air registers, s
& . . . 3 A 20_
(c) how the air: fuel ratio is adjusted, : E
(d) how the boiler operation can continue upon failure of the fuel flow regulating t
valve. ‘ .
17. The common-emitter output characteristics for a transistor are as follows: i

22.

3.0 1.0 2.1 32

70 1.29 255 3.9
10.0 15 29 44

23.
Draw the graph of collector current against collector voltage and construct load
lines to show the operation from a 6.5 V battery with load resistors of 1000 and
1500 Q, respectively. If a suitable value of base bias current is 60 A for an input for
an input signal of + 30 pA, determine the current amplification for each load (33.3,
31.6).

18. Figure E shows the equivalent T-circuit of a transistor used in a common-base
circuit. The resistances presented to the alternating components of the current
by the emitter (r), the base (r,) and the collector (r) are 30 0, 0.6 kQ, and 1 MQ,
respectively. If the current amplification factor (a) is 0-98 and the load resistance

24

oc Ie Ie

|
:.‘_.i s
i
S
5

27,
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(R) is 9 kQ, calculate the current, voltage and power gain and the input resistance
(0.97, 186, 180; 48 Q).

. Describe with sketches how the pressure of a fluid is controlled by a pneumatic

controller incorporating proportional and integral (reset) action.

Give reasons for instability in the controller action. State how this instability is
overcome.

Give a detailed diagrammatic sketch of a mechanical-hydraulic governor. Explain
how this governor operates. State what advantages it possesses over inertia
governors.

Draw in detail a diaphragm operated control valve. Analyse the action of the inter-
connecting elements, that is, the parts affecting control.

Explain how the load change is communicated to the actuator. State where such a
valve may be used in an engine room.

Explain why the simple float control feed regulator is inadequate for the present
generation of main boilers.

Describe with sketches, or block diagrams, a feed control system in which it is
possible to programme a set point for various loads.

Give theadvantagesand disadvantages of data-logging systems used in connection
with ship’s machinery.

Explain the value of recorded data and how it is interpreted and usefully
employed.

With reference to automatic voltage regulators discuss the function of the following
basic elements:

(a) error detecting element,
(b) correcting element,
(c) stabilising element.

A pressure controller is fitted in a fuel line where ultimate state error is minimal and
fast response is necessary. Sketch and describe such a controller making reference
to components giving the desired characteristics.

Figure F shows a simplified circuit of a transistor employed as a switch in a relay
operation. Describe how this is accomplished.

For the purposes of remote recording give two advantages and two disadvantages
of:

(a) electrical signals,

(b) pneumatic signals.
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Explain which system is best suited for sensing and remote indication of:

(i) lubricating oil pump discharge pressure,

(i) engine bearing temperature,

(iii) fuel tank liquid level.

State what precautions are necessary when sensors are located in hazardous areas.

28. Sketch and describe a three-element feed water control giving reasons for its
location. Explain how unity relationship is maintained between the identified
variables. Explain why three-element control is superior to two-element control.

29. Draw a line diagram of a boiler combustion control system labelling the principal
items. Explain how the system functions and in particular how feed water supply,
fuel supply and air/fuel ratio are regulated to match steam pressure and flow
variation. Explain how these controls can be tested for alarm conditions without
upsetting the balance of the system.

30. Sketch and describe a hydraulic servo system associated with a controllable pitch
propeller. State how loss of fluid pressure occurs and warning is given of impending
failure. Explain what happens upon loss of oil pressure and why. State what routine
maintenance is necessary to ensure trouble free operation of the propeller.

Yy

Explain how centralised control is achieved for either the direct reversing slow
speed diesel engine or a main boiler and turbine installation. A block diagram
could be used to show the principle functions and inbuilt safety features.

31.

32. (a) With reference to primary sensing devices used in conjunction with a data

lannina eustem:
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’ e
’ Vv Sur

stat igi
e why an Analogue/Digital convertor may be incorporated e

1. Draw a labelled diagram of a flow measuring device to

etromant o give a remote reading on an

X W.

2. (a) Fo i
(a) Forany expansion type of thermometer, give four factors involy.

a high speed of response. ed in obtaining

(b) List thlee method P ure measurement and Ske1( h (leS( f l)e one
S Oftem eratur
e and
met} 10d n detall, givir 1g adVantages and disadvantages |

3. Describe, wi i
, With a sketch, the static characteristics of a junction diode

Sketch the
. forward and reverse characteristics and write short notes on;
(i) theforward resistance, ”

(i) the leakage current,

(iii) zener action.

4, i i
(@) List four different methods of measuring liquid level
(b) Sketch and describ '
e a remote reading liqui indi i
N ing liquid level indicator suitable for a high

Ia

pressure tra i ibe i
2 . nsmitter.Describe its operation for a change in th
ifferential pressure. oo e messured

(b) State how j
s zero anf:! range adjustments are made on D/P transmitters and
ITterent marine applications for such a transmitter. e

ou”)[” (h s I n r racteristice and




from them show how it is possible to draw the transfer characteristic and hence
determine the current amplification factor of the transistor.
7. (a) Draw diagrams of instruments capable of measuring: (i) carbon dioxide content
in a gas sample, (i) oxygen content in a gas sample.

(b) Describe in each case, for these two instruments, the principle of operation and
indicate typical readings expected in a sample of gas from a boiler uptake.

8. (a) State three essential requirements for any instrument suitable for use in a
modern marine power plant.

(b) Explain, with reference to instrument display, the terms ‘analogue’and 'digital’

(c) Give two advantages of the oscilloscope over moving iron instruments for the
measurement of ac quantities.

9. (a) Draw the circuit diagram, indicating clearly the correct polarity of the electrical
supplies, for a pnp junction transistor connected in common-emitter mode.

(b) Draw the circuit diagram, indicating clearly the direction of current through the
load, for four silicon diodes connected in a bridge configuration to produce
fullwave rectification of current in a resistive load.

10. Sketch and describe a pneumatic diaphragm operated control valve, and clearly
label and describe each part.

Explain what is meant by ‘Fail Open’and ‘Fail Closed:

11. Describe fully how you would carry out a calibration test on a Bourdon pressure
gauge.

Sketch a typical calibration curve and comment on possible errors and methods of

correction.

12 Describe, with the aid of a clearly labelled diagram, the operation of a direct acting
pneumatic relay.
State, within a measuring system, where such a device is usually used and give the
reason for its use.

13. Explain, with the aid of sketches:
(a) an electrical method,
(b) a non-electrical method, of measuring fluid flow, listing advantages and

disadvantages of each method.

14. What is meant by the term ‘system response’? Give three examples of system

response.

How is the ‘time constant’ or ‘system lag’ measured?
' ot P it ~f slat cvctam?

— - = E— |

- ',I__»fS,Pf??imenfEXam'inétidfr{Qu’es{ions = 325 A

15. Explain carefully, with the aid of a clearly labelled diagram, the principl
; ples

of operation of either (i) a motion balance transmitter, or (

transmitter. ii) a force balance

Give two examples where either (i) or (ii) may be found in marine practice

16. Using U-tube manometer diagrams, explain how the following are measured:
(a) absolute pressure, |

(b) gauge pressure,
(c) differential pressure.
Explain briefly how one such me
asurement ma i
sl strom y be transmitted to a remote
17. E:,(S[Iarl:l \S/v;th the aid of sketches, the principle of operation of a nozzle-flapper
system. show graphically the relation betwe
en flapper clearance and outpy
t
pressure. What reasons are there for fitting a feedback bellows in the system? "

18. Sketch and describe a strain gauge. What is the principle of operation and for wh t
purpose can the strain gauge be utilised? i

- 19. Describe what is meant by ramp, step and sinusoidal response when applied to a

system. lllustrate each with a simple sketch.

20. Sketch a purge or ‘bubbler’ system which could be used to measure the level of

fluid in a tank.

Wh . : . ;
i at other information regarding the fluid would be necessary in order to infer a
ass measurement from a level measurement? How could such an instrument b
developed to measure the draught of a ship? )

I, fo
: (a) Draw a circuit diagram to show how junction diodes may be used to give

fullwave rectification from a single-phase ac supply

b . . . .

(b) A npn‘ transistor is to be connected in common emitter mode for use in voltage
amplification. Draw a simple circuit diagram to illustrate the configuration

(@) hydrostatic head,

ng physical

(b) float movement,
(c) displacement.
Il i i
lustrate your answers with suitable diagrams and descriptive data

ange of fluid level in a tank can be detected and measured by the change of

Capaci i
A F; t.ance ofa capacitance probe. Sketch such a system and describe its operation
etail, from chanae in level to chanae in indicatinm ~f manceion St
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24. Make a clearly labelled circuit diagram of a ‘bridge’ thermometer which has amt?lent
temperature compensation, and also has provision for ‘zero or standardising’selection.

Explain the operating sequence followed to make the zero/standardising test beff)re
using the thermometer. Describe how the ambient temperature compensation

functions.

1. Describe, with the aid of a suitable diagram, the constructional details and
operational working principle of one of the following devices:
(a) oil mist detector,
(b) torsionmeter,
(c) oxygen analyser.

2. Draw a diagram of a system for fully automatic main engine jacket temperature
control, incorporating steam preheating of the coolant, utilising split range control.

Comment on the type of control action to be used and the ‘fail safe’ arrangement
adopted.

3. (a) Construct a'truth table’for a two input NOR logic gate.

(b) Sketch the circuit symbols for a pnp and npn transistor and clearly label the
leads.

(c) Draw ablock diagram for part of a marine data logger and describe in detail the
function of one particular block unit.

4, Automatic control valves are available with the following features:

(a) linear or equal percentage characteristic,

(b) power to open or power to close,

(c) single or double seated.

Discuss the factors that determine the choice of each of the above features.

5. Make a diagrammatic sketch of a three-term controller suitable for use in a feed
water control system. The sketch should include measure and regulating units.
Briefly explain why it is necessary to incorporate: (i) a negative feedback
arrangement, (i) a relay (amplifier).

6. (a) State three advantages which solid state devices have compared to thermionic

vahiae

1

1

(b) State the function of the gate in a transistor. Sketch waveforms of ac supply
voltage, load voltage and gate pulse for a thyristor when the trigger angle is 90°,

7. Make a diagrammatic sketch of a steam flow plant incorporating a flowmeter
utilising an orifice plate and a differential pressure transmitter,

Explain the operating principle of the transmitter.

Sketch the output signal graph with and without square root extraction.
8. Explain the meaning of the following terms used in control terminology:

(a) offset,

(b) fail safe,

(c) proportional band,

(d) derivative action time,

(e) cascade control.

9. Explain, with the aid of a diagram, a controller utilising proportional plus integral
action.

Describe how such a controller is ‘tuned’ within a system.

10. Aboiler pressure is to be maintained at 5 bar by a pneumatic proportional controller.

The pressure element has a range from 3 bar to 6 bar and the proportional band is
set at 20%. '

(a) Calculate maximum and minimum pressures corresponding to no load and to
full load (5.3 bar, 4.7 bar).

(b) If the controller output pressure rangeisfrom 1.2 bar to 2.0 bar, draw a graph of
boiler pressure and controller output pressure, and from the graph determine
the boiler pressure at a controller output pressure of 1-44 bar. (5-16 bar)

11. (a) Sketch typical forward and reverse characteristics for a zener diode and briefly
explain the action of this device when a reverse voltage is applied to it.

(b) State one application of the zener diode in marine equipment.

(c) A 10V, 500 mW zener diode used as a voltage stabiliser is supplied at 40 V
through a series resistor of 500 Q. If the load voltage is stable for diode currents
greater than 5 mA, draw the circuit diagram and calculate: (i) the maximum and

minimum load current for stable operations (55 mA, 10 mA); (ii) the minimum
power rating of the series resistor (1800 mW).

12, Describe, with the aid of sketches, the construction and operational features of one
of the following devices:

(@) a buoyancy tube liquid level transmitter,

(b) 2 nneiimatic diffarantial meacc: s ommm e tas .

T
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100 r
. [
13. With the aid of simple diagrams illustrate the response of a proportional controlle ool
when the system is subjecttoa load change if: i T 8ol
s i i i il
(i) the proportional band is too narrow, (i) the proportional band i too wide, (I 1
the proportional band is at the optimum setting. Briefly describe wh'y a relay % .
valve is used with such a controller and state what secondary function relay £ -
=3
valves usually perform. . ? .
14. An electric torsionmeter, shown in Figure G is fitted to the output shaft of a marine % ,
i €
engine. o ) 3 ol
(a) With the aid of this diagram explain in detail the principle of operation.
i i 10—
; e the output power using
(b) Explain how the instrument would be used to determin p Et - . | |
the appropriate formula. Detail carefully how shaft constants are obtained. G : 5 TR L L :
Time (min) —
Shaft el
Flange face |axis Primary circui it ,
attached to\ (full lines) A Figure H
cores t .‘_ o
Shaftunit | - (a) Construct a diagram showing the variation in controller output due to:
\ air gaps = ' . ‘
' altered by E (i) proportional action,
torque + 4 Silp ARGS (ii) integral action,
X
Flange face ﬁ dl:"——* on shaft (iii) combined (total output).
attached to | thus
iron piece } Secondary (b) State whether the diagram constructed indicates that the load on the plant has
eco
| Ui been restored to the original value after the disturbance and give a brief reason
i . Circuit g g
': (dotted for your answer. Proportional band 80%, integral action time 120 s, controller
______ - _ lines) output before disturbance 70 kN/m? (K = 1.25 then use a tabular method; at
Galvanometer

3 min, for example, using V = K, (6 +K/K, [0 dt) the total change in controller

L

1
outputis —37.5, thatis,—37.5=—1 .25[20 + 5 x 20| . Controller output is not

Indicator unit

restored to its original value so neither is the load).

air gaps
altered by | 17. Figure | shows the arrangement of a spray-type of attemperator in which the outlet
ficro serew j ; steam temperature is controlled by varying the amount of feed water injected (1 kg
feed is required to attemperate 10 kg of steam).
s S U Assuming that the system has been adjusted so that the measured variable (outlet
A FigureG -~ -~ &

steam temperature) is at the desired value when the load is 40 kg of steam per

; Mminute determine:
15. Sketch a thyristor speed control system for a dc motor. Discuss briefly how the

i i and
system will respond to an increase in the speed set point potentiometer
explain the motor protection features included in the system.

(i) the offset if the load changes to 20 kg/min (-16°C),

(ii) the limits of load that can be accommodated, assuming that the offset shall not
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Proportional controller
input and output range 20—-100 kN/m?2
proportional band 100%

\¢—— Desired valve
& P 400°C
| ST
Direct acting valve Direct acting
20-100 kN/m2 temperature
0-10 kg Feed/min transmitter
L 360-440°C
20-100 kN/m?
T &
| —p
—Y)—> 500°C | v
Steam B Steam
inlet load range outlet

0-100 kg Steam/min

A Figurel

18. (a) Sketch, and state, the type of logic gate which obeys the following:
“f all inputs are one the output is zero; for all other combinations the output
is one! (NAND). | | )

(b) Figure J (left-hand sketch) shows the circuit of an electrical logic gate. ;/
inspection or otherwise, state what type of gate the circuit represents an
write down the equation for the output at Z (OR, A+ B + C).

(c) Constructa truth table for the logic circuit shown in Figure J (right—hand sketcft\l
and give the outputs at Z from each logic unit (e.g. ABC conditions 011, outpu
01100). | y

19. (a) Drawa fully labelled diagram of a pneumatic temperature transmitter opera
by a liquid or gas filled sensor.

N —
(b) Describe the operation of the transmitter in response toa temp.erature lncreﬁve
making particular reference to the need for, and operation of, nega

—
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Ao—Ppl— Ao z, A Z
Bo—P— Bo p
CO—Nﬁ—q— Z Zs
¢— 0 &
Z3 ; Zy
C
o— bt o
A FigureJ.

20. (a) Define, and illustrate with simple diagrams, the following:
(i) distance-velocity lag, (ji) transfer lag, (iii) potential correction.
(b) Define, and state the mathematical representation of the following modes of
control: (i) proportional, (i) integral.

21. (a) Draw a system for the automatic control of main turbine engine gland steam
pressure.The system is to use two control valves, one make up and one rejection
operating on an equal split range with 4 kN/m? underlap in the signal.

(b) State or show on the system drawing:

(i) the control valve actions and fail safes, (i) the operating signal range for
each valve, (jii) the reason for underlap in the signal.

(c) Describe clearly the actions throughout the control loop as the gland steam
pressure rises.

22. An oil-water separator is fitted with two Teflon-coated capacitance probes, each
with separate measuring bridge and output:

(i) an oil depth probe vertically, to operate the oil discharge valve, (i) an interface
probe horizontally, to operate an alarm and oil bilge pump trip.

(@) Sketch the arrangement and explain clearly in terms of capacitance change the
operation of each probe as oil level varies.

(b) If the separator is completely empty all alarm conditions will operate when
starting up. Explain the reason for this.

23. In a calibration check on a P + D controller the ramp input is increased linearly at
1% per minute. This produces an immediate 4% step change in output, after which
the output changes linearly at 2% per minute.

(@) Sketchinputand output characteristics and determine: (i) derivative action time
(2 min), (ii) proportional band. (50%).
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A step change of 6% is applied to the input of a P +/ controller and the o.utput
undergoes a sudden step change of 4% and after a time interval of 2 min the

total output change is 10%. .
(b) Sketch input and output characteristics for this calibration test and determine:

(i) proportional band, (150%), (ii) integral action time (1.333 min).

(c) Define the terms distance-velocity lag and exponential lag.

24. Figure K shows a boiler arranged for manual control of the drum steam pressure.

(a) Complete the diagram by adding the necessary components and connections
to convert to an automatic closed-loop combustion control system.

(b) Describe the operation of the automatic system.

FD fan

(O

Steam

ﬂ pressure
indicator

Air flow

@ indicator
O O
Fuel flow
indicator

Fuel
control
| w

|

R A AN A s AR RN AR O e

. With the aid of a sketch describe a type of controller which incorporates

proportional, integral and derivative actions. Explain clearly how each action is
generated and comment briefly on possible interaction that may occur.

. Sketch circuit diagrams of resistance-capacitance networks which will provide an

output signal that approximates to:
(a) proportional plus derivative of input signal,
(b) proportional plus integral of input signal.

Show, in each case, how these networks could be incorporated into a closed-loop
control system so as to improve the operating performance of the system.

. For a closed-loop position control system:

(a) make a sketch to illustrate how the components are connected,
(b) describe the sequence of events following movement of the input shaft,
(c) explain the term‘overshoot’in relation to such a system,

(d) describe how damping feedback could be incorporated.

- (@) Define the terms proportional and integral action.

(b) Sketch the open-loop characteristic response for proportional and integral
action when a step input change is applied in each case.

(c) Calculate the integral action time if a step input change of 0.04 bar applied to a

pneumatic controller set with a 100% proportional bandwidth gives aresponse
change of 0.2 barin 35 (0.75 s).

. (@) Explain, by means of a block diagram or otherwise, the fundamental principle

of a dc chopper amplifier.

(b) Sketch a circuit/block diagram to show how a chopper amplifier is used in an
instrument servo-mechanism which records dc potentials by means of a self-
balancing potentiometer. Briefly describe the operating principles utilised.

- (@) Explain by means of a two transistor analogy, or otherwise, how a gate input

pulse will cause a transistor to conduct.

(b) A thyristor stack is used to regulate the heating power to a cargo hold in order
to provide automatic temperature control. Draw a block diagram to show the
basic components for such a control system.

(c) Using switches and a lamp as an example, explain with the aid of simple
diaarams what ic maant hyv tha fallausina lamic $avon-.
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7. With the aid of a diagram describe the construction and operating principle of a
valve positioner.
Give three reasons why such a device may be utilised in a control system.
Explain how a positioner may be adjusted to alter the valve stroke from 1.2-1.8 bar
to 1.3-2.0 bar and state why gain should be as high as possible.
8. Explain the principles of viscosity measurement and detail the type of
instrumentation used.
Sketch an oil viscosity control system and describe the operating principle.
Give reasons for which control actions you would incorporate in the controller.
9. Describe with a block diagram the operational construction of a data logger
suitable for marine use.
Clearly indicate the functions of alarm annunciation recording of input signal
information, and analogue to digital conversion.
10. (a) Describe the effect of:
(i) positive feedback, (ii) negative feedback, on a closed-loop speed control
system.

(b) For voltage at input e, output e, and error actuating input e to a negative
feedback electronic amplifier of forward gain G and negative feedback fraction
F, derive the following:

&__G
e, 1+FG
e__1
e, 14+FG

If the ‘open loop’ gain is infinite, determine F if the overall gain is 25 (0-04).

11. (a) Draw a block diagram of a remote position control servo-mechanism suitable
for controlling the angular position of the ship's rudder. Clearly label the
inputs and outputs for each block and use them to explain what is meant by
proportional control.

(b) Explain with the aid of diagrams why damping needs to be introduced into
the system, when a step change of input is applied, and state one method of
introducing damping into such a system.

12. (a) Explain the meaning of the following terms, using suitable diagrams where
appropriate:

(i) distance-velocity lag,

SR, R

—
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(i) time constant,

(iv) thermal capacity.

(b) Athermometer bulb is housed in a pocket. Show by means of a response curve
an éstlmation of the effect of the pocket and state what factors influence the
design of the pocket to minimise this effect.

13. (a) Briefly describe why it is desirable to employ a multi-element system in the
control of boiler water level.

(b) Make a diagrammatic sketch of a three-element boiler water level control
system, naming all the parts and giving a brief description of its operation.

(c) Sketch a diagram showing the variations in boiler water level and feed pump

load that might be expected if a water tube boiler is subject to a step increase
in load, with:

(i) single-element control, (i) three-element control.

14. (a) Figure L shows the block diagram of a low power remote position control servo

system with velocity feedback damping. State the function of each component
in the system.

(b) Explain briefly how the system will respond to a step input and sketch the
corresponding response curve for: (i) switch S open, (ji) switch S closed.

Input
potentiometer

Servo
amplifier

Power

supply

setting

50%
FB <L
setting

A FigureL

15. The air pressure control system shown in Figure M has been adjusted such that ata
load of 6 kg/min the equilibrium value of the controlled condition is at the desired

1 fFant ~ .

Output
potentiometer
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Load

KrguweM 0 T

(i) the proportional control factor (u) of the system if the proportional band of the
controller is 50% (0.5),
(ii) the offset if the load changes to 8 kg/min (-4 bar),

ortional band setting required such that for a load change from 6 to

(iii) the prop

Air
receiver

Pressure transmitter
(direct acting)

range 0—40 bar
output 20—100 kN/m?

»

Pneumatic (p)
controller
input and output

range 20—100 kN/m2

Regulating unit (air to open)
range 0—10 kg/min
input 20—100 kN/m?

2 kg/min the offset is limited to 2 bar (12.5%),

(iv) the smallest load that the system can deal with if the proportional band of the

controller is set to 100% (3.5 kg/min),

(v) the proportional band of the controller such that the system can deal with any

load within the range 0-10 kg/min (41.7%).

16. (a) Sketch the forward characteristic for a thyristor and indicate clearly:

() the hold current level,

(ii) the effect of increasing the gate trigger pulse upon the forward break-over

voltage.

(b) State three advantages of a thyristor compared to other types of controlled

rectifier.

(c) Figure N shows the circuit of an ac controller:

(i) explain briefly how the power in the load is controlled,

(i) sketch the waveforms of load voltage and gate pulse for half maximum

load power.

17. (a) Define the following terms: (i) integral action, (ii) derivative action.

(b) With the aid of suitable diagrams derive expressions for:

(i) integral action in terms of controller gain and integral action time,

Y
Desired

value

50 Hz
ac
mains

AFigueN

18. Figure O shows the arrangement of a damper position control system for a boiler
employing damper control of the final steam temperature, and the variation
in steam temperature, during a transient condition. Draw an accurate diagram
showing the damper position during the same transient period. The damper may be
assumed to be in the 60% open position immediately before the transient condition

Damper
\ Pneumatic actuator (air-to-close)
range: 20—100 kN/m2
E Damper position: 100% open-shut
Gas flow Desired Pneumatic controller
e e P + I | Proportional band = 125%
480°C Integral action time = 30s
.+ Superheater
Temperature transmitter
Range: 460-500°C
Output: 20-100 kN/m?2
T 500~
§ =
o 490
£
2 —
£
g 480
5]
T
Q
£ 470
[0}
o
= —
@
460
1 2 3 4 5 6 7

Time (min) —
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commences. (System proportional control factor u = multiple of proportionality

Header

characteristics, coefficients, that is, 2 =2 x 0.8 X 1.25 then use a tabular method;

at 2 min, for example, using ®@= — (@ +I/S | 6 dt) the damper is 20% open, that tank o

is, 40 = -2 (10 + 1/0.5 x 5). Damper is closed between 2.5 and 5 min). R control an‘t%l
’ i valve valve

19. (a) Draw a detailed diagram of an instrument suitable for converting electrical
control signals into pneumatic signals.

(b) Explain clearly the operation throughout the instrument in response to an
increased input signal. ' J Cooler
(c) Discuss briefly the relative advantages of electro-pneumatic control. < < j t
20. (a) Draw the circuit for a two input diode-transistor logic OR gate suitable for e'\:;i:e ¢Heater
operating an alarm system. Construct the truth table and describe the operation
of the gate.
(b) Construct a logic flow diagram for a soot-blowing system which incorporates: - >
(i) awarming through period, ﬁg:(eit
pump

(i) retractable blowers which blow in each direction, , s
- A FigureP
(iii) provision to bypass selected blowers, s
(iv) suitable operation checks.

Show the details for one blower only and draw a block diagram for the others. (b) Describe the operation of the modified system giving typical operating ranges

and stating clearly the modes of action employed, for example, direct acting

21. (a) Sketch a fully labelled diagram of a two-element superheated steam .
proportional.

temperature control system which uses a three-term controller and two control

valves, a steam to attemperator and an attemperator bypass valve. (c) Describe the effects on the system of:

(b) Explain the reason for using two-element control in this system and describe (i) anincrease in sea water temperature,

the actions throughout the loop following a load increase. (ii) adecrease in engine load.
: 24. (a) Figure Q shows the elements of an instrument servo-self balancing
potentiometer — used to record the temperature of a thermocouple by means
of a self balancing potentiometer. Discuss briefly how the instrument will

respond to an increase in the thermocouple temperature.

(c) State the reasons for using integral and derivative terms in the controller.

22. Show in block diagram form the basic requirement for a bridge control system for
a main diesel engine. The control programme unit may be shown as a block. ;
Briefly describe the sequence of events throughout the system following movement

of the bridge telegraph from stop to full ahead. What emergency arrangements
must be incorporated in the system and fitted on the bridge?

(b) Give two reasons why transistors may be preferred to an electro-mechanical
chopper for the input stage.

(c) Sketch the circuit for a simple transistor chopper and briefly describe its

23. Figure P shows the main components of a jacket cooling water system fora marine
operation.

diesel engine, outlet temperature is controlled condition.

(a) Assuming thatit has been decided to modify the system to provide a split level,
two element, cascade closed-loop pneumatic control system, complete the
diagram naming clearly all the additional components required.

%
a,,

=
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ac electric servo-motor 125 arithmetic unit 303
Potentiomete, & ac position control 126 atomic theory 92
" ac speed control 252 attenuation 132
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integral control 148 averaging 203
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time 149 aneroid 24
two-step control 141 mercury 23
3 actual controller types 194 bi-metallic thermometer 10
1 : actuated torque valve 123 binary arithmetic 301
Pen 4 adjustment of controllers 281 black box 189
recorder o : adjustment of instruments 76 blind controller 208
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algorithm 289 Boolean algebra 289
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amplifiers 102,173 ICengine 226
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analogue 7,284 bridge rectifier 98
analogue circuits 92 BS terminology 131
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analogue simulation 285, 288 buffer amplifier 178 ‘
analogue tachometer 58 Butterworth heating control 239
analogues 261,277
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carbon dioxide 71 capacitance transducer 84
control system 260 capacitive level sensor 38
dissolved oxygen 72,73 carrier wave 99
feedback 111 cascade control system 133, 156
frequency response 273 cathode ray oscilloscope 116
oxygen 70 cell, differential pressure 27
stability 274 cell, photo 63
water 72 cell, photo-transistor 63
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thyristor 96, 100
zener diode 96
chopper circuit 110
circuit configurations, transistor 104
circuit, fire alarm-detection 68
circuits
integrated 192
logic 290
circulating water control loop 215,222
classification of amplifiers 103
closed loop system 133
closed loop transfer function 265
CO2 analyser-recorder 71
collector characteristics (CE) 106
combustion/attemperator control 231
command signal 133
common base transistor 105
common collector transistor 105
common emitter transistor 106
comparator 179
comparing element 134
comparison, telemetering systems 4
complex numbers 272
component adjustment 281
component interaction 279
compound controller p+i+d 186
computer, analogue 284
computer control 309
computer, digital 300
computer simulation 309
computers 8, 284, 300
computing and logic 284
condenser water control 215
conduction electrons 93
conduction holes 93
configurations (transistor) 105
control action graphs 155
control action types 141
control, cascade 133, 156
control circuits
general 231
motor (IC engine) 221
steam 213
control factors 144, 149, 152
control level, example 157
control loops 5
control position servo 246
control speed servo 251, 252
control, split range 157,214

control system
analysis 260
cascade 156
kinetic 245
process 138
control technique 160, 188
control theory 131
control, three element 216,234
control, three term 154, 170, 186
control, transistor stabilisation 191
control, two element 222, 234
control, two term 170, 234
control unit 304
control valve
diaphragm 120
piston 123
rotating cylinder 124
torque 123
wax element 124
controllable pitch propeller 241
controlled condition 134
controller action, P 164
controller action, P+D 150, 166, 184
controller action, P+l 149, 165, 195
controller types 194
controllers, electronic 181, 197
oneterm 182,183
three term 186
two term 185
controllers, master 281
controllers, pneumatic
oneterm 164
three term 154
two step 160
two term 165, 166
controllers, setting adjustment 281
controllers, slave 156,219
controllers, stack type 164
controlling elements 120
converted command signal 133
converted controlled condition 134
converted deviation 134
conversion, decimal-binary 300
converter, analogue-digital 305
converter, pneumatic-electronic 84
coolant control, IC engine 221
correcting elements 121, 135
correcting units 120, 134
current transmission (4-20mA) 90
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damping 248
data logging 306
data processing 306
dc amplifier 110
dc electric servo-motor 125
dc position control 246
dc speed control 251
dead time 135
decimal-binary conversion 300
demodulation circuit 99
derivative action 151,168,183
derivative action factor 152
derivative action time 152
desired value 135
detecting element, response 139
detecting element (sensor) 135
detector-alarm circuit, fire 68
detector
co2 71
flame 68
flow 46
gas explosion (meter) 68
heat (fire) 67
level (capacitive) 38
level (resistive) 39
oil in water 64
oil mist 65
oxygen 72
pH 66
piezoelectric 28
pressure 31
relative humidity 72
smoke density 64
speed (tachogenerator) 58
strain gauge 32
temperature 9
torque 60
viscosity 61
deviation 135
diac 101
diaphragm control valve 120
difference amplifier 176
differential capacitor transducer 84
differential equations 263, 267
differential inductor transducer 82
differential pressure cell 27
digital 8
digital circuits 92
digital computer 300

digital instrument 305

digital logic 289

digital tachometer 50, 59

diode gate, AND, OR 292

diode, light emitting 117

diode, semi-conductor 95

diode, zener 100

dionic water purity meter 72

direct digital control 309

direct level measure 36

displacement-pneumatic transducer 80

dissolved oxygen meter 73

distance-velocity lag 135

divisor 190, 203
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questions 312,313,317

Driver amplifier 109

Drum level controller 234

economy 2
electrical flowmeter 50
electrical square root extractor 55
electrical telegraph 88
electrical thermometry 11
electrical transmitters 81
electroflo level transducer 39
electro-hydraulic speed control 256
electro-magnetic flowmeter 50
electro-magnetic radiation spectrum 119
electro-pneumatic controller 196
electro-pneumatic transducer 80
electron conduction 93
electronic control principles 173
electronic control techniques 173
electronic controller types 197
electronic controllers 181, 197
oneterm 182,183
three term 186
two term 185
electronic devices 92
electronic force-balance 84
electronic thermocouple 17
electronic two step control 182
element 4,47,121,136
empirical controller settings 282
engine logic system 298
equivalent t-circuit 107
error 136
evaporator flow control 225
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explosion meter detector 68
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amplifier 11
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negative 112,162, 165
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pneumatic 163
stabilisation 248
feedforward 250
feed regulators, level 234
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field effect transistor (FET) 111
filled system thermometers 10
filter circuit 99
final controlling elements 120
fire detection-alarm circuit 67
fire (heat) detector 67
first order equation 263
first order system 263
flame detector (sensor) 68
flapper and nozzle 79, 161, 206
flash evaporator control 225
flip-flop oscillator 298
flow measurement 46
flowmeter
electrical 50
electro-magnetic 50
mechanical 48
ultrasonic and nucleonic 57
flow sensors 52
fluidic logic 299
force-balance system (electronic) 80
frequency response analysis 273
friction damping 248
fuel-air ratio control 209
fuel oil control valve 121
further analogues 277

gain 140

gain amplifiers 112

gain margin 275

gas analysis 69

gas explosion meter detectar AR

gas filled thermometer 10
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gauge, pressure 25
gauge, strain 32
generalised impedance 262
gland steam control 214
governor
electro-hydraulic 256
mechanical-hydraulic 195
systems 254
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GTO 101

hall effect 74
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harmonic response 276

heat (fire) detector 67

heavy fuel oil separation 242

higher order systems 269
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hold (memory) circuit 296

human control loop 147

hydraulic-mechanical governor 195

hydraulic position system 251

hydraulic pumps 126

hydraulic ram servo 126
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hydraulic servo 126

hydraulic variable delivery pump 126

IC engine control circuits 221
IC engine oil purification 225
IC engine remote control 229
Ilgema gauge 40

impedance, generalised 262
incline tube manometer 22
inductance balance 83
inductance ratio 83
inductance transducer 82
inferential-differential pressure 51
inferential measures 38
inferential rotational 48
infra-red flame detector 68
inherent regulation 142

input element 136

input ramp signal 36,247, 271
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input unit 303
instrument calibration, testing,
adjustment 76
instrument, digital 305
integral action control 148
integral action factor 149
integral action time 149
integral control action 148
integral control factor 149
integrated circuits 192
integrated system 307
integrators 47
interaction 171,279
interface, oil-water 240
intrinsic semi-conductors 93
inverter 174
inverting amplifier 174

jacket water control, single element 221

jacket water control, two element 222
JFET 110
junction transistor amplifier 104

kenotometer 22
kinetic control systems 245

lag 142,274

level control, cascade 133, 156, 223
level control example 157

level control, oil-water separator 240

. level control regulator 234

level indicator, remote 40,41, 42
level measurement 36
level sensor

Capacitive 38

resistive 39

ultrasonic and nucleonic 57
level simulation-control 310
light emitting diode (LED) 117
linear mode amplifiers 108
liquid in glass thermometer 9
liquid level control 144,151,153
linear vibration damper 288
load 136
logic and computing 284
logic circuits 289
logic engine control 298
ogic flow chart 289
logic, fluidic 299
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logic switching 290
logic symbols 291
loops, control 5

magnetic amplifier 102
magnitude ratio 273
manoeuvring relays 228
Mmanometer

inclined tube 22

mercury 22

water 21
manufacturing system 278
mass air flow 75
master controller 157,223
mathematical models 285, 309
mathematical aspects 256
measurement of

electricity 58

flow 46

gas 68

level 36

oil in water 64

oil mist 65

ph 66

pressure 20

smoke density 64

speed 58

temperature 9

torque-power 60

viscosity 61
measuring element 136
measuring unit 136
mechanical controller 194
mechanical flowmeter 48
mechanical governor 195
mechanical-hydraulic speed control 195, 254
mechanical square root extractor 54
mechanical thermometry 9
memory circuit 296
memory unit 303
mercury barometer 23
mercury in steel thermometer 10
mercury manometer 22
meter

carbon dioxide 71

dissolved oxygen 72,73

explosive gas 68

quantity 46

rate of flow 46




microcomputers and microprocessors 8,
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microprocessors 309

mimic diagrams 308

misalignment, velocity 248,249

models 285

modulation 99

monitoring element 4, 137

monitoring feedback 137

MOSFET 110

motor element 121,137

motor, position 88,246, 250

motor servo ac 126

motor servo dc 125

multiplier 182

multivibrator 116

NAND gate 295

negative feedback 112,162, 165
Nichols chart diagram 277
non-inverting amplifier 175
non-linear mode amplifier 103
NOR gate 295

NOT gate 293

np junction 94

npn junction 95

n type material 93

nucleonic flow sensor 57
nucleonic level sensor 57

null balance potentiometer 87
Nyquist diagram 275

Nyquist stability criteria 274

oscilloscope, cathoderay 116
output unit 304

overall coolant systems 223

overlap 142

overshoot 138,248

oxygen analyser 70

oxygen (dissolved) meter 72

parallel-series cooling system 223
parameters, transistor 107
pen recorder 87
peripheral units 304
pH sensor 66
phase advance network 186
phase lag 135, 139, 140, 169, 275
phase margin 275
photo-electric cells 62
photo-electric pyrometer 18
photo-transistor 64,118
piezoelectric sensor 28
piston control valve 123
piston water temperature control 211
p type material 93
pn junction 95
pneumatic control

principles 160

p 164

p+d 166

p+ 165

p+i+d 170

techniques 160, 162, 165, 168
pneumatic controller types 202

pneumatic two-step technique 160
pneumercator 42
pnp junction 95

transistor 104
position-balance

ac motor system 89

dc motor system 88

indicator (telegraph) 88

transducer (pneumatic) 79
position control 211
position motor

ac 89

dc 88
positioner 121,129
positive feedback 113
potentiometer circuit 87
potentiometric pen recorder 87
power amplifier 109
power measurement 60
pressure control 214
pressure-current transducer 85
pressure elements 38
pressure gauge

Bourdon 25

Schaffer 26
pressure measurement 20
pressure sensor 31
primary elements 51
probe, level 37
process 138
process control system 138
process control theory 131
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quantity meters 46
questions, specimen examination 31 2,313,
317,323, 326,333

radar tank gauging 43
radiation pyrometry 18
radiation spectrum 119

radio communication 118
ram, hydraulic servo 126
ramp input response 271

rate 185

rate, air-fuel 209

rate, air-steam 217

rate of flow meter 46

rate network 249

receiver integrator 86
receivers 86

recorder, pen 87

recorder, XY 88

rectifiers 95

reference sets 304
refrigeration control loops 236
relative humidity detector 72
relaxation oscillator 115

relay, manoeuvring 228

relay, pneumatic 161

remote control, IC engine 229
remote transmission systems 5, 78
remote water level indicator 41
reset 183
reset network 249
reset feedforward 250

processor 308

programmable logic controller 8,309
propeller pitch control 241
proportional action 143, 148,163, 183

resistance level sensor 39

resistance thermometer 11
resistance-temperature characteristics 13
resistance transducer 81

oneterm 164
three term 170
two term 165, 166

offset 137,146, 249
oil mist detector 65

oil purification system 225 P 164 . .
oil-water detector (sensor) 64 P+D 166 proportional action factor 143 response analysis 273

oil-water interface 37, 64, 240 P+l 165 proportional band 144 response curves 140, 247, 270, 274
oil-water interface control 240 P+1+D 170 proportional control action 143, 147, 153, 182 response detecting elements 139

proportional control factor 143
P+D action 150, 153, 154, 166
P+l action 148, 149, 151,165

4 PH+Daction 170

pulse width modulation 252
pump, variable delivery 126
purge level system 42 root extractors 47, 54
purification control system 225 rotameter 50

push-pull power amplifier 109 rotary cylinder valve 124

pbush-null hlackina ncrillatar 11 A mepmei Mokl —

response, Nyquist 274
response, sinusoidal input 271
response stability criteria 274
response, step input 270

ring main cooling system 223
ring torductor 61

pneumatic-current transducer 84
pneumatic-electronic transducer 84
pneumatic force-balance transducer 80
pneumatic piston servo-positioner 128
pneumatic position-balance transducer 79
pneumatic relay 161

pneumatic remote control system 230
pneumatic square root extractor 55
pneumatic stack controller 164

oil-water separator 240

open loop system 5, 151,266
open loop transfer function 266
operational amplifier 173
optical encoder 74,211

optical pyrometer 17
opto-coupler 118

OR gate 293

order of system 263
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rotormeter 48
rototherm 10

safety requirements 2
scalar multiplier 182
scanner 305
Schaffer pressure gauge 26
Schmitt trigger 181
SCOTVEC & BTEC specimen examination
questions 312

second order equations 263, 267
second order systems 267,278
secondary elements 53
self balancing bridges 12
self balancing potentiometers 87
semi-conductor diode 96
semi-conductors 92
sensors

co2 7

detecting element 4

flame 68

flow 46

flow (ultrasonic, nucleonic) 57

gas explosion (meter) 68

heat (fire) 67

level (capacitive) 38

level (resistive) 39

level (ultrasonic, nucleonic) 57

oil in water 64

oil mist 65

pH 66

piezoelectric 28

pressure 31

relative humidity 72

smoke density 64

speed (tachogenerator) 58

strain gauge 32

temperature 9

torque 60

viscosity 61
separation, heavy fuel oil 242
series-parallel cooling loop 224
servo-governor 254
servo-governor, electro-hydraulic 256
servo-governor, mechanical-hydraulic 254
servo mechanism 245
servo motor, acand dc 125

servo position control ac 250
servo nasition contral de 24A

servo, ram hydraulic 126
servo, rotary vane hydraulic 127
servo speed control ac 252
servo speed control dc 251
set value 138
setting controllers 282
settling time 138
SHM analogue circuit diagram 288
signal, command 133
signal processing 138, 308
signal selection 308
silicon controlled rectifier 100
simple pendulum analogue simulation 285
simple pendulum computer 287
simulation, computer 309
single element control 221, 235
single term control 163, 182
sinusoidal response 271
slave controller 156,219
small signal amplifier 108
smoke density detector 64
smoothing circuit 99
solid state devices 95
sootblower control 215
specimen examination questions Class One
(DTp-SCOTVECQ) 317
specimen examination questions Class Three
(DTp-SCOTVEC) 312
specimen examination questions Class Two
(DTp-SCOTVEC) 313
specimen examination questions HNC (BTEC
& SCOTVECQ) 326
specimen examination questions HND (BTEC
& SCOTVEC) 333
specimen examination questions ONC-OND
(BTEC & SCOTVEC) 323
spectrum, electromagnetic 118
speed control 251
speed control, elec-hydraulic 256
speed control, mech-hydraulic 254
speed control, thyristor 253
speed control, Ward-Leonard 252
speed measurement (tachogenerator) 58
split range control 157,214
spring-mass-damper analogue
simulation 288
square root extraction 47
square root extractor, electrical 55

cntara rant avtrartar machaniral 84

stabilising feedback 248
stability response criteria 274
stack controller 164

steam-air flow rate control 217
steam temperature control 216
steering control 242

step input response 270

strain gauge 32

subsidence ratio 146
subtractor 176

summer 183, 186, 190
supplies, air 171

switching circuit logic 290
synchro system 89

system 6, 260

system analysis 260, 285
system equations 263,267
System first order 263

System manufacturing 278
System order 263

System performance 269
System response 247

System, second order 263, 267
System state 260

Systems approach 260, 261
Systems comparison, telemetering 4

tachogenerator 58

tachometer 58

tachometer, digital 50, 59

T-circuit, transistor 107

Technique, control 160, 188
telegraph 88

telemetering 4,78

telemetering systems, comparison 4
temperature measurement 9
temperature control loops 215,217, 221
terminology, BSI 3, 131

testing, instruments 76

thermal conductivity, CO2 recorder 71
thermistor 12

thermocouple 15

thermocouple, electronic 17
thermometer, bi-metallic 10
thermometer, filled system 10
thermometer, liquid in glass 9
thermometer, resistance 11
thermometry 9

three element control 216,234

through variable 262

thyristor 100

thyristor speed control 253

time constant 138, 140

time delay 192

time, derivative action 152

time, integral action 149

timelags 140

torductor 60

torque actuated valve 123

torque measurement 60

transducers
electromagnetic 80
flow sensor 56
force-balance 80
position-balance 79
pressure-current 85
variable capacitance 84
variable inductance 82
variable resistance 81
variable voltage-current 85

T
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transfer characteristics (transistor) 105

transfer function 264

transfer function block diagram 267

transfer lag 139

transformer rectifier (centre tap) 98

transient response 269

transistor
amplifier (small signal) 108
amplifier, voltage 107
characteristics 107
configuration 105
field effect 111
junction 104
oscillator 108
parameters 107
photocell 63
stabilisation control 191
t-circuit 107
unijunction 107
voltage amplifier 107

transmitters 4, 79, 81

triac 101

trigger pulse 101

truth tables 291

turn down ratio 122

two element control 222,234

two step control action 141, 161, 182

two term control 148170



types of controller 194
typical control circuits 213
general 231
IC engine 221
steam 213

unbonded strain gauge 34
unijunction transistor 107

ultrasonic flow sensor 57

ultrasonic level sensor 42

units, correcting 120, 135

units, measuring 136

univibrator 116,298

unmanned machinery spaces (UMS) 2
ttilisation 2

U tube manometer 21

value, desired 135
value, set 135
valve
diaphragm actuated 120
piston actuated 123
pneumatic actuated 122
positioner actuated 122
relay actuated 161
rotating cylinder actuated 124
torque actuated 123
wax element actuated 124
vane servo 127
vapour pressure thermometer 10
variable capacitance transducer 84

variable delivery pump 126
variable inductance transducer 82
variable resistance transducer 81
velocity misalignment 248

" venturi sensor 47,52

virtual earth 174

viscometer 61

viscosity control 234

viscosity controller 210
viscosity sensor 62

voltage amplifier, transistor 107
voltage-current transducer 85
voltage stabilisation 96, 191

Ward-Leonard speed control 252

waste heat flash evaporator control 225
water analysis 72

water level indicator, remote 39, 41
water manometer 22

water purity meter 72

water temperature control 215

wax element control valve 124

well type manometer 22

Wheatstone bridge circuit 11, 34, 81

x plot 285
XY recorder 88

y plot 285

zener diode 100




