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An analog on-load valve sequencing system that is used to
test the performances of the valves on a turbo-alternator can be
replaced by a microcomputer testing system. On the way to the
full-ascale coaputerising of turbo-generator control sysbenms,
thias type of testing system may be used under the control of a
full-gize supervisory coaputer., This microprocessor-based
testing system provides test sequencing of the valves of an
Electro-Hydraulic Governor. The hardware for the interfacing
and scaling, and the firaware for the microprocessor are developed
for one valve. The extension of the technique to the task of

testing multiple valves in seguence is also discussed.



ACKHOULINDGIIERTS

The author would like to express his sincere gratitude

to the followinz:

Dr, C. Preece, uy supervisor, for his overall supervision on

this project and his encouragement throughout ti:is work,

The ilectrical Laboratory technicians, and in particular,
wr, T. Hancerrow, Electronics 'echnician, for his advice and

help in building the circuits.

Special appreciution is given Lo iZiwdelaine Paterson for her

aggistance in typing this thesis.

C. A. Parsons & Co. Ltd., Hewcastle Upon Tyne, is acknowledged
for nroviding the author with technical knowledge of their

fFovernor model.



SUMMARY

Steam inlet valves on the turbine ofrturbo-a.lternater
control the mechanical input power of the alternmater. In tum,
this inm.t power effects the electrical ocutput power eof a
generater, Fast valving centrol of the cutput power
impreves the system stability during the transient disturban-
ces. Fer this reason, the inlet valves must cperate efficien-
tly and reliably,

In time, steam inlet valves get wern eor overlapped recau-
se of the mechanical and chemical effects and their efficiency
decreagses. The valves are tested remotely frem the central
control rooms and the permanent recoerds of the valves per—
formance provided by:;(—Y plotter are cellected, and the new
records are checked againat the previeus aenes. Cemparigen
ef the test traces with previous records highlights any change
in valve permormance. The records alse indicate failure ef
valve ogémtmg systems, majoerity-voting circuits and valve
tripping systems.

A typical Valve Governor System with its specifications
was obtzined from a manufacturer and reduced to be established
on an analog computer. Then the mathematical model ef the

Geverner on the analcg cemputer was connected to a micro-

processeor over a designed hardware iInterfacing system.



as
The software was developed to do the same test steps’dome om

actual valve. The test results are givem. 3Some discussioa
is imcluded om how the microprocessor-based om=-Load valve
testimg techmique cam be extemded to achieve the task of

testimg a mumber of valves,
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CHAPTER I

TURBO-GENIXRATORS

This chapter briefly describes some of the basic
characteristics of synchronous machines and also provides
the reader with an understanding of the methods of control
of turbo~generators.

Atteﬁpts have been made to outline the essential
points of a brief specification. The emphasis is on steam
turbine driven generators and an outline analysis is given

of such a machine,

1.1 Description and Tarque Concept

In the synchronous machines field windinés are supplied
with direct current and altemating currents are obtained
from or impressed on armature windings. Depending on the
rotor shapes, synchroncus machines are divided into two groups;
salient pole machines and round-rotor machines.

Usually the armature windings are placed on the stators
and the fieid windings on the rotors. Synchronous machines
run at constant speed. The flux wave created by the armature
current rotates in the air-gap at the same speed as the rotor
rotates. So it looks stable as it is viewed from the rotor.
Tﬁe interaction between the magnetic field created by the
field current and the magnetic field created by the amature
current ﬁreates electro-magnetic torque. This torque is a
function of the angle between the magnetic axis of the stator
and the rofor or alternatively between the stator and rotor

magnetanotive force waves (mmf) and opposes rotation in the

generators. The electro-magnetic bor ue has a negative sign

Suie, CE PA
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for generator action where the negative sign indicates that
the electro-magnetic torque acts in the direction to decrease
the displacement angle between the ficld of stator and rotor,
and it has a pogsitive sign for motor action where the positive
sign of the tlorque indicates that the electro-magnetic torque
acts in the direction to bring these fields into alignment.

A steady torque is produced if the displacement angle is kept
constant which means that the stator and rotor magnetic fields
travel at the same speed, as the magnetic fields of stator and

rotor have constant amplitudes .[8 ] . Figure 1.1.

1.2 Voli:ggg = Current Relations

The equations giving the four voltage-current relations

in a three phuse synchronous machine are

Vs E o +-3-¥9'- (1-a)

V=1, -0-%% (1-¢c)
., dW -

V=N ap + 'd—ti (1-a)

where s are the terminal voltages of the windings; t.a ’
‘:b 3 "C are the amature currents in the associated
windings, t",- is the field current. I is the resistance

of the armature winding and fp is the resistance of the field

winding. ¥ is the flux linkage of each winding and can be
-




written as functions of currents, and the self and mutual
inductances of each winding so that one can obtain four
voltage equations as functions of these quantities. Since
this gives a very complicated set of equations, a set of
imagined voltages, curreniis and flux linkages are defined
as functions of the actual variables. These new electrical
variables called "Direct-axis and Quadrature-axis Variables"
can be solved as funétions of time and this solution can
help to find the actual variables as functions of time.

For a three phase synchronous machine, at the instant of
Figure 1.2, the relation between the fictitious voltages

and the actual voltages are as follows

s, ] [ se  cos (8-11 cos(0+i20°) | (0]

¢ =% -sing -8in (8-420) - sin (@ +126) 4 (2)
s | 2 - 1/2 O LY
.‘D; I cos & -sine@ 1 ) -1931

9| = cos (8-120")  _—sin(e~120") { 9 (3)
1% ] | Cos (6 +120°) ~gin(@ +{20°) 4 ‘ ___"96_




These equations can also be rewritten for the flux linkages
and currents, by replacing W with WY and <
respectively. _In the equations above, 'U‘d is the direct-
axis voltage, ‘Ui is the quadrature-axis voltage and 7%
is the zero-sequence voltage.

The self and mutual-inductances of a synchronous
machine is the function of the displacement angle ©
between the direct axis and the phase axis, except the self-
inducta.nce' of the field winding because the stator has a
cylindrical shape.

Flux linkages as functions of currents can be obtained

Y= (Las M+ 2L0) 6 +Ms 4, (4-a)
Vy=(Ls+Ms -3 L)ty (4-b)
VY, =(ly —2Mg) ¢, (4-c)
V=3 Mpt Lyt (4-a)

where Ls is the component of the self-inductance of one

phase of the amature which is independent of the angular



dieplacement © , Mg is the component of the mutual
inductance between two armature phases which is independent
of the angle, M;- is the amplitude of the mutual inductance
between the field winding and any armature phase, L" is
the self-inductance of the field winding, L.m is the

amplitude of the component of the stator self-inductance

which is dependent on the angular displacement. Igs.4 may
be written
|
|
} "I'J=LJ¢.; +M{‘¢;~ (5-a)
|
Yo=Lkoto (5-c)
3 ' . -d
where Ly=Lg + Mgy % Lo (6-a)
|
Lq=Ls +Ms_%LM (6-b)



LJ ) L‘\ and L, are constant quantities and called
direct-axis synchrunous inductance, quadrature-axis synchronous
inductance and zero-sequence inductance, respectively. Theue
muchine constants can be determined from tests,

From the equations given above, the following voltage-

carrent relitions are obtained
-ye ) ) dde -
%_r'_a*_l_aé%_wl_q(‘.QvM#.— (7 a.)

Wﬁr‘.q-f L‘% +UJ(L-J4'.J+M¥£_F) (7-b)

W, =7 4-\-,-5{;' (7-c)
"’ﬁ'?"r*"ng{‘-t%“"r%% (1-0)

These equations are for motor action. For generator action
the currents ".J and 4:1 change the signs so that the

‘l’ - .r 5 l 4. ‘ d g‘ M d &' (8“&)

Wy=-riq ~ L“%Zi" roMpdy_wlys, (D)

-



Wy =g Cp +Lgp dit -3 M (8-c)

.
dt

*e
-l

[8,11] .

1.3 Power Equations and The Concept of Stability

In the steady state, the power output of a salient-pole

generator is given as

Psﬁ.qV!l"_’ﬁ_sin (§+a) o

l"'+xdxq
Vi L 4 v Xa=X4 gin2g
MR T 2% x%q)
(9)
w.here Eq is the steady-state intemal voltage of the
generator, V is the terminal voltage, 8§ is the phase
angle between the internal voltage E.q and the terminal
voltage V , f is the resistance of the armature windin;,
"J =WLJ is called the direct-axis s:.ﬁch:ronous reactance
and anwL1 is called the quadrature -axis synchronous
reactance., (W is the stator angular frequency and 6 =wt
where © 1is the displacement angle). Here
Sind = L (10)
VX
and
€osd = —Xa__ (11)

r*+ X3

i



If the machine is connected to the infinite bus V¥ is the
bus voltage, if it is connected to another machine V¥ is
the internal voltage of the second machine. If the connection
was made through aﬁ internal impedance, ¥ , xd and xq
would be added to the external impedance when the equivalent
circuit réﬁlacement of these impedances was being done, If

the resistance is negligible, this power output egquation of

the generator simplifies to

P=EaY gin § +v*Xa=X3 gin 2§ (12)
Xa 2XyXq

This equation was shown graphically in Figure 1.3.

If the machine had round rotor, 1d would be equal
to xq and therefore the reluctance power due to saliency
repres;anted by the second harmonic term would cease to exist,
80 that the power equation for the round rotor wmachine
bec.o:nes

4

"In the case of the constant .BQ and V , the maximum
power occurs at $= 9°° and this power limit is known as
the Bteady State Stability Limit.

The values of the voltiges and the cu.rrentg are rms

values,



In the transient state, the power-angle expression

becones
Pa EJL". sinf +V? L‘d'.:.’i!. sin 28 (14)
X 2X) Xq

The voltage 3:1 is the quadrature-axis vol tage behind
transient reactance, and x; ig the direct-axis transient
reactance. The secand harmonic is negative since usually

xq > .xq.. The asmplitude of the transient power-angle curve
is greater than tha..t of the steady state. 8o, if the duration
of the suddenly applied overlozd is short, synchronism will not
be 1<;st. .Réfe'r to Figure 1.4.

For a synchronous machine the accelerating power is

given as
z »
Po=P B =zLwd$ (15)
dt*
where Pi = Input power of the machine
P° = Qutput power of the machine
I = Loment of inertia
w = Angular velocity
and

5

to another machine or to the infinite bus to which it is

Angular displacement of the machine with respect

cannected.



At steady state the accelermating power equals zoero and
the power input equals the power output. Negative P.
represents retarding power and positive p. represents
accelerating power. The Pa versus & curve shows that
the system is unstable if the angle & increases without
limit. For generator action p

i
nower and Pe is the electrical output power. As derived

is the mechanical input

earlier, this electrical output power is represented by the
sinusold on the power-angle curve,

The equal-area criterian is used to determine the
Transient.Sta.bility Limit. As the assumptions of constant
input powér, constant voltage behind transient reactance
and no damping are made, the generator and the infinite bus
are in balance at point a (Figure 1.5) on the pre-fault power
curve, Pi is constant and therefore is parallel to the
horizantal axis. The power-angle curve during the fault is
lc')wer than the pre-fault curve. When a fault occurs electrical
povier output decreases and the oper.uting point 8 drops to the
point b on the fault output curve. At this point mechanical
input power exceeds electrical output power. This accelerates
the unit causing the angle & increase. The accelerztion
causes the electrical output power to increase to the point c.
Since at point c the accelerating power decreases but the
speed of the. machine is still high the angle increase to S,,. .
This results in retarding power on the generator. Therefore
the speed decreases as does the angle, and the operating point

moves back towards c. The generator will not pull out of step

-10-



during the transient disturbance if the area A, equals or

1
is less than the area ‘2 on the diagram. This is the
definition of the transient stability limit. If the area A

1
is greater than the area ZAz y, the generator stays in

synchronism with the system,

1.4 The Voltage Regulator

Ohe of the ways of improving the stability margin is
by increasing the internal voltages of the synchronous
machine.

Since the power output of a synchronous machine is
proportional to its excitation voltage this output power is
controlled hy varying the field current, This variation
may be achieved by use of an Automatic Voltage Recgulator
(AVR) or by manual control. By increasing the excitation
voltage the amplitude of the transmitted power equation
increases. When the steady-state limiting angle exceeds
90° a fast acting AVR increases the applied voltage to
the field circuit of the machine; in other words the
demagnetising effect of the armature current is being
opposed by maintaining the decaying field flux linkage by

means of AVR.

1.5 ¥Fast furbine Valve Control

The technique of fast turbine valve control has been
introduced elsewhere by some authorsI4lThe principle idea of

this technique is to enhance generating-unit stability for



transient disturbances by increasing the ceritical fault
clearing time,

Soon after a fault recognition the conlroller is
designed to close the turbine valves for a short time period
related to the time-integral of the difference between input
power and output power, and then re-opened slowly. This
action of the valves results in a decrease in the mechanical
input pﬁer. By this means, the difference between the
reduced generator electrical output power and mechanical
input power is reduced quickly.

On referring to the power-angle curve in Figure 1.6, it can
be seen that if a fault occurs while the turbine generator is in
balance with the power system at point P, the electrical output
power of the generator will drop to the point Pl. After the
fault clearance, the system is stable at newly established
werking point P2 on the post-fiult power-angle curve. In the
diagram of Figure 1.6, the mechanical input power is shown as
a. function of & which arises from the fast valve operation.
It is indicated by the dotted line. Fast valve action starts
as the fault occurs.

Since the transient stability limit is given with A1 252. ’
as the fast valve control concept is applied it is apparent

that a significantly increased critical fuult clearing time

arises. E‘l J

1.6 Steam Turbine Governor Operation

The decreused inertia-to-torque ratio aon large turbo-

genéra.tor units increases the control conplexity of turbines

-12-




8o that electro-hydraulic control systems essentially replaced
the conventional mechanical hydraulic governing systems.

In basic form, an electro-hydraulic governor is
illustrated in Figure 1.7 [ 9]. Three main feedback loops
are :shown dotted. To this figure, a main stop valve just
ahead of the main governing valves and a reheater stop valve
just to the reheater out.put may be added [:l..]

There are two difrerent modes of govermor operition;
"Full-Arc Adnissian" and "Partial-Arc Admission". As a
brief explanation; in "Full-Arc Admission" operatian, the
control of steam flow to turbine is accomplished by throttling
the main steam through main stop velve while the governor
valves are fully open. In the later mode, however, the main
steam is throttled through control valves while"u:top valve .
is wide open. Full-Arc Adrission operation is done during
wide range speed control and Partial-Arc Admission operation
is done during normal operation.

In conventional mechanlcal-hydraulic governor systems
the speed and the load refcorence signuls were both applied
before the regulating element as shown in Figure 1.8. The
block 'Valve Operators of Steam Volumes' represents all valve
controlling loops in one generator control system.

An attempt to overcome the difficulty that arises
during the transfer of the operation modes, from one mode
to the other, has been implemented in electro-hydraulic control
systéems by making the load reference signal independent of

regulation rl..] . Refer to Figure 1.9,

-13-



Another proposed approach uses a conditional loop so
that the selected higher loop error assumes the control f 9].
Figure 1.10, "

For fhe purpose of generator protection against over-
speed there are usually two independent emergency governors
provided. The one of them is Normal Speed Governor that
operates Control Valves and Interceptor Valves, and the other
is an emergency Trip system that shuts the llain Stop Valve
and the Reheater Stop Valve an overspeed conditions.

Sir.ce the input power of a turuo-generator is
controlle'd. by means of steun/inlet villves, stability can be
markedly altered by theiraction. They must operate

efficiently and reliably.
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GHAPI'ER II

GENERAL VIiw OF MICROPHOCEHSS OR-BASED CON'THROL SYS'T'i2IS

The technical and ecananic features of microprocessor-based
control systems are investigated in this chapter. This investigation
has been extended into the use of some technical hardware arrange-
ments. Some of the important hardware configuratims for the
reliability daspects of on-line computer control systems are -

also discussed.

2,1 The Convenience of the Installation of Microprocessors in

Control Systems

Control equations can be formlated mathematically in a way
such that Vdi.(.;'ital computers can perform the sane tasks as analog
controllers. However, the choice of on-line camputer control
gystems is limited since for singlel‘ogpontrol problems they may
provide more compllex solutions than an analog electrical control
system. As the complexity of control problems increases, both
analog electrical and mechanical control systems soon become more
and more complex whereas this is not necessarily the case for J:sital
controllers. In fact, complexity of thc-: controller directly
effects the technical and cuamercial reasons for the choice of
the kind Qf control system to be used, and both of these reasons
are as important in the justificition of on-line computer control
systems as they are for the justificaution of the other type

controllers.

llicroprocessor-based control systems may replace analog
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electronic or other forms of hardwired digital electronic,
mechanical and computer control systems. [20,5,22,10,12] .
Since they are small, fast and have low cost computing power,
and they can perform many functions minicomputers do, these
systems can improve control and do it for a reduced cost. 'They
offer advantages in perfommance, flexibility, maintenance, cost
and size. !22,121. They allow the control systems to perform
logical operutions and give intelligence to control systenms,
[]8'] ’ aﬂd they are also easy to program. Indirect measurements
wiich are difficult to measure with analog controllers can be
obtained in microprocessor-based control systems by calculation,
[7] . They can also be used as replacements for special/ zomplex
equipmgnt which would otherwise bc reyuired to implement the
contro.l.- They enhance accuracy [22 ]; especially with digital
transducers E13], rather than with nonlinear anal og transducers.
Digital signals can be easily transmittcd without distortion
vhereas analog élgnals are prone to error because of their hard-
wired couplings and temperature variations. Since microprocessors
are very reliable electronic devices and give exact calculations,
they provide increased accuracy in control systems. As word
length gzets longer, accuracy of the machines increases. In the
market, 4-bit, 8-bit, 12 bit and 16 bit machines exist; such as
4040 (4-bit), H6800 (8-bit) and CP1600 (16-bit).
Hicroprocessor-based controllers can be reprogrammed and
their hardware reconfigured with minimal physical modification.
The same hardware can therefore be used to obtain an entirely

different controller for a variety of applic:tions. This sort
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of modification increases the system flexibility. Since micro-
processors are much simpler than full size computers and can
replace a number of annlog controllers, as a cenlral element
in a cantrol system [553 s it is easier to locate a failure
and replace it in microprocessor-based process control areas.

Ilicroprocessors are inexpensive electronic devices. They
can be used to provide a single control for a number of machines.
Because microcomputers replace a number of analog control loops,
the total cost of the replaced equipment helps to meet a
congiderable part of the cost of these computers. DBecause of
their high performance and accuracy, in some systems they reduce
system power consunption and thus provide an economic advantage,
[261. They also increase the bulk of product since they are
so fast [-22 .12] . Al) these muke them an economic solution for
many appliéations.

In large control systems microprocessors share the conirol
loops and achieve the control under the supervisimm of a master
computer, E 18] . In the control hierarchy microprocessors cannot

perform the management functions because of their size. E22,183 .

Coordinating entire complex systems, generating up-to-date reports,

doing cost accounting, etc., reguire extensive storage and a singls

microcomputer may not meet these demands.

2,2 Some Hardware Arransement l'echniques Used In Conjunction With

liicroprocessors

Same. authors have made proposals to keep the number of A/D and

25
/A converters used with one microprocessor down.208Phis approach

results in a drop in the amount of the input and output port
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addresses necessary. To utilise only one A/D and only one D/A
converter for more than one input and one output of a microcamputer,
analog input and analog output multiplexors are proposed. These
multiplexors get cantrol commands to select the desired channels,
Figure 2.1. 4s either of these two multiplexors receives a
channel select signal, the converter connected to that multiplexor
will be switched over to that chosen channel., After the selectimn
of the cha.nnei, another command starts A/D or D/A conversion,
depending on which is required. Thus one input address t‘okIL{; D and
one output address to.:h;}/A are dedicated. Track-hold circuits are
proposed to kcep the actuator at its latest position until the
next data is available. [21, 5 20:].

In a microprocessor-based position controller of machine
tools a register which is essentially an electronic device corisisting
of flip~flops was utilised at the digital side of each digital to
analog converter. The first output data waits in one of these
registers until the other output data are housed in the remaining
registers. Then these data are sent toﬁr;/A's. This gives an
oppomtunij;,y to apply all output data almost simultaneously, refer
to Figure 2,2. The latch registers duplicate their data towards the
D/AS as they receive individual control signals. [ 249 ].

A thyristor cycloconverter converts an alternating voltage
of one frequency to an alternating voltage of another frequency
by opening and closing the switches within the converter in
appropriate manner., A microprocessor is used to calculate these

triggering instants and to achieve the control of a three pulse-

cycloconverter., The equation that gives the SCR triggering instants

-24~



needs sine and arcsine calculations. To increase the speed, 8
table look~up technigque is utilised. This reduces the software
overhead time. Again for the speed increment, the author used
the Advance Micro Devices (multiplication hardware) for 16 bit
multiplication in a short time of B,A sec, E}] Table look-up
techniquesand multiplication hardware have been used also by some
other authars to meet the demands of fast acting control systems

where the process time is prime concern. Refer to [107] and

[16].

2.3 Reliability

Considering technical and economic reasons it can be
seen that there are many adventages in employing on-line conmputer
control systems. However, since these digital computer controllers
are reguired to perform a multitude of functions, attention must be
p2id to reliability. In conventioral analog control systems, each
functional task is performed by a dedicated hardware .element and
the failure of that particular element ends with the loss of that
function. But, if a computer feilure occurs in an on-line computer
control system, we lose all control, This loss of control cannot
be tolemfed_ in most cases. In order to be able to cvercom.e this
problem, a number of different ways have been coﬁsidered. Canplete
redundancy is one of these approaches. But this is not econamic
saince twice as much money must be spent to obtain a reliable
computerised process control.

The fact that the cost of microprocessor has become so low
made it possible to employ more than one microprocessor in one

control scheme in order that each microprocessor is to perform



only a small number 6f functions. To do so, ane microprocessor
" failure causes only the loss of the functions performed by this
dedicated microprocessor. Thus, the control still exists since
the other functions remained as they were. But this way of
solution may not be satisfactory, since ane microprocessor is
obliged to perform anly four or eight functions although it is
capable of performing many more functions alone.

More than one computer in parallel wes. used as an
alternative method of achieving reliability. If one of them
fails the other one assumes control.

A multiﬁle processor method is used where a switchover
mode is acceptable, Figure 2.3. Here are, for example, two
processors connected to the same inputs in parallel, and the
same outputs can be switched over from one processor to the
other. -[2] .

For the reliability and survivability aspects an aircraft
fly-by-wire system uses four computer and voter units. When a
failure occurs on the computer that hus been doing the control
tasks, the control tasks start to be achieved by one of the other
three computers. [6] »

A béckup system assumes the tasks to control the system as
the computer fails, if manual control is acceptable as ﬁhe ba ckup
noje. After fhe computer failure has occurred, the operator
controls the process manually. In such a control system, only a
couple of most important functions may be performed by the
operator in order to keep the most important and small pari; of

the system running while the failure is being located and replaced,
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Figure 2.4. L2,

Where safoty is of mailn concern all controlling vignale
should be checked before they have reached the process, In a
gunpowder manufacturing plant, two computers are connected in
series to perform the cantrol tasks of the hazardous process.
One of these computers is a camplex one and works at super-
visory level. The other one is a simple computer and has the
tasks at direct digital control (DDC) le.\-rel. Mainly the process
control system has three distinct control systems; Process
Controller or Camputer (Supervisory Camputer), Digital Control
System which may be a microcomputer and Analog Control System.
Refer to Figure 2.6. The supervisory compubter sends start-up
commands to the programmeble controller and provides set-point
and digital control signal to the analog control system. Since
the progrsmmable controller consists of the process shut-down
logic and some cantrol logic, it can check the sent commands,
for example a command to switch a machine on ar off, against
iteg logic which has the status of the process elements. So
there is a double check of the commands before any action is
talken in ﬁhe process area. The analog control system, in
effect, is a self contained system and can monitor all process
variables. In the event of a computer failure, the control of
the process is achieved under the operator commands sent from
the llanual Interface Panel (semi—automa.tic contrcl). In fsct,
a camputer failure is indicated by anal og values going into

alarm and a shutdown of the process computer. [18].
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Some v‘en'dors intrcduced another method of backup systems
to handle computer failure modes. For this backup systen,
f:irstly, manual cantrol is to be acceptable and each output
channel must have individual D/A converters. In addition,
these output channels can be manipulated by an external source.
Under these conditions, the discrete signals inhibit the processor
fram changing the output. On referring to Figure 2.5, it can be
seen that two ihdioators are used to indicate the input .and the
output. For a given input the operator can change the output
value, raise or lower, manually by using mode switching. In the
figure there are four independent channels. Each channel has its
own output card that consists of an D/A converter and hold station,

so called. [2] .
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CHAPIER ITII

SWTPC 6800 CO.I'ULER SYSTEHM

3.1 General View of the System

Since this system runs on 16 bit address buses, one MPU can
address up to 64 X; in other words memary capacity is 64 K.
Informtion flow between the systenfs elements and also between
the system and the outside world is done on 8-bit bi-directional
date buses. The word length is 8 bit. [24,11).

It hags 72 busic instructions. It is loaded with the machine
codes of its assembler instructions. To obtain the machine codes
of a program' written in assembler code there is a need of a host
conputer that has the compiler to translate the inghtructicns into
machine codes. There are eight addressing modes in the 16800;
Dual Addressing, Accumulator Addressing, Inherent Addressing,
Imnediate Addressing, Relative Addressing, Indexed Addressing,
Direct Addressing and lixtended Addressing.

A SWIPC 6800 canputer system consists of a Microprocessing
Unit (MPU), a Read Only Memory (RO#), some Random Access Memary
(RAM) s, some Peripheral Interrace Adapter (PIA) s and some
Asynchronous Communications Interface Adapter (ACIA) s. PIA
provides parallel interfacing and ACIA gives serial interfa.qing.
But, in fact, the .IKBUG hardware program in 1 K MC6830 RO
enables a }M06820 PIA package to be used as a serial interfacing
adapter. For our project, a 4C6820 PIA is used to make serial
TTY interfacing to the lPU.

Each of the M6800 family elements in this computer system

operates on a single five~volts power supply.

-33-




A clock 1s essentinl for the processor and the interface
circuits. The system may be expanded up to eight interfaces
and the various baud rate (one baud is so many bits' flow per
second) of each interface circuit can be selected by a bit rate
generator such as MC14411.

Figure 3.1 can give some idea of the connections of the
gsystem's elements in blocks. PFigure 3.1 also consists of a
crystal contrﬁlled oscillator used as a clock source. The
control bus in the figure is shovn bi-directional. In fact,
some control lines are only inputs to the MPU and some of them
are only outputs from the MPU. In addition, all control lines
connected to memories have the signal flows from the MPU to

the memofies only.

3.2 il6800 Microprocessing Unit (1{PU)

This is a Large Scale Integration (LSI) device and
consists of two 8-bit accumulators, one 16-bit Index Register

(X), one 16-bit Program Counter Register (PC), one 16-bit St

Q

ke
Pointer Register (SP) and onc B-bit Condition Code Register (CC).
The number of the program instructions used to activate the logic
and arithmetic functions of the M is 72, It contains
instruction decoding logic, Arithmetic and Logic Unit (A.L.U.),
and program sequence control. It is provided with an 8-bit bi-
directiongl data bus, a 16-bit address bus and socme control
lines; Read/Write (R/W), Valid !{demory Address (ViA), Data Bus
Enable (DBE), Interrupt Request (IRy), Restart (RES), Non-
Laskable Interrupt (NMI), Go/Halt (G/H), Bus Available (BA) and

Three State Control (I'SC). It is also provided with a two-phase



clock whose operating rate is up to 1 iHz. The MPU uses the
clock as a timing reference to execute instructions. For
example, the }MPU places an address on the address bus during
one phase of the clock and the data bus will be active during
the other phase of the clock. Refer to Figure 3.2.

The MPU transfers informmation between the memory units
and the outg;de world so that if it is required the MPU will
fetch an item of data fram a memory address and then store it
to the desired output. The sequential fetching of instructions
in the program memories is done through the PC. After loading
a prograﬁ and giving the starting address to the PC register,
the Go (G) command is applied to start the execution of the
progrem, The processor then loads the address in the PC on to
the address bus and the Read pulse (high state of the R/W signal)
strobes the data at the given address into the MPU. The
ingtruction decoding logic of the MPU will cnable the MPU to
interpret the strobed data as an instruction or just a number,
The execution of instructions is done in the A.L.U. After
fetchin; a data the value of the PC will autanatically increase
by one. The new value in the PC is the next address for the
MPU to ggt the next data to execute. However, if the program
requires the result of an execution to be stored in a memory
location, then the MPU places the address, where the resultirg
data is to be atored, on the address bus. The output signal of
an ARD w.hose inputs are the VM4 and ®¥2 clock signals will inform
the extgrn#l devices of the MPU that there is a valid address on

the address bus. In fact, this enable signal is applied to the



Enable lines (E) of the memories and I/0 devices. The DBE which
is nomally the @2 clock siimal puts the data on the data bus
from the LPU,

The IRQ line of the IMPU gets signal from FIA/ACIA. An
interrupt signal will be sent to this line if there is an available
data on a peripheral while a program is running., HNext, the present
contents of the PC, X, accumulatars and CC register will be stored
in seven bytes of RAM starting with the memory address that the
Stack fointer (SP) contains, and proceeding in descending order of
memory addresses downwards in sequential manner, if the interrupt
mask bit in the processor condition code register is not set. Then
the MfU sets the interrupt masik bit to ensure that it will not
regsponse to any [urther interrupt before the completion of the
serving to the present one. The MPU starts running a program that
serves the IRQ. The startins address of the subroutine is loaded
into the PC from two memory locations. The instruction RTI (Return
fram Interrupt) causes the MU status loaded with their contents
before the interrupt occured. Upon completion of the service
program the execution of the suspended program is resumed. In fact,
this way of data transfer from the ocutside world may save processing
tine if it is compared with the way of data transferring where a
progran wonld periodically examine every single port in tum for an
a?aiiable data.

The RES signal recovers the iWPU from a power failure and it
may also be used for an initial start-up of the processor. To be

able to communicate with the PU through a teletype while there is

a progran continually this signal is to be applied. That results
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in stopping the program beinz executed. The RES signél is also
connected to the RES line of PIAs. This signal has the effect
of setting all PIAs' registers to logical zero.

The Go signal (high state of the G/H signal) starts the
execution of program at the address in the PC, If this signal
is at low state program exccution will be halted.

In the high state the BA signal indicates that the MPU
has stopped execution and the address bus is available.

The NI signal has no effect of the interrupt mask bit
in the CC register. At the presence of this signal the MPU
status are stored away through the SF, The interrupt mask bit
is set. The HPU branches to a routine that serves this interrupt.
The address of the routine is stored in two memory locations and
the CC is loaded with this address automatically. Upon completion

of the routine, the previous program is resumed by the MPU.

3.3 106830 Read Only ilemory (RQM)

This L3I device has static operation., It is a 1024 x Byte =
1K byte package. It has the HIKBUG hardware program in it and MIKBUG
is unalterable. The MIKBUG monitor program does not only provide
the user with the subrcutines to use in his programs but also
enables him to examine a memory location and change it at will
(except the memory locations of RGis), and to start execution of
his program, and to load an object tape, and to print a block of
memory via a keyboard.

iIXKBUG also uses one Random Access ilemory package as a

temporary data storage.



3.4 MO6810 Random Access kHemory (RAM)

This is used to store software programs. It is an alterable

Read/Write memory. LEach RAM is organised as 128 Bytes,

3.5 1106820 Peripheral Interface Adapter ( PIA)

The 1106820 Peripheral Interface Adapter is a parallel type
interface adapter circuit. Its MPU side has 18 lines provided.
(Refer to Figure 3.3). Eight of these lines form the bi-directianal
data bus, and -fhe others are used for addressing and controlling the
PIA and the internal registers of the PIA. The peripheral side has
20 lines &nd 16 of them form two & bit bi-directional data buses.
Four out of these 20 lines are utilised as control lines,

The address of PIA is defined by hardware selection logic.
The Chip Se}.ect (cso, CS1, CS2) lines on the MPU side are used to
select a PIA, The PIA is programmable. Each PIA has six 8-bit
registers in two sets called A side registers and B side registers.
Each side has one Data Direction Register (DDR), one Out put
Rogister and one Control Register. Which set will be utilised as
inmut or output depends un the bit positions of the DDR.

TheIIaIIPU treats the DDRs and the Output Registers on each
side as a single memory location and the MPU treats one PIA as
four memory locatians,

In conjunction with the Register Select (RSO and RS1) lines
one bit of the control register directs the IPU to the DIR or
Output Register.

On the PU side of the PIA there are twoe IRQ lines; one of
them is used for the interrupt request of one side and the other

one for the interrupt request of the other side.
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Two ;ontrol lines CA1 and CB1 on the periphergg side are
only input. The CA2 and CB2 may, however, be prosrammed to act
as the peripheral outputs or the interrupt inputs.

Since the PIA is a parallel I/0 device, to connect an
analog signal to a PIA an Analog to Digital (A/D) converter
circuit ‘is to be placed between the signal and the PIA's data
lines. The digital outputs of an 8 bit A/D converter are
connected with these8 bit data lines. Since a convenient bit
pattern of the CRA (CRB) may set the interrupt flag of the same
control register during a high to low transition on the CA1 (CB1),
the CA1 (CB1) cantrol line of the PIA may be connected to the
statuﬁ gignal (the signal that informs that the A/D conversion
has been completed) of the A/D converter circuit. Since setting
one of the control register bits may make CAZ2 (GBE) go high, the
CA2 (CB2) may be connected to the "Start Conversion" line of the
A/D in order to make the A/D circuit start the conversion.
Pirstly a software program loads the control register with a bit
position set so that the CA2 (CB2) goes high and consequently the
conversion starts. Upon completion of the conversion the status
signal of the A/D goes low, so does the GA1 (CB1) and the progran
may read the data into the iiPU after the recognition of the IRQ

flag that was set by high to low transition on the CA1 (CB1).

3.6 406850 Asynchronous Communications Interface Adapter (ACIA)

This M6800 family element enables the user to make serial
data communicutions with the IMPU. "The user's TTY contrel terwiinal,
Keyboard and Cassette Recorder may be interfaced to the iPU

through ACIAs. The lotorola's HIXBUG hardware prograir in 1 K
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MC6830 ROM emables PIA to be utilised far the same purpose.

Since we are using a PIA in the project to make serial communi-

cations, the references [24], ['12..] and [15] should be

referred to obtain the detailed information about ACIA.
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GIAPIER IV

EXISTING GOVERNOR SYS'I'EM AND ITS

ANALOG CO.IPUTER MODELLING

A valve controlling system block diagram suvpplied with the
step-by-step on-load valve testing procedure wes obtained from a
manufacturer. This chapter mentions the brief description of this
electro~hydraulic valve cantrol system operation and the valve
testing steps. The reduced governor modei with some changes in the
block gains and.time constants, and the mathematical model of this
system eatabiished on the analog computer are also given in this
ctapter. The block diagram calculations for the analog computer

simulation, however, are in Appendix A.

4.1 The Governor Specifications

The block diagram of the given Mectro-l-lydrau;ic Governor
svs.tem is in Figure 4.1; and the gains and the time constants given
by the manufacturer are listed in Table 1.

The Pow.er Piston recponse in the opening direction and the
Actuator response in the closing direction for a 6 volt step input
also given by the manufacturer is illustrated in Figure 4.2.

This Governor achieves the control task for both Control and

Intercept valves.



GAIEs UNITY TIME CONSTANTs
in seconds
61 | 5.38 |milli-amps/volt ™ o0l
G2 2,666 oubi& inohes flow T2 013
R1l-amp
G3 | 1425 |1/Area squ.inches T3 016
G4 | 20,  |10Volt/Stroke imches | T4 | .0028
e | 1. 5 | o
Gé «0755|1/Area squ.inches 6 | ot
67 | 1.666 |[10Volt/Stroke inmches | T7 o
8 | 1.
Table 1.
GAINs URITY TIME CONSTANTS
in seconds
G2 2,66 |[oubioc inches flow 5 ol
milli-amp
3] 1.25 |4/eree squ.inches 6 R
e | 2. |10volt/Stroke inches | T7 | 040
-] 1. 78] O
¢6 «0755] /Area squ.inches
G'7] 55« 10Volt/Stroke imches

Table 2,
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4.2 Brief Description of The System Operation

The Phase Rectifier with the gain G4 is a Lincar Variable
Differential Transformer and the positian transducer with the gain
G7 is a rotary type transducer. Since the Primary Actuator and the
Power Piston are pure integration devices, to obtain a constant
output position of these devices for a constant input sigmal and to
enhance their performance, the feedback paths are established around
these devices.

The Servo-Valve Amplifier is an electronic device and amplifies
the error signal. The current supplied by the amplifier operates the
Servo-Valve. The oil flow from the Servo-Valve to the Primary
Actuator results in the piston movement of the Actuator. Since the
Pilot Valve piston is mechanically in connection with the Primary
Actuator piston, the Pilot Valve operates and a high pressure oil
flows into fhe Power Piston. 'The valve operation is achieved over a
lever that links the valve to the Power Piston,

The gaing of the Servoe-Valve, Primary Actuator, the rectifier
gain G4, Pilot Valve and Power Piston may vary between coniracts where
different pressure requirements exist. The gains G1, G7 and also G6

in Figure 4.1 vary between Governor and Intercept valves.

4.3 The Actual On-Load Jalve Test Sequencing

4.3.1 Purpose. of the Tesgt

The on-load valve testing is achieved by doing the following in
sequence: selecting the valve to be tested, adding a negative going
ramp signal to the operating Governor input signal and consequently
closing the valve, tripping the valve, applyinz a positive going ramp
signal to the Governor input, re—appiication of the negative going
ramp, releasing trip and bringing the valve back to its pre-test

position.
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During the test a permanent record of the valve perlormance is
provided by an X-Y plotter. The X input of the plotter receives the
valve position output and the Y input is in connection with the
Governor input. The graph plotted during the test is the input versus
output curve. The curve characterises the behaviour of the Governar
by indicating if the trip operatiuon has failed and if the valve being
tested glves unexpected respanse because of the erosian on the valve.
Getting no vertical truce is the result of the fact that there is
failure of tﬁe trip operntion, because the plotter's X input is
expected to be zero and the Y movement still gxists during the ramp
operation following the tripping of the valve. Any friction or faulty
response of the valve will cause%kink in the traces being obtained
during the valve closure and re-opening.

The newly recorded response for each valve is checked against

ts previous test record and the differences are observed to gain
ideas on the present conditions of the trip operation system and the
valve itself. Then the neceésary precautions may be taken to avoid

risk.

4.3.2 Bugic Specifications of the Used Pushbultons

The on-load tests on the vualves are carried out remotely from a
control room.

There are & certain number of pushbuttons on the control panel
dedicated to the same number of the valves on the turbine. These
buttons are called "Select Pushbuttons", One valve is tested and
one plotter record for this vélve is obtained at a time. When pressed
the button initiates the test procedure on the appropriate valve. The
Select buttons are latch-down type of buttons.

Also there are two non-latching pushbuttans that have to be
pressed and héld dovn in sequence during the tests., These buttons

are comman to all valves. One of these non-latching ones cazlled "Tcst"
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initintes a command to interrupt lhe present Governor sizmal when
prossed and causes the restorution of Lhe Governor signul when
released by means of the . - ramp signal. The other
button called "Irip" is utilised to trip the valve under control.

The Select and Trip buttons also operate a set of switches
so that only one valve can be selected at a time and the Trip

button cannot be depressed before the Test utton,

4.3.3 Detailed Test Procedure

The on-load valve test is done step by step as follows:

Select Valve

The valve subject to Lhe lest is selecled by pressing the
buttun dedicated to that particlar valve, The sipgnal obtained
by pr..essing the button results in switching the X input of a
plo't1‘:er from its normal valve position input to another X -input
which in turn givesthe X movement duringfc\eencirclingc;ﬁ;he
valve number on the plotter. The Y input of the plotter is also

Leen
supplied by the same module after the SELECI comnand hasu"h::l'-eached.
After the valve identification, the relay is released and the
£ ﬁxm‘t on this relay is switched to the valve position input.
Another relay called "Fault Reset Helay" is also energised and

this provides a signal to the Governor control pancl to indicate

"on-load test" in progress.

Press Test Pushbutton

When this test button is pressed dovm a ramp» signal is
added to the present Governor input signal and the valve closes.
During the valve closure, the system automatically checks

the s8ignal selection (voting) circuit in the Servo-Valve Amplifier.

Press frip Test Pushbutton

The Trip Test Relay is energised, this results in tripping
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the valve. To avoid accicental rapid valve closure that would
result by depressing the TRIP button before the TEST button, here

some switches are used 28 interlocks.

Release Test Pushbutton

The close Governor signal is cancelled. The Primary
Actuator operates but no valve movement occurs. A limit switch

closes to gnard against accidental rapid operation of the valve.

Press Test Pushbutton

The close Governor signal is applied and the Actuator

cloges down. The valve still stays at its close position,

Release Trip Test Pushbutton

The Trip signal is cancelled.

Releage Test Pushbutton

The close Governor signal is interrupted and the valve

re-opens.

Release Selector Pushbutton

The fault reset relay is de-energised and the "on-load

test" lamp on the Governor control panel is extinguished.,

4.3 Simulation of the Actual Governor

For simplicity, the given Governor model was reduced to
the system whose block diagram is illustrated in Figure 4.3.
The gains and time constants of the blocks used in this reduced
system have been listed in Table 2. The block diagram calculation
of the system for the analog computer simulation is given in
Appendix A.-

Vhen the calculated blocks were connected in their order
the mathematical model for the analog conputer became as illus-

trated in Figure 4.4.
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For batter observation of the system response the amplitude
of the step lnput was taken to be as big us-26.2% volts. The
negative signal is used to obtain the positive outiputs of the

the
amplifiers 242 and B4. The Power Piston response in”opening

direction and the Actuator respomse inﬁhzlosing direction for
-26.25 volts have been plotted and seen to be as in Figure 4.5.
As it can be seen in the figure, the calibration has been done
and the Position Output has been multiplied by ten. To compare
the actual system respmses of the Actuator and the Power Piston
in Figure 4.2 with their model responses, a further scaling has
been done by. switching the capacitor value of the amplifier B4
from 0,1 y.'F to 0.01 pF and feeding the output signal of the
pot P7 to the summing amplifier 2C5 over 1M@ but not 0.1 MS.
The Actuator and the Power Fiston responses obtained after the
scaling are illustrated in Figure 4.6. The actual system respanses
can be easily caspared with the model responses in Figure 4.7.
This figure is wade up of Figure 4.2 and Figure 4.6.

The model response is ten times slower than that of the

actual Governor.
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1 V/em

f

POVER PISTON

Opening

o 1.75 sec —

ACTUATOR

Closing

[ - Tdsec —— 0¢? sci/cm

Figure 4.5 Power Pistom respomse in opeming directiom anrd
Actuatar regponse in closing d&rection

to -26.25 volt step input



—s 9«2 sec/cm

(a)
10¥/ om
58V Bl
o 2
0b 1.75+sec-——’\ 0.2 se¢/cm
(v)

Figure 4.6 Respanse of the mthematical geverner model to
-26.25" step input
(a) Soaled respanse of the Actuator medel in
closing direction,
(b) Scaled response of the Power Pisten model

in opening directian.
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CHAPIER ¥

I CROPROCESS OR~-BASED ON-LOAD VALVE SEQUENCING

Microprocessor~based On-Load Valve Sequencing is developed
in this chapter. The chapter describes both the manner .in which
the MC6800 microprocessor is interfaced to the external systems
and the marmmer in which the microprocessor program is developed.
The arrangement of the plotter paper used to obtain a permanent
record of valve performance and the time calculation of the ramp

signal created via the system software are given in this chapter,
[2»14,15] ¢

5.1 System Hardware Orgenisation

The experimental system contains the MC680C microprocessor,
4096 words of the 128 x 8 RAM (Mcl6810)s, a 1024 x 8 ROM
(MC6830) and three MC6820 PlIAs.

The present peripherals include: one A/D and two /4
canverters to produce digital input to and analog outputs from
the canputer, a Teletype for operator communication, & Connection
Box to obtain flexibllity in co.nnections during the system setup,
the Cantrol f‘a.nel to place the necessary equiment (pushbuttons,
amplifiers and relays), an X-Y plotter and the Analog Camputer.
A fairly basic block diagram is shown in Figure 5.1.

There are two PIAs used for this project apart from the
PIA-3 uséd for interfacing the TTY.

Bécause it is possible to arrange the control lines CA1,
CBl, CA2 and CB2 of a PIA on the peripheral side as inputs or
outputs and because the MPU may control the conditions of these
lines on request, the "status" line of the A/D converter was

connected to the control line CB3 and the "Convert Gommand" line
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was oonnected to the control line CB4. The necessary software
was prepared to control and complete the conversion. The second
Blde of the PIA-1 has been established as the output side and the
8-parallel dé.ta. lines an the peripheral side of the PIA-1 were
connected to the inputs of the converter D/A-1. The control lines
CA1 and CA2 have been established by the software as input and
output, respectively.

One side of the second PIA is also connected to another D/A
converter named I/A-2, The control lines of this side CA3 and CA4 were
established again by the software as input and output,respectively.
(nly one control line CB2 of the second side of the PIA-2 was
established as input.

The commands SELECT, TEST, TRIP and PEN (on - off) were
connected to CAt1, CB2, CA3 and CA4, respectively. CA2 was used in
cannection with the relay R2 and R3 in order to obtain the camputer
control of the relays' operations.

The A/D and D/As consist of ZN425 8-bit dual mode single chip
converters. The clock frequency of the A/D is 259.9 KHz, For full-

scale reading the maximum conversion time is

28 = 0,985 millisecond

259.9 x 10°

The full scales of the converters have been set at 3.8 volts.

5.1.1 Connéction Bax

Fran both PIA-1 and PIA-2 six out of eight control lines
CA1, CA2, CB1, CB2, CA3 and CA4 have been connected to 4 mm sockets
an the bax. Two D/A output lines and one A/D input have also been
connected to three 4 mm sockets., In addition, the grounds of the
converters have been placed on this box to obtain a reference for
the input and outputs. Figure 5.2 illustrates the top view of the
connection bx.

This bax has been prepared for quick and easy alteratian of
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the connections during the system setup.

5.1.2 Control Punel

A control pznel with three pushbuttons was built. 'Phe buttons
lautch down und glow when pressed. 'They have to be pressed o second
time to releuse Lhem. Each bulton energises a circuit made up with
two invertors connected in series and the output of each circuit is
connected to & 4 m socket. When the button is on there is 5 volts
aveilable at the associated socket. These pushbutton circuits
provide adeqhéte interfacing of the commands SELECT, ‘'EST and TRIP
to the PIAS' control bits. In addition, the TRIP button has been
difectly connected to a double pole form C D.I.L. Reed Relay (R1)
to operate two relays in one mckage, simultaneously,Pigure 5.3.

A Zener Diode Circuit with the gain 0.5 was built to interface
the analog model §utput with the maximum 3.1 volts to the couputer.
The Zener breakdown voltage is 6.2 volts. Refer to Figure 5.4.

To operate two relays R2 and R3 by means of once control line
(Ca2) of the PIA, the circuit in Figure 5.5 was establiched. The
point 5 is a 4 mm socket.

The box also houses three non-inverting OP Ampsused to secure
no-current-flow to the plotter and analog computer. One of the
purposes of the CP Amps is to eficct the calibrations. Hefer to

Magure 5.6.

9¢«1.3 Hardware System Setup

The overall diagram is shown in Figure 5.8.

The test system was connected to the mathematical model of
the Governor. Once the Analog Caaputer is swilched to the "caipute"
node, 211 the test sequencing iz achicved from the Control Tinel,

ITY, and the iicrocomputer,
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A sheet of A4 chart puper is used to obtain a permanent
record of the valve performence.  How suech o paper has been
arimnged dg explained in Lhe System Software part of the thoegia,

When the software is run, the LiulLiCT butbton has to be
pressed to start the step-by-step testing sequence. When this
button is on, the plotter identifies the required valve by under-
lining one of the pre-printed code numbers on the plotter paper.
Then a constant input is fed to the model. The TEST button is
pressed to close the valve by decreasing the Governor input to
zero, Then the TRIP button is pressed to trip the Power Piston.
Releaging the TEST initiates a command to increuse the Govemmor
input ©ignal from nought to ils pre-test value. Then the TEST button
is presoed to decrcase the Governor input to zero. At the
bottom stop of the plotter pen the TRIP and TEST buttons are
relecsed in sejguence. Vhen the valve regains its npre-test

position the SELECT button is rcleased.

Driver

The Governor signal obtained from the conputer is sent to
the cuanverter D/A-2 and the analog signal at the output of the
D/A—E ig fed to the OP Aap-1. The goin of the auplifier is 2.26.
The puzpose of the amplificer is not only to prevent the converter
from the pogsille current-sink eficet of the plotter and the
Analogz Computer, but also to anplify the plotter's Y input
signal during the valve identification procedure. The amplifier
output is apvlied to the Y inout of the plotter and to the pot
2P13 whose value is 0.306 when the relay R2 is short-circuited.
‘this pot is on the Analog Computer. A suming amplifier (243)

of the Analog Conputer is ulilised to obtain the gain of 10 and
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sign inversion. The sign inversion was necessary since the
negative Governor input gives a positive Governor output.

The _valpes of the OP Amp-1, the pot 2P13 and the amplilier
2A3 were arranged so that the amplitude of the Governor input
would be 26..25 volts for the maximum I/A-1 output 3.8 volts.

The obtainable maximum gain of the summing amplifier is not more

than 10,

Senéor

The ‘Zener Diode Circuit receives the Position Output,
multiplies it by 0.5 and fceds to the OP Amp-3. 'The purpose of
the circuit is that the diode regulates the 4/D input against
variations in the model output and also against variations in
the A/D input current. 'The Zener breakdown voltage is 3.6 volts.
Since the maximum valuc of the Position Output is less than 7.2 volts,
the gain o_f the circuit wag chosen to be 0.5. The OP Aup-3 with the
gain of 1 was placed to prevent the interaction between the Zenér
Diode Circuit and the A/D converter. The output of the OP Amp-3
supplies the signal to the 4/D aud, when the relay R3 positioned to the
£ input of the plotter over the OP Amp-2 whose guin is 3.35. The
OP Anp~2 prevents the current draw of the plotter from the converter
D/A~1. 'The goin was chosen higher than one in order to obtain more
distincet record of 'l;h-e valve performance and large movement on the

X axis during the test sequencing,

Othér Connectiaons

The 6utputs of the SELECT, TEST and TRIP circuits were
connectea to CA1, CB2 and CA3 sockets on the Connection Bax over
the specially prepared leads shown in Figure 5.7. The reason why
the leads were arranged wus the fact thut the PIA control lines

CA1, CB2 and CA3 were floating when their inputs (SELZCT, TEST and




TRIP) were zero. With this arrangement of connections it was
ensured that when their inputs are zero these cantrol lines are
earthed and do not float.

The relays R11 and R12 in the relay package R1 were arranged
as in Figizre 5.8. When TRIP is on the input of the pot P2 is
earthed. and the input of the amplifier B4 over 0.1 MR is connected
to its output. This R11 operation produces the same effect as the
Trip Test Relay does on the actual valve. Although the pot P2
input was earthed the amplifier B4 would still integrate and
produce non-zero output which is partly the result of the fact that
the gain of B4 is as big as 100, For this reason the relay Ri12 was
felt to te necessury. In fact, even if the B4 input over 0.1 MK
was ~arthed when TRIP was on, the amplifier would still integrate.
‘I'ha*l; was why the B4 output would be short-circuited with this B4
input when TRIP was on.

The CA4 socket on the Connection Bax was connected to the
PEN command input of the plotter over a piecce of wire. The CA4
is set to 45 V or to O V through the software. Vhen the FPEN
command input is supplicd with +5 V the pen is on, otherwise it is
released,

The socket nalled CAZ2 is connected, over a wire, to the
point 5 socket on the Control Panel that positions the relays R2
and R3. The socket CA2 is energised and de-energised under the
software cantrol. This enables the computer to control the
operations of the relays R2 and R3 when the socket 5 is connected
to CA2. The D/A-1 output is uscd to give the X movement during
valve identification on the plotter. This computer output is not

utilised hefore or after the valve identification,
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5.2 Seftyare Develorment

The software has been prepared as Program packages
for easegipplioaticns-oriented nm-pregrammers. The system
software imcludes 10 subroutines whose purpeses in general are:
creating the negative and pesitive geing ramp signals at eme
of the microcamputer's eutput perts,reading the present input
8ignal at thé input pert, storing the data used for the valve
identification in the dedicated memory locations, and enabling
the TTY to print the occmmands that inferm the operater of what

to do next. [35],

5¢2,1 Plotter Paper Arrangement
There are 20 different numbers on the actual pletter paper

sheet in -fwo columns each censisting of 10 numbers. Each anumber
belengs to one valve aa the system.

The fgpe ef paper arranged to be used in the micreprecesseor-
based centrol syastem is illustrated im Figure 59. The dietance
between twe subsequent numbers on the same column has been as-
suned to be 1,5 on aad the distance between twe numbers ea the
same row has been assumed te be 2 cm, Also it was assuned that
the pem of the plettexr draws 1 om length ¢of line under the number
during the valve identification of the plotter. Fer these rea-
sgns the sealing cn beth axes has been taken to be 500 mV/cm.

The gaein en the X-axis .is 3.35 and on the Y-axis is
2,26,

Te under-line eme of the numbers in the first celumn the

X-axis should start with the decimal 225 and finish with the
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decimal number 235 and the Y-axis should be adjusted to ene ef
the following decimal mumbers accerding te the valve numbers:
24, 46, 68, 90, 112, 134, 156, 178, 200, 222,

The decimal values of Y above are still valid fer the fallo-
wing second celumm, but the starting and ending values en the
X-mxis sheuld be decimal 245 and 255, for the mumbers en the
seeend column.

Table 3 summarises the values em both X and Y-axis requi-
red te underline each valve number~. (Sec the example in APPENDIX
c)

5.2.2 Preparation of The Ramp Signal
During on-load valve test sequenoimg, the actual steam

valve movement fram the fully opem to the fully closed pesition
tefges approximately 3 secends. Since the step input respomse of our
Governer model is ten times slower than the actual system response,
this ramp speed has also been assumed to be, 30 seo, ten times
slewer than the actual 3 sec duration.

Since the B-bit cenverters are used in the project, it was
assumed that the maximum opening of the valve will occur when
the full soade reading FF of the cenverter in the driver circuit
exists,

The hexadecimal numb:zr FF equals to 255 decimal. Te enable
the computer to produce a pogitive going ramp signal, nought
to maximum, we may write a program where an acocumulater is
increased 5y one and each time the new value of the aowmuiator

is stored at the output. Since this will be & loop repeated
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255 times beoause before the start the accuwmulater had been
cleared, and it is required that the loop should take 30 seo,
the time spent be}aegcthe output twe subsequent accumulator

contents must be: =9.117647058 sec.

255
The first four figures after the comma mey give the adequate
app raximation. But the value is being taken as it is to give
some idea of how the command NOP (NO Operation) may be used
fer acouraqy.

Nermally the following plece of program is enough to store
the cemtent of the accumulator B after identifying the output
address and clearing B:

POSGO STAB  odBd

INCB
GiPB mmmm
BL3 POSGO

In this program dddd is the cutput addruss and mmmm is the edd-
ress of the memory location whose content is hexadecimal FEL
(decimal 254). This program takes S+244+4=15 cycles and,
because the MPU used in this work executes ene cycle in
erec, 15x2=30 psec

117.647058 msec »0.030msec

New a delay loop should de added. The delay loop is:

LIX  kkkk
X1 DX
DNE X1

Here kkkk is the content of the index register. LIK kkkk takes
3 @achine aycles or 3x2=6 psec of executien time.

30pseo+6 psec= 36,Asec = 0,036 msec
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Then, we find that

117.647058mseq ~ 0,036 mgec = 117.611058 nsec.
DEX and BNE X1 together take 4+4 =8 cycles er 16 psec = 0.0l6msec
The conterﬁ: of the index register then should be

117.611056msec
“= 7350,691125

0.016 msec

The decimal 7350 equals to the hexadecimal 1CB6.
Sinoe |
7350x0,016 mgeo = 117.6 mseo,
there 1s still need for a delay time of 11.058 psec
because
117.611058 msec - 117.6 msec = 0.011058 msec = 11.058 psec
Sinc_e ane NOP takes 2 cyocles or 4 /‘seo, two or three NOP should
be added. Two NOPs take 2x4msec = 8 ’tsec and three NOPs take
3x4 peec = 12ysec.
Sisce 12 ,..seo 18 nearer te 11,058 ,.naec than Bjnsec ig, it has
beea thought that adding 3 NOPs would be adequate,
| This way of thinking made the loop POSGO to be:
PGOING STAB dddad
LIX 1CB6
X1 DEX

BNE X1

NOP

NOP

NOP

INCB

QIP3 mmum )
BLS PGOING
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The same 1dea is used for the sub-progrum that would
€ive the negative going ramp signal. The sub~-program is:
| NGOING STAA dddd
13 LEX 1CB6
BNE 19
NOP
NOP
NOP
NOP

NOP

DECA
BNE NGOING
Hexe two more NOPs have been added to coamprise the same length

of time that QUPB mmmm in the previeus sub-program spends.




5.2.3 Flowchart
The fellewing flewchart was prepared to organize the

preblem.

Taentify
I1/0 perts

I

érmge Relays Positieq]

O——
X
i
[Peint heading - 1/

Identify Valve
Re-arrange Relays' Positien

l

Stere Setpoint
in a memery locatien

Gmnge Ray' Positians /
8

| \
%EP%Ke gg‘iﬁ&ﬂie&l model /

Print heading-2
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/Read' Pesitien Output!/

Stere 'Pesitien Output'
in & memory lecatien

Apply 'Pen On' command.
Reduce 'Governer Input' to zero
Print heading -3

. 1

/Restere "Governor Signal"/
[ Print heading -5

Yos
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Reduce 'Governor Input' to zero
Print heading-6

Restore 'Governor Signal'
Print heading -8

- |

/ﬁel ease pen /

fRun the program]
d

again if desire




The system subroutines;

TS e

Positive going ramp
signal processing

Reading I
valve peositien
X-Y arrangement _
fer valve identificatien
TTY command pr:lntingl]

< STOP )




5.3 Om-Load Valve Testimg Progedure
When the program starts ruaning the relay R2 is short-

oircuited, the relay R} has its poimts B amd 2 short-
circuited. Refer to Figure 5.8. The pem of the plotter
becones off.
The TTY priats:
( 1 ) PRESS SELECT FUSHBUTTON

(

The MFU cheoks ia & loop if the SELECT is om.

Seleot Valve .

As the SELECT commandx;eached, the relays R2 amd R3 chamge
their positiéna 80 that the model om the aralog computer gets
2o imput signal and the X axis of the plotter gets switocked over
from its valve positiom imput to the output of the comverter
/A - 1. The computer gemerates the X amd Y movemeats over the
D/A -1 ard D/A -2 respectively. The PEN ON commamd is also
oroatod.by tﬁe software and fed to the per oirouit of the plotter,
The Y imput value 1s kept comstant while the X imput is beilmg
imoreased. After underlining the velve mumber on the plotter,
the pen is released amd it goes to its set-poimt simce the
imputs to both plotter axes are zeroed by the progrem. Them the
relay R2 is short-circuited and the X axes is switched back .
to the valve positiom imput. After this is dome, & comstant
imput is fed to the model amd the Y imput of the plotter over
the OP Amp -1, Obviously the X imput gets a positiom output
as a8 respomse to the imput sigmal fed to the mathematical
model. The value applied as the imput to the model is also

stored im a memory looation.
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The TTY prints: 2) PRESS TEST PUSHBUTTCN
(
Then the MPU starts checking in a loop if the TEST ON command

hus been applied.

Press Test Pushbuttaen
When TEST is en, the computer reads the valve positicn
and gtores it in a memery locatien. Then the PEN (N command
is applied and the stered value on the D/A -2 is decreased to
zero, This results in zere output of the valve position. The
plotter draﬁa the ocutput of the model en the analeg eemputer,
which is the valve positien, against the reducing input,canti-
nuesly, This is the line ABO shown in Figure 5.11.
After the pen has reached at its bottom stop, the TTY
printe:r '3 ) PRESS TRIP PUSHBUTTON
(
The MFU starts checking in & loop if TRIP is ON,

Pregs Trip Test Pushbutton

When the TRIP butten is switched en the relays R11 and
R12 change position so that the input of the pot P2 is earthed
anil the input of the amplifier B4 is switched frem the eutput
of pet P12 te its ewn output. (Refer to Figure 5.8). The TTY
prints: 4 ) RELEASE TEST PUSHBUTTON

(

Then the MPU checks in a loop if the TEST butten has been relea-

sed,



Release Test mahbu%t_m

This initiates the executien of a subroutine which increa~
ses the input voltage te the medel on the analeg cemputer. This
input value is increased frem zero te the value existing befere
the firgt TEST ON ocemmand was applied. Since the TRIP (N com-
mand has switched eff the Pewer Pisten input, the X input of the
pletter stays at zere and the Y input meves frem zero te the point
C. Figure 5.11 ghows this by drewing & line between the points
O amd C, Then the TTY prints: 5 ) PRESS TEST PUSHBUTTON

(

The MPU ¢hecks in & lecp if the TEST butten has been pressed.
The pen stays at the peint C in FigureSHuntil the TEST butten

is pressed dewn.

Press Test Pushbutten

This stérts the execution ¢f a subreutine that weuld give

signal reaches at zero. During the decrement of the meodel input
the pen moves frem the point C te O indicating that the TRIP
is gtill en and the Gevemor is getting the clesure signal.
Vhen the pen reaches at its bettem step, the TTY prints:

6 ) RELEASE TRIP PUSHBUTTON
(
The MPU starte checking in a leop if the TRIP butten has been

released.




Release Trip Teet Pushbutton

Releasing the TRIP button results in the position changes
of both relays R11 and R12 simultaneously so that the input of
the pet P2 is switched back to the output ef the amplifier 242
and the input ef the amplifier B4 is switched back te the eutput
of the pot P12, (Refer to Figure 5.8). Then the TTY prints:

7 ) RELEASE TEST PUSHBUTTON
(

The MPU checks in a loop if the TEST button has been released.

Release Test Pushbutton
The Governor gets its operating value, before the test
sequenoing had been started by pressing the SELECT button back,
The pen moves from its bottom-gtop te the point A over the line
m in Figure 5.8. The the TTY prints:
8 ) EELEASE SELECT PUSHBUITON
( .

The MPU checks in a leop if the SELECT button has been released.

Release Selector Pushbutten

This initiates a command to release the pen.

5.4 Test Results

For a typicoal test, the program was run after having adjusted
the specified setpeint of the plotter. At the end of the test,
the Yeletype commands shown in Figure 5.10 and the plotter re-

spenses illustrated in Figure 5.11 were obtained.

~76-




As it is seen in Figure 5.11, there is a phase differenoce
between the valve closure line ABO and the valve opening line
ODA which eocurs because of the overall time censtant in the
analeg Gevernor. If the delay did net eccur during the closing
and re-opening eof the valve, the pen movement between A and 0O
woull be a straight line. Added to this there is a further
delay which results frem the processing time of the csmputer
and the D/A - 2's cenversien time. Since staring the cantents
of an acounulator in extended addressing mode takes five machine
cyales and one machine cycle takes 2 usec of processing time,
loading data on a I/A cenverter takes 10 Msec. The cenversion

time of the I/A for full scale reading is 1 millisecond.
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(1) PRESS SELECT PUSHBUTTON
(2) PRESS TEST PUSHBUIMTON

(3) PRESS TRIP PUSHBUTTON

(4) RELEASE TEST PUSHBUTTON
(5) PRESS TEST PUSHBUTTCN

(6) RELEASE TRIP PUSHBUTTON
(7) RELEASE TEST PUSHBUTTON
(8) RELEASE SELECT PUSHBUTTON

(

Figure 5.10 Tolotype owmmands of the micreprecesser -based en-lead
valve testing ebtained at the end of the test procedure.
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CHAPTER VI

HIQOEOMHJTFi IMPLEMENTATION OF THE EXISTING TESTING SYSTEM

This chapter deals with tho difforcncos betweon the oxisting
analog on-load valve sequemcing amd its miorocomputer implememta-
tion. It also discusses the differeat ways of how the implementa-
tiocm oca= be _adhpted or the aotual system. Figure 5.8 should be re-
fmod?aloa';;th';s chapter.

Some disoﬁsaions about the system software have besa foumd
to be mecessary and they are placed im this ochapter. Simoe the
or-load valve testing of one valve has beer achieved im the pro-
Joot, & baz.l:_lo idea of how the miocroprocessor-based testinmg
system may be utilized to test a mumber of walves of this type

is also given.

6.1 Differemces of Two om-Load Valve Sequemcimgs
Weer the Seleot is om, the actual system idemtifies the valve

by emoirculing the valve mumber om the left-hand side of the
plotter paper, but the model draws e lime under the mumber om the
right-hend side of the paper.

Simoce the puskbuttoms used in this project glow when
pressed thers is umo meed of amy other sigmal hdioating "On-
Load Test” iam progress.

The procedure of checking the majority-votimg circuit
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in the Serve-Value Amplifier during the ramp operatiem may be
achieved with additienal hardware oirciits and extra seftware
fer this purpegse. The software them may be placed with the
delay leeps in the subreutines NGOING and PGOING ef eur pre~
gran, In facot the executien of the software for this purpo-
se is time-limited. This limit is 117.617 meeo for owr pro-
gram where the ramp takes 30 sec te make the valve meve frem
the fully open te the fully closed positiem. See CHAPTER V,

Se 20 20 _
If the relay package Rl is disomnected frem the Trip
pushbutten and operated by a samputer ceatrelled separate

sigual , like the relays R2 and K3 , there will be no need
to use ext;m-switehes a8 interlecks, te prevent the acoi-
demtal valve movement resulting frem imadvertently depres-
s#ing the Trip butten. When the Trip is en, however, the
semputer seatrolled relay package Rl will receive a signal
ever an extra output shannel frem the miarscemputsr, and
cangequently the Pewer Piston will become tripped. This
tripping positien of the relay will be kept umtil the Trip
is ewitched off at the end of the test. When the Trip is
cheackked and found te be off by the cauputer, the program
will re-arrange the positien of the relays Ri1 and RI2 in
the R1 package.

The Governor and the Teat signals in our case have beem
assuned te be preduced by the cemputer amd fed in the same
input. In fact, on the actual system, the test signal which

is & ramp signal is added te the Gevermer signal and sub-
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tracted frem the Gevermer signal during the valve test. A methed
by which this sort ef eperatiom ocan be simulated is mew discus-
sed,

6.2 The Precedure of The Test Sigeal ‘Ramnz

Additien Te Govemer Signal

Ca the actual system, the ramp signal is added te and sub-
stracted frem the opsrating Govermer signal. Imn this preoject,
hewever, it was assumed that evem the Geverner signal was being
ebtained frem the eemputer. Because ef this assumption, after
the valve selectien had heen ommpleted a canstant voltage created
threugh the seftware was fed inte the Gevermer Medel, and it was
zexreed te olose the valve when the Test button was en and it was
inarcased back te its operating value whem the Test buttem was eff.
This cam be arranged so that the ramp signal may emly be added to
a cemstant signal suppesed te be the Gevernor signal amd them fed
te the Covermer. Then the hardware and seftware gshezld be re-
arranged. The changes in the hardware cemfiguration in Figure
5.8 are shewn in Figure 6.1. Here, the summing amplifier 01,
the l:l.aeie inverter 02 and the petentiameter 12FX are on the
Anal og oﬁmputer. The re-arranged hardware alse includes a
deu.ble-poie relay R4{. The purpose of the pat 12FK is the
calibratien. Wher the Seleoct pushbuttem is em, the cemputer
changes the pesition of the relays R2,R3 and R4 in Figure 6.1,
These positiams' change emsures the fact that during the valve
ldentificaticn the Gevemmer is still ea-load, and the X and Y

nevements -o'f'»the pletter gemerated frem the midrommter are
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net effecting the operatimg Geverner sigmal. After the idemtifi-
catien proceéuro the relays mentiemed abeve re-gain their positiems
in PFigure 6.1. At this stage of the seftware already writtem
there is no need of a cmmstant input from the miarecemputer te
the OP Amp-1 in Figure 5.8.to0 make the valve en-load since there
is a poait_:l.ve input called "INPUT" to the summing amplifier O1
in Figuro 6.1, To previde the alese Geverner signal the ampli-
tude of the camputer generated ramp signal at the eutput ef the
afplifier 2A3 should be increased te be equal to the censtant
imput signal. This can be dame either by readimg the cemstant
input in and letting the miarecunputq-r knew hew high the ramp
amplitude is going teo be er by reading the error and checking
the error agaimst the ramp signal during the time the ramp
is being generated. When the error becomes zero the ramp ampli-
tade must iu:St be further increased. Altermatively, the reste-
ratien of the operating Gevernar signal may be achieved by de-
&rsaasing the goneratsd ramp to zexc.

In the system software, the positive and negﬁtive ramp
generating subroutines, PGOING and NGOING respectively, would

be exchanged.

6.3 Discussien Based On The System Software
In the supervisory part of the software the faterrupt

Request (IRQ) flags ef the PIAs Control Registers were cleared
befare the centrel medes were set, and the Data Directiom
Rec:l.ster'é of the output ports were cleared before the identi-

fH aticn of these perts as the cutputs. Fer this reasem emly
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twenty-six memery locatiems were needed. In fact, pressing the
RESET button ea the camputer befere running a program sets all
FIA registers to zero so that these memory locations might be
saved. But the flag clearing in this section ef the firmware
guarantees the fact that no mulfunction will eccur because of
the softwa.re even if a flag had been set for any reasen before
the program wes rum.

Féar"fhe teletype (TYY) commands each word to be printed
has been written in subroutine-form and an adequate set eof
these subroutines are called each time the operator's attemntiom
is to be drawn. This way of printing the commands calls fer
legé than feur hundred memery locatiens (356). Hewever, if
ea.éh 'piece of the program of the cemmands to be printed en the
TTY was placed at the beginning of each system test step, 1140
memery lecations would be necded. By preparing the software
pa.'tim for this purpose in subroutine-forms mere than 700

‘memery locations have been saved.

6.4 Adaptation of the Microprecessor-Based Single Valve

Testing System Te Multi-Valve Testing System.
Only one Governor System cantrolling the pesition of ene

valve has been simulated and valve testing of ¢ne unit has been
outlined in this project.

To adapt the valve testing system in Figure 5.8 to a multi-
'-.'lva.'l.ve testing system some hardware a'nd software reconfigurations
must be dene. In the single valve testing system it was assumed
that the operating Governmer signal was processed by the camputer,

amd te close the valve this signal was zeroced and them increased
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te epen the valve. If all the valves on & steam turbine system
ax® receiving their operating signals fram the computer output
channels, then alesiny or openimg each valve requires the signal
on each dedlcated analeg output to be zeroed or increased by
means of the system software. If one select pushbutten is dedi-
cated to each valve, all the select signals may be input to the
cemputer. The seftwere prepared for this purpese checks each
select inpuf in turn and when one of the select buttems is o
then the program locads the necessary date in the dedicated me-
menery locations to be referred during valve ldentification,

The camputer may also switch an X-Y plotter's X inmt from ene
valve positiem eutput to a cemputer cutput channel and then
previde both X and Y movement. After a valve identificatien
the cmput‘er switches the X and Y inputs of the plotter to the
pesitiam output amd the Govermor input channel of the valve to
be tested by arranging a set of relays. Since the compute':;.-

will know which valve is te be tested after checking the melect
imputs, it should met be difficult for the computer te arrange
the relay .poaitions so that the plotter 1s switched to the valve
under test. In the software, after establishing the I/0 perts
and the TTY has printed the "PHRESS SELEIT"ccmmand, the- cemputer
starts cheoking all select inputs in a ioop. When one parti-
cular select. button is en, then the program may jump to a
"subreutine and load the data dedicated to that particular wvalve
in the dedicated memory leocations to be referred to during the
valve identification. In our program, the subrdut ine VALNUM
stands for this purpose. If there are, say, twenty valves and

select input channels, them there should be twenty subrouti-
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nes each of which loads different maximum X, minimum X and Y
values in the dedicated memoxry locations. When the Test is om,
the position' output of the desired valve may be switched over
e ene input.channel of the canputer. So there is a need of
enly e input channel teo read the desired valve positiem.

Ome test imput will be enough to check if the test buttem has
been wes;ed;: Wher the wvalve closure or epemning is desired,
the goftware may eall a subroutine te ldemntify whioh oemputer
eutput Mgl sheuld receive the clesure or epenning signal.
The cemmon negative eor positive going ramp processing sub-

reatine may be used for amy valve.
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APPENDIX A

BLOCK CALCULATIONS FOR ANALOG COMPUTER MODELLLNG

The block calculatioms of the reduced system have beem dome

step by step as the following :[ 23] ( Ei 1s blook imput sigmal
and Eo is block output sigmal).

BLOCK I - Servo-Valve

G2

1 +T55
Eo G2
> 1 T58

Eo + T5SEo = GZ2Ei

T53Eo = G2Ei1 - Bo

T5Eo =l[(c;:am'.i - Fo) at

Por G2 = 2.666 and TS = 0.1,

it cam be writtem 0.1Eo .-.j(0.2666 x 10 x Ei - Eo)at

Figure 7,(a).




BLOCK 1I ~ Primary Aotuator

G>

(1 + T6S)s

Eo  G3

Ei- (1 + T68)S

SEo + T6S%Eo = G3Ei

1
3
We may also write this equation im the following form;

x G3Ei -Eo

T6SE0 =

T6sBo = __ | xG3xEBi- _ 80 . 1 (c3 xE1 -SE0)
; 5 5 5
g
In time-domainm: ;this becomes
f dEo
76 35 T)(c} x BL - )at
at at

For G3 = 1.25 and T6 = 0,1, the equation may be writtem as

dEo
dat

0.1

=](0.125 x 10 x Ei - )dt

dat

Figure 7,(b).




BLOCK VI - Power Piston

G6

(1 + fBS)S

Bo 66

Bi (1 + T83)S

dEo dEo
'1"8 — S J. (5631 -
at dt

)it

For G6 = 0,0755 and T8 =0,01, it becomes

dEo dEo
0 —— o = ){c.0755E1 - )as

dt at
At the poimt A in the diagram .y We have a si‘nal
¢ orrggp.onilin% to
-1 dEo

10 .Sge Pigure 7. (o) overlesf .

at
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APPENDIX B

FIREJI‘-.-‘IAR.F.'_'_.];F:JCRI PPION AND PROGRAM T.ISTING

It was-'p‘ossible to punch the program onto computer cards
and store the program in a memory file of the Newcastle IBif
computer. Then this host computer could be instructed to
compile the assembler coded program into machine code. An
ovject tapel of_fhe machine code could then be obtained by
using the depr—l.\.':-ct.nen'ta.l minicoaputer Varian V73 because the
Varian can ea_.sily be linked to the Newcastle coaputer.

But, our program was loaded via a keyboard and then
the object tape of the program was obtained from the M680O.
Sincc tho-software wag developed step-by-step, enkering the
mrogram pa.fts via the keyboard was less time consuming than
the procedure';:f obtaining the machine code by using the ILU
computer and V73 microcemputer,

’I'he.softwa.re written for the project is given in the
fellowing pages. The program commands with their addresses
in the successive memory locations are in a table form. The
subroutines a.re arranged in two proups. GROUP-I includ:s the
subroutines uued to produce the output signals, read the input
signal and store the data in the given memory locations, But
‘the subroutines in GROUP-II are utilized to enable the TTY to

print thc couizands to the operator.[15],
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Machime Code Listimg of the Test Progrem
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Machine Code Listimg of the TTY Printing Progrem
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Memory

The Purposes of the Program Ingtructions

Locations
Fram To
0586 -
0587 05¢1
05C2 05DE_
05E9 | O9M
061A | 0634

Inhibiting the microprocessar from servicing an

- interrupt from a peripheral device. This instruc-

tion disables the ilIKBUG interrupt routine and
enables the use of the interrupt request flags of
the PIA control registers as test bits without

causing the program to jump into a service

'“. interrupt routine.

Supervising the whole program in general terms.
But the instructions in the locations 05AD to
05B4 of this section identify CA2 and CA4 as out-

puts, and make CA2 and CA4 staying at low.

Enabling the teletype to print:
(1) PRESS SELECT PUSHBUTTON

(

Checking if the SELECT is on ar not.

Supplying the defined values to the X input and
the Y input of the plotter. These values are
hexa~decimal I for the X axis and 9C for the Y
axis. There are two delay loops, one of which is
after the X input is given (locations 0623 to
0628) and the other is after the Y input is given
(locations 062F to 0634). These delay loops are
necessary to obtuin the smooth jumping of the pen

of the plotter to the valve number on the plotter
«119=



| paper. The Y axis value, the minimum and the
muximun X oxis valuew are stored in the memory
locations 0001, 0000 and 0002 respectively via
the VAILNUM subroutine. As the SELECI command
reaches the INPU loads these values in their
locations and then the starting values of the
both axises are placed on the corresponding

| plotter axises.

0635 | 0639 | Applying the PEM ON command to the plotter .
This is achieved by setting the PIA's controi
" line CA4 to the logic 1 that corresponds to

5 volts.

063A {648 Drawing an identifying line under the valve
number. Since the number has already been
reached by the plotter pen and the PEN ON

command has been applied, increasing the value o
the X axis to a constant value makes the pen draw
a line parallel to the X axis of the plotter.-

For this particular program, after the PEN ON has

been applied, the computer output to the plotter's

X input increases from the hexadecimal F5 to FF.

The delay loop. This delay loop ensures the

smooth return to the set-point on the plotter.

Releasing the pen, The pen is released when CA4

is de-energised.

-120-




0675

0686

06BE

069A

0676

0680

068D

0699

06AT

Via these instructions the pen moves to its set
point. This is done by decreasing the values on

the X and Y axis to zero in sequence. The delay

- loops identified by L4 and L5 are used to prevent

the pen from sudden jumps,

Short-circuiting the relay R2 and switching the
point B of the relay R3 to the point 2 by ener-

gising the PIA control line CAZ2,

Storing an input value to the mathematical model
in the memory location OFO0 and also giving the
same value to the model itself, The value in the °

yrogramn is hexadecimal CO.

Two delay loops. Since the model itself takes
1.75 sec to response to the step input, these two
loops are necessary to give enoush time to the
model to response adeyuately. Ilere two delay
loops takes 2.1 seconds of execution time. The
reason why 1.75 sec was not used was the fact
that the plotter response was taking longer than

that of the model.

Enabling the TTY to print:

2) PRESS TEST PUSHBUTTON

(



06A8

o6C2

06F'F

0704

071D

072E

0750

0761

0794

06B6

06C4

0703

0709

0724

073A

075D

0793

0796

Checldng if the TEST is on or not.

Reading the valve pogition via the VALPOS sub-

routine.

Application of the PEN ON command by setting the

PIA control line CA4 to the logic 1.

Decreasing the model input to zero via the sub-

routine NGOIKG.
Enabling the TTY to print:
3) PRESS TRIP PUSLBUIMTON

(

Checking if the TRIP is on.

Enabling the TTY to print:

4) RELEASE TEST PUS!IBUI'I'CN

{

Checking if the YEST button has been releused.

Enabling the computer to give a positive going

signal to the model via the subroutine PGOING.
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i

0783

o7c2

o703

07EC

CTFA

080C

0B1A

CB3A

0855

o7Co

o100

0706

0719

0806

0819

0828

083D

0862

Enabling the PIY to print:
5) PRESS TES'T PUSHBU'TON
(

Checking if the TEST button has been pressed

down.

Reducing the model input to zero through the

subrout ine NGOING.

Enaubling the I'TY to print:
() RELEASE ‘CRIP PUSLIBUTTQH

(

Checking if the TRIP button has been released

Enabling the TTY to print:
7) RELEASE TuST PUSHBUTTON
(

legting if the w5 button has been releasecd,

Supplying back the operating input signal of the
valve control device before the test sequencing

had started.

Enabling the ITY to print:
8) RELEASE SELECI PUSHBU''TON

(
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086A | 0876 | Testing if the SELECT button has been released.
087E | 0882 Releasing the PIN ON command.,

088C | 088E' | Enabling the operator to do the test sequencing

again,
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ifemory
Locutions

From

To

Name

GROUP I

Subroutines

Purposes

BBYF

0BA6

0BAO

0839

C8DB

HGOING

PGOING

VALPOS

Storing the contents of the accumulator
A at the output address BOOC, decreasing
A by one and continuing the storing until
the value in A becomes zero. This pro-
cedure is done so that 3 seconds of
processing time are spent until the con-
tents of A4 drops to zero {rom the hexa-

decimal Fi.

Storing the contents of the accumulator

B at the output zdéress 8C0C, incrementing
B by one and comparing the new value with
the contents of the inemary loc:tion COFO0O0.
Storing continues until the value in B
becones equal to the value compared with.
In this subroutine, increasing the con-
tents of B from 00 to hexadecimal FF takes

3 sec of execution time.

Reading the model output at the input
port address 800A and storing it in the

memory location 0503,
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OBE6

OBFA

VALNUN

Setting CA2 to high resulting in the
foct that the relay R2 becomes open-
circuit and the points B and 1 of the

relay R3 becomes short-circuit.
Storing the hexadecimal data 5, 9C

and FE in the memory locations 0000,

0001 and 0002 regpectively.
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GROUP II

Memory Subroutines

Locations

From To Name Purposes

0314 | 033C | PRESS Enabling the TTY to print a close-
bracket and leave a space. Then the
ITY prints the letters P, R, B, S and
S. These printed lelters are followed
by a sccond space.

033D | 0351 TRIP Enabling the TTY to print T, R, I and P.

0354 | O3A0 | PUSBUT | Leaving a space and printing the letters
P, U, S, i, B, U, P, 'y Oand ¥N. This
operation is followed by a Carriage
Return and a Line Feced command. 'Then the
M"Y prints an open-braciet ciiaracter at
the beginning of the next line,

03Ce O3E2 TiEST The 1Y prints the letlers T, L. S and T.

03E3 0401 SELECT | The letters 5, . L, % C and T are
printed.

0402 0435 RELEAS | Printing a close-parenthesis churacter,
leaving a space and then printing the
letters I, i, L, B, A, 3 and k., A
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sccond spnce is obtuined after these

letters hive been printed.
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APPENDIX C

SELECTION OF A VALVE NUMBER ON THE PLOTTER PAPER UBED WITH THE

MI CROPROCESSOR-BASED VALVE TESTING SYSTEM.

If it is desired te underline the number 14 oﬁ the pletter
papery, the 'Lead Acaumulater A' inatructions dre te be leaded
with 245, 254 and 156 decimal numbers in the memory locatiens
O8EB, 08F5, and 08F0 respectively. Then the specified setpeimt
is arranged. When the pregram runs, the pletter draws the line
under 14 if the command SELECT is en.

Checking back oan be dene as the following:

Firstly, because eof the specification of the ocenditiemnal
Jump in the memery lecation 0647, during underliningthe valve
nurber 14 the maximum number en the Output Register that is
oennected te the osuverter /A -1 en the X input path ef the
Plotter is decimal 255 but not 254, This full scale reading
glves 3.8 volts. The decimal 245 and 156 cerrespend te 3.65V
2.32V respectively. Sinoce the gain of the amplifier emn the
X-axis 18 3.35, the signals 3.65V and 3.8V sheuld be multi-
plied by 3.35. The gain of the amplifier en the Y-axis is

2,26. Then the signal 2.32V gheuld be multiplied by 2,26,

3.65V x 3.35 = 12,23V
3.8V x 3.35 = 12,73V
2,32V x 2,26 = 5.24 V
8ince the sealing en beth axes is the same 500mV/cm, the ampli-

fiers' owtputs sheuld be divided by 0.5V/cm. Then the minimum

value en'the X-axis is 12,23V

0.5V/em
- 129
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12,73V
0., 5Y/ am

the maximum value en the X-axis is

= 25.46 om

the value en the Y-axis is _5'_2.:11_

- 100 5@
0.5V/

These aré the distances frem the setpoint ef the pletter. As
it will be seen frem Figure 54, these are the cerrect distances
for the numher 14,
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