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Artificial Neural Net Algorithms in Classifying
Electromyographic Signals®

A research paper

C.N. Schizas, B.Sc., MBA, Ph.D., MIEE, CEng, MIEEE, FABAC, MBCS'*
C.S. Patiichis, B.Sc, M.Sc., MIEEE & L.T. Middleton, M.D.”
1.S. Scholield, M.D. & P.R. Fawcett, M.D.’

Motor Unit is the smallest functional unit of the
muscle which can be activated. This unit consists
of an anterior horn cell, an axon and the muscle
fibers innervated by this neuron. Structural
reorganization of the motor unit takes place by
disorders affecting peripheral nerve and muscle.
Motor Unit morphology can be studied by
recording its electrical activity using several
types of needle electrodes. The data used in this
study has been acquired by using the macro
needle electrode. The recorded waveform during
weak muscle contraction is referred as the macro
motor unit action potential (Macro MUP).

The shape features of the Macro MUP are
described by the following parameters: (1)
amplitude (the difference between the minimum
positive peak and the maximum negative peak),
(2) area (the sum of the rectified signal integrated
over the 50ms analysed epoch, (3) average
power (the sum of squares of each sample over
the 50ms epoch, divided by the number of
sampies) and (4) duration (the segment of the
epoch which contains 90% of the power of the
analysed epoch).

Eight hundred and forty (840) Macro MUP’s
have been acquired from forty-one (41) subjects,
analytically shown in the following table.

.{Group No of Agerange No of

subjects Macro

MUP’s
Normal 7 19-46 147
Becker's Muscular Dystrophy 14 17-63 285
Motor Neuron Disease 9 27-59 183
Spinal Muscular Atrophy 11 21-72 225

The methodology which is proposed in this
study will be tested and evaluated by using the
above data.

Current methods of diagnosis and
classification of pathological cases are based on
the amplitude value of the Macro MUP. Stalberg
and Fawcett (1982) have developed a table which
provides the normal range of amplitudes,
depending on the age of a subject.

The aim of this work is to examine how Parallel
Distributed Processing via Artificial Neural Nets
(ANN) can be used in providing a computerised

method of electromyographic diagnosis.
Automatic analysis of the electromyographic
signal (EMG) involves high computation rates
and many hyphotheses to be pursued in parallel.
Therefore ANN models may be considered as
ideal candidates for this analysis.

It has been previously demonstrated that
cluster analysis using Macro EMG data, result in
a low diagnostic yield because cluster
boundaries identifying each group overlap
(Pattichis et. al., 1988). in the present study the
Back-Propagation Training Algorithm by
Rumelhart, Hinton and Williams (1986) is utilised.
A three layer perceptron net is implemented in
this investigation due to its ability to differentiate
among arbitrarily complex decision regions. The
flexibility of this algorithm and its parallel
processing nature enabled the examination of
different ways of structuring the input data. Two
architectures are under study; one with eight
inputs, three layers and four outputs, and the
other with eighty inputs, three layers and four
outputs. In the first ANN model the median and
the semi-inter quartile range of each subject are
forming a setof inputs, where in the second ANN
model the parameters of each Macro MUP for
each subjectare forming the set of inputs. Half of
the available datais used as a training setand the
rest as evaluation data. A comparative study
between existing manual methods and the
proposed automatic method will be
demonstated.
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A research paper

The field of neural networks is aunigue field in
that from the point of view of the neurobiologist, it
isa mature one, butfromthe perspective of signal
processing and computing, it is a rapidly
developing, new, and exciting area of research.
Interest, however, within the enginneering
community in neural modeling and neural
computing is not recent. It can be traced to the
work of McCullough and Pitts in the early 1940’s.
in fact, devotees of historical roots can
legitimately claim that some of the early
publications of Aristotle could easily appear as
abstracts for modern neural network papers.

Neurons are living nerve cells and neural
networks are networks of these cells. An example
of a natural neural network is the organization of
the cerebral cortex of the brain. Investigators
attempted to build biological models for studying
and understanding the function of real brains.
Technological modeling has as main objective
the study of the brain for extracting concepts and
using them for developing new computational
methodologies such as parallel processing. The
latter structure has been taken by scientists and
engineers mainly, who are working in the area of
artificial neural networks (ANN) and
neurocomputers.

The first objective of research in ANN is to
understand how the brain imparts abilities like
perceptual interpretation, associative recall,
common sense reasoning and learning of
humans. it is necessary, however, to understand
how “computations” are organized and carried
out in the brain. These computations are of a
different kind than the formal manipulation of
symbolic expressions. The second objectiveis to
understand the subclass of neural network
models that emphasize “computational power”
without having necessarily all the experimental
evidence to support it.

Traditional "digital computers are extremely
good atexecuting sequences of instructions that
have been precisely formulated for them with the
Von Neuman “stored program” representing the
processing steps that need to be done. The
human brain, on the other hand, performs well at
such tasks as vision, speech, and information
retrieval in the presence of noisy and distorted
data; tasks that are very difficult indeed for
sequential digital computers. How does the brain
accomplish these tasks, given that its
“processing elements” (neurons) are
significantly slower than the processing
elements of contemporary supercomputers?

Parallel Processing
via Artificial Neural Systems

Dr Christos N. Schizas,
Lecturer HTI

Neurons are electrochemical devices and they
respond in milliseconds, whereas modern
electronic components can respond in
nanoseconds.

Interest in ANNs has been prompted recently
by advances in technology as well as through
deeper understanding of how the brain works.
The desire to build a new breed of powerful
computers (the sixth generation computers) is
about to become a reality. These intelligent
machines will be able to solve a variety of
problems that are proving to be very difficult with
conventional digital computers. Cognitive tasks
such as recognizing a familiar face, learning to
speak and understand a natural language, and
quiding a mechanical hand to grasp objects of
dine:ent shape, weight, size and ingredients are
some typical objectives being set. Tasks such as
these, typically involve pattern recognition, fuzzy
pattern matching, nonlinear discrimination
which are analogous to those typically
performed naturally by the brain, and are beyond
the reach of conventionally programmed
computers as well as the rule-based expert
systems.

The development of cognitive models which
will form the foundation for artificial intelligence
has always been one of the main objectives of
research because it is closely related to the
associative property and self-organizing
capability of the brain; associative means the
capability of recalling an entire complex of
information by using a small part of it as a
searching key, done extremely well by the brain,
and self-organizing means the ability to acquire
knowldege through a trial-and-error learning
process.

Tasks such as autopiloting, handwritten-
character recognition, spoken language
translation, for which algorithims do not yet exist,
or for which itis virtually impossible to write down
a series of logical or arithmetic steps that will
arrive at the answer are candidates for this new
way of computing using neural nets, called
“neurocomputing”. In formal terminology as
specified by R. Hecht-Nielsen, neurocomputing
is the engineering discipline concerned with
nonprogrammed adaptive information-
processing systems that develop associations
(transformations or mappings) between objects
in response to their environment. Instead of being
given a step-by-step procedure for carrying out
the desired transformation, the neural network
itself generates its own internal rules governing

3




the association, and refines those rules by
comparing its results to its training set As
mentioned above, through trial and error, the
network literally teaches itself how to do the task.

Eventhough neurocomputing does not,
replace algorithmic programming, is indeed a
fundamentally new and different information-
processing paradigm; the first alternative to
algorithmic programming. Wherever it is
applicable, totally new information-processing
capabilities can be developed, and development
costs and time often decrease by an order of
magnitude.

cyton

negative for inhibitory inputs. The combination of
all inputs most probably in an additive way form
the net total input which determines whether to
fire or not.

A model of neural network can be formed by a
collection of neurons, each of which is
connected to as many as 10,000 others, from
which it receives stimuli, inputs and feedback,
and to which it sends stimuli. Some of those
connections are strong; others are weak as could
be indicated by the weighting factor. In the case
of the brain, it accepts inputs and generates
responses to them, partly in accordance with its

Nucleus

Dendrites

Axon

Axon
Terminals

Figure 1
Structure of nerve cell {neuron)

It has not yet been completely understood how
a biological neural network stores, retrieves,
represents, and manipulates data such as
images, smells, and thoughts. It has been
estimated however that the number of neurons in
the human brain is of the order of 10'1, and that
they are organized in highly complex structure.
Under a microscope where the structure of a
nerve cell can be revealed, as illustrated in fig. 1,
one can observe a cell body, or cyton; manyinput
fibers, or dendrites; and a single output fiber, or
axon, which branches out to send signals to the
input fibers of other nerve cells.

Dentrites are of two main types; those which
tend to cause the neuron to produce an output
and those which tend to prevent the neuron from
firing. The first type of dendrites which cause
firing are called ‘excitory’ inputs and the second
type which in fact discourage firing are called
‘inhibitory’ inputs. Each input has a “weighting
factor” which is positive for excitory inputs and
4 .

genetically programmed structure, but mainly
through learning, organizing itself in reaction to
input. As it has already been mentioned the way
neural networks are used by engineers are only
loosely based upon nerve physiology. Atbest, the
only comparison is that they behave in a vaguely
similar way. Eventhough it will be a long time
before one can re-create in a machine all the
capabilities of the brain, neurocomputing is
already offering some valuable, specialized,
brain-like capabilities that in all likelihood lie
beyond the reach of algorithmic programming.

As an example of a practical model the “multi-
layer perceptron” will be used in order to
illustrate its structure and functioning. This model
consists of a collection of processing units, each
of which has many input signals, but only a single
output signal. The output signal is distributed out
along many paths to provide input signals to
other processing units at deeper levels which
form layers containing many hidden unitsthatare




not directly connected to both the input and
output nodes. A three-layer perceptron with two
layers of hidden units is illustrated in fig. 2.

OUTPUT

SECOND
HIDDEN
LAYER

FIRST
HIDDEN
LAYER

Figure 2

A three-layer perceptron with two layers of hidden units

Each unit has its own small local memory,
which stores the values of some previous
computations along with adaptive coefficients
basic to neural-network learning. The
processing thateach element does is determined
by a transfer function which is often subject to
non-linearities. Every connection entering a
processing unit has an adaptive coefficient
which we called “weighting factor” assigned to it.
This weight, which is stored in the local memory
- of the processing element, is generally used to
amplify, attenuate, and possibly change the sign
of the signal in the incoming connection. Often,
the transfer function sums this and other
weighted input signals to determine the value of

the processing element's next output signal
Thus the weights determine the strenght of the
connections from neighboring processing
elements.

Recently developed, effective training
algorithms for such models have made possible
the practical use of multi-layer perceptrons. ANN
models have already been applied in speech
processing, classification of sonar waves,
adaptive filtering, etc. A recent application of
ANN is under development for classifying
electromyographic signals, recorded from
subjects suffering from neuromuscular diseases.

An electronic device that behaves somewhat
like a neuron is the electronic analog operational
amplifier, configured as an integrator. If hundreds
of these integrators are visualized as being
interconnected through potentiometers, whose
settings represent the strengths of real neurons,
then what is generated is a crude model of an
ANN. With the recent developments in VLSI
technology it has become possibie to build high-
density custom circuits to represent the neurons
via thresholding amplifiers. Constraints which
may be imposed by VLSI limitations in areas such
as density of interconnectivity could be
overcome by using opto-electronics and optical
computing.
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The Flexural and toughness characteristics of steel
fibre reinforced concrete

A research paper

1. INTRODUCTION

Fibre reinforced cement and concrete have
““invaded’’ the construction industry
internationally since the mid-seventies.
Research on concrete and cement reinforced
with a large variety of fibres ranging from glass,
mainly for cement, to steel as reinforcement for
concrete, started seriously in the early sixties.
Since those early days a considerable amount of
research on fibre reinforced cement composites
has been carried out both on the material
properties and the structural behaviour.
Research on the material properties covered
such properties as flexural behaviour, shrinkage
both free and restrained, creep, toughness and
energy absorption, impact and abrasion
resistance etc. As far as structural behaviour is
concerned, .esearch was carried out on the
contribution of steel fibres in R.C. beams and
slabs. The applications of fibre reinforced
cement coinposiies are numerous ranging from
road construction for both overlays and new
road construction, to industrial floors. Steel fibre
reinforced concrete has been used sucessfully
in the repair of damaged concrete pavements, in
the replacement of airfield taxiway, storage and
refuelling areas etc.

The main fibre types that have been used as
reinforcement to cement or concrete include,
ceramic, asbestos, glass, vegetable, nylon,
polypropylene and steel, the latter being the
more widely used.

2. FIBRE REINFORCED CONCRETE IN CYPRUS

In Cyprus steel fibre reinforced concrete has
not been used as yet, even though recently
another form of fibre reinforcement has been
employed, namely polypropylene. In the recent
construction of the Sheraton Hotel marina,
polypropylene fibre reinforced concrete sections
were used.

It is hoped that in the near future, with the
contribution of the present work, steel fibre
reinforced concrete will find its first major
application. The Cyprus Ports Authority who has
sponsored this research programme is planning
to construct a heavy duty rigid pavement at the
Port of Limassol. The total area of the pavement
will be about 5000 m2.

3. THE EXPERIMENTAL PROGRAMME
3.1 Preamble-Aim of Research Programme
The aim of the experimental programme was to
establish the influence of the steel fibre inclusion
in concrete made with local materials.
The main parameters chosen for investigation
were the flexural strength and toughness. It was

Dr Herodotos Stavrides
Senior Lecturer
Civil Engineering Dept HT!

thought that apart from the classical prism
specimens employed for the evaluation of
modulus of rupture, slab elements ought to be
cast as well.

In deciding upon the mix proportions to be
employed during the trial mixes several factors
were taken into consideration, the main two
being:

(a) Steel fibre reinforced (S.F.R.) concrete mixes
require a larger amount of fine material -
cement/sand matrix - in which to be embedded
effectively, than ordinary plain concrete mixes.
(b} The effectiveness of the fibre reinforcementis
considerably enhanced with the use of smaller
maximum size aggregate.

Thus taking both these two factors into
consideration but also bearing in mind the cost
effectiveness of S.F.R concrete which per seis
considerably more expensive than plain
concrete due to the high cost of fibres, the
following decisions were reached.

(@) The trial mixes were to be such that the
cementcontentshould notexceed a value of 350
kg/m3.

(b) The maximum aggregate size to be used was
to be 20 mm. However this was to be used in
conjunction with 10mm maximum size aggregate
in various proportions. Thus after a series of trial
mixes the field was narrowed down to two
different mixes, one containing 70% of 20mm
maximum size aggregates and 30% of 10mm
maximum size aggregates, and the other
containing the above maximum sizes in equa
proportions. ‘

Obviously the use of 10mm maximum size
aggregates only, would enhance the
performance of SFR concrete, but it was thought
that this compromise oughtto be made in order to
limit the cost of production per cubic metre.

The percentage of fibres was another item to
be decided upon. Since steel fibre percentages
of the order of 0.5% by volume have been known
to give good results in general performance, it
was decided to use differentfibre contents with a
maximum value of 40 kg/m?3 which is just over
0.5% by volume.

3.2 The Test Programme
3.2.1 Materials/Mix Proportions

The materials used and their mix proportions
are shown in Table 1. The crushed sand had a
coarse grading as it can be seen from Fig. 1. The
inclusion of fibres which can be thought of as an
extra amount of aggregates with very high
surface area, causes workability problems.
Therefore the use of finely graded sand is
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prohibitive, due to its high demand for water ata
given workability.

The fibres used were DRAMIX steel fibres
which exhibited an excellent performance during
fabrication. The author has considerable
experience on fibre reinforced cement based
materials and indeed has come across a large
variety of fibres of different materials and shapes.
One of the major problems of SFR concrete is the
“balling effect” which occurs with normal steel
fibres. This takes place during mixing when the
fibres have the tendency to lock together into
small balls resembling tiny “hedgehogs”. This
obviously affects not only workability but
performance, since these fibre-balls give rise to
segregation and a considerable loss of
homogeneity of the mix. .

The ingenious fabrication of the DRAMIX Steel
fibres, whereby the fibres are glued together in
small bundles, makes mixing a joy to watch. The
glue holding a number of fibres together upon
contact with water, and after a very short period
of wet mixing, dissolves, thus freeing the fibres to
disperse in the mix in a very homogeneous
manner. The final result is a very “healthy
looking” mix free of cancerous parts such as
fibreballs.

3.2.2 Fabrication and Specimens Cast

The aggregates both coarse and fine were
weighed in a saturated surface dry condition and
mixed dry with cement for two minutes. Then the
water was added to the mix together with the
plasticizer for awet mixing of two minutes. Finally
the fibres were dispensed into the mix for a
further 90 seconds mixing.

All the specimens cast were compacted by
means of external vibration.

Specimens

In each batch the following specimens were
cast.

(a) Three 150mm cubes for compressive strength
(b) Three 100x500 mm prisms for modulus of
rupture tests

(c) One 100x100x500mm prism for shrinkage
readings

(d) Two 100x500x500mm slabs for flexural
(central point load) tests.

Curing:

All specimens were demoulded in 24 hours
and put in a curing tank at a temperature of 20 to
280C, except the prism used for shrinkage
readings, which was left to dry freely in air.

Table 2 shows the mix details and the 7-day
compressive strength of all mixes.

3.2.3 Test Results-Analysis-Comments
3.2.3.1 Flexural strength of prisms & Toughness
Index

For each mix three prisms were tested in
flexure in-a Denison Testing machine. The load
was applied centrally with the supports being
300mm apart. This distance does not comform to
the specifications which - require a 400mm
distance between supports. The smaller support
distance gaverise to increased values of flexural
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strength. However due to the short span of the
prism, the influence of fibre inclusion does not
seem to be pronounced. Thatis, with the 400 mm
span between supports of the prisms the
influence of the fibre inclusion would have been
more marked.

The single central point load was added
incrementally and at each load increment the
central deflection was recorded by means of a
dial gauge.

Table 3 summarizes the 7 day flexural strength
of all mixes and the toughness index. This is a
measure of the amount of energy required to
deflect the prism used in the modulus of rupture
test a given amount, compared to the energy
required to bring the fibrous beam to the point of
first crack. The toughness index is calculated as
the area under the load-delfection curve out to
1.9mm divided by the area under the load-
deflection curve of the fibrous beam up to the first
crack strength.

Referring to Figs 2-10 it can be seen that
toughness index is given by:

Area1+2
Toughness Index =
Area 1

Referring to Table 3 it can be seen that the
toughness index increases with increasing fibre
content in the mix. That is the higher the content
of fibres the higherthe absorption of energy in the
post cracking stage of the specimen, a very
useful property to have, especially in the case of
cyclic and impact loading.

The increase in the flexural strength or
Modulus of Rupture (M.0.R) is also evident with
increasing fibre content. Thus in the case of
Series A mixes, with 70% of the aggregate
contentbeing of 20mm maximum size, increases
of up to 17.5% in Modulus of Rupture were
recorded compared to the plain concrete beam.
This 17.5% increase was observed in the case of
Mix A6 with a fibre content of 40 kg/m3.

The better performance of the mixes of series B
is obvious. Thus referring to Table 3 it can be
seen that the larger proportion of smaller
maximum size aggregates (10mm - 50% instead
of 30%) led to even higher values of Modulus of
Rupture. However the better performance of the
mixes with a higher content of smalier maximum
size coarse aggregates, is manifested in the
percentage increase in M.o.R with respect to the
plain concrete beam. Thus in Series B mixes
increases of up to 39.5% were observed. The
comparative percentage increases in M.o.R are
shownin Fig. 11a. Fig. 11b summarizes the direct
comparison between series B and series A
mixes. It can be seen that the influence of the
higher amount of smalier maximum size
aggregates (Series B) is even more pronounced
at high fibre contents, with a maximum increase
of 24.5% recorded in the case of mixes with 40
kg/m3 of fibres.

e e e




3.2.3.2 Slabs

Fig. 12 shows the experimental set-up and the
instrumentation of the slabs under testing. The
square slabs of thickness 100mm and side 500
mm were positioned in a rigid frame made of
heavey duty steel channels. The frame had
internal dimensions 460 mm so that the slab
would have a support of 20 mm perimetrically.
Load was applied centrally by means of a
hydraulic jack fitted with a calibrated proving
ring.

The load was applied incrementally and the
corresponding central deflection was obtained at
each load increment by means of a dial gauge.

Like the prisms the siabs with steel fibre
concrete showed a vast improvement in post-
cracking behaviour. However the improvement
in the post-cracking characteristics of fibre
reinforced concrete slabs was even more
spectacular than that of the corresponding
prisms. That is in the case of prisms the firsts
visible crack ioad, coincided with the ultimate
load, with load capacity continuing in the post
cracked stage. In the case of siabs however,
there was a very distinct difference between first
crack load and ultimate load. Table 4 shows the
test results of all slabs in the form of First Crack
Load and Ultimate Load. The plain concrete
slabs just like the corresponding prisms, on
reaching their first crack load failed immediately
with the first cracks opening up and thus not
allowing the slab to carry any more load with
non-existent post-cracking behaviour.

Table 5 shows the influence of fibre content,
which summarizes the percentage increase in
both First Crack and Ultimate Load of ali slabs
with respect to the plain concrete slabs. The
influence of the fibre content is also shown
diagrammatically in Fig. 13.

Increases of up to 88% in ultimate load
capacity have been recorded. The superior
performance of series B is again evident with
increases in both first crack and ultimate loads
with respect to the plain concrete slabs
especially at high fibre contents. Thus whereas in
the case of mix B6 an increase in ultimate load
capacity of 88% was observed, in the case of mix
A6 the corresponding increase with respect to
mix A1 was only 69%. in fact in Table 6 a direct
comparison is made between corresponding
mixes in Series A and Series B. From this table it
can be seen thatas the fibre contentincreases so
does the difference in performance between the:
mixes with a higher amount of finer coarse
aggegates (Series B) and the mixes with higher
coarse aggregate content. (Series A).

Crack Pattern and Deflection of Slabs

Fig. 14 shows the load-central deflection of
siabs A6 and B6, the two slabs with the maximum
fibre content of 40 kg/m3. The load deflection
characteristics of the fibre reinforced concrete
with 50% of 20mm aggregates are obviously
superior with a considerahie increase in energy
absorption in the post-cracking stage.

Whereas the plain concrete slabs failed by the
formation of the first two major cracks from edge
to edge, the fibre reinforced slabs showed an
increase in the number of cracks of smaller order
of magnitude, the number of small cracks in fact
increasing with fibre content.

3.2.3.3 Shrinkage

The early age shrinkage values were recorded
by means of a 200 mm gauge length and 8.1 x
10-5 gauge factor mechanical demec gauge. The
results show a positive influence of the fibre
presence on shrinkage values. Fig. 15 shows the
variation of free shrinkage strains with time in the
first ten days of the two extreme cases in series A.
Thatis mix A1 (plain concrete) is compared to mix
A6 (S.F.R concrete with 40 kg/m?3 of fibres). The
influence of steel fibres in arresting the shrinkage
strains is obvious.

3.3 General Conclusions

1. The Modulus of Rupture increases with
increasing fibre content. In this work increases of
up to 39.5% were recorded in concrete with 40
kg/ms3 fibre content.

2. The Toughness Index which is a measure of
the capacity of an elementto absorb energy in its
post-cracking stage is increased considerably.
Bearing in mind that plain concrete which fails on
the appearance of the first crack has a toughness
index of unity, and considering the Toughness
Index values recorded in this work (of up to 23.70)
the benefits accruing from the presence of steel
fibres in a mix, are obvious.

3. The behaviour of concrete slabs reinforced
with steel fibres is superior to that of plain
concrete slabs, with considerable incrases in
ultimate load carrying capacity. in this work
concrete slabs with steel fibres at a rate of 40
kg/m3 exhibited an increase in ultimate load of
88%.

4. The failure mode of concrete slabs
reinforced with steel fibres differs from that of
plain concrete, in that failure is the result of a
farger number of smaler magnitude (crack width)
cracks.

5. Free drying shrinkage is another property
that benefits from the presence of fibres with
shrinkage strains decreasing with increasing
fibre percentages. ,

6. The presence of fibres especially at high
percentages causes workability problems which
must be overcome by a balanced mix design, by
the use of a higher proportion of smaller
maximum size coarse aggregates and by means
of plasticizers. In this work it was established that
for laboratory purposes the V.B. test is the best
means for assessing workability since the more
widely used slump test may yield erroneous
results. .

7. In S.F.R. concretes the use of a high
proportion of coarse aggregates of small
maximum size (10mm) is a must. This is so
because high proportions of the largermaximum
size aggregates (20mm) hinders the performance
of the steel fibres, not allowing them the
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necessary space to be distributed evenly and
uniformly in the mix. The effectiveness of steel
fibresis very much dependent on the existence of
the necessary amount of paste to be embedded
in, and hence the need for higher cement factors
is necessary. Furthermore coarser sands must
be used so thatthe “water demand” ofthe sandis
kept to a minimum. In this work coarse sand was
used and mixes containing 50% of 10mm

Table 1 Materials

Material Information
Cement Ordinary portland Cement
Fine Aggregate Crushed Sand (Diabase) of coarse grading
Specific gravity = 2.69
Coarse Aggregate Crushed Stone {Diabase)
Series A: 70% 20mm Max. Size
30% 10mm Max. Size
Series B: 50% 20mm Max. Size
50% 10mm Max. Size.
Specific Gravity = 2.55
Steel Fibres Dramix fibres with hooked ends
d=0.55 mm
1 =40 mm
Admixtures A plasticizer at a rate of 150 ml
per 50 kg. cement
Mix Proportions 1:2:3/06

Table 2 Mix Details and 7-Day Compressive Strength

maximum aggregate size were found to be
superior than mixes with 30% of 10mm maximum
aggregate size. Obviously the use of 100% of
10mm maximum aggregate size would yield still
better overall results. However it was thought that
using the 50% figure as the top ceiling for 10mm
aggregates. would = sacrifice some of the
performance but with some benefits in the overall
cost of production of S.F.R. concrete.

Content of Materials (kg/m3)
Mix | Cement Sand C.Agg. C.Agg. Fibres | V.Btime Slump 7-Day Cube
(10mm) (20mm) (secs) (mm) strength
(N/mm?2)
Al 350 700 315 735 0 0 collapse 17.80
A2 350 700 315 735~ 20 1.5 100 17.40
A3 350 700 315 735 25 4 25 19.60
A4 350 700 315 735 30 6 10 18.80
A6 350 700 315 735 40 10 zero 18.50
B1 350 700 525 525 0 1 collapse 22.00
B2 350 700 525 525 20 25 80 23.70
B3 350 700 525 525 25 5 10 21.80
B6 350 -700 525 525 40 10 zero 21.00
Table 3 Flexural Strength and Toughness Index (Prisms)
Mix 7-Day Fiexural Percentage Increase Toughness
Strength (N/mm2) in flexural strength Index
w.r.t. plain Concrete

Al 3.15 - -

A2 3.33 6% 16.00

A3 3.60 14.5% 15.85

A4 3.60 14.5% 17.50

A6 3.70 17.5% 19.00

B1 3.30 - -

B2 3.68 11.5% 18.80

B3 4.05 22.5% 20.80

B6 4.60 39.5% 23.70
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Table 4 First Crack and Ultimate Load of slabs

Mix First Crack Ultimate
Load (KN) Load (KN)
A1 22.5 22.5
A2 25.0 30.0
A3 26.5 32.0
Ad 27.0 34.0
AB 29.0 38.0
B1 28.4 28.4
B2 31.5 37.0
B3 34.0 42.0
B6 38.0 53.3

Table 5 Influence of fibre Content on First Crack and Ultimate Load of slabs

Fibre Percentage Increase with respect to plain concrete

Content

kg/m3 First Crack Load Ultimate Load

Series A
20 11% 33%
25 18% 42%
30 20% 51%
40 29% 69%

Series B
20 11% 30%
25 20% 48%
40 34% 38%

Table 6 Comparison between performance of Series A and Series B slabs

Percentage increase in First Crack and Ultimate Loads
in Series B slabs w.r.t. corresponding Series A slabs

Mixes Fibre First Crack Load Ultimate Load
Content
kg/m3

B2 Vs A2 20 26% 23%

B3 Vs A3 25 28% 31%

B6 Vs A6 40 24% 40%
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Acoustoelectronic and Acousto-optic devices
for signal processing in real time

INTRODUCTION

Microwave signal processing in real time, if
performed by digital methods, requires, as a
rule, the speed of a computer capable of 1 billion
operations per second and more. This is very
difficult even for the most modern
supercomputers and for computers on the board
it is so far impossible. In many cases these
problems can be solved by analog devices,
based on the use of acoustic waves,

acoustoelectronic and acousto-optic devices.

This brief article reviews relevant work carried
outinthe USSR over the pasttwenty five years or
S0.

1. Surface Acoustic Wave (SAW) Devices
Acoustoelectronic phenomena connected
with surface acoustic waves (SAW) have been
studied in the USSR for the last 25 years, ever
since 1964, when Prof. V.I. Pustovoit and the
author showed that SAW can be amplified by
supersonic drift of electrons in a similar manner

_ In 86 o
infm A= 500:4

a8sorber
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Prof. Y. V. Gulyaev
Member of the Academy of
Sciences of USSR

to bulk acoustic waves. In that work of 1964 we
also suggested the use of a layer-structured
piezoelectric semiconductor where SAW
amplification occurs from one layer to the next
due to SAW interaction with the supersonic drift
of electrons in the adjacent semiconductor iayer.
The best amplifier based on this principle and
made in IRE Ac. Sci. USSR is shown in fig. 1. At
the frequency of 200 MHz the ‘“pure”
amplification of a radiosignal is 35 db. Other
characteristics make these ampilifiers inferior to
transistor amplifiers and are not therefore in
general use. However, they may be successfully
used for amplification of SAW themselves in
complex information processing circuits using
SAW.

As it often happens, this interesting effect of
SWA amplification led to many further
acoustoelectronic investigations but the main
achievements of acoustoelectronics have been
in one direction - that of creating “passive” SAW
devices. In the USSR the following outstanding

azxz;ouz‘

a8sorber

inferdigifaf

transducer

Fig. 1




contributions have also been made: discovery of
new types of SWA - shear SAW in piezoelectrics
(independently from J. Bleustein, USA), “gap”
SAW, the prediction (independently from Auld et
al.,, USA) of shear SAW from a periodically
corrugated surface of a solid and investigation of
the transverse acoustoelectric effect (where the
electromotive force is perpendicular to the
surface along which SAW propagates),
suggestion of new types of interdigital
transducers, etc. Many types of
acoustoelectronic (AE) devices (filters, delay
lines of different kind, etc.) are now under mass
production in the USSR as well as in other
countries. More complicated devices such as
convolvers, correlators, fast fourier transformers
etc. are ready for mass production. The
advantages of SAW - processors is their high
speed, small size, low power and low cost. The
main disadvantage of SAW devices as analog
devices is their comparatively low accuracy -
which is usually of the order of 1%.

Typically, AE Fourier transformers with
despersive delay lines for processing of the
signal can provide speeds of the order of 5.10°
multiplication operations per second. This
substantially exceeds the limiting speed of digital
devices (2.107 now and 5.108 in forseable future).

To improve signal processing for systems
empioying SAW, combined systems are

- g

developed - which use SAW devices in
combination with digital techniques. Now SAW-
devices are widely used in consumer goods (TV
sets, EM radios etc.), industrial production, etc.
Oncoming application areas of SAW-devices are
new TV networks, including satellite TV,
telecommunications, including movable
telephone instruments, marking and recognition
of objects, SAW sensors of various physical
quantities etc. The appearance on the market of
high quality SAW-components is forcing
manufacturers of radio equipment to change the
architecture of many radioelectronic systems.

The efforts of scientists now are directed
towards improving the main SAW devices
characteristics - reduction of insertion losses,
widening of frequency bands, improvement of
delay time and dynamic range etc. and to
invertion of new kinds of SAW devices including
those where the interaction of SAW ‘'with
electrons is used.

One example of an improved SAW device is
the SAW-resonator using shear SAW on a
periodically corrugated surface (seefig. 2). The Q
factor here is 10.000. In the device of fig. 3
another new kind of shear SAW is used - shear
SAW which can exist on the boundary of a solid
with a viscous liquid. Such SAW are very
convenient to use as sensors of liquids and
biological objects.

—
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The effect, first predicted and studied by
Professor Eric Ash, of bulk acoustic waves
transforming into SAW on a periodic grating was
used by us to predict and explain the
pheonomenon of 100% transmission of acoustic
waves through the vacuum gap between two
piezoelectric crystals, if the edges of the gap are
periodically corrugated, (see fig. 4). Under
resonance conditions the excited SAW
amplitude of the incident wave and by its electric
field this SAW excites SAW on the other side of
the gap. In the experiment the losses were a few
db and a rather narrow band filter was created.

a, db

w0 350 Iz
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Fig. 5 illustrates AM or FM demodulators
based on longitudinal and transverse
acoustoelectric effects. Their characteristics by
some parameters are better than in conventional
demodulators. On Fig. 6 different kinds of
convolvers are shown including one, (c), based
on the change in resistivity of a semiconductor
film by the acoustic waves. Earlier on this
principle we had predicted a new kind of
transistor - the acoustoinjection transistor where
the drift of electrons caused by acoustic waves is
used instead of ordinary diffussion. Finally, on fig.
7 new constructions of interdigital transducers
with capacitive tap-weighted electrodes
suggested in USSR are shown, which allow one
to create acoustoelectronic devices with very
high performance.

2. Acousto-optic Devices for Processing
Analog and Digital Information

A very fast developing branch of acousto-
optics (AO) is optical methods of signal
processing with the use of special acousto-optic
modulators (AOM) of light both for analog and
digital systems. For a typical AOM which is able
to store N=f.To=103 states during time To=10 us
(=100 MHz) the calculated speed of one channel
optical correlator with such an AOM is of the order

N2
of S= —T—~—~ =(f)?. To=10""analog multiplications
o}

or addition operations per second. For a
multichannel case this speed can go upto 1015
operations per second. The most interesting
feature of AO processors is that they perform
convolution multiplication as the basic operation,
which is usually necessary in readioelectronic
problems.

The AO spectrum analysers are well known
(see fig. 8). The best devices todate can process
signals with To=1 us and f=16MHz and work in
the frequency range 2-36 MHz with a high
frequency resolution of =2-5 MHz in the dynamic
range.

The AO convolution devices are based on the
fact that signal “image” in AOM moves with
acoustic wave velocity (see fig. 9). These devices
to-day solve many radar fechnique problems,
such as compression and reversal in time of
microwave pulses, delay; matched correlation
filtration and - spectral analysis of a signal,
determinatioriofthe uncertainty function of pulse
signal etc. One must note that in the case of
convolution with temporal integration the
integration time, T, can be much longer (by one
hundred times) than in the case of spatial
integration. Modern AO correlators with temporal
integration reach spectral resolution of = 30 Hz
(with spatial integration - 30 kHz). The effective
calculated speed here is S~102 operations per
second.

AO processors can also perform discrete
mathematics, for example carry out algebraic
calculations of the type: scalar multiplication,
vector on vector, vector on matrix, matrix on
matrix etc. An AO processor for multiplication of a
two-dimensional vector on a 2 x 2 matrix is
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shown in Fig. 10.

The maximum speed of such a multiplier can
be also10'2operations per second.

All AO processors considered above are
analog processors, thus their accuracy is usually
no more than 8-10 binary digits. To increase the
accuracy of AO processors (of course,
unfortunately, at the expense of speed!) the
analog method of digital multiplication via
discrete convolution has been proposed. The
principle of itis illustrated in fig. 11. Assume two
denary numbers 23 and 25 are to be multiplied to
obtain the result 575. If we shall use the binary
numerical code one needs to obtain AO
convolution for the binary sequences 10111 and
11001 which is possible to do in the scheme of
two AOM with two RF acoustic signals
modulated consequently by the related

- Point

modulators
Az 2y

o
a, Q
74 44
B

A0

sequences and propagating in opposite
directions. After light diffraction by both acoustic
signals the photodetector analog output
represents the mixed-binary sequence
11123111 (in the form of triangular pulses of
different amplitudes) which may be binary
digitized with a simple electronic (three-level)
A/D convertion, summation by moduius 2 with
shift to give the sequence 1000111111. The
speed of calculation in such simple system for
AOM bandwidth of =500 MHz and N-bit numbers
is $=8.10¢ digital multiplications per second.

Using this principle of discrete convolution in
the systolic regime, digital AO muiltipliers for
vector-matrix and matrix-matrix multiplications
with an accuracy of 16 bits and even 32 bits are
created with a calculation speed of 108
operations per second (see fig. 12).
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Comparative tests on plain, steel fabric reinforced
and steel fibre reinforced concrete ground floors

The merits of the use of plain concrete, steel
fabric and steel fibre reinforced concrete for
industrial ground floors have been the subject of
considerable debate and the Concrete Society
Technical ReportNo. 34 " refersto the increasing
use of steel fibre reinforced ground floors on the
Continent and their introduction into the UK.
Increasing static loads arising from rack loading
and dynamic loads have necessitated the more
frequent use ofthe thickness design principle ©*
that is, an adequate thickness of floor is required
to withstand induced tensile stresses. It has
generally been assumed that:

(@) The use of steel fabric reinforcement does
not increase the flexural capacity of the slab,
but has the primary function of crack control

(b) The slab depth is related to the flexural
strength of the plain concrete.

(c) If steel fibres are introduced, the flexural
capacity of the concrete is increased and
that this will allow a reduction in slab depth
approximately proportional to the square
root of the strength gain.

The purpose of this paper is to report and
comment on the first stage of a test programme
aimed at rationalisation of the thickness design
principle applied to plain, steel fabric reinforced
and steel fibre reinforced concrete ground slabs.
The. programme is sponsored by N.V. Bekaert
S.A., Belgium and the tests are being carried out
by the School of Civil Engineering, Thames
Polytechnic, Dartford. This programme is an
extension of a test programme undertaken by Sir
Frederick Snow and Partners" in conjuction with
imperial College. The tests at Imperial College
were on 1.0m square simply supported slabs with
a concentrated load applied at the centre. It was
concluded that a reduction in slab depth can be
achieved by the introduction of steel fibres.
However, it was considered necessary to extend
the test programme to compare the performance
of slabs on ground. The first stage of the
extended test programme has now been
completed. It relates to 3.0m x 3.0m slabs, 0.15m
deep loaded centrally via a 100mm x 100mm
steel plate, see Figs(1) and (2). Three slabs were
tested - plain, steel fabric reinforced and steel
fibre reinforced with a specification as follows:
Concrete grade 40, cement content 325 kg/m?3
water/cement ratio 0.55. Steel fabric
reinforcement A142 (pitch 200mm, bar diameter
smm) cover 25mm from top of slab, characteristic
strength 460 N/mm2, '

Dramix steel fibre reinforcement ZC 60/0.8,
characteristic strength 1100 N/mm2.
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The slabs were cast on a polythene membrane
below which was a 150mm subbase (Darenth Fill,
type 2). Plate loading tests on the soil below the
subgrade gave modulus of subgrade reaction of
0.030 N/mm3, The slabs were loaded hydrauli-
cally by means of a hand pump and deflections
were recorded along the two centrelines at 20 kN
load increments. A summary of the results is giv-
en in table (1).

Table (1)
TEST | SLAB LOAD AND FIRST {LOAD AT FAILURE
NO VIISIBLE CRACK OR MAXIMUM
ATTAINED LOAD
kN kN
P1 | PLAIN 180 200
Fi | FABRIC
REINFORCED 200 320
D1 | DRAMIXSTEEY
FIBRE 290 345
REINFORCED

In the three tests, the first visible cracks
appeared on the 150mm vertical faces round the
slab perimeter, typically as shown in Fig.(3). A
small increment of load produced failure of the
plain concrete slab (P1), the cracks widening and
extending from the perimeter to punching zone
round the loading plate, see Fig. (4). This mode of
failure did not occur with slabs F1 and D1, the
fabric and fibres controlling the development of
the cracks through to the top surface of the slab.
1t is of interest to note that the load at first visible
crack for slab D1 was 45 percent greater than
that for slab F1 and 60 percent greater than that
for slab P1.

The test programme will be continued
throughout 1989 but the three tests are already
indicative that:

i) The introduction of Dramix steel fibre
reinforcement significantly increases the
flexural strength of the concrete. This will
allow a reduction in slab depth
approximately proportional to the square
root of the strength gain.

(i) The presence of steel fabric does not make a
significant contribution to the flexural
capacity of the siab, but controis the
development of cracks for loads in excess of
the load at first visible crack.

(iiiy The application of still generally accepted
theory of elastic slabs on ground (HM




3000

100,

3000
NN
[N\

100
i
—\
|

CONCRETE

: grade 40 :
! , \

Loading Plate

150
LA

‘Plain concrete

N
?. P1
)

150
A

[ A 142 mesh pitch

\ 200 x 200 mm ber
\ dia. 6 mm
A \ cover 30 mm (top)

4 / \\// —
3 Ny D1 Dramix ZC 60/0.80
Ty AR steel fibres
T T Dosage 30 kg/m3
N \ \\
Modulus of subgrade 150 mm sub-base -
reaction

k =0.03 N/mm?3

Fig. 1 TEST SLABS
25




Fig. 3 Typical crack on vertical face of slab
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Westergaard) will compute unrealistically
tensile stresses unless dispersion through
the depth of the slab is assumed.

The extended test programme will continue
throughout 1989 and will hopefully lead to firm
recommendations for the application of the
thickness design method to concrete ground
slabs.

The co-operation of N.V. Bekaert S.A. Belgium
and the technicians of the School of Civil
Engineering, Thames Polytechnic in the above
test programme is gratefully acknowiedged.

Afurther programme of work on the use of steel
fibres in reinforced concrete joints to improve
ductile capacity for seismic design is planned to
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Fig. 4 Failure mode for plain concrete slab P1

commence shortly. Collaboration between the
HTl and Thames Polytechnic on this important
development is aniticpated.
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Computer information system for the Il games of
the small states of Europe

The Organizing Committee of the Il Games of
the Small States of Europe, in its efforts to have
every possible technical facility available to the
delegation officials, press correspondents,
trainers and the public in general, has decided to
set up a computer information system.

The computer information system had many
features which gave a new dimension to the
whole event. Some of these features were:

1. Complete up to the second, real time
information between athletic centres, information
centres and hotels.

2. Lists of participants by function, sport and
event. 3

3. Calendar by day, time, competition site, sport
and event.

4. General information about the participating
countries.

5. Athletes dataincluding previous or at the time
achieved records.

6. Results by day, time, sport and event: current
results showing for instance how an event or
game was progressing.

7. Generation of rough printed reports for
informing VIPs, press and public the progress of
the games in other competition sites.

8. Generation of official reports, using desk top
publishing facilities, at the end of each day.

9. Statistical results for Basketball and Volleyball
atthe end of each game and at the completion of
all games.

Two state-of-the-art multi-user computers
have been employed for receiving, processing,
transmitting and storing all the data.

Computer terminals have been connected to
the main computers situated at the Higher
Technical Institute (HT!). Remote
communictation has been achieved by using
MODEMS and direct telephone lines which were
installed and maintained by the Cyprus
Telecommunications Authority for this purpose.

The Cyprus Popular Bank provided on loan all

the MODEMS which were installed and

maintained by their engineers. The Cyprus
Popular Bank have also donated to HTI twelve
computer terminals and printers for this purpose.

A total of forty-seven leased lines were
installed in all competition sites giving them this
way the capability of sharing directly the
computer resources, irrespective of any
geographical distance.

An_other thirteen leased lines, computer
terminals and printers were installed in nine
hotels in Nicosia. At these hotels, the press,
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journalists and public were able to receive
information about the Games, participation lists,
time-tables, results etc. Computer printouts were
also provided for the press, journalists, and
Country deiegations.

The computer was being fed with all the
available information concerning the Games and
States well in advance, giving thus the
opportunity to the journalists to prepare reports
and articles for the press of all the participating
States.

Another dimension which was added to the
system was that of live transmission of the results
through the television network. Two computer
terminals were insalled at the Outside
Broadcasting Unit of the Cyprus Broadcasting
Corporation for providing a live programme with
data about the Games and the athletes; the data
was transmitted straight from the computer and
mixed with the camera signals with a special
equipment which was purchased by the Cyprus
Olympic Committee for this purpose.

The analysis, design, development and
installation of the computer programs for the
Games has been undertaken by the Computer
Department of the HTI in March 1988. Two HTI
Lecturers and nine senior (third year) students
have set as their target to complete and test the
whole work with real data before the end of April
1989.

Even though the whole project has been
divided into smaller manageable parts for
allowing simultaneous and paraliel development,
the anticipated time for development and
testing could not always be predicted, because
working conditions were not very good and
mainly because most of the committees
(basketball, cycling, judo, shooting, swimming,
tennis, track and field, volleyball and yachting)
have not given the proper attention, interest and
time to the development team from the beginning.
Eventually atthe expense of time, extra effort put
by the development team and in some cases the
direct involvement and interest of the Chairman
of the Organizing Committee of the Games,
everything which was supposed to be done was
done.

The HTlin general and in particular the classes
1CS, 2CS, 3CS, 3C1, 3C2, 3E1, and 3E2 (partly)
and ten members of the staff have contributed to
the Computer Information Service of the games
by undertaking duties such as supervisors, data
entry operators, enquiry operators and report
distributors during the Games.
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Computer Information Service Team: Development Team (Students) - Athena
Constantinou, Mary Sophocieous, Katerina

Christos Schizas - Project Manager Lazarou, Antonis Theodosiou, Tasos Nathanael,
Viatseslav Rahmatoulin - Software Development Constantinos Sophocleous, Costas Genethlis,
Leader Costas Potamos, Savvas Lopez

The HTI Vax machines with the CYTA leased lines exchange
and MODEMS.

The computer system Development Team.
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Concrete pumping and associated problems

When the subject of concrete pumps, their
use and economical application is dealt with, the
question has to be answered beforehand what
requirements will have to be complied with to
enable a trouble - free operation of the pump.

A trouble - free concrete pumping is only
possible if the concrete can be pushed through a
pipeline. This type of concrete is called
pumpable concrete. Such concrete must fulfitl
the following requirements:

The composition of the pumpable concrete
must produce adequate lubricating components
to maintain a constant lubricating film on the
interior walls of the pipeline. Moreover, the
concrete must contain ample reserve of
lubricating means to envelop each grain
completely. Only in this way the wedging of
aggregates in the pipeline can be avoided, in
other words, blockages cannot occur.

itmay be concluded that every good concrete
can be pumped, ie., pumpable concrete is
neither of inferior quality nor a special concrete.
The requirement that 1 cu m of pumpable
concrete must contain approximately 350-400 kg
of fines reveals that only a concrete can be
pumped which contains approximately 270 kg of
cement per cubic meter.

Consequently lean concrete cannot be
pumped without further preparation or adding of
fines like trass, electrostatic filter ash or the like
as lubricating means. To attain a trouble-free
operation of the concrete pump greatimportance
furthermore has to be attached to uniform
batching, uniform consistency and adequate
mixing time (homogeneous mix).

When producing pumpable concrete only
standard cements should be used if possible
because these are subject of a continuous
control and have a uniform fineness of grinding.
in view of their better ability to retain water iong
(slimy) cements such as Portland or trass
cements are suited for the production of
pumpable concrete. Itis known that skort (brittle)
cements (blast furnace cements) tend to repel the
water. If the water is not retained - bound-by the
cementthe resultis the so-calied bieeding of the
concrete. The lubricating film is destroyed-and
biockages may occuir in the pipeline.

Any concrete to be conveyed through a
pipeline must have good lubricating properties,
The cementgroutserves asiubricating agent. [tis
necessary that an adequate quantity of same
must be available for the pumping operation. The
groutconsists of cement, fine sand below 0.2mm
or other fines and water.

Consequently besides the water the very fine
aggregates are of great importance.

Itshould be mentioned in this connection that
notonly the lubricating film on the interior walls of
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the pipeline is of importance, but also the film
between the individual grains. In this way thereis
no direct contact between them; the concrete is
plastic and can be deformed. Consequently the
concrete is of good workability. The practice has
revealed that the proportion of fines below 0,2mm
in a pumpable concrete should amount to
approximately 350-400 kg/cu m in order to
Quarantee a trouble-free operation, In case of
crushed or flaky aggregates the proportion of
fines should be increased by 10%.

When using washed-out sand, in certain
circumstances fines have to be added because
the fine sand (below 0.2mm) has been washed
out. As admixture quartzite dust, trass,
electrostatic filter ash, ground barite or the like
are recommended.

For a pumpable concrete only such
aggregates are appropriate which are also
suitablefordenseconcretesuchassand,gravel,
broken rock, chippings or similar.

The aggregates differ in their geometric
shape and individual hardness. The hardness of
the aggregates has no effect on the pumpability.
However, it inevitably increases the wear. On the
other hand, the geometric shape of the
aggregates influences the pumpability. Flaky
gravel or crushed material need more grout
because of their larger surfaces. To achieve a
complete envelopment of aggregates the
proportion of fine aggregates must be increased
by approximately 10%.

As already mentioned, the fine sand is
washed out when producing the material size
0/3. Therefore, when the sand is delivered, ithas
to be checked how much of grain size 0 is
contained. According to the grading curve range
“especially good” (aggregates 0-30) a concrete
may contain up to 9% of fine sand (below 0.2 mm)
withoutthis having any negative,influence on the
concrete quality. If the aggregates have not
enough fines, fines must be added
correspondingly or the proportion of cement
must be increased.

Poor orincorrect storage of aggregates often
was the reason for difficulties in concrete
pumping. The aggregates should be as uniform
as possible and in uniform batches. In order to
save the costs of a batching plant, some
contractors try to use mixed gravel. To save
space, the mixed gravel is then stockpiled to a
consiaerabie height.

However, this may resultin a segragation. The
coarse aggregates accumulate at the bottom of
the slope and are later fed into the mixer with
inadequate quantities of sand. This results in
uneven batches in particular when the scraper
operator choses the easy way of following
always the same track. )




On the other hand, one sometimes tries to
ptace four sizes of aggregates into 3 partitions
only. In this case two different gradings are put
into one bin. It is evident that this may cause
difficulties during pumping if for example the two
grain groups are not mixed by the gravel plant but
fed into the transporting vehiclein layers. In case
of unfavourable conditions it often happened that
instead of the grain sizes 0-7mm only those of
3-7mm got to the mixture. If only 3 partitions are
available for four different sizes of aggregates,
the grades 7-15mm and 15-30mm must be
placed into one bin. It must be ascertained
however, thatthese two grain sizes are delivered
in mixed condition by the gravel plant.

As already pointed out, the quality of a
concrete as well as its workability and suitability
for compaction depend on the grading .of
aggregates. For an economical production of
high-quality concreteitis therefore imperative to
pay great attention to the grading of aggregates.

In case of natural, unassorted pit gravel the
coarse aggregate or the fine aggregate may
prevail. If there ia a high proportion of fines, of
sand 0-3mm, that means that the total surface of
the grainsincreases correspondingly. In order to
envelop each individual grain arelatively higher
amount of cement grout will be necessary. In this
case one is speaking of “cement eater”. This
concrete has the advantage that it can be
compacted very well but the quantity of cement
needed is considerable. In case of concrete
having too much coarse aggregates the quantity
of cement grout needed to envelop each grain is
of course lower. This concrete is difficult to be
compacted because the spaces between the
individual grains are not filled. The supporting
grain is missing.

If a pumpable concrete is produced with
crushed material, possibly a natural sand should
be used for the grain size 0-3mm because it can
retain the water better. It has to be observed that
the proportion of fines increases.

The use of absorptive brick may result in a
change of consistency of the concrete while on
the way though the pipeline. This is due to the
tendency of the brick to absorb water a posteriori.
To limit the supplementary absorption of water to
a minimum, the brick should in any case be
stored in wet condition, i.e. constantly sprinkled
with water. The same applies to any other
aggregates with a tendency to absorb water a
posteriori.

It must be born in mind that whenever
concrete containing absorptive brick is pumped,
water retaining natural sand should be used.

in pumpable concrete the water/cementratio
varies between 0.4 and 0.6. The effectively lowest
water/cementratio cannotbe indicated because
other characterisucs of the concrete are of
importance, too, for example the concrete
quality, the composition of the grains, the
geometric shape of the aggregates as well as the
nature of the fines, the lubricating properties of
the cement and the concrete additives. But the
water/cementratio should not be lower than 0.4.

Concrete additives are chemical admixtures
added to the concrete-before placing time-in
small quantities in powder or liquid form.

Wetting agents (BV), air entraining agents
(LP), combinations of both (LPV), decelerators
and accelerators, compaction agents, anti-
freeze, etc. The cements and aggregates react
differently upon the various additives, therefore it
is recommended to determine by appropriate
tests in advance which additivies will be best
suitable for the concrete pumping on the
particular site. .

Airentraining agents should be added only in
smallest quantities and strictly in accordence
with the relevant instructions, otherwise the air
pores will act in the pipeline like shock-
absorbers.

An important factor for pumping concrete (in
addition to careful dosing of the aggregates and
uniform concrete consistency) is an adequate
mixing of all aggregates. The concrete mustbe of
homogeneous nature! In the mixer, the cement
must have an opportunity to be thoroughly bound
with the mixing water, otherwise there is danger
of concrete bieeding. Great importance must be
attached to the proper selection of the mixer.
There is no use of having a too small mixer in
conjunction with a too efficient pump. The
operator will then attempt to adapt the output of
the mixer to that of the concrete pump. The too
short mixing time resuiting therefrom causes time
wasting stoppages.

For the pipeline mainly seamless pipes of
high-quality precision steel are used. The
pipelines consist of straight sections and bends
which are connected by means of couplings. The
inside diameters of these pipes are indicated as
nominal width in mm (for example DN
180=180mm inside diameter).

Normal lengths of straigth pipe sections are
0.5,1.0,2.0 and 3.0. In addition to 90 deg., 30 deg.,
45 deg., and 60 deg. bends are supplied. The
radius of these bends depends on the nomimal
width and can be 1.0 or 2.0m. Further-more there
are elbows having a radius of 0.5m, but they are
mainly used for slewing joints or at the end of a
pipeline only.

The pipeline diameters normally used for
placing concrete are: DN 180,125,150,100 and
80. The economical use of the placing equipment
depends on the right selection of the pipeline
diameter. Large diameter pipes are considerably
heavy and their handling is difficult and costly. In
this connection particular attention should be
paid to the table of weights indicated below. The
diameter of pipeline used depends on the
following: ’

A) Size and type of concrete pump

B) Required horizontal and vertical placing
distances

C) Quality of concrete to be pumped with
regard to the consistency
D) Maximum size of aggregates
With 80mm dia., pipelines, the speed of the
concrete in the pipeline and consequently the
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friction increases considerably. That is why the
pumping through pipelines of 80mm diameter is
limited to a horizontal distance of 150m. One of
the most important factors for the choice of the
smallest possible pipe diameter is the weight of
the pipes. These pipe sections are much lighter!
The smaller volume also results in alower weight
of the pipes filled with concrete.

There are also other reasons which speak in
favour of smalier diameters:

) The purchase costs for pipelines of smaller
diameter are lower.

2) The use of smaller diameters for
distributing concrete by means of flexible hoses
at the end of the pipeline is considerably easier.
Bearing in mind what has been said about the
weight ofthe filled pipes, itis clear that it is also of
importance for an easy handling of the end hose.

3) The negative influence of air pockets will be
considerably less in case of smaller pipeline
volume.

4) In case of bleeding concrete the
segregation will be limited.

5) Mixes which are not pumpable will build-
up immediately in the taper piece (150/80mm).
Blockages in the pipeline itself are thus exluded.

6) The concrete can be pumped with less
cement proportions and higher water/cement
ratio.

It is obvious that for pumping concrete
through a pipeline it is essential whether it is laid
straight and horizontally or whether a pipeline of
the same length goes vertically upward. The
weight of the vertical conpipe bends. This is
generally called “the proportional value of a
pipeline”.

To ascertain the exact mathematical pipe
value, extensive measurements and calculations
would be necessary. On building sites only the
“approximate value” accrued from practical
experience will govern. However, the individual
diameters have different proportional values. For
“large” pipelines DN 125, DN 150 and DN 180 the
following is applicable:

1 mvertical rise equals approximately 6-8m of
horizontal pipeline. Each 10 deg. bend
corresponds to 1 m of horizontal pipeline. For
pipelines DN 80 and DN 100 the following is
applicable: 1 m vertical rise equals 2-3 m of
horizonal pipeline.

When laying the pipeline the following points
should be observed:

1) The concrete pump should be erected at
such a point that it will enable the laying of a
shortest possible pipeline. If a central batching
plant is used, the main feeding point has to be
considered.

2) The pipeline should incorporate only those
changes of direction which are absolutely
necessary. All unnecessary bends should be
avoided.

3) When laying the pipeline it should be
observed that the first section of the pipeline
(behind the pump) should be laid as horizontally
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and straight as possible. The minimum distance
between the concrete pump and the first change
of the pipeline direction should be approximately
10m. If possible, shorter distances should be
avoided. In case of high vertical rises the
distance between the pump and the vertical
pipeline should be as iong as possible so that the
concrete in the horizontal pipeline creates a
counter-weight to the concrete in the vertical
pipetine.

4) Ascending or descending pipelines should
not be laid transversally but vertically. For
gradientof morethan 15mitis advisable to install
wing or reversing bends, particularly if no longer
horizontal pipeline follows the descending
pipeline. Itis obvious that attempts must be made
to hold the concrete in the descending pipeline;
the concrete must notescape on its own from the
descending pipeline.

5) If possible, the pipeline shouid not consist
of sections exceeding 3m. Longer pipe sections
have the disadvantage of difficult handling.
Therefore it is recommended to lay only pipe
sections of a lenght of 1 respectively 2m at the
placing point. During the pumping operation
these pipes have to be dismantled. Short pipe
sections then facilitate considerably the work.

6) When assembling the pipeline it must be
observedthat the sealing rings are inserted in the
grooves provided for this purpose. The sealing
surface must be clean. A perfect seal must be
ensured. No pipe section should be assembled
under tension.

7) The pipeline should be laid in such a
manner thatsingle pipe sections can be removed
during concreting to reach the nextplacing point.
When fitting pipe sections during concreting, the
pipeline shoud be extended always by one
section at a time. If the distance is longer, i.e. that
the next placing point cannot be reached with
one pipe section, the concrete first must be
pumped until it emerges perfectly from the pipe
section which has been fitted.

8) Ascending or descending pipelines must
be supported or tied to the building. The type of
anchoring to be used depends on the pipeline
length and the conditions prevailing on the site. In
the majority of cases simple wiring will be
sufficient. A good solution for vertical placing is
to lead the pipeline through the individual floors
upward. All transitions from horizontal to vertical
pipelines must be supported in such a manner
that the pipe bend does not carry the whole
weight of the pipeline,

9) The practice has shown that it is of
advantage for large diameter pipes to lay the
discharge end of the pipeline approximately 1.0-
1.5 m higher. This will facilitate the distribution of
the concrete on a surface by using a chute.

The cleaning of the pipeline deserves
particular care and attention. Pipe sections
which have not been perfectly cleaned will-due
to possible concrete or grout remainders-
increase the friction and render the pumping
operation difficult.
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Above all, long pipelines require a perfect
cleanliness. It is of importance that the concrete
remainders are not only removed from the inside
of the pipeline, but also from the juction points.
Pipelines not being tight will cause difficulties
and blockages.

The pipeline may also be cleaned by means of
water by using a water pump or by connecting
the pipeline to a water pressure line. Then one
has to proceed as in case of using compressed
air. When cleaning the pipeline by means of
water, a solid and wet paper plug has to be
inserted between the rubber ball and the
concrete. The only purpose of this plug is to
achieve a good sealing. The water must not expel
the cement grout which is needed for the
jubrication of the pipe walls. At this, the pipeline
must be especially tight. When cleaning with
water, the trap basket is not needed. Elbows and
distribution base can be fitted to the end of the
pipeline.

It should be pointed out briefly that pumping
of concrete is also possible in case of extremely
hot temperatures respectively in freezing
weather. The pipeline is often protected against
extreme temperatures either by covering it or by
heating it.

With more or less succeess it is tried to
protectthe pipeline againstthe directinfluence of
heat. The method widely-held is to cover the
pipeline system with wet mats or bags. The water
evaporates in this manner and thus reduces the
temperature of the pipeline. Whereas the
concrete sets more quickly in case of high
temperatures, the setting process is slower in a
cool pipeline. Thatseems to be the only reasonin
favour of covering the pipeline because the water
of the concrete evaporate out of a tight pipeline.
Tight pipelines are generally the necessary
condition for a troublefree pumping.

Concrete has often been pumped at
temperatures lying 15-20 C below zero. Only
seldom the pipeline itself is preheated at
extremely low temperatures. it is essential and
prescribed to preheat the aggregates and the
mixing water, this will prevent the concrete from
perishing. Long pipelines can also be preheated
priorto pumping in order to avoid a considerable
cooling down of of the concrete. This is
especially valid if prestressed concrete is used
which requires an early strength.

At each building site blockages are feared,
the causes of which cannot be recognized
immediately. Whenever a concrete pump
operates properly while running idle, blockages
cannot be attributed to the machine but to the
material pumped. A concrete pump does not
change the properties of the concrete. Blockages
are the consequence of concrete difficult to be
pumped or not at all pumpable, of leaky
respectively dirty pipelines or of human failure.

Blockages are distinguished by certain
visible symptoms. A typical blockage always
looks like a completely dry concrete plug trom
which the mixing water has been squeezed out.
Very often it appears as if no cement has been

added at all since the coarse aggregates and the
fines appear in their original colours.

A sure sign that a blockage has occured is
thatthe gate valves do notreverse properly. Each
blockage in the pump or the pipeline can be
recognized by a sudden increase of pressure
indicated on the gauge or concrete pump
immediately stops any operation. If the valve
reacts immediately, this is a sure sign that the
blockage has occured in the pump respectively
directly behind the pump. If the pressure rises
slowly to maximum in the hydraulic system, this
means that the blockage has built-up in the
pipeline or at its end.

Difficult to be pumped concrete tends to
cause blockages duetoits structure. It is obvious
thata difficult tobe pumped mix can be sucked in
only with great difficulties. Asking about the
reasons-without cosidering the consistency-one
recogniezes that the flexibility of the concrete
and its interior friction play a decisive part. A
homogeneous and well mixed concrete in any
case will have a lower interior friction. If an
unhomogeneous mix enters the gate valve
housing, the gates will need a considerably
higher force to cut through the concrete. The
required force may rise infinitely as a result of a
hard column formed by compressed concrete
which refuses to move in the pipeline due to its
structure. This column-compacted to a plug-
blocks the whole pipeline and thus the pumping
process.

The categories of concrete difficuit to be
pumped are as follows:

a) Bleeding concrete

b) Extreme concrete consistency

c) Concrete with unsuitable aggregate
grading

d) Concrete with inadequate proportion of
fines

e) Concrete with excessive amount of
chemical additives

f) Concrete setting too quickly

g) Concrete with chemical, air entraining
agents (elastic concrete)

The so-called bleeding concrete has water
repellent properties and does not absorb the
water. This means that the lubricating properties
of the concrete are lost. The cement grout is
“watery”. Bleeding concrete is easily recognized
by the factthatin approximately 2-5 minutes after
the pump has been stopped water will setin the
hopper. When observing the discharge end of the
pipeline it wiil be noted that in addition to
concrete also water will emerge. In this case the
concrete plug is not surrounded by an adequate
coating of cement grout. Blockages due to
bleeding concrete are created by the
segregation of concrete in the pipeline because
oftherepelied water. The coarse aggregates sink
on the ground of the pipeline; the water-
separated from the cement-fills the upper space
of the pipeline. A lubricating film on the pipe wali
and in the concrete itself-an absolute necessity
for concrete pumping-is not available. Bleeding
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of concrete will particularly occur during longer
interruptions. If this concrete has to be pumped
or blown-out, it can no longer be moved as a
column through the pipeline (too high friction).
Very often the pipeline then must be cleaned
manually.

The bleeding of a concrete can be avoided by
reducing the amount of mixing water. The ratio of
water to be added should not exceed the quantity
that really can be bound by the cement. Generally
it should be observed that the water in the mixer
must have the possibility to amalgate intensively
with the cement, i.e. the mixing time must be
observed very carefully. Porimarily in the case of
blastfurnace cement(short or brittle cements)an
adequate mixing time must be adhered to since
these cements tend to early repel water. The
bleeding of concrete can also be avoided by
adding fine sand (0-0.2 mm) or other fines
because the grain sized O also binds water. In this
connection concrete must contain approx. 350-
400 kg of fines per cubic meter. Only concrete in
extreme consistency ranges (too thin or too stiff)
will tend to cause blockages. This applies
especially to thin concrete. These blockages will
appear in the gate valve housing and are
recognized by a sudden jamming of the gate
valves. In extreme cases this will happen in
regular intervals.

The blockages are caused by too liquid
cement grout which becomes free by the
pumping pressure and builds-up in the gate
valve housing and blocks the movement of the
gate valves. Such blockages can be avoided by
producing stiffer concrete consistencies. Wrong
grading of aggregates is either not pumpable at
all or only with great difficulties since the grout is
inadequate to provide the necessary fitm for the
aggregates and the pipeline wall. If blockages
occur in spite of a good pumping progres the
cause will be found in most cases in a failure of
the batching plant. On many building sites it has
been noted that the content of fines has been
reduced unintentionally when supplying different
sand. Therefore the sand has to be checked with
regard to its proportion of fines. If thereis alack of
fines, it must be compensated by cement,
lubricating sand, stone dust or trass. If the sand
contains too much fines, their proportion mustbe
reduced. If there are too many fines (for example
too much cement)in the concrete, the pressure of
the piston will no longer be transimtted in a
longitudinal direction of the pipeline from grain to
grain, but like water in all directions. This means
that there are too many fines which try to avoid
the pressure and press against the pipeline walls.
Thus the friction increases considerably and the
concrete pump needs a higher force to overcome
itt Due to these high pressures the sand is
pressed againstthe pipeline and builds-up, since
the surface of the sand has a higher friction
coefficient than the pipeline. In order to avoid
these blockages the proportion of sand, fines or
cement shoud be reduced or medium-sized
grains should be added in order to increase the
surface of the grains.

As already pointed out, blockages may occur
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if excessive quantities of chemical additives are
used. An excessive quantity of air entraining
agents for example is recognized by the fact that
in case of long delivery pipelines the concrete
flows back into the hopper when the gate valves
arereversing. Consequently the concrete can be
compressed and expands during the reversing
process. In this case the concrete can be heard
moving backward and forward in the pipeline
and this may cause segregation and blockages.
With regard to all chemical additives it must be
determined on the site how the used cement
reacts upon the used additive in case of different
temperatures and dosages. Retarding agents,
e.g., may become accelerators merely due to an
increase of temperature. By adding a too high
dosage of additives or by changing the type of
cement the same effect may be reached.
Therefore it is necessary to establish a
diagramme considering all these facts before a
chemical additive is used.

High-grade cements are used if an early
concrete strength is needed. The hardening
process of such cements is rapid. Blockages may
therefore occur because of rapid setting of the
concrete if there are long interruptions of
pumping. The setting process can be further
accelerated by high temperatures.

Blockages caused by such high-grade
cement naturally mostly occur during relaying or
blowing-out of the pipeline. Whenever concrete
containing high-grade cement has to be placed,
well-trained operators should be employed. The
time for relaying the pipeline must be kept to an
absolute minimum and the preparatory time for
blowing-out should be as short as possible.

Often blockages may occur because of a too
short mixing time-particularly with reverse drum
mixers. This applies especially when a stiff
consistency of the concrete to be pumped is
produced. It is clear that stiff concrete
consistencies require a longer mixing time than
soft concrete. Difficulties due to too short mixing
time will mainly occur if the mixer is too small in
relation to the output of the concrete pump.

Blockages may occur at the beginning of the
pumping due to insufficient ortoo thin lubricating
mix. The dry pipe walls absorb the grout,
therefore long pipelines need more lubricating
mix. Blockages occuring while starting the
pumping operation are always recognized by a
scraping noise'at the beginning of the concrete
column in the pipeline. If too thin lubricating
mixes are used very high pumping pressures will
occur due to their great plasticity. It is therefore
recommended-particularly in case of vertical
pipelines-to use a stiff lubricating mix.

The cause of blockages is seldom found in
the pipeline. However, blockages may occur due
to pipelines not properly sealed or insufficiently
cleaned or when discharge pockets are not used
properly.

When a pipeline has not been laid properly
thereis the danger that pipe joints will leak. Such
leaks are caused by dirty or damaged flanges,
defective locking strirrups and by assembling the




pipeline under tension. Due to leaky connections
water and cement grout may escape from the
pipeline thus diminishing the lubricating
properties of the concrete. Blockages are the
consequence. On the other hand, leaky pipelines
impede also the blowing-out process. The
compressed air can escape and the air pressure
is insufficient to push the concrete column
through the pipeline.

Dirty pipelines can cause difficulties right at
the beginning of the pumping operation because
remainders of old set concrete in the pipeline
brake down the flow of the concrete. It has to be
mentioned briefly that the lubricating grout is
difficult to be pumped due to the high friction
values caused by their plasticity.

If a hose is used at the end of the pipeline,
blockages can only occur due to improper
operation. When using a flexible end section the
following should be borne in mind:

a) The value of friction in the hose is higher
than in the pipeline.

b) Careless manipulation of the hose may

easily kink it.

Due to the higher friction value in the hose
sometimes blockages may occur at
commencement of pumping. To reduce the
frictionitis recommended to flush the inside with
water. When operationg with a hose and if a
blockage has occured in the system, it will mostly
be found either in the taper piece or at the rear of
the hose.

It has been pointed out already what should
be borne in mind when using downward sloping
pipelines. At the commencement of pumping a
blockage may occur if the plug inserted in front of
the [ubricating mix does not brake it down. The
result will be that the mix cannot lubricate the
upper wall of the pipeline. This means danger of
blockages. Downward sloping pipelines may run
empty. The coarse aggregates will then roll ata
different speed than the fine aggregates, and the
concrete will bleed.

When using downward sloping pipelines
generally care should be taken thatthe flow of the
concrete does not break. Here the installation of
stowing bends assists. If the “concrete sausage”
breaks the concrete will crumble resulting in
segregation and blockages.

Blockages mostly occur at certain points of
the placing system. To locate them quickly one
should know where they tend to occur. All
blockages are especially easily occuring in
places where the concrete is subjected to
deformation. As already mentioned, the taper
piece has to be considered as a safety element
and therefore it is provided with turn-buckles.
Thisisthe first place where an operator mustlook
for a blockage.

If a drop of output is observed during
pumping-the hopper of the pump is emptying too
slowly and onsufficient quantities of concrete
reach the end of the pipeline-the cause may be in
the pipeline or the concrete to by pumped. It is
presumed, of course, that the stroke remains
unchanged, other-wise there must be a
switching failure. In this case the respective

operating instructions have to be observed. If
adjustment has been made, the drop of output
must also have been remedied.

The prerequisite of a maximum output is not
only agood pumpable concrete butalso anormal
pipeline. Extremely long pipelines, excessive
placing heights and particularly unfavourably
laid pipelines will result in a drop of ourput. If
extremely long pipelines are used the concrete
must under no circumstances contain air-
entraining agents.

For vertical placing it is of advantage if a
certain length of horizontal pipeline precedes the
vertical pipeline should be long enough to
constitute a counter-weightto the concrete in the
vertical line. The advantage of this “starting way”
outweighs by far the possible disadvantage of
such a longer horizontal pipeline.

it would be wrong to attempt to compensate
such natural drop of output by using a thin
concrete. Practice has shown that the leastdrop
of output is to be noted when using stiff concrete
consistencies.

As already mentioned, air cushions have a
detrimental effect on trouble-free pumping. This -
applies in particular to pipeline leading
downward where air inclusions will accumulate
at the highest point, directly before the slope of
the pipeline. However, this will only be
detrimental if the highest point of the pipeline is
followed by a relatively long pipeline.

Such air inclusions are natural and occur
during mixing of the concrete. They should notbe
taken for micropores intentionally procuced by
air-entraining agents. The air inclusions are
compressed during each piston stroke. If the
concrete column between the air cushion and
the pipeline highly resists the pressure, the air
can only expand towards the concrete pump.
During each reciprocating stroke of the gate
valves a part of the concrete will flow back into
the hopper. This can be seen in the hopper and
results in an extremely high wear besides the
drop of output.

An air cushion can be removed by drilling a
hole in the pipeline so that the air can escape
during the concrete placing. it has proven
practical to put a nail respectively a piece of wire
into the hole (5-8 mm) which is moved by the
concrete and keeps the aperture open. The
pipeline practically is not damaged by the hole
since the bore closes itself lateron. However, it
must be ascertained thatthe hole is closed with a
timber plug when blowing-out the pipeline.

As natural air inclusions may affectthe output
of the concrete pump, so may extreme of
additives. Particularly in case of long pipelines a
huge number of minute air-pores (micrn-nores
produced by air-entraining agents) react like a
closed air cushion which can be compressed.
This process can under certain circumstances
become so extreme that the complete piston
stroke is absorbed and the output of the concrete
pump practically drops to zero. This will
frequently result in blockages. A similar effect as
with air cushions in the pipeline will also occur
with too plastic concrete. Therefore an excessive
dosage of wetting agents should be avoided. 35




Theoretical computation of acoustic emission signal
trends for monitoring metal cutting tool wear

INTRODUCTION

This paper reports an investigation of
monitoring cutting tool wear during turning by
Acoustic Emission (AE). Some progress has
been made in applying metal cutting theory to
predict AE signal levels. Supporting
experimental resuits are presented.

AE is unique in the field of tool monitoring in
that it offers the potential to simultaneously
monitor progressive wear, chip condition (1),
and cracking (2). However, research results
have not yet reached commercial standards of
robustness. In multi-operation turning centres,
calibration of AE instrumentation would be
required for each tool. A knowledge based
system capable of predicting AE levels
theoretically would reduce this disadvantage.

EXPERIMENTAL INVESTIGATION

The experimental work utilised a conventional
Colchester Mascot lathe, Sandvik toolholder and
carbide insert type TNMM 015 P15. A Dunegan
D9201A piezo electric AE transducer was
mounted on the end of the toolholder, connected
to a 40dB preamplifier. The AE signal was
captured on a Nicolet 2090 oscilloscope (2MHz
sampling) and signal analysis was carried out off
line. The signal could also be passed through a
true r.m.s. converter with switchable averaging
time. The tool forces were measured by strain
gauges on the toolholder.

The ability of AE to detect progressive wear is
illustrated in Fig 1. Extracts of 2 millisec duration
ofthe unprocessed AE signal are shown after: (a)
4 min cutting and negligible wear (b) 52 min and
0.51 mm major flank wear. The speed, feed rate
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and width of cut were respectively 150 m/min,
0.2 mm/rev, 200 mm. With appropriate initial
calibration and choice of threshold level for event
counting it is possible to signal excessive wear.

Other authors (3) have found that the spectral
characteristics of the AE signal change with
progressive wear, the amplitude increasing
substantially in the freguency range 80-150kHz.
The spectra of the above signals Figs 2(a)showa
similar increase in aplitude in the frequency
range 100-200kHz. However with current
transducer technology it is doubtful whether
wear can be reliably predicted from spectral
changes, because the AE spectrum is dominated
by the transducer’'s own response
characteristics.

The AE signal varies considerably with chip
form, as can be seen in Fig 3(a)-(c). This shows 4
sec extracts of the rms AE signal for (a) an
untangled continuous chip (b) a chip regulariy
broken by an obstruction chipbreaker () a
tangled continous chip. There is a sharp contrast
between the continous emission in Fig. 3 (a) and
the bursts arising from chip fracture in Fig. 3(b).
The rms averaging time in (b) has to be selected
to conform with the chip breaking rate.
Comparing Fig. 3(a) and (c) it is seen that there is
also dramatic change in signal level when a
continuous chip tangles. Evidently AE offers the
potential basis for a chip management system as
proposed in (1). The present author’s
investigation of detecting tool cracking by AE has
so far proved unsatisfactory. Small increases in
AE are detectable after cracking, but the burst-
type emission from chip breaking tends to mask
that associated with tool cracking. Further
investigation is needed of this important
application for AE monitoring.
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Fig.1: Unprocessed AE signal after (a) 4 min (b) 52 min cutting
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Fig. 3: AE rms signal for (a) continuous (b) broken (c) tangled chip

THEORETICAL PREDICTION OF
AE SIGNAL LEVELS

The foregoing illustrates the potential of AE for
tool and chip monitoring. A multi-operation
turning centre would require calibration for each
operation. This might be reducible to a single
calibration if it were possible to predict
theoretically how the AE signal varies with
varying cutting conditions. A previous attempt (4)
to establish a quantitative relation between AE
and cutting parameters had limited success. This
was based on the proposition that the AE signal
energy rate is proportional to the cutting work
rate

rms2 a oeV

1)

The cutting work rate was expressed in terms
of the cutting parameters by applying the Ernst
and Merchant theory of chip formation. This
ignores the dependece of work material shear
flow stress on strain-rate and temperature. Strain
rate particularly is known to influence AE.

For this reason the present work utilised the
cutting theory proposed by Oxley and Hastings
(5). This theory, which makes use of the concept
of velocity modified temperature to determine
work material flow stress at the elevated

‘orthogonal

temperatures and very high strain rates present
in metal cutting, relies heavily on experimental
data.

A series of experiments was performed to
establish whether the cutting work rate as
predicted by the Oxley and Hastings theory
exhibited the same trends as the measured AE
rms2 signal. Some preliminary experiments were
also performed to determine the influence on the
AE signal of factors such as tool position,
workpiece mounting, and the degree of previous
surface work hardening. These factors were
found to have no measurable effect on the AE
signal. A further experiment was carried out to
determine the variation between the AE
generated from orthogonal cutting and semi-
orthogonal cutting. The tool tip nose radius was
0.4mm resulting in minimal cutting on the minor
flank. Although Oxley's theory is derived
assuming orthogonal cutting, good agreement
was observed between experimentally
measured and theoretically predicted cutting
work rates for both the orthogonal and semi-
cutting tests. There was also

negligible difference in AE and measured cutting
work rate between orthogonal and semi-
orthogonal cutting, except at very smail widths of
cut, when cutting on the minor flank becomes
significant.
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The correlation between the AE rms2 and
cutting work rate was then investigated. Close
agreement was observed between theoretically
predicted and experimental values for cutting
work rate, substantiating Oxley and Hastings
theory. However, the AE rms remained constant
with width of cut, whereas cutting work rate
increases. The only theretical parameter to
exhibit similar trends to the AE.rms2 was the
calculated strain rate. Fig. 4(a), (b), and (c) show
respectively the AE rms and calculated strain rate
plotted against (a) width of cut, {b) feed rate, and

(c) cutting speed. The same information is
replotted in Fig. 5 to show the correlation
between AE rms? and the calculated strain rate.
The apparent insensitivity of the AE rms to
volume in Fig. 4(a) is difficult to account for, but
has also been observed by other authors. It may

be a peculiarity of the particular instrumentation
set up. The dominance of strain rate in
determining AE activity is easier to accept
because the material flow stress in equation (1) is
itself dependent on strain rate.

In view of the correlation observedin Fig.5itis
natural to consider firstly the possibility of a
simple linear relation between the AE rms2 signal
and strain rate. Thus a given toolholder
instrumentation set up may be calibrated with a
test piece having known material properties. A
leastsquareslineis drawn from AE data obtained
in cutting tests at three different (calculated)
strain rates. This calibration line is then used to
predict AE rms levels for other operations for
which it is possible to calculate the strain rate
from the Oxley and Hastings theory. Within the
limited scope of this investigation this was found
to be accurate within 10%. Having predicted the
initial ‘sharp tool" AE level, wear thresholds can
be imposed.

Further research is clearly required using
alternative workpiece materials, and machining
operations. The implementation of intelligent tool
monitoring requires a CIM system capable of
performing the cutting theory calculations and
equipped with a knowledge base for containing
material properties data.
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Cold Fusion or Nuclear Confusion?

INTRODUCTION

On March 23, 1989 chemists Martin
Fleishmann and Stanley Pons shocked the
scientific world by announcing at a press
conference that they had obtained evidence of
nuclear fusion occuring at room temperature,
using a simple electrolytic apparatus at the
University of Utah, USA. Only a week later
physicist Steven Jones of Brigham Young
University, also in Utah, USA, announced that he
too had been producing ‘cold’ fusion
independently in a similar set up. | will attempt
here to setand review the scene as it has evolved
over the last two months.

NUCLEAR FUSION - THE SCENE

The excitementgenerated is clear because for
40 years everyone believed that fusion is a
process in need of temperatures in excess of a
million degrees which can only come about in
enormously expensive machines like the JET
(Joined European Torus) project at Culham, UK.
This is because, before two light nuclei come
sufficiently close together to attract each other
via their nuclear forces, they must either pass
over or tunnel through a Coulomb barrier. Of the
many energy releasing fusion reactions, the most
important are between heavy isotopes of
hydrogen. For cold fusion, i.e. fusion at room
temperature, to occur the possible relevant
reactions are:

2 2 3 1
H + H—=s He+ n +334MeV... (1)
1 1 2 0
and
2 2 3 1

H+ H—e H + H+4MeV ... 2
1 1 1 1
2
H = deuterium or D or deuteron
y

1
n = neutron

0

1

H = proton

1

3 3

H = Helium-3, H = tritium
2 1

The energies on the right-hand side of the
equations represent the energy release in each
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reaction, which for a given mass of fuel is larger
than thatreleased by ordinary fission. Now,for the
two deuterium nuclei to fuse in any one of the
above two reactions, the nuclei must collide with
highimpactenergies. Atlow impact energy these
reactions would be forbidden classically,
because Coulomb repulsion between the nuclei
prevents them from approaching to within 107'°
m required for nuclear forces to become
operative. However, the motion of the nuclei is
actually governed by quantum mechanics, so
there is a finite (but very small) probability for the
nuclei to tunnel through the Coulomb barrier, and
fusion at low energies is indeed observed. it has,
for the past 25 years, been speculated, that the
fusion rate can be increased at room temperature
by a process known as muon catalysed fusion.
Here, the internuclear spacing is reduced by
using a negatively charged muon to replace an
electron in the D*2 molecule. Muons have a mass
of 207 electron masses and the D-D-muon
molecule is reduced in size by this factor, with a
consequentincreasein the tunnelling probability
of about 85 orders of magnitude over that in the
normal molecule.

Hence, ifan experimental scheme for releasing
energy by fusion at room temperature, as
suggested by the Utah teams, is successful, the
enormity of the consequences is apparent to
everyone: limitless, cheap fuel for ever.

The experimental evidence

The detailed information about the
experiments of the Utah teams came after their
announcements in two papers, one by Fleishman
and Pons (in J. Electroanal. Chem., 261, 301-308)
and one by Jones et al (Nature magazine, 1st
Week, May). Both groups used electrolysis.
Fleishmann and Pons (hitherto referred to as F
and P) have employed a conventional electrolytic
arrangement with a spiral platinum anode
surrounding a palladium cathode, the electrolyte
being D,0 (99.5%) enriched), heavy water, i.e.
water that contains deuterium, an isotope of
hydrogen. The electrolyte was made conducting
with LiOD. The cathodes ranged from 1 to 4mm in
diameter with current densities ranging from 8 -
512 mA.cm™ Sheet cathodes and anodes have
also been used. The Jones et al experimental set
up employed similar electrolytic cells with
Titanium and Palladium cathodes and the
electrolyte contained Fe, Ni, Pd, Ca and Na in
ionic form. .

Measurements made in the experiments were
of two types: calorimetric and nucleonic. The F
and P calorimetric measurements indicate heat
generation at a steady rate over periods in
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excess of 120 hours. No details are given for the
incubation period before heat release in the
paper and the calculation of the heat release
depends on a range of assumptions about
reactions involved, and although later F and P
quote a four-fold gain in energy in the form of
heat, the total quantity of heat-up to 4MJ.cm™ - is
not compared in the paper with the energy
supplied during the incubation period.

The details of the nucleonics experiments are
even sketchier. They consist of (i) Detection of
2.5 MeV vy-rays from the interaction of fusion
products (neutrons) with water, using a sodium
iodide crystal (ii) Detection of neutron flux from
the nuclear reaction using a neutron rate monitor
and (iii) liquid scintillator measurements of tritium
accumulation in the electrolyte. The neutron flux
is reported to reach three times background,
corresponding toareaction rate of4x10*s-1 in
the 4mm diameter rod and the y and tritium
generation rate measured was consistent with
this.

The Jones et al experiment was centred
around studying the neutron generation using a
very sophisticated spectrometer which
established a very definite peak in the 2.5 MeV
energy range.

Many other research groups of chemists and
physicists around the world have climbed the
bandwagon trying to reproduce ‘cold fusion’.
There have, thus, been two of the strangest
months in the history of science. Hardly a day has
gone by without a press announcement from
somewhere - Texas, Georgia, ltaly, India,
Czechoslovakia, Soviet Union - that at least
some parts of the original experiments have been
replicated, providing, however, little in the way of
detailed measurements. Nevertheless, many
other workers are throwing cold water on cold
fusion: None ofthe major laboratories in the USA
(Brookhaven, Yale, M.LT., Oak Ridge, Los
Alamos, Lawrence Livermore et al) or Europe
have obtained positive results. Attempts by the
Harwell laboratory in Britain and Garsching in
Germany have produced nothing, even though
Fleishmann himself checked the experiments.
Also, scientists in Japan and Switzerland
announced that their own experiments
convinced them the original work was flawed.
Typically contradictory are very recent results
from Stanford and Drexel Universities in the USA
who specifically carried out the control
experiment of using ordinary water instead of
heavy water. Fusion is not expected in this case
since ordinary hydrogen nuclei are involved.

Meanwhile, F. and P., who submitted their
results to Nature magazine, have had their paper
rejected for failing to supply, among other things,
more information on how their energy output was
calculated, to the referees.

Explanation of results

F.and P.argue thatthe very high yield of 20 W.
cm® obtained in their experiments is higher than
any conceivable chemical process can produce.
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So it must arise, they say, from a nuclear reaction
betwen deterium nuclei. Jones et al invoke the
same nuclear reaction.

What is beyond doubt to say is that during the
electrochemical process the electric current
splits the heavy water into oxygen anion and
deuterium cations. The latter are absorbed by the
palladium (or Titanium for that matter) cathode.
Palladium (Pd) metal has an f.c.c. structure and
under normal conditions, deuterium can occupy
the octahedral interstitial sites. If all these sides
are filled, one gets PdD, having the sodium
chloride structure and this has a D-D separation
of about 2.5 x 107" m. At ambient temperatures
and pressures the B-phase (condensed lattice
gas) is formed at concentrations above 67% but
much higher effectictive pressures are supplied
by electrolysis. F and P have claimed an effective
pressure of{1027bars which is equivalent to an
‘overpotential’ of 0.8 eV. This means that the
deuterium in the metal will move into sites with
potential energy up to 0.8 eV above that of the
original octahedral sites. Given that the diffusion
activation energy is about 0.4 eV, this means that
atthis overpotential all the octahedral sites would
befilled and that some deuteria could be in either
tetrahedral sites or, as F. and P. suggest, in some
rather freely diffusing mode. Forced so closely
together, the intuitive argument goes, the
deuterium nuclei fuse together. A question that
arises here is why some at least of the deuterons
do not form atoms and then molecules since
there are plenty of electrons inside the palladium
lattice to do so? This deuterium would be picked
up as a gaseous product of the electrolysis. Linus
Pauling, himself a chemist Nobel iaureate, has
openly made it clear that he can explain the heat
released by arguing that when absorbing high
concentrations of deuterium, the paliadium
crystal lattice becomes unstable and deteriorates
releasing heat.

Most nuclear physicists, as well, are still
extremely sceptical about cold fusion taking
place. They find the results of F. and P., which
differ substantially from those of Jones, much
more difficult to explain in terms of nuclear
physics. For a close look, the fusion of two
deuterons can go either the way of equations (1)
or (2). The product easiest to detect is tritium
because it is radioactive. In the first process, the
neutrons emitted have a characteristic energy
which is what Jones measured, unlike F. and P.
who did not carry out such measurements, but
have instead tried to look for tritium and y-rays.
They have apparently detected y-rays with an
energy of 2.2 MeV which can result from the
capture of neutrons by protons in water to form
deuterium nuclei: '

1 1 2
n+ H—s H+y
0 1 1

There is, however, no indication that these
came from the cell itself and the rate of neutron
production they imply is about a hillion times too




low to account for the heat produced. Also, the
levels of radioactivity of tritium they quote appear
to be far lower than would be expected.

To explain a lot of energy and few neutrons as
reported from Utah, P. Hegelstein, an M.I.T
theoretical physicist, postulates that two
deuterium nuciei fuse to form a single nucleus of
helium-4 (3 He) sidestepping the difficulties that
an isolated deuterium nucleus has in embracing
its neighbour. In this way no neutrons and no
y-rays will be produced and the surplus energy
will be passed on straight to the lattice. This
would, however, require the detection of helium-
4 in the experiments. K. Johnson of M.LT
disagrees with Hagelstein saying that only a
small amount of nuclear fusion is occuring and
the energy is due strictly to chemical reactions.

The other possibility which has been
considered is that the fusion reaction occurs but
it is catalysed by muons. The muons arise from
cosmic rays reaching the Earth’s surface from
outer space. Variation in cosmic ray intensity
could explain why cold fusion has not been
reproduceable in all laboratories.

Conclusions

The situation as it stands atthe moment is very
confused both on the experimental and on the
theoretical front and one is waiting for the
establishment of a consistent experimental
picture. The experiments are fraught with
difficulties; firstly, measuring the neutron flux is
an extremely tricky process and good
calorimetry to account precisely for all the heat
sources is even more difficult. Secondly, F and P
have notgiven enough details and haven’tshown
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anybody their set up in Utah, although they are
eager to visit and help other iabs repeat their
experiments. The team have also given
conflicting statements about how long, for
example, it takes for fusion to start.

More experiments, therefore, must be carried
out to establish the results, if they can be
established. All the work reported so far has been
sloppy to say the least and inconclusive. How do
they rule out that heat does not come from a
chemical reaction betwen oxygen and hydrogen
released in the experiment? This is why 1500
physicists at a meeting of the American Physical
Society during the first week in May in Baltimore,
proclaimed their verdict on the experiments: no
way have they demonstrated fusion. The
physicists challenged both the heat
measurements (unstirred solution in the set up,
thermometer placed in a ‘hot spot’, etc) and the
radiation measurements (might be coming from
radon, background radioactivity, already present
inthe laboratory’s air). Caltech’s S. Koonin wenta
step further to say: “We are suffering from the
incompetence and perhaps delusions of
Professors Pons and Fleischmann”.

However, the debate over cold fusion is not
likely to finish here and many of the young, and
sometimes conflicting theories, put forward are
also likely to be wrong. But a new field has
opened up for researchers to delve in; that of
nuclear catalysis or the study of ways in which
the physicochemical environment can influence
or bring about nuclear reactions. Indeed, the
stakes are extremely high, although no one
knows or can imagine how well cold fusion, if it
occurs, might perform on a scale larger than a
laboratory bench top.
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Microprocessor Controlled
Three-phase Transistor Inverter

1. INTRODUCTION

This article reflects mainly project work carried
out at the HTI in relation to third year students’
projects.

A three-phase Inverter converts dc into three-
phase a.c. Such an inverter consists necessarily
of six switching elements, a dc supply and a
control circuit.

]Il- tVA

CONTROL
CIRCUIT

Fig. 1: Outline of a 3-phase inverter

Each switching element shown in fig. 1 can be
a Thyristor, a Gate Turn-off Thyristor, a Bipolar
Transistor ora MOSFET. The switching elements
start conduction in the sequence T1, T2, T3, T4,
T5 and T6 with a phase difference of 600. The
duration of conduction for each element can be
either 1200 or 1800. The 180° duration for
conduction gives better output waverforms. Such
waveforms are shown in fig. 2. Variable
frequency inverters are mainly used for induction
motor speed control
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Fig. 2. Output waveforms of a 3-phase Inverter for 1800
conduction.

2. A MICROPROCESSOR CONTROLLED 3-PHASE
TRANSISTOR INVERTER
With reference to. fig. 3, the microprocessor
must produce six pulses through output port B in
the sequence shown in fig. 4 '

The time duration of each pulse must be half
the period of the output waveforms. The
frequency of the output waveforms is selected by
the BCD switches through port C. The six
optoisolators used provide the necessary
isolation between power and control circuits.
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The diodes across the power transistors provide with a delay between the 6 number equalto: —---
a path for the return of reactive power from the 6f
load to the d.c source. The 6 numbers are: 62, 43, 67, 1C, 38, 70
Program Flowchart
D1
READ PORT
D2 (l:
‘ SAVE
ACCUMULATOR
D3
S e
D4
— — e
Ds
D6

Fig. 4. Control pulses from port B

3. THE CONTROL PROGRAM

The purpose of the control program is to
instruct the microprocessor to read the
frequency required, f, from input Port C and
produce the following 6 numbers at output Port B
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4. CONCLUSIONS

Three-phase inverters are mainily used for a.c
motor cantrol. They can also be used for
uninterruptible power supplies and for induction
heating. For a.c motor speed control the
fundamental harmonic of the output waveform is
the one which will produce the useful torque in
the motor. All the other harmonics will cause
vibrations, losses and some of them will cause
reverse torques.

For the purpose of using the maximum power
capabilities of the a.c motor, the ratio V/f(voltage

over frequency) at the input of the motor should
be about constant. To achieve this the dc supply
to the inverter should be variable having a
voltage proportional to the output frequency of
the inverter. This article reflects the work
carried out up to now atthe HTI. The work on the
inverter will be continued in the future to produce
an output having a V/f= constant.
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Acoustic Intensity and its applications

The decade of 1980's is characterised by a series of deve-
lopments most of which are due to the growing field of high
speed data processing. Computers which were used for
mathematical manipulations are also used today for data
acquisition. Dedicated systems of a great number of simulta-
neously sampled data channels can easily be built today.

The use (and advance) of data collection arrived with the
“real time processing”. This term refers to the data which is
processed faster than it can be collected. This capability
allows data manipulation at a speed higher than the
sampling rate of the computer. In other words the acquired
data contain no gap (and no data in lost due to processing).

Acoustic Intensity

Acoustic Intensity is an unknown quantity to
many persons who are familiar with Acoustics (!).
Even books written before 1984 refer to acoustic
intensity as a calculated-non measured quantity.
Today though with the real time processing a
four-channel data collection scheme can be
used to measure three dimensional acoustic
Intensity.

The Method is based on a finite approximation

P1 P2
2A ?
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Polyvios Eleftheriou
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technique developed by Fahy [1] in 1977. The
technique was first applied by Chung and Blaser
[2]. Sincethe intensity can be calculated from the
product of local pressure and particle velocity,
Fahy showed that the following formula can be
applied to approximate the vector of intensity.

Practically the pressure is found as the
average pressure measured by two closely
located microphones. The velocity is also
calculated from the difference of the signals
obtained by the two microphones. One needs to
recall here thatboth the preasure and the velocity
are functions of time and so the phase difference
between the two microphones (channels) is very
important. This fact requires the use of “phase
matched” pair of channels and simuitaneously
collected data. In other words no multiplexing of
data channels is allowed if phase is to be
measured. Figure 1 outlines the technique of
measuring Acoustic intensity.

-
( N

ﬁ
N

Computer

Fig. 1 Measurement of Acoustic Intensity
requires the use of two channels and a computer

Areas of Application

The value of the method can be understood if
one realises that the large and expensive
reverberantrooms are not required for traditional
acoustic measurements. Fourier transform can
easily be applied to the data collected through

the matched channels and frequency analysis is
only limited by the speed of data collection (i.e.
the speed of the computer used).

In few words to check a device for noise
generation one has to map the volume around
the device with an “intensity probe™ and the totai
power can be calculated by multiplying the area
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and the intensity. The result provides also the
operator with the frequency spectrum at different
locations. Data mapping is very important
because a “small noisy” component of a
complicated device can be identified and
corrected.

Applications to turbomachines

Turbomachines are used in most areas of our
civilization. Cars, air conditioning, etc., use such
devices for different reasons. Often those
devices are “noisy” and treatment is required.
Treatment up to now was based on the “art of
designing” (!) rather than true understanding of
the mechanism of noise generation. Applying the
method of measuring the Acoustic Intensity, the
troublesome spots of the device can be found,
the frequency analysis can be performed, and the
total acoustic energy produced can be
calculated.

The method was applied in an in-duct situation
for a vane-axial fan. Mapping of the flow area
required special treatment. Figure 2 shows the
results of this effort.

in-duct Intensity Distribution

Fig. 2 In-duct mapping of the Acoustic energy flow

A very important observation from the result of
Fig. 2 is thatthe above result represents only the
“acoustical energy flow” for a particular
operating point of a fan (set pressure rise and
flow rate). The energy flow looks like a travelling
ring and the patternreaches its “fully developed”
shape downstream. The profile of the acoustic
energy flow is very similar to that of fluid velocity
as it reaches a fully developed velocity profile
downstream,

The biggest problem in applying this method
for an in-duct situation is that the flow is
fluctuating and analysis becomes very difficult.
Separation of noise and flow fluctuation is a
rather difficult job. Also, the minor changes due to
the variation of the operating point of the device
results in drastic changes in the readings.
Neglecting those difficulties the simplest test, that
of operating point, is presented here.

Itis well known thatthe design pointof adevice
is the “best” for it to operate at. Very commonly
though engines are operating over a range of
conditions. It is odd to find that for the case of
axial fans the best operating point, from the point
of noise generation, is not the design point but the
peak pressure point. Figure 3 outlines the
behavior of a typical axial fan.
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Fig. 3. Narrow band frequency analysis for a vane-axial fan

What is really happening to the flow and what
makes the device more noisy? Before answering
this question (which is not easy!) it may be wise to
take a look at the performance characteristics of
a vane-axial fan. Figure 4 outlines this
performance.
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Fig. 4. Typical behaviour of a vane-axial fan

Combining the information from figures 3and 4 it
is clear thatthe more the flow the more the noise.
Animmediate suggestion about the noise can be
suggested: turbulence might be the problem!
Here is a case at which the acoustic intensity
helped to overcome the guessing!

After applying the “two microphone
technigue” the pattern shown in Figure 5 was
obtained.

duct wall

Intensity Distribution

A: high pressure
B: high fiow
C: fully developed pattern

Fig. 5. Mapping using an intensity probe at two different
operating points.




Clearly the mapping of the flow area outlines two
different distributions. The mapping reveals that
there are two dinstinct noise generation
mechanisms. The high flow results in more
acoustic energy being generated at the hub of
the impeller and the low flow (high pressure)
results in higher reading at the tip of the blades.

The above mapping resulted in the
examination of the noise generation and gave an
answer which is hard to imagine. A detailed
explanation of the noise generation is not easy to
give due to the speed and loading of the blades. A
simple explanation though is that the high

pressure rise accross the impeller results in high
leakage accross the suction and pressure sides
of the blades which in turn produces noise. The
high flow results in high turning angles and
trurbulence at the hub of the impeller.
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Thermography in medicine

Abstract

This review article attempts to give the general
principles and applications of a technique known
as Thermography, which is used to provide
diagnostic information, non-invasively, for many
disorders or diseases.

Introduction

Thermography is a technique by means of
which the infra-red radiation emitted by a body is
detected, amplified, analysed and processed as
to produce a thermogram or thermalimage ofthe
surface of the body under examination, on a
screen, with distinctive colours.

In effect the technique measures the amount of
heat emitted through the skin and the
thermograms so produced appear “bright”
where there isa “hot spot” area under the skin or
“dark” when the area is cool.

Thermograms are used to map out blood
vessels and thus circulation of the blood, to
detect tumours and arthritic disturbances, to
investigate bone fractures which may be
undetectable using x-rays, to locate the exact
position of tissue destruction for removal by
surgery where necessary and many other
itinesses.

Theory
All objects emit infra-red radiation.

The intensity of this radiation depends on the
temperature of the object, above zero degrees
kelvin.

When a body radiates or absorbs all the
incident radiation of a given wavelength, that
body is said to be a “Black Body” and its
emissivity, €,is then said to be one.

The human body emits infra-red radiation,
(etectromagnetic power), continuously in a
restricted wavelength range in the
electromagnetic frequency spectrum and its
emissivity is about 0.95 which means that it can
be considered as almost one, that is a “black
body”.

The intensity of the infra-red radiation of a
black body depends on its temperature and the
figure below shows the proportion of the short
wave radiation emitted at various temperatures.

Figure 1 shows that as the temperature of the
black body increases, the wavelength at which
maximum radiation occurs decreases.

This fact is formulated by Wien's Law as
follows:

1
Amaxes

2898 2000
In fact it can be shown that Amax= —— = —x
T T
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Fig. 1 Black body radiation at various temperatures

Now the core temperature of the central
organs of the human body (heart, kidneys, lungs
etc), is maintained fairly constant under normal
circumstances at 37°C.

However the temperature at the surface of the
skin varies from location to location (depending
mainly on the circulation below the skin surface),
and has an average value of 33°C.

With a skin surface temperature of about 330C,
T=273+33=306°K, say roughly 300°K, and from
the figure it will be noted that the wavelength in
microns, (or micrometers), at which the body
radiates maximally is about 9.5 microns.

According to the Stefan-Boltsman Law, the
total power emitted at all wavelengths by a body
is given by the equation:

P=o*e*T4 watts/m?
where
P= Total power emitted at all wavelenghts,
o= Stefan’s constant = 5.7 * 107°w M~T7*
T= Temperature of the body in °K

if the temperature of the surface of the skin is at
a temperature of Ts degrees Kelvin and the
person under examination is in an environment.
where the ambient temperature is TAOK, then




Stefan-Boltsman equation becomes:
P = o*e*(Ts" - Ta" watts per metre square, (w m-2).

And if the surface area of the skin, (which
depends on the height and weight of the person),
is A sq. metres, the energy emitted by the body is:
E=c*e*A*(Ts*-Ta*) watts per second.

Actually the effective radiating area of the body
is about 80% of the body’s surface area, hence
the energy emitted by the body becomes:
E=0.8*c*e*A*(T5"Ta%)

If we assume a skin surface temperature of
330C, that is 273+33=3060K and the subject
under examination is in an environment of
ambient temperature 220C, i.e 295 0K, then the
power radiated from the human body will be:
P=0.8*5.7*10‘8*0.95*1.8*(3064—2954)

P=93 Watts approximately.

Since the temperature of the skin varies from
location to location, Ts is not constant and thus
the energy radiated from the scanned human
body will vary. ‘

The above forms the basis of thermography.

In Thermographic examinations the patient
lies on a table and a Thermographic camera
scans the part of the body to be investigated.
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Fig. 2 Thermographic camera

The infra-red rays emitted from that part of the
body are reflected by a plane image-scanning
mirror onto a concave focusing mirror, which
focuses the radiation on a small infra-red
detector as shown in figure 2.

The infra-red detector is in effect a
photoconductor made of indium antimonide
material and a small voltage is produced across
its terminals when the incoming radiation from
the surface of the skin impinges on it.

This voltage which in effect represents the
temperature distribution of the part of the body
being examined is applied to a system of
amplifiers where it is amplified and processed
and thence applied to the cathode ray tube which

displays the signal on the screen, producing a
spot of light the intensity of which varies
according to the temperature of the point under
examination.

The image-scanning mirror is made to
oscillate about a vertical axis in order to scan a
strip of the portion of the body and after each
scan the mirror is made to rotate through a small
angle about the horizontal axis thereby scanning
a new strip of the subject.

The radiant flux from the body is scanned both
vertically and horizontally similar to a television
picture and the vertical and horizontal
movements of the image-scanning mirror are fed
to a synchroniser and thence to a display.

in this way the spot on the screen and the point
on the body whose temperature is being
monitored are synchronised and a picture is
displtayed showing the surface temperature
distribution of the subject or patient.

The incident infra-red rays are of very low
intensity and thus the noise voltage which

depends on the temperature, e noise = \/4KTBR
can be troublesome.

Forthisreason the |.R. detectoris enclosedina
housing containing liquid-nitrogen which cools
down the infra-red detector and keeps the noise
voltage down to a minimum.

To improve the accuracy and the clarity of the
thermograms it is recommended that the
examination room be thermostatically controiled
as to be cool and dry and in addition the skin to be
examined should have a ten minute precooling
period at about 20°C.

As was stated already thermograms are used,
amongst many applications, to detect and map
out blood circulation.

The pictures in the next page are
Thermograms which show how smoking can
affect blood circulation in hands and fingures of
a smoker are shown in the next page.

Conclusion

Thermography is arelatively new technique as
a diagnostic tool of many illnesses and its future
is promising in view of the fact that it is
considered to be absolutely safe and, more
important, non-invasive.

Thermography is expected to be improved
further still for prognostic and diagnostic
information for many more if not all ilinesses with
little or no “false” results.

References

MSc Course Notes by Dr. D. Jones.
Medical Physics by J. Pope.
Encyclopedia Americana.

Medical Instrumentation by J. G. Webster.

Various literature from manufacturers of Thermographic
units

49




Before smoking

One of the many types of commercially available
Thermographic units is shown below.

1. Temperature Reference Source
2 Medical Thermograph with Mirror
3. Medical Thermograph

4 Vascular Pattern of Female Breast
5. Thermal Profile showing
Temperature Distribution along the
Scanning Line




Solar Radiation

1. INTRODUCTION

For the visitors who come for the first time to
Cyprus, the first thing they notice is that
practically every single house is equipped with a
solar collector. Because of the location of
Cyprus 35 Degrees North latitude the solar
radiation falling on a surface in the Summer
months is quite large, in the range of 1000 W/m?®.
Thus from about 1973 the utilisation of solar
energy was steadily increasing primarily due to
the oil embargo. Thus itis very important to know
the factors affecting the operation of the solar
systems. The primary of them, the input of the
systems, is the Solar Radiation.

In this article an attempt will be made to
analyse the various factors influencing the solar
radiation for the locality of Cyprus. These will
include the Solar Angles determination, the
direct normal intensity and the diffuse solar
radiation. At the end the various factors will be
analysed by means of a computer program
written for this purpose.

2. SOLAR RADIATION

The intensity of solar radiation on a surface
normal to the sun’s rays beyond the earth’s
atmosphere at the mean earth-sun distance of
92,897,400 £ 100 miles is defined as the solar
constant, Isc. The currenty accepted value of Isc
is 1372 w/m? This reflects recent spacecraft
measurements. Because the earth’s orbii is
slightly elliptical and the extraterrestial radiation
intensity lo varies inversely as the square of the
earth-sun distance. [o ranges from a maximum
"~ of 1417 w/m2on January the 3rd, when the earth
is closest to the sun, to a minimum of 1328 w/m?2
on July the 6th, when the earth-sun distance
reaches its maximum. lo is not related to the
earth’s tilt i.e. season.

The earth’s orbital velocity varies throughout
the year, so the Apparent Solar Time (AST) varies
slightly from the mean time kept by a clock
running at a uniform rate. The variation is called
the Equation of Time (ET). In solar radiation
calculations, Apparent Solar Time must be used
to expressthe time of aday. Apparent Solar Time
is based on the apparent angular motion of the
sun across the sky. The time when the sun
crosses the meridian of the observer is the local
solar noon. it usually does not coincide with the
clocktime ofthelocality. The standard clock time
is recknoned from a selected meridian near the
centre of a time zone. Since the sun takes four
minutes to transverse one degree of longitude, a
longitude correction term of 4 (longitudegt-
longitutejyc4)) should be added to the standard
clock time of the locality. For the locality of
Cyprus the Longitude is the Greenwich which

Sotiris Kaloyirou
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have a longitude of zero degrees. If we consider
the city of Nicosia for which the longitudelocalis
33.33 degrees the correction is:

-4 (0-33.33) = +133.32 min.

But 120 min are estimated so the difference is
+13.32 min.

The general equation for calculating the
Apparent Solar Time (AST) is:

AST=LST +ET -4 (longitudegt-longitude|qcq)) ---(1)

where: LST= Local standard Time
ET= Equation of time (minutes)

The values of the Equation of Time as a
function of time of year can be obtained from the
following empirical equation:

ET=9.87 * sin 2B - 7.53 * Cos B - 1.5 sin B --(2)

360
where B = —— (N-81)
364

Where N = day of the year (1 to 365)

In passing through the earth’s atmosphere,
the sun’s radiation is reflected, scattered and
absorbed by dust, gas, molecules, ozone and
water vapour. The extend of this depletion atany
given time is determined by atmospheric
composition and length of the atmospheric path
traversed by the sun’s rays. This length is
expressed in terms of the air mass, m, the ratio of
the mass of the atmosphere in the actual earth-
sun path to the mass which woula exist ifthe sun
where directly overhead at sealevel (m=1.0). For
all practical purposes, the air mass at any time
equals the cosec of the solar altitude, multiplied
by the ratio of the excisting barometric pressure
to 760 mm Hg (10.343 m H,0). Beyond the
atmosphere, m = 0.

Most ultraviolet solar radiation is absorbed by
the ozone in the upper atmosphere, while part of
the radiation in the short-wave portion of the
spectrum is scattered by air molecules, imparting
the familiar blue color to the sky. Water vapourin
the lower atmosphere causes the characteristic
absorption bands observed in the solar spectrum
at sea level.

Some shortwave radiation scattered by air
molecules and dustreaches the earth inthe form
of diffuse radiation Id. Since this diffuse radiation
comes from all parts of the sky, its intensity is
difficult to predict and varies as moisture and
dust content of the atmosphere change
throughout any given day. On a completely
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overcast day, the diffuse componentaccounts for
all solar radiation reaching the earth.

Some energy absorbed by carbon dioxide and
water vapour in the sky reaches the earth in the
form of long-wave atmospheric radiation.

The total shortwave radiation It, reaching a
terrestial surface is the sum of the direct solar
vadiation, Io, the diffuse sky radiation, Id, and the
solar radiation reflected from the surrounding
surfaces, Ir. But

ID =IDN * Cos 6 —(4)

where IDN is the direct normal irradiation, and

8 is the angle of incidence between the
incoming solar rays and the normal to
the surface.

So:[t=IDN * Cos 8+ 1d +Ir [w/m?] —(5)

3. SOLAR ANGLES DETERMINATION

The earth’s orbit around the sun is elliptical.
While the earth makes its daily rotation and yearly
revolution, the sun also rotates on its own axis
approximately once every earth month. The
earth’s axis of rotation (polar axis) is always
inclined at an angle of 23.5 degrees from the
ecliptic axis which is normal to the ecliptic plane.
The ecliptic plane is the plane of orbit of earth

ZENITH
ANGLE

SUN'S RAY

INCIDENT ANGLE, ©

~
~

SOLAR ALTITUDE, a

SOLAR AZIMUTH, 2

s
PROJECTION OF SUN'S s
RAY ON HORIZONTAL 7
SURFACE

around the sun. The inclinationof earth from the
straight-up position in reference to the plane of
orbit makes the northern hemisphere tilting
toward the sunin summer and away from the sun
in winter, therefore producing the seasonal
variation on earth. At the winter solstice
(December 21), the north pole is inclined 23.50
away from the sun. At the summer solstice (June
21) the reverse is true. At the spring and fall
equinoxes (March 21 & September 21
respectively), the north and south poles are
equidistant from the sun, thus all points on the
earth’s surface have 12 hours of daylightand 12
hours of darkness.

Because the solar radiation is a function of the
geometry of the receiving surface relative to the
sun it is imperative to notice several geometric
angles showingthe sun earth’s surface relations.
The various angles of interest are shown in
figures 1 and 2. The mathematical equations, of
them are given below. A further discription of
each angle can be found in the bibliography.

1. The solar declination angle: &
360

6=23.45¢sin | — (284 +N) | —(6)
365

where N is the day of the year (1-365)

i .., NORMAL TO HORIZONTAL SURFACE

JIN

SURFACE (WALL) IN
CONSIDERATION

HORIZONTAL SURFACE

SURFACE TILT ANGLE, B

SURFACE AZIMUTH ANGLE, Zw

PROJECTION OF NORMAL TO SURFACE (WALL) IN
CONSIDERATION ON HORIZONTAL SURFACE

NORMAL TO SURFACE (WALL)

IN CONSIDERATION

Figure 1 Solar Angles for Tilted and Horizontal Surfaces

2. The hour angle : h

h =%0.25* (Number of minutes from local solar
noon) ~(7)
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where the + sign applies to afternoon hours and
-sign to morning hours.




NORMAL TO
T HORIZONTAL SURFACE

Figure 2 Schematic Showing Apparent Path of Sun and Hour Angle

Note:

Hour angle h, is an expression of the Apparent Solar Time
(AST) in degrees. At solar noon h =0 and AST=0
Therefore from equation (1), Local Standrard Time (the time
shown by our clocks at solar noon) is:

LST = -ET+4 (longitudegy - longitude|gcal) —(8)
OR LST =13.32 min - ET

3. The Solar Altitude angle: a

Sin a = sin L*sin 6 + cos L*cosd * cosh —(9)
where L = Latitude

4. The Solar Azimuth angle: z

sin z= Cos 6 * sin h/cos a ——(10)
5. The Incident angle:
Cos i = sinL*sind*Cos B-cosL*sind*sinb*cos ¢

+cosL*cosb*cosh*cosp+sinL*cosb*cosh *sinf*cosy
+cosd*sin h *sin b * sin ¢
where ¢ = surface azimuth angle

itis often necessary to determine the sunrise and
sunset hours and the lenght of a particuiar day.
The hour angle at sunset, hs, can be found by
solving Eq.g for h when a=o. Thus

6. Sun Set hour, hs

Cos hs=-tanL *tan & —(2)

where hs is taken as positive at sunset.
Since the hour angle at local solar noon is zero,
with each 159 of longitude equivalent to one hour,

the sunrise and sunset time in hours from local
solar noon is then;

1 -1
hs = 75 cos (-tan L * tan 0) —(13)
and the length of the day is given by:
2 ~1
Day length = 15 ¢0s (-tan L " tan §) — (14)

4. DIRECT NORMAL SOLAR INTENSITY
At the earth’s surface on a clear day, direct
normal Solar Intensity, IDN is represented by:

A
[DN = memrmmemmeee (W / M2
‘ exp (B/sin a)(w )

where: A =apparent solar irradiation atair mass =0
B= atmospheric extinction coefficient.

—(19)

Values of A and B vary during the year
because of seasonal changes in the dust and
water vapour content of the atmosphere, and
because of the changing earth-sun distance.
Values for A and B are shown in table 1. These
data do not give the maximum value of IDN that
can occur in each month, but rather are
representative of conditions on average
cloudless days. For very clear atmospheres, the
valoue of IDN can be 15% higher than indicated
by Equation (15), using values of Aand Bin table 1.

TABLE: 1
DATA FOR THE 21st DAY OF EACH MONTH
MONTH A B C
w/m2 |(Dimensioniess Ratios)

JAN 1208.8 0.142 0.058
FEB 1193.3 0.144 | 0.060
MAR 1165.3 0.156 0.071
APR 1115.7 0.180 0.097
MAY 1084.8 0.196 0.121
JUN 1069.4 0.205 0.134
JUL 1066.2 0.207 0.136
AUG 1056.4 0.201 0.122
SEP 1132.1 0.177 0.092
OCT 1171.6 0.160 0.073
NOV 1199.6 0.149 0.063
DEC 1211.9 0.142 0.057

5. DIFFUSE SOLAR RADIATION

- The diffuse radiation falling on any surface
consit of radiation from the sky and part of the
reflected solar radition from adjacent surfaces,
particularly the ground lying south of the surface
in question. The radiation from the sky does not
come uniformly from all parts of the sky, and the
ratio of diffuse radiation incident on a vertical
surface to that falling on a horizontal surface has
been related approximately to the sun’s incident
angle for the vertical surfaces. This ratio of
vertical-to-horizontal radiation from the sky

varies from low 0.45 for the sun behind the
surface athighincident angles, up to 1.2 with the
sun coming in at very low angles.

A simplified genera! relation for the diffuse.
solar radiation Ids that falls on any surface froma
clear sky is given approximately by:
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Ids= C * IbN * Fss (Ww/m2) e (18)
where: C is the diffuse radiation factor given in
table 1
C * IbN is the sky radiation falling on a
horizontal surface, and
Fss is the angle factor between the
surface and the sky.
i.e., the fraction of shortware
radiation emitted by the sky that
reaches the tilted surface
(dimensionless)
Fss is 0.5 for vertical surfaces and 1.0 for
horizontal surfaces.
For other surfaces,
Fss = (1.0 + Cos 8)/2 —_—(17)
where B is the surface tilt angle measured
upward from the horizontal plane (fig. 1)

diffuse reflection at an adjacent surface is the

intensity falling on the reflecting surface times its Old concrete 02210221022 1023 1023 | 0.25
reflectance multiplied by the angle factor Brisht green grass| 0.21 | 0.22 | 0.23 | 0.25 ] 0.28 | 0.31
between the receiving surface and the reflecting Crushed rock 0.20 10.20 1020 1 020 | 020 | 0.20
surface. Asphait 0.09 | 0.09 |0.10 | 0.10 | 0.11 012

Ground - reflected radiation includes the
diffuse sky and direct solar radiation incident on
a horizontal surface. The intensity of the total
solar radiation falling on the ground is given by:
It4 = IDN (¢ + sin @) —(18)

In equation (18) the term IbN * sin « is the
_direct radiation falling on the ground. This
ground - refiected diffuse radiation incident to
any surface can be estimated by:
Idg = It4 *Pg * Fsg ————(19)
where: fg is the reflectance of the fareground
(dimensionless)

Fsg is the angle factor between the
surface and the ground (dimensioniess)

The sun of the angle factors equals 1.0, and
the angle factor for surface to ground is:

Fsg=(1-cos 8)/2 (20)
If the surface is exposed to only the ground
and the sky, then the sky angle factor is:
Fss =1-Fsg (21)
The reflectance values for different types of
materials can be found from handbooks. Values
for a number of common types of ground
surfaces are given in table 2. These values apply
for various angles of incidence and surfaces.

TABLE 2:
SOLAR REFLECTANCES OF VARIOUS SURFACES

FOREGROUND INCIDENCE ANGLE (Deg.)
SURFACE 20 30 40 50 60 70

New concrete 0.31 1031 1032 {032 {0.33 ]0.34

6. COMPUTER PROGRAM

As the reader realises there is a lot of
calculation work that has to be performed in
order to get the values of the valious parameters.
For that purpose a computer program has been
written in order to make life easier. The results of
such program are shown in table 3. For that
resuits the imput was: Latitude 35 Deg. North,
surface tilt angle = 0 Deg,, i.e. horizontal, at noon
each 21stday of the month. The output of sun set
and sun risetimeis in “hours. hundreds of hour”.
The units of solar radiation is w/m2,
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TABLE 3
ESTIMATION IS FOR THE 21 st DAY OF EACH MONTH
MONTH DECLINATION | ALTITUDE AZIMUTH SUN RISE SUN SET TOTAL
ANGLE ANGLE ANGLE TIME TIME RADIATION

JAN -20.12 34.57 -7.00 7.40 17.42 836.51
FEB -11.22 43.33 -9.29 6.99 17.93 792.58
MAR -0.66 54.00 -9.02 6.38 18.32 715.03
APR 11.09 65.93 -7.30 5.68 18.73 629.53
MAY 19.83 74.67 -8.74 519 19.14 590.43
JUN 23.45 78.01 -16.57 5.07 19.43 578.43
JUL. 20.45 74.84 -17.62 5.31 19.33 584.57
AUG 11.78 66.50 -9.87 571 18.83 598.81
SEP 0.12 55.10 -2.37 6.08 18.10 687.97
OCT -11.22 43.78 0.88 6.49 17.42 768.62
NOV -20.12 34.88 -0.02 6.99 17.01 823.35
DEC -23.45 31.48 -3.31 7.38 17.03 842.11
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Contingency Plans for Time-Constrained Systems

1. Introduction

Applications such as Computer Integrated
Manufacturing (CIM), distributed network
management, chemical and nuclear process
control, automatic mobile units, and knowledge
source control in expert systems require the
time-constrained processing of large amounts of
data. In traditional real-time applications (e.g.,
banking, reservations) the timing constraint or
deadline for atransaction is normally specified to
be 2-3 seconds since for humans this is an
optimal response time. No disaster will result if at
onetime the actual response timeis 5 seconds. In
contrast, in atruly time-constrained environment
the correctness of a result produced by a task (a
program unit in execution) depends also on the
timeliness of the result.

Contingency plans are alternate actions that
can be invoked whenever the system determines
that it cannot complete a task in time.
Contingency plans- become particularly
attractive for handling long overload conditions.
Contingency plans should be provided for
selected tasks in a way that is transparent to
other tasks also being served by the local/short-
term scheduler.

In time-constrained real-time systems, tasks
are expected to complete before their prescribed
deadlines. Failure to meet a deadline in hard
real-time systems, results in financial or
enviromental disaster; for soft real-time systems,
results produced after the task deadline will
simply have a reduced value. In the scheduling of
tasks, the scheduler receives as input the task
execution time (if known), its criticality or priority
and deadline. In a static environment where the
number of tasks and their requirements are static,
i.e., they are known in advance, a schedule can
be produced so that all tasks are guaranteed to
complete before their prescribed deadlines.
However, the situation is more complex in a
dynamic environment. For example, in a radar
tracking system, the number of objects being
monitored vary with time. Also, failure of one
processor may cause other processors to be
assigned execution of the tasks on the failed
processor; this may have an effect on the
completion time of tasks.

2. Related Work

Related work [1] obtains and returns results
from partially complete computations due to
tasks which have failed to complete by their
prescribed deadline. These are called imprecise
results because the task which was producing
them did not complete. Partial results are
obtained using two different methods. In the first
method, the milestone approach, results are
recorded at different points in the execution of a

Christophoros A. Solomou BSc MSc MIEEE
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task. If the task deadline is not met, the last
recorded values are returned as the result. In the
second method, called the sieve method,
selected code sections may be skipped in order
to reduce execution time (execution of this code
merely improves existing results; not executing
them results in the production of less precise
results). It is up to the scheduler to decide
whether or not the selected (or marked) code
sections should be skipped.

The disadvantage with these methods is that
they are only suited to iterative algorithms (e.g.,
Newton’s method, Fast Fourier Transform, etc.).
Also the schemes proposed, especially the sieve
method, require a powerful task scheduler and
may involve extra overhead. Consequently, we
take the position that both imprecise results and
contingency plans should be supported in areal-
time environment. We believe that they are
complements and not replacements of each
other.

3. Task Progress Notion

Task progress is a measure of how well the
task is proceeding to completion. The progress
made by a task may be based on the amount of
resources allocated to it. In particular, task
progress can be best estimated in terms of the
amount of work completed so far (both CPU - and
1/0-bound task work). The estimation must take
into accountthe slack time for the task (defind as
the time remaining before the task deadline is
reached minus the estimated remaining task
runtime).

The success of CPU scheduling depends
upon the following observed property of tasks: a
task execution is a cycle of CPU execution and
i/0 wait. Tasks alternate back and forth between
these two states. Task execution begins with a
CPU burst. Itis followed by an1/0 burst, which is
followed by another CPU burst, then another 170
burst, and so on.

4. Task Progress Check-Points

An important question is the following: when
should a new estimate of task progress be taken?
We propose estimation of a new value of the task
progress made so far, on occurence of any of the
following events:

(1) task transition from state WAITING to
READY, and

(2) time-out condition if event (1) does not
trigger in time

Occurence of the first event signifies
completion of one complete CPU-1/0 cycle on
behalf of the task. In a real-time environment, a
CPU-1/0 cycle is expected to have the following
state transitions: READY -->CURRENT--
>WAITING-->>READY. It is being assumed that
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tasks are preempted only when they are about to
perform an 1/0O operation or wait for locked
resources to become available. Consequently,
the transition from CURRENT to READY is
assumed not to exist. A closer examination of the
CPU-1/0 cycle, reveals the following:

-inthe READY state the task is waiting to use the
CPU,

-inthe CURRENT state the task is using the CPU,

- in the WAITING state, a task waits for its [/0
request to be serviced by the lower-half of a
device driver, and once serviced, waits for the
actual device to complete the operation.

Thus at different points in a cycle, a task is
either active (using a resource such as the CPU
or disk) or passive (waiting to use a resource).

The only information which needs to be
collected about a task is the length of the period
for which the task is active. The lower-half of a
devicedriver, canrecord the time taken by a task
to complete its I/0 (waiting time to use the device
is excluded; We are only interested in the time for
which the device was in use by the task). Also, the
task dispatcher can record the length of the
period during which the task is in state
CURRENT.

5. Progress Estimation for Tasks with Known
Exec Times

We define task progress factor (TPF) to be the
ratio of the actual task execution time and
expected task execution time at the pointin time
where the value for TPF is being computed. As
already pointed out above, during a CPU-1/0
cycle atask is normally both active and passive. If
the system is overloaded, tasks spend most of the
cycle time in the passive state. If the system is
underloaded, tasks spend most of the cycle time
in the active state. Thus, a possibly good time for
computing a new value for TPF is at the end of C
CPU-1/0 cycles (where C, may be a static or
dynamic parameter of the scheduler).

For the caiculation of TPF, it is assumed that
the task deadline D, and estimated task execution
time EET are given/known (EET is defined to be
the task runtime in a system where it is the only
task i.e., where there is no contention for
resources). Calculation of TPF for a specific task
attime Ti(relative to its execution) is based on the
following simple formula:

TPF = AAT / ((Ti * EET)/D)
where AAT (actual active time) represents the
amount of time for which the task was active.

To illustrate, consider the following example
task, for which the TPF is computed at the end of
some CPU-1/0 cycle 600 millisecs after task
execution was initiated. It is being assumed that
Dis 1200 ms, EETis 500 ms, and thatat T=600 the
AAT=150 ms

at T=600 TPF=150 / ((600 * 500)/1200)

06

rationale:

at T=D=1200 task is expected to be active for
EET=500

56

at T=Ti=600 task is expected to be active for EAT
thus,

EAT= Expected Active Time = (EET * Ti)/D
= (500 * 600)/1200
=250

AAT = Actual Active Time = 150

TPF = Task Progress Factor = AAT/EAT
=150/250=0.6

A TPF value of 1.0 implies that the task is
moving to completion atjusttherightrate; a value
less than 1 implies that the task is progressing at
a rate which if continued will make it impossible
for the task to meet its deadline; a value greater
than 1 implies that task is progressing at a rate
which if allowed to continue will allow
completion before the deadline.

As already mentioned, new values of TPF are
to be computed at the end of every C CPU-1/0
task cycles. We define TPF-i to be the task
progress factor computed at the end fo the i-th
cycle set. Foratask which has completed N sets,
the following set of TPF values becomes
available: {TPF-1,TPF-2, .., TPF-n}. Thus, TPF-n
is in fact the last measure available of task
progress. If this is greater than an upper critical
value (UCV), say 0.85, than the task is
progressing at a rate that is satisfactory. On the
other hand, if itis less than a lower critical value
(LCV), say 0.60, then the task will probably not

- make its deadline.

However, in the case where TPF-n, is greater
than LCV and less than UCV, then any scheduler.
action on the task must also take into
consideration very recent progress data. This
may be necessary, because unpredictability and
occasiconal overloading during the lasttask cycle
may cause the task to spend a large proportion
the last task cycle may cause the task to spend a
large proportion of the cycle time in the passive
state, thus alsoyielding a value for TPFn whichis
lower than TPFn-1. We propose that under such
conditions, any scheduler action must take into
accountthe K recentmost TPF values of the task
(where K may be a parameter of the task
scheduler).

5.1 Trend in Task Progress

In particular, we propose use of the K
recentmost TPF values to compute an estimate of
task trend towards progress. Trend is computed
using the following formula:

wi1* (TPFn - TPFn-1) +

w2* (TPFn-1 - TPFNn-2) +

+

wk* (TPFn-k - TPFn-k-1)

where wi= weighting factors

A positive value indicates an increase in the
rate with which the task is proceeding to
completion, whereas a negative value is an
indication that the opposite is occuring.
Weighting factors are being proposed so that
most recent TPF values are given greater weight.

For real time systems, the value of K should be
small, as task schedulers are expected to use the




“earliest-feasible-deadline”, “smallest-slack-
time” algorithms, or variations of these. A task at
the start of its execution is unlikely to have the
earliest feasible deadline or the smallest slack
time among all tasks. Consequently, during the
very early stages of its lifetime, a task will be
mostly passiveand as aresultits first TPF values
will-be rather iow.

5.2 An Example

To illustrate, consider a task which has just
finished its sixth CPU-1/0 cycle (assume C=1)
and the scheduler has to decide whether to
continue or abort the task.

It is known that,

K=3
w1=3 w2=2 w3=1
LCV=0.50 ucv=0.80

It is known about the task that:

TPF1 TPF2 TPF3 TPF4 TPF5 TPF6
040 060 068 077 082 077

Thus, LCV <=TPF6 <=UCV, implying that there
is a need to compute the trend in task progress.
Trend = w1 (TPF6-TPF5) + w2(TPF5-TPF4) +
w3(TPF4-TPF3)

Trend = 3(-0.05) + 2(+0.05) + 1(+0.09)

Trend = +0.04

5.3 Contingency Plans Using Auxilliary Tasks

Time-constrained systems should provide for
the definition of some sort of contingency plans
for some tasks which can be invoked when the
task scheduler realizes that a time constraint
cannot be met. We describe a method for
impiementing contingency plans which relies on
the replacement, if necessary, of the executing
primary task by an auxilliary task with a much
lower estimated execution time. The primary task
is normally an 1/O-and/or CPU-intensive job,
e.g., high resolution spatial search, image
analysis. It is being assumed here, that the
auxilliary task is less intensive and thus
contention for disk and/or the CPU will be
reduced significantly. Examples of auxilliary
tasks are use of low resolution spatial search,
partial image analysis, use of old aggregate data,
and guess-making.

The basic idea is to replace the primary with
the auxilliary task at some point in the lifetime of
the primary task such that enough time is
available for the auxilliary task to complete
before the specific deadline. The decision will be
made long before the task deadline by a
component of the system kernel, the task
scheduler. This is different from exception
handling normally found in systems
programming languages such as Ada. in an Ada
program, the application will be informed on the
failure of the primary task to meet its deadline
long after the deadline.

Let

EETp= estimated execution time of primary task
EETa = estimated execution time of auxilliary task
D =task deadline

Tp =time at which primary task starts executing

Ta =time at which auxilliary task may have to
startexecutingi.e., replace the primary task

Inthe interval Tp-Ta, itis guaranteed that only
the primary task will be executing. At the pointin
time t=Ta, a decision will have to be made on
whether the primary task will be allowed to
continue or be replaced by the auxilliary task.
The decision will be rather premature if the
interval Tp-Ta is much less than the interval Ta-
D, i.e, we decide the action too early in the life of
the primary task. On the other hand, if the interval
Tp-Ta is much greater than the interval Ta-D, it
may be too late to start executing the auxilliary
task, i.e., the latter may not have enough time to

- complete before the deadline D. Clearly, there

are tradeoffs involved and an optimal value for Ta
cannot be determined.

We propose, a simple method for computing a
value for Ta such that the ratio of total time
available to a task and estimated execution time
is the same for both tasks. For the primary task
this value is known to be equal to (D-Tp)/EETp.
Thus,

Ta=D - (D-Tp)/EETp * EETa)
An example: If D=1200, EETp=500, EETa=200,
Tp=0

Ta = 1200 - ( (1200 - 0)/500 * 200 ) = 720

Thus, (D-Tp)/EETp= (1200 - 0)/500 = 2.4
and (D-Ta)EETa= (1200 - 720)/200 =2.4

Any, or variations, of the following two
algorithms may be used to decide the action to be
taken at time Ta.

Algorithm 1:

If TPFn <LCV Then
Abort primary task
Start execution of auxilliary task

Else

If TPFn > UCV Then
do nothing

Else

Compute progress trend PTr using last N
TPF values
If PTr < 0.0 Then

Abort primary task
Start execution of auxilliary task
Endlf

Algorithm 2
Compute trend PTr using last N TPF values:
If (TPFNn + PTr) <UCV Then
Abort primary task
Start Execution of auxilliary task
Endlf

6. Progress Estimation for Tasks with Unknown
Exec Times

When approximate task execution times are
not known, it is both theoretically and practically
impossible to foretell whether or not the task will
meetits deadline, since at any pointin the lifetime
of a task, the runtime remaining is unknown.
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However, task progress can atleastbe monitored
by viewing the execution process as a discrete
process, where discrete points are the
completion of CPU-1/0 cycles. In turn, cycles
may be grouped into segments of length S.
Calculations on task progress can be made upon
completion of the last cycle for the segment. For
example, if S equals 3, then the length of each
time segment will be given by the sum of the
durations of 3 consecutive task CPU-1/0 cycles.

As already pointed out, during a CPU-1/O
cycle atask spends some of the time in the active
state (using a resource) and the remainingtimein
the passive state (waiting to use a resource). We
define cycle activity factor (CAF), to be the
fraction of the cycle time during which the task
was active. The CAF values of the cycles
belonging to some segment may be used to
produce an overall estimate of the fraction of
segment time during which the task was active,
defined as segment activity factor (SAF). The
value of SAF may be used by the scheduler to
decide possible actions. Segmentation is used,
so that the action to be decided will be based on
data for a long period of time; in this way biasing
due to overloading or underioading conditions
during one cycle only is removed. Atthe end of a
segment, a value SAF may be computed by the
scheduler using the following weighted formula:

SAF= (w1*CAF-1+
w2*CAF -2+

WS*CAF-S)/(w1+w2+..wS)

6.1 Contingency Plans using SAF

As already pointe out, the scheduler should not
take any direct action such as abortion on tasks
which are progressing at a very slow rate and
whose execution times are unknown. However,
indirect action may be taken by the scheduler. An
obvious action would be to increase task priority
or criticality. However, this would have an effect
on the completion times of other tasks also
served by this scheduler. This is unacceptable,
as it would violate the principle of providing
contingency plans for selected tasks in a way that
oughtto be transparent to tasks already admitted
by the local scheduler.

An alternative action, is to temporarily disable
the admission of new tasks by the local scheduler
whenever the most recent SAF value of selected
tasks happen to be less than some lower critical
value. New tasks will have to be redirected by a
global scheduler to some other processor.
Admission of tasks may be reenabled when the
most recent SAF value of all tasks being
monitored, reaches an acceptable upper levei.
The main justification for the type of action
proposed here, is that since admission of new
tasks is disabled, the load on the system will be
eventually reduced; consequently, tasks already
admitted will tend to spend more of the CPU-I/0O
cycle time in the active state.
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The following simple algorithm will be
executed at the end of a segment and
immediately after calculation of SAF.

if (SAF < LowerCriticalValue) Then
If Taskld Not in Id-TABLE Then
Disable admission of new tasks
Insert Task-Id in ID-TABLE
Endif

Else
If (SAF >= AcceptableUpperValue) and
(Task-id in ID-TABLE) Then
Remove Task-Id from ID-TABLE
If (ID-TABLE Is Empty) Then
Enable admission of new tasks
Endif
Endlf
Endlf

6.2 Contingency Planning using Task Signals

For tasks with unknown execution times it is
impossible for the scheduler to foretell whether
they will be able to make their prescribed
deadline. However, an executing task may inform
the scheduter on the amount of work completed
so far. For example, in a “template-matching”
program, after half the templates are searched
the task may send a signal to the local scheduler
(possibly via a system call) informing it that fifty
percent of the work is completed. Knowing the
task deadline D, and the amount of time that
elapsed since creation of the task, the scheduler
may produce an estimate of task progress so far.
If this turns out to be less than some lower critical
value, the local scheduler may reject requests for
admission of new tasks on this processor until
progress rate for the task in question is restored
to some upper acceptabie value Moreover, the
signalling task may be informed on i1ts progress
so far and may take special action if necessary.
Examples of such action include the use of old
aggregate data, or the use of low resolution
search on the remaining search space.

To illustrate, consider a process which reads
records from a very volatile real-time file on
which insertions and deletions are performed
very frequently. Consequently, the execution
time for a run is not fixed and depends on the
number of records in thefile atthe time of the run;
as far as the scheduler is concerned the
execution time is not known. For this example, it’
may be assumed, that the task deadline is at
t=D=2000 time units, and that at t=1500 a “'signal”
is sent to the scheduler by means of the
“SignalScheduler” system call, informing it that
50% of the work is complete. '

At normal progression raté, the task is expectd
at t=1500 to have completed
(t*100)/D=(1500*100)/2000=75% of its total
execution time. However, the task has completed
only 50% of the total execution time, implying that
an estimate for task progress at t=1500 is
50/75=0.67.




Process ReadVolatileFile
I:=0;
while (Not End Of File) do
Get Next Record

f:=1=1

If (I = FileSize/2) Then
/*** 50% of work completed ***/
SignalScheduler (50%, Status)
If (Status = PossibleDeadLineMiss) Then

/** invoke optional special action >/

Endif

Endlf

EndWhile
EndProc

7. Closing Words

Contingency plans are alternate ‘actions that
can be invoked whenever the system determines
that a task will not complete in time.

Unpredictability in execution time and data
requirements is responsible for the failure of a
number of tasks to meet their deadlines, despite
the sophistication level of the task scheduling
algorithm. The ideas presented in this paper for
monitoring the progress task require further
refinement. Perhaps, simulation experiments are
needed to assess them. We believe, that
contingency plans should be applied especially
in advanced distributed real-time systems
consisting of multiple processors and /0
storage devices with supportfor data replication.
in this way, whenever the local scheduler of
some processor inhibits admission of new tasks,
the latter may be redirected by the global
scheduler to a contingency processor.
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Calendar of Activities

Academic Year 1988-89

D. Charalambidou-Solomi, D.E.S, BA (Hons) M.A.

SEPTEMBER

® Finalenrolments for the academic year 1988-
89 were: 61 for Civil Engineering, 64 for Electrical
Engineering, 65 for Mechanical Engineering, 26
for Marine Engineering and 33 for Computer
Studies.

9 students enrolled for the Electromedical

Course of the Regional Training Centre.
® lLectures commenced on Monday, 12
September.
@ The HT! Director, Dr. Themos Drakos, visited
the University of Pensylvania between 9-17
September within a bilateral exchange
programme.

During his visit Dr. Drakos led an “Operations
Research’ seminar and lectured on
“Mathematical Modelling of Energy Systems”.
® Mr Bryan Preece, Ag. Head of the
Constuction Centre of the Polytechnic of Wales,
came to HTIl on an exchange programme and
lectured on Strength of Materials and Structures.

in exchange the Head of the HTI Civil
Engineering Department, Mr D. Lazarides,
lectured at the Polytechnic of Wales.
® Mr Savvas Savvides, Senior Instructor in
Electrical Workshops, attended from 16-18
September a 16 hour seminar on “Occupational
Safety and Health,” organised by the Cyprus
Professional Engineers Association and the
Factory Inspectorate of the Ministry of Labour
and Social Insurance.

OCTOBER

® Mr Douglas Veasey, Senior Lecturer at Luton
College, U.K,, visited HTI 3-28 October and
lectured on Physics.

In exchange Mr Andreas Achillides Senior
Lecturer at HTI, lectured at Luton College on
Physics for the same period of time.
® Mr loannis Economides, HTI Lecturer, was
awarded a scholarship by the U.K. Government
under the British Technical Co-operation
Training Programme.

He left on 7 October to pursue studies in
Highway Engineering at the Birmingham
University leading to a Masters of Science
degree. '
® On 12 October HTI celebrated the 20th
Anniversary of its establishment.

_ Theceremony was attended by H.E. the Acting
President of the Republic, Dr. Vasos Lyssarides,
the Minister of Labour and Social Insurance, Mr
Takis Christofides, the Minister of Education, Dr.
Andreas Philippou, the Minister of Justice, Mr
Christodoulos Chrysanthou, members of the
Diplomatic Corps, members of the House of
Representatives, guests, staff and students.
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Lecturer HTI

The Minister of Labour and Social Insurance
inaugurated the new Computer Building and
later addressed the meeting.

Addresses were also delivered by Dr Themos
Drakos Director HTI, Mr Antis Constantinou,
member of HTI Board of Governors, Dr. Tribor
Szentmartony ex-chief Technical Adviser of
UNESCO at HTI and the President of the HTI
Students’ Union.

All speakers expressed admiration for the
excellent work accomplished by HTI during the
first twenty years of its existence.

Commemorative plaques were'presented by

the Minister of Labour and Social Insurance, Mr
Takis Christofides to Dr. T. Szentmartony and Mr
G. D. Christodoulides, first Director of HTI.
@ ThelEE (Cyprus Centre)in co-operation with
HTi and the Industrial Training Authority
organised a course on Electrical Services
Design, Installations and Maintenance between
15-25 October.

23 practising engineers and technicians
participated.

The course was presented by Mr E. Michael,
Lecturer and Mr. S. Savvides, HTI Senior
Instructor.
® Dr. Christos Schizas, HTI Lecturer,
participated in a seminar from 20-23 October on
computers .

The seminar was organised by the
International University Consortium in Halkidiki,
Greece.
® The HTI Regional Training Centre organised
a course on “Refrigeration Repair Technician” in
collaboration with the WHO Expanded
Programme of Immunization with 23 students
from 14 different countries.

The course was run in four languages
simultaneously English, French, Arabic and
Persian.
® Mr D. Lazarides, Head of Civil Engineering
Department, visited the Polytechnic of Wales
from 24 October - 11 November on an exchange
programme and lectured on Structural Analysis
and Design in Earthquake Regions.
® On October 19, HTI staff and students offered
blood for the needs of the Blood Bank of Nicosia
General Hospital.

NOVEMBER

® ThelEE (Cyprus Centre)in collaboration with
HTlI and ITA organised the following short
courses:

(a) Advanced Trouble Shooting: 16 Bit
Processors and the PC, 31 October - 4
November.

(b) -Electronics and Micropro-cessors, 3
October - 4 November.




(c) The IBM PC for Engineers and Managers,
7-11 November.

(d) Electrical Services: Refresher Workshop,
21-25 November.

Courses (a) and (b) were delivered by Neal
Huthinson, Head of Microcomputer Unit, London
Course (a) had 11 participants and Course (b)
had 12 participants. Course (c) was delivered
twice by Ms Carol Weaver, an associate of the
Microcomputer Unit with 55 participants.

Course (d) was delivered twice by Peter Smith

and Ron Taylor, I[EE accredited lecturers, with 33
participants.
e Mr Jindrich Kratena, a Principal Researcher
of the Czechoslovakian Academy of Sciences
Institute of Theoretical and Applied Mechanics,
visited HT1from 2-30 November according to the
Cultural and Scientific Protocol between Cyprus
and Czechoslovakia.

Mr Kratena held discussions with Dr. H.

Stavrides, HTI Senior Lecturer, on the possibility
of introducing photoelastic techniques in the
testing of concrete elements both in the
laboratory and real structures.
e The Regional Training Centre organised a
course on Solar Refrigerator Technician
between 7-18 November in collaboration with
WHO Expanded Programme of Immunization
(EPY)

The course was attended by 16 students from
11 different countries.

The course was run in two languages
simultaneously English and Arabic.

@ The HTI Director, Dr. Themos Drakos, visited
London between 21-23 November.

Dr Drakos participated in a meeting of the IEE
Overseas Board and attended the 150th
Anniversary Graduation Ceremony of the
Polytechnic of Central London as a special guest.

Dr. Drakos also visited Luton College and
discussed their Higher National Diploma (HND)
in Applied Biology.

@ Mr. D. Lazarides, Head of Civil Engineering
Department, and Dr. H. Stavrides, Senior
Lecturer, attended a one day Symposium on the
Constunction Industry at the Philoxenia Hotel
organised by ITA on 22 November.

e UNESCO Day, an annual event, was
celebrated on 17 Novenber.

Students and staff visited the churches of
Archangelos and Panayia Tis Podithou near
Galata village.
~ Mr Andreas Petrides, Secretary of the Church
Committee, guided them around the churches
and talked on the historical value of the two
churches and their frescoes.

Students and staff offered voluntary work for
the embelishment of the area around the
churches.

Prior to departure the HTI Director, Dr Themos
Drakos, and the President of the Students’ Union,
spoke outlining the significance of UNESCO and
its international role in Letters, Education,
Science and Culture. They also mentioned the

special ties between UNESCO and HTI.

The gathering voted a resolution to be sent to
Director General of UNESCO.
DECEMBER

® Mr C. Neocleous, HTl Lecturer, left for.

Czechoslovakia to visit Czechosiovakian
Technological institutions in order to gain
experience in automation, control and
instumentation as well as computer aided-
design.

@ HT! organized an introductory course in
computers of 20 hours duration for the
technicians and engineers of P.W.D. The course
was presented by Mr Christos Makarounas, HTI
Lecturer, 18 November - 23 December.

The course was attended by 17 participants.
@ Thedistinguished scientist Academician Yuri
Gulyaev of the USSR Academy of Sciences
visited Cyprus for two weeks, 15-30 December.

Professor Gulyaev visited HTl asa guest of IEE
(Cyprus Centre)and HTland delivered a series of
lectures on various scientific and technical
matters.

JANUARY

@ MrPantelis Vasiliou, the National Secretary of
IAESTE Cyprus, participated in the Annual
General Conference of IAESTE which was held
in Graz, Austria, 13-18 January.

The Cyprus IEAESTE offered 16 places for
training in Cyprus and received 25 places for HTI
students to receive training abroad.

Thz next Annual General Conference will take

place at Sao Paolo, Brazil in January 1990.
@ ThelEE (Cyprus Centre}in collaboration with
HT! and ITA organised a course on “An
Introduction to Industrial Electronic Control”
from 16-20 January.

The course was developed and presented by
Professor R.J. Simpson, Lancashire Polytechnic,
U.K,, and attended by 43 participants from local
industry, Government sector, and overseas.
® Classes for the Second Semester of 1988-89
began on 30 of January.

FEBRUARY '

® Mr Anastasios Gregoriou, RTC Laboratory
Assistant, attended a two week feliowship on
Mechanical Medical Equipment from 12-24
February sponsored by CFTC at Falfield National
Health Service Training Centre.

MARCH

@ In March IEE (Cyprus Centre), ITA, and the
London Microcomputer Unit, organised two
short courses:

(a) “Data Communication and Local Area
Networks”

(b) “UNIX/XENIX”

The first course was attended by 38
participants and the second one by 23
participants.

APRIL
e Sports Day was celebrated on 4 April. The
finals of tournaments were held. Staff and
students engaged in various sports activities and
games.
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@ Environment Day, another annual event, was
celebrated this year on 12 April.

On that day students and staff offered voluntary
work for the embelishment of the grounds and
facilities of HTI. )
® A course of 60 hours in Industrial Quality
Control commenced on 12 April.

The course was presented by HTI staff Mr M.
Pattichis, Senior Lecturer, D. Roushas, Lecturer,
L. Lazari, Lecturer, and V. Messaritis, Lecturer,
between 12 April - 31 May. The course was
attended by 18 professionals from the local
industry and 5 HTI staff.
® The Institution of Electrical Engineers IEE
(Cyprus Centre)in collaboration with HTlandiTA
organised two courses on “The I1BM PC for
Engineers and Managers” between 17-21 April.

The courses, which were aimed at engineers
and managerial staff working in industry, were
developed and presented by the London
Microcomputer Unit.

The duration of each course was 20 hours and
it included theoretical and practical sessions.

e HT! students and staff donated blood on 17
April for the needs of the Blood Bank of the
Nicosia General Hospital.

This was the second time in this academic year

that HTI staff and students donated blood.

MAY

® The Annual Graduating students Dinner was
held at the Philoxenia Hotel on 11 May at 8.00
p.m.

During the Dinner, the HTI Director, Dr.
Themos Drakos, proposed a toast to H.E. the
President of the Republic, Mr George Vasiliou.

Mr Phaedros Economides, Chairman of the
Cyprus Employers and Industrialist Federation
proposed a toast to HTI students. Mr Alecos
Tryfonides, President of the HTI Students Union
acknowledged.

HT! staff and official guests of HTI from the
local industry participated.

The Annual Graduating Students Dinner was
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honoured by H.E. the Minister of Labour and
Social Insurance.

® The Third Games of the Small States of
Europe took place between 17-20 May.

HT! contributed considerably ir !h:
oganisation of these Games.

Two members of staff and nine g yea
students of the Computer Science course
worked for more than a year to prepare the
Computer Information System.

Moreover, HTI computer hardware resources,
VAX, terminals and printers were made available
to the Organising Committee for use.

During the Games all computer students were
used as operators at the various athletic Centres
and Sites.

HTI staff was utilised during the Games for
supervision of students’ activities and the smooth
operation of the system.

All third year students of the Engineering
courses were recruited to act as computer
operators, drivers, judges, engineers, and guides
to guests.
® ThelEE (Cyprus Centre)in collaboration with
the London Microcomputer Unit organised a
course on “Data Communication and Local Area
Network’” between 22-26 May.

36 participants attended the course.
® Mr Andreas Achillides, HTI Senior Lecturer,
gave a lecture on “Cold Fusion” on Wednesday,
31 May at the HTI Lecture Theatre.

Dr. T. Drakos participated in a meeting of the
IEE Overseas Board in London and thence
visited the Helsinki University of Technology as
welll as the Tampere University of Technology in
Finland.

JUNE

e Final year exams are scheduled for 29 May-
12 June.

@ Exams for the first and second year students
will take place between 5-16 June.

® The Graduation Ceremony is set for
Wedensday, 28 June 1989.
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SKF The largest manufacturer of ball
and roller bearings

S K Fisaninternational group with factories i twenty countries, an mternational sales network, and its own service
organisation.spread around the world.
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