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The Higher Technical Institute 
(H T l) was established in 1968 
as a Government of Cyprus pro­
ject with assistance by the United 
Nations Special Fund (UNDP), the 
United Nations - Educational 
Scientific and Cultural Organisa­
tion (UNESCO), and the Inter­
national Labour Office ([LO) 
Cyprus Government Executing 
Agency: The Ministry of Labour 
and Social Insurance. 

EDITORIAL 

• e Ie 
N o. 1 0 J u n e 1 9 8 1 N i COS i a 

This is the tenth edition of the «H.T.I. Review», the annual publication of the Higher 
Technical Institute, which, as also mentioned in previous issues, serves as a means of 
promoting Technical and Scientific Publications for the Technical and Engineering Com­
munity of this country. 

Most of the articles presented in this issue have been written by members of staff. 
Three Final year Students of the H.T.I. are afso presenting articles based on their Diploma 
Projects. 

In addition to the articles written by members of Staff and sudents of the H.T.I., we are glad 
to present the contributions of Professional Engineers and Scientists from other Gover­
ment Departments, such as from the Director of the Geological Survey Department and 
Professional Engineers of the Ministry of Commerce and Industry, one of whom is an ex­
patriate UNDP Adviser on heat pumps, Heating and Ventilation to the above Ministry. 

The topics cover a variety of fields and we feel sure they will arouse the interest of the 
reader relevant to his field of specialisation. 
We are pleased to have received articles on topics of current interest such as «Bentonite 
and its use to the Civil Engineering Industry», «Analysis of the cycle of the Solar Power 
Station», «Design of a Vertical Axis Aerogenerator», «A new Theory for studying the 
Electronic Structure of Physisorbed inert atoms on metafs», «Steel Fibre Reinforced Con­
crete» and other topics of interest. 

The editorial committee wishes to express its many thanks to all contributors for their 
worthwhile effort. 

Editorial Committee. 



by Constantinos Neocleous 
Lecturer, H. T.I. 

Energy saving is of utmost im­
portance to all Cypriots, because of 
our country's heavy reliance on im­
ported oil. Indeed in 1980 approxi­
mately 79 million Cyprus pounds 
were spent on oil imports which was 
roughly as much as the country's in­
come from tourism for 1980. 

Controlling the crude oil imports 
is of great importance because less 
Cypriot money will be channelled to 
the gulf. Furthermore, time will be 
gained until new exploitable, renew­
able and technoeconomically feasi­
ble sources of energy will be 
available. 

In order to help control the 
wasteful use of energy, a list of 
practical measures is presented 
which can be useful to most if partly 
or fully followed. This compiled in­
formation has been obtained mostly 
from specialized publications of 
abroad. 

1. THE HOUSE 

1.1 When building a house: 
(a) Prefer a plan which is as square 

as possible. Since the heat loss 
or gain through a structure de­
pends on the exposed surtace 
area, a square plan will result in 
less energy losses than a 
rectangular. 

(b) Thermally insulate the external 
side walls and especially the roof. 

(c) Insulate all floors which are lo­
cated above an unheated space. 

(d) Prefer double glazed windows 
than single glazed. 

(e) Wind-powered fans may be used 
on the roof, similar to those fitted 
on buses. 

(f) Paint the ceiling with a light 
colour. 

(g) Plant deciduous trees on the 
south of the house. They reduce 
summer solar heat gain and allow 
winter direct solar energy to heat 
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the house. 

(h) If you are planning to have a 
fireplace, instal! a damper to 
close it when the firepiace is not 
in use. 

(i) Never install equipment which are 
larger than necessary. (Boilers, 
radiators, air conditioners ... ) 

(j) Always buy the smaller suitable 
unit with the highest operating 
efficiency. 

REMEMBER: Effective insulation re­
duces the initial capital investment 
in machinery for heating and cool­
ing and reduces their operating cost. 

1.2 For an existing house: 

A. Insulation 
(a) Consider the use of insulation 

Proper insulation can reduce 
the heating or cooling load by 
as much as 25%. 

(b) Use carpets as an aid to ther­
mal insulation. 

(c) The heat loss from windows is 
2 to 3 times more than that 
from an equal area of wall. 
Therefore the use of curtains 
at night is beneficial. 

(d) Check the gaps on the doors 
and windows, through which 
air can leak in or out. The gap 
must be as small as possible. 
By moving a lighted candle 
around the frame of a window 
and observing where the flame 
dances, the leaks can be spot­
teo. Similarly by slipping a coin 
under a door and observing 
whether it goes through freely, 
is an indication on whether 
weatherstripping is required. In 
Cyprus many types of weather­
stripping materials are 
available. 

B. When central heating is 
available: 
(a) Close all unoccuppied rooms. 

Use the kitchen and bathroom 
ventilators only when necessary. 

(c) When the fireplace is not 
close the Consider the 
possibility of using a 
framed cover to isolate its 
entrance. 

(d) Insulate all pipes and ducts 
which pass through unheated 
spaces. 

(e) If the central heating is on, while 
the fireplace is operating, it is 
very likely that heat is wasted un­
less all doors and ducts leading 
to the fireplace, are left slightly 
open. 

(f) Make sure that all windows adja­
cent to the thermostat are lightly 
closed. 

(g) Regularly clean the heat emitting 
units (radiators) from dust. 

(h) At night close all curtains. 

(i) Inspect and maintain the boiler at 
least once a year, as per the in­
structions of the supplier. 

c. When air conditioning is 
available: 
(a) Insulate the air ducts. 

(b) Set the thermostat at 25°C 

(c) When initially starting the air­
conditioner do not set the 
thermostat at a lower tempera­
ture than that required in the 
space. 

(d) Clean the filters regularly. 

(e) Never put lamps or TVs near the 
thermostat. 

2. Domestic hot water boilers: 
(a) Make sure that the hot water 

storage tank is well insulated. 

(b) Use cold water for house clean­
ing, if possible. 
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(c) Repair all leaking faucets. 

3. Kitchen 
(a) Always boil water in a closed 

pan. 

(b) Always try to match the size of 
the pan to the size of the heating 
element. 

(c) If you are cooking with electricity, 
turn off the electric elements 
some minutes before the re­
quired time for cooking elapses. 

(d) Making toast in the oven is very 
expensive. 

(e) Use pressure cookers. 

(f) Never cook foodstuff right after 
you take them out of the freezer. 

4. Refrigerator. 
(a) Never keep the door unnecessar­

ily open. 

(b) Maintain a temperature of 3 to 
4°C in the fresh food compart­
ment and -15°C in the freezer. 

(c) Refrigerators that do not have 
automatic defrost are cheaper to 
operate than those that have. 

(d) Make sure the refrigerator door is 
airtight. 

(e) Never put hot food in the re­
frigerator. Let it cool in the air 
first. 

5. Washing machine. 
(a) Always use the washing machine 

when is fully loaded. 

(b) If weather and time permits, dry 
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the clothes ouside in the fresh 
air. 

(a) Put off all lighting in unoccupied 
rooms. 

(b) Prefer one large lamp than mMy 
small of the same total light 
intensity. 

(c) Use fluorescent lamps whenever 
possible. They are more econom­
ical than incaeescent tamps. 

7. Cal' 

7.1 When you buy a car: 
(a) Conduct an exhaustive market 

research to compare the effi­
ciency and specific fuel con­
sumption of similar cars within 
the range of capacity you are 
interested. 

(b) When comparing two similar 
cars, the one that has lower 
weight, manual gearbox and 
smaller frontal area is likely to be 
the more efficient. 

7.2 When yeti drive e car: 
(a) Share rides with others. 

(b) Some errands can be ac­
complished with a~telephone call. 

(c) Drive smoothly. 

Remember to drive in such a man­
ner that the use of brakes is 
minimized. 

A 1500cc car with four passengers 
wastes so much energy as it is 
needed to boil approximately two 
glasses of water. 

(d) Try to predict any changes in 
speed so that you can act ac­
cordingly in advance. 

(e) Do not overfill the fuel tank. 

(f) Plan the route of your trip in 
advance. 

(g) Do not overload the engine. 

(h) Do not hold the car by using 
simultaneously the clutch and the 
fuel pedal. 

(i) Eliminate any excess unnecessary 
weight from your car. 

7.3 Car maintenance: 
(a) Check and adjust your car 

accordingly. 

(b) Maintain the air filter clean. 

(c) Check the air pressure in the 
tyres. There is an increase in fuel 
consumption of up to 2% for eve­

ry psi below the one recommended 
by the car manufacturer. 

(d) Radial-ply tyres are more 
economical than cross-ply tyres. 

(e) Make sure the wheels and steer­
ing are well balanced. 

8. In industry 

(a) Check that all machinery is func­
tioning efficiently. 

(b) Check for steam and compressed 
air leaks, and remedy 
accordingly. 

(c) Make sure the air compressor 
does not operate at higher pres­
sure than that which is actually 
required. 
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by C.K. Tavrou 

Lecturer, H.T.I 

Measuring instruments and me­
asurement standards deteriorate in 
accuracy during use, and, to a lesser 
degree, during storage. To maintain 
accuracy requires a continuing sys­
tem of calibration control. Taking as 
an example a pressure gauge or a 
voltmeter, when it is first bought it is 
naturally considered that it will give 
the correct readings when used. 
This is true only with the assumption 
that before the instrument was re­
leased by the manufacturers, it was 
tested. It is also fair to state that the 
instrument will not attain its accu­
racy throughout its operating life, 
mainly due to wear. On the other 
hand, the operating life of such an 
instrument is much longer than the 
time before starting to lose its accu­
racy. In order to trust the measure­
ments of an instrument it is neces­
sary to test its accuracy at certain in­
tervals. This testing is what is called 
calibration of the instrument. The 
frequency of calibration depends on 
the nature of the instrument, its ac­
curacy and expected realiability and 
is given by the manufacturer. 

The question is what should be 
used as a basis 'to calibrate another 
instrument and how is it possible to 
be certain that the device to be used 
is accurate itself? Before proceeding 
to answer, it has to be said that the 
higher the accuracy of a device, the 
higher is the cost of construction 
and maintenance. 

To enable the person on the 
shop floor calibrate his instruments 
often enough, without having to get 
into great expences, a system has 
been deviced on an international 
basis where instruments of higher 
accuracy are taken as reference to 
calibrate other instruments with 
lower accuracy. For example, in 
length measurements, the standard 
unit is the metre and is defined by 
the International Standars Organiza­
tion (ISO) as equal to 1,650,763.73 
wavelengths, in vacuum, of radiation 
corresponing to the transition bet­
ween the levels 2 P10and 5 d5 of the 
Krypton 86 atom at certain specified 
conditions. The definition clearly in­
dicates the complexity of the 
instruments used to calibrate other 
instruments of lower accuracy. How­
ever, this is the International Pro-
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CALIBRATION 

totype Standard and it is absolute, in 
the sense that there are no other 
standards with which it can be com­
pared. Following are the National 
Standards which are copies of and 
are calibrated with reference to the 
International Prototype standard. 
Then are the Reference Standards 
which are constructed by a different 
method to the pr:~3ry and National 
Standards, so that they are chea­
per, more easily used and less likely 
to be damaged by frequent u~e. Th­
ese are calibrated according to 
the National Standards. Next in the 
hierarchy are the main 
laboratory's Working or 
Calibration Standards, used in calib­
ration of standards in industry. Th­
ese are in turn calibrated against the 
Reference Standads. Lastly there are 
the Industrial and Commercial 
Standards which are used to cali­
brate shop instruments in daily use, 
i.e. micrometers, vernier calipers, 
electrical multi meters. etc. 

By this «ladder of accuracy» the 
equimpent for calibrating shop floor 
instruments is cheap enough, dur­
able enough and not so compli­
cated, therefore, quick and inexpen­
sive calibration of instruments is 
possible. The fact that there are 
so many expensive instruments and 
equimpent before arriving down to 
the industrial standards, does not 
mean that the costs incorporated 
are very high. In fact, by using this 
system, a small number of higher 
and only one of highest accuracy 
standard is necessary to maintain 
accuracy at the required level and at 
reasonable costs. 

Now that the above has been 
discussed, comes another question, 
to what extent are these facilities 
utilisied? 

In all the industrialised countries, 
the calibration of instruments is a 
must, either for safety reasons or 
production purposes. For example, 
in a factory where gas cylinders for 
domestic use are manufactured, 
they have to be tested on the pres­
sure they can withstand when filled. 
Both in the final testing stage and la­
ter during filling the gas cylinder, the 
pressure gauges used must be giv­
ing the true values of pressure, 
otherwise human lives may be in 

danger. For the case of production 
purposes, a good example is the 
manufacture of cars. The parts of a 
car are not all produced in the same 
area or necessarily at the same fac­
tory. All the parts though, will have 
to be assembled together at the final 
stage. If all the different manufactur­
ers were not using instruments that 
measured and indicated the correct 
dimensions, it would have not been 
possible to assemble all the parts to­
gether. 

In the non-industrialised 
countries, calibration is mostly done 
where safety is concerned only. In 
the manufacturing sector, the incon­
venience and cost due to non­
calibrated instrunents, is not high 
enough to make the people con­
cerned realise its value. In small 
machine shops it is just as inportant 
to use calibrated instrunents as they 
too produce components for assem­
bly work. 

Cyprus comes under the non­
industrialised countries. Until re­
cently there were only very few and 
inadequate calibration facilities. 
Now, though, with the efforts of the 
government, there are more calibra­
tion facilities covering a wide field of 
the local industry. In particular, there 
are calibration facilities at the Higher 
Technical Institute, covering a large 
number of Mechanical and Electrical 
instruments. However, the availabil­
ity of calibration equipment at some 
place, does not automatically mean 
that the products are made accurate 
and in compliance to the design 
specifications. The manufacturers 
have to firstly realise the necessity of 
calibration and utilise the facilities 
for their own instruments. Only then, 
would there be products which will 
comply with the design 
specifications. 

In concluding this short introduc­
tion to Calibration, I believe that the 
manufacturers have to realise that in 
today's world, with todays 
technological progress, it is not en­
ough to hope, think, or just believe 
that an instrument reads correctly, 
but it must be made certain that an 
instrument measures and indicates 
the correct value within acceptable 
limits. 
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by Dr. G. Constantinou Director De­
""""lfn"'IH and S. Kassinis :nl'J,mlr.RI I"n,rrln,_, Ministry of 

Commerce and InrflJ.<iI'tv 

Bentonite is an earth material composed """t':A:lntil'1li 

of a smectite clay mineral (montmorillonite group) and 
whose physical properties depend on the smectite com­
ponents (1). 

Bentonites arised from volcanic rocks like basalt, 
diabase and volcanic ash. These materials were converted 
to bentonite under alkaline conditions and the level of 
conversion influences the properties of bentonite as well 
as the content and the kind of contaminant substances. 

Although clays have been used from thousands of 
years, understanding of the modecular and atomic 
structure along with apparatus and instruments for 
measuring and observing the many clay minerals have 
only recently been made available and are continually be­
ing improved. As a result to that bentonite usage has 
changed considerably over the ages. The unusual prop­
erties of the mineral have been known for many centuries. 
Early references to Fullers earth (calcium bentonite) from 
the Greek play «The Frogs» published about 405 B.C. and 
in the old and New Testaments of the Bible. In these refer­
ences the clay was mixed into a mud with water and was 
used to remove grease from natural wool and for cleaning 
soiled cloth, processes which later came to be known as 
«fulling». 

The fulling process developed in the U.K. (initially 
spread by the Roman Empire through France to England) 
reached its peak during the middle ages. By the end of 
the 19th Century this use of the clay started to decline 
and others emerged. 

First the absorption properties were used in carpet 
cleaning and for cleaning jelt hats. Then the beaching of 
vegetable oil and paraffin was developed in the U.S.A. 
During the first world war the Germans progressed an 
acid «activated» bentonite for refining inedible fats to 
make them consumable. 

Nowadays bentonite is produced and sold under 
strict specifications which includes standard procedures 
and equipment for quality control (II,III,IV). The main in­
dustrial uses of the swelling bentonites are as a drilling 
mud (26%) foundry sand band (23%) iron ore pelletization 
(21 %) and for Civil Engineering purposes (V). In addition 
there are numerous other small uses which include 
pharmaceutical preparations, wine clarification, water 
purification, additives for caUle feed stuff and industrial 
floor cleaning agents, in ceramic and fertilizers, cosmet­
ics and soaps etc. An important range of absorbents is 
produced by manufacturing the clays into granular form -
among other uses granules are used as pet litter for which 
there is a growing market. 

The bentonite uses are to be continuously spread and 
increase in the future due to the considerable research 
work which is in progress in many countries nowadays. 
E.g. the fulling. Recent studies (VI) in USA has shown the 

bentonite to be an excellent conductive backfill in ground 
rod installations in problem soils, assuring effective 
means of obtaining and maintaining a low resistance to 
remote ground in electric substations. 

Lowering each rod's resistance to remote ground 
when bentonite was used as Backfilling medium was 
found to be up to 36%. 

Bentonite clays in general and particularly in Cyprus, 
keep large areas infertile; most landslides and many foun­
dation problems for roads and other engineering 
structures are caused by them and this is very well known 
by all Civil and Construction Engineers. On the other 
hand bentonite hasparticular properties that can be ex­
ploited for a number of uses in the construction industry. 
Very particular is its behaviour with water depending on 
the type and its structure. The main uses of bentonite in 
the construction industry are outlined below. 

Introduction 

Although thixotropic slurries such as bentonite have 
been used for lining boreholes by the oil industry since 
1929 the use of these slurries in constructional engineer­
ing only started in 1950. 

Bentonite is used in foundation engineering for 
diaphragm wall construction, piling grouting and lubrica­
tion. It is also used in tunnelling operations. 

Slurries containing between 4% and 8% of bentonite 
are used for grouting (that is making strata such as Sand 
and gravel impermeable, for example in the foundations 
for tunnels and dams) for diaphragm wall construction 
(providing non-mechanical well support for trenches, dur­
ing piling and in other excavations) and as a lubricant in 
sinking caissons, bored piles and similar foundations. 

In the U.K. about 0.05% bentonite is added to some 
grouting mixtures to act as a Lubricant. The addition of 
bentonite to the grout has three main purposes. It acts as 
a plasticizer and a lubricant which enables the grout to be 
pumped further, the addition of a small amount of bento­
nite can increase the volume of the grout considerably 
and it is a waterproofing agent. 

One of the major new uses for bentonite in civil en­
gineering is in plastic concrete. Bentonite is mixed with 
the cement or concrete and the resulting concrete has the 
consistancy of a hard clay. The concrete is impermeable 
but is capable of moving with the ground. Ordinary con­
crete is more likely to crack under these conditions. 
Plastic concrete is used to built impermeable walls. 
around reservoirs. It can also be used around chemical 
works to prevent toxic chemicals from spreading into the 
surrounding countryside. 
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Cement - Bentonite Grants 

Addition of bentonite to water-cement slurries greatly 
extends the range over which suspensions free from 
segregation by settlement may be obtained. The dry ben­
tonite and cement powders may be mixed together and 
subsequently added to water, or a pre-gel of bentonite 
may be made and added to the cement slurry. 

Conversion of the bentonite to its calcium-exchanged 
form undoubtedly occurs, through reaction which free 
line derived from the cement. The calcium bentonite is 
then flocculated by the excess of cations (mainly calcium) 
present in solution in the continuous phase. The floes so 
formed are still gelatinous and prevent sedimentation of 
the relatively coarse cement particles. The primary role of 
the bentonite thus appears to be that of a suspending 
agent. 

In general, limitations on the quantity of bentonite 
which can be incorporated in a mix are imposed by the 
following factors:-

1) Workability of the mix: 
Increasing the concentration of bentonite loads to an 

increasing stiffness in the slurry eventually making it 
unpumpable; 

2) Final compressive strength: 
Substantial additions of bentonite to cement slurry 

decreases the compressive strength of the cement; 

3) Grout specific gravity: 
Low specific gravity grouts showing a reduced ten­

dancy to migrate through the soil after placement are 
obtained by increasing the bentonite concentration in the 
mix; 

4) Stability towards sedimentation: 
The concentration of bentonite in the mix must be in­

creased as its cement content is lowered if slurries resis­
tant to settlement are to be obtained. 

The composition of a mix for a given function can 
only be decided by taking these factors into account. 

Considerable economies in cement consumption per 
unit volume of grout can be made, particularly when final 
strength is of secondary importance. 

Soil Impermeation and Consolidation 

The ability of bentonite suspensions to flow into soil 
poras, setting thixotropically to gels, may be turned to 
good account in soil impermeation. The low permeability 
of even weak gels, and the tenacity with which they are 
held in soil pores, renders them particularly attractive. 

A wet classified sand 0.43mm average grain diameter, 
permeability 2.0x10-1 cm/sec., was injected with a fully 
hydrated 6% suspension bentonite. The permeability was 
re-determined 15h after injection, and was found to have 
dropped to 5.8x10-5 cm/sec. when measured as a pres­
sure differential lower than that required to displace the 
gel from the pores in the sand. 

The reversible thixotropy of the suspension allows 
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marked disturbance to the soil without changing the per­
meability. The known sensitivity of bentonite suspension 
to flocculation by polyvalent cations, which are often pre­
sent in groundwater, suggests that there may be cir­
cumstances where the extent of impermeation may de­
crease with time. Precise information on this topic, and 
on the question of low tar loss of permeability can be 
offset by the use of peptizing agents, is lacking. 

The chemical reactivity and cheapness of bentonite 
makes it worthy of continued consideration as a con­
solidating agent. 

Stiff permanent gels which undergo little or no 
shrinkage in contact with groundwater can readily be 
formed by reaction with silicates. 

A method has been developed using bentonite slurry 
which makes possible tunnelling through soft strata such 
as sand and gravel. A bentonite slurry is pumped into the 
tunnelface, which it stabilises by gelling, enabling the cut­
ters to excavate the gravel and (he bentonite gel. The 
bentonite is then separated and recirculated for future 
use. This method of tunnelling has only been tried since 
1972/73. 

Bentonite for reclamation purposes is showing major 
improvement in its use to seal ponds, reservoirs, industrial 
and sewage lagoons, and in granting permeable grounds. 
It is not unusual to see specifications for power plant 
waste water ponds that call for tens of thousands of tons 
for a single project. These other uses although consi­
dered minor in the past could easily exceed 800.000 St. by 
the year 2000 (VII). 

Conclusion 

Although little vegetation occurs in bentonitic lands 
and the agricultural value of these areas is rather low by 
applying a proper treatment to the raw material of Bento­
nite, a very valuable product can be produced with 
numerous Industrial Applications in modern Industry. 
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Miss Pai Miss loanna Makri 
3rd year students Civil i-nnIY>I''''',rmn 

An study of the effect of thin and elongated 
aggregates on the strength of concrete was made, in part 
satisfaction of the final year diploma project. 

The object and scope of the project was: 
1. To determine the percentage of the thin and elongated 

pieces in the local aggregates. 
2. To carry out all possible tests in the labs in order to de­

termine the strength and the particle size distribution of 
local aggregates by sieving. 

3. Keeping all other parameters constant and conforming 
to the British Standards, to design various concrete 
mixes with % of thin and elongated pieces in aggre­
gates as the only variable. 

4. To determine the strength of the concrete at 0%, 10%, 
20%, 25%, 30%, 35%, 40%, 50% content of thin and 
elongated pieces in the aggregates. 

The experimental work performed covered, 
(A) Testing of Aggregates (Coarse) 
(B) Testing of concrete. 

A TESTING OF AGGREGATES (COARSE) 

1. Particle size distribution was determined by sieving. 
Aggregate particles were found to lie within zones 1 and 
2. (Zone 1: 11 /2 " - 3/16"). 
2. Shape tests were made on aggregates to determine the 
flakiness and Elongation Indices and also the percentage 
of thin and elongated pieces in the aggregates. 

a. Flakiness index is the percentage of the weight of 
the flaky particles (particles of a thickness less than 0.6 of 
their nominal size) to the total weight of the sample. For 
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aggregates as the only variable. 
It should be noted that the separation of the aggre­

gates into thin and elongated aggregates and clear aggre­
gates was achieved by passing each piece through the B.S. 
gauges. 

The proportion selected was 1 :2:4 with water-cement 
ratio equal to 0.8. 

Three cubes were made for each concrete mix. All 
cubes were compacted for the same time on the vibrating 
table. 

Cubes were cured in water for 28 days. 
For each concrete mix the mean compressive 

strength was taken. 
To determine the workability of each mix the slump 

test was made. 

Results: 

% of thin and elongated Compressive 
pieces in local aggregates Strenght (N/mm2) 

o 
10 
20 
25 
30 
35 
40 
50 

15.77 
16.25 
21.61 
22.04 
23.09 
21.89 
21.47 
21.47 

Slump 
(cm) 

1.0 
1.5 
2.0 
2.5 
2.5 
1.5 
1.5 
1.5 

the sample tested it was found to be 19.75%. 1 
b. Elongation index is the percentage of the weight of ~ 

the elongated particles (particles of length - greatest di- ; 
mension - of more than 1.8 of their nominal size) to the ~ 20 

total weight of the sample. For the sample tested it was ~ 
found to be 25.85%. .~ 

c. Thin and elongated pieces are the particles which t 
are either flaky or elongated. The percentage of these in U 

the local aggregates used was found to be 40.89%. 15 

3. The impact value of the aggregates was determined by 
the impact test and found to be equal to 14.54%. This 
gives a relative measure of the resistance of the aggre­
gates to sudden shock or impact. 
4. The crushing value of the aggregates was determined 
by the crushing test and found to be equal to 17.58%. 
This gives a relative measure of the resistance of the 
aggregates to crushing under a gradually applied com­
pressive load. 
5. The bulk density of the aggregates was found to be 
equal to 1355.6 Kg/m3. 
6. The specific gravity of the aggregates was found to be 
equal to 2.69. 
7. The water absorption by the aggregates is 1.92%. 

B. Testi.dg of concrete: 

Keeping all other parameters constant and conform­
ing to the British Standards various cor.crete mixes were 
designed with percentage of thin and elongated pieces in 

10 0 '--'·'--·~10 ·_·_·-20· _._. - 30 ·percent~;~ft~~~~~l:~sF.~'--·~ 
pieces in aggregates (%) 

Conclusions: 
A Sieve analysis test gave a well-graded particle size dis­
tribution. Thus the various sizes of particles interlock to­
gether leaving the minimum volume of voids. It is work­
able, thus reducing labour in placing. 

Zones 1 and 2 are the coarsest gradings. Thus the 
aggregates tested are comparatively workable and strong. 
They also absorb more water. 

Flakiness and Elongation Indices were found to be 
19.75% and 25.85% respectively which are acceptable by 
the B.S (the maximum value as 30%.) 



The percentage of thin and elongated particles in the 
aggregates was found to be equal to 40.89% which ac­
cording to the results gives strength of about 23.09% 
N/mm2. 

The impact and crashing values of the aggregates 
were found equal to 14.54% and 17.58% respectively, 
which is according to the B.S (maximum value of 30% for 
both). 

The silt and clay content in the aggregates is accept­
able since it is lower than 1 percent by weight which is 
specified by B.S 882:1965. 

Conclusions (Cont.): 

B. The concrete mix used for making the cubes was 1 :~:4. 
The water/cement ratio was 0.8. This seems to be high 
but can be justified by the following: 

1. Crushed coarse aggregates were used with sharp 
edges and rough surfaces, needing a higher w~~er/ce­
ment ratio for an acceptable degree of workability. 

2. All materials were dry and as a result they were 
absorbing enough water for saturation. This absorbed wa­
ter is not included in the net or effective mixing water. 

I A nAI 

3. Thin and 
ity due to their water/cement 
ratio is needed to obtain a workable concrete. 

The 
2.5cm. 

values were found to lie between 1.0-

According to theory sucn a concrete is good for heavy 
mass construction. 

Observing the curve which relates the compressive 
strength of the concrete cubes with the of 
thin and elongated particles a maximum compressive 
strength of 23.09N/mm2 is obtained for a of 
30%. 

Beyond the 30% the is 
gradually decreasing. 

The rate of increase of the compressive strength bet­
ween 0% and 30% is rather high. B.S. limit the permissi­
ble elongation and Flakiness index to 30%. (it should be 
noted that both flaky and elongated particles have the 
same effect on concrete). 

The reduction of compressive strength was ex~)ected 
since thin and elongated aggregates are of reduced 
strength and also tend to be oriented in one plane with 
water and air-voids forming underneath. 

The rate of decrease was rather low, because high 
bond stress exerted between thin and elongated 
and the concrete matrix results in high compressive 
strength. 
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PLASM R MACHINING ( M) 
by D. Roushas, Workshop Superintendent H. T.I. 

Principle of the process 
The PAM process utilises an ionised plasma for en­

ergy transfer. A plasma is defined as a gas which has 
been heated to a sufficiently high temperature to become 
partially or completely ionised. Constricting an electric 
arc in a plasma device has the effect of increasing the 
temperature of the ionised gas and at the same time con­
centrating the heat into a narrow, near-parallel gas stream 
moving at a very high velocity, which when impinged on a 
workpiece removes the material by melting and blowing 
away the molten material. 

Arc plasma devices can be divided into two main 
categories. The first one where the arc is struck from the 
rear electode of the torch to the workpiece (transferred 
arc) generally termed as 'plasma arc' and the second 
where the arc is operated within the torch itself and only 
ionised gas is emitted (non-transferred arc) generally 
termed as 'plasma jet'. The heat transfer rates attainable 
with plasma equipment are over 10 times that obtainable 
with an oxy-propane rocket flame. 

Variables associated with PAM operation can be di­
vided into three categories: 

(a) Those associated with the operation of the torch 
(b) Those associated with the physical configuration 

of the set-up and 
(c) Those associated with the environment in Which 

the work is performed. 

Equipment for PAM 
Electrical power supply, plasma torch, supply of gas 

and cooling water, plasma generator, work handling de­
vices and servomechanism for control and machine tool 
capable of withstanding high temperatures. 

A typical layout of Plasma-Arc Machining process is 
shown below. 

+Ve 
Control Console 

POWER 

Plasma Genera tor 

To power 
supply 

To water 
supply 
To gas 

con!ainen 

Layout of 7f'pica{ Plasma-Arc MachiniT79 

£C;iJ.ipment 

Operating parameters 

Power 20 to 200 KW 

Voltage 50 to 200 V 

Current 200 to 2000 A 

Plasma gas: 
Argon and hydrogen (100-40 mixture) 
Nitrogen and hydrogen (80-20 mixture) 

Plasma intensity: 
Maximum heat transfer rate 6.87 kJ/cm2/s (non-transferred 

arc) 
24.53 kJ/cm2/s (transferred 
arc) 

Maximum temperature: 16,650°C for non-transferred arc 
33,300°C for transferred arc. 

Workpiece material: Must be electrically conductive for 
transferred arc. 
Non conductive materials can be 
machined for non-transferred arc. 

Machining performance of PAM 

(a) General characteristics 
Perfomance of Pam depends on power, gas flow and 

characteristics of workpiece. Plasma cutting is quicker 
than oxy-fuel gas method. 

Depth of heat affected zone depends on work mate­
rial, thickness and cutting speed. 

In cutting, the cuts are usually free from dross but 
they are not quite perpendicular to the face of the plate. 

Torch stand-off distance is usually 0.5 to 1.5 cm from 
the workpiece. No physical contact between torch and 
workpiece and as such no tool wear and tool breakage 
problems. 

Rapid chilling of the heat affected zone will lead to 
formation of fine cracks. 

Additional safety provisions to protect radiant heat of 
the cutting zone, adequate ventilation are required. 

(b) Material removal rate 
(i) Estimated 

The metal removal rate has been estimated based 
on an empirical formula. Specific power required to re­
move mild steel by PAM is given by 

1 KWh 

15 in3 
= 4,000 watts/in3/min 

With a 10 KW power input to the process, 
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Material removal rate = 
10,000 

4,000 

In practice, normally plasma for machin-
ing applications will have capacities than 10 KW. 
The material removal rates claimed in practice are 
higher than the predicted values. For an optimised 
operation, in practice up to 45 percent of the electrical 
power delivered to the torch is used to remove the metal 
from the workpiece. Of the remaining power, 
mately 10 percent goes into the cooling water in the 
plasma generator and the rest is wasted in the hot gas 
and in heating up the workpiece. The maximum metal re­
moval rate of 114.7 cm3/min has been with a 50 
KW total power input. Assuming 45 percent of the power 
is used in metal removal, the material removal rate from 
the formula will be 92.2 cm3 /min, which is lower than the 
actual value claimed. 
However, in PAM the torch angle of plasma, the work­
piece surface condition obtained and the gas flow rate 
are also important. The formula can be used for n,~"'i~' 
ing the metal removal rates for initial estimation purposes. 

(ii) Practical 
The material removal rate is up to 10,000 cm3/hr. 

When operating at 50 KW power level, maximum 
depth of cut is Bmm to 9mm. 

(c) Surface finish 
The process leaves a very rough surface. of heat 

affected layer - up to 3mm in turning small diameter 
workpieces, and up to 5mm in cutting stocks. 

Principal advantages of PAM are that it is 
fective on any material regardless of hardness 
fractory .[lature. It provides mechanical U""vU'~UI 
tool and the workpiece so that only 
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structures are 
removal rates up to 
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to which the holes can be drilled and thE> 
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With a video recorder one can record a film of several 
hours, but what happens ,if you just want to record a 
single picture! with modern day technology one can of 
course get a freeze facility on the video recorders but at a 
price. 

Described below is a system that gives this facility at a low 
price but at the expense of picture quality. Two controls 
are provided. The freeze control freezes the picture on the 
screen so that the operator can easily choose which 
picture to store. The store control can store the picture 
displayed frozen on the screen, on audio magnetic tape. 

For ease of description the input signal is taken from a 
video Camera, but the system can also be adapted for 
broadcast transmission. The set up is shown below in Fig.1 

<0"'-' 

1------1 DEFI N'1'ION 

\.11. 

!>~STEM . '" D··,,, 
... <:) • 

Fig. 1 System peripherals 

Brief summary of operation: 

The input signal to the system is the composite Video sig­
nal (Le. the Video camera output). From this signal the 
synchronizing pulses are extracted and processed so that, 
a particular sequence and number of lines are chosen. 
The video content of these lines is converted into digital 
form and stored in digital memory I.C.'s. 

By controlling the Read/Write sequence and continuallv 
changing the memory contents according to the inptit 
composite Video signal, a smoothly running low definition 
display is achieved. This has the same picture frequency 
as before Le. 25 pictures per second although fewer lines 
are used. 

With the use of a switch the memory contents are pre­
vented from changing, with the result of a 'frozen' picture 
appearing on the T. V. screen. If that picture is selected 
for recording then the memory contents are read slowly, 
converted into serial form and recorded on Audio mag­
netic tape. 

The television Signal 

The British Standard Television waveform is based on 625 
lines and 50 Hz field frequency. That is, to constitute a 
complete picture a time «space» of 625 lines is needed, 
which are divided into 2 fields referred to as the Even and 
Odd fields. 

The path followed by the electron beam at the receiver is 
shown in Fig. 2. 

As it can be seen, the beam moves from left to right and 
on reaching the right hand side, it quickly returns to the 
left again, but instead of scanning out the immediate line 
underneath the one just traced, it moves to the next one. 

A complete scanning of every other line of the picture, 
from top to bottom, is called a «field». On reaching the 
bottom of the screen, the beam moves back on top and 
scans out the lines left out in the previous field. This pro­
cess is called «Interlaced scanning». The field that con­
tains the first visible line is called the «Even» field. And 
the other one is called the «Odd» field. The two fields to­
gether constitute a picture. Now because each field ap­
pears 50 times a second, a complete picture is scanned 
with a frequency of 25 Hz (i.e. 1/50+ 1/50 = 1/25 second 
or 25 Hz). 

The employment of the Interlaced scanning principle, 
achieves a picture frequency of 25 Hz, which is suffi­
ciently high for the Human eye to «average» the pictures 
and perceive them as a smooth sequence, without flicker. 

L; .. l. 331 
( ... .Ll. ~''"y.) 

L ... e. '332 
l .. ci.4!·d4.) 

= ----
~ ---

Fig. 2. Interlaced. Scanning Pattern (Raster) 

It should be noted here, that although there is enough 
«space •• time available for 625 lines, only 585 lines are vis­
ible. A «space» of 20 lines is taken up by each field, for 
synchronising purposes. 

The complete video signal contains the following 
information: 

(a) Active line 

As the beam moves from left to right, its intensity (i.e. 
brightness) is varied according to the picture content at 
that point on the screen. This brightness variation, is rep­
resented in the video Signal by voltage variations. See Fig. 
S. 

(b) SynchroniSing Pulses (sync. pulses) 

These are needed so as to maintain synchronisation, bet­
ween the transmitter and the receiver. The sync. pulses 
therefore, contain information as to the exact point at 
which the beam should be at any instant to maintain intel­
ligibility of the picture (See Fig. 4.). 

These pulses therefore provide instructions to the re­
ceiver as to when to change lines, fields, etc. 
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N.B. ( i) Sampling Starts at point A and stops just be­
fore point B. 

(ii) Time between A and B corresponds to the 
duration of Logic 'I' of the «Line Clock». 

Fig. 3 One Video Line 

r--··'···f. ., 
IV~~i.nf~TTrrnTM' 

-:~;+;-_:+;.:-+;~~~ -;+;,~7"; ,~>"C-+;~ -!-;f,;~~~.~.7;~:+:: .. ~"!n< I m I 
,,~: '''.~'.rfi'~;-f-'''~-.'·~''_1~,.r 1.·,.. 

r- l·~I.l, ~''''''~r' ~c 

, 
-; 

r :.\1

1 
~ Al,;:if:':~':~" ~,:,,,,, ".,>..~, ~ AA ~'l 

.,.,. (~~l;JmJ,(cw~Do< 
' .... ,1 ~.~: .~.:-:::-:::.~_;;I,~~:~.:i N4 ~ .'~ : 

,.,j""".~.l';h-rl'Tt", .. ~ •. -~ .... , 1 
-";, ............. :;\./" ••• -.;~.~<>~-~ ,=\Y r.~.~----~--------, 

• I 

Fig. 4 Field Synchronising Waveforms of the British 625-
Line Television Signal. 

Low definition digital television standards 

Because the main objective of the system is to store a 
complete picture at low cost, (approx. St£70) a set of 
Standards was needed from the beginning, on which the 
actual circuit design could be based. 

Attemps to store T.V. pictures in high definition form, 
would be unjustifiably expensive for our purpose. 
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Resolution bits 

For entertainment purposes in analogue TV. systems an 
infinite number of variations of grey (Le. brightness levels 
between black and white) is employed. 

But as the signal is to be stored in digital form, an analo­
gue to digital converter has to be used and that in turn 
implies that a definite number of grey levels had to be 
decided beforehand. 

The number of grey levels is determined by the number of 
bits that the AID converter is operating at. An n-bit output 
AID converter, is said to give n-bit resolution and the 
number of grey levels is equal to 2n. 

The number of 16 grey levels was decided upon, this be­
ing a reasonable number for our purposes and requiring 
the use of a 4-bit AID converter. 

It should also be noted here that for a given number of 
samples taken, the fewer the number of resolution bits, 
the less storage capacity is needed. 

An additional advantage of operating with 4-bits resolu­
tion, is that 4 is a binary number and all the available I.C. 
memory chips are arranged in stacks of either 1.4,8 ... bits 
making addressing a little easier and cheaper. 

Number of sampled lines 

Because of the limited number of bits that can be stored 
at a reasonable cost, we sample every 4th line of the Even 
field only, with a total number of 64 sampled lines (all 
from the Even field). 

Since samples are obtained from 64 lines only then to dis­
playa complete picture, each sampled line is displayed 4 
times in each field, resulting in a total of 8 identical lines 
being displayed one underneath the other. 

Sampling rate 

For equal horizontal and vertical resolution, for a given 
number of sampled lines, one can calculate mathemati­
cally the minimum sampling rate. For Engineering 
purposes though, it was decided that 64 samples per line 
should be taken at the frequency of 1.28 MHz. 1.28 MHz 
sampling rate is used because it is directly available from 
the sync. pulse generator. The need for 64 samples arises 
from the fact that as this is a binary number (26), it is eas­
ily handley by binary counters, but perhaps more impor­
tant it simplified circuit design in the address generator 
circuits. 

It is important to note here, that the AID converter is set 
to operate during the active part of a video line because 
the sync. pulses do not contain any picture information. 
They are available from other parts of the circuit when 
they are needed for display purposes. 

Fig. 3 shows the points where the first (point A) and the 
last (Point B) samles are taken. 

Table of set standards 

Because the need to refer back to these set standards will 
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times later on, a list of the standards 
is shown below with some additional information 

Field 
Total 

Lines "':>.Tln.",", 

Even Field 
64 lines 

Resolution bits = 4 bits 16 grey 
Number of per line = 64 

rate = 1.28 MHz 

First line ,S"'riV'H., from the: 
Even field 
Odd field 

line 
line 

Total number of lines = 512 256 + 
Total number of blacked lines = 73 (= 36.5 + 36.5) 
~il'cuit n~,!tCI'lnlllnl1l 

Let us now see the basic structure of the system. 
S shows the circuit block diagram and based on this, 

a brief description of each block is made below. 

Fig. 5 Circuit Block Diagram 

The Video camera used is supposed to be of the cheapest 
available for small studio use. These types of cameras 
need all the synchronising pulses provided externally and 
in our system these are supplied by the sync. pulse 
generator. This is a single I.C. specifically made for these 
purposes. 

We follow what happens to the output signal of the Video 
camera. 

As seen from the block diagram this is fed simultaneously 
to the low pass filter and the sync. separator. The latter as 
the name implies, separates out the synchronising pulses. 
The sync. processor outputs are the line clock and the 
«start» of line 1 signal». 

The line clock has a period of 64 f.i.s which correponds to 
the time needed by the CRT to scan a line and return to 
the left of the screen again. This putput is needed be­
cause as we have to select out lines we have to have 
something to count lines on. 

the start of line 1 signal as the name implies gives out a." 
lyulse at the beginning of line 1. We use that to start 

'nting the lines. 

The line sample selection circuit is there to tell us which 
lines to with the AID converter. That is, when 
signalled that line 1 has started, it starts counting and sig-

na!s the AID converter which lines to i.e. sarnplle 
line 2327 etc. While the AID to the 
line selection circuit also sets the Read or write 
the meillory block. 

lets say now that line 19 is present. line 19 is one of the 
lines that we Therefore a «Sample» instruction is 
sent by the line selection cct to the AID converter, 
and at the same time sets the Read/Write line to write. 

So the output of the AID is sent simultaneously to the AID 
converter to be displayed on the screen and to the mem­
ory block to be written in. 

The address generator generates the addresses so that 
the samples are stored in the right position and sequence. 
The next line to be sampled is line 23. So when line 19 
finishes the line sample sellection circuit inhibits the AID 
and sents a Read instruction to the memory. The address 
generator generates the right addresses so that the 
samples of line 19 just written in are now read out in the 
same sequence. 
In that way line 19 is displayed on the screen in the posi­
tion of line 19 and also at the position of lines 20, 21 and 
22, See Fig. 2. line 23 is also sampled and similarly 
displayed. 

Between line 19 and 20 of the even field lies line ~2, so 
the samples of line 19 are also displayed in the opposition 
of line 332, 333, 334 and 335. By doing that the effect on 
the screen is that we manage to display one line 8 times. 

With the system running like that all the samples from one 
picture, are replaced by the next picture samples, in the 
memory. Now with the use of a switch we can inhibit the 
operation of the AID converter so that the memory con­
tents do not change according to the input Signal. This 
will have the effect of a frozen picture as the same mem­
ory contents are simply ~ead out continuously. 

If we want to store the pictures on a magnetic tape we 
simply read out the memory contents slowly, convert 
them into serial form and record it on a normal cassette 
recorder, using Frequency Shift Keying (F.S.K.) 
modulation. 

Applications 

This system was originally developed as an aid to eye 
movement research but the same system as it is can offer 
other attractive applications. 

Instead of connecting the system record output to a tape 
recorder it can be directly connected to the telephone 
network so that pictures can be sent over long distances. 
These might be a display on the ascilloscope, a patients 
X-Ray pictures or road traffic monitoring. 

With a few minor modifications this system can be used to 
convert a normal oscilloscope into a digital oscilloscope 
with permanent storage facility on magnetic tape (Video 
Camera not needed here). 

The system just described offers some interesting appli­
cations either in using it as it is or by modifying or even 
discarting parts of it. But imagine the possibilities offered 
by interfacing the above with a microprocessor ....... . 
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ST L I R 
PROPERTI S D 

By Dr. H. Stavrides, Lecturer, HTI - Nicosia. 

Dr. D. Theodorakopoulos, Consultant Engineer Practising 
in Greece. 

Summary:-

Tests are reported on the material properties of high 
workability steel fibre concrete in a cement/fly ash based 
matrix where 30% by weight of the cement content is re­
placed by an equal amount of fly ash. 

The effects of the size and type of aggregate, the type of 
aggregate, and the method of casting and compaction are 
reported. 

Further, tests on the structural behaviour of steel fibre 
reinforced beams are reported with special emphasis gi­
ven to the moment-rotation characteristics of such 
beams. 

Introduction:-

One of the limitations of fibre reinforced concrete is its 
lack of adequate workability. The difficulties of placing 
and compacting fibre concrete, arise from the particle in­
terference between the fibres and the coarse aggregates. 

Tests (1,2,3) show that it is not only the fibre geometry 
and fibre volume that influence the rheological properties 
of the fresh fibre concrete but also the size, shape and 
volume fraction of the coarse aggregate. To ensure ade­
quate compactability of the fresh fibre concrete and more 
importantly to achieve uniform fibre distribution without 
bundling of fibres it is therefore, necessary to control the 
relative fibre-aggregate volume in addition to the fibre 
and aggregate geometry. Conventional concrete mixes 
cannot therefore be used with steel fibre concrete. 

Experience with steel-fibre concrete shows that if 
conventional procedures and equipment are used for 
handling and placing it, a higher proportion of finer mate­
rial is then generally found necessary for fibre concrete 
than for plain concrete. In comparable plain and fibre 
concrete mixes about 40% more water content is required 
for the fibre mix with a 1% volume of fibres of aspect ratio 
76. This would reduce the strength and elasticity prop­
erties of the fibre concrete and hence it is imperative to 
improve the workability properties of fibre concrete with­
out necessarily increasing the free water added to the 
mix. This was achieved by replacing 30% by weight of the 
O.P.C. by fly ash in conjunction with the use of water re­
ducing admixtures. The fly ash introduction at the rate of 
30% did not impair the compressive strength or the 
elastic properties of the mix. 
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The main difference between concrete reinforced with 
short discontinuous fibres and conventional steel bars is 
their orientation. That is, whereas reinforcing bars ~re 
aligned along the direction of stress the fibres usually 
have a three dimensional configuration. The test series in­
volving the beams was designed to investigate the effect 
of fibre volume and fibre orientation on the beam defor­
mation characteristics with particular emphasis given to 
the moment-rotation characteristics. 

I. Material Properties 
These tests reported form a small part of a much wider 
experimental programme the initial stage of which was to 
design a mix including the optimum fly ash content. This 
optimum fly ash content was established to be 30% 
replacement by weight of cement. 

To establish the optimum fly ash content, several mixes 
with fly ash alone varying from 0 to 50% and replacing 
equal amounts of cement by weight were cast and their 
strength, elasticity and damping properties determined at 
various ages. From all these results, the mix with 30% fly 
ash content gave the optimum strength and elasticity 
properties. Indeed at six months the 30% fly ash mix had 
nearly the same flexural strength as the all cement mix; 
however, the reduction in compressive strength com­
pared to the all cement mix was about 30%. 

Effect of aggregate type and size 

To study the effects of aggregate type and size on the 
properties of the fly ash fibre concrete, four different 
types of aggregates were used with their corresponding 
mixes in plain concrete without fibres. The details of the 
mixes are shown in Table 1. The water content for each 
mix was adjusted to give approximately similar workability 
properties, although the granite concrete mixes were con­
sistently less workable. All the mixes had the same fibre 
volume of 1% of 0.5 x 38,1 mm sraigtht round fibres. 

The crushed gravel aggregate was used both in the 
graded form and as a single-size. The limestone and gra­
nite aggregates were used as single sizes. The lightweight 
aggregate was also single-sized with 10 mm maximum. 
All the test specimens were cast in steel moulds and com­
pacted by table vibration. They were demoulded at 24 
hours and subsepuently cured under controlled condi­
tions of temperature of 60±20F. Only data concerning 
flexural and compressive strengths are reported here. 
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TABLE 1 Details of mixes used. 

Mix Type of aggregate 

D 10mm Gravel 
F 20mm Gravel 
G 20mm Gravel *** 
H 10mm Limestone*** 
I 20mm Limestone*** 
J 20mm Granite*** 
K 25mm Granite*** 
L 38mm Granite*** 
M 10mm Lightweight(Lytag) 

Mix proportions* 

1: 1.8:2.25/0.42 
1: 1.8:2.25/0.40 
1: 1.8:2.25/0.40 
1: 1.8:2.25/0.44 
1: 1.8:2.25/0.40 
1: 1.8:2.25/0.40 
1 :1.8:2.25/0.40 
1: 1.8:2.25/0.40 
1: 1.05:2.45/0.50 

28 day 
strength 

Slump 
mm 

V.B. time 
secs 

Flexu- Compre- Fibre Plain F.m P.m 
ral ssive mix mix 

N/mm2 N/mm2 *** 

7.25 44.30 90 175 4 
5.93 42.20 100 180 3 
5.50 40.00 110 185 3 
6.21 37.00 100 180 3 
5.37 41.15 130 210 2 O.S 
7.00 48.10 40 80 8 4 
6.50 44.20 45 90 8 4 
5.20 42.30 50 100 7 3 
4.78 30.40 100 180 3 1 

Notes: * All mixes include 30% p.f.a by weight of cement 
and 280 gm of water-reducer per SOkg of (ce­
menH p.f.a) 

** The plain concrete mixes had exactly the same 
mix proportions as the fibre concrete mixes. 

*** Single size grading 

+ Fibre concrete strength 
Fibres used: Cold drawn straight round steel 
fibres 0.Sx38.1 mm 

Effect on flexural strength 

The flexural strength results of the fibre concrete mixes 
are shown in Table 1. The results show that the larger the 
size of the aggregate, the lower the ultimate flexural 
strength. Table 1 also shows that the increase in flexural 
strength due to the presence of fibres is more pro­
nounced in mixes with smaller maximum aggregate sizes. 
With the 20 mm granite mix, for example, the increase in 
flexural strength of the fibre concrete over the cor­
responding unreinforced mix was about 46%, whereas 
when the aggregate size was increased to 38 mm, the in­
crease in strength was reduced to 30%. 

However, aggregate geometry and surface texture also in­
fluence the effect of the fibre presence on flexural 
strength. With both 10 mm and 20 mm aggregates, the 

rougher the aggregate surface and shape, the less effi­
cient the fibres appeared to be in their role as crack ar­
restors although the 20 mm granite concrete gave better 
results than the crushed gravel or limestone concrete. 
Whereas in plain concrete the crushed aggregates lead to 
higher flexural strength, in fibre concrete more evenly 
shaped aggregates were generally found to render the 
fibres more effective. 

Although limited, the results also showed some effect of 
aggregate grading on flexural strength. Whereas in plain 
concrete higher strengths could be achieved through gap 
grading, particularly for stiff mixes (4), the direct contact 
of aggregates achieved with gap grading appeared to 
limit the effectiveness of the fibres. In the tests reported 
here, the single size gradation gave marginal increases in 
flexural strength for the plain concrete mixes; however, 
the situation was reversed with the corresponding fibre 
concrete mixes. Single size aggregates in fibre concrete 
showed a distinct reduction in flexural strength, and it ap­
pears that in fibre concrete large single sized aggregates 
cannot produce a better performance than that obtained 
with continuous grading of aggregates. 

Although all the fibre concrete mixes showed first crack­
ing load distinct from the ultimate strength, the smaller 
maximum aggregate sizes and the smoother aggregates 
showed better postcracking behaviour. With larger aggre­
gates the bond area is smaller and the bond failure at the 
aggregate-matrix interface becomes more critical (5). The 
fibre-aggregate interparticle friction appears to be more 
pronounced with irregularly shaped aggregates, and the 
fibres become distorted and their efficiency as long and 
straight crack arrestors, reduced. As a result, a large 
proportion of the fibres is reduced to act as mere solid in­
clusions than as effective crack arrestors. The smaller and 
smoother aggregates, give more scope to the fibres to 
embed themselves undistorted in the matrix, and hence 
act more efficiently in arresting propagation of cracks. 
The fibres are thus more efficiently oriented and more ef­
fectively embedded in the mortar matrix to continue to 
carry the load after the formation of the first crack. 

Visual and microscopic examination of the fractured 
surfaces as well as x-ray examination of slices confirmed 
the above abservations. Aggregate-matrix bond depends 
primarily on the surface texture of the aggregate, and has 
an important influence on the strength of concrete, par­
ticularly the flexural strength (5), however, size is also an 
important factor, especially in fibre concrete. With larger 
aggregate sizes, the fibres become less effective due to 
the aggregate-fibre interaction; when the aggregate size 
then reaches that of the fibre length, the propagation of . 
flexural cracks is influenced more by the distribution of 
aggregate particles than by fibre distribution. X-ray 
studies have confirmed the aggregate-fibre interaction; 
the tests also showed that with aggregates larger than 20 
mm, the cracks invariably propagated in a more erratic 
manner, indicating that with larger aggregates, it is the 
aggregate size which is the crucial factor in crack propa­
gation and not the firbe distribution. 

Effect on compressive strength 

Compressive strength is influenced in the same way as 
flexural strength by the size and type of the aggregate, 
but to a much smaller scale. The effect on compressive 
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strength of the 1 % fibre content in all the mixes used was 
practically negligible. All the fibre concrete mixes showed 
an increase in compressive over the 

plain concrete mixes, from 0 to 3% for the 
natural aggregates, and 7% for the lightweight concrete, 
with the exception of the 10mm limestone and the light­
weight aggregate the average compressive strength at 28 
days varied between 40 and 48 N/mm2; the lightweight 
concrete gave a strength of 30 N/mm2. These tests show 
that with adequately workable mixes the presence of 
fibres need cause no reduction in compressive strength 
(1), and indeed give a modest increase. 

The orientation of the fibres relative to the stress tra­
jectories is a major factor in their efficiency. When short 
discrete fibres are mixed in a concrete, the orientation 
tends to be largely random three-dimensional, at least just 
after the concrete has been mixed. The only stage during 
which some kind of redistribution and reorientation of the 
fibres can occur is during the casting-compacting stage. 
Under table vibration, steel fibres tend to align in planes 
at right angles to the direction of vibration (6). In this test 
series the effect of the method of casting, horizontal or 
vertical, in connection with two different methods of vib­
ration, external and internal, has been studied. Although 
the problem has been studied for different types of aggre­
gates, and different properties, only data concerning 10 
mm crushed gravel and flexural strength and dynamic 
modulus are reported here. 

The mix proportions used for the fly ash fibre concrete 
were the same as before with fibre volume varying from 0 
to 1.25%. All the beams were demoulded at 24 hours and 
cured under constant temperature and humidity condi­
tions for 27 days, and tested dry. Four types of beams 
were tested, namely, 

Type A 1 - beams cast horizontally and vibrated externally 

Type A2 - beams cast vertically and vibrated externally 

Type B1 - beams cast horizontally and vibrated internally 

Type B2 - beams cast vertically and vibrated internally. 

The influence of the method of casting and type of vibra­
tion on the flexural strength of fly ash fibre concrete for 
various fibre contents is shown in Fig. 1. The results show 
that when fibre concrete specimens are cast horizontally 
external vibration gives the optimum strength whereas if 
the specimens are cast vertically, internal vibration is 
more effective than external vibration. The results confirm 
that horizontal casting and external vibration are the most 
efficient method of casting and compacting fibre con­
crete and that fibre orientation occurs during the casting­
compacting stage. 

When fibre concrete is cast horizontally, the reduction in 
strength due to internal vibration is only marginal, the 
maximum being 5%. The effect of vertical casting on flex­
ural strength is, however, substantial, the reduction in 
strength, compared to external vibration of horizontally, 
cast beams, varying up to 32% under internal vibration 
and 35% under external vibration. Internal vibration con­
sistently produced higher flexural strength with vertical 
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the increase to external vibration vary-
from 3% to 8%. The results evidence 

fibre cast sections under 
and methods. 

It is to note that the flexural 
mens with 0.5% and 0.75% fibre content, cast 
were even smaller than that of the 
mens cast horizontally and Q"t","n<:>1 

mens with 1 % fibre content cast were 
ginally stronger than the concrete specimens 
horizontally. The fact that the flexural strength of fibre 
concrete could be smaller than of plain concrete cast in 
different way cannot be explained only in terms of favour­
able and unfavourable fibre alignment. The full explana­
tion to this' must lie in the creation of weak bond 
characteristics and imperfections (6,7), which not 
weaken the fibre concrete but reduce the strength to such 
an extent that fibres no longer act as agents of increasing 
flexural strength. 

It must also be added that the combination of the fibre 
length (38 mm) and the dimensions of the 
men (100 x 100 x 500 mm) may have contributed to the 
creation of such imperfections. It is probable that in a 
specimen of larger cross-sectional area, the effect of ver­
tical casting may not be so severe. 

Examination of fractured surfaces showed that fibre 
orientation and fibre distribution were clearly affected 
the method of casting and the type of vibration. In a hori­
zontally cast specimen, a large proportion of the fibres 
will be acting directly along the stress trajectories, 
whereas in vertically cast specimens, the fibres will be in a 
direction at right angles to the direction of stress, thus 
contributing very little to the flexural strength. At the ini­
tial stages of external vibration in the vertically cast speci­
mens, fibres could be seen to rotate and occupy horizon­
tal directions. 

Effect on dynamic modulus 

The influence of the method of casting and type of vibra­
tion on the dynamic modulus for various fibre contents is 
shown in Fig. 1. The results show two important 
conclusions-whatever be the method of casting-internal 
vibration consistently gave higher modulus than external 
vibration. Secondly, for a given type of vibration, horizon­
tally cast sections gave consistently higher modulus than 
vertically cast specimens. However, the variations in the 
dynamic modulus due to casting or compaction were only 
marginal and within 5%. In general the reduction in 
dynamic modulus was larger in the externally vibrated 
beams. 

Conclusions 

The smaller and smoother the coarse aggregate, the 
higher the flexural strength and the better the post­
cracking behaviour of the fibre concrete. 

With large aggregate sizes, the fibres become less effec­
tive due to aggregate-fibre interaction and this interparti­
cle friction becomes more pronounced with irregularly 
shaped aggregates. When the aggregate size reaches that 
of the fibre length, the propagation of flexural cracks is 
influenced more by the distribution of aggregate particles 
than by fibre distribution. 



With adequately workable mixes, the presence of fibres 
causes no reduction in compressive strength. 

Both the method of casting and the type of vibration af­
fected the flexural strength and, to a lesser extent, the 
elastic properties of the fibre concrete. 

When fibre concrete is cast horizontally, the reduction in 
strength due to internal vibration was less than· 5%. The 
effect of vertical casting on flexural strength was more 
substantial, the reduction instrength, compared to exter­
nally vibrated horizontally cast sections, was 30-35% ir­
respective of the mode of vibration. 

The results showed that vertical casting not only pro­
duced unfavourable fibre alignment but also created 
weak bond characteristics and internal imperfections. 

The variations in the dynamic modulus due to variations 
in casting or compaction were only marginal and within 
5%. 

81 Beam Tests 

Altogether 10 beams were cast, seven with high yield steel 
of fy = 617 N/mm2 and three with Tor steel of fy = 475 
N/mm2. All the tests were conducted on simple-span 
beams loaded at midspan with a concentrated load. Figs 
2 and 3 show the instrumentation and reinforcement de­
tails of the test beams respectively. 

The central load was transmitted through a 50mm plate. A 
calibrated load cell was used for the load transmission. 
Concrete compressive strains were measured by means 
of a 100 mm gauge length demec gauge. The demec st­
rain gauge layout points interval was 12.5 mm. 

Deflections were measured by means of dial gauges at 
five positions along the beam as shown in Fig.2. Rotations 
were measured by a clinometer. Strains on the tensile 
steel were measured by means of 10 mm gauge length 
electrical resistance strain gauges. Rotations and com­
pressive concrete strains were measured on one side of 
the beam and assumed to be the same over the other 
(symmetrical) half of the beam. The same basic mix was 
used as for the previous tests with a W IC ratio of 0.45. 
The full details of all the beams are given in Table 2. 
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Main results and conclusions 

The deformation characteristics of the beams with 
aligned fibres in the tensile zone were found to be 
superior to those of the plain concrete beam and the 
beam with the three dimensional distribution of fibres in 
the tensile zone. 

Alignment of fibres in the tensile zone led to a reduction 
in rotations, deflexions and maximum concrete compres­
sive strains. The increase in ultimate strength, compared 
with the plain concrete beam was 11 % for the beam rein­
forced with 1 % of non-aligned fibres, and 15% for the 
beam reinforced with 1% of aligned fibres. Fig. 4 shows 
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some typical results of the Moment-Rotation 
characteristics. 

These results show that reinforcement with higher 
characteristic strength (even higher than 460 N/mm2) 
may be used efficiently and economically with a fibre 
tensile skin with all the advantages of less congestion and 
saving in steel. The increased cracking and deflection 
arising from the higher steel service stress will be control­
led to within acceptable limits by the presence of fibres. 
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TOUGHN SS AND BRITT FAILUR o METALS 
by G. Katodrytes 

Lecturer, HTI 

1. Introduction 

FRACTURE is the separation, or 
fragmentation, of a solid body into 
two or more parts under the action 
of stress. The process of brittle frac­
ture can be considered to be made 
up of two components, crack initia­
tion and crack propagation. 

Conventional engineering de­
sign is based on the avoidance of 
failure by general plastic collapse. 
The material property specified in 
design codes is the flow stress 
which is usually the yield stress or 
0.2% proof stress. The DESIGN 
STRESS is determined by dividing 
the applied stress calculated to 
Gause collapse by a SAFETY FAC­
TOR. The role of the safety factor is 
to take into account any extra stres­
ses imposed during erection, 
fabrication or service, which may 
raise the applied stress to the value 
required to cause plastic collapse 
and failure. 

The safety factor really does not 
recognise the possibility of failure by 
brittle fracture. It was generally be­
lieved that the safety factor could 
«safeguard» against this type of low 
stress fracture by the use of higher 
figures of safety factor. This was 
proved not to be true, since total fai­
lure of components or structures 
have occured in the presence of a 
material defect or crack at stresses 
well below the design stress. 

The meaning of the terms 
«toughness» and «brittleness» as 
used for metals is really inter-related 
because when we talk about tough­
ness of metals we mean the absence 
of brittleness. This article intends to 
deal mainly with brittle fracture of 
engineering materials which is the 
most important since it occurs with­
out warning and usually produces 
disastrous consequences. Such 
fracture in metals is characterized 
by a rapid rate of crack propagation, 
with no gross deformation and very 
little microdeformation. 

2. Toughness - notch toughness 

TOUGHNESS is the capacity of 
a material to absorb energy by de­
forming plastically before fracture. A 
more generally accepted meaning of 
toughness is resistance to rapid 
crack propagation or the absence of 
brittleness. Toughness is influenced 
by the chemical composition and 
physical properties of the material. 
Alloying elements, gas content and 
impurities are the chemical factors 
affecting this property. The physical 
factors include hardness, microstru­
cture, homogeneity, grain size, se­
ction size, rolling direction, hot and 
cold working temperatures and me­
thod of fabrication. 

The consideration of toughness 
during design of a part will permit 
selection of materials with low prob­
ability of failure by fracture, and its 
consideration during failure analysis 
often ·is necessaty to establish the 
conditions that led to fracture. 

NOTCH-TOUGHNESS is usually 
evaluated by testing prescribed 
notched-bar specimens at known 
temperatures in a single-blow pen­
dulum type impact machine. Results 
are reported in fHb of impact energy 
absorbed by the test specimen. The 
Charpy and Izod methods of notch­
ed-bar impact testing (according to 
BS. 131) are used for notch'tough­
ness determinations. Out of these 
two, the Charpy test was found to be 
the most reliable and reproducible. 

Investigations on toughness 
have began after the brittle failure of 
welded liberty ships and T-2 tankers 
during World War II. Some of these 
ships broke completely in two, while 
in other instances the fracture did 
not completely disable the ship. Mo­
st of the failures occured during 
winter months when the ships were 
both in heavy seas and anchored at 
docks. From this it has become obvi­
ous that the ductile material mild 
steel can become brittle under cer­
tain conditions. During these 
investigations several other test me­
thods have been developed (apart 
from the Izod and Charpy) such ''is 
the drop weight test, the explosion-

bulge test, the Navy (or Kahn) tear 
test and various slow bend tests 
including the Lehigh bend test. 

Researchers showed that 
three basic factors contribute to a 
brittle-cleavage type of fracture. 
These are 

(a) a triaxial state of stress 
(b) a low temperature 

and (c) a high strain rate or ra­
pid rate of loading. 

All three of these factors do not 
have to be present at the same time 
to produce brittle fracture. A triaxial 
state of stress, such as exists at a 
notch and a low temperature are re­
sponsible for most service failures of 
the brittle type. As far as the low 
temperature factor is concerned, re­
searchers showed that there is a 
transition temperature below which 
a ductile material like mild steel at 
room temperature can become 
brittle. 

The Izod and Charpy tests tell us 
almost nothing but they do probably 
have some values as rough com­
parative tests between different ma­
terials. The Izod and Charpy figures 
have no design value because geo­
metrically similar notches do not 
produce the same results on large 
parts as they do on small Izod and 
Charpy test pieces. These tests are 
usefull to the metallurgist in detect­
ing differences due to casting, me­
chanical and heat treatment, not in­
dicated by the tensile test. For mate­
rial susceptible to notch-brittle 
fracture, they give a guide to the re­
sistance against failure at a discon­
tinuity or change in section and also 
indicate the resistance of a material 
to the «spread» of a crack after it 
has formed. Such notched - bar test 
results form no basis for approval or 
condemnation of a metal for servi­
ces under conditions of notch 
fatigue. 

3. Fracture toughness 

The investigations of brittle 
fracture of World War " ship plates 
led to new methods for evaluation of 
notch toughness, mentioned earlier 
in this article. The toughness para-
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meters measured by these tests, ho­
wever, have the same limitations as 
the older notched-bar impact tests 
(Izod and Charpy) in that the para­
meters are not material constants. 
Instead, they are affected by the size 
and shape of the specimen and its 
notch. Thus, a new parameter was 
needed, one that was a material 
constant. Through application of the 
concepts of Fracture Mechanics, 
which are mentioned in the follo­
wing section, a parameter called 
fracture toughness (K) was 
developed. 

FRACTURE TOUGHNESS is the 
property which measures resistance 
to fast crack propagation in mate­
rials. A more detailed definition for 
plane strain fracture toughness (Kid 
is given in B.S.5447:1977. According 
to this standard, it is a property of a 
material indicative of the materials 
resistance to crack growth under 
conditions in which plastic deforma­
tion is limited. 

It is the critical value of K (Kc) at 
which the first significant extension 
of the crack occurs under the 
influence of a rising force under 
conditions of high constraint to pla­
stic deformation. 

Values of Kc may be determined 
by testing specimens that are desi­
gned to produce mode I (opening 
mode) crack deformation according 
to B.S. 5447:1977 and in this case 
they are given the designation 
KIC' When KIC is considered in desi­
gn and in material selection, the li­
kelihood of choosing the correct 
material, of properly evaluating the 
potential danger of a flow, and of 
preventing catastrophic fracture are 
improved. Component fracture can 
be predicted in terms of applied 
stress and probable flow size by 
applying appropriate equations to 
real structures. 

4. Fracture Mechanics 

FRACTURE MECHANICS is 
the branch in engineering which de­
als with crack-defects in metals and 
brittle failure. The significance of 
crack-defects becomes evident from 
the fact that higher safety factors are 
used for castings than for 
wrought materials because of fear 
that the castings might contain more 
inherent defects, which could lead 
to fast crack propagation at or be­
low the applied design stress. In 
other words these defects in the 
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material act as stress concentrators. 

Fracture mechanics includes 
concepts which provide a quantita­
tive framework for evaluating 
structural reliability in terms of 
applied stress, crack length, and 
stress intensity at the crack-tip. The 
linear-elastic fracture mechanics 
approach to fracture analysis in­
cludes three major assumptions: 

1. Cracks and similar flows are 
inherently present in parts 
or specimens. 

2. A crack is a flat, internal free 
surface in a linear elastic­
stress field. 

3. The quantity of stored en­
ergy released from a crack­
ing specimen or part during 
rapid crack propagation is a 
basic material property, in­
dependent of specimen or 
part size. 

By considering what it has been 
said about castings at the beginning 
of this section and also due to the 
fact that cracks are often present in 
sizes below the limit of sensitivity of 
non-destructive inspection tests, the 
first assumption is true. The second 
assumption is introduced to, allow a 
mathematical description of the 
stresses in the vicinity of the crack 
tip. 

The third assumption states that 
rapid crack propagation is control­
led solely by a material constant. 
This constant, which is called the 
critical stress-intensity factor, Kc' is 
that value of the stress-intensity fac­
tor, K, at which crack propagation 
becomes rapid. 

The greater the value of Kc' the gre­
ater rapid propagation and greater 
the resistance of the material to brit­
tle fracture. The critical stress inten­
sity factor (Kel, which also is called 
the plane-stress fracture toughness 
is directly related to the energy re­
quired for rapid crack propagation 
(Gel by the formula, K2c=E.G·c, 
where E is the elastic modulus. 

Fracture mechanics can be 
utilised in designing, and predicting 
servise life of, pressure vessels and 
other engineering components in 
which subcritical flow growth, or 
time-dependent fractures such as 
those stemming from stress­
corrosion cracking or fatigue are 
important. 

5. Conclusions 

Going through this article, one 
can appreciate the importance of 
brittle behaviour in metals and the 
consequent disastrous brittle failure. 
We are all aware of the fact that too 
many engineering failures still oc­
cur, not because of unknown 
phenomena, but because existing 
knowledge has not been fully 
utilised. In 1954 the failures of the 
Comet aircraft occured, which were 
then attributed to fatigue. It was la­
ter found that these failures were 
due to fast unstable fractures start­
ing from small cracks. 

The roots of fracture mechanics 
can be traced back to the 1920's 
when A.A. Griffith developed his 
theory on crack propagation and 
then followed by Orowan and 
Irwin who modified the Griffith's re­
lationship. Since then many other 
researchers were involved to the si­
ence of fracture mechanics by de­
velopping various concepts on 
which nowdays Fracture Mechanics 
is based. 

Fracture mechanics has been used 
extensively over the last 20 years in 
high technology, such as rocket 
motor casings, aircraft design, milit­
ary applications and nuclear vessels. 
It has been mis-used in some areas, 
and has not been used extensively in 
general engineering. 

There is no doubt that 
fracture mechanics has much to of­
fer in the field of prevention of brittle 
failure because it provides a rC''";ic 
new dimension to the understanc 19 
of behaviour of materials unL;r 
stress, and ought to be a part of tile 
education of every engineer who wll! 
be concerned with design, manufac~ 
ture of materials for engineering 
components or structures. 
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ELECTRONIC STRUCTURE AND POLARIZATION OF 

PHYSISORBED INERT ATOMS 

DUE TO THE SHORT RANGE INTERACTION WITH 

THE METAL SUBSTRATE** 

"""Presented in part at the Second European Conference on Surface Science, Cambridge, England, March 26-29, 1979 as 

paper P12. 

ABSTRACT 

We present a study of the electronic structure and polarization of physisorbed inert atoms (Ne, Ar and Kr) due to the 

short range interaction with the metal substrate. The potential inside the metal is replaced by a constant and the m~tai­

vacuum interface is represented by a step barrier. The adsorbed atom is represented by a spherical potential of the muf­

fintin type superimposed on the constant potential on the vacuum side of the metal-vacuum interface. The potential 

within the adatom sphere is replaced by that of the free inert atom as calculated by Schwarz15. We calculate the Local 

Density of States of the metal-adatom system, the induced dipole moment, and the binding energy of the adatom. The ef­

fect on the induced polarization of the geometry of the surffice and of the crystal potential is tr'eated on a semi-empirical 

basis. Our numerical results are in reasonably good agreement with the available experimental data. 

1. INTRODUCTION 

The problem of calculating the Local Density of States (LOS) in the region of atom adsorbed on the surface of a metal 

has attracted considerable attension in recent years.1-6 Most of the existing theories 1-4 use in some form or other the 

concept of a «surface molecule». According to this concept the LOS in and around the adsorbed atom is determined by a 

small cluster of atoms, a «surface molecule», which contains besides the adsorbed atom a sufficient number of the 

neighbouring metal atoms. A Hamiltonian is then constructed using basis functions which are localized on the atoms of 

the «surface molecule». The manner in which the LOS is obtained from this Hamiltonian varies from one theory to 

another. Unfortunately the number of metal atoms that must be included in the «surface molecule» in order to obtain 

satisfactory results for real metal-adatorn systems is not always small6. In order to deal with those cases where a small 

cluster of atoms cannot represent adequately the metal substrate, we have recently 7,18 proposed alternative formula­

tions of the problem which treat the metal substrate as a semi-infinite crystal. In ref. 7 we have described in general terms 

the electronic states of a model Hamiltonian representing a single impurity atom adsorbed on the surface of a semi­

infinite crystal. The theory we presented provides a clear understanding of the origin and nature of the different electronic 

states that exist, or may exist, in a metal-adatom system and the means for calculating the corresponding wave functions. 

In ref. 18 we have presented an alternative formulation of the problem using Green's functions. This formalism, which av­

oids the explicit evaluation of the wave functions of the individual electronic states of the metal-adatom system, has the 

advantage of being computationally more efficient. We demonstrated the Green's function method by applying it to study 

the electronic structure of atoms adsorbed of metals using the simplest possible model of a metal-adatom system. For 

this model we presented numerical results for the LOS in the region of the adatom, when the valence state in the atom is 

an s-state, a p-stateor a d-state. We also examined the case of an adatom with adjacent in energy s- and p-states, simi­

larly s-and d-states. We found that the interaction of these states through the metal is considerable, and may be of critical 

importance in the interpretation of available experimental data22. 
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In the present paper we present a study of the electronic structure and polarization of physisorbed inert atoms (Ne, Ar 

and Kr) due to the short range interaction with the metal substrate. The adsorption of inert atoms on metals has been 

studied experimentally by Mignolet8, by Ehrlich and Hudda9, and by Gomer10. Mignolet measured the contact potential of 

Xe adsorbed on a variety of clean metal surfaces and found a high reduction in the work function <P for some of these 

metals and especially for tungsten. His results are summarized in Table 1. Ehrlich and Hudda9 and Gomer10 investigated 

the adsorption of the inert atoms on tungsten and also found high reductions in <P. More recently Engel and Gomer11 me­

asured the reduction in <P following the adsorption of Ar, Kr, and Xe on single crystal planes of tungsten. Their results are 

shown in Table 2 for the case of Ar and Kr. The binding energy of the adatoms has also been measured9•11 . The experi­

mental results are summarized in Table 3. 

It is usually assumed that the inert atoms are bound to the surface by a van der Waal's interaction 

0) = -C/l~ 
(1 ) 

where la is the distance from the surface. There are a number of theories 12.13 concerned with the evaluation of C in (1), 

which are reasonably valid for sufficiently large values of la' However, the validity of these theories for small values of la' 

when the electronic clouds of the metal and the adatom begin to overlap, is extremely doubtful. Even if one can obtain 

reasonable values for the binding energies on the basis of (1), and this is not always the case11, a van der Waal's interac­

tion cannot explain the observed polarization of the adsorbed atoms. Different mechanisms have been postulated by dif­

ferent authors to explain the observed polarization. Ehrlich and Hudda9 suggested that the atoms are polarized by the 

surface field, but as Gommer10•11 pointed out the small extension of this field relative to the size of the adsorbed atoms 

makes this explanation rather unlikely. The latter author proposed an alternative mechanism10•11 on the basis of Mulli­

ken's idea of a no-bond charge transfer complex14, but, so far, no quantitative theory has been formulated based on this 

idea. 

In this paper we investigate the interaction of an inert atom with a metal substrate using a model Hamiltonian for the 

metal-adatom system which allows us to obtain the electronic states of the combined system without any significant 

approximations except for those involved in the cnnstruction of the model potential. 

TABLE 1 

Reduction of work function due to Xe adsorption8 

Metal Ti Cr Fe Ni In Se W Hg 

~<p(eV) 0.84 0.90 0.66 0.85 0.21 0.096 1.14 0.23 

TABLE 2 

The observed reduction in the work function ~<p of tungsten at monolayer coverage, and adsorbate induced dipole mo­

ments at zero coverage estimated from experiment11 . Calculated values of dipole moments according to the present 

theory. 

Neon(a) 

~<p(experimentaltO.15 eV 
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~<P(theory)=0.19 (0.15)eV 



Argon(b) 

(1 ) (2) ~t 

~cp ~ ~ theory 

Plane (eV) (debye) (debye) (debye) 

(110) 0.85 0.29 0.29 0.183 

(100) 0.46 0.31 0.49 0.215 

(112) 0.34 0.29 0.53 0.228 

(111 ) 0.40 0.16 0.44 0.244 

(012) 0.70 0.40 0.70 (1.41 ) 0.250 

Krypton(b) 

(1 ) (2) 
~ 

~cp ~ ~ theory 

Plane (eV) (debye) (debye) (debye) 

(110) 1.97 1.93 1.93 0.298 

(100) 0.83 0.38 0.55 0.325 

(112) 0.58 0.44 OJ7 0.335 

(111 ) 0.83 0.50 1.24 0.349 

(012) 0.95 0.43 0.69 (1.38) 0.354 

(a) There are no experimental data for adsorption on single planes. The experimental value was obtained from ref. 10. The 

theoretical value was calculated using Q = 0.48 (i.e. N = 5) and assuming a maximum coverage of 7.9 x 1014 adsorbed 

atoms/cm2
. The theoretical value in parenthesis corresponds to a density of 6.2 x 1014 adsorbed atoms/cm2 . 

(b) The prescription for calculating Ii (1) and Ii (2) from the experimental data is given in the text. 

TABLE 3 

Experimental
11 

and theoretical binding energies in (eV/atom) of Ne, Ar and Kr on tungsten. 

Adsorbed atom -~E(a) (experiment) _~E(b) (theory) 

Ne 0.104 
Ar 0.087 - 0.119 0.127 (0.073) 
Kr 0.253 - 0.374 0.247 (0.102) 

(a) For Ne, there are no experimental data. For Ar and Kr the values giyen represent lower and upper bounds obtained 
from ref. 11 in the manner described in the text. 

$,1 

(b) For Ar and Kr the calculated values in parenthesis correspond to a metal-adatom separation such that 
o 

Za = (ao + 0.2)A. 
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2. THE MODEL 

The metal-vacuum interface is taken at z=O, with the positive z-direction pointing outwards from the metal. Outside 

the metal ( z> 0 ) the potential is given by 

u v ( r-R for \r-R \<a 
a - -a 

__ a 0 
(2a) 

0 for \r-R \>a , z>O __ a 0 

Inside the metal the potential is replaced by a constant, i.e., 

U V for z<O (2b) 
0 

va ( \ r-13 a \) represents the potential one electron sees within the adsorbed atom. Because the inert atoms interact 

weakly with the metal, we can replace this potential by the one the electron sees in the free atom. We used the self­

consistent potentials of the free atoms as calculated by Schwarz15 using the Xa method. The radius of the atom sphere ~o o 0 0 

in (2a) was taken equal to the corresponding atomic radius, i.e. ao= 1.577A, 1.876A, 2.011A, for Ne, Ar, and Kr respec-

tiveiy. We note that truncating the atomic potential of Schwarz at r = ao produced a negligible shift in the «eigenvalues» 

of the «electronic states» of the atom as defined in the Xa method. We emphasize that these «eigenvalues» are not to be 

confused with the Hartree-Fock eigenvalues and hence with the ionization energies of the atom 16. The nucleus of the 

adsorbed atom is situated at Ra = (O,O,Za) and we have assumed that at equilibrium Za = RO' In all our calculations we 

have taken Vo = -13 eV. Replacing the metal potential by a constant (jellium model) might be a good approximation for 

some metals but it is not a good approximation for transition metals. In the present calculation, we shall take into account 

the effect of the crystal potential only approximately and on a semi-empirical basis. We proceed as follows. 

3. THE LOCAL DENSITY OF THE STATES AND POLARIZATION 

The Local Density of States. PM (E, ~) , for the unperturbed semi-infinite 

metal [v (\r-R \) = 0 in (2.2a)] is given by 
a _ _ a 

E>V , 0 
(3) 

V J J 

where the integration extends over those values of K11 such that 

and 

+ 1 LL 
If (r) ., exp(iK

K 
.r) + -, R (K11) exp(iK

K 
.r) , z<O 

o -
I)' 

- 1 1 V' 
_ 11 

TLR(K ) 
+ 

'¥ (r) \ 
exp(iq .r) z>O 

0 
I)' 

1 1 _K 11 

(4b) 

+ [2m zr C - [i'-ll,±K_"K ) (K11' ± (E-V ) - ~11 2) 
_K 11 _ L, 11 h Z 0 

(5) 

± 
(~11' ± i [

2m
f-E) ~ 11} ~ 

C:K 
- (Kll,±q-"K ) + 

- L, 11 tlz 
(6) 

-11 

1 
(7) 
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- q ) 
z;k II 

+ q ) 
z;k II (8) 

(9) 

In (3), V is volume of the metal and '¥ 0 (r:) , which is given by, (4) represents the extended electronic state of the un­

perturbed semi-infinite metal for the given energy E and wave vector 'S11 . If we wish we can think of this state as being 

generated when the propagating plane wave 1 + 
... exp (iK k . r) with its source at z = -00 is incident on the surface 
V' - 11 

barrier at z = 0 which does not incorporate the potential of the adsorbed atom. This incident wave will give rise to a «re-

flected» wave having amplitude 1 LL 
1 R (k 11 1, ,and to a «transmitted» wave having amplitude 
V' 

The reflected wave is represented .by the second term in (4a) and RLL(k11) is given by (8). The transmitted wave de-

termines the value of '¥o(~l forz>O and it is given by the right hand side of (4b). TLR(k11l is given by (9). 

The Local Density of States, 

replaced by '¥ ( ~) • 
p ( E, ~), for the metal-adatom system is given by the right hand side of (3) with '¥ (r) 

- 0 -

We have 

p(E,r) 

J J 
E>V 

o 
10) (10) 

where IJI (::) is the wave function representing the electronic state of the metal-adatom system which derives from the 

clean metal wave function '¥ 0 ( r:) • In ref. 7 we gave the prescription of how one can construct '¥ [ !:') starting from 

'¥ (r). After some lengthy but straightforward algebra we obtain the following explicit expressions for '¥ ( r ) • We o _ 
have 

+ 1 LL -
exp(iK

k 
.r) , exp(iK • r) + -, R (k

I1
) 

V' - ~Il V' -'_11 +<:0 +00 

1 

f f 
, 

CEx • (k ,k +-; d2k ) exp(ilS
k

, • r) 
V' 11 L -11 -11 

_11 
-00 -00 

+00 +00 

+ , 1 1 

J J BEX • (k k 1 exp(iq . r) + -; d2k11 
V' L -11' -

'¥ ( r::J 
-k 11 - V' 

-00 -00 

RR ' + 
x {exp(iqk' .r) + R (kl1J exp(iqk .r) } 

- 11-- -11 -

for o<z<Z e and for Ir-R I>a 
- -a 0 

+00 +00 

J 

r 
1 + 1 I 

, 
+ 'tI(r) , eXP(iqk .r) + , d 2k 11 exp(iqk' V' - 11 V' - 11 

) 
-00 -00 

{ Ex ' Ex. ' RR ' x BR • (~ll' ~ll) + BL (~11' ~ 11 R (kll ) } 

for z>Z and for /r-R I>a a - -a 0 

.r) 
-

for z<O (11a) 

) 
11 

(11b) 

(11c) 
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'¥(r) 
1 -, 
V2 I 

.Q,m 

-1 
x [ 1 - GSa] 

-- .Q,m; .Q,'m' 

for Ir-R I<a 
IV ""'a 0 

Ex. ' The coefficients C
L 

(~llllsll) appearing in (11a) are given by 

where 

Ex. 'RL' 
B (k k ) T (kl1) L _11'_11 

Ex. ' 1 1 
BL (~ll'~ll) - 21Tq -q--' 8xp(iq '.Z) 

z;kll zlkll a 

\' \' -.Q, a 
x L L (i) Y.Q, (q-, ) SorE) [1 

.Q,m .Q,' m ' m ~ 11 N .Q,m;.Q, 'm' 

2q k' 
Z; 11 

(k k' +0 k') 
Z; 11 'Zl 11 

! 
q = (2m -t:) 

112 

On. ,(kll) 
x, m -

(11d) 

(12) 

(13) 

(14) 

(15) 

We note that in the present calculation we are concerned with negative energies; hence q in (15) is always imaginary. The 

matrix elements 0 (k) in (13) are given by 
0" 11 
N m -

LR ~' m' 
41T T (kll) 8xp(iq k .Z Hi) (-1) Yo, ,lq+k 1 

Z 1 11 a lv -m _ 11 
(16) 

The quantity RRR (K ~ 1) under integral sign in (11b) a.,d (11c) represents the amplitude of the wave «reflected" frome 

metal surface when a plane wave exp8x p(i q
k

, .r) incident on it from the right (z>O). This is given by 
_ 11 -

q , -k • 
(z;k ll Z;Kll) 

7) 
k I +q • 

( z; K11 z; K11 

TRL (k' ) The amplitude 11 of the corresponding wave which is trasmitted inside the metal (z<O) is given by (14). The 

coefficients B~x. (KllIK~l) in (11c) are given by 

Ex. ' 1 1 
BR ( k 11 • K 11 J 21Tq q , 8xp(-iq I .Z 

a J 
z; k11 

Z;Kll 

x I I (iJ-.Q, "+ S~(EJ [~ 
-1 

Y.Q, (qk' ) GSa] 0.Q,l m' (~ll) (18) 

.Q,m .Q,'m' m _11 -- .Q,m;.Q,'m' 

The matrix elements S~(E) are given by Eq. (7) in ref. 18. The matrix elements G (E) are obtained from the fol-
N .Q,m;.Q,'m' 

lowing formula 
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7 

G n n' ,( E) 
!em; JC m 

t-t' 
2 i 

q 

r [ 

J J 

(19) 

It is worth mentioning that matrix elements G " (E), given by (19), possess the following three properties 
tm;t m 

(i) Go ,,(E) 
,"m:t m G " (El t m Jtm 

(H) Go 0, ,(E) " 0 
"'m; 1v m for m 'I m' (20) 

(Hi) Gt /m/ ;t' 1m' I (E) G t- I m I ; t' -I m' I ( E) 

We note that these properties reflect the cylindrical symmetry inherent in our model Hamiltonian as a direct consequence 

of using equation (2) to represent the potential field one electron sees in the metal adatom system, The importance of th­

ese properties in relation to some of our numerical results will become apparent at a later stage, 

We calculated the LOS of the metal-adatom system p(E,r) , given by (10), within a sphere centered on 

the adsorbed atom and with radius approximately 3 times the radius ao of the adatom sphere. We verified that the total 

charge within this sphere is the same with the atom adsorbed on the surface as it is without the adatom. We found that 

outside this sphere the difference between p (E, r) , ,and the corresponding quantity p (E, r) for the clean 
M -given by (3), is negligibly small. 

In the case of Ne highest occupied states (2p) of the isolated atom have energy E
2P 

= -13.205 eV and hence lie below 

the bottom of the conduction band of the metal (Va" -13 eV). In this case on adsorption the three-fold degenerate 

(apart from spin) atomic level splits into two levels, A non-degenerate (apart from spin) level at Eo = -13.214 eV derives 

from the (t,m) = (1,0) atomic state, and a doubly degenarate (apart from spin) level at 

E±t'" - 13.214- eV derives from the (I,m)= (1,±1) atomic states, The wave function representing the 

electronic state of the metal-Neon system, which has energy Eo and is characterized by the magnetic quantum number 

m=O, will be denoted (::1 .. Similary the wave functions describing the electronic states with energy E±1 are 

denoted by 1jJ ±~ ( r::) , The wave function </J +1 (::) describes the state which is characterized by the magnetic quantum 

number rn= +1, and 1 [:)describes that state tor which m= -1, We recall that in ref. 7 we derived the condition for the 

existence of localized states for the model potential field referred to here in, Furthermore we obtained there an expression 

for the wave function representing such a localized state for I ::-~a I >a o and z>o. For the model potential field de-

scribed we shall write down explicit expressions for </J (r) covering all regions of space as follows: 
o -

+00 +co 
r 

{ I , 
cLoc , 

</J o 
(r) d2k (~ll,m"O)exp(i~k' .~) for z<O 

J J 
11 L 

-11 

(21 a) 

-00 

+00 +00 

f 

r , Loc, ' RR 
, 

+ 

J 
2 {exp(ig k , . r) +R (k )exp(iq , . r) } (rJ d kll BL (~l1,m"OJ 11 _K 

-11 -11 
(21b) 

for O<z<Z and for 
a 
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t/J (r) o _ 

for 

t/J C r 1 
o -

z>Z 
a 

I 
2m 

and forlr-R I>a 
- -a 0 

" [ S~CEl R
2

Cr lY
2 

(r 1 
a m a 

for Ir-R I<a 
- -a 0 

j2CqaoJ+hi1J(qaol] 

R (a 1 
2 0 

The coefficients ctoc
• C~; I ,m=O 1 appearing in (21a) are given by 

where 

Loc. ' 
BL (~l1,m=Ol 

LOc· C ' 1 TRLCkI'Il BL ~l1,m=O 

1 
27Tq q k' 

z J II 
exp C iq k' • Z ) 

z; II a 

x I (il-
2 

Yo (qk' 1 A <5 
2m ;em _ I I 2m mo 

Loc. ' 
The coefficients BR (~11 ,m=O) in (21 c) are given by 

1 
27Tq 

(21c) 

A
2m 

0 
mo (21d) 

(22) 

(23) 

(24) 

The matrix elements A 0 - A , which appear in (21d), (23) and (24), are obtained by solving the following system of equations 2m mo 20 

For E = Eo, (25) 

[ Sa -1 - G] A
2

, 0 = 0 

- = 20;2'0 

has a non-trivial solution and thus we can evaluate A£,o subject to the condition 

roo /1/1 0 C ~ 1 12 d 3 r 
-00 

tj) 

1 

Once we have written down expressions for \~ 0 (~l it is not difficult to deduce expressions for 1/1+
1 

C!: J and 1/1_
1 

C ~ 1 • 
This can be done as follows: 

(i) The wave functions \)!±1(E') for O<z<Z and Ir-R I>a will be given by (21b) with the coefficients 
Loc. ' a - - a 0 Loc. ' 

BL C~l1,m=O) replaced by the new coefficients BL (~ll,m= ±1). The latter coefficients 

are given by (23) with A 8 replaced by 
2m mo A <5 

-Cm m,±1 
. The matrix elements A 0 = A 

2m m, ± 1 - £" ± 1 

obtained by solving the two independent systems of equations. 

[ Sa -1 _ G] A 
- - n , ,-+1 - - -C,±1;2',±1 ;e 

o 

which have a non-trivial solution for E 

28 
E±1 • Furthermore the values of A£, ,±1 are subject to the condition 

.......... ---------------------
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+00 

r 
J 11Ji ±1 (:-) 12 d 3r 1 

-00 

(ii) The wave functions 1Ji±i (:) for z<O,' i.e. inside the metal, will be given by (21a) with the coefficients 

Lac f' . CLoc.' h C "(kh,m=O) replaced by the new coeflclents L (~11,m= ±i) were L -

Lac. • 
and BL (.!:lI,m= ±1 J are determined as prescribed above. 

,j, 1 R 1 Loc. • (iii) 'I'±1 (:) for z>Za and for :-_a >ao will be given by (21~) with BL (kll,m=O) replaced by 
Loc. ' . Lac. ' Loc._ 

BL (~11 ,m= ±1). and with BR (~11' m=O) replaced by BR (k 11' m- ±1). The latter coefficients are gi-

ven by (24) withAlmOmo replaced by Alm 0m,±1 == At ,±1 

(iv) 1Ji ±1 (~) for 1 :-~a 1 <ao ' i.e. within the muffin-tin sphere of the adsorbed atom, will be given by (21d) with 

Alm 0mo replaced by Atmom.±1 

It is appropriate at this point to investigate why the energy level E ±1 is degenerate. By virtue of (20), which de-

scribes the properties of the matrix elements G (E) , and because sa _ s~ (E) ° n n , 0mm' is a diagonal 
tm;l'm' h hh 

matrix we have 

Sa G ' [ 
-1 ~ 

= - - t,+1;t,+1 (27) 

It is apparent now that, in view of (27), the two independent systems of equations, given by (26) will always have non-trivial 

solutions for the same energy. Hence the degeneracy of the E ±1 energy level. 

In Fig. 1 (a) we show contours of constant 11Ji (r 1 12 in (any) plane normal to the metal surface containing the a _ 

Neon nucleus. The corresponding «isometric projection» is shown in Fig. 1 (b). It is obvious from these figures that the 

wave function 1Ji 0 (: 1 remains highly localized on the Neon atom, although it is distorted giving rise to a small negative 

polarization (the electric dipole points away from the metal). Furthermore these figures clearly demonstrate that the 

(I,m) = (1,0) atomic state is the primary source of the localized state represented by ijJ 0 (~J • 

In Fig. 2 (a) we show contours of constant / ijJ ±1 f£) /2 with the corresponding isometric projection being shown in Fig. 2 

(b). We note that / ijJ +1 (:-) /2= / ijJ -1 f:-) /2, . The fact that 1Ji +1 (~) and 1Ji -1 (~) describe localized states which de­

rive from the (I,m) = (1,+1) and (I,m) = (1,-1) atomic states respectively is clearly seen from Fig. 2. We also observe that 

~ (r) are highly localized on the Neon atom and slightly distorted, although this distortion is not so apparent from the ±1 -

contour plot in Fig. 2 (a). The resulting negative polarization for these states is practically negligible in comparison with 

the porarization associated with the wave function 1Ji ( r) " 
a -

From Fig. 1 and Fig. 2 one can visualize why we found the energy level Eo, which is associated with 1Ji
o 

(:-3. to lie 

below the E ±1 energy level which, in turn, is associated with the wave functions 1/1 ±1 (:-) . This can be attributed to the 

fact that the electronic cloud associated with the (1,0) atomic state «sees» more of the clean metal potential field for 

z<O . In contrast, this is not the case for the wave functions representing the (1, ±1 ) atomic states which 
because of 
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characterized by the magnetic quantum number m = + 1 
and m = -1 respectively. They are obtained from (21) in 
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the nature of their spatial distribution, hardly «see» this potential field. Hence one should be able by resolving to first­

order perturbation theory to confirm the expectation of the result that E <E +1 • o _ 

In the case of Ar and Kr the valence atomic states have energies E3P = -9.791 8V and ~4P = -8.608 eV 

respectively, and hence lie opposite the conduction band of the metal. When the atom approaches the metal these states 

turn into resonances of a definite width in energy. These resonances are clearly demonstrated in Fig. 3. The «Atomic De­

nsity of States», PADS (I::) , shown in this figure is defined by 

PADS(E) J p(E,r)d3r 

Ir-R I::;a - _a 0 

(28) 

where p (E,::-) is given by (10) with 0/ (=-) in the same equation given by (11d), and the integration is over the volume 

of the muffin-tin sphere of the adsorbed atom,. The quantity defined by (28) has all the essential features of an atomic re­

sonance. A more explicit expression for PADS ( E) is derived in Appendix 1 where we show the close dependence of 

this quantity on the average density of states of the clean metal defined by (Ai.6). 

We note that PADS (E) dE represents the number of electrons within the adatom sphere with energy between E and 

E+dE. We should point out that the resonances for Ar and Kr shown in Fig. 3 occur well below the Fermi level 

(EF", -4.58\/) , and this explains why they have not been observed in Field-Emission Energy DestributionF. 

The induced dipole moment per adsorbed atom is given by 11 (E
F

) where 

where fJ.A is given by 

for Neon, and 

for Argon and Krypton. 

1 
2 ~ 

m= -1 

E +r 

j 
res.peak 

E -r 
res.peak 

I 

e (E -E ) p (E ) dE 

eft) = 1 for t>O and eft) = 0 for t<O • 

(29) 

(30a) 

(30b) 

Eres.peak denotes the position of the resonance peak in PADS (E) , and r is determined by the requirement that 

1/1 (r) 
m -

E +r f res.peak 

J PADSlEjdE 

E -r 
res.peak 

= number of valence electrons in the 

free atom sphere. (31) 

in (30a) represents the electronic wave function localized on the Ne adatom, which is characterized by the 

magnetum quantum number m gee e.g. (21) and comments thereafter: e is the electronic charge and the factor 2 ac­

counts for spin degeneracy. The second term in (29) is given by 

for Ne, and 

for Ar and Kr. 

res. peak 

J
E 

p( E)d E 
V 

o 

J
E -r 

e(E-E' )p(E )dE 

V 
o 

(32a) 

+ (32b) 

31 
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Fig. 3 : Atomic Density of States, PADS (E) ,upon 

adsorption of Ar and Kr on jellium substrate. 
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Solid line: fl(E) and p(E) as defined by Eqs. (29) and (33) re­

spectively for Ar on jellium substrate. Broken curve: semi­

empirical fl(E) for Ar on tungsten. 
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We note that the contribution to the induced dipole moment from the first term in (32b) is very small for both Ar and Kr. 

The polarization p(E) is calculated numerically from the following formula: 

peEl = Je(z-z 1 [p(E,rl - p (E,rl] d 3r a _ M- (33) 

where P (E I: 1 is given by (10) and PM (E,:: 1 is obtained from (3). The calculated ptE) and liM(E) for Ar and Kr are shown 

in Fig. 5 and Fig. 6 respectively. If we take the Fermi level EF = -4.5 eV ,we find the following values for the dipole 

moment (in Oebyes) per adsorbed atom. 

Kr: ~(E~) = -0.25 
r 

(34) 

Assuming a density of adsorbed atoms at monolayer coverage equal to one half of the maximum coverage estimated by 

Engel and Gomer11 for adsorption on tungsten i.e. 3.95x1014 adsorbed atoms/cm
2 

for Ne and Ar, and 3.6x10
14 

adsorbed 

atoms/cm2 for Kr, we obtain a reduction of the work function at monolayer coverage as follows: 

Ne:lHP 0.058 eV. Ar: n~ = 0.155 eV, Kr: n~ = 0.338 eV (35) 

Note that the calculated reduction in the work function increases from Ne to Kr in agreement with the experimental 

results9-1\ but the magnitude of this reduction is smaller than the one observed for tungsten (Table 2) and for the transi­

tion metals in Table 1. On the other hand the calculated values are comparable to the observed values of A<I> in the case of 

Se, ln, and Hg (shown in Table 1) for which a jellium model would seem more approrpiate. 

It is seen from Figs. 5 and 6 that the negative contribution to the dipole moment as defined by (29), (30b) and (32b) 
comes from the energies below Eres.peak (the resonance peak, which in turn coincides with the unperturbed atomic level). 
At e~!:ve$.. pe<\\( the polarization changes sign. The contribution to the induced dipole moment denoted by liA is basically 
due to the polarization of the electronic charge associated with the p-states of the adsorbed atom. For the case of Ar this 
is exhibited in Figs. 7 to 9 where the conto':!r plots and the corresponding isometric projections of P (E, r) and 

[p(E,rl- P (E,rl] are shown for three values of E such that E -f< E<E +f _ M _ res. peak res.peak 

We note that we obtained similar plots for Kr. The modified distribution is mostly confined within the adatom sphere, 

hence we expect that it will not depend critically on the nature of the metal surface. On the other hand ptE) for 

E<E -f E>E +f 
res.peak and for res.peak , and hence PM(E}ldepends critically on the spread of electonic charge 

from the metal into the vacuum. The contour plots and the corresponding isometric projections of p (E, r) and 

E<E -f res. pea k , and for a value of E>E + f are shown in res. peak 

-r 1= f:: + r 
Figs. 10 and 11 respectively. One can show that for f:<'EVE!S.P€AK and for c>-vt ..... p€.<ik the electronic charge 

within the adatom sphere associated with energy E and hence p(E) is strongly dependent on the average density of states 

<PM(E,z=Za» of the unperturbed semi-infinite crystal defined by 

where A denotes the area of a surface unit cell. 

1 
A f 

A 

(36) 

33 
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Isometric projection of Q C!.'!) corresponding to the 
contour map in Fig. 9 (a). 
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The wave f'Jnction for the state \ L> of the semi-infinite crystal without the impurity can con-

veniently be written in the form 

L 
'l' 

(37) 

for z>O . We recall that in (37) V is the volume of the crystal, k 11 is a reduced wave vector in the Surface Brillouin 

Zone (SBZ) surface under consideration, (g) are the reciprocal vectors of the two-dimensional lattice for the same surface 

and K
1
,inc is the normal component of the wave vector of the corresponding state in the infinite crystal. One can show that 

by using (37) we have: 

1 

4 1T3 
k1 . ,lnc 

x 8xp{-2 -- (-E)+(k 11 +g) 2,Z } 
[

2m 2 ] 1 

:1;2 - - a 
(38) 

Because of the exponential term in the above equation most of the contribution to 
<p (E,Z » 

M a , and hence to p(E), 

and hence to lllYj (E) ,comes mostly from the term corresoponding to 2 = O. It is well known that in transition metals a 

considerable number of terms corresponding to ~ I 0 contribute significantly in (37), and that the number N(lmn) of 

9 vectors that contribute significantly in this equation depends on the crystallographic plane (Imn). In the case of tungsten 

-;ne finds that, N(110) = 5, N(100) = 9, N(112) = 13, N(111) = 33, N(012) = 68. The situation for simple metals, for which a 

jellium model is a reasonable approximation, is different. In this case most of the contribution to the wave function Eq. 

(3"7) comes from the 9 = 0 term. -
fience the individual wave function in a transition metal contributes approximately N(lmn) times less to <P (E, Z) > as 

compared to a jellium state, provided the coefficients B~ (1\11 +g) in (37) are of comparable In this re­

spect, the jellium model used in our calculation, gives a v~iue for <Pr'1(E, Za]> ,and hence tor JlM(E) which is 

roughly N(lmn) times larger than what we should expect for a transition metal surface of the basis of the above argu-

ments. On the other hand the density of states in a transition metal, represented by I dEL I in (38), is on av-
. ai, ' 

erage larger than that of a free-electron model by a factor: 1, inc 
<P,,/ (39) 

A =-
Po 

where <Pw> denotes the volume average of the valence electronic density in the region of the unit cell outside the 

muffin-tin sphere. For tungsten19 <Pw> = O. 269 ~-3 . The corresponding quantity for the jellium model is de­

noted by Qo. In writing (39) we used the fact that in the present case (EF -v 0) = 8.5 eV ,which is approximately 

equal to the width of the occupied section of the conduction band of tungsten as calculated Mattheiss
23

. With the 
0-3 

[E ) 
above choice of parameters Po = Cl.112A and hence" = 2.4. Hence we expect that F for the (Imn) plane of 

tungsten will be apprroximately Q(lmn) = ;UN(lmn) times the value calculated the gellium model. The correct j.L 

for a value of Q = ,,/5 is shown by the broken curves in Figs. 5 and 6. The corrected values for ft (EF) per adsorbed atom 

for the different crystallographic planes obtained in the above manner are shown in column 5 of Table 2. We observe that 

these numbers do not order in the same way as those obtained Engel 

tribution of adsorbates at monolayer coverage (7. 9xiO 14 atoms/cm
2

for 

however, that the assumption of a constant adsorbate density for every 

Gomer (column assuming a uniform dis-
14 2 7,2x1O atoms/em for We emphasize, 

made by Engel and Gomer 11, may not be 

obtained from Engel and Gomer's data by assuming the adsorbate densities at monolayer coverage. 

The (110) plane is closely packed and for that reason one may assume that the inert atoms, which have a diameter 

considerably larger than that of the tungsten atom, do not «see" the geometry of the surface. Hence the maximum cover­

age postulated by Engel and Gomer is retained. For the (100), (111) and (112) planes the situation is different and a c(2x2) 

overlayer seems more justified on simple geometrical arguments (see aiso ref. 20), For the (012) plane not only a (1x1) 

overlayer but a c(2x2 overlayer for the (100), (112) and (111) planes. For the (012) plane we give in parenthesis the value 

appropriate for a c(2x2) overlayer. We see that with a plausible choice of adsorbate densities the induced dipole moments 

for different planes, order in the manner predicted by our semi-empirical theorj. The case of Kr on the (110) plane is a 

notable eXGeption. We note, however, that the calculated values for [.l(EF)are smaller than the values shown in column 4. 

39 ~ 
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We emphasize that the semi-empirical values in Table 2 for the induced dipole moments on tungsten are larger than the 

corresponding values for simple metals as given by (29), and in qualitative agreement with the results of Table 1. 

It seems to us that the present semi-empirical theory provides a satisfactory basis for the explanation of the experi­

mental data on the physisorption of inert atoms, although improvements will certainly be required for a full quantitative 

analysis. The obvious next step in the development of the theory would be a calculation of the induced polarization using 

the full crystal potential for the metal substrata. Although such a calculation is bound to be lengthy, it is certainly possible 

on the basis of the theory presented in refs 7 and 18 

4. BINDING ENERGY OF THE ADSORBED ATOM 

The binding energy of the adatom is the difference between the sum of the total energies of the clean metal and the 

free inert atom, and the total energy of the metal-adatom system. In each case the total energy is given by21 

Et t 1= L E.n. - (d 3r U ffLP(r);r] per) + Jd 3r E [per)] per) +E (40) 
o ail 1 J 8 - - - xc _ _ es 

where Ej denotes the «pseudo eigenvalue» corresponding to the ith electronic state as defined in the Kahn and Sham for­

malism or the Xa method16, and nj is the occupation number of this state. Ueff denotes effective potential one electron 

sees. The third and fourth terms in (40) represent the exchange and the electrostatic contribution to the total energy. 

In the case of physisorption there is no considerable re-distribution of the charge on adsorption, hence in calculating 

the binding energy the change in the second, third and fourth terms in (40) can be neglected in a first order approxima­

tion. The electronic states of the metal are veri little affected by the physisorbed atom (with the exception of surface 

states that may exist on the surface), hence we can estimate the binding energy of the adsorbed atom from the shift in the 

energy level of the valence states of the atom following its adsorption. In the case of Ar and Kr, these states become reso­

nances as shown in Fig. 3, and the charge in energy on adsorption must be calculated from the following fomula 

j
Eres,peak+ r 

(E-E
p

) PADS(E)dE 

E -r 
res,peak 

(41 ) 

where Ep is the valence energy level of the free atom. 

(1 ) 
We calculate the binding energy for equilibrium metal-adatom separation Z a = ao . From Table 3 we see that 

the values of the binding energy calculated in the above manner are in reasonably good agreement with the available ex­

perimental data 9,11. For Ar and Kr the calculated values in parenthesis correspond to a metal-adatom separation 

Z (2) = (a + 0,2) ~ . It might be interesting to observe that the calculated binding energies for the two metal-
a 0 

adatom separations are approximately related through the expression 

llE(Z(2)) 
a 

Z (1 ) 
a 3 

---r:zT ) 
Z 

a 

(42) 

which suggests that the binding energy depends on the metal-adatom distance in the manner of (1). The experimental val­

ues for the binding of Ar and Kr shown in the table represent averages over different crystallographic planes 11. If we ex­

clude the (110) plane the binding energies for individual planes 11 do not deviate by more than 5% from their average value, 

which suggests that the details of the electronic properties of the metal surface are not as important in the determination 

of the binding energy as they seem to be in the determination of 11M (EF ) and hence of the total induced dipole man 

Jl (EF ) ,as defined by (29). On the f)ther hand, this observation is consistent with our assumption that the contribution to 

the dipole moment described by f!-A of (30) does not depend critically on the nature of the metal surface. We note that 

the uncertainty in the experimental values of the binding energy is due to the fact that the adsorbate density at full mono­

layer coverage is not known with suffifient accuracy 11. As a result of this uncertainty a more critical examination of the 

40 

I 
l 

1 
1 
1 
I 

d 



7 

present theory is not, at the moment, possible. It is obvious, however, that our estimate of the binding energy on the basis 

of (41) is quite reasonable. A more elaborate calculation, which takes into account the crystalline character of the metal is 

possible using the theory presented in refs 7 and 18, but such a calculation would be justified only if accurate experimen­

tal results for the absolute value of the binding energy of an individual atom were available. 
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APPENDIX 1 

FOR SIMPLE METALS WITH A SURFACE IMPURITY. 

The «Atomic Density of States», PADS (E) , for the metal-adatom system, described by the model Hamiltonian in­

troduced in Sect. 2-2, is defined by 

J p(E.r) d 3r (AU) 

Ir-R I~a _ _a 0 

where P (E. r) is given by (10) with 'l! (r) in the same equation given by (11d), and the integration is over the volume 

of the muffin-tin sphere of the adsorbed atom. We can obtain a more explicit expression for P (E) as follows. We 
ADS have 

where <1'l!0([11 

Y!l,m(~" 

I!I,(E) 

.z=Z ) I 
a 

4n 

I k I<k 
-" lI.max 

2 * J fl'l'o(r" ,z=Za) 12 d2rll > -

I [j!l, (qao) +s~(E)hI1) (qao)] 

I (E) 
!I, 

!I,'m' R!I,(ao) [~ -

x (i)!I,'(-1)m' + 
Y!I,' , (q ) 

-m 
~" 

= fao [R!I, (r)] 2 r 2dr 
0 

(A1,2) 

(A1.3) 

]

-1 

!i,m;!I,'m' 

(A1.4) 

(A1,5) 

We obtained (A1.2) by substituting into (AU) the expression for P (E.r) as given ~y (10) with 'l!(r) in the same equa­

tion given by (11d), and then performing the angular integration with respect te r a JSing the orthogonality properties 

of the spherical harmonics. The integration in (A 1.3) is over an area A parallel to the metal-vacum interface and 

'l' (r II ,z =Za) can be obtained from (4b). In what follows we endeavour to show that there exists a close connection o -
between PADSCEl and the averege density of states <PM(E.z=Za» of the clean metal defined by 

<PM(E,Z=Za» = * J JPM(E'~II .z=Za) d
2
r" (A 1,6) 

where PM [E, ~) is given by (3) with '1'0 (~) i'l the same equation given by (4b). The relationship between PADS (E) 

and <p (E z=Z 1> will become self-evident if we obtain a more explicit expression for the latter quantity. We have 
M' a 

<P (E z=Z » 
M' a = 4~3 J J (AU) 

k k' 
1 .. ,,1< ",max 

where < I 'l' 0 (:11 • z=Z a) 12> is given by (A 1.3), which in turn can be written in the explicit form 

<I'l! (rr, ,Z=Z 1> o - a 
1 1 LR 2 [2m 2 ] ~ = V T (k,,)1 8xp{-2 112 (-E)+~II .Za} (A1,8) 
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p 

b 

For given energy E integrals in (Ai.?) and (A1.2) are dominated by the exponential term in (Ai.S). We recall that we are 

concerned with negative energies (E <0) . Putting ~II =0 in all non-exponential terms in (A 1.7) and (A 1.2) (an approxi-

mation which is obviouly justified), and using (A.S) we get an expression for PAOS(E) in terms of <P (E,z=Z » • M a 
We have 

2 

<PM(E.Z=Za» 1~ 1~1m(~" =0)\ l1(E) (Ai,9) 

where Y1m(~1f =0) is given bv (A1.4) with krr =0 • I (E) 
- 1 

is given by (A 1.5) and takes 

1 

m :; (E-V ) 
-) 0 

112 (-V) 
o 

(A 1,1 0) 

the simple form 

where 

(A1,1i) 

Note that the above integral can be performed analytically using the standard method of integration by parts. 

~ I Ii Hewlett-Packard's - 85 personal computer 
~,_ ~,_----==---=--11 designed for professionals 
The HP-85 offers the power and capabilities of a desktop 

computer at an attractive price. The result is a unique 
combination of price and performance that will 

appeal to professionals for use in technical, 
industrial and business applications. 

t ~ TELEREXA LTD 2H Aphrodite Street, Tel. 45628, NICOSIA 
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G. Kladeftiras 
Electrical 

Abstract 

of H.T.!. 

We present a study of the behaviour of a 3 - phase 
star connected induction machine under conditions of a 
single phase supply. Under these conditions we show that 
the torque developed by the machine at standstill is zero 
and therefore the machine cannot start. At any other slip 
there is a net torque developed which however vanishes 
when the slip takes the values zero and two. If the 
machine is made to rotate at a speed very near to the Syn­
chronous speed, we show that there exist at the terminals 
of the machine an almost 3 - phase balanced system of 
voltages. We also show that the machine can be made to 
be self starting by connecting an external impedance bet­
ween the disconnected machine terminal and any other 
terminal. The above are consistent with experiments we 
have carried out in the machine's laboratory of the H.T.I. 

Introduction. 

If the voltages applied to the three stator terminals of a 3 -
phase star connected induction machine constitute a 3 -
phase balanced system of voltages, then the performance 
of the machine is said to be "normal" and one could pre­
dict the behaviour of the machine whether acting as a 
motor or as a generator by using standard established 
methods. However if the voltages applied to the terminals 
of the machine are unbalanced, the machine performance 
will be modified. 
The most direct approach to the problem is by the 
analysis of the set of unbalanced voltages into two sym­
metrical sets of balanced voltages of positive and nega­
tive phase sequence respectively. Each set produces cor­
responding balanced currents, and the synthesis of the 
two sets of current vectors represents the actual current 
produced in the three stator phases by the original unba­
lanced voltages. The behaviour of the machine to the 
positive phase sequence voltages, is "normal". The nega­
tive phase sequence voltages, however set up a reverse 
rotating field so that if the motor slip is S with respect to 
the "normal" sequence, it will be (2-S) to the negative se­
quence. The machine behaves as the addition of two 
separate machines, one running in one direction at a slip 
S, with a terminal voltage of V+ per phase, and the other 
running in the other direction at a slip (2-S), with a termi­
nal voltage of V- per phase. 

Theory 

Without external impedance connected 

The analysis which follows is applicable for a three 
phase star connected induction machine, when the blue 
phase becomes disconnected, as shown in fig (1). 

V RN' VYN and V BN represent an unbalanced system of 

three phase voltages in vectorial form. 

Hence. VR+ + VR-

Vy+ + Vy_ 

Vs+ + Vs-

(1 ) 

(2) 
(3) 

-,..-
lR 

0)------''''' --"'--7 R 

VRN ~ . !~ Fig. 
VRY , 

B \\.~~ 
-/~ -

VBN 
v 

o 

(4) 

(5) 

(6) 

(7) 

a is an operator which turns a complexor through 1200 in 
an anticlockwise direction and is given 

a = - 0.5 + 

Similarly, IR' Iy and Is represent an unbalanced system of 

three phase Currents. in vectorial form. 

Hence 

IR IR+ + IR-

Iy Iy+ + Iy_ 

Is Is+ + Is-

Iy+ a2 IR+ 

IB+ a IR+ 
Iy_ a IR-

is- a2 IR-

From fig (1) it is seen that 

VRy = VRN - VYN 
VR+ + VR-

(1-a2) VR+ + 

(8) 

(9) 

(10) 

(11 ) 

(12) 

(13) 

(14) 

(15) 

Since the blue phase becomes disconnected, the current 

flowing through it is zero. Hence 
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'R+ + 'R- + Iy+ + Iy_ = 0 
(1+a2) IR+ + (ha) 'R- = 0 (16) 

If the positive and negative sequence admittances per ph­

ase are Y R+ and Y R- respectively, then 

'R+ = VR+ .YR+ 

'R- = VR+ .YR-

(17) 

(18) 

Substituting equations (17) and (18) in to equation (16) we 
get 

From equation (15) we get 

VRY - VR_·(l-a) 
VR+ = -------------­

(1-a2) 

(19) 

(20) 

Substituting equation (20) into equation (19) and solving 
for V R- we get 

VRy YR+ 
V R- = ---- t--------------1 

(I-a) (21 ) 

Substituting equation (21) into equation (20) we get 

(22) 

The positive phase - sequence equivalent circuit of the in­
duction machine is shown in fig (2a). If the machine ro­
tates at a given speed N, the synchrunous speed of the 
machine due to the positive phase sequence components 
is Ns. The slip of the rotor due to the positive phase sequ­
ence components is Sf. 

N - N 
Sf= _5___ (23) 

N 
5 

Rrn ' 

(a) 
46 

( b) 

fig (2):- Phase - sequence networks of a three phase star 
connected induction machine 
(a) Positive (b) Negative 

R1 is the stator resistance per phase 
Xl is the stator leakage reactance per phase 
Rm is a resistance accounting for core losses per phase 
Xm is the magnetizing leakage reactance per phase 
R2· is the rotor resistance per phase referred to the stator 
X2· is the rotor leakage reactance at standstill per phase 

referred to the stator. 

The negative phase - sequence equivalent circuit of the 
machine is shown in fig (2b). This is the equivalent circuit 
of the machine when a negative phase - sequence 3 - ph­
ase supply is applied to the stator and the rotor is driven 
in the opposite direction to the direction of rotation of the 
stator field. If the machine rotates at a given speed N, the 
synchronous speed of the machine due to the negative 
phase sequence components is - Ns . The slip due to the 
negative phase sequence components is Sb. 

-N -N 
5 

-N 
(24) 

5 

The positive and negative sequence impedances per ph­
ase of the machine can be obtained from the phase - se­
quence networks of the machine shown In fig. (2). 
From the positive phase sequence network of the 
machine it can be shown that the positive sequence impe­
dance per phase ZR+ is given by the following expression. 

(25) 

Similarly, from the negative phase sequence network of the 



machine it can be shown that the negative sequence Impe­
dance per phase ZR- is given by the following expression. 

(26) 

If the machine is made to rotate at a speed very near to 
the synchronous speed, equation (23) shows that the slip 
approaches zero. Under this condition, if we substitute for 
Sf the value zero into equation (25), we see that the posi­
tive sequence impedance per phase ZR+ approaches in­
finity, so that the positive sequence admittance per phase 
Y R+ approches zero. If we substitute for Y R+ the value 
zero, into equations (21) and (22) we see that the negative 
phase sequence voltages become zero and we have a 
three phase balanced system of voltages at the terminals 
of the machine, due to the positive phase sequence vol­
tages only, as shown by the equations below. 

The positive phase sequence currents give rise to a for­
ward travelling mmf component wave and the negative 
phase sequence currents to a backward travelling mmf 
component wave, so that the positive phase sequence 
network may be used to calculate the forward torque, and 
the negative - sequence network to predict the backward 
torque. 
It can be shown that the forward torque component per 
phase T R+ for a three phase induction machine is given 
by 

It can also be shown that the backward component per 
phase T R for a three phase induction machine is given by 

R' T
R

- = _.:::.2 __ 

2n:NsSf ~R1 + ~)2. + (X + X ,)2] 
(2-S

f
) 1 2 

The resultant torque, due to the forward torque compo­
nent and the backward torque component is given by 

T RES = T R+ - T w (29) 

where T R+ and T R- are given by equations (27) and (28) 
respectively. 

At standstill, the slip Sf due to the positive sequence com­
ponents is unity. Substituting this value of Sf into equa­
tions (25) and (26)we see that the positive sequence impe­
dance per phase is equal to the negative sequence impe­
dance per phase. Consequently the positive sequence 

admittance per phase is equal to the negative sequence 
admittance per phase. i.e. 

(30) 

Substituting equation (30) into equations (21) and (22) we 
see that the absolute value of the positive phase sequ­
ence voltage is equal to the absolute value of the negative 
phase sequence voltage. i.e. 

(31 ) 

Substituting equation (31) into equations (27) and (28). 
and bearing in mind that Sf is unity, we see that the for­
ward torque component is equal to the backward torque 
component. so that the resultant torque is zero and the 
machine cannot start. If the machine rotates at synchron­
ous speed, it was shown that the positive sequence 
admittance per phase is zero, so that the negative phase 
sequence voltages are zero. Consequently the backward 
torque per phase is zero. If we substitute for Sf the value 
zero into equation (27), we see that the forward torque 
per phase is also zero. Therefore, if the machine rotates at 
synchronous speed, the net torque developed by the 
machine is zero. 

If the machine rotates at a slip equal to two. the negative 
sequence admittance per phase is zero. so that the posi­
tive phase sequence voltages are zero. Consequently the 
forward torque per phase is zero. If we substitute for Sf 
the value two into equation (28) we see that the backward 
torque per phase is also zero. Therefore, if the machine 
rotates at a slip equal to two the net torque developed by 
the machine is zero. 

With external Impedance connected. 

If an external admittance Y x' is connected between the 
red phase and the blue phase, as shown in fig(3), the 
machine can be made self starting. 

18 R 

y 

Fig.(3) 
From fig.(3) it is seen that 

VR+ + VR- - Vy + - Vy -

(1-a2) V
R
+ + (1-a) VR-

Iy 

(15) 
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(i-a) + (1-

IB = VRB,YX 

'B+ + 18 - = VRB·YX 

alR+ + a
2
'R- = VRB·YX 

(32) 

(33) 

Substituting the expression for V RB as given by equation 
(32) into equation (33) we obtain 

Yx (34) 

Substituting equations (17) and (18) for 
spectively into equation (34), we have 

aVR+·Y R+ + a2VR-·Y R- = Y x [vR+(1-a)+VR-(1 

VR+{ aYR+ - (1-a)Yx ] = VR- [(1-a2)yx - a2y R-

From equation (15) we get 

Substituting equation (36) into equation (35) for VR- we 
get 

VRY ((1-a2)yx - a2y R- ] 

(a-a2
)[ YR++YR-+3Yx ) 

(37) 

Substituting equation (37) into equation (36) for VR+, we 
get 

At standstill the slip Sf due to the positive sequence com­
ponents is unity, and it was shown that under this condi­
tion the positive sequence admittance perphase is 
to the negative sequence admittance per phase. i.e. YR+ = 
YR- = YR· Carefull examination of equations (37) and 
shows that 1 VR+! = I VR-I and therefore the forward and 
backward torques are different. Hence the machine is self 
starting by developing a net torque at standstill. 

Conclusions. 

We have presented a study of the behaviour of a 3 - phase 
star connected induction machine under conditions of a 
single phase supply. Under these conditions we have 
shown that the torque developed by the machine at 
standstill is zero and therefore the machine cannot start. 
At any other slip there is a net torque developed which 
however vanishes when the slip takes the values zero and 
two. If the machine is made to rotate at a speed very near 
to the synchronous speed, we have shown that there exist 
at the terminals of the machine an almost 3 - phase ba­
lanced system of voltages. We have also shown that the 
machine can be made to be self starting by connecting an 
external impedance between the disconnected machine 
terminal and any other terminal. The above are consistent 
with experiments we have carried out in the Machine's 
Laboratory of the H.T.1. 
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H.T.I. 

.INTRODUCTION 

The idea of conversion of the kinetic energy of a 
mass of air known as «a wind») into other 
forms of energy, e.g. mechanical or IS Increas-

one of the candidates of the « 

alternative sources of energy » contest. The term « soft 
technology » is often used amongst those circles of 

( broadly known as «environmentalists » ) who are 
more concerned with the preservation of the environment 
than with the economic costs involved in achieving this, 
to distinguish between these alternative sources and the 
more traditional sources of energy e.g. coal, crude oil, gas 
and the more recent nuclear. The latter sources definitely 
do affect the environment adversely, either by depleting 
the irreplacable natural resources, or by posing a continu­
ous hazard of large scale catastrophes due to nuclear sta­
tion accidents. However, the term «soft» is not synonym­
ous with «cost-effective» al1d as the latter is the ruling 
oarameter of our socio-economic system the «soft» sys­
tems must be - as a first step - as cost effective as the 
traditional systems. 

There is no doubt that the enormous improvement in liv-
standards, which most societies have experienced in 

this century, was brought about by the adoption of large 
scale industrialisation. Unavoidably, the scale of energy 
consumption also increased enormously and I would sug­
gest that the rate of increase in demand was such that the 
available financial resources were largely absorbed by 
capital expenditure on new and improved traditional 
power stations. Funding on development of alternative 
sources of energy was kept at a minimum since the tradi­
tional sources were at least an order of magnitude more 
cost-effective. The dependence of the industrialised 
countries on crude oil gradually became absolute and it 
was no big surprise that the recent OPEC policy of cut­
backs in production - so as to preserve their oil deposits -
with the law of supply and demand in operation, brought 
about the much talked about international «energy 
crisis». A better term would be «financial crisis due to en­
ergy costs» because the ten fold increase in price of 
crude oil, through a chain reaction of economic events, 
has shaken the foundations of the international financial 
structure. 

As a result of the energy crisis the «alternative sources» 
became fashionable almost overnight and a lot more re­
sources have been diverted by the developed countries 
into the research and development of such sources. En­
ergy extraction from the wind has received its fair share of 
funding, especially in the U.S. where the development of 
2MW aerogenerators to lock i.nto the national grid is well 
on its way. Also a new industry has sprung up in the 
supply of small aerogenerators for individual houses, with 
local authorities in some areas giving the incentive 
for investment in such systems by allowing the users to 
lock into the grid and even «turn the meter back» when 
the system is generating more power than the user 
requires. 

Work on alternative sources and conservation of energy 
in Cyprus is mostly carried out by the Ministry of Industry 

Technical Institute. An Energy Re-
search up at H.T.I., with clearly 
defined work is now being 
conducted on solar and biomass energy systems. Work 
on wind energy was initiated the author in the form of 

of a final year which was undertaken 
and concentrated on a 

literature survey on wind energy SV~;;TAms 

this excellent of work it was decided to 
ahead with the design and construction of a small 

aerogenerator on a limited budget of £500. The 
aerodynamic/structural design presented below was de­
veloped the author while the electrical/electronic de­
sign is currently being investigated by Mr G. Kourtellis 
and Mr S. Spyrou. The mechanical construction has been 
undertaken by a final year student, Mr S. Flouris. It is 

that this pilot will form the basis of further 
work on aerogenerator that may have potential 

here in 

BASIC CONCEPTS OF WIND ENERGY 

The maximum power that can be extracted from a wind of 
velocity Voo and density Q an aerogenerator of frontal 
area A can be determined at an idealised flow 
pattern system, 1. Here the is assumed 
to produce a uniform change of velocity and pressure 
through it and the flow is assumed incompressible, invis­
cid and irrotational. By Bernoulli it can be shown that the 
change of pressure caused by the aerogenerator is, 

2 2 
l\p =: t P (V 00 - t ) 

The drag force, Fd experienced by the aerogenerator is 
~p. A, 

. 2 2 
F d := t P A (V 00 - V w) (1) 

But also from Newton's second law the drag force is given 
by mass flow rate times change of velocity, 

:= p VA (V 00 - Vw ) (2) 

Equating (1) and (2) gives 

V :::: t (V + Vw ) 
00 

(3) 

The power extracted from the wind, P, is 

P :::: FdV 

p =: p A~ (V 00 - y (J.) ) 

and substituting for VIJ) from (3) gives 

P :::: 2p Ay2 (V - V) 
00 

(4) 
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The maximum power is obtained by 

"0 pi ovl 

which yields, 

V ,A 
00 

== 0 

Substituting this into (4) we see that for a given A and Voo 
the maximum power is 

Pm~.... ::::....§ P AV3 
.wo..A 27 00 

(5) 

As it is essential to work with dimensionless parameters, 
the «power coefficient», Cp, is defined as the ratio of ex-

tracted power, P, to power available, !p A V3 
00 

(6) 

It can be seen that from (5) the maximum value that Cp 
can take for any aerogenerator is 

C 
pmax. == 0.593 (7) 

This is the theoretical maximum. The assumption made in 
the theory above are in practice not strictly true - air is 
viscous and compressible - the degree to which they hold 
depending on Reynold's number and Mach number of a 
particular case. In practice then, the value of Cp is less 
than 0.593 depending on the design of a particular 
aerogenerator axis. The former rotate a horizontal shaft 
while the latter rotate a vertical shaft, fig. 2. Historically 
the vertical axis type is more recent, with the horizontal 
type originally used for water pumping in agricultural 
areas - most of us have at some time or other seen a 
multi-bladed, slow-running windmill. Modern horizontal 
axis aerogenerators use blades of airfoil section, similar 
to aircraft propellers and are fast-running, while the verti­
cal axis family has two subgroups: The fast-running, air­
foil - bladed group e.g. Darrieus and the slow-running, 
cup-bladed group e.g. Savonius. 

The power coefficient, Cp, depends on the speed of rota­
tion of an aerogenerator. A dimensionless speed parame­
ter, known on the «tip speed ratio», Xoo ' may be defined 
as the ratio of the velocity of the extreme tip of the 
aerogenerator to the velocity of the wind, 

x == 
00 

wR max (8) 

where w is the speed of rotation and Rmax is tip radius 
from axis of rotation. 

Plots of Cp versus Xoo are shown in fig. 3 for the various 
designs of aerogenerator. Although the Cp - Xoo for a gi­
ven type, say a Darrieus, is close to that shown in fig. 3, 
certain parameters may shift the curve: the shape of the 
airfoil, the 'toughness of the blade surface, the number of 
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blades, the chord length and Reynold's number are the 
main parameters that may cause such a shift. 

All aerogenerators transmit the aerodynamically gen­
erated torque through a shaft to an alternator. However, 
as alternators generally start generating (cut - in speed) 
around 1000 r.p.m. it can be seen that step-up of the 
aerogenerator shaft speed is required. As an example, 
consider a horizontal two-bladed aerogenerator which is 
to operate at maximum Cp at a tip speed ratio of 5 and 
which is designed to start producing electrical power 
when the wind speed is 4m/s. If the radius is 2.5m then 
the angular velocity will be 8 rad/s. However the cut-in 
speed of the alternator is roughly 100 rad/s which means 
a step-up ratio of about 12.5. Step-up can be effected by 
gearing or by belt/pulley arrangements. 

3.AERODYNAMIC DESIGN OF A VERTICAL AXIS 
AEROGENERATOR 

After careful consideration of the relative advantages and 
disadvantages of the vertical and horizontal axis groups, 
it was decided that the vertical type is much more attrac­
tive for the following reasons: (a) the need for wind orien­
tation devices - tails - is eliminated, and (b) the alternator, 
and step-up arrangements need not be placed close to 
the axis of rotation i.e. at the top of a necessarily stronger 
tower. 

The following is the aerodynamic analysis of a vertical 
axis aerogenerator of the «Giromill" type as shown in fig. 
4a. Consider this system rotating at a constant angular 
velocity, w, when the wind passing through the 
aerogenerator is V. Considering the velocity vector 
diagram, fig. 4b, it is clear that the blade, when at an 
angle from the wind direction, will experience a velocity U 
at an angle a to its chord line. The blade will therefore ex­
perience an aerodynamic lift force, L, and drag force D, as 
shown in fig. 4c. The torque, T, produced by each blade is 

T == LR sin a DR cos ct (9) 

Introducing the lift coefficient 

2 
U ch) 

and drag coefficient 

Cd = D/t P u2ch, equation 9) become~ 

(10) 

Now from wing theory the lift and drag coefficients are 
functions of a as, 

where Cdo is a constant which depends on the Reynold's 
number, Re, of the flow (Re = uc2/Jl, where Jl is the vis­
cocity of air) and for a smooth surface is of the order of 
0.01 for Reynold's numbers greater than about 200,000. 
From fig. 5 the parameter KL and ~ are seen to be slopes 
of the CLA;Sina and CdrvC2 curves within the working 



range of a. Previous workers have taken KL and 1;, as con­
stants but in this analysis the results of lifting line theory 

for KL are used 
(12) 

where AR = h/c is the Aspect Ratio for a blade. Equations 
(12) apply to wings of AR greater than 4, and of thick­
ness/chord ratio less than 10%. Substituting (11) into (10) 
and noting from fig. 4b that 

U sin IX :: V cos,s. 

V ::::: U cos (1 + V sin {} 
it is easily determined that the mean value of torque over 
a cycle (0 ~ 8~2n:), Tm, for each blade is 

Tm = f P chR { v2 KL (1 - ~KL) - 2 Cdo v
2 

(1+ ~) } (13) 

The mean power produced by n blades then is 

(14) 

where the term (V !vi is ignored as it is much smaller 
than 1. The power coefficient is obtained by dividing (14) 
by 1/2 f2RhV! giving 

cp = t (~~) {~~ IS,(1- CKL) - 2 Cdo ~~} (OR 

This can be written as 

(15) 

where 0 = nc/2R is usually defined as the «solidity ratio» 
and Xr = roRN is the tip speed ratio based on the velocity 
V. In our case n=2 as two blades will be used. Now the 
drag force acting on the aerogenerator can be de­
termined by resolution of Land D forces in the wind di­
rection, fig. 4c. This gives the drag force for each blade as 

Fd = f L cosu coso/t - D cosu Sin%} + 

fSin ... sin {} + D sina cos,,} 

design by making use of (15) and (18), at this point it is 
useful to state the constraints which the design is sub­
jected to. Firstly, the tip speed ratio Xy- must be around 4 
so that the blades do not stall at any point in the cycle, fig. 
4b. Secondly, the Reynold's number must be greater than 
about 200,000 so that the flow pattern over the blades re­
sults in the assumed value of Cdo = 0.01 and also the 
CL IV Sina stall point is not at a Iowa. Other constraints are 
the centrifugal forces experienced by the blades and the 
stresses set up due to these forces. It can be shown that 
the centrifugal force, m.v2 /R, when made dimensionless 
by dividing by 1/2eAVoo, it is proportional to o2/z2. The 
stress in the blades due to bending moments given by En­
gineer's Theory of Bending is proportional to Force xh/c3; 

this can be made dimensionless by multiplying by 
c211/2QAV~ and the dimensionless stress is thus propor­
tional to o2AR/z2. Also the mass of a blade which is prop­
ortional to c2h can be made dimensionless by dividing by 
CA Le. the dimensionless mass is proportional to o. 

Optimum Design: From equation (15) it is clear that Cp is 
a function of four parameters, namely solidity ratio, tip 
speed ratio, aspect ratio and Z· As a first step the 0 and Ar 
are kept fixed so as to see the response of Cp to Xr. From 
(15), 

while from (18) 

6 z = (d z/ 0 X ) 6 X r r 
Performing the differentiations it can be shown that 

d cid xr = to (1/z)3 { ~(1- C~)3 - 6 Cdo X~} -

;t U 2K
L

(1/ Z )4 tIS,(1-CIS,) - 2 Gdo X~} Ar (19) 

The maximum occurs when dCp/dXr = 0 which gives the 
condition 

X 
r 

o 2 ,Io~ 4 - 2 - :s IS, (1- CKL) +V 64 KL (1- s~) + 6 Cdo KL(l- ~) 

(20) 

Substituting for Land D from (11) and integrating over ( CJ $. ~ 
~ Zlr) to find the mean value of F, it can be shown that for 

Equation (20) gives the value of Xr, at a maximum Cp, for 
a given AR and o. Obviously such maxima are important 
as the aerogenerator is to be designed to operate close to 
the maximum Cpo A computer program was written to run 
on the H.T.I. PDP-11 system to produce results of Cp as a 
function of XR, fig. 6 for various values of AR and o. Also 
for a given AR and 0 equation (20) was used to give the Cp 
and Xrvalues of the maximum Cp of that particular case, 
so that the first constraint stated above can be examined 
at a glance. In fig. 6 are shown the results for two values 
of AR at several values of o. Note that Cp values are higher 
for the higher values of o. 

n blades, 

Fd:::: (n/2) VPch ~ (16) 

However from energy considerations F d is also given by 
equation (4) as 

F d :: 2 p A V (V 00 - V) (17) 

Equating (16) and (17) gives, 

VJV:= 1 + (18) 

The parameter VooN is from this point to be denoted by 
symbol z. Before we proceed to search for the optimum 

The results from the above analysis, fig. 6, created some 
interesting questions which required further investigation. 
Instead of sifting through hundreds of curves to select a 
suitable one, some further degree of automatic selection 
was desirable. Further, these results do not really give any 
indication as to how the Cp - Xr curves may depend on 
what is to be called here the «shape factor» (= h/R) 
which defines the shape of the Giromill, fig. 7. It is easily 
shown that 

(21) 
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the results of 6, can be 
with some small modification to the program - for 
fixed values of from 0.5 to 5, as shown in 
8. The conclusions are that as h/R increases, the max­
Imum values of increase but also the values of Xr at 
which these maxima occur decrease. 

a final to the selection the value of 
was fixed at the value of 4 and values of and 
a varied but at a fixed h/R so as to find that value of 
and a at which is a maximum for the h/R. Start-

from 

6C = (CJC!C;AR)6AR + (dC 1()C1)"c5 +(d (lz)iJZ p p , II 

while from 

<5z = (d ) <5 ( ) 

From we also since h/R is a constant, 

do 

Performing the differentiations and 
maximum point, the following results: 

= 0 for a 

The program was further modified to use an iterative 
cedure whereby the shape factor h/R is fixed and 
is varied until both sides of equation are identical. 
The procedure was repeated for a range of values of h/R. 
In fig. 9 it is seen that for progressively higher values of 
h/R the value of AR that satisfied (22), i.e. maximum Cp 
for at a given hlR, increases. 

An interesting observation is that the solidity ratio re­
mains almost constant. 

A closer examination of the constraints as stated above, 
brought out the fact that the Reynold's number constraint 
becomes difficult to fulfill as the aerogenerator size de­
creases. So while for a large aerogenerator the 
number given by (with 

:: 2.6 X 1 (23) 

is satisfied for low values of Voo clearly in our case the 
chord C would have to be given priority in being as large 
as possible so that the constraint Re'" 2x105 is satisfied at 
low Voo- the parameter Z remaining around 1.4 for all of 
the promising results. The chord C is given by 

C ::: (24) 

so clearly a suitable result with (J and low AR is re­
quired for a small aerogeneratof. relatively high value of 
0, however, means a relarively higher penalty on 
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as a consequence 
stress and mass constraints. 1\1"'\I"'f-rht'I""~<;; 

all these as it is 
of a high 

The final selection has the values: 
h/R = 1.5, a = 0.15, CPmax = 0.45 at 
z = 1.395. The choice was a between a 

and a high This means that h = 3.12m, R = 

c = 0.312m. From the value of Voo for which the 
constraint is satisfied is around 3.5 mls which 

for our purposes as the aerogenerator will op-
erate in a wind of annual mean wind velocities 
around 5m/s 

disadvantage of this type 
is that it is not self starting so some exter­

nal means is required to rotate it to such a speed that 
starts producing positive torque. One method of 
is in the form of a Savonius rotor which has a start-

torque. After a careful consideration of the designs 
in Mr Zachariades' project it was decided 

use a Split-Savonius design, fig. 10a. The 
characteristic is shown in fig. 10b. The dimension 
selected so that when the aerogenerator is 
optimum the Savonius would also operate 
optimum at Xoo = 0.84. This means that as the 
speed w is the same 

z R 

or in our case = 0.61m. The finalised of 
aerogenerator currently being constructed at H.T.I. is as 
shown in fig. 11. Neglecting the power generated by the 
Savonius, the system should generate 28W at a wind 
sJ)eed of 2m/s, 225W at 4m/s, 690W at 8m/s, 1797W at 
8m/s, 3510W at 10m/s and 11,740W at 15m/s. 

4.STRUCTURAL CONSIDERATIONS 

The two important structural problems are (a) the central 
shaft and (b) the aerogenerator blades. In fig. 12 are 
shown the loads which act on the shaft. The worst possi­
ble case for the drag force, Fd, occurs when Z=2 as can 
be shown by differentiation of equation (17), but the value 
of Z at which the aerogenerator will operate is 1.4 This 
gives a maximum bending stress of 120 MN/m2 for a wind 
speed of 30 miles/hr, for a mild steel hollow shaft of 85 
mm external and 41 mm internal diameter. The torque is 
estimated to be about 600 Nm which produces a max­
imum shear stress of 20 MN/m2 for the same shaft. Also 
the estimated weight of the structure of about 100 pro­
duces only 1 MN/m

2 
of stress due to the weight. The 

principal stresses are therefore primarily depended on the 
bending stresses and using the Tresca theory of failure 
the shaft has a safety factor of 1.8. 

Now if the blades are to withstand centrifugal forces u~ 
wind speeds fo 30 miles/hr, then with a mass of about 20 

for each blade the centrifugal force is about 1400 kgf. 
distributed over the length of the blade. The maximum 

moment is 3500 Nm which can be resisted by 
of 6 mm, fig. 13. 



5. OTHER CONSIDERATIONS 

The matching of the shaft torque characteristic curve to 
that of the alternator is currently under investigation while 
the other electrical/electronic parts ot the system are be-

investigated by an electrical engineering team. 

Cp _ o. 

Evaluation of the performance of the complete system will 0.3 

be carried out at a later stage and will be reported in a fu-
ture issue of this magazine. 0.1 
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S. Vassiliou, Quality Control Officer 
Ministry of Commerce and Industry 

1. Introduction 

In the past, it was normal for manufacturers to produce a 
small range of products, employing skilled workers. 
Such a situation did not require the use of inspection, 
as each worker was responsible for the quality of his 
work as well. 

The development of technology and the introduction of 
automatic production machines had enabled the use of 
unskilled cheap labour in factories, who however were 
not capable of controlling the quality of production. 

These developments in the production processes had led 
to the employment of specialist staff whose duties were 
to check and control the quality of production. 

2. The contribution of the Quality Control Department 

Any successful company, is naturally concerned with 
maintaining financial viability and hence making a profit. 
It follows then that in the long term, each department in 
the company must contribute in some way to the success 
of the company. 

The quality control department contributes in the 
following ways. 

(1) In the short term, correct application of inspection 
and quality control techniques should minimise 
the amount of unsatisfactory products, and work 
in progress. Such reductions have a direct effect 
on the firm's profitability. 

(2) In the medium term, complaints from consumers 
are minimised, and the quality of the production is 
stabilised, helping the company to maintain its 
market position. 

(3) In the long term, correct inspection can help to 
optimise the company's product towards the most 
economical production. For example if the quality 
of a component can be made reliable, it is often 
possible to reduce its dimensions or use an 
alternative and cheaper material. In addition man­
ufacturing requirement may be relaxed if the varia­
bility of production can be controlled. 

Correct inspection also allows the company to 
standardise its materials and processes, thus 
minimising variation in production process, stock 
in hand etc. 

3. The Functions of the Quality Control Department 

The functions of the quality control department is to 
provide a company service in determining and thereby 
controlling the quality of the company's production. 
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To manage this the quality control department must have 
certain resouces, inputs and outputs. Figure 1 is a 
simplified input/output model of the quality control 
department. 

Quality Control 
Department 

Accepted materials 
Materials -+ Policy Rejected materials 

Staff - Process in control 
Processes 

Facilities 
Process out of control 

Procedures 
Accepted products 

Products 
• Rejected products 

Fig. 1. 

To perform its functions, the quality control depart­
ment must relate to the company organization in some 
way, and the manner in which it does so is of some 
interest. 

During the early years of the development of the qual­
ity control function, it was common for inspectors to re­
port to the production manager, and even for production 
staff to inspect their own works. Whilst this was accept­
able in some low technology/high skill areas, it rapibly 
became apparent that this relationship placed an intoler­
able conflict of interests upon the quality control function. 
Essentialy this conflict arose because of the different 
motivations of production and quality control. The former 
is primarily concerned with throughput and production 
targets, whilst the latter is solely associated with conform­
ance to specifications. Occasions must naturally arise 
when the two interests are opposed, and for this reason it 
is now considered preferable for the quality control func­
tion not to be responsible to the production function. A 
simple organizational structure is shown in figure '2. 

Quality Contro 
Manager 

Fig. 2 



However, such an arrangement is possible if the size 
of the company can support it, and it may well be that 
smaller companies may have to have the quality control 
function responsible to the Production Manager. 

It is important to appreciate that the quality function 
of a company is not necessarily involved in determining 
the level of perfection of the product. Such matters are 
determined by uppermanagement, after taking into ac­
count the marketing situation, competition, production 
costs etc. The actual product is conceived and initially de­
veloped by the design and research and development de­
partments, in consultation with the production depart­
ment. Thereafter, the quality control department is con­
cerned solely with the compliance of the materials, pro­
cesses, etc. with the appropriate specifications. 

4. Structure of the Control 

Referring to figure 1, it can be seen that the quality 
control department operates upon 3 distinct lines, 
namely: 

(1) Materials, i.e. those items which are Purchased by 
the firm for further processing. 

(2) Processes, i.e. the operations performed upon the 
materials in order to manufacture the 
product. 

(3) Products, i.e. the finished product of the 
Company. 

In ma'lY respects, the techniques employed in each of 
these operations are different, and if the firm is large en­
ough, the general structure of the department should be 
as shown in figure 3. 

I Quality control_l 
Manager 

I I I 
Incoming Process Final 

I Inspection Inspection Inspection 

Fig. 3 

The incoming inspection is related to the purchasing 
specification, which must be in sufficient detail to allow 
for such inspection. It is common practice for such in­
spection to be based on sampling upon the basis of which 
the delivery is either accepted or rejected. Where the 
company is involved in large purchases of materials, it is 
now common practice to employ a 'vendor rating' 
scheme, in which the purchaser and the vendor agree to a 
quality control system to be operated by the vendor, thus 
reducing the incoming inspection which is restricted to 
auditing the vendors production. 

Process inspection is involved from the moment that 
materials are released from stores to the time that the 
product is presented for final inspection. In general, pro­
cess inspection is conducted after each manufacturing 
stage prior to the subsequent operation. The objective is 
to ensure that valuable resources are not wasted in 
further processing of unsatisfactory materials. The nature 

of the inspection, and rate of inspection is, of course, en­
tirely dependent upon the material, process and subse­
quent use of the product. But inspection should always be 
conducted on the first production after any resetting of 
the process, or process stoppage. 

Final inspection of products may in some cases be 
separated into the inspector of simple parameters by the 
inspections, and testing by the laboratory. Whatever the 
situation, the objective of product testing is to: 

(1) Protect the Company from consumer complaint 

(2) Ensure that the required level of quality is 
maintained 

5. facilities 

It is essential that the quality department control has 
adequate and appropriate facilities to perform its duties. 
The following are of importance. 

(1) Adequate space and furniture for the writing of re­
ports, filing of documents etc. 

(2) Adequate facilities for performing the required 
operations. 

(3) Environmentally controlled areas where 
necessary. 

(4) Adequate glare free illumination of appropriate 
intensity. 

(5) Sufficient storage area for equipment. 

(6) Adequate meterials handling facilities for the pro­
ducts in question. 

6. Relationship with other departments 

1. Production Department 

A close and continuing relationship is essential to en­
sure the following: 

1.1 Information regarding production program, machine 
loading, machine Changes, new plant etc. to establish 
the inspection program. 

1.2 Identification of material in process 

1.3 Release of in process material for further processing 

1.4 Feedback relating to quality problems and possible 
relaxations. 

2. Design Department 

The relationship with design is not as close as that with 
production, but is particularly important when new pro­
ducts, or modifications to eXisting products are con­
templated. In this context a liaison with design depart­
ment is essential to ensure that proposed design fea­
tures can be adequately controlled. 
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spection 
is essential that the Purchasing program is available 
to the quality control for 
purposes. It should be noted that with to pur-
chasing, inspection is related to the purchasing 
specification, and therefore to the quantity ordered. 

The quality control department is dependent upon upper 
management for its basic policy, and is required to 
provide regular management information regarding 
quality performance. 

5 

The relationship with sales marketing is normally re­
stricted to assessment of consumer complaints. 

The relationship of the quality control department with 
other departments is shown schematicaly in fig. 4 

MANAGEMENT 

/ I'--PR_O_D_U_CT_'O_N----Io 

'-1 Q-U-A-L-'TY--C-O-N-T-R-O-L"""'I, .... I_P_U_R_C_H_A_S_'N_G.,.,.,....,. 

~ &----1 STORES----, 

I SALES 

Fig. 4. 

7. Who Inspects 

When considering incoming inspection, and final in­
spection, there is little doubt that such inspections should 
be conducted py the quality control department. However, 
in the case of process inspection, it is often advantageous 
for simple inspections to be conducted by the process 
operator. Naturally such a situation can easily lead to 
abuse, which must be prevented by adequate operator 
training, and an auditing of operator performance by the 
quality control department. The actual costs of either sys­
tem are similar, but the inspection by the operator pre­
vents undue delays in the production process awaiting 
stage inspections and assist in operator motivation. 

8. Responsibilities of the Quality Control Manager. 

The Manager of the quality control department is sel­
dom actually involved in inspection, but is responsible for 
the various management and administrative functions of 
his department, as follows: 

58 

(1) Inspection planning, production of manuals and 
procedures. 

(2) Provision of and process 

and instruments etc, 

of duties. 

(5) Liaison with other 

(6) Review of examples of non 

(7) Prepare documentation. 

(8) Develop subordinates. 

(9) abreast of developments. 

9. What is to be 

It must be remembered that quality costs money, and 
it is often more costly and time consuming to thoroughly 
inspect a product than to produce it. The routine 
inspection of processes, materials and products should 
be kept to a minimum. It is often possible to restrict such 
inspection and testing to a series of cardinal 
which themselves demonstrate compliance. In many 
cases, it is possible to resort to sample inspection and 
testing as a means of reducing such costs; in the case of 
destructive tests, sampling is absolutely necessary. 
Alternatively, in other cases, especially where personal 
safety is a factor, it is essential to inspect every item. 

10. Quality Manual 

It is now common practice for companies to produce 
a «Quality Manual» in which all the aspects of company 
quality policy and procedures are detailed. This document 
has several uses as follows: 

(1) It firmly commits the Company to a carefully con­
sidered policy. 

(2) It commits staff to a laid down series of objectives 
and operations. 

(3) Customers, especially large purchasers, can, and 
do, use the manual as a basis for their own vendor 
rating schemes. 

11. Inspection Procedures 

Each inspection operation, including materials, pro­
cesses, and product inspection should be orovided with a 
complete and detailed written procedure in which all the 
following are detailed: 

(1) Sampling procedure and identification of item and 
specification or drawing. 

(2) Inspection sequence. 
(3) Inspection and test procedure for each parameter, 

and the equipment to be used. 
(4) Criteria for acceptance and rejection. 
(5) Any retest procedure. 
(6) Procedure for the disposition of accepted or re­

jected items. 

12. Inspection Planning 

The Quality Control Manager is responsible for ensur­
ing that the inspection function is performed efficiently, 
and does not delay production. To do this, inspectors and 



test facilities must be programmed to be available when 
needed, in accordance with the purchasing and production 
schedules. 

13. Inspection Reports 

All inspections should be recorded giving at least the 
following information. 

(1) Date, time and location 
(2) Inspectors identity and procedure used 
(3) Identification of item by lot 
(4) Number of conforming and rejected items 
(5) Destination of accepted items and disposition of 

rejected items 
(6) Whether reworking is considered appropriate 

It is essential that the data produced above is readily 
available for statistical analysis and in many cases special 
cards are employed to facilitate this. 

14. Inspection Equimpent 

For obvious reasons, it is vital that equipment used 
for inspection is maintained in good condition and regu­
larly calibrated. To ensure this an inventory should be 
maintained of all e'quipment. Equipment should be re­
moved from service at regular predetermined intervals 
and subjected to routine maintenance and calibration. For 
each parameter to be measured, a factory standard 
should be maintained for calibration purposes e.g. test 
pressure gauges, standard resistance etc. all calibration 

and maintenance should be recorded on the inspection 
equipment inventory card. Factory standards should also 
be calibrated at regular intervals, in which case it may be 
necessary to have such calibration conducted by an inde­
pendent laboratory. All equipment should be storad in a 
separate area as free as Practicable from vibration and 
environmental changes, and released for specific 
purposes to nomitated inspectors. 

15. Materials Control 

For the purpose of ensuring that in process materials 
are correctly inspected, each batch of material should be 
identified by such means as route cards, tags, stamps etc. 
Provision must be made either on the cards or in the in­
spection documentation to clear each lot for inspection 
purposes after each process has been completed. All non 
conforming items should be clearly identified as to pre­
vent mixing with other material, and consigned as quickly 
as possible to a quarantine store set aside for that 
purpose. 

16. inspection Review 

As with all other aspects ,of organisation, the con­
tinued use of any system can lead to abuse, short cuts, 
etc. In addition, the advent of new ideas technology etc. 
can lead to a situation where the system may be im­
proved. For these reasons, a periodic review should be 
held to analyse the inspection system for possible im­
provements. The review period, procedure and result~ 
should be fully documented and recorded for future use. 
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ANALYSIS 0 THE CYCLE OF 
STATION 

SOLAR POW 

Jerzy Konrad Nowakowski 
Institute of Thermal Engineering in Lodz. Poland 
Consultant for the Ministry of Commerce & Industry, Cyp­
rusUNDP Adriser on Heat Pumps and Heating and 
Vertilation 

Here are described the results of the thermodynamic 
analysis of a heliothermic power plant in an open and a 
closed cycle with various working media, as well as the 
regulation and protection procedure and the method of 
designing an absorber of solar rays. 

The actual design work concerning the utilization of 
solar energy in solar power stations moves in two main di­
rections (1)(2): 

1 I A heliothermal power station, in which takes place the 
transformation of solar radiation into thermal energy, 
driving subsequently the heat engine. 

2/A helioelectric power station, in which occurs direct 
transformation of solar radiation into electric energy. 

A heliothermal power station may be made in the 
shape of a solar farm or of a system with a solar tower. In 
the system with the solar farm, designed for lower power, 
collectors are used in the shape of parabolic mirrors 
equipped with tubes absorbing solar radiation, the tubes 
being placed in exact focal lengths. Through the tubes 
flows the working medium, being heated to a temperature 
of 3500 C. The system with the solar tower consists of mir­
rors, i.e., of heliostats concentrating solar radiation upon 
an absorber placed at the top of the tower. The heat of 
the working medium, with temperature t = 800 : 9000 C is 
transferred either to a heat exchanger or to a steam 
generator. A heliothermal power station must be equip­
ped with an additional source of heat in the form of a 
steam boiler fired with fossil fuel and set in operation for 
the production of electric energy in case of lack of direct 
solar radiation or in case of exhaustion of the heat stlor'­
age battery. 

The helioelectric power station transforms, by means 
of photoelectric cells, direct and diffused solar radiation 
into electric energy. This type of power station, merged 
with an electrochemical storage working in the nighttime, 
may be used in the Central European weather zone, pre­
vailing in Poland. The costs of constructing a helioelectric 
power plant, are mainly on account of the high cost of 
photoelectric cells. None the less, it is expected that in 
the future, when electric cells become less expensive, the 
construction of a helioelectric station will be competitive 
in to respect the heliothermal power plant. 

In the Institute of Fluid-Flow Machines in Hannover, 
several alternative designs of cycles of a heliothermal 
power plant were designed with a solar tower in an open 
and in a closed system, using air and helium as ciculating 
media (3). In Fig. 1 are shown, in the T-S system cycle, 
diagrams of a solar power plant in an open and a closed 

system, whereas on Fig. 2 are represented block diagrams 
of the installations constituting this power plant. The 
~ompressors (a) and (b) force air into the heat exchanger 
(g) and from it into the solar absorber (e). Air heated to 
the temperature of 8000 C and at a pressure of about 
4.4MPa (closed cycle) and 0.459 MPa (open cycle) is sub­
sequently expanded in a turbine (i) driving the generator 
(k). After its expansion the hot medium transmits the out­
let heat from the turbine to the inlet air in the heat ex­
changer (g). The operation of the sun not being constant 
in time, in order to stabilize the power. Both the heat stor­
age battery (f) and the combustion chamber (h) are used 
for conventional fuel. The regulation of heat streams is 
performed by means of valves (0), (p), (p'). as well as (r) 
and (r'). 

The statement of the basic parameters of the cycle of 
the heliothermal power plant has been given on Table 1. 

Open Closed 

Designations cycle cycle 

Units air helium air 

1 Final power MW 0.25 20 20 

2 Temperature in the turbine inlet oC 800 800 800 

3 Number of interstage coolings 1 

4 Pressure before turbine MPa 0,459 3.09 4.40 

5 Pressure ratio of expansion 4.5 2.20 3.00 

.6 isentropiC efficiency of turbine % 88 90 90 

7 Cooling coefficient % 1 1 

8 Temperature before compressor "C 30 50 50 

9 isentropiC efiiciency of % 84/83 86/85 86/85 

compressors 

10 Difference of temperatures "C 40 22 30 

in heat exchanger 

11 Sum of relative loss of % 9.0 10.3 12.0 

pressure 

12 Cycle efficiency % 34.1 37.1 38,3 

13 Flow stream through turbine kg/s 1.94 36.1 172.0 

14 Mean heat stream in I<JNlm2 40.7 151.0 82.0 

absorber 

As is to be seen in Figs. 1 and 2, the essential ele­
ments in the cycle of the heliothermal power plant are 
constituted, in contradiction to the classical cycle of the 
gas turbine, by the solar absorber (e), the heat storage 
battery (f) and the set of valves (0), (p), (r). 

Table 1 shows, on the other hand, that it is distinctly 
worthwhile to use open cycle only in low power generat­
ing stations. The use of helium insted of air in a closed cy­
cle reduces considerably the flow stream and the pres­
sure before the turbine and simultaneously increses the 
load of the absorber, bringing about much smaller over­
ally dimenstions of the elements composing the power 
station of equal power. 

As has alredy been said, the «heart» of a solar power 
station is stituted by the solar absorber, Fig. 3. From the 
proper functioning of this device depends in the main ex-
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tent the correct operation of the power station and its 
overall efficiency nel = ney· nabs 

The absorber must have high efficiency, small heating 
surface and low weight. Establishing the output data 
resulting from the calculation of the cycle, such as the 
quantity of the heat stream to be transmitted to the work­
ing medium, the construction of an absorber is formed as 
a result stream along tube 1, 21 relation of the spacing of 
tubes to the diameter tid, 31 tube diameter d, 41 pressure 
p of the working medium, 51 permissible relative pressure 
loss ~ pip, 61 maximal temperature in tube walls t , 71 
permissible load in tubes, produced by internal of an 
absorber, as well as of other equipment being part of a 
heliothermal power station, develops as a result of the 
realization of analytical programs on computers. 

The regulation of parameters and power station pro­
tection constitute an important problem. Regulation of 
the power produced is most frequently carried out by 
change of pressure in the circuit (different revolutions of 
compressors) at the same inlet temperature into the 
turbine. This does not create any distinct decrease in effi­
ciency at partial loads in proportion to the power rating. 
Sudden changes of load are regulated by means of the 
by-pass valve (<<by») connecting the outlet channels of the 
compressor (b) of the heat exchanger (g) and of the 
absorber (e) with the turbine outlet. This valve constitutes 
now and then an equivalent element of regulation beside 
the normal change of pressure in the circuit at partial 
loads. The valves (I) and (m) protect the compressors from 
pumping during starting or stoppage of the power station. 
In extraordinary cases, e.g., when the danger arises of 
turbine overspeeding caused by excess of revolution by 
10 p.c., defects in the oil circulating and the bearing sys­
tems, when excessive vibrations of the ~fating system ar­
rear the cutoff valve (n) should be completely opened. A 
rapid discharge of the system then takes place and the 
turbine set stops within a few seconds. 

Various working media flowing through the absorber 
may be used: air, water-steam and even liquid sodium. 
The last one is foreseen for the design by General Electric 
of a heliothermal power plant, sodium being a better heat 
absorber than water, constituting also a good heat stor­
age medium. 
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Nowa technika w energetyce zagraniczynej. (Solar 
Power Plants. Liquid Sodium as Working Medium for 
Solar Power Plant of a Power of 100 MW. (New 
Technology in Foreign Power Engineering). Biuletyn 
Techn. I. En. 188/1979. 

62 

3. Bammert K. Layout of Gas Cycles for Solar Power Gen­
eration, ISPRA-Course Italy 3-7 Sept. 1979. 

}J .. " 4 

" ..., .. 
5 .... 

000 ~ 

j 
..... 
rj 
I. 

" Q.. 300 
E 
OJ 

f... 

1.5 1.0 

E ... ho py 5 KI/I<, K 

F· 1 Cycle of a Heliothermal Power Plant on a t-s Ig. 
Diagram in a Closed /a/ and an Open Ib/ System 

o 

c 

h A open 

B closed 

1<.' 

n - cutoff valve 

o - control valve 

p, p; r, r; by - valves 

F'~. 2. 

Fig. 2. Block Diagram of the Cycle of a Heliothermal 
Power Plant IOpen and Closedl together with a 
Regulation and a Protection System a - 1st stage 
compressor, b - 2nd, stage compressor, c,d -
cooler, e - absorber, f - heat storage battery, h -
combustion chamber, 1 - turbine, j - transmission, 
k - generator, k - starting motor, 1, m - compressor 
by-bass valves 
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.~/I~'<f. , .. S - wall thickness 

•

' t-scale 

D - pitch diameter 

L - total length of 

irradiated tubes 

cp - circumferential 

angle 

a - inlet chamber, b - tubes, c - outlet chamber, d -
tube diameter, e - hole, f - reflecting part of absorber, 
g - ceiling, I - length of tubes 

Fig. 3 Absorber 
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The academic year 1980-81 was launched on September 8th. Four hundred and sixty-two (462) students were enrol­
led including sixteen (16) foreign students. The Electrical Part-time Course continues with seventeen (17) students on its 
fourth year running. 

The Polyvalent course for Medical Technicians which is sponsored by the World Health Organization (W.H.o.) has 
twelve (12) foreign students from various Middle East countries and two (2) Cypriots. 

The World Health Organization decided in co-operation with HTI to set-up two more short courses: The X-ray 
specialised course to begin in January with eight foreign students and three local ones and the Operating Theatre Course 
with eight foreign students to start in May. 

The Director of HTI Mr G. Cristodoulides leaves for Belgrade to attend the 21st General Conference of Unesco. 

October. 

The third-year Marine officers return after a four-month training on board. 
The Astronomy club organises its first lecture. Mr A. Achillides talks on «Contactees, the UFO Cult» at the H.i.1. Lecture 
Theatre. 
The Lecturers' League announces a «get together» drink at the Sindbad Pub. 
The film Committee shows a series of films on the History of the Motor-car at the H.T.I. Lecture Theatre. 
A visiting professor from the Federal Republic of Germany, Dr Born, who is a specialist on Lasers, gave-a Lecture on las­
ers at the H.T.I. Lecture Theatre. He was introduced by the Ag. Director General of the Ministry of Labour and Social Insur­
ance Mr. Kallimachos. 
The lecture was organised in co-operation with the Goethe Institute. 
Miss Eleni Mavrou was elected President of the Students Union. She is the first female president of the Union. 

November 

This year UNESCO DAY was celebrated on 10th November at Khirokitia. 
Students and staff left the H.T.I. premises early in the morning and arrived in Khirokitia about 10 a.m. There Mr M. Loul­
loupis, Officer of the Department of Antiquities, briefed the students and staff on the historic background of the Khirokitia 
setllement. After Mr Louloupis talk some of the students and staff made their way through the pre-historic ruins of the 
bee-hive houses which are dated back to the sixth millenium B.C. to the hill from which one can have a very good view of 
the peaceful valley below. The pebbled ruins which served in the past as dwellings as well as burial places - the dead were 
buried in their floor with gifts in a contracted position - lay there gaping empty in the sun. 
The students placed a litter basket at the entrance of the Khirokitia settlement. 
The whole group left about 11.30a.m. and headed towards Governor's Beach for lunch. 
There they scattered around making their arrangements for lunch. Eating and drinking accompanied with song and dance 
took up the whole afternoon. 
At dusk the row of buses set off for Nicosia at a lazy pace. 
The last week of November was Safety Week for H.T.I.. The safety Committee organised various activities including a 
lecture and film on Fire-Fighting, a lecture on Factory law and Regulations and a film on Safety. 

DECEMBER 

On second December there was a lecture at H.T.I. Lecture Theatre on «Technical Education in the Soviet Union» delivered 
by Dr. Vasilis Efremovich Anomarienko. 
The «H.T.I. Bridge Club» makes its first appearence on December 5th. Its 
aim is to teach anyone interested to play bridge. 

Cristmas time draws nearer. The H.T.I. joins in the festivities: the students held their annual Christmas Dance at Isadoras 
Night c/up; On 17th December a joint Staff-Student party was held in the canteen of the Institute. Classes were suspended 
at 11.30 a.m. and students and staff had a drink together with some snacks. 
The Association of the H.T.I. Graduates held their annual Christmas Dinner at the Philoxenia Hotel on December 20th. 
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JANUARY 

The Astronomy Club and C.I.C.A.P. organised a Lecture at the H.T.1. Lecture Theatre. Mr A. Achillides talked on the explo­
ration of outer space with unmanned space ships. 
H.E the Minister of Labour and Social Insurance, Mr G. Stavrinakis, visited the H.T.I. on Jannuary 20th to award the 
shields, cups and medals to the participants and winners of the H.T.I. Volley, Basket and Football tournaments. 
Afterwords the Minister inaugurated the H.T.1. Self-Study Center which was set up with the aid of the British Council. The 
British Council Representative, Mr Marler donated a number of programmes and publications. 
Dr A. Mallouppas leaves on 10th Jannuary for Lu~on while Mr, Derek Curran is sent to Cyprus on a staff exchange visit. 
The second half of Jannuary is a hectic time because of the first semester exams. 

FEBRUARY 

The first semester exams are over. Lectures, seminars and tutorial are resumed again. 
The H.T.I. Film Society gives a coctail for all H.T.I. foreign Students at the P.I.O. premises and shows them two films on 
Cyprus: "The Island that No one Ever Forgets» and "Cyprus wedding». The Director honors the cocktail with his presence 
and has an opportunity to mingle with and chatters to the H.T.I. foreign students. 

MARCH 

On the 19th March the students decided to go on a strike demanding some rights. 
The strike ended on May 4th. 

APRIL 

April found the students abstainig from classes. 
Dr. D. H. W. Hykin and Dr. J. A. Douek from the Polytechnic of South Bank gave two Lectures on the concept of workshop 
on Tuesday 14th April. 

MAY 

The students ended their strike on May 3rd. 
Students and staff decided to do their utmost to make up for lost time due to the students strike. 

JUNE 

Professor D. R. Wilson, Head of Engineering of the Polytechnic of Central London, gave a lecture at the H.T.1. Lecture 
theatre on June 11th, on current UK and U.S.A. practises in Engineering Education. 
Exams are postponed till 17th of June. Staff and students show symptoms of exam fever which is aggrevated by hot 
weather. 
The Graduation ceremony will be held on the 10th of July. 
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S K F is an international group with factories in twenty countries, an international sales nplhuf,rir 

its own organisation spread around the world. 
S K F in 8,000 basic sizes and of variants 
from 3mm to several metres in outside and from a of 0.036 grammes to more 

There are S F which can run at a of 400,000 r.p.m. others 
which at low than 

TOOlS 

SKF 
Research and development in the S K F group is applied in three 'directions. The first is the deve­
lopment of production technology the second is the development of new products and the third is 
a continuous process of developing the traditional product ranges to changing market requirements. 

S K F faces strong competition in all the most important industrial countries. It is, however, true 
to say that S K F is foremost in the field of roller bearing engineering, in addition to being the 
most important exporter of ball and roller bearings. 

S K F has attained this pre-eminent position for several reasons. Ene of them being that S K F 
was the first bearing firm to undertake systematic theoretical and experimental research in ball 
and roller bearing engineering. 

SOLE AGENTS: 

SWEDISH LEVANT TRADING (CYPRUS) LTD. 
P. O. Box ]252 - Tel. 43833 - NICOSIA - CYPRUS 
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