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The Higher Technical Institute 
(H T I) 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 (ILO) 
Cyprus Gonernmcnt Executing 
Agency: The Ministry of Labour 
i;lnd Social Insurance. 

• Ie 
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EDITORIAL 

We present 'Once again tthe new (Edition 10' the Institute's Magazine, 
"The H.T.I. Review", which this year Icoincides with the ,10-year AnnI
versary-of the IHigher Technical Institute. 

Contributors are mainly members 'Of the H.T.I. Staff. In two cases 
however, articles were 'accepted which 'Were ~he result of co-operation 
of H. T.I. lecturers rwith other professionals. 

It will be ,noticed ,that the bias jOf the majority JOf the technical 
articles is 'towards the !energy problems ,and the necessity ffor la more 
national approach to !the utilisation lof scarce resources. 

It is hoped that the /present !publication will 'Continue to promote 
the scientific and 'technological iundestanding 'among the IH.T ••• Fa
culty, stUdents and the ,technical world at targe. 

The Editorial Committee /Wishes to \express sincere thanks and 
appreciation to the many contributors to this publication for their co
operation. 

GENERAL EDITOR 
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The Higher Technii10al Insti<tute (HTI) wh,iloh 
star,ted .operai.,ing in the academic yem 1968-9, 
eetlebrates Hs 10ih anniversary this yem. The 
InsViitute was esuabl1i'shed as a jO!int projeot of 
the Unirted Navi10ns Develop me nit Programme 
and the Government of Cyprus. The Cyprus 
MinirSilry of Labour and Sodal Insurranee and 
UNESCO, wilth assi'Sitanee from the I.LO., aoted 
as execUlUive agen~s for the proj'eot, which 
laSited ,UII 1973, and eniuaLled a tolball cost of 
$3,005,629. 
The Cyprus Grove rnm enlt oontr:ibu!ted $1,684,669 
1111 the fo~m of looal Slvaff, I,and and buill dings, 
and Ithe UNDP oontrirburted $1,320,960 by way 
of equlilpme'nt, expent fore1ign s!baff and fellow
ships to loe·all oounlterpart sltaff. The joint pro
jeclt oame to an end in March 1973 and since 
,then the Cyprus Government has undel1taken 
sole responsilb:H,illy for the InsWi'tulte's opel1aiti'on. 
The HTI is ;the highe'Slt techn;ioal eduoaiuional 
.estaib,Hsihment in Cyprus, ilts m!i'ss!ionbeing to 
train Teohniloilan Eng:ineers in the basi'c engi
neening speoi'allrirsati'ons of OhAII, Erledt~iloaJl and 
MeohaniOail Engilneel~ing to meet the needs of 
thle counMy's develio'p:ing ,indusitry. Regul;ar 
oourses are IQf three years' dUl1aibilon. The 
InrsViitute now aliso off·ers a three-year fuN-time 
oourse lior Ma:~ine Offilcers in Englineering: ilt 
has hosted a pi'ldt projedt of U'NESICO for U,fe 
liong EduoaJbhon and offered clQuntless sho~t 
oourse's to Indusltry. In addirUilon 1Joilts telach'ing 
role, the Insbilbute offerrs oonsu'lrbancy to industry 
and has !liaken a leading r:ole in ceJibalin types 
of appl'ied researoh s'Uch as Siolrar Energy. 
The presen1t pubI1i!oatfi'on aims ait grilling an 
overVIiew of the HTI in~he many and vaded 
aspedt's of irts acmlvlilti,es. 
The HTI had, by Ju1ly 1978 offered 562 .gra
dU8Jtes to the Laborur Market, of whliloh ilt is 
r'i'9'htly pJ1oud: Trhos'e whro h1a'Ve gone into 
induistry have seemed suiltaJble po'Slts wilth lu
crative emo'lumenlls; Whlille the sma1liler number 
of gradUlaltes (about 60) who ,pursued furither 
studires abroad have been accepted as "transfer 
students' by unli'Versilties and cO'lileges in Bnitatn, 
the United States, Oanada and AUSltJ1a:i'j;a, so 

that they are able foootain a B.Sc. degree 
wi1ch nO'l more than two years O'f further studi'es. 
Mosit of the students who went abroad have 
dilsilinguished themselves academ'ioally and 
many have continued wiith p'osigraduate studi'es. 
Another much appredi'ated form ofrecogn'ihon 
has come from the Professional Engineering 
I nSlbiltuNo ns of Brtiltai n : 
The InSibillutions lof Plant Eng,ineering anti Ge
neral Teoh'nidiran Enginee,rling have accepted 
the hollders of the HTI Diploma in any specia
lisation, as elrig'ible for the quarlli,fjloai,lion of T. 
Eng. (Techni'Cian Eng:ineer). The Inslt'iltut1i1on of 
Eledtr'i1cal Eng!ineers (lEE) and the Ins:MuiNon 
of Mechanlieal Eng'irneers (IMechE) have ac
oeptedto consii'der graduates of the HTI in 
tile appt1oprii'aite speoi'alisations fior exempti'on 
f!1om P,arlt I of the Coundill of Eng'ineet1ing Insti
tutions exarripnabions thalt lead in due course 
to the qUlal1i,fiicabiion of C.Eng. (Chartered Engi
neer). 
Despilte the poHtioal'ly troubled times that 
Cyprus has gone tht10ugrh in the past decade 
and Idespii'te the ocoassi'onaHy strained rela
tions bemeen Greek and Turk Cyprli1ots, (the 
two ma'in communliltii1es on the !isl,and), the 
Instiltute has oontrinued to work in hrarmony 
wili'h bdthoommun'ities, members of which 
have pa~biC'iip'ated aoUively alt all levels of the 
I ns'~iltulte's lacVi'yliities, i.e. as SitU dents, staff and 
Qlovernlirng body. Thlis is perhaps the aspect 
of whidh the Ins'mulle i's mos1t proud, viz. that 
r1i'ghit up to the invasion of Cyprus by Turkey 
in JUlly 1974, ·the HTI opel1aited as a truly inter
communal insitiltution. And even after the lin
vas1i'on, when communica1t1ion be1twe'en the two 
oommunliIU;!es separated by the AlttHa line be
tween North and Soulth, effedtiv~ly came to a 
stand s'NIII, members of the two communrilties, 
former ao'lleagues and feillow Sltudenits kept 
up vheilr co nltaots , proving that human feerl!ing 
is sltronger rhan po,liiNcs. 
The HTI 'i's oelebralbing ilts 10th anniversary 
in the absence of ilts Turk Cypribt members, 
but not wlilbhout hope 'tha1 another ann1iversary 
might be ceillelbl1aited togetllher. 



LEAC TESTIN OF COAL GASIFI N SS CHAR 

Pantelis Vassiliou 1, Richard G. Luthy 2 

and Mark J. Carter 3, 

A methodology is presented for assessing the potential 
for release of dements from solid waste resulting from 
gasifioation of coal. This methodology is applied to the 
case of a coal char formed from the Hygas steam-oxygen 
process. The char was subjected to both batch and con
tinuous flow leach tests under a variety of simulated 
model water types and environmental oondiltions. Leachates 
were analyzed for twenty-five elements. It is apparent 
that boron was extracted in potentially environmentally 
significant quantities in every test and that this element 
should be monitored closely in future environmental 
assessment studies on coal conversion process solid wastes. 

The solid waste evaluated in this study was Hygas 
pilot plant Western coal char formed at approximately 
63% carbon conversion. The information presented here 
does provide a methodology for assessing potential pro
blems associated with disposal of a coal conversion process 
char; and this body of data wiLl serve as a reference point 
from which to compare results of future tests. As the 
data base evolves, it will be possible to begin to correlate 
coal cOIlNersion process operating conditions with the 
physical and chemical characteristics of solid waste. 

Most of the effort in the investi~on was devoted 
to quantifying the extent and rate of release of trace 
elements from the char when leached with eluants of 
varying qualities. Careful attention was given to docu
ment process operating conditions at the time the char 
was sampled, and to assure that the char was collected 
in appropriate fashion. Also considerable effort was made 
to characterize the physical properties of the char. 

Experimental Design 

As part of its efforts to coordinate DOE's high BTU 
coal gasification environmental assessment program, Car
negie-Mellon University has undertaken the investigation 
of certain process-related en;v:ironmental engineering pro
blems. One facet of this task addressed screening studies 
on leachability of a ClOajI gasification process solid residue 
(char). In order to survey the geneml nature and extent 
of any leaching problems from gasification char an expe
riment was initiated to: 

(1) Characterize conditions under which char may release 
potentia:l contaminants. 

(2) Determine individual contaminant mass emission 
quantities under these conditions, and 

(3) Evaluate the rate at which various contaminants are 
released. 

In order to evaluate conditions under which pollutants 
may be released to the environment a series of batch and 
continuous flow experiments were performed with waters 
of various qualities. -Leaching s<¥utions were resigned 
to model six water types: 

* 
* 
* 
* 

* 

Dlistilled water (simulated rainwater, mildly aoidic) 
Medium hardness (simulated surface water, buffered) 
High hardness (simulated groundwater, buffered) 
Sodium bisulfoate-sullfuric 
water, strongly acidic) 

Deaerated tap water 

acid (simulated acid mine 

Acetate-tartrarte/sodium hydrosulfite (simulated organic 
complexation under reducing conditions) 

The object of these tests was to assess the poteniai for 
release of elements from coal char with various water 
types to which the char may be exposed. 

In addition to these tests, mixtures of soil and char 
were subjected to pulse leaching tests under the following 
conditions. 

* So11-char mixture aerobic 
* Soil-ohar mixture anaerobic 
The purpose here was to determine over a period of 
several months what effect common soil bacteria may have 
on the release of char constituents. 

Experimental Results 

The paper reports results of char elemental composition 
and physical properties, and results of seventy-two hour 
b3Jtch extraotion studies and compares these results with 
90 day continuous flow leachability tests. The data from 
the 90 day extraction experiments were used to determine 
rate of release of various elements. The soil-char studies 
were run for a total of 15 weeks. Each experiment was 
conducted in triplicate with a blank for control purposes. 
A logarithmic composite sampling schedule was invoked 
for he 90 day continuous flow tests to examine I, 2, 4, 
8, 16, 32, 64, and 90 days sample composites. iLeachate 
from the soil char mixtures was arutlyzed weekly. 

In order to ensure the validity of the data replicate leach 
tests were performed, and sample blanks were used. 
Leach data was reported as cumulative fraction leaohed 
over sequential leaching intervals. 

Leachates in this study were analyzed for twently-five 
elements: 

Ag Be Cu Mo Sn 
AI Ca Fe Noll Ti 
As Cd Hg Ni V 
B Co Mg Ph Y 
'Sa Cr Mn Se Zn 

Argon plasma emIssIon spectroscopy was used for all 
elemental detennina~ions except for As, Hg, and Se. 

Elemental analysis of Hygas char is presented in Table 1. 
The major species lie with the typical limit for elemental 
concentration of U.S. coals. !Many of he minor elements 
were found at concentration towards he lower range values 
or less than values reported for coal ashes. 

Figure 1 illustrates the continuous flow leach test appa
ratus; Figure 2 shows deails of a continuous flow leach 
test column. Continuous flow leach test results are pre
sented in Figure 3 for distilled water. These results are 
relatively similar to the other eluants, except for the 
acetate-tartl1ate/sodium hydrosulfite e~tractant. Results 
for this solution are presented in Figure 4. This test 
represents an upper bound as to what may likely be 
leached from the char under strongly reducing conditions 
in the presence of high concentrations of ol1ganic chelating 
agents. 

Extractions studies with soi:l-ohar mixtures under both 
aerobic and anaerobic test conditions are summarized in 

1) lecturer. Department of Civil Engineering. Higher Technical Insti
tute. Nicosia. Cyprus. 

1) ASSistant Professor. Department of Civil Engineering. Carnegle
Mellon University. Pittsburgh. PA 15213. 

3) Deputy Chief. Chemistry Branch. EPAJNEI·C. Denver. Colo. 
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Table 2 along with the other leach test data. A schematic 
of an anaerobic soil-char leach test column is shown in 
Figure 5; the aerobic soil-char leach test columns were 
similar to that shown in Figure 5 except the ends of he 
column were left open to the atmosphere. The soil-char 
columns were pulse fed two times per week for fifteen 
weeks. The soil-char studies were performed in order 
to assess if soil chemistry or soil bacteria could mediate 
the release of elements from the ohar. It is recognized 
that this sort of test has many uncontrolled variables, 
yet it was believed that it was important to attempt an 
assessment of the effects of soil-char interactions. No 
documentation was found in which controlled leaching 
tests of this sort had been performed, so this effort was 
also viewed as an attempt to develop a methodology for 
evaluation of complex interactions between natural ma
terial (soil and bacteria) and solid wastes (char). In spite 
of potential interactive mechanisms, results of these tests 
were quite similar to the findings of the continuous flow 
studies using various water types. It was a rather sur
prising result that soil-char leaching properties did not 
depend on whether or not the sample was aerobic or 
anaerobic. One possible explanation for this was that 
in situ redox levels (pe) were similar in both tests in 
spite of the experimental oonfigurations. 

Batch extraction studies were used to obtain a rapid 
assessment of leaching characteristics. It was found that 
the batch studies were good indicators of what may be 
leached, but poor indicators of total quantity. 

Discussion 

Because no disposal sites have been selected for ooal 
conversion wastes, the leachability study could not be 
tailored to site-specific oonditions. The leachability test 
data, coupled with measurement of the waste's physical 
properties, provides a data base from which it is possible 
in a limited fashion to assess leaohing effects given a 
variety of disposal alternatives; however various assumptions 
must be made. 'For example, if it is assumed that liquid 
oontact time with char is dependent on bed depth and 
permeability, then oontact times can be estimated using 
measured permeability data for any given compaction 
conditions. A knowledge of contact times can then be 
employed to estimate the amount of material leached 
from the char by use of the leach rate diagram. This 
pennHs calculation of leachate concentration assuming 
that no other interactions occur. That is, it must be 
assumed that there are no other physico-chemical effects, 
such as fluid hydrodynamics or chemical reactions, which 
may alter leaching characteristics. 
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ULTIMATE ANALYSIS OF HYGAS COAL GASIFICATION PROCESS CHARI 
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FIGURE 1: SCHEMATIC OF CONTINUOUS FLOW LEACH EXPERIMENT 
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Run 58 HYGAS CHAR 
DISTILLED WATER 
Sample .Size: 2009 
Leachale Flow: 300 mllday 
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FIGURE 3: CONTINUOUS FLOW LEACHING 

TESTS WITH DISTILLED WATER 
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Run 58 HYGAS CHAR 
ACETATE TARTRATE EXTRACTANT 
Sample Size: 200 9 
Leachale Flow: 300 ml/day 
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FIGURE 4: CONTINUOUS FLOW 'LEACHING TESTS 

WITH ACETATE-TARTRATE EXTRACTANT 

FRACTION LEACIIED PER UNIT MASS OF CHAR 

Type of TP.s~ Extractant 
, Cuomul ative Fract Ion Leached, ~ 

Al Ba Ca Cu Fe MQ Mil ~IO II~ Ii 
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Continuous now 

Intermediate Hud Water 64 0.19 ' 3.7 1.1 

Hard Water 65 0.18 5.3 1.7 

Acid Mine lIater 71 0.03 12 1.0 

neaerated Tall Water 66 0.17 6.2 1.8 

Aceta te'Tartra tel 
Sodium Hydrosulfite 7.7 96 3.6 30 61 70 69 63. 5~ 13 

FI fteen Week Distilled Water 
Pulse red (aerobic) 42 0.007 
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Because of the ¥agueness associated with trying to predict 
environmenltal effects associated with disposal of char, all 
that can be said at this point is that B is the most 
obvious potentiaJ. problem owing to deleterious effect$ on 
irrigation waters. Boron was found in leachate samples 
at concentrations ranging from about 10 mg/l at the 
start of the experiment to about 0.2 mg/l at the con
clusion of the test. Molybdenum was the only heavy 
metal specie routinely identified in leachate, excluding 
the acetate-tartra1e experiment. Molybdenum concentration 
in leachate decreased from about 0.2 to 0.01 mg/l over 
the first eight days of leaching. Molybdenum could pre
sent a potenti,al problem because groundwaters carry levels 
of this element which can give rise to plant concentration." 
toxic to cattle. 

FIGURE 5: SCHEHATIC OF A SOIL-CHAR ANAEROBIC LEACH rEST COW},",j 

FIGURE 5: SCHEMATIC OF A SOIIL-CHAR 
ANAEROBIC LEACH TEST COLUMN 
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By Th. Symeou, lecturer, 
Mechanical Engineering 
Dept., H.T.I. 

The following study explores 
the energy sources and 
Slinks ror a hY'Potheti'cal 
solar powered c;i~y of 10,000 
inhaibiltants. The climatolo
gical data taken for this 
imag!inary oitty are: 
The are'a oan receive sun 
85% of the year with sum
mer ,temperatures of 43°C 
and low humidilties 5-30% 
year round whille winter 
temperatures drop to 3°C. 
The above cllimatolog!ical 
daba are very common in 
some are'as of NorVh Africa, 
Miiddl'e East etc. Wiater in 
,the region under study is 
supposed ,to be fOfU nd aboult 
60-80 metres below ground 
level and its temperature is 
rel'auiflJle'ly oonsbanlt at 20°C. 
The dty islooated away 
from >the se1as'ide and it con
sists of hlOtel's, hospital, air
port, shops and oft6i'ces, cen
tral services (munri:cipal 
buiilding), reside~tj,al houses 
e,tc. 
It c'an be deckledthat the 
sOlliar energy willi! be used 
for th'e ~olilorwing purposes: 
A) Domeslbilc hot water sup

ply 
B) Solar C01o'lj,ng and heat

ing of 'l1he municipal 
bu!illdi nglS 

C) Solar Energy Power Ge
neration 

Enel'19Y Water 
Pumping 

E!aoh o~ the abo'vle systems 
openates independently and 
thelir opel1a1ti1on is eXpilained 
below: 

A. Solar Service Water 
Heating 

The c'i'ty residenits wj,Ji re
qUli're hot Wiater for severall 
plJlnposes. Since the I'argest 
use ~ hot water i,s requi,red 
in the residenoes of the po-

I 

pula!~ilon, indri'vi1dua!1 domestic 
hot water solar systems 
could be inSl~alled on the 
110'Ors of the hOUises. Ther
mosiphon wa'ter he1ating 
package uni~s whi'ch rare 
oompri'sed of a nat pl,ate 
solar coHectoif and a tank, 
h'a\-Ie been found to be the 
most erf:flitci'ent, easy to ope
rate and low in cost (fig. 1). 
The policy of the city go
vemme,nt should be struc
,tured to require sol'ar water 
heating ~or every city re
si'dence. In th,i's manner, 
the c1ity reSliidenti,al areas 
Clan be phased to al'low 
dwel11ing unH addiiNons as 
the popuillation nraturaliJy in
creases. The saving in 
energy Wliil,1 approxlimate 500, 
000 g'all1lons of O'i;1 per year 
fo.r the cilty if the water 
welre helated by the sun in
stead of by oill fired elect'ri
oall g.eneraiuors. 

B. Sol are 0 0 lin 9 and 
Heating of the Municipal 
Buildings 

By grouping the com mer
ci,a'i and industnilall builldings 
jot is poss,ible to provi,de a 
cen!traJlized heating and cool
'ing pl'ant for the structures 
anvi ronrmenltaJl condriNons 
(fig. 2). The pl'ant wi,lll be 
powered by sol'ar energy as 
weN as being suppl'emented 
by fuell created by the citty's 
wastes. A IlOop system will'I 
be e'vlolved to encompass 
the fosS'il fuel power gene
rating subS>l1ations, ~he sol:a!r 
c()l",eot~on S'tati'on and the 

• 
I 

waste treatment pl,ant. This 
loop carries the water at 
tem pe ratu re of 95-125°C 
to the aooling and heating 
p'lant. The plant utHlizes the 
he,at from ~he walter to pro
vide heat diraobly to the 
munilclirpal bUlilld'ings (2d) or 
send the heat through ab
sorption relfri9'enaJtrion ma
chines to provli'de cooling 
(2e). Night sky radiation (2f) 
oan be used to provide the 
cooling medi'a for the ab
sorption machlines. Th'is u:N
l!izartilOn of the dimnal effeots 
of sOllar energy can be ex
tremely effeoNve in arid re~ 

g:ilOns Wil~h I,ow hum!idilty. 
The roofs of the municipal 
bU'i1Idlings, for eXlaJmple, can 
be'oome shallow ponds (21) 
in the evening and the hot 
Wiater froom the oondenser 
of the aJbso'rption re~rigera

han unitt is pumped to the 
ro~s for cO()lliing by night 
sky radilaNon. 

The cOIIiI'eators used fior the 
above system are of the 
~ocusing type (2a) and traok 
the sun. These coHectors 
are oapaJble of generating 
temperatures in e~c'ess of 
150°'C. 

Whiile the col!lectors wi',11 
pr.ovide moSJt 01 their 001-
lected energy dJi'recNy into 
the "'Ioop", a POlritilOn of the 
sun's energy will'l be sent to 
the waste treatment plant. 
So,l!ar ene~gy can be used 
as an i ntegrrall part of the 
waslte water treatment pro
cess in order to promote 
anraeroibilc digestiion whioh 
wiH produce methane gas. 
llh:is 9'as oan then be burned 
in bo'irl'ers (20) and the re
sulting heat is inj'ected into 
the l'Cop sys~em. So:l,ar 
energy wit! ind:i1reCltlly pro
vide energy from the oity's 
wa'ste produCits by keeping 
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the 81udge stabi/lizing tanks 
at 33°C thereby promoting 
anaerobiic digestion. 
The flue was~e heat from a 
fossil fuell burn'ing electrical 
substaHon can be injected 
into the loop system (2 b). 
By uNHzing this heat the 
power p'lanlt wi;I,1 become 
about 55-60% emdent as 
compared to conventi'onal 
plants (buming 'Oil) which 
are 25-30% e#i1cient. 
The amount of heat that can 
be provided by 'the solar 
callectors (excluding the 
excess derived from the 
waste treatment plant) may 
be expected to be in the 
order of 12,000 g,allons of 
oj;! per 100 m2 of callectors, 
per year. 

FOSSIL FUEL PLANT 

FIG. 2 

C. Solar Energy Power 
Generation 

Using a series of fass'ill fuel 
burning el'ec'tri'oa;1 substa
Uons and solar power ge
nenation sulbstaJt1ions, a 
power gnid oan be deve
loped in order to proViide 
the c ilty wilth e/leClt1l1ilc'ity. 
A s'ollar pOWier generation 
p~ant i,s shown schemati-call
Iy i'n fig. 3. l1he type of cod
lectors that oan be used to 
genel1ate electric power are 
hel,i'ostaJts. l'hese are com
puter conltro'lll'ed mirrors 
whi'C'h toClu'S ~he sun's I'i'ght 
ii'mo a reoei~er":bOliller 10-
oalted in a 60-70 meters 
taN tower. l'he sun energy 
is then O'onv,erted into heat 
(300-550°0) whiloh drives 
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a Steam turbine which in 
turn drives a generator in 
order to produce electridty. 
Some type of heat storage 
system should be used to 
store the excess electricity 
which can be gene'rated i'n 
certain days of the year. 
Storage is ailso requri>r':ed to 
all'Ow eledtrWc8J1 generabion 
and di,sltriibution during the 
evening hours. It is esti
mated that a cHy of 10,000 
inhaDilbants wi'll requ1ire 30 
MW of power. A sol,ar ge
neratling staNon requires 
about 100 acres 01 land in 
O'rder to produce 10 MW of 
power. As power from the 
soliar genepa;tor becomes 
av.aillabl.e, the oiil burning 
power gener8Jbilng substa'tions 
wiH cyole down using less 
fuel. As the solar g·enemrtJor 

loses its power g'enerating 
C'apaclilty, the conventional 
power subSltatilons pi'ck up 
and pro\fiide the req u,i-red ca
pacity. 
A 10 MW soiliar genei1alling 
facli11li'ty openal1ing only 8 
hours per day Will,l save 
approximaltely 2,800,000 glal
Ions of aj:! per y,ear. 

, 1/ 
'0-
/j:1 " 

I' , \ 

FIG. 3 

D. Solar Ene r g 'I W ate t 
Pumping 

lihe system aan employ can
cerlltnating sol,ar O'O'I'/,eCltors 
or the he/'i!QlStat fi'elld used 
~or electi1ilOail power gene
raN'on,' Ito produce he/:i>o
thermal energy wh'ilch is 
used to vaporize freon 113 
,in a olosed 1001P system 
(,fi'g. 4). In ~he eVl8Jporator 
the workiing fluiid becO'mes 
saturaJted lI1apour. A single 
stage. action turbine con
vents vapour into mechan'ioa'i 
energy. The fluid flowing 

into the condenser returns 
to the liquid state, The 
wa:ter pumped from the we'" 
acts as the coo'/ing media 
fO'r the condenser. The tur
bine is coupled with cen
tri,fugal or other type pump. 
A so!I,ar pump insta"'ed in 
AJ1izona (U.S.)i1s capable 
of del,ilvery 10,000 gallons 
of walter per minute with a 
35 kW solar pump using 
solar heated water at about 
150°C. 

Solar System Integration 

Each system oan operate 
independently wirt'hout con
~Ilj.cting with any other sola:r 
system. Wilth each system, 
si'gniif1ilcanlt amounts of ener
gy may be Slaved in tMs 
cHy. lihe technOlI'oglies re
quired to pnoVlide the solar 
powered systems desoribed 
above are not new and they 
have ail relady been employed 
on proj,ects alii I over the 
world. They hiCl:ve however 
been p'rlOViided O'nly as indi
vidual energy saving mea
sures for cill!iles and/or builld
ilngs but never in totail as a 
planned part of the c'ity's 
energy sounoe. When these 
teohno!logti'es wli'/:l be oom
bi'ned, the flirst energy effi
ai,ent s01lar oi'ty can b-ecome 
feasiblle. 

Energy Conservation 

Other sopihis1Jilcalte<i mecha
ni,cail and ,arahiteotuJ1al ener
gy saViing teohnlitques mus1 
be employed in order to 
mi.nlimize the energy con
sumplli'On in a $Ol,ar city. 
Some of them are: 

1. Min'i'm~'ze cracks and 



joints in building con
struction. 

2. Group spaces within 
commeroial struotures 
:that have similar envi
ronmental ne'sds. 

3. BU'Hdiing configumti'ons 
requiring minimum over
all volume should be 
h'igih:ly reg,ardeid. 

4. BUIUdingenbrances 110-

cated on "down wind" 
side and provide entry 
wind brakes. 

5. Waste heat recovery 
fr:om sanHary sewer 
system. 

6. Waste heat re,covery 
from commewial light
'ing systems. 

7.Unoccupli'ed z'one shut 
downs. 

8. Air handling fan volume 
control. 

9. Bofler and chiller water 
automa~'ic reset. 

10. Increased utilization of 
ven ti'!,a~'i'on cycle wi th in
dlirec't evaporative cool
ling syS'~ems (water sup
pl!;ie,d from tre'a~ed waste 
walter). 
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1978 

By Mrs Olga Demetriades, 
lecturer HTI. 

The Higher Techn;ioal InsNltute (HTI) was 
founded in 1968 as a joint project of the 
Govel1nment of Cyprus and the Unli,ted NaVi'ons 
Devel,opmenlt Programme - SpeClilaJl Fund 
(U.N.D.P.) whoseassisltance to the HTI was 
chann8iled th'roug,h the Unljlbed Na:Hons Eduoa
tional, Sdi'entj,fic ,and Cuttul1aJl Organilsatjon 
(UNESCO). Unesco has l1ank:ed the HTI as 
one of j,ts most succes'Sfu11 projects i'n the fie,ld 
of H:i'gher T'echn1i,oal Educabiion and an in
creasling number of fore'ign studenlts are attend
ing its oourses. Since 1977 UNESCO DAY 
has been adopted for of~j'dilal cel'ebraltion with 
a stress maJi'n'ly on the cUllitural aspect. 

Thii1s year's 31'st UNESCO Anniversary was 
honoured by organ'i'sing a vi'silt ,to a Moslem 
Rellilglilous Monument, the Tekke Ijln L!amaoa. 
BO'~h students and sta# of rtlhe HTI lefit by bus 
from Ni'cosi'a in the moming and got to Lfcl:rnaca 
at about 10 a.m. Dr. V. Eng'lezakiis ~rom the 
Cyprus Researoh Centre w~ invi;~ed to be the 
first Guest Spe1ak,er. His subject was the 
Ishamilc Reli'g'ion. He galVe a mosit inlteresNng 
talk on this vast top'ic and he enl:i'ghitened the 
audiience on the pri'noipll'es of the I,sl,ami,c re
U'g'on and i,ts rel'ation to the Ohriistian falith. 

His tal'k was fol'lowed by thart: of Mr. A. Papa
georghi'ou of Vhe Departmentt of Anljjiqui,ti'es Who 
fo'r ~he seoond Y'ea'r runn:ing had accepted to 
be a Guest Speaker. Mr. A. Papageorg'hii!ou 
ta'iked on the Hi1stori'oal and Airchaeolog'ica'i 
aspeots of the Tekke referred to the hi'story 
of the Tekke and g'ave us the di!fferent current 
vel1sii1ons aboult .its toundaltion and eXlisrence. 

At 11.30, once the taJlks were over, bath staff 
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and students stal1ted cleaning up the grounds 
just outsiide the garden o,f thils Moslem shrine. 
AN the tools, impllements and equipment were 
untOiaded from the bus and the manual work 
s~ante<l. Everybody loo~ed very proress:ional 
and in no time the wholle area was spoWless 
and olean, tlhe weeds uprooted, the garbage 
co'lllected and even burnt. lihe T.V. reporters 
and camet1armen were there and the whole 
aol'ivity w,as bl10ardcast on T.V. S'ome members 
of s~arff and studenlts wereint'8lrIViewed express
i'ng oponlbaneously their though'i's and feeHngs 
on the work done. 

It is welln known thalt the Tekke i's a pillgrimage 
~or the Moslems; as it i,s, known the HTI was 
set up a bleommunal iins~il~ultion and rema'ined 
so untill the Ooup d' Etat in 1974 and the 
inV1asion from Turkey; among ilts foreign stu
dents today 1!here are quilte a number of 
Moslems, thered'or:e this aict1iiViity has been an 
appr.opri'arte one ,to mark rtlhe 31'st anniversary 
of UNESOO DAY. In the Charter of the De
clarl1a'~i'on ot Human Rig hits, ArNole 26, on Edu
oaltj'on and ilt;s targets, one re'ads ~he foHoWling 
"6ducaJttilon shaN be d:irec1ed to the fUlll de
vel10pmenlt of the human person1alJiilty and to 
the strengthening of respedt ror human rights 
and fundamental freedom. lilt shalil promote 
understianding tolel1ance and fnien'CIsh'i!p among 
alii n1ajtilons, ,raclilctll aT reng/ibus g,l1Oupsand shaH 
fUlr1~h'er the 'actiMittJies of the Unli'ted Nations 
for the malinli'enance of peace". 

A picnj,c lunoh ail K'iVf Beaoh marked the end 
of a suocessful outing. 
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By George Philippou, Lecturer, 
General Studies Dept., R.T.L. 

Education aims at the transmis
sion of a set of values and be
liefs, a certain body of know
ledge and skills. Values can be 
classified as the long-range goals 
and they are mostly sought 
through the realizartion of the 
short-term objectives of each se
parate subject. Instructional ob
jeotives refer to specific subject 
matter, they are frequently stated 
in terms of expected student be
haviour, and they should be 
observable and measurable. By the 
completion of a subject or a unit, 
the student is expected to be able 
to perform certain tasks, which 
he was unable to perform before 
instruotion. 
According to the traditiona:l edu
oational system, full realization of 
the instructional objectives was 
expected only from a small pro
pontion of the learners. Teachers 
and administrators were satisfied 
if achievement was similar to the 
norma:l distribution. But we all 
know thail the normal distribution 
is most appropriaile to chance and 
random activity. So Bloom has 
recently challenged this long che
rished belief by insisting that 
"eduoational efforts have been un
successful to the extent that the 
distribution of achievement appro
ximates the normal distribution" 
(1971 p. 45). After all education 
is a purposeful activity. 
By grading on the normal curve, 
each student is judged in terms 
of his relative position in the 
group. Consequently a consider
able proportion of the students is 
expected to either fail or to just 
get by. The less abIes de·velop cu
mulative deficits as they fell pro
gressively behind and ,they cannot 
follow the pace of the average. 
Their self concept is gradually 
destroyed as they are bound to 
attend courses under conditions· 
which are frustrating and humi
liating year after year. Some years 
ago, this was accepted as an in
herent and ullavoida:ble weakness 
in educational practice. The argu
ment was thail since people are 
normally distributed with respect 
to ability, scolastic achievement 
will be distributed more or less 
normally. Attempts .to improve the 
siJtuation were concerutrated in the 
direction of having homogeneous 
groups, and "ability streaming" 
was for a time widely practiced 
in some countries. But the cru
cial question arose "homogeneity 

IT N 

with respect to what?" Since the 
variables affecting learning are 
many. complex, and interrelated 

All important student entering 
characteristics should be systema
tically considered in planning edu
oational activities. Individual dif
ferences in ability, home environ
ment, motivation and interest 
should not be ignored. So far we 
provided a predetermined span of 
time for the mastery of a given 
body of subject matter, we ex
posed the students to the same 
learning experiences, and measured 
the degrees of learning mastery 
attained at the end of that time. 
Under such conditions variability 
in the level of mastery should 
not be surprizing. 
However, a new conception of 
mental ability makes such varia
bility difficult to justify, while 
opening new avenues to educa
tional practice. Carrol (Bloom, 
1971, p. 46) defined aptitUde in 
terms of the time required for 
the mastery of a certtvin task. If 
this conception is right, then apti
tude is predictive of the rate of 
learning rather than the level of 
complexity of learning that is 
possible. Two individuals of vari
able abilities can achieve the same 
level of mastery of a certain task 
if they devote different amounts 
of time. 

Based on the above principle 
Bloom (1971, p. 46) olaims that 
if the quality of instruction is 
appropriate, and if the students are 
allowed the necessary time and 
put fonth the required effort, then 
nearly 95 per cent should attain 
mastery and get A. He excludes 
only a 5 per cent for which the 
length of the required time would 
be prohibitive. 

Bloom has also developed a spe
cific strategy for mastery learning. 
He takes into consideration basic 
student characteristics such as 
aptitude, ability to understand in
struction, perseverance etc. and 
the quality of instruction; but the 
most important new element in his 
plan is the variability of the time 
allowed. Since themte of learn
ing differs from student to stu
dent, it seems unreasonable to 
expect from ail'! of them to absorb 
the same subject matter and 
attain the same degree of mastery 
in the. same 'time. On the con
trary it seems logical to set levels 
of achievement as constants and 

let the time act as a variable 
according to individual needs. 
Research studies are cited by 
Bloom (1971, p. 55) and Shulman 
(1970, p. 49) which tend to con
firm theoretical claims concerning 
the power of such strategies. 
Now, what is the relationship be
tween Bloom's ideas and the 
Credit Point System (C.P.S.)? The 
latter provides for a number of 
core subjects required for a course 
of study, and some electives taken 
from a' set of related subjects. 
Due to their nature some subjects 
have others as prerequisites, other
wise the student is free to plan 
the order of the subjeots and to 
decide the semester load according 
to his special needs. A minimum 
number of credit-hours is required 
per semester otherwise the studen4 
is treated as pant-time student. In 
planning his course, each student 
oan seek guidance and advice from 
a teacher acting as advisor. 
Clearly the C.P.S. allows for the 
most important element of Bloom's 
stmtegy for mastery learning. It 
makes it possible to set constant 
levels of achievement and let the 
time be variable. The students can 
complete their studies in different 
periods simply by choosing dif
ferent semester load appropriate 
to their needs and learning styles. 
Thus a course of four years 
normal duration, could be com
pleted in three and a half by 
the most abIes and in five years 
by the less abies. In the C.P.S. 
an average of 70 per cent (80 
for graduate courses) is normally 
required, while no subject is 
passed wHh a grade less than 60 
per cent (70 for graduate courses). 
Bloom provides for the complete 
abolition of grades, limiting eva
luation to "mastery" and "non 
mastery". T'he rise of the required 
level of mastery in the C.P.S, 
is a substantial step toward 
Bloom's strategy. 
Bloom provides for continual 
formative evaluation, diagnosis of 
student weaknesses and individual 
guidance and tutorship to secure 
,the optimum quality of instruction 
for each student. One could argue 
that no direct implementation of 
this part is provided by the C.P.S. 
True, but the breaking into seme· 
ster subjects, the complete mastery 
of the prerequisite subjects, and 
the variable semester load offers 
wide opporrtunities for the quality 
of ins ruction to be most appro· 
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priate for each students. 
By planning his course of study 
and deciding his semester load, 
the student is actively participating 
in the process and he is more 
likely to work hard to manage 
the goals he has set Opportunities 
for success are increased, and 
success is essential if the student 
is to develop positive attitudes and 
seek more knowledge. Students 
who just get by are more likely 
to develop negative attitudes to
ward learning and part of the 
objecttves of education is lost. The 
selection process involved in the 
c.P.S. will develop a sense of 
responsibility and the demand for 
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more independent study will de
velop the aUitonomous person. 
This is an important objective of 
education if we are to bring up 
people capable to follow the rapid 
changes of the modem world 
through the process of self-edu
cation. 
In conclusion we can say that 
variability in achievement should 
not be acceptable. For example 
we cannot be satisfied with a 50 
or 70 per cent success from a 
medicalpracitioner or an automo
bile technician. Complete mastery 
of a minimum body of knowledge 
and skJil1s is essential; it is also 
possible if we !l!How the required 

time and provide suitable in
struction for each student. Some 
of the basic components of a 
strategy for mastery learning as 
conceived by Bloom are provided 
by the C,P.S., some others are 
facilitated. 
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OPTIMI 

I. Michaelides, B.Sc. (Eng.) 
Lecturer Mech. Eng. Dept., H.T.!. 

Introduction 
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H 

F 

Solar energy is e~ten'S'!'vely used in Cyprus 
for .the generatilon of hat water for domes'ti'c 
use. A few number of oases have been re
ported in whi'oh sOlltar heamng of spaoes (buHd
ings and greenhouses) weredesi'gned and 
implemented, their perfio.rmance be:ing stiH 
under invesri9ati'on. 
n~ils paper is linltended to present a melthod 
fort(he investi-gatljlon of the optimum size of the 
sdllair hea~i ng sySitem of a reslildenti1all house in 
Cyprus aimling 1:0 aoh+eve maxtimum solar 
energy ulbilliSialti'on aJt mlin1imu'm oost over a cer
ta'in peMilod of .operation. For thiiis invesfiga
tion, ce,rtaJin assumpVions are made as fol/lows: 

(Ii) LJilg'M fuel orill used rar conventi'onail he'ating 
lSyslte!ms pri1ced at 225 mJill's per Imp. 

'glaJ/ilon. 
(i'i) Off-;peak elleatniloity (n'iigtht ~a~ilj1f) pniced at 

Firg. 1 Dayilong soII'ariirr1ad1!amion (kWh/m2) for 
the 21 sit day of eaiClh month at la'tliltude 35 deg 
Norith, on surfaces normal to the sun's rays; 

9 mils per kWh. 
(!I:'i) Solar colleators will be of those locally 

manufactured 
i.e. (a) Header and tube type, ha'vling an 

efJiioiency of about 25% and prioed 
at £12 per m2 

or (b) Corrugated metal sheelts tastened 
together (ml1iator type) having an 
effi.oi'ency of about 40% and priced 
at £26 per m2. 

(iv) Repayment period ~or solar he'ating in
stal,lla~ion: 10 years. 

(v) Dailly solar insolati'on is assumed to be at 
Ithe average level for the month as shown 
iin fig. 1 ploil<ted from values taken kom 
ASHRAE Handbook of Appl'ioaNons (1974). 

(vi) lihe max!ilmum he'at load of ,t:he building 
whioh is a residenlti<al house 180 m2 is 
28.7 kW, based on des1i'gn 'ins'ide tempera
ture 20 0 G and amb'ient temperatur'e (ave
rage minlimum) 3°C; the dra'irly he'at re
qU'irements (kWh/day) for each month of 
the healbing season are (approXlimatelly) : 

to1:al ;i r,rad~,aJt>ion or horizontal surfaces and South 
fading su rfaces tillted at 25 ° , 35 ° , 45 ° , 55 ° , 
90° from ho,riizontarl. 
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Description of 

The system W,ir/l oonsist of the roHowing oom
ponent's: 
(a) Fl'at pllalte solar ocYllectors, to absorb solar 

energy and transfer j.t in form of heat to 
,the water oiroulalting thnough them. 

(b) llhermaJl stoliage Itank to stone rthe hot 
water contJaiining the energy cat/ected. 

(c) Oi'rcull'ating pumps to c:irc'Ullaite water through 
!the sys~em. 

(d) AUXilllilary hot water bOlilleif. 
(e) He'at emi'~~i'ng un'irts, prefel1ably f'an con

ved~ors !operating at IIIOW temperatures 
{40°G). 

Optimum collector tilt 

The sollar cOIf,/ector sh'alill face towands south. 
For the de,termina:ti'on of the opitimum tirl,bing 
ang'le of ,the oo/lleC'tor panel's fi'g. 1 wNI be used. 
From th'ilS graph, wh!i'Clh glives the dayllOng sol'ar 
j,rr:adilaJtilQn of alii monlths o~ lIhe year at di,ff,e
rlent col'ledtor Vill'ts, lilt can be seen that the 
maximum oollective soillaril1radlilariron IOf the 
"heating season" as a tolial is I:ikely to occur 
at a till!t of al10und 55 degn~es ab.oV1e hori,zonrtal. 

Optimum collector surface area 
The supply of solraJr heat is out of p'hiase W'ilth 
the healing demand; muoh of the energy a'll1ail
able in Vhe summer wljljll be was1ted, as there 
is no slimull'taneous demand. Hi'S cYbVlious that 
a smal'l coHeator of only a few square meters 
wou,ld "work" alii year around; theine Witl be a 
demand at alii times for th'e heat 'ilt produces. 
In such a aase,its share of the totarl heat 
demand (itOital conllf1ilbUition) woulld be small. 
Wi,th ~nCireaSiing co/ileotor sli,z.e, the oOOltr,ilbu1ion 

Table, 2 

willi be greater, but the u'1li'l!isation rabe wHI be 
reduced. 
The optimum ooMector size oan be established 
by minim~i'sing the l:ot~1 cost of the insl:al'la:tion 
over a number of years; for 1Jhiis partiiCular 
c~se a 10-y,ear repayment per1iod jis assumed. 
Assum:rng 'l'h!alt1ih

'
alt pl1alte oo'llec1Jors of the header 

and tube type WHI be used, then ,the useful 
energy aoilleoted, E, for each monlth would be: 
E = Y) • I rwhelie Y) = effli'Cliency of 00111 ector 

{25%} 
E = usefull energy odlilected 

,(kWh/m2 day) 
I = so'l'ar 'i1f'fiad'i,a1!ion in 

kWh/m2 day. 
Then, rtIhe ooHector 'area requlilrecl to satisfy 
the he,aIt demand for ea:Clh monlth separately 
wo'uld be: 

Healt Demand A = ---.,;~:.;;"...:;:..:..;,;;.;.;;;.;.;.;;;.....--

Useful Energy Colilected 
where A 'ilS the coll-eol1or surliace aneailn m2 . 

Values of E and A were aaJloUi~atted <and ta:bu
I,ated in Tiab~e f. 

T,ablle 1 

Useful Heat Collector 
Month collected Size 

2 kWh/m day (m2 ) 

October 1.719 58 

November 1.620 117 

December 1.564 182 

January 1.648 158 

February 1.793 123 

Maroh 1.752 86 

April 1.566 38 

Auxiliary Demand (kWh/day) at collector area (m2) 
Month 

182 150 125 100 75 50 0 

Oot. - - - - - 13 .. 8 100 

Nov. - ... - 27.5 68 .. 0 108.5' 190 

Dec. - 50 .. 0 89.1 128.2 167.3 206 .. 4 280 

Jan. - 13 .. 2 54.4 95 .. 6 136'.8 178 260 

Febr. - - - 41.2 86.1 130.9 220 

Maroh - - - ... 19.3 63.1 150 

April - - - - - - 60 
Season 63.2 143.5 292.5 477 .. 5 700 .. 7 1260 
~I.l -
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The esVi'marted oost for the aU)Qil:i'ary energy 
requ'ired to assi'st the so!lar sysltemin case of 
:reduced callector area, based on a fue'l oill 
oost of 7 mils per kWh (225 mi!ls per Imp. 
gal/'On) will be as fo/!/ows: 
('i)Oo:/IeCltor area 182 m2.: No aUXli:liary re

qu'i'red, thus no running cost (dircul'ating 
pumps running c'Ost ignored). 

(;i'i)OoIHedtor area 150 m2; the estvmated annual 
aUXlilii,ary :energy requ'jred is 30 x 63.2 kWh. 
~hus oost of aUXii

'
l:i'8Jry energy over a 10-

year repayment period C£ = 10 x 30 x 
63.2 x 0.007 appnox. C£ 133. 

In the same way, the oo~ of aux1iil1i'ary energy 
required 'Over a 10-year repay:ment period was 
calou:llated ~or v:a~ious sizes of 'solar col/ector 
and tabultatted in Tiaible 3. 
The estimated inrNial cost for linstaJNatiion (col
lecltors and dther equ'ipmen!t and ma1:enitals 'in
staJlled) lis also tabU'llatedin Table 3. 

VaJlues ofin'i!tial cast 0If ins1Jal'lallilOn, runnin~ 
oost and total c'ost over !a 10-year paniod art 
pl,otVted against the c,o!/l/Iector siz,e, as showr 
in fig. 2. 

o 25 .50 75 

From Ng. 2 the optimum coilleo'lio:r is deter
mi ned oorresponding Ito the m'in1imum tota:1 
cost ,over the repayment penioo. 
The optimum s'ize for ~hils system seems to 
be 114 square meltras, and the toltal cost over 
the 1 a-year p8'f1i1od 'in such a case wHI be 
C£3075 (C£2650 ,iniitlil8Jl coSit and C£425 auxiII'ia:ry 
running coSlt). 

Table 3 

Collector Initial 10-year Total 
size m2 Cost C£ auxiliary 10-year 

cost C£ cost C£ 
0 1,300 2,646 3,946 

50 1,900 1,470 3,370 

75 2,200 1,003 3,203 

100 2,500 614 3,114 

125 2,800 300 3,100 

150 3,100 133 3,233 

182 3,484 0 3,484 

--

; 
'--,-f---, ':C-:+--- ~+~f--+---i 

.fZ5 COLLE.CTOR Sll.E, -m2.. 

F:ig. 2 Opbi(mJSla'tilOn of sal'ar oal1lecttor sIze. 
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Conclusions 

It has been shown that the solar he,abing pro
posed for this particul-ar case under the con·· 
dilL'ions assumed would be more economic when 
combined wilth an auxiHary 'convenbi'onal source 
0'1 energy rather than rely'ing fully on the solar 
energy. Th'is would mean that 85% of the 
heat requ'irements olf ~h'i,s house wii'il be prov,iided 
by the sun. 
The 114 m2 of cdHector would mean that a 
number of about 76 solar panells of 1.5 m2 each 
wHI be required and th'ey shalll have to be 
insl~a!lled on the roof of ,the house; thlis may 
create a p~obl,em in mot ar8'a. This number 
can be reduced if colleobors of higher effi
ci'enoi'es (40--50%) are used; thi,s of course 
would mean higher costs. lit is 'however be
lieved that development and ilndustrii:al'isarilQn 
of solar coHec'cors Willil undoubtedly bring a 
rectuc'tion lin the collector CO Sit whkh in turn 
willi reduoe considerably the capiill1al cost of 
the so'lar heaiting system and thus make it 
comparable to theoonventli'onal system. 

In the present analysis compafi'son was made 
of the present expense wi,th future saVings 
vv1ithoU't taking into account the interest of the 
cap;ital invested which could giive rather mis
leading results. However, wi'th i,nfla~i'on future 
expenses (heati'ng cosus) wotJlld incre,ase, thus 
the comparison would favour a larger invest
menlt, a larger colleot;)r ar,ea. 
Anot'her ~acbor wh'iloh would influenoe this ana
lysis, i's the future increase of fuel prices. 
Only two years before wr.i'ting th'i1s, the liight 
fuel oil used for heating systems was priced 
at 175 mli'ls per Imp. gal'ion, oompared to to
day's pri'ce 'of 225 mills, wh:i,oh means a 28.5% 
increa.se in fuel pr'iloe. No one dares to pre
di{~t today what the future incre)ases Wi:1I be; 
it 'is rather beJilileved that there Will'l be increases 
weill beyond the normal infllation of aU pr'Jees. 
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I 
By A. Valiantis, Footwear Quality 
Control Officer. 

About 90% of all types of Foot
wear produced in Cyprus are 
constructed by bonding the sale 
on to the upper ma:terial by means 
of an adhesive. Thus the type of 
adhesive to be used as well the 
method of pre"treatment of upper 
and soling materials will have a 
tremendous effect on the bond 
strength of the finished footwear. 
It is not unusual to hear com
plaints about shoes coming un-
stuck after a relatively short 
wearing time. The ma,in reason 
for this is either the incorrect 
pre.treatment of surfaces to be 
bonded or the use of the wrong 
adhesive for the materials involved. 
Sometimes misunderstandings of 
the various properties of the par
ticular adhesive and bad control 
over the in-factory bonding pro
cedure may lead to bond failure. 
Before going into details on how 
uppers and soling materials may 
be pre-treated and how the pro
perties of the adhesive must be 
used correctly, I would like to 
explain what is an adhesive bond. 
Adhesion between two surfaces 
depends upon the inherent attrac
tions of a,toms and molecules when 
brought close enough together. 
But what prevents the adhesion 
between two surfaces when they 
are pressed ,together? 
The answer is that even with the 
most highly polished surfaces, 
roughness of about 0.1 micron (4 
millionths of an inch) only ran
dom point contact is achieved at 
adhesion distances. See figure 1. 

points of 
contact 

The chance of achieving good 
adhesion with most solid surfaces 
by contact, therefore, is negli
gible. Bven if solid surfaces were 
smooth enough to achieve mole
cular contact, they would not 
often be chemically clear. Layers of 
gas molecules tend to ~it on the 

PVC 
COATBD 
FABRICS 

Upper Material 

Solid, Semi 
Expanded 

Cellular 
suede-like 

• • 
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surfaces and form a further bar
rier to material contact. 
Thus the practical factors to be 
full filled when making an adhesive 
bond are. 
1. One of the materials must flow 

to achieve good contact at the 
interface. 

2. The surfaces-normally the solid 
surface must be clean of inter
fering substances. 

In most adhesive bonds in foot
wear, very high strength is re
quired and this means that the 
adhesive itself in the final bond 
must be solid, strong enough to 
resist tearing, but flexible 
enough to resist fracture. Since 
adhesives generally must be liquid 
at the time of application, they 
clearly undergo a change of state. 
in converting to the solid. 
Unfortunately, this change of 
state, brought about by a loss of 
solvent or by cooling and solidi
fication of a melt adhesive usually 
involves a change in volume
normally shrinkage. Such shrinkage 
causes stress in the adhesive and 
p;uticu!arly if the adhesive is dif
ferent in hardness from the solid 
surface. it will tend to pull away 
from the surface to which it 
should adhere. 
This leads to another require
ment of the adhesive: in chemical 
terms, it must be compatible with 
the surface to which it should 
stick. This is sometimes called 
specific adhesion' as opposed to 
the adhesion which results when 
a liquid solidifies in contact with 
a very rough surface and is held 
by mechanical locking. 
Another need for compatibility be
tween adhesive and the material 
to be bonded, is that caused by 
the presence of foreign molecules 
on solid surfaces such as air or 
water. 
For an adhesive/solid interface to 
be strong, the following require
ments are essential: 
1. The two components must be 

in close contact. 
2. There must be no foreign ma

terial a,t the interface which 

could give a "weak layer". 
3. The chemical compatibility of 

the two components must be 
good. 

4. The residual stress or load at 
the interface due to shrinkage 
of the adhesive should be mi
nimal. A rough interface will 
minimise these stresses if con
taot is good. 

As would be expected, the ideal 
interface should be obtained when 
second layer of material is weld
ed or fused to one of the same, 
as in injecting a PVC sole on 
to a clean PVC upper. 
When attaching sale unit with 
adhesives, one is involved with 
these interfaces, quite apart from 
the importance of the nature of 
the sole or upper material itself. 
With each of these interfaces, ad
hesive/upper, adhesive/sole and 
adhesive/adhesive, all four factors 
are important in securing a good 
final joint and their re'\iance upon 
the infactory procedures of sur
face preparation, adhesive appli
cation, adhesive drying, activation 
and pressing must be appreciated. 

Preparing uppers 

Upper materials usually comprise 
a substrate and a coating. The 
substrate which must have the 
necessary properties for making 
the shoe uppers, may be leather of 
any thickness and tannage, woven, 
nonwoven or knitted fabrics in 
natural and synthetic fibres, or un
supported polymers. 
Coatings vary in thickness and che
mical types (e.g. acrilic resins. 
P.V.C. and urethanes) and their 
function of,ten combines durability 
with aesthetic appeal. The look of 
the material is controlled by fi
nishes such as acrylic, urethane or 
nitrocellulose types, which are 
applied to the surface of the fun
ctiona! coating. 
There is a wide variety of finishes 
and coatings on upper materials 
and each one demands a specifiC 
method of preparation to achieve 
a satisfactory bond as follows: 

Methods of Pre-treatment 

Wire brush rough (36-39 swg) or scour (30--40 
grit) just to remove finish layer but not remove 
coating. Machine speeds at HOD to 3000 r.p.m. 
may be used OR solvent wipe to remove finish. 

Solvent wipe to remove finish is not usually ne
cessary. Polyurethane adhesive is recommended for 

all types. 
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LEATHER 

pu
COATED 
FABRIOS 

POROMERICS 

TEXTILES 

1reEin§ Soles 

Resin finished 
aniline, "rub-off" 

PU patent 
PU wet look 

PVC patent 
PVC finish for 
flow mQulding 

Suede 

Homogeneous 

Two-layer 

Three-layer 

Hessian, Denin 
(natural) 
HessioIlj 
(synthetic) 
Nylon 

Wire brush rough (28-36 swg) or scour (24--36 
grit) to remove finish and grain layer. 

Wire brush rough (28-36 swg) or scour (24--36 
grit) to remove PU film and leather grain if 
present. 

Wire brush rough (36-39 swg) or scour (24-36 
grit) to roughen PVC film but not remove it, or 
solvent wipe. 

Wire brush rough (28-36 seg) or scour (24-36 
grit) to just tease up fibres after lasting. 

Machine speeds of about 3000 rpm are recom
mended. 

Polychloroprene adhesives may be used or Polyu
rethane in some cases. Where PU and PVC films 
are present PU adhesives are used. 

Wire brush rough (39 swg) or scour 30--40 grits) 
to remove PU coating completely except for 3 mm 
band along feather. Machine speeds below 2000 
r.p.m. are recommended. Polyurethane adhesive. 

Two coats often necessary. 

Wire brush rough (39 swg) or scour (24--36 grit) 
into surface microporous layer. 

Wire brush rough (39 swg) or scour (24--36 grit) 
into sm1ace microporous layer or in certain in
stances into fabric base layer. 

Wire brush rough (39 swg) or scour (24-36 grit) 
to woven layer. Polyul'athane adhesive. Machine 
speeds below 2000 s.p.m. are recommended. 

None 

None 

None 
Polyurethane or polyohloroprene two-part. 
Two coats usually necessary. 

3. Slip resistance 
4. Water resistance 

Although the main function of the 
sole of the shoe is to protect the 
foot from the ground, it has be
come a very important element 
of footwear fashions in recent 
years. 

by a wide range of attractive and 
fashionable units which are con
veniently made from various po
lymers and which are readily avail
able today. 
But in spite of the dictates of 
fashion, soling materials require 
the following properties. 
1. Adequate wear resistance 

5. Lightness of weight. 
These properties are irrelevant, 
however, if there is poor adhesion 
between the sole and the lasted 
upper. In the following table, com
mon soling mate!1ials and their 
methods of surface preparation 
prior to adhesion are shown. 

The tradj,tional leather soles have 
been replaced to a hirge extent 2. F1exibility without cracking 

Material 

Leather 
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Description 

The traditional soling material. 
It has a fail'ly low wear re
sistance but is is readily accept
ed for its aesthetic qualities. 

Bond method 

Can be bonded with a polychloroprene or a ure
thane adhesive. The soles are normally split to 
provide a uniform substance and are then either 
roughed by hand with a 28 swg roughing wheel 
or automatically around the margin using a wire 
brush or a chisel rougher. The chisel rougher is 
better for tight leather and wire brush for looser 
leather. 

The prepared surface should be free of weak 
fibres. Because of the absorbent nature of the 
leather supface it may be necessary to apply two 
coats of adhesive to the prepared surface. 



PVC 

Resin 
rubber 

Very widely used soling ma
terial which is plasticised to 
make a flexible, well wearing 
unit. 

PVC units can be solid or 
cellular. The latter are usually 
PVC/urethane or PVC/nitrile 
blends which have better flex
ing properties than straight 
PVC. Solid units can be prone 
to slipping. Lacquered units 
need special handling. 

Resin rubber is a vulcanised 
styrene/butadiene rubber with 
a high styrene resin content. 
It is supplied mainly in sheet 
fOlm for cut sole preparation. 

With PVC units it is important to use a urethane 
adhesive. A polychloroprene adhesive must never 
be used because the plasticiser in the PVC will 
weaken the adhesive, causing wear failure. 

The norm31 surface preparation is solvent wiping 
before adhesive application althought roughing 
with a 28 swg brush is also common. If the 
bonding area is moulded to give a rough surface 
rather the normally smooth surface the adhesion 
is improved. 

Bonding area of lacquered units must be cleaned 
oarefully by roughing to ensure that the surface 
to be bonded is the true surface of the material. 

This soling can be prepared by scouring or splitting 
and reducing automatically. The prepared surface 
can then be bonded with a polychloroprene adhe
sive or a two-part or prereaoted urethane. 

If the time between preparation and adhesive 
applic<Ltion is extensive, the surface can be wiped 
with lascol prior to adhesive application. 

A more recent development is to halogenate the 
surface and then bond with an urethane adhesive. 

--------+-------------------~----------------------
These units can be hand scoured or automatically 
roughed using a revolving hardened cutting tool. 
Such prepared surfaces can be bonded with a 
polycloroprene adhesive or a pre-reacted or two 
part urethane. 

Solid 
Units 

Mocrocel:lular 
Rubber 

Crepe 
Rubber 

Thermoplastic 
Rubber 

Reaction 
moulded 
POlyurethane 

Polyurethane 
ThermoPlastic 

These cover a wide range of 
components from women's 
fashion units to heavy industrial 
soles, and are usually very 
hard wearing. 

This rubber is usually prepared 
in sheet forms for cutting 
soles. 
This soling material is very 
light and has a reasonable wear 
performance. 

This unvu1canised, natural rub
ber had good wearing proper
ties and can be supplied in 
light colours. One dissadvantage 
is that exposure to oil, heat 
and light can soften it. 

This material has been used 
in the footwear industry very 
recently for solid and cellular 
units which have good wearing, 
Hexing and slip properties. 

Units prepared from this ma
terial are cellular, very light 
and they wear well. Lacquered 
units need special handling. 

These units are usually solid 
and used mainly in sports foot
wear such as running shoes 
and football boots. 

If the time between preparation and adhesive appli
cation is extensive, the surface can be wiped 
with lascol before applying the adhesive. 

The surface can be scoured and then bonded 
with a polychloroprene adhesive or special ure
thane adhesives. Halogenation is also widely used 
in conjuction with a urethane adhesive. 

Crepe primers are applied to the surface prior 
to application of the polychloroprene or urethane 
adhesive. Halogenation is an alternative method 
of preparation and the treated surface can be 
bonded with a polychroroprene or an urethane 
adhesive (it is the only material which can be 
bonded with a polychloToprene adhesive after 
halogenation). 

The surface is halo gina ted after which an urethane 
adhesive must be used. 

The mould release agent on the surface of these 
units usually has a disastrous effect on the adhe
sion Most of the units are cleaned, therefore, by 
the 'unit manufacturer by immersing them in sol
vent vapour. 

The best method of surface preparation is rough
ing. With units which have a definite skin, it 
is advisable not to rough through this because 
the strength of the sub-cellular layer may be too 
weak to support the sole bond. 

I 
The bonding surface is roughed using a 28 swg 
roughing wheel and then bonded with a urethane 
adhesive. 
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In-factory bonding procedure 

The close control over the in
factory bonding procedure is some-
thing that must be carried out 
continuously. 

The in-factory bonding procedure 
involves the opemtions of mixing 
of adhesive wilh hardener in case 
of a two part adhesive, adhesive 
application over the two surfaces, 
adhesive drying, adhesive activating 
and adhesive spotting and press
ing. 

In the case of a two part adhe
sive the amount of hardener to 
be mixed with the adhesive must 
be according to the instrucotions of 
the manufacturer of the adhesive. 
The above mixture has a limited 
life caller the "pot life" after 
which the adhesive can not be 
used satisfacotorily. 

The adhesLve must be applied by 
brush all over the area of the 
surfaces to be bonded, in some 
cases a second coot of adhesive 
may need to be applied on one 
surface because that surface may 
be very absorbent, i,e. textiles, reo' 
suIting in the absorption of the 
f.irst coatleaving the surface with
out any adhesive on it. That is 
called "starvation". 

Mter the application of the adhe
sive, it must be left for some 
time to dry. This is called the 
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drying time and is indicated by 
the manufacturer. 

After the recommended drying 
time eXipires the applied adhesive 
has a lim~ted life ca:lled the "open 
time" after which the adhesive 
can not give a satisfactory bond. 
Before pressing, some adhesives 
need to be reactivated for some 
time and at a certain tempera
ture to become softer. The acti
vating temperature is of a great 
importance and is maintained 
around 80°C for normal cemented 
soles, but generally the correct 
temperature depends on the type 
and colour of the sole. A few 
figures are given below: 

Surface 
temperature 

91°C 
61 °0 
58°0 
'85"lC 
74°10 

Soling Material 

Bback PVC 
White PVC 
Beige PVC 
Black resin rubber 
Beige resin rubber 

The best type of .. cement acti
vator is the profile flash acti
'VatOr which operates with infra
red lamps and these lamps can 
be raised or lowered accordingly 
depending on the height of the 
heel or sole. This gives the same 
temperature all over the surface 
of the sole. The distance of the 
soles from the lamps should be 
about 21- inches. 
The temperature of these acti-

vators must be checked periodi
cally. A good method of checking 
this is by using special tempe
rature indioating crayons. A small 
amount of the powdered crayon 
should be applied to the forepart 
and seat of soles before reactiva
tion and placed in the activator. 
The temperature of melt is 
written on each type of crayon. 

lmmediately after re-activation the 
sole and the upper must be 
pressed together. The amount of 
pressure to be applied depends 
on the type of sole under pres
sure. During pressing the solvent 
of the adhesive evaporates and 
the adhesive becomes solid and 
holds the sole and upper toge
ther. 

As soon as the pressed surfaces 
are removed from the press, the 
adhesive should have the ability 
of holding the two surfaces toge
ther for a few seconds until com
plete drying of the adhesive occurs. 
The adhesives have this property 
which is called "Green strength". 
After pressing, the complete shoe 
must be left at least 24 hours with 
the last in and must be checked 
for sole bond strength on the 
sole adhesion tester which gives 
directly the load which is needed 
to break the bond. That load must 
be compared with the standard 
loads to find out whether the 
bond is good or not. 
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By Constantinos Neocleous, B.E. (Mecl"!. Eng.) 
Lecturer, Higher Technical Institute. 

It i,s the punpose of toh'i's bdef arNde to expl,ain 
Grubler's mova:bi'li'ty ori!~el1ion and to present 
some of its appHoatilOos in ~he number synlthe
sis of the most common pl1anar Ilinklages. 
Before any expl,an'al~ion of ~he cri'terion i's being 
gi,ven it is worthwhHe to consider few basic 
d efinlilNo ns. 
A mechanism oan be de~ined as a group of 
ri'gliid bodies so oonnected that there is re/,ative 
motion beltween them. Fi'gme 1 (a) shows a 
struoture as compared to val1i'ous meohani'sms 
shoWinin ficgures 1 (b), (IC), (d). 

(d) 

Ri'gid bodies from now on WiiH be r~erre<f to 
as links. ForeXiamp/,e f'name, connecting roos, 
s/Iiiders (Ipilstons), rockelis, Clams, geans a're /'inks. 
The meohanism shown in fligure 1r(lb) is con
sidered to have constrained motion because by 
specliif.yiingan input angle 9 then ~~/ ~he rest of 
the members of the mooh'anism are specified 
as far as the members pos'i'tilon i's oonoerned. 

iii 
lin 

Figuree 1 (c) shows a mechanilsm ,that is not 
contra,ined since two inpUit angifes a I and 
a~, are requiired to spedify the pOS'il~ilQn of 
the mechanlism's /links. 
Fi'g'ure 1 (Id) shows a more complex mechtani'sm 
wh'i'oh has contrained moNon. 
A linkage is a speoilall type of mechanism in 
whioh there are only pinned Clonnections. Fi
gure 2(a) shows an aci'ual pin connec>lli'onin 
whlilch a pin joins two Ilinks 1 and 2 Wih~!oh are 
able to move wi'uh ,..espect to each other. 

(0) 

F/G,e. 

F~gure 2(lb) shows the same pin oonneoti'on re
presented schemaHoaifily by a sm~I'1 oilrcle and 
the I:inks by Hnes. For the figure 2('b') the 
only kind of mo11ion all'llolVlllaible ilS tUI"Niing moti'on 
of /:ink 2 \Mi<t1h reSipec1 to Il'ink 1 and for thlis 
reason ,the pairilS also oailled turning pair or 
revolute pair. 
If one of the l'inks ilS considered .to be the 
trame, then the on1y parameter requilred to 
compiletely desor1ilbe the pOIS'ilti'on of the o11her 
Hnk is an anglle /Iilke a in figure 2(lc). Siince 
degree of freedom is defiitned a'S the number 
of independeNt pa:rameters reqU'ilred to com
pl'etely desoriibe ,the com,iguratilOn of a system 
then i,t can be said that a revOll'ute paiT has 
one degree of keedom. 
Uin~s oan beconsildered to be biinary, ternary, 
qUaJternary atc. detpending on ,the number of 
revolut'e paii'fS on the link as showni,n figure 3. 

Even though a fijlnkage AIS a medhianiilSm whileh 
is made of links of the ~ind shown in ~igu.re 3 
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and revolute paks, prismatic pai'rs can also be 
used as ~ar as the VaJltj:dli~y of Grulb'ler's crri,terion 
is oC)Ncemoo. Rfgure 4 shows a prismatic pair 
bErtween !:inks 1 and 2. 

Suoh a pair irS Ifor e~aJmPle the oross-lhead in 
a guide and the pi'ston in a cyJlillder. The only 
parameter reqU'ilroo to spedlfy the posi'ili~n of 
the sl,ideris the dii!Splaoernent S and therefore 
the pr1iiSlmarriiC 'piaJilr has aliso one degree of 
freedom. 
CoNsidering NOW figure 5 it oan be seen that 
a Hnk lin a pl1ane rreqlJli,r-es three independent 
parameters 'to speoj(fy its poslil~i'on. These are 
the ooordii'Nates X ,Y and the ang,le a, 
betw'een a liine on the ~ink and a referenoe 
ax,is ~i;ke x. 

j 

By fiX'i:ng point P on !'ink 1 then a revolute pair 
i's obtained and thermre a revolute pair sub
traJots from a ~ink on a p'llanetlwlo degrees of 
freedom. ,If instead of ~bdng pOlint P the angle 
a ~'S klept fixed then a ,prisffiiBl'IJi'c pafir i,s ob
tained as i's shown in ~ig'Ure 6 and the only 
parameter required to speo1lfy th'e poS:il\li'on of 
the Ilink is the dilspllBlCement S. 

Therefolie a p~i<smati'c pair also subtracts two 
degrees of freedom from a Idnk. 

~ 

@ 
H6,b 

y 

-x 
Conside!1i'ng now a number of Hnks Hke in 
fi'gure 7(a) it can be said that in olrder to des
cribe the pOSliiti'on of the system shown 3L 
independent panimeters are requlitred, where 
L = number of ~inks. 
If I'ink 1is considered to be !the f:!1ame then the 
number of l:inks left are L-1 and 3(L-1) 
number ofindepen:dent pal1amerel1s are requilred 
to. completely speoirfy ~he system. 
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Since each joint (irevalui:e or pl1isma1tic pair) 
subtf1aats two degrees r()If fl1eedom from a link 
then if number o.f jdints in a Ilin'kiag'e ilS J th~ 
net number of imfepenldent :pBlrameters le1\t to 
descrilbe Ithecon~igurabilQin of la Ilinkage is 
3(L-1)-2J. 
This quamiltyils ca:llied movability and repre
sented with the symbol X. 
i.e. X = 3(L-1)-2J (1) 
Equalt!i'on 1is the Grubler's cri1tel1ion o.f mova
bililty for planar l'ink1ag,es. 
If X = 1 'the Illinkage 'is coniSltJr1a~ned 
If X = 0 the I~inklag'e lis ia sll:ruotulre 
If X < e lthe 'Sltruoture lis 'indetenm~n\a!te 
If X ,> 1 ttlh'e IPinkage ii'S unconstt1a1ined 
:.01" i~sltallce oheckling the movabiiilliity of the two
link l'linkage of frigure 8 
L = 2, J = 2 X = 3(2-1 )-2x2 = 3-4 = -1 
:.Indeterminate S'bructure 
For f~gufe 9 
L = 3 
J = 3 
X = 3(3-1) - 2x3 = 6-6 = 0 
: . s,trudtu re 
F.or Ngure 10 
L = 4 
J = 4 
X = 3(4-1) - 2x4 = 9-8 = 1 
:. oons'traJined linkage 
For figure 11 
L = 5 
J = 5 
X = 3(5-1) - 2x5 = 12-10 = 2 
and the "inkJag'e is unconsrtra:ined and two in
puts are required in order to complet~ly des
cnibe the comiguraiVion of the linkage. 
A pOlint to be observed here i's that Grublers 
ct1il~eri'onils vaHd for all kinematic fiinkages th'at 
have only revalute pains, wh!ille with Hnkages 
that have pf1i'Sma'tj1c pairs the cf1ilterilo.n is not 
t01ta1lily vallli'd. This i's so particularly if on one 
link ther,e are two or more paf1aiJleil pf1ilsmati~ 
p8!irrs Hke for inS'tanoein Ngure 12 in which 
sinoe L = 2, J = 2 then X = 3(2-1) - 2x2 = 
3-4 = -1. 
ObV'iouslly though the /linkage is not a struoture 
but a ,coln"Sltnained mechanlism. 
Fi'gures 13 to 20 show various oommon linkages 
and theitr movabillHy as obtained from GrOblers 
criitel1i'on. 

References: 
1) Hartenberg and Denail, "Kinematic synthesis of linkages" McGraw 

Hill Book Co. 
2) Artobolevski, "Mechanisms in modern engineering design", MIR 

publishers. 
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A. Z. Achillides, Lecturer, H.T.I. 

Mars has excited man's imagina
tion more than any other celestial 
body except the Sun and the 
Moon. Hs unsual red dish color 
which the ancients associated with 
fire and blood gave rise to its 
being named for the Roman God 
of war, Mars. 

The invention of the astronomical 
telescope by Galileo opened a new 
era in the observation of the 
planet. Instead of appearing 
merely as a tiny disc, Mars sur
:face features could be resolved. 
Christial Huygen's made the first 
sketch in 1659 of the dark region 
Syrtis Major Giant quicksands. 
Able to observe a distinguishable 
feature, Huygen's could show that 
Mars rotated on a North-South 
ax,is like earth, producing a day 
that was about half an hour 
longer than Earth's. 

In 1666 the Italian astronomer G. 
Cassini observed and sketched the 
Martian p<lilar caps. Other obser
vers, at the beginning of the 
eighteen century, noted changes in 
the surlace appearance probably 
caused by dust storms. 

In 1783 W. Herschel observed 
that Mars axis of rotation is in
clined to its oroital plane at about 
the same extent as Earth's, re
vealing that long term changes 
were often associated with seasons 
that would result from such in
clination. 

In the 17th and 18th centuries, 
it was commonly accepted that 
Mars and the other planets were 
inhabited but the real excitement 
was creaJted by Giovanni Schiapa
relli and Percival. Lowell between 
1877 and 1920. As a result of 
extensive observations, Schiaparelli 
constructed detailed maps with 
many features including a number 
of dark, almost straight lines, some 
of them hundreds of km long. 
He referred to them as "can ali" 
or channels. Though mistransla
tion they became "canals" and 
the idea of ctvilized societies was 
propagated. 

LoweLl's firm opinion that the 
canals were not natural features 
but the work of "intelligent crea
tures alike to us in spirit but 
not in form" contributed to the 
colorful literature. To pursue 
his interest in the canals and 
Mars he founded the Lowell ob
servatory near Flagstaff Arizona, 
in 1894 and his writings about 
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the canals and possible life on 
Mars created great public excite
ment, near the tum of the 20th 
cenury. 

Speculation about intelligent! life 
on Mars continued through the 
first part of the century but a 
gradua,l tendency developed among 
scientists to be very skeptical of 
the likelihood. The skepticism 
was reinforced by the results of 
Mariner flyby missions, one in 
1965 and two in 1969. The li
mited coverage of only about 10% 
of the Martian surface by flyby 
photography, indicated that Mars 
was a lunar like planet with a 
uniformly createred surf1ace. 

In 1971-72 the Mariner 9 orbi
ter revealed a completely new and 
different face of Mars. The 7000 
detailed pictures sent by Marinel' 
revealed a dynamic evol,ving Mars 
with gigantic volcanoes, a valley 
that extends a fifth of the way 
around the planet's circumference, 
and possible evidence of flowing 
water sometime in the past. 

At the present epoch - in has 
not always been so - Mars has 
no seas and so its land area is 
only a little smaller than that of 
the earth. 

Compared with the earth Mars is 
a small world, only 4200 miles 
in diameter with a mass of about 
one tenth that of the· Earth, tra
velling around the Sun, once 
every 687 days. 

The acceleration due to gravity 
on its smiace is 0.3 i8 that of the 
earth and its mean density is 
3940 kg/m3 which is nearer· 
that of the Moon that of the 
Earth. Nothing is yet known 
about the internal constitution of 
the Martian globe but, a mooten 
core must be expected. 

Since Mars has an escape velocity 
of 3 miles per second it has only 
been able to retain a relatively 
thin atmospehere. Current esti
mate,s put the atmospheric pres
sure at only a hundredth of the 
Earth's. The atmosphere can be 
analysed spectroscopically from 
the earth and various sorts of 
clouds can be seen. 

The Martian clouds fall into three 
main groups: Highlevel (blue 
clouds), intermediate level (white) 
and low level (yeLlow). The blue 
clouds are so called because they 

are best seen with a telescope 
using a blue filter. They seem 
to lie at heights of the order of 
50 ·miles but this is by no means 
certain. Their nature is uncer
tain; ice crystals were suggested 
at one time but this now seems 
highly unlikely: The white clouds 
now seem to lie at heights be
tween 5 and 15 miles. There is 
more justification for suggesting 
that these clouds are fine ice 
crystals. Perhaps they are similar 
to some of our own clouds which 
on Earth are usually forerunners 
of bad weather. Similar too is a 
whitish haze sometimes seen along 
the line of the Martian sunrise. 
It is tempting to compare this to 
terrestrial morning mist, but it is 
doubtful if there is enough water 
vapour on Mars to cause anything 
like a normal mist. 

More prominent, and often obs
curing large areas of the planet 
are the yellow clouds. There are 
low level phenomena, almost cer
tainly due to dust storms, mate
rial being blown up from t1le 
deserts. 

The Martian polar caps are a 
source of great interest and show 
considerable variations throughout 
the planet's seasons. The seasons 
on Mars are similar in nature 
to those of the Earth but they 
differ from our own only in that 
hey are more extreme and about 
twice as long. 

During the northern winter (South
ern Summer) the north polar cap 
grows in extent and the south 
polar cap shrinks, sometimes va
nishing altogether. In the northern 
summer the situation is reversed 
and the southern cap often ex
pands to 3000 miles in diameter. 

In spring as a cap begins to de
cline a dark "collar" usually 
forms around it and later a wave 
of darkening spreads over the 
dark areas spreading towards the 
equator. The marking becomes 
more distinct and more colour 
appears. Whether the dark areas 
are due to hyrroscopic salts or to 
vegetation this sort of behaviour 
we would expect if the polar caps 
were made of ice which melted 
and evaporated to form water 
Vlapour which would then spread 
over the dark areas. lit seems 
possible that the polar caps of 
Mars are composed of frosty de
posits which are only a few mm 
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thick so that the amount of water 
locked up in the caps is pretty 
small. What sort of temperaltures 
prevail on Mars? Since it lies 
further from the Sun than the 
Earth does, we would expect it 
to be colder, but as it possesses 
an atmosphere, although a thin 
one, it should not become as cold 
at night as the Moon. The planet's 
24:1- hour rotation period also 
implies that temperatures cannot 
drop too far or too suddenly. It 
now seems that the equatorial 
temperature of Mans oan be as 
high as 25°C, aHhough it drops 
to below -80°C at night. The 
climate is thus rather extreme, but 
not intolerable for forms of life, 
which do not need a dense atmo
sphere. Although the Martian 
atmosphere is rarefied by our 
standards - roughly equiV'alent 
to our atmosphere at an altitude 
of about thirty miles - it is 
still sufficient to stop most me
teors and reduce harmful radia
tions. 

Ever since astronomers began to 
study its surface in detai,1 Mars 
has been considered the one planet 
(apart from the Earth) in the solar 
system in which life, possibly 
similar to our own, might exist. 
It was suggested thM Mars might 
be the home of intelligent beings, 
possibly far more advanced than 
ourselves and such stories as the 
"War of the Worlds" by H. G. 
Wells helped to arouse public 
interest in the matter. For life as 
we know it to exist on Mars 
the planet would have to have an 
atmosphere whose density was not 
to greaJtJy different from our own. 
Another essential is an adequate 
supplv of free oxygen, the. gas 
essential for human and anImal 
life, and water. Mars has a very 
thin atmosphere mostly carbon 
dioxide, with only 0.1 per cent 
oxygen and very little water 
vapour. This, combined with the 
texperature range niles out any 
of the advanced plant or animal 
life we know. Still many terrestrial 
plants including such unlikely o~es 
as millet and cucumber - thnve 
in the Martian conditions created 
in laboratory experiments and 
Martian plants, of course, would 
be better adapted to Mars. 

The existence of a fauna is much 
more prob,lematic. Rotifers and 
tardigrades are tiny creatures that 
would be capable of withstanding 
the climatic conditions of Martian 
environment. Larger animals could 
spend the cold dark hours in deep 
hibernation. The real hitch is the 
low atmospheric oxygen content. 
T! has, however, been sugge&ted 
that, like some of our bog plants, 
those of Mars may retain in their 
bodies the oxygen produced in 

the photosynthesis of carbohy
drates, in which case the Martian 
animals could obtain the oxygen 
they need from the plants. Alter
natively oxidation may be wholly 
or partly replaced by anaerobic 
glycolysis as a source of energy, 
as in the case of deep diving 
turtles. 

Could any form of life exist on 
Mars? This may be one of the 
most important scientific questions 
of our time. It is also one of 
the most difficult to answer. Dr. 
H. N. Horovi1z professor of Bio
logy in the California Ins1itute 
of Technology stated: "The disco
ver} of life in another planet 
would be one of the momentous 
events of human history". 

This viial question was one of 
the scientific goals of the Viking 
missions. 

Vikings 1 and 2 were of identical 
design anI embodied two parts: 
an orbiter and a lander. The 
former is an octagonal box 2.4x 
3.3 m with 4 solar batter panels 
extending like wings to a span 
of 9.7 111. It is a dual-purpose 
craft weighing 2.325 ton. f. On 
the one hand, its object was to 
convey the lander to Mars, launch 
it for landing, and then relay to 
Earth the data obtained by it on 
he surface. 

The lander was hexagonal, with 
four-absorbing legs. It measures 
2x3 m. stands about 2 m high and 
weigh 576 kgf. It had an opera
tional life of 90 days. At atmo
spheric entry it was protected by 
a heat resistance shield, later 
discarded and it landed by a 
combination of a discardable pa
rachute and retro-rocket action. 
The lander was an extremely in
genious piece of engineering 
equiped for atmospheric and sur
face sampling, meteorological 
seismic and magnetic observations 
as weH as for three biological 
experiments. Each lander had 2 
TV cameras of novel design for 
black and white and colour images. 
These scanned the surroundings 
over a full circle slowly, a narrow 
strip at a time by means of a 
small tilting mirror. 

Power was produced by solar 
panels which open up after in
jeotion towards Mars, spanning 
more than 10 m tip to tip. Bat
teries were used when the panels 
are shaded from the Sun or when 
peak power was demanded. In 
tumthe batteries were charged by 
the solar panels. Small altitude 
control jets on the ends of the 
or-bi,ter's four solar p1nels kept 
the spacerraft stabilized and 
oriented. The orbiter furnished 

electric power to the lander until 
separation. 

The lander had a set of recharg
able batteries which were charged 
during Mars surface operations 
by two radioisotope thermoelectric 
generators. The radioisotope gene
rators convert heat produced by 
the nuclear source into electricity 
making the landers independent 
of solar energy. Information con
cerning flight performance was 
transmitted to Earth, throughout 
he flight. An onboard computer 
controlled all spacecraft operations 
and supplied commands for tra
jectory corrections in addition to 
controHing the orbiter's scientific 
correcions in addition to controll
ing the orbiter's scientific equip
ment while in orbit. At the same 
time ground controliers were mo
nitoring all phases of the mission 
via the worldwide tracking faci
lities. 

Communications with Viking were 
delayed longer and longer as the 
spacecraft got farther away from 
Earth. When it reached Mars a 
one-way message took 20 min. 
This meant a roundtrip minimum 
of 40 min for a command from 
earth to be received by the space
craft in response to its initial 
tmnsmission. 

In 1975 Viking I and Viking II 
were lanuched. As they approached 
the red planet and began to orbit 
in search of suj,table landing sites, 
the pictures they transmitted back 
o Earth showed in even greater 
details the irrefutable evidence' of 
extensive water erosion across the 
planet's sur:race. The gigantic vol
canoes photographed made those 
on Earth seem dwarf~like. Olym
pus Mons, a MaI1tian volcano 
measuring almost four hundred 
miles across the base and looming 
to an incredible height of just 
over fifteen miles may well be, 
say NASA scientists, the largest 
volcano in the entire solar system. 
In 1976 the two Viking space
cra£t made their historic soft land
ings on . Mars. The first colour 
photographs to be sent back to 
Earth showed the nlst-coloured 
Martian landscape rocky and de
solate, stretched out beneath a 
pink sky. 

One of the Viking's main ob
jectives was the search for life. 
It was understood however that 
the failure to discover life pro
cesses migh merely be an indi
cMion of having made incorrect 
assumotions about the nature of 
the life processes. NASA scientists 
knew that whatever life might 
exist there would almost certainly 
be microbial. 

Since it was obvious that no 
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living organism could survive the 
intensive bombardment of ultra
violet radiation on the surface, 
the explorers took soil samples 
from under small rocks. Portions 
of these samples were distributed 
to separate chambers to be sub
jected to three biological expe
riments. One test was based on 
the premise of life being sustained 
through a process known as pho
tosynthesis. 

On Earth photosynthesis occurs 
when green plants, using the Sun 
as a source of energy, consume 
carbon dioxide and by combining 
it with water and salts, fonn the 
organic compounds of which they 
are made. In the Viking experi
ment carbon dioxide that had been 
labeJ.1ed with radioaotive carbon-14 
was substituted for part of the 
natural atmospheric gas in the test 
chamber and the chamber illumi
nated by artifitial light similar to 
Martian sunlight for a period of 
time. After a few days the re
mammg gas was expelled from 
the chamber and the soil sample 
heated to liberate any of the 
radioactively labelled carbon dioe 

xide that it might have assimilated 
in a photosyntheic process. This 
liberated gas was then measured. 
A substantial quantity of labelled 
gas would indicate that a photo
synthetic process had taken place 
which would be strong evidence 
of the presence of living plant
like organisms. The second expe
riment, known as the metabolic 
analysis, was based on the premise 
of life on Mars being sustained 
by nourishment from organic ma
teria-Is rather than through pho
tosynthesis. 

An analysis, therefore, very si
milar to the photosynthesis reaction 
analysis has been planned., which 
wilt "feed' organic compounds 
containing 'radioaotively labelled 
carbon to the soil sample-sugar 
as an example. 

If living organism were in the 
~ample and they could consume 
the food offered to them, they 
wiLl discard as waste radioactive 
carbon gas that can be measured. 
A sharp rise in the production 
of such me.tabolic gasee would be 
strong evidence that life is pre-
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sent. The third experiment was 
based on the premise of respira
tion. As metabolism takes place 
the composition of the gaseous 
environment is in a continuous 
change. 

For this analysis which is closely 
related to the metabolic conver
sion analysis already described, a 
soil sample is moisted with nu
trients. A sample of the Martian 
atmosphere was pumped ino the 
chamber heads pace above the 
sample and moni,tored. Changes 
in the composition of the gases 
would again be evidence of the 
existence of life as a result of 
cellular respiration. 

Two years after the Viking land
ings on Mars the question of 
whether or not its mini analytical 
laboratory found evidence of life 
in the Red planet's soil, remains 
unsettled. It is uncertain if the 
resl1ls of tests should be ascribed 
o genuine biological activity within 
the Martian soil, to unusual che
mical properties of the soil or to 
a slight inaccuracy in the testing 
equipment. In the photosynthetic 
test the quantity of the labelled 
gas measured suggested that pho
tosynthesis might have taken place, 
yet control tests in which the 
sample was heated prior to test
ing in order to kill off anything 
that might be living, also indi
cated a positive though much 
weaker reaction. In the second 
test the release of radioactive 
carbon dioxide was unexpectedly 
high, but scientists realized that 
certain peroxides believed to exist 
in the soil could have caused this 
to occur, thus making it a che
mioal rather than a biological 
reaction. 

The same explanation might also 
be applicable to the gas exchange 
experiment in which oxygen was 
released by the sample into the 
atmosphere at an unexpectedly high 
rate. 

No scientists wants the embarras
ment of coming to the wrong 
conclusion on such an important 
issue as this. In summarising the 
results of the 26 tests that were 
run on all hree biology experi
ments, Harold P. Klein of the 

Ames research centre and one of 
the leading biologists of our time 
gives a "positive" result to the 
carbon assimilation data as well 
as to the labelled release experi
ment, but concludes that the gas 
exchange test merely showed some 
kind of oxidising material on the 
surface. "On the basis of all the 
experiments performed to date" 
Klein said in the comprehensive 
report of the Viking mission, "the 
labeHed release experiment unlike 
the other biological experiments, 
yielded data which met the cri
teria originally developed for a 
positive. On this basis alone the 
conclusion would have to be 
drawn thall metabolising organisms 
were indeed present in all samples 
tested. Can we believe such a 
conclusion? He answered his own 
question cautiously : "Clearly we 
must be wavy of this in the face 
of information indicating that all 
of he samples tested yielded oxy
gen in the gas exchange experi
ment upon the introduction of 
water. The evidence for strongly 
oxidising chemicals in these 
samples is quite convincing. Klein 
did not believe that the issue 
was resolved by the sterilisation 
results nor by varying lengths of 
incubation. He conColuded. "We 
can't ove·rlook the fact that all 
our experiments were conducted 
under conditions that devia1ed to 
varying exends from ambient Mar
tian conditions. While we have 
accumulated data these and their 
underlying mechanisms may all 
be coincidental and not directly 
relevant to the issue of the life 
on he planet. The question of 
whether evidence of life or of 
something else was found on 
Mars poses a dilemma for the 
biology team of NASA that may 
not be resolved shoDt of another 
go at the planet. As the Viking 
project scientist, Gerald A. Soffen 
at NASA headquarters summa
rised it, "there is one experiment 
that indicates that the Martian 
soil either has an agent capable 
of rapidly recomposing organic 
chemicals or that life is present. 
Which? That is the legacy of 

Viking". 
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Introduction 

In today's modern maroh'in'ing Iteohno'iogy, a 
large number of maohline tool,s 'a~e con1trolled 
wi,th the aJi,d of ardv:anced e'leotronli,c equ'ipment, 
able to diredt a machinlirng process li,t pro
grammed as reqU!i:red. 
The pnog,ram prepara'tion Jiorthe maohining 
p~ooess, on a nume~icaJlly controdll.ed maohine 
tool,is one of the main pre~maoh'inling proce
dures wh'i,oh has a great effect on the pro
duction e,ffii,cliency ofth,e machline. 
The pl10grarmincludes al!1 the necessary in
formai~ion to direct the movements of the 
cultUrng tOlo,l,s, relative bo the POSilVilon of the 
wo:rkpieoe, flOr suoc'eeding 1!he requij!r1ed shape 
of the maoh'ined componen1t. The progTam 
should also include ,other informa1tjlOn neces
sary for maohiinring i.e, sWiltc:h-on and stop the 
machi,ne, turn oOOlI,ant on ororff elbc. 

Preparation of program 

It willi be cons'i;dered bhat th,e program wifH be 
prepared for a la~he wi'th two turreits(1'o01 
posts) whlilch oan oairry srx tOlOlI's eaoh. The 
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one turret is at1le to move 'bowards and away 
from the ohuck parallel toilts centre aYJi's and 
f<or ooding purposes thi,s is oaJlil·ed W di,rection 
and the OIther can move towards and away 
fram tJhe chuck, X diredtion, as well as perr-
pendii'Gul!arr to the oontro'l aXlils of ,tihe chuck, 
Z direclbilon. Fig. 1 shows the three d'i:r,eotrons 
O'f movement. 
Turret 1 carn oarry centre drillls, dl1Ws, taps 
and other cutting toOrI,s which oan oUit by 
mOVing onrly in the W dkection. 
Turret 2 oan oarry the common lathe curtting 
tOOlls, rig hit hand, le1lt hiand, p'aJrting off, thread 
chasing tools, eWc., and can move eitt!her in 
th e X or Z dlirec\Uion or !in both cili rsemlO ns 
simul'taneorUs,ly. 
Planning sheet. "he fi,rsfi: step in programmi'ng 
is to prepare a prlannlirng sheet, where ,the 
mach'in1ing operations arre lis,ted in opelnaitilOnaJ 
sequence and the oorresponding turret Sl~a1Jion, 
cutting speed, spindlle speed, ~eed ralte of each 
operatiion are lii6ited alo ng Slide. Ilf any opera
tlions of the two tUl1rets are prog'rammed to 
be oarried oUil: simull,taneously, clare must be 
taken to avoid co'111lilsilon of the two ~urret5. 

Fig. 2 shows part of a plann1ing sheet. 

-- C.Hu.c.K~ __ _ 

~ -

OPERATION Turret Turret 
Station 

Cutting Spindle Feed rate 
Speed 1.;:18",,1 p:;.;:'e:;.;:e,.:::d=-.......... ..--_--I-_ ........ __ -....t 

rev/~n code mmlrev code 

~ig. 2 
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Tooling sheet. When the planning sheet has 
been pl1epared and the tO'ols to be used are 
known, turrets 1 and 2 are presented in out
line on th'e ,uool'ing sheet and adjacent to each 
turret face ils a numbered clirele in whitchis 
wf1i'tten the tboOlI-<halder numbers and des
cl1ip'tionts ~O'r 'that pa~~ioull'ar statiiion. These 
same numbers are later coded onto the pno
gram to 08.11'1 the apPJ10prilaite tOlol1 for opel1ation 
at the night moment. 
Program data sheet. The inf,o,rmation for this 
sheet :ilS derived from the planning and toolring 
she~ts and prO\A~des a complste record of aH 
thein~onma~i:on nequ1i'red to conlbrell the ma
chine. The left hand seotiilOn oontains the in
formaltion to be punohed on the tape and the 
right hand sectilon the cumUiI,a1tive times and 
time differences to enable Siimultaneous mo-

SEQ. PREP DIM DIM. DIM. FEED SPa 
NO. 
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FUNC. X Z W RATE SPD 
F S 

Fig.4 

N : Blook number 

G : Plr€lpaf1atory lim>ltrU'Citilons ,to oonltrol un'llf: 

X Movement 00 111001 fin X a~i'S 

Z MO"lement.of tool lin Z axlils 

tions to be pf10grammed (filg. 4). When the 
program data sheet has been final'ized, the 
left hand sec>tion inrf;ormatilon is tpansf·erred to 
the paper tape by means 01 a typerwl1ilter fitted 
WI:lt'h a tape punch. 

The movemenlts OIf the outtHng toolls may be 
done ei1!her on an AbsOilute data baS'is or an 
inoJ1emenltal data basJis. lin Absolute data, the 
dimenslionis always the dii'srance from ~he 
aomponent dallium to the po:in~ that the tool 
tllp is to reaohilPrespedriv,e o~ the d,istance 
travelled. In 'incremental dalta, the dimension 
is always the actual d'ilsr\lance trave'lled from 
one paint to another. 

TOOL 
WUNC. 

T 

~SC. 
jroNC. OPERATION TIME 

M 

W : Movement of 11:00'1 lin W axis 

F Feedrate 

S Sipindle speed 

T : Turret faoe ,for itoOiI seleotl'on 

M: Miscelll'aneoU's funcJmons i.e. spindle clock
Wise, oO'olliant on, start pJ10gram €inc. 

J 



For full appred8ltion of programming, a pro
gram will be prepared for a simple component 

shown in fig. 5. The movement of some of 
the cutting tools are 811810 shown in the same 
figure. 
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L 
I 

BLANK~·-·-·-·-·-·--·....J 

I· +0 +1.S ~ 

Planning sheet 

OPERATION TURRET TOOL 
STATION NO. 

BAR STOP 1 ,1 1 

TURN 50mm 2,1 1 
dia 

TURN 40mm 2,1 1 
dia 

CENTRE DRILL 1 ,2 2 

DRILL 8mm 1 ,3 3 
dia 

PART m'F 2,2 2 

The ,tools to be used are: 

Turret 1 

RoSii mbn 1, /bolol to sIllop srock bar 

POSliltion 2, centre dl1ill'l 

Fi.~. 5 

SPINDLE FEED RATE CUTTING 
SPEED TIME min 
RPr>l CODE mm/rev CODE 

7 
700 811 

750 812 

700 811 
500 89 

500 S9 

0.15 F015 0.24 

0.15 F015 0.36 

0.1 F01 0.07 
0.1 F01 1.34 

0.05 F005 1.00 

RoSlillilon 3, <l>8mm drMi 

Turret 2 

Poslitl!ion 1, RH Cutlring iIlool 

PoSlilbion 2, Parrting-orff :tool 
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Program data sheet 

-
SEQ. !PREP. Dill. DIM. DIM FEED C{P. TOOL 
NO. WUNC, X Z ld 

RATE ~)PD FUl'l"C. 
F S T 

NOOi P92 XO Z04 W04 
N002 P90 X035 Z066 FO 
NOO3 POi W065 FO S11 T11 
N004 vii FO ':1:12 
NOO5 X025 Z066 FO '~'-~ 1 

N006 Z-008 FOi5 I 

NOO,"( Z066 lW 

N008 X020 l!'O 312 
N009 Z025 F015 I 

N010 X026 FO 

N011 Z-003 ]'0 T22 

N012 v/066 FO S11 
N013 W06 POi 

N014 \'11 FO S9 T23 
N015 W066 l!'O 

N016 W-01 FOi 

HOi7 Wi FO 

N018 IxOO2 FOO5 

N019 IX035 FO 
N020 Z066 FO 

N021 

liimes for each operaltilOn ar'e not :inc1uded as 
simultaneous movements of turret 1 and turret 
2 a're not inoluded i·n thiis program. 

Tape 

The informaltii.on gilllen on the prog,,.,am data 
shea,t, wi:\!1 be punohed 'jln a coded form onto 

MISC. 
FUNe. OPERATION TIME 

M 

M84 Set camp. datum 

starting pas. 
fl103 Bar feed 
1180 Turret 1 back 

Turre t 2 in pas 

Turn 50mm d ia 
Turret 2 return 
Turret 2 in pos 
Turn 40mm dia 
Turret 2 retu:m 
Cutting off tool 

Centre dr.appr. 
Centre drilling 

Drill in pas. 

Drill approach 

Drilling 

Drill return 

Parting-off 
Turret 2 to 

starting pas. 
~nd of Program , 

a tape in e)QaCltly the salme sequence as ill is 
on ,the pr.ogl1am sheet, nat inaluding iIlhe des
cl1ipVilon of opel1al\lion and ~he time for each 
openaJllion. lihis tape js I,Mer pllaJCed on the 
tape reader of :the controll unlit of the NC 
mach/ine, whlilch Wlillil j·n rum oonllirol the move
menlts of 'the cuilWi!ng ooo1s to aohieve the re
qu1j1red form of component 
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by M. Patticbis * (B.Sc., (M.Sc., A.C.G.I., D.I.C.) 
Lecturer in Mecb. Engineering, H.T.I. 

Tihe objective at' structural design is to specify an assem
blage of load oarrying members so that under the ma
ximum loading condition the stresses and deformations 
induced in the structure shall remain within specified 
limits. A structurally safe design is by no means the 
optimum one. A nurnber of constraints must also be 
satisfied, such as minimum weight - critioal in aerospace 
vehicles where the maximum payload must be achieved, 
minimum cost and fabrication techniques. 

In practice, the design engineer will have to satisfy these 
constraints, and others, before arriving at sevel'lll candi
date design configurotions. For example, given the task 
of designing a bridge, a chril engineer may arrive at a 
suspension bDidge and an arch bridge, fig. 1, as the 
most suitable designs for his particUilar job. He must 
then subject these configuraions to analysis to determine 
their structural integrity and hence decide on the best 
performer. 
Today's typioa:l structures, ranging from supersonic air
croft to nuclear reactor vessels, are of such compleX'ity 
that a complete analysis is beyond the reach of the slide 
rule methods of the pre-computer days. Mathematical 
analysis is only possible for very special geometries and 
loading conditions. In genera:l, difficulties arise not only 
due to the complex geometry of a structure, -but also due 
to the complex variation of loading which the structure 
may carry. l1he most common types of load are body 
loads due to the weight of the structure, pressure loads 
due to hydrostatic or wind variations over the structure, 
and temperature loads caused in structural members sub
jected to a change in temperature and restricted in de
fonnation. Other types of loads are centrifugal loads, 

arise in rotating structure, concentrated or point 
appIied at particular points, and distributed loads 

over particular lengths of a structure The above 
of load may act in any combination' and in any 

arrnt,-"rv way over a structure, rendering mathematical 
impossible. An added complication arises some

when the materials used have andsotropic properties, 
for example in fiber reinforced plastics which are 

in an increasingly wider range of applications. 
are usuaHy _ two types of analysis that a structure 

be subjected to. The first is a static analysis to 
that the applied loads are carried safely by the 

,.struc:tmraJ. members when the structure is motionless. 
it is essential in some cases to investigate the 
characteristics of a structure, such as a tall 

subjected to a variable wind pressure load, or 
fly,ing in turbulent air, fig. 2. A vibration 

is essential in determining the resonance fre
of the structure and the defOImed shape at 

frequencies. From the latter the stress distribu-
in the structure may be oMained for each of the 

uel·onm",rl shapes. 
types of more speciaHzed analysis may sometimes 

required, such as an analysis for investigating the 
of a crack in the sti'ess distribution of a structure, 

an el'astoplastic analysis if the stress in some of the 
components is expected to be above the yield 

or finally when the deformations in the struoture 
large that the geometry changes significantly in 
specified loads. 

Research and Development. Epsom. England. 
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THE NEED FOR COMPUTER ORIENTED ANALYSIS 

In the chart of fig. 3 are given the basic methods avail
able to the structural engineer. The analytical methods 
find their roots in strength of materials and theory of 
elasticLty, and are usuaJIly restricted to the solution of 
relatively simple problems. The truss and the cable of 
fig. 4a involve only tensile or compressive stresses and 
are solved by simple equi,)jbrium techniques I. 2. Beams, 
frames and arches, fig. 4b, are somewhat more involved 
because they involve bending and shear stress~$ as well 
as axial stresses, but in general the Engineer's Theory 
of Bending approach will give acceptably accurate solu
tions I. 2. Methods of solution based on Energy Prin
ciples are also used extensively in the analysis of these 
types of problem 3. 

Movirug onto two-dimensional elasticity problems, the ma
thematica:l elast:ilcit~ ,equ3lt'ions may be 'reduced to an 
equ3<tion of the form 

nlf-F 
V = 0 ... (') 

where F is a sress function. """l. ,~/ \ ~ 
the stresses are defined by \J;;; d I dx.. + d OlJ _and 

/hI<.:: 'iF/all 
~3 :: 'dl.f / h.l-
0":1- := -tp /~x.):/ 

Solution of equation 0) IS posslole through advanced 
mathematical techniques 4, but only if the stresses can be 
defined mahematically at the boundary. The solution for 
the stress distribution around an elliptical hole in a 
stressed panel, fig. 40, is one classical example. 
In dealing with loaded plates, fig. 4<1, the classioal theory 
of plates 5 yields an equation of the form 

v! :: riD 
where W IS a laJteral detlection of the plate, p is the 
pressure loading and D depends on the materiaI and geo
metry of the plate. The moments and shear resultants 
at any point are given by 

MJC.lI. ::: D(J'w/J)l."- +- ,J )'wl)~to) 
Mn .:: D(:J~IdlJ.1. + '" )'w/d)l.a) 

M;t.~ ::: D (/- tF) ~:;'/J)(. ~~ 

S" := l) ;)/J-x. {J~ I J)(. ... + J'w/,}~ to} 
S:t ::: D ~/>'J {i~/d~L + 'J'w/J{'} 

where v is POIsson's ratio, so that a solution of (2) will 
enable us to determine the moments and shears at a 
poirut, and hence the stresses whioh are assumed to vary 
linearly through the thiokness of the plate. Here again, 
solution is difficult if the boundary conditions for wand 
momeruts are difficult to express mathematically. 
In recent years shell struotures have become increasingly 
popular due to structural, ae&hetic and economy reasons 
The pressurized vessel and the cooling tower of fig. 4e 
are two typical eXlamples of a shell struoture. The mathe
matical analysis of suoh structures is very complicated 
due to the exiSitence of direct stresses, shears and bending 
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stresses at any point. Solutions can be obtained only 
fO'r very special problems, like shallO'w sheHs and axisym
metric shell structures, fig. 4f. 
In conolusion to' the above background fQr analytical 
methods, the follQwing points may be made: (1) they 
very rarely fit real structures in geQmetry, IQading con
ditiO'ns and bO'undary conditiO'ns, (2) they can only be 
used by engineers specially trained in these mathematical 
solutiO'ns, and (3) they are Qften cumbersome to use and 
aHive at a working SQlutiQn to' a problem. 
However, it must always be remembered that analytical 
methO'ds are extremely useful in other ways; fQr example, 
a struatural engineer may, with the above backgrQund, 
arrive at an Qverall first approxima~ion to the sQlutiQn 
Qf his prQblem by careful and imaginative use of such 
mahemaJtical tools. AlsO', mathematioal sQlutions may be 
compared to' the experimental results for a particular 
classioal sQlution and hence cO'nfirm that the fundamental 
assumptions made in the solutiQn. e.g. linear variations 
Qf stresses through the thickness Qf thin plates, are CQrrect. 
The abQve apply also to' the prQblems Qf dynamic reSPQnse 
Qf struotures. Here the prQblem is to' sQlve equatiQns 
Qf, the fQrm 

m4iJ/lt l- -t (; d:;Ni: + k,. ;;; /«-(:) 
where m is mass, c is a viscous damping coefficient, k 
is a stiffness cQefficierut, t is time and R is a fQrcing 
function. Clearly, the types of prQblem that may be 
solved must be simple in na·ture, and inevitably their 
sQlutiQn is nQt readily applicable to real structures. 
Nevertheless, in the analysis of vibration response of a 
simple beam. fig. 5, certain mathematical assumptions 
must be made about the damping Qf the motiQn 6. 

Experimental verification of these assumptiQns is of 
major importance in the formulation of mathematical 
models for the solutiQn of vibration fQr more cQmplex 
structures. 
Whh the advent of the digital computer in the last 
twO' decades as a very powerful tQol for perfQrming simple 
adthmetic operatiO'ns in very small fractions Qf a second, 
it was inevitable that techniques for the numerical solu
tion of the classical structural problem would have been 
develO'ped. Equations of the type shown by (1) and (2) 
may be integrated numerically by instructing the com
puter to' perform the necessary numerical in.tegratiO'n, 
which usually cO'nsists of simple arithmetic steps. HQW
ever, the difficulty still remains of finding real problems 
whose charaoteristics are consistent with those Qf the 
equations, their loading and boundary conditions. 
The Finite Difference method may be illustra1ed by its 
applioation to the problem expressed by equation (1). 
In this method a physical grid is superposed on the 
structure and the grid points are numbered, fig. 6. If 
the eQuation expressing the problem contains terms such 
as "t'f / J,,1f. say, then approx~mately for point 3, 

~f/Jx. z (~ - 6)/J" 
where ~ is the distance between grid points; by a 
similar approximation 

.. , (3) 

Similarly it oan be shown that 

~'+F Ihy. z (61. - ~f't -IrFa,. 1" Fs + f,)/;~ 
Clearly then, if we write one equation involving values 
Qf F at each grid point, we shall end with a set of 
linear equations to solve for F. These equations may 
be wriHen in matrix form 

••• (4-) 

where H is a matnx of coetticients and IS (n x n), 
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where n is the number of grid points, and F is an 
(n x I) vector of the unknown F values. 
Equation (4) may be solved for the unknown F taking 
the boundary conditions into consideration. With a 
knowledge of the F values at each grid point it is easy 
to calculate the stresses at each grid point by using 
equation (3) for 6YY and similar expressions for r3~p 
and 6"y . It is not difficult to write a computer pro
gram to perform the above arithmetic operations, and 
a number of these are to be found mainly at academic 
institutions around the world. 
The above numerical method failed to find a wide use 
due to a number of important reasons: (1) for real 
stmctures of arbi1rary boundary geometry it is difficult 
to define the boundary cQnditions, (2) the method assumes 
;j the same between all grid points, but this assumption 

necessarily fails near an irregular boundary, and (3) 
engineers dO' not have a physical meaning of the values 
for F at each grid point or in other words the method 
is too mMhematical for the non-specialist engineer who 
is faced with a particular structural problem. 

It is quite evident f·rO'm the aforesaid that any new 
method for structural analysis had to satisfy the following 
criteria. (I) to be numedcal in nature so that use of 
the computer could be made, (2) to be able to deal 
with any type Qf structural problem with arbitrary 
geometry, loading and boundary conditions, (3) to be 
easy to use by the non-specialist engineer, (4) to give 
meaningful' physical quantities as a solution to a problem, 
and (5) to be problem independent, i.e. not to depend 
on any mathematical expression specifying a special type 
of structural problem. 

THE FINITE ELEMENT METHOD OF ANALYSIS 

The Finite Element method (F.E.Mol of analysis satisfies 
to a large extent the criteria set out in the last para
graph of the previous section. The F.E.M. originated 
in the aircraft industry, but because of its generality it 
is now a standard analytical tool in many fields, such 
as ship and marine engineering, nuclear engineering and 
civil and struatural engineering. The two principal me
thods are the Matrix Displacement Method as proposed 
by Argyris 7 and the Matrix Force Method as proposed 
by Argyris 7 and Denke 8. Since these early papers, a 
vast amount of research work has been invested in the 
development of the F.E.M. and its extension to a great 
variety of fields, such as Fluid Mechanics and Heat 
11ransfer 9. 

The F.E.M. finds its widest application in structural ana
lysis. A background to the Displacement Method is 
given below by reference to the simplest possible type 
of finite element, but it must be emphasized that the 
basic principles illustrated below apply also to the most 
complex type of finite element. Consider a one-dimen
sional structural problem, as shown in fig. 7a, where 
a bar is held at one end and loaded by a force P at 
the other. :Imagine the structure to' be subdivided into 
a number of finite (discrete) elements (three are shown 
in fig. 7b), the points at which they meet being known 
as 'nodes'. This model of finite elements is known as 
an 'idealized model' of the structure, and the object of 
the exercise is to solve for the displacements and stresses 
at each of the nodes. Obviously a knowledge of the 
stress at only a few PO'ints on the structure implies 
that we have to interpolate between these values to 
get the cO'mplete stress distribution. However, it is easy 
to see that ·the more elements we have, the closer 
become the nodes and so the better the interpolation. 
Let us now formulalte a finite element which can carry 
an axial stress By reference to fig. 7c, the element 
will have displacements u I and u'L at its nodes, and 
there will be axial fO'rces PI and Pt. associated wirth 
these displacements. As there, are two nodes, only a 
linear variatiO'n of displacement within the element can 
be defined as follows 
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It::: f(t-J)u, + * (1+:f)Ua. 

where ! has values of -1 and + I at nodes 1 and 2 
respectively. In matrix algebra 

where 

The strain 

e :::. Ne-e ••• (5) 

e :::'« 

N=[0-5)/J. 
t 

Ie $ {II., I &l,.} 
withm the element is 

('+ f)/.1] 
) 

••• (6) 

and by eqootion (5) into (6) gives 

1'1' = ~H/i}]t . e~ 
~.... :::: Ifj e~ .00 (f) -

where B is me uU1:erentiated matriJc '" \ ,'X' Note that 
we can also describe the position of the element on 
the x axis by writing 

where x t and x~ are the co-ordinates of nodes 1 and 2 
and consequently the matrix B can be obtained from 

where th, k/~:f term can be calculated from (8). The 
stress within the element can be related to the strain by 

where 

tfx III H~14 

~ = k.Be· 

K ,. E. 

... (If) 

and E is the Young's modulus for the material. From 
energy considerations, the work done by forces PI and 
PL moving over their displacements ul and u<4.- must be 
equal to the elastic energy stored in the element. Hence, 

••. (10) 

where j~ denotes integration over volume and 
t 

Pe={~,~} 
is the 'nodal force vector' for me .,,~ .. Ient. Substituting 
from above into (10) it is easily shown that 

... (/I) 

where 

is the 'stiffness rtl3trix' for the element. The element 
stiffness matrix Ke may be written down explicitly for 
simple elements, ouL in general the integration involved 
may be carried out numerically to a high degree of 
accuracy by numerical techIlliques. For the a:bove ele
ment it is easy to see that 

l
EAlf 

:: -EMf. 
-£AI1J 
£A/i 

where ) is length and A area of the element, and we 
could have written this immediately by engineering in
sight, or by performing the integration of equation (12) 
either by hand or numerically. 
Having established the stiffness matrix for ~he finit~ 

element, we must now formulate its force vector - e 
The simplest type of loading is a concentrated loa,,;'; 
the nodes of the element. For example, element 3 of 
fig. 7b has a load fo at its second nodI! and no load 
at its first node. Its vector' p~ will then be 

t 
B={o,l!} 

However, real structures do not often have concentrated 
loads. More usually loads are distributed in an arbi
trary way over the structure. Further, temperature loads 
may exist if the temperature of the structure is to change 
in an arbitrary way. So-called 'equivalent nodal loads' 
can, however, be formulated for an element, by specify
ing the nodal values of the load involved. For example, 
if the two-noded element above is to be loaded by a 
distributed axial force, fig. 8a, along its length, then by 
specifying the values at the nodes an interpolation can 
be made for any point inside the element of the form 

/'= H~ 
where f<:re is the vector of values at the nodes. Sinc· 
the work done by equivalent loads at the nodes must 
be the same as the total work done by the load acting 
between th~nodes, then- f 

e: F! ::: f tt ~Jx-
" or e :: IJ'. "*N P Jx. •... (uJ 

'0 

For the example of fig. 8a, assuming a constant p per 
unit length, then 

) 

and again this may have been written down explicitly, 
or a numerical integration of equation (14) could have 
been carried out to give the same result. It may also 
be shown that the equivalent load vector for temperature 
is given by 

•.. (15) 

where· (., is a vector of strains that would be produced 
at the nodes by the temperatures. 'For the example of 
fig. 8b, if the temperature change within the element 
has a constant value of T, then the equivalent load 
veotor would have been 

where a:: is the coefficient of thermal expansion for the 
material. The equivalent load vector for a finite element 
then, is essentially the lumping of" internal loads onto 
the nodes. If several load types act at the same time. 
the separate equivalent load vectors may be summed 
into a total load vector for the element. Returning now 
to the complete structure of fig. 7b, the individual ele
ments will interact at the common nodes through their 
common displacement terms. The stiffness and load 
terms may therefore be combined into a set of linear 
equations for the complete structure, 

p ..• (U.) 
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where r is the vector of the unknown displacements u., 
and u t.;,' and K, P are the stiffness matrix and the load 
vector for the structure respectively. The matrix K is 
symmetric and is (n x n), where n is the number of 
displacements, in the structure. The solution of equation 
(16), for the unknown displacements is often performed 
by the Chdleski decomposition method taking into 
account the physically known displacements, as for 
ex:acmple displacement at node 1 of fig. 7b being known 
to be zero. 
After solving for the vector P' the displacements cor
responding to a pacrticular element may be picked out 
of the vector. For example, displacements u'1_ and u 3-
correspond to the matrix \( V for element 2 of the structure. 
From equation (9) then,' the stress CiX may be eva
luated simply by carrying out the matrix multiplications 
involved, i.e.: 

Note that for the present example the stress OX is con
stant in the element and consequently the stress at the 
two nodes is the same. For constant stress problems 
then the element of fig. 7c may be used to give accurate 
results. However, suppose that we have a linear stress 
problem on our hands, as shown in fig. 9a. The above 
finite element does not have linear terms in its formu
lation, but nevertheless we could still use it to solve 
this problem. Simply increase the number of elements, 
fig. 9b, so as to give us a solution of the form shown 
in fiig. 9c. It would be more effioient on the other 
hand, to use a finite element whioh includes linear 
stress variation terms in its formulation. One such ele
ment is shown in fig. 9d, where now the element has 
three nodes so that the displacement vadat,ion may be 
quadratic, and hence the stress and strruin variation will 
have constant and linear terms. The formulation of 
such an element win follow the prinoiples outlined above, 
and in the solution of the problem of fig. 9a only a 
few of these elements will be required to yield the cor
rect solution, 
The Force Method of analysis is the reverse of the 
Displacement Method in that it works with stresses as 
nodal parameters and interpolates within the element. 
For a force based finite element 

,::::N 
where P are the nodal forces or stresses, (J are the 
stresses within the element, and N is a ma1rix of poly
nomial functions. The ana,lysis is essentially the same as 
for a displacement finite element, but the equivalent 
equMion to (16) is 

FP :; e 
where F is a flexibility ma,trix andP are the unknown 
noda'l forces or stresses. This method is not used often, 
however, beoause of the difficulty in determining the 
known va,lues of P i.e. in f'inding the force redundancies 
in the structure to make it statically determini!Jte so 
that F will become positive defini,te. Nevertheless, force 
based finite elements are used in some displacement 
finite element systems, but the element l1leXlibiIity 
matrix is inverted to produce a stiffness matrix so that 
equation (16) may be used. 
Tn the same way that an element stiffness matrix was 
formulated above, in a dynamic response analysis a 'mass' 
matrix must also be formulated for an element. This 
may be achieved by lumping the mass onto the nodes 
in such a way that the kinetic energy of the lumped 
masses is the same as the kinetic energy for the finite 
element. It may be shown that 
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where is an element mass matrix and a is a matrix 
of density for ~he element. In combining all the ele
men~s resul1s in the following equation for the solution 
of the vibration for the complete structure 

•• 1- Ce + ::: (t) 

where M, C and R are mass, damping and forcing 
function matrices and denotes differentiation with res
tion with respect to time. 
The F.E.M. is a very numerical method of analysis as 
it involves a vast amount of matrix opemtions to set 
up stiffness, load and mass matrices, numerical inte
gration steps, matrix combiruations, in setting up matrices 
K and M for example, numerical solution of linear 
equations and so on. Its attractiveness lies in the fact 
that all the numerical operations involved can be broken 
down into simple arithmetical operations which the 
computer oan handle at very fast times. 

FINITE ELEMENT SYSTEMS AND THEIR USE 

In the above section, the principles of the finite element 
method were outlined with reference to the simplest 
possible type of element. that of constant axial stress, 
An immediate extension of this is to formuiate the ele
ment in three dimensions, fig. lOa; all that is required 
is to introduce some transformaion matrices for the nodal 
displacements, so as to convert the displacements U, V, 
W at a node to an axial component, so that the stiff
ness and load marices for the element will now refer 
to these displacements. Such a three dimensional, con
stant axia·1 stress finite element, jjinds an immediate 
application in the solution of three dimensional frame 
structures, as shown in fig. lOb. 
It should be evident at this point that the F.E.M. is a 
very computer oriented method of anaIysis. The com
puter may be programmed to carry out the vast number 
of matrix mulHplications invQlved in the formation of 
the element stiffness and load vector matrices, also to 
solve the usuaclly large number of simulaneous equations 
of equation (16). Finite element systems are very large 
computer programs whioh have at their heart a 'family' 
of different types of finite elements to deal with all 
types of eng:ineering structures. A good family of ele
ments must include 'beam' elements, 'membmne' ele
ments, 'scylid' elements, 'plate' elemen~s, 'shell' elements 
and so on. The displacements at eaoh node will depend 
on the type of stresses described internally by the ele
ment for example the plate element must have rota
tionai displacements at eaoh node to describe the varia
tion of moments internally, In fig. 1-1 are shown the 
different types of elements with their interna,l stresses, 
Note that the variation of stresses internally will depend 
on the number of nodes on an element and that although 
not shown here . there are triangu,lar elements as well as 
the quadrilateral elements shown. Each of these types 
of element will be designed to oarry loads of the type 
required in engineering analysis. For example the beams 
will carry distributed loads the she1l1s pressure loads, 
body loads, temperature loads and so. on. The variation 
of these loads within an element will again depend on 
the number of nodes on the element, so for exampie 
the eight noded shell element of fig, 11f can describe 
a quadratic variation of pressure within it if the values 
at the nodes are given. 
There are a number of internationally acknowledged 
finite element systems suoh as the British ASAS (Atkins 
Stress Analysis Svstem), the German ASKA (Autom;aMc 
System for Kinematic Analysis), and the American 
NASTRAN (NASA Structural Analvsis), The specific 
details behind the design of each of these computer pro
grams differ to some extent (especially so in the extent 
of IIsing the computer efficiently), but a general outline 
of the sequence of computer instructions is shown in fig. 
12, The user of the program prepares the input data 
on computer cards (or on some input medium such as 
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a disc file) in a prescribed format. The computer then 
reads this input data and· checks it for geometric and 
structural consistency. It then generates ,the stiffness 
and load matrices for eaoh element in the structure, 
and combines these to form stiffness and load matrices 
for the complete structure. A solution for the unknown 
displacements is then performed and the stresses for each 
element are oalculated using this solution. PinaHy the 
stresses of each element are either printed out or pre
sented graphically for the engineer to use in his design. 
The use of such a program will be illustrated by reference 
to a simple sheLl structure, fig. B. This is reinforced 
by beam members along the cUl'Ved edges and oarries, 
as an example, a vadable pressure load. The user must 
prepare his input data to sUPPlly the following informa
tion: 

(i) X, Y, Z, coordinates of each node, 
(ii) node numbers connected to each element, 

(iii) nodal thicknesses of sheH elements, and moments of 
inertia and areas of beam elements, 

(iv) materia1 properties e.g. Young's moduli, Poisson's 
ratios, shear moduli etc., 

(v) the values of known displacements, for example dis
placements, are zero at nodes 1 to 5 in fig. 13, 

(vi) the load values at the nodes e.g. pressure values 
at nodes. 

Often the preparation of this data is straigh1forward and 
is not carried out by the engineer, but by non-engineer 
assistants whose job is not the analysis of the engineering 
results, but purely the preparation of such data. 
The engineer does not have to know how the program 
will funotion, but he must be able to interpret the 
output results which are usuaLly self-evident. For the 
present problem the results will be sheIl stresses for 
each of the sheIls and beam stresses for each of the 
beams. A~so available will be the displacements at every 
node so that deflection curves may be contructed to 
show how the structure will deflect. 
The user must also be aware that he must use the 
correct elements for his particular problem. In the above 
example shetI elements and not membrane elements must 
be used, because the problem is of shell tvpe, i.e. all 
the shell stresses are expected to be important. Also 
the stiffeners of the structure must be curved beams 
and not flange elements, again beoause the stresses 
expected in these stiffeners w~11 not be just axial stresses, 
but moments and shears as well. The example of fig. 
13 has also Mghlighted the important fact tha,t elements 
of different type, e.g. sheNs and beams, may be used 
in the idealisation of a structure to model the physical 
problem. .Also, the fact that if the boundary shape is 
curved, then an element with CUl'Ved sides must be used 
(two nodes on a side wiH only represent a straight side) 
and finally the fact· that if the load inside the element 
is variable, then a better approximation will be represented 
by an element whioh has a higher order interpolation. 
It should be evident at this point that the F.E.M. can 
cope with virtually all engineering structures. The 
question arises as to how many elements the engineer 
has to use in a particular job. The answer is that the 
number depends on the job, but in the author's expe
rience most large engineering structures may be modelled 
using anything between 500-2000 elements to obtain 
an accurate structuml ana.lysis. The engineer is often 
aware of which parts of his structure are expected to 
have rapidly varying stresses so that he must use more 
elements in these regions so as to model more accurately 
the stress va~iat-ion; similaI1ly, he may use less elements 
in regions where the skesses are eXpCcted to chaI1'ge 
sIO'.;ly. klso, depending on the boundary shape, the 
engmeer may have to use more clements near a boundary 

whose shape is changing rapidly, so that this shape is 
modelled more accurately. Finally, in regions of rapid 
variation in loading, more elements have to be used to 
model better the load variation. In the limit, of course, 
when a very large number of elements is used the so
lution is very close to the exact solution. Howe.ver. 
engineers will accept anything up to 5% error in their 
solution (the use of safety factors is one reason for 
doing so) so that a great number of elements is never 
required. 
The finite element systems cited above have reached a 
point where they oan . deal with most problems in 
structural ana,[ysis, ranging from static analyses to crack 
failure analyses. The emphasis nowadays is to help the 
user to cut down on costs related to preparing his data 
and interpreting his results. So-caNed pre-processors are 
specially written programs that will prepare the ideali
sation of particular types of structure (or parts of 
structure) automa1ioaMy (indeed the user himself may 
wf1ite such programs for his own use). Also so-called 
post-processors are specially written programs that use 
the solution results (stresses or displacements) to pre
sent them in a way that the user can grasp the signi
ficance and variation of the results in an efficient 
manner. 

Until a few years ago the F.E.M. was used almost 
exolusively in the aerospace industry to ensure the 
structural integrity of complete aircraft, helicopters, 
satellites, as well as for parts of these structures. Having 
proven its usefulness, in the more recent years it has 
fuund a vast range of applioations in the rest of the 
engineering discipLines. In civil engineering it has been 
used successfully in the analysis of bridges of all types, 
soil mechanics and building construction. In me
chanical engineering for car-ohassis analysis, engine 
block oharacteristics and rotary machinery, such as turbine 
blades. In nuclear engineering in the analysis of nuclear 
reactor vessels. In marine engineering for ships, super
tankers, deep-sea-going vessels and more recently in the 
new teohnology of off-shore-drilling platforms. 
Certainly one of the reasons for the success of the F.E .. M. 
is that in recent years computer technology has pro
gressed to such an extent as to make access to computing 
faoilities easy for most engineering firms. Even though 
its ease of use and reliability has been demonstrated 
there is stiH a large proportion of engineers who are 
either stiLI in doubt about the F.E.M. or have never 
heard of this new tool for analysis. The author is 
convinced that the situation will change drastically 
within the next decade due to the fact that in re
cent years most of the younger engineers come into 
contact with the F.E.M. during their training, and also 
due to the decreasing availability of materials which 
will make the use or F.E.M. essential so as to achieve 
an optimum design. 
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UTILIZATION OF SOLAR ENERGY IN PRUS 
A paper prepared by:-
I. MICHAELIDES : Lecturer, H.T.!. 
C. WIZOU : Lecturer, H.T.I. 
I. iP:APA!DOPOULOS: Industrial E"tension Officer, 

Ministry of Commerce & Industry, 
Nicosia - Cyprus. 

Inroduction 

Due to the faot that research and 
development for utilization of 
solar energy in Cyprus was largely 
unco-ordina>ted, an Energy Re
search Group (ERG) has been 
established at the Higher Techni
cal Institute to study energy pro
blems and develop new systems 
app.licable to Cyprus conditions. 
Energy Research Group (ERG) 
A research group to promote 
scienbific activities rel&ted to 
energy matters was established 
in February 1979, by the acade
mic staff of the HTI under the 
name of Energy Research Group 
(ERG). 

The main objectives of ERG are 
to study the efficient utilization 
and conservation of energy in its 
conventional and uncoventional 
forms and to contribute to the 
worldwide effort for energy con
servation. 
As a means of achievi;g its ob
jectives ERG has already esta
blished contact with similar orga
nisations locally and abroad. 
The main areas of study of ERG 
are the following: 

(a) Conventional Energy 
(b) Solar Energy 
(c) Wind Energy 
(d) Bio Energy 
(e) Wave Energy 

A multi-disciplinary team con
sisting of qualified engineers and 
technicians was formed for each 
area of study, whose task it is 
to collect related literature/state 
of the art, report on experimental 
work locally and abroad and 
propose and carry out suitable 
project work. 
Following a recent Energy Plan
ning Meeting organised by the 
Commonwealth Science Council 
in London, ERG undertoodk the 
formulation and proposal of a 
number of projects related to 
energy, to be financed and imple
mented in the near future. 
Below is a report on Utilization 
of Solar Energy in Cyprus, pre
pared by members of ERG. 
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1. Background Information on 
the ~nergy situation in Cy
prus. 

Cyprus, the third largest island 
in the Mediterranean, situated at 
a geographic latitude of 35°N 
and with total area of 9,251 
square kilometres became an In-

dependent Republic in 1960. A 
well geared economic and indust
rial development started with the 
First Five-year Plan, 1962-1966, 
and continued through the next 
two (The Second Five-Year Plan, 
1967-1971, and the Third Five
Year Plan. 1972-1976). The 
implementation, however, of the 
Third Five-Year Plan was abrupt
ly interrupted in July 1974 as a 
result of the Turkish Invasion. 
The occupation by Turkish troops 

Imported oil toe * 
Installed electric capacity MW 
Year electricity production GWh 

1962 
308,000 

75 
248 

The overall energy consumption 
of the country with the limited 
exception of that of non-commer
cial energy resources (primarily 
solar energy for domestic water 
heating and to a very minor 
degree fire-wood and agricultural 
residues) corresponds to the im
ported petroleum and petroleum 
derivatives. That means an almost 
total dependency on imported 
energy and a high annual expen
diture of foreign currency for 
satisfying energy demands. For 
example in the year 1978 the 
imported petroleum products were 

1977 

of about 40% of the Island, the 
displacement of 200,000 people 
from their homes and the loss 
of some 70% of total gross out
put led to a general dislocation 
of the economy and the necessity 
for revision of the Third Five
Year Plan and the launching of 
the First and Second Emergency 
Economic Action Plans. These 
dramatic economic and social de
velopments are reflected in the 
energy sector as follows: 

1973 
844,500 

204 
782 

1975 1977 1978 
605,300 757,900 770,000 

234 264 264 
698 849 839 

valued at C£ 35 million (approx. 
US$90 million) which represents 
Yearly electricity produotion GWh 
approximately 13 % of all imports 
into Cyprus and 27% of the 
total value of domestic products 
exported during the same year. 
In other words the energy con
sumption and expenditure per 
capita is quite high (approx. 1.5 
toe and US$150 respectively). 

The breakdown of consumption 
of the import oils in tonnes, for 
the years 1977 and 1978 is as 
follows: 

1978 
Petrol 
Kerosene 
Gas oil (dieser) 
Mazzut (fuel oils) 
LPG 

90,317 (12.92%) 
47,421 (6.79%) 

126,575 (18.11%) 
403,754 (57.78%) 

30.726 (4.40%) 

101,146 (13,16%) 
67,044 (8.72%) 

139,81<1 (18.19%) 
429,401 (55.85%) 

31,340 (4.08%) 

TOTAL 698,793 (100%) 768,742 (100% 

The breakdown of usage of the 
imported oils for 1978 were as 
follows: 
Domestic/Commercial 8% 
Industry 26% 
Transport 27% 
Agriculture 4% 
Electricity Generation 35% 
In 1978 he structure of the ele
ctricity consumption was as fol
lows: 
Domestic 
Commeroial 
Industry 
Irrigation 
Street Lighting 

2. National Policy. 

25% 
29% 
40% 

3% 
3% 

The Cyprus Government being 
seriously concerned over the 
impact of the increasing cost of 

energy (due to both increased 
consumption and continuously 
rising prices) on the national ba
lance of payments and in order 
to sustain the high rates of eco
nomic growth achieved so far 
and set as targets of the Second 
Emergency Economic Plan 1977-
1978 has focussed its attention 
on the urgent need for appro
priate action. Such aotion is aim
ing towards maximum energy con
servation and the development of 
non-conventional energy resources. 
To this effect two major steps 
ha.ve been taken very recently: 
Firstly, the setting-up of an Energy 
Committe with advisory capa
city, whose primary objective is 
to act as the connecting link be
tween Government, industry and 
people. This committee has al-



ready submitted its recommenda
tions for measures to be taken 
to smoothen the effects of energy 
crisis. 
Secondly, Government has, in the 
first instance, secured technical 
assistance through UNDP from 
UN-OTC for a project to be 
established on "Energy Conserva
tion and Development". This pro
ject which covers a period of 18 
months has already started this 
year. 

3. Renewable Sources of Energy 
in Cyprus. 

Alternative energy resources cur
rently used in Cyprus are solar 
energy for water heating and wind 
energy for pumping water for 
irrigation purposes; however, 
there are promising prospects for 
other applioations, these being the 
following :-
(a) Solar heating and cooling of 

buildin~ 
(b) Solar heating of greenhouses 
(e) Solar drying 
(d) Solar desalination 
(e) Solar pumping 
(f) Bio energy applioations. 
Water pumping windmills were 
extensively used 20 years ago, 
especially in the South-eastern 
area of the island. With increasing 
electrification, however, their use 
has been diminished and replaced 
by electric pumps. 
However, as a result of the' 1973 
energy crisis some of these wind
mills whioh were not pulled down 
or destroyed due to lack of main
tenance have been put again into 
operation. Unfortunately, there 
are no figures which indicate the 
past, present (and future) utilisa
tion of wind energy. 
The story, however, with solar 
water heating is happily a diffe
rent one. Solar water heaters 
were first produced in about 1960, 
modelled on an imported design. 
Their progress in the first 6 years 
was rather slow. This is attributed 
to the rather faulty initial design 
(leakages, low efficiency etc.) and 
to their rather high cost. With 
further developments in the con
struotion of the col1eotors so that 
most technical problems were eli
minated, and with rationalization 
of production so that costs if not 
decreasing at least remaining con
stant, more and more units were 
installed, wrth the result that by 
mid 1974 about 24,000 units, of 
a total cotleotor area 57 ,600m2 
were in operation. This figure 
roughly means that about 20% 
of the population were satisfying 
their hot water needs through the 
use of solar water heaters. This 
represents about 1 % of the total 
energy requirements of Cyprus, or 
about 28% of the present energy 
consumption for domestic and 
commercia'! uses. 

It is very difficult to give any 
figures for the period after 1974 
as to the contribution of solar 
energy to the total energy inputs. 
As a result of the Turkish inva
sion the whole picture was thrown 
out of balance during the years 
1974--1976. However, production 
of solar water heaters has now 
been reactivated at a faster pace 
than before. 
At present, there are 5 major 
manufacturers in Cyprus, with an
other 20 minor ones, all of them 
employing a total of about 400 
workers and producing about 
10,000 units per year. whereas 
prior to 1974 production was at 
the level of 4,000 units per year. 
Tlhis increase in production capa
city came also as a result of 
Government's policy to install 
solar w3ter heaters in all houses 
built for the accommodation of 
refugees (approx. 3,000 units per 
year). 
Today, it is estimated that about 
45,000 solar water heating units 
are in use having a total col
lector area of about 1:08.000 sq. 
metres. This means that appro
>eimately 35% of the popUlation 
satisfy their hot water needs using 
solar energy. 
Increasing fuel costs, however. 
led various users of hot water 
to consider using multiple unit 
installations to satisfy their needs. 
Thus, in 1977, an installation has 
been made in a mountain resort 
hotel to heat their open air 
swimming pool; the system uti
lises about 75m2 of collectors 
and it is claimed that it is pos
sible to expand the swimming 
season to indude now May and 
September instead of only June
July and August. 
Large-scale applications have been 
extended to hotels and blocks of 
flat apartments, mainly for the 
generation of domestic hot water 
and in some cases to assist the 
conventional central heating sy
stems. Application of solar energy 
utilisation in hotels and hotel 
apartments is now a must and 
a necessary requirement for all 
hotels seeking financial support 
from the Government; According 
to a recent deoision of the Go
vernment, all hotels and hote: 
apartments financed by the Cy
prus Tourism Organisation should 
include solar heating systems for 
the generation of domestic hot 
water for their needs. 
Solar energy is also extensively 
used for the generation of hot 
water in various industries. 

4. Development of solar energy 
applications. 

Up to now solar water heaters 
were extensivelv used in single 
or two-storey dwellings. The solar 

water heater used is of the ther
mosyphon type and consists of 
two flat-plate collectors of total 
absorbtion surface 2.4m2, a hot 
water storage tank (boiler) and a 
cold water storage tank all 
assembled usually on a steel tower. 
(Fig. 1). 

Fig. 1: J,hermosyph 
on sqlar water heater, 

The boiler IS usually positioned 
above the top of the collector 
panels, the latter being tilted 
to about 50 degrees from the ho
rizontal facing south. The water 
hea1ted in the collector, becoming 
lighter, will rise and colder 
(heavier) water will be drawn in 
its place from the bottom of 
the boiler. The greater the height 
difference between the top of the 
coLlectors and the bottom of the 
boiler, the larger the flow will 
be. 
The collector panels used are of 
the header and tube construction' 
they consist of eight steels tube~ 
J" diameter connected on t\VO 

headers 1" diameter, the whole 
structure fixed on the absorbing 
plate made of steel and painted 
black mat. The plate and tubes 
are assembled in an insulated 
casing and covered with a glazing. 
The usual dimensions of the col
lector are 1.8m x 0.8m. 
The cost of such a unit, having 
a tank capadty of 1.5 tons of 
water and incorporating two 
panels of total collecting area 
2.4m2 is approximately US $415 
in local market. A solar collector 
of the type descdbed (1.2m2) is 
priced at approximately US $65. 
Recently, a new development is 
marketed using copper piping in 
the collectors instead of the usual 
galvanised steel tubes. This in
creases the efficiency considerably 
but ,increases also the cost to 
about US $525. The cost for this 
type of colleo!or is around US 
$100 (for 1.2m2). 
Research has been done in other 
fields mainly by the Higher Tech
nical Insti,tute (HTI), Nicosia. One 
of the projects initiated by the 
H.T.I. for the Ministry of Com
merce and Industry constituted a 
pilot plant plant to dry washed 
sand for a proposed glass factory. 
Results were very encouraging, 
succeeding to dry about one ton 
per day from 5% moisture con
tent to less than 1 %. 
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Another successful project carried 
out jointly by the H.T.I. and the 
Agricultural Research Institute 
was the heating of a small green
house, in Nicosia. The greenhouse 
had a floor area of approximately 
24m2 and was planted with to
matoes. In this system, now in 
operation, solar energy is col
lected by nine flat-plate collectors 
having a total absorption area of 
approXlimate,ly 10m2 and is trans
ferred through wa1er by means 
of a circulating pump into the 
storage tank (2m2). Another .cir
cuit distributes the hot water 
(45°C) through a fan convector 
installed in the greenhouse where 
heat is finaUy transferred to the 
space. In case of insufficent solar 
energy an auxHiary electric heater 
is set on automatically to keep 
the water temperature at the re
quired levels. The solar contri
bution recorded last winter was 
around 75%. 
Work has also been done on a 
sun tracking 
desalination 
heating, 

system, a model 
plant and space 

Due to the faot that research and 
development for utilisation of 
solar energy in Cyprus was large
ly unco-ordinated an Energy Re
search Group has been established 
at the Higher Technical Institute 
to study energy problems and 
develop new systems applicable 
to Cyprus conditions, Currently 
work is persued on collection of 
meteorogical and wind data to be 
used in projects aiming to impro
ving the efficiency of solar col
lectors and utilim<tion of solar 
energy for space hea,ting and 
cooling. 
A study has also been carried 
out by the Ministry of Commerce 
and Industry on bio-gas. The 
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finding of the study were that 
bio-gas could possibly be used to 
sMisfy the needs of organised 
farms. 

5. Future plans. 

Due to the pressing need for some 
'action towards more exploitation 
of renewable energy resources, 
without, however, ignoring the 
more sophistioated researoh work 
(e.g. photovoHaics, heliostats, wave 
power etc.) currently carried ·ou( 
in developed countries it is felt 
that Cyprus should, at the pre
sent at least, fol'low the so-called 
sof,t energy path. Bearing also in 
mind the present conditions in 
Cyprus. the following may con
stitute a list of topics to which 
priority should be Mtached: 

(i) P'rovision of hot wa,ter in 
large quantities for multi-
storey blocks of flats, hotels. 
hospitals, industries, etc. on a 
larger scale. 

(ii) Heating of Greenhouses. 
(iii) Drying of Agricuitura,l and 

Industrial products, such as 
tobacco, raisins. timber. clay 
products etc. 

(iv) Space heating and cooling. 
(v) Desalination. 
To the above Biogas should be 
added. In Cyprus animal farming 
is weLL· organised. This is espe
cially so in the case of poultry 
and pig raising. Any developments 
in the produotion of biogas in 
Cyprus should be aiming towards 
satisfying the energy needs, main
ly for lighting and heating of 
either individual farms or small 
groups of farms located close to 
each other, 
However, some problems are en
countered in formulating and 
implementing a plan for the ex-

ploi1ation and utilization of Alter
native Energy Sources; a few of 
hese problems are outlined below: 
(i) Information and Documentation 
There is a pressing need for the 
means to be found so that docu
mentation and technical informa
tion is disseminated quickly and 
efficiently through a central in
formation unit. This need is en
hanced also due to the very rapid 
technica'l developments in the 
field. 
(ii) Research and Development 

Work 
It must be admitted that due to 
lack of facilities the fundamental 
research that can be carried out 
is very limi,ted. All efforts should 
be directed rather towards deve
lopment work to produce quickly 
praotical applications. Such work 
should be based on either endo
geneous designs or on the adapta
tion to local condi,tions of 
imported technologies. However, 
training of sui,table personnel is 
sought. 
Closely related to this subjeot is 
the testing of prototypes. It may 
be that for testing purposes bik 
and expensive installations might 
be needed, which are at present 
lacking in Cyprus. 
(iii) Standards 
In conneotion with testing, there 
is also a need for the formula
ion of Standard Specifications for 
any products thHJt are either in 
use or are to emerge through 
development work. Such standards 
for equipment will ensure their 
marketability, especiaHy since 
they are expected to boost pu
blic confidence in the utilisation 
of alternative energy 
Work has alrea'dy 
by the Government 
mulation of suitable 

resources. 
been started 
for the for
standards. 
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Miss D. Charalambidou, B.A. Hons 
Dip. (Cambr), M.A. ,lecturer HTI. 

September: 
Staff and sltudenll;s back from hO'lidays. Classes 
oommence on the 6th Sepltember. Flfeshers are 
trying t~o adjuslt themselV1es. 
Th'e tOibal number of Sltudenlts in the three 
years O[ study amounlts tto 424 including 7 
~or8li'gn sJtudenlts. l1he number o~ the 1 S't year 
sJtudenlts i's 167 - 24 more than ~he prev.ious 
year. llhe BleotrWC:a!1 Eng'ineering part-time 
oourse ilS oonl1Jinuing wilth 21 regii's:tered stu
denlts. 
Thii's aoademlitc year saw the Itaunohing of a 
new oourse sponsored by the World Health 
OrganiZialUion (WHO) ~or Meditoa:1 Tteohn1itoi1ans. 
The cOUirse slbarited Wiilth 13 sJbudenlts aM ho:ldiing 
a fel,lloiWSh:ip from WHO of whtiloh 11 ar,e tram 
abroad and 2 Cypriolts. 
The Hl1l Dlkecllor, Mr. G. Ohrii'stodoulides, goes 
tt,o Belg'nade as a member of a Government 
Team ait the Oonference o~ Minlitslters Respon
sible for Sicienoe and TechnotllOgy (MINESPOL 
1,1 ). 
October: 
The seoond-rtJo-lUhli~d year MerC!hant Marine 
Offilcers in Engiineening return a~ter spendling 
July - Od~o!ber on bOlard for traJinling. E~peni
ence VlaJlulCl!blle bult di~tfilctUiIIUites ,in adjustlling to 
the ship envlil1onment. 
The Hlil Amateur Rradilo Club paJri~ilciipaites and 
Wlins The Cyprus MuIIiUi'-Opemairar Higlh frequency 
Contest. 
November: 
8th NlOvembe'r means UNESOO Day ~or HTI. 
Thli's year bath Slbatf and students flooked 10 
:th,e TlekJke Moslem shrine oUitside L:amac'a. 
They dleaned and :tIidied the surrounding area 
from saal~tered ·IIiIUter and Ilistened to a talk on 
this hli'storiilc and reti'g\ilous monumenlt. The 
day Wlas crowned wrilth a plkntilc lunoh on the 
nea~by beooh. 
l'he Sub ... AqUia Clrub, a branch OIf ilihe Cyprus 
Sulb-<Aqua Olub and a su'b .. <dirliliision of the HTI 
NauWi,oal Olub, (is ~ounded by '~he Ma~~ne 
Offliloelrs. 
The led~u!ring sltaff of HTI selt up ~he Leotureirs' 
Leaque. The pub "Slhnlbad the S,aJilor" is 
chosen as i1Ihei:r weekily "9e1t.Jbogeltlhetf" h'aunt. 
The Hl1l Dlilrector attends the "2mh General 
Oonferenoe of Unesco" held lin P,arits 1 - 11 No
vember 1978: and particilpaltesin the Work 
of the OOimmiiission OIn Naltunal Srditence. 
December: 
Hl1l 'eX1peri'ences a new tiirneitable whereby a~1 
time...:tICl!bled adti~lties woull,d be covered in five 
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momings (7.30 a.m: - 2 p.m.) and one after
noon (3.00 p.m. - 5.00 p.m.). The new time
table promi'ses plen:ty of eXitra time for 'inter
aoUiton bebween students and sJtaff. 
A UnesC'o expert, Mr. L. Poly.akovski jO'ined the 
H.T.I. 81b8.iffon a 12 mon!th milSsilon. HilS mirs
sion is to assk;Jt the Medhaniaa!1 Engineeriing 
Depaotment to revilse 'ilts training syll,abus in 
ProduciUilon Englineerlingin order to iinclude 
approtpriilaJte sec'tirons on the Technol'ogy and 
Pnacbi:ce oil' Gear Design and Manu:fiaature. 
l1he Nau~iICi8.i1 Olub organ'ises ilts lii'rSit aoUivity: 
a lecture on "Pnosipedts of Cyprus Merchant 
Shiippiing" by Mr. P. Kiazamias, Diredtor Genera!1 
of . the Minksltry of Communii'oa~ilOns and Works. 
Hlil leaturers, Mr. N. ManlUi'sand Mr. Th. 
SY1meou, returned from abro,ad where they 
alttended cours'es,the first in Business Admi~ 
nils1tnaltilon and ~he seoond in Sroliar Energy. 
F,es~itvilUites mank the seaond ha1lf of the monrth 
bec,ause of the alprproachling Ohlli!s~mas vaca
tions and celebf1aJUi:ons. Sitaft and students try 
to enjoy themselves by h~ldling Ohr,'ils'l2mas par
ties and dances. Wine, mUSik and dances 
drown down ~he tensilon and Sltress of the 1st 
Semester. 
January : 
Bacq to work.F1i'rsit semester e~ams at the 
end of ~he month keep busy boi~h sltudenlts and 
Staff. 
February : 
The HTtl [)ij,red~or leaves fiOf the U.K on a 3-
weelk study tom of Teohn;ilcall Inslti'1:uitiions in 
G.B. as a g.ue<Slt of the BriiNsh OOlunciri. 
The Manines are .ad~ive agaiin. Mr. G. KanidllOu, 
a i..Jamaoa Marine Oftli1cer, tail ked on the "Ob
jedtilVets and AdtMlbiles of Andr:eas Karil()tllOu 
Marline F'Oundlati'on" as a guest of the HTI 
Sub~AqUia C'lub. 
March: 
Suddenly the HTI life is in'terrlJlplted by the 
sltudents' thr8'e-week stnitke. The studenlts ab
stained fl10m cliasse,s ,in order to exewise pres
sure and raise pub/llitc support ~or their claims 
for apPrDIprilaite p'l'acement m HTI graduail:es 
wil~h Gtovemmenlt Tecihnlilca:1 Departmenlts and 
for the revitsli10n of the Ilaw for the Regii'SitralUion 
of Oi,vil Englineers and Architeclts in order to 
enable them t'O practice as Technliloians. 
The sltr1ilke ended Wlirth the announcemenil: of a 
dedksiilon of the Oo'UtnClill of Mii'~irslters thalt a 
machiinery woul,d be salt up to oonslider the 
students' demands and repont: back to the 
Ooundill. 



Members of the professional Staff of the In
stiltuJte team togffi'her to ~orm the Energy Re
sea~ch Group (ERG) for ~he pu~pose of iniltia
Ving studi1es and applli'ed research a'iming alt 
the ef~ildienlt ulbillli'Z1a1~i:on of energy and the ex
pl~oM~i!OIn of tlhe unoonventiionra;1 energy re
sources. 
April : 
HTI l'ec1Jurer, Mr. C. LoIPzou, Secrel1ary of E'RG, 
~epr:es'enlts CYlpms a!t a 3-dIa.y mesting of the 
Oommonweall'th Solilence Secn~tatiilat. The pur~ 
pose Oif the mee\tling is t:o pllian a seminar on 
sol'aJr energy ,to be he!ld in Tanzanlila or Kenya 
in September 1979. 
The InsiViltulte was vlitslilted on 10bh ApliN by the 
SoVlieit Oo'nsmonau~ Viliadiimiir Zl()'unitof who, on 
,the invi;tla1tiilon Oif ~he Asltronomy Olub, gave a 
lecfture on "Space Tl1avells". 
The Marines are aCltive ,thlis monlth again: 
(a) The Ma'rine BUiNe1Jin mak:esill1s f,ilrSlt praise

wo,rbh'ing appearance; 
(b) ,the Nla;u;ViICial Ol'ub hOlld~ at8l1,k on "Aphro

tdlilte the gloddess of Cyprus" gii,ven by Mr. 
M. LOUllloupii's, Archael:ogq1oa'l Oiffiicet of the 
CYlprus Museum. 

I\llay: 
May ilS higthHghted by the celebrations of the 
Hl1l 10th ann!i,versary, Sports day the pubNca
titon of Itlhe "HTI, The F,i'rSt Ten Years 1968/69-
1978/79". 
As it is known, the InSl~itulte slta'rited ope/1ating 
in ,the aoadem1i1c year 1968 - 69. It was esta
blli'shed as a i'oiint p,rojeC't of the Unlilted Natlio'ns 
Dev:el1opmenlt P,rogramme and lIhe Govemmenrt 

of CY1prus. The Cyprus Min1iiSitry of Labour and 
80.oi18l1 Insurance and Unesco wilth aSSlilSitance 
from th'e I.LO. acted as execut,i'Ve agents for 
the project, whiloh I:aslted till 1973, and enillai!led 
a to'bal coot of $3,005,629. 
On May 4Jbh the Opening Oer,emony fior the 
WHO Sponsored Oourses in the traiin~ng of 
Techl1lilCliians in the Bepair and Ma'inltenance of 
Medi,oal and Hospli'tal Eq'Ulilpmen~ was held. 
The MinlilSlters o,f Labour and Social Insurance, 
Mr. E. liheodoulou, of HeaJlljjh D,r. A. M~ke:lliides, 

and the r8lpresenlba~i'Ve of tthe WHO Regional 
O~flice, Dr. G. CrespI() spok,e a'PpI1Oip~ilately at 
the Ceremony. 
WilUh the s'eWing up and openali:on of the WHO 
oourse tor Medi10all Teohnlj;c'ilans the l;n'SllJitute's 
reg'i1or1l8!1 ohlanaoter w,as enhanced as the pre
senlt counseis att'ended by 1'3 s!~uden1:s from 
8 dlil~ferenlt oounMes (Afhan~ilSltan, Pe:k,istan, 
Iran, JiO'lidlan, Peo;p:le's R.epubllilc Oif SO'u~h Yemen, 
Somaliia, Sudian and Cyprus). 
June: 
An ex:tremelly busy IUime ~or imr!!h stude nit's and 
sltaff. Slt'rain and an)Qrelty relign iin the alilf; 2nd -
semester eXlaJms and ~inJaJI eXiam's--<an extremely 
try+ng period ~or Sl1iudenl1s and aoademi,c staff 
but "they bolllh try to keep up theljlr spirilts by 
I'ook,ing ~o'J1VVIal1d to summer ho1llildays and the 
gna!dUla'tilO'n ceremony and balll on 6tth July. 
The 1 sit year maliilnes are preparing for their 
summer tr1ip 110 Gre'ece, whille the 2nd yea'r 
manines for thelltr sea tnalinling on board and 
the 3rd-ye1ar Marines fror 1lhe!i,r chozen profes
sion at ::i'81a. 

43 



"Evo oUYXpovo OUYKPOTrHJO 610f-lIlXOVIWV nou TIf-lO T~V Kunpo. 
·Eow Koi 32 XPOVIO npunonop£l f-lS T<J oOUVOYWVIOTO npoiovTO TOU TOOO m~v Kunpo 600 Koi 016 
tCWTSpIKO. 

METALeo LTD. 

npomptpsi TO TAXYTEPO KAI OIKONOMIKOTEPO :LY:LTHMA METAMIKON KATA:LKEYON 
(OIOc.pOpWV OVOIYf-lClTWV f-ltXPI 40 iJ£TpO xwpie: £VOIOf-l£OO unoOTuMwiJOTO), oUIJ86MoVTOe: ETOI mr;v 
YPr1YOPIl OlliJlOuPyio h £ntKToOIl 810iJIlXOVIKwv lJovoowv. 

METALeo ALUMINIUM LTD. 

METALeo HEATERS LTD. 

KOTOOK£UO~SI TOUe: A:LYNArONI :LTOY:L 

HI\EKTPIKOY:L Koi HI\IAKOY:L 

0E PMO:L I¢ONE:L MET AI\KO c.prWlol-I£voue: 

YJ(J Tr1V OVWTSPfl T£XVIKr; KOTOOKWr1 TOUe: 

Koi nOloTIKr1 um~poXr1 TOUe:. 

IV 

no PTonA P A0Y PA AI\OYM I N 1 OY Yla f-lOVT£pv£e: ouYXPOVse: 
0 

OiKOOOiJte:. 

"OAO Ta npoioVTO MET AI\KO EXOUV KOTooKwo08il ana El-lnSlpouc: 
KO! SiOIKWiJ£VOUe: TSXVIKOUe:. npom:YI-I£vo Koi OTr1V nla I-IIKPr1 
A£nTOl-ltP£lo. 

:LTUAIOVOU I\tvo 5. KOII-IOKAi. T.K. 1307 
TflA. 32101/2. TtASC: 2776. I\suKwoio. 
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noAAanA"~ XpqGEW~ ano T"V 
III ATAa~ KonKo, nlo napaywyuux 
Yla IJEyaAuTEpra OIKOVolJla 

Ta Rotamec ~'J'u:ptxouv CM'Oc d:KoAou9a O''ltl£ia: 
- X£lPlO'tl0C; d:1tO Eva; &r0tl0. 
- ·Y\IJ'lAl] pO'lrl] O't'pt4'EWC; 1toU t~aocpaAll;£l o-ra9£po-r'l-ra 

1t£Plo-rpocpilc;· 
- ' A£poaUtl1tl£oTi]c; 1200 am U4''lAilc; 1tlEO'£WC; m 20 bar - (290 

psig) YlOc d:1iO't'£A£O'tla't'lKW't'£PO flushing Kat tYYUlltltVT] 
U4''lAl] 1tapaywYlKotll-ra (Rotamec 1802). 

- 'Y6pauALKo O'uO"tT)tla tV't'£AWC; O'uyXpovou Kai U1t£p't'tpou 
GX£OLO:O'tl°O• 

-- M£yaAu't'£pll ouvatlLC; 1tPOWEhlO'£wC; Kai d:vu~wO'£wC; YlOc 
tl£yaAlrr£pO ~a9oc; Kai tllOc O'£LpOc <XAAWV TtA£OV£K-r'ltlO:TWV. 

ATI\A:E KOnKO [KVnPD:EJ I\T4 
H MErAI\YTEPA ETAIPEIA nEnl EI:MENOY AEPOI: I:THN KynpO' 

OLlO:L ArlOY IAAPIQNO:L AP. 154 KA'I'MAKAI THA.32171/2/3 
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B KS P & STATI NERS 

SOLON PAPACHRISTODOULOU 
BRIDGEHOUSE BLDG., BYRON & GRIVAS DIGENIS AVE., TEL. 43297, P. O. Box 4527 

NICOSIA-CYPRUS 

Internatfonal Collection of: 

Newspapers & Magazines 

School, Language & Literature Books 

Technical, Science & Art 

Cooking, Housekeeping & Decoration 

M & E, Time-Life & Teach Yourself Books 

Penguin, Pelican, Pan, Fontana, Gorgi e.t.c. 

~hess, Tennis, Bridge & Other ,Hobbies 

Stamps & Coin Collecting Books 

Ladybird & Other Children Books 

Dictionaries & Reference Books 

Books & Model Answers for G.C.E. 

Past Examination Papers for G.C.E. L.C.C. e.t.c. 

Touring Maps & Guidys 

Sehool Stationery, Handbags e.t.c. 

Office Stationery & Account Books 

Office Equipment & Filing Systems 

Typing & Duplicating Materials 

Envelopes of all Kinds & Sizes 

Fountain & Ball Pens 

Autographs &- Address Books 

Drawing & Art Instruments 

Albums for Photos, Stamps & Coins 

Educ. Toys & Handcraft works 

Cards for All Occasions 

Christmas Decorations & Candles 

Gift Wrapping Papers & Decorations 

Books & items not in stock 

can be ordered for you 

IT IS OUR PLEASURE TO SERVE YOU 
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METAAAIKAI KATAl:KEY AI 

I 
nOAYKApnO~ XP. MIXAHAIAHt 

MnOToopn 55, KO'il-loKld - J\e;uKwoio. 

T.K. 4933 - THJ\. 34758 

-*-
KATALKEYAZONTA 

~ • BlO.\llLX\\"IK.\ YTF:TO::ltfl ,<''lOr. 
1/ 
(I 
(I 

;t F,gf i.rlU}F I /)(1)\'. 
Ch'OSvL/)IJJTlL \'H:T6\:,ITfL /)I(L (jIOltlIZfL\'i:!~ Z(LI.l.r\,T!XIIJ\' 

'!lOll f,UI}\'. ;ri.urnl%(I)\· %(Ii ii.i.i.U)\' ZljllfJF(I)\'. I~ 
~I 
~ • Of KO\O.\II K\ VTF:T(':::lTfI \'F{!OY 

II lidt %rnolz((l:;'. :loi.rzrLlOlidrl": 
./ 

'I 

:.~ 
t! 

i% 

i'~(J!.!liF;:, 
({ OI'I'(LQIL OFQIUh'UF(Il; z({i 
I'\(u\'o~lli;: \:fOTOY zrti Z!!I'O\, c'dljrt. 

~~ • :\IE,\I!:!:OK(nIlKA: 

;~
~II.. XFl!.!llxlnrrol xrl.i. iJi,FXT!!OXlVlrWI IJ.Fi,I'trS!lI'(IY','Fl:;.. 

!!LO/LWTf:;: :t},({ta(wv. T!loc~nblin~. 
Xt-QOT(XTI'~. tc."TO/.F:twTijQF;:. VTF1tli\:,LTU /Le/.LOu. 

o\:'vliniM!f£ xui iiU.u )lFi.wuoXO/LIXiL PLoT)-

r.\.\AKTOKO:\ll K.\: 
~. (~v()sd1lu)'m xa~Ctvta Ili' /LoviL il Ol:rj);, TOt;utl/L{nu. 
~i :tCt"{X(Jl ~)lU JtUSl/·.lO I'tuO-tQ'tl]\;, 

~
~~'! • )tuJ.of:tta QlfL xuU(n"/1IfL. TgoD,I'i:. 

SE\"O,\OXEUKO!: PSo:TAw.uli;:. 
1t(ry--<OI. PQ/LoglU. I'0"!!\'I';:. TgliA/,Pi:. 
iil.u a..() STAINL.ESS~-STEEL 

~ • rE\"IKA: 
l p..;rte~F!!,\,(LOlU ).,ul1ug(vu>v 
~ ·I'U}.()CLVI~E. l1ufgwv. (H,o\' /11 VOLI:. STA L"J LESS--STf.:.EL. 
~ ll-"lg()fv't~01.'. XUl.xou. 
~ X6¢1110. i.f'l'tal1u. x\:Hvllgw!J.u ).,alHLQ(vwV. 

,. 'H nEipa JAae;. TO TEXVU<O n~oawnn<o JAa~ 

• 

~I :lQf'OUQIUI1UTU TOQV?'·I1 UTCl XUl riD.p;:, Tl'XVIXP;:' PUl'no(p;:.. 

Kol 6 apTloe; tl;onAloJA6e; JAae; 
npooq>£pouv TEAEl6TnTa TWV KaTaoKEuwv JAae;. ~ 

I ~ 
~~~~>5G0~~~~~~~~~~~~~~~~3S~'~~~~~G 
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SKF The largest ufactu r I 
and II r s 

S K F is an international group with factories· in twenty countries. an international sales network, and its own 
service organisation spread around the world. 

S K F bearings are made in 8,000 basic typ~s and sizes and many thousands of variants ranging from 3mm 
to several metres in outside diameter and from a weight of 0.036 grammes to more than 6,000 Kg. There are 
S K F bl!arings which can rum at a speed of 400,000 r.p.m., and others which at low spe~d can carry loads of 
more than 2,000 tons. 

S K F research e orts strech from theory right throug:l applied mathematics by computer to manufacturing process and 
product development. To illustrate ·the degree of accuracy required we may cite the example of anyone medium 
sized bearing where' ball diametres must not d~viate more than O.boOOZin. and where errors in sphericity in one 
particular ball must not exceed 0.0000 I in. 

BALL' BEARINGS 

ROLLER BEARINGS 

CASTINGS 

MACHINE TOOLS 

TOOLS 

,v\UCHMO E 
THAN BEARI G 

TEXTILE MACHINERY 

COMPONENTS 

PLANETARY ROLLER 

SCREWS 

FLUIDICS. 

S K F Best possble service to customers 
Research and development in the S K F group is applied in three directions. The first is development of production 
technology the second is. the development of new products and. the thied 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 LEV ANT TRADING (CYPRUS) LTD. 
P. O. Box 1252 Tel. 43833 - NICOSIA-CYPRUS. 


