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WELCOMING ADDRESS 

K. REICHERT 
Director with special responsibility for coal at the Directorate-General for Energy and Euratom Safeguards 

of the Commission of the European Communities 

Ladies and gentlemen, 

It is a pleasure for me to welcome you here today 
in the name of the Commission of the European 
Communities to this special conference on Automa
tion in Coalmining' here in Luxembourg. 

Mr Spaak, my Director-General, has asked me to 
present his apologies and to give you his greetings. 
The unexpected calling of a Committee Session of 
the European Parliament to discuss energy policy 
problems has unfortunately prevented him from 
taking the chair at this opening session, as had been 
planned. 

I am very glad to welcome the members of the Coal 
Research Committee, whose counsel and aid is so 
readily given to the Commission of the European 
Communities in the field of technical research, and 
also the representatives of the 'Mines Safety 
Commission'. Both bodies are deeply interested in the 
papers we shall be hearing today and tomorrow. 

I also heartily welcome all the specialists who are in 
day-to-day contact with the problems arising in 
automating mining operation and am particularly 
pleased to see with us today a number of represen
tatives of Great Britain, a country whose coalmining 
industry has done pioneer work in automation. 

The great interest in this technique is clearly demon
strated by the attendance of experts from countries 
outside the Community, particularly from Yugoslavia, 
Canada, Austria, Poland, Rumania, Switzerland and 
Hungary. I greet them particulary warmly, and 
couple this greeting with the wish that they may feel 
themselves welcome guests in the Community circle. 

I also welcome the representatives of the mining 
industry in the fullest sense of the word, and the 
mining suppliers, the unions, the mines inspectorates, 
the professional associations and the speciahst 
press. 

I must also give a particularly warm welcome to the 
scientists, who in their activities as lecturers at the 
technical colleges and universities, as research 
workers in scientific institutes or in industry have 
— by their ideas, experiments and achievements, 
and in collaboration with the practical specialists — 
facilitated and underpinned technical progress in 
this difficult field. 

Automation in the coalmining industry is a field in 
which the European Coal and Steel Community has 
been deeply interested for more than ten years, 
having always considered it as an important supple
ment to the mechanization of mining operations. 
With this end in view, the High Authority set up 
an international committee comprising experts 
from the Community countries and from Great 
Britain. This committee became a driving force in 
the developments in this field and furthered research 
activities in connection with the automation of coal-
winning operations. Without going into the historical 
details of this technique, let me recall the first 
promising results obtained by the National Coal 
Board in England during 1963-64 at Newstead and 
Ormonde Collieries. In the recently published book 
by Lord Robens, who was for years chairman of the 
National Coal Board, we find how the ROLF system 
(Remotely-operated Longwall Faces) came into being 
and how, in spite of initial difficulties, the age of 
automated coalwinning began. We should, I think, 
express here our praise for the efforts of the British 
engineers and mining men who launched ROLF. 

After this, in 1965, the ECSC gave its financial 
support to five different research projects in the 
Community: two were in German pits in the Lower 
Rhine region, and one each in Belgium, in Lorraine 
and in Provence. The detailed results of these 
projects will be dealt with in some of the reports 
to be presented to this conference. 

Apart from these face trials, the ECSC also assisted 
developments in the field of the propagation of radio 



waves underground, to encourage their application 

for remotecontrol and supervision of mining opera

tions. Finally, reference should be made to the 

project covering the application of linear motors to 

the driving of conveyor trains, a special technique 

for automating transport. All in all, up to the end 

of 1971, the Community had made available 

3.5 million units of account for these projects; 

this is almost 10 % of the total figure of 39 million 

units of account hitherto made available for technical 

coal research. These contributions represent ap

proximately twothirds of the expenditure on each 

contract. I must also refer to the book published 

by Mr Charles Bihl, the expert on mining electrifi

cation, who has an international reputation, and 

whose publication constitutes a veritable encyclo

paedia of automation in the European coalmining 

industries and was published with the support of 

the ECSC. 

The present information conference is however 

intended to reach out beyond the work encouraged 

and supported by the ECSC, forming a sort of 

concentrated guided tour of automation techniques 

in application in mines at the moment. This has 

resulted in the division into three parts which you 

will have seen from the programme of the technical 

sessions. 

Before we hear the fourteen technical papers and see 

the two films, allow me to give a short survey of the 

state of the coalmining industry in the European 

Community. Mr Maurin, director of the Houillères 

des Cévennes, will chair the first session of the 

conference dealing with 'The mining specialist and 

automation'. This will be summarized tomorrow 

morning by Bergassessor Mr Lenhartz, General 
Commissioner of the Ruhrkohle AG, in place of 
Mr Batzel. 

'Ψ 

During the morning of 31 May, there will be three 

roundtable discussions covering the themes of the 

conference, to enable the research workers, 

technicians and designers to have a completely 

free discussion and exchange of views. 

I surely do not need to introduce individually the 

specialists who will chair the technical sessions, 

since they have been internationally known in 

mining circles for many years. I would however 

not like to close my opening address without thanking 

everyone who has contributed to preparing this 

conference. In the first place I have in mind the 

authors of the individual papers and the members 

of the organizing committee who prepared the 

programme: Messrs Maurin, Schweitzer, Olaf, 

Liégeois, Kibbeling and Mr De Greef of the 

DirectorateGeneral for Energy. The detailed organ

ization has been in the hands of the Directorate

General for 'Propagation of Knowledge' together 

with the conference department, and in the name 

of all those present I express our thanks to 

Mr Wonnerth. 

A particular expression of thanks must be made to 

the City of Luxembourg, where we once again are 

received in so friendly a fashion, a city which has 

now been so closely linked with the European Coal 

and Steel Community for 20 years. 

I now open the 'Conference on Automation in 

Coalmines' and wish you every success in your 

deliberations. 



THE PRESENT SITUATION OF THE COALMINING INDUSTRY 
IN THE EUROPEAN COMMUNITY 

K. REICHERT 
Director with special responsibility for coal at the Directorate-General for Energy and Euratom Safeguards 

of the Commission of the European Communities 

Ladies and gentlemen, 

Whoever sets out in this point in time to sketch the 
position and prospects of the coalmining industry in 
the European Community is confronted by a series 
of very different and sometimes contradictory 
facts and opinions: 

(i) on the one hand, after a period in which the 
sales position has benefited from favourable 
market conditions since 1971, there has been a 
complete re-emergence of the structural diffi
culties which have been facing the European 
coal industry for the Past 14 years; 

(ii) on the other hand, it is expected that the 
worldwide increase in primary energy demand 
will, given the availability and price conditions 
for fossil energy sources, lead to a considerable 
increase in the world level of coal output. 

How can these two observed facts be reconciled? 
At his point we cannot do without one or two 
figures. From 1967-68 the regression in the 
consumption of coal in the Community had stopped. 
The general slackening in economic activity resulted 
in 1971 in a 6.3% reduction in consumption. In 
addition, a further reduction must be expected in 
the current year. Coal will now cover only 19% of 
the demand for primary energy. 

The same trend can be seen in the production of 
coal; no damping-down occurred during the period 
of high demand, followed by a falling-off as a result 
of pit closures and short-time working. In 1972, we 
expect some 9 million tonnes coal equivalent — 6% 
less than in 1971 — to be produced. 

Nevertheless, the coal balance-sheet for 1972 will 
once again show a surplus. Coal imports will 
remain unchanged at 27 million tonnes. Pithead 
stocks will be above 25 million tonnes coal equivalent 

at the end of this year or 17% of the annual output 
(coke stocks have been converted to untreated 
coal). 

This regressive trend in the Community contrasts 
with a continued expansion of the coal market in the 
world as a whole. World coal production rose in 
1970 by 3.1% to 2.17 thousand million tonnes, and 
the estimates for the 'main producing countries 
outside Western Europe are consistently optimistic. 
As against 1970, it is expected that in the USA there 
will be until 1976 a rise in output of 2.6% per year, 
and in the Soviet Union 2.4% annually. Longer-
term growth rates up to 1980 are given as 2.7 to 3.1% 
annually for Poland, 4.8% for Australia and as much 
as 16.7% annually for Canada. 

These figures must be considered in connection with 
the trends in world energy demand and consumption. 
The majority of the published estimates envisage 
that by the year 2000 the primary energy demand 
will have been multiplied by a factor of 4. This 
will give figures of an order of magnitude such that 
they cannot be covered without an increased reliance 
on coal. This is because — according to a recently-
published report from the ECE in Geneva — coal 
represents more than nine-tenths of the present 
proven reserves of energy. This report moreover 
expects that by the turn of century 81% of the 
currently known reserves of hydrocarbons will have 
been exhausted. On the other hand, only 2% of the 
reserves of coal will have been consumed, even if we 
suppose an increased consumption of hard coal and 
brown coal from the present figure of 2.2 thousand 
million tonnes to 4.2 thousand million tonnes coal 
equivalent by the year 2000. 

One can doubt the validity of these predictions, 
above all those concerning the share of total supplies 
falling to each of the energy sources in the year 2000. 
What is of particular interest to us here is that, if we 
contrast the trends in demand and the structure of 



the energy resources, we find a high degree of 
probability that coal consumption in the world will 
increase still further. Now, how does this trend fit 
in with the observation made above that the 
Community can expect a further regressive develop
ment in the coalmining industry ? 

Let me briefly sketch the probable development of 
energy requirements in the Community. The most 
recent investigations carried out by our Energy 
Directorate-General have shown that between 1970 
and 1985 the consumption of energy in the Commu
nity will rise from 844 million tonnes coal equivalent 
to some 1.8 thousand million tonnes coal equivalent. 
In other words, the expected average rate of growth 
will be around 5.2% per year, thus corresponding in 
order of magnitude to the achievements of the 
Fifties and Sixties. 

In all probability, coal will not have a share in this 
additional rough figure of 1 000 million tonnes in 
15 years. On the contrary, we start from the 
assumption that the present energy policy thinking 
will not undergo any manned change, and that we 
must rather expect a reduction of some 50 million 
tonnes in the consumption of coal by 1985, i.e. to a 
level of 140 million tonnes of coal equivalent, which 
would correspond to no more than 8% of the con
sumption of primary energy predicted for 1985. 

These predictions, which are no doubt very disap
pointing for the mining industry, are based on 
prudence, seeing that at this moment in time only 
the steel industry and the power stations remain as 
consumers of coal and coke. The reduction of 
some 50 million tonnes consumption is expected 
in the transport, sundry industry and domestic 
sectors, i.e. sectors of consumption where solid 
fuels cannot compete with the other energy sources 
either in price or in respect of ease of handling. 

Reflections on the future market opportunities for 
Community coal can therefore be restricted to the 
two categories of coking coal and power station coal. 
What is more, the major part of the coal imported 
from third countries is also in these two categories. 
At the present moment, the quantities involved are 
some 13 million tonnes of coking coal and 10 million 
tonnes of power-station coal, i.e. 15% of the total 
amount of coal charged in coke-ovens and approxi
mately 20% of the coal consumed by the power 
stations. These two fields of application must be 
considered separately, as they are two quite indepen
dent markets characterized by differing conditions 
and different trends. 

Before this, let us take a short look at the financial 
position of the mining companies and the general 
conditions of sale of indigenous and imported coal. 
If'will be remembered that the prices of Community 
coal were markedly increased during the period of 
high economic activity of 1969-70. This did not, 
however, produce any noticeable improvement in the 
financial situation of the mining industry. This was 
because there were increases in costs — particularly 
wage increases — which were not fully covered by the 
improvements in productivity. In the period from 
1967 to the middle of 1971, e.g. the average costs 
for the total Community production rose by some 
25% to a level of approximately 22 units of account/ 
tonne. Despite the improved economic returns, the 
companies were still making losses which were not 
fully covered by the various state aids made available. 
The events in the international currency field 
during 1971 had a particularly bad effect on the 
Community coalmining industry. There cannot be 
an industrial sector in the Community which has — 
as a result of the coincidence of currency changes 
and cost increases — so dramatically shown how 
rapidly a domestic market situation, secure until 
that moment, can be shaken up. 

What does the future then hold? Will the increases 
in wages and materials costs which have already 
occurred or which are shortly expected be compen
sated for by new achievements in rationalization? 
We should not forget that mechanization of mining 
operations has reached a level beyond which it will 
be difficult to go. Nor should we overlook the fact 
that in those mining regions which have the best 
future sales prospects, there is a constantly decreasing 
potential for increasing the output per man and shift 
to any appreciable extent by negative rationalization, 
i.e. by pit closures. Reduction to a viable level of 
production, a step which has often been recommended 
somewhat prematurely and very much on a rule-of-
thumb basis, is not the proper way of enabling 
these mining areas to cope with the trend in costs. 
Consequently, new measures must be taken under
ground and at the surface to rationalize other 
sectors beside that of coalwinning, and it may be 
necessary to impose them forcibly. This, ladies 
and gentlemen, is the grave economic background of 
this conference. 

Mention has been made of the devaluation of the 
dollar and of the differing — and in some cases 
repeated — revaluations of our national currencies. 
These events have considerably improved the 
competitivity of imported coal. Other beneficial 
changes have resulted from progresses in transport 



technique — by rail or by sea — or by the privileged 
natural conditions of our overseas competitors. 
In consequence, the coal consumers of Europe have 
begun to draw upon sources of supply which — like 
Australia or Canada — were not previously accessible 
to them. The much greater geographical separation, 
the multiplicity of grades, the more favourable 
working conditions of the competitor countries are 
all so many factors which are intensifying competition 
on the European coal market and are making their 
effects felt there even in quantitative terms. If 
these new recently tapped importations become 
steady flows of imported coal, then they will soon 
be carried in large ships. According to a recently 
published report by the European Pailiament on 
seaport policy within the framework of the European 
Community the maximum economic size of freight-
carriers for dry bulk goods will, for reasons connected 
with rational loading and unloading procedures, lie 
between 85 COO and 100 000 tdw. The majority of 
the ports carrying the imports to the Community 
are either already equipped or will shortly be 
equipped to deal with consignments of this order of 
magnitude. 

This then is the starting-point for present-day 
competition between Community coal and imported 
coal. Let me now briefly touch upon the particular 
features of the markets for coking and boiler coal. 

As far as coking coal is concerned, we have carried 
out an investigation of long-term scope, in view of the 
termination of subsidies at the end of the current 
year. This report takes account of future technical 
developments and the probable level of steel produc
tion in Europe and the world, as well as the specific 
coal requirement for the coke-ovens. This shows 
that, by 1980, we can expect an additional world 
consumption of coke of 60 million tonnes, correspond
ing to a supplementary requirement of 80 million 
tonnes of coking coal. The Community steel 
industry can be expected to undergo only a slight 
rise in coke demand, but this should be balanced out 
by the reduction of demand in other sectors. All in 
all, it can be expected that approximately the same 
quantity of coal must be available for the coking 
plants in 1980 as in 1970, namely a maximum of 
92 million tonnes. 

It will in fact be possible to provide this total 
quantity, even if the production capacity in the 
Community is further reduced — a development 
which must be reckoned with if the economic returns 
of the mining companies do not improve considerably. 
However, the increasing tendency to shift the 

steel-making industry to the coast will bring about a 
restructuring of coking coal demand — several of 
which will remain constant —· to the benefit of the 
imported roal. If a competitive position for Com
munity coal remains as favourable as it is now, it 
must be expected that the requirement for imported 
coking coal to have doubled to some 28 million tonnes 
by 1980. 

But will the world market be able to supply these 
additional quantities in the long term? We believe 
that transposition of Community coal requirements 
of this order of magnitude onto the world market 
will not create any supply problems. This is the 
quantitative aspect, in respect of which it has been 
assumed that appropriate production and exporting 
capacity will have been developed in good time in the 
supplying countries. 

It is much more difficult to say anything about the 
future relative competitivity. Today the list price 
for coking coal in the Ruhr is $28.10. The cif price 
for American coal of comparable quality is $23.65 
per tonne delivered North Sea ports at this moment. 
Both in Europe and in the USA the production 
costs will rise, but it is difficult to predict by how 
much. But even more uncertain is the world 
development of prices. During the last steel boom 
there was a rise in the export price of American coal, 
which still constitutes a sort of price leader on the 
world coal market, and this price rise was much 
higher than that which had affected the average 
production costs. During the subsequent recession 
however prices were not reduced. In view of this, it 
is hardly possible to predict whether new cost 
increases will be incorporated in the price. In 
addition, it has to be remembered that the export of 
US coal lies in the hands of a very small number of 
suppliers and that sections of the Canadian and 
Australian mining industries are owned by American 
coalmining companies. Even if — from the point 
of view of costs — it must be accepted that the 
competitivity relationships between overseas and 
Community coal will hardly change in the foreseeable 
future, it is still difficult to say anything about 
trends in world market prices. This is not a good 
starting-point for the consumer of coking coal 
either. 

The last period of high demand on the steel market 
gave ample opportunity to study the short-term 
aspects of coking coal supplies. The restricted 
margin of adaptability in Community production 
was once more confirmed. As against this, the 
stocks built up during the period of weak demand 



clearly constitute an extremely welcome element in 
short-term adaptability to variations in demand 
from the steel industry. Some 25 million tonnes 
were drawn from stocks within three years, a quan
tity which could neither have been obtained from 
current production nor purchased on the world 
market in so short a time and at a reasonable price. 

Only when the stocks had been exhausted did the 
consumers turn, in 1970, to an increased extent to the 
world market. Over the world as a whole, the 
exchanges in hard coal in that single year rose by 
22 million tonnes, i.e. 15%, in the course of which 
the world market suppliers demonstrated a high 
degree of flexibility. Notwithstanding this, the 
fact that the Community supply statistics for coke 
and coal suddenly gave the names of countries such 
as Egypt, Argentine, India or Turkey as providing 
small or very small consignments, shows that the 
world market as a whole was pushed to the limit of 
its flexibility. 

All these points require serious consideration, for 
at the end of this year the Community subsidy 
arrangements for coking coal lapse and the various 
responsible bodies, including those of the new 
member countries, are confronted with the problem of 
the conditions under which the steel industry will in 
the future be supplied with coking coal and coke. 

The supply position for power-station coal is not the 
same. Power raising can make use of a complete 
range of possible energy sources; the contest is by no 
means restricted to one between Community coal 
and imported coal. A further problem is the 
uncertainty of the long-term significance of hard coal 
for power-raising purposes. In the long term, 
alternative structures of consumption are possible, 
according to whether the present deciding factors of 
costs and price are supplemented by other require
ments such as guarantee of supply or anti-pollution 
measures. 

The demand prediction made by the Directorate-
General of Energy already referred to above expects 
that, for the period 1970-1985, there will be an 
increase in primary energy requirement by the power 
stations from 193 to 535 million tonnes coal equiva
lent, i.e. a rise of 342 million tonnes coal equivalent. 
From that, it is calculated that there will be a 
difference of 113 million tonnes coal equivalent, 
which will have to be covered by coal and/or fuel 
oil. On the basis of current price relationships, this 
additional demand would be likely to go to fuel oil. 
There are, however, indications that the electricity 
supply organizations of the Community do not want 

to become over-dependent on oil. In addition to 
this, there is concern about possible pollution of the 
environment. If appropriate energy-policy steps 
were taken, this would result in the necessity to 
increase the available supply of power-station coal 
in the long term. Doubling the present quantity 
consumed — some 50 million tonnes coal equivalent 
annually — would be well within the bounds of 
possibility. 

From the general remarks which I made earlier 
about the levels of productivity and costs of overseas 
coal and also in respect of sea freight, it was clear 
that the Community coal cannot fare the price 
competition from imported coal even in the future 
without financial assistance. As far as quantities 
are concerned there would, however, be no problem. 
Energy-policy measures in favour of Community 
coal going beyond the existing subsidy system appear 
at present to be quite unlikely. 

As against this, an increase of this order of magnitude 
in the import requirements of the Community would 
undoubtedly impose on the world-market's capacity 
of supply considerably greater strains than in respect 
of coking coal. This is because, of the total volume of 
world trade amounting to approximately 100 million 
tonnes in 1971, only 20 million tonnes were power-
station coal. Thus it would first of all be necessary 
to develop new channels of supply. There are no 
fundamental technical or economic problems, but 
in this sector the basic prerequisite to encourage 
investors to take appropriate action will be the 
establishment of long-term supply contracts. 

While in the USA low-sulphur power-station coal 
seems likely to be in short supply by reason of the 
great attention being paid to environmental problems, 
South Africa, Australia and Canada can offer grades 
of coal with less than 1% sulphur. South Africa 
intends to increase its exports of boiler coal consider
ably in the second half of the seventies. The 
Australian and Canadian coalmining industries have 
compelling reasons to 'loosen up' their export 
structure, which is in each case onesided. This is 
true both geographically, since Japan is the customer 
who dominates the market, and also qualitatively, 
because the supplies purchased are primarily destined 
for the steel industry, which is so sensitive to market 
demand. 

The prospects of developing a more extensive 
import pattern for power-station coal which is at the 
same time based on an adequate geographical spread 
of sources are therefore good. Consequently, there 
would in this connection not be any special problems 
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of guarantee of supply connected with overall 
economic considerations, as is broadly the case 
with petroleum supplies. Nevertheless, the result 
would be to confront the Community with the task 
of obtaining agreement on a coal market policy 
which would ensure outlets for the boiler coal 
necessarily produced along with the coking coal. 
Even this modest objective will not be easy to 
achieve, in view of the fact that the national budgets 
are already heavily burdened with coal subsidies. 

In this context, I can really only repeat what has 
already been said many times by my predecessor, 

our good friend Oskar Schumm, who died last year, 
namely: the focal point of coal research activities 
must be to find ways and means of raising still 
further the curve of productivity of the coalmining 
industry with particular emphasis on progress in the 
organization of underground operations and the 
development of appropriate means and equipment 
In spite of the labour-intensive character of mining, 
the industry must also be viewed today as a capital-
intensive sector of industry and managed as such. 
It is for our information conference here to provide 
the proof that one of the forward steps is, in fact, an 
increased degree of automation. 
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'AUTOMATION AND THE MINE OPERATOR' 

E. MAURIN' 
Ingénieur en chef des Houillères du Centre et du Midi, des Charbonnages de France, Meyreuil 

SUMMARY 

Mechanizing means introducing machines. 

Automating means simplifying their operation or even eliminating the operator. 

The aims of automation are twofold and interlinked: productivity and safety. 

It is the mine operator who must choose the operations which are to he automated, giving 
priority to those where automation can be achieved rapidly and introduced widely. 
The mine operator must demand simplicity and robustness, but in return he must 
clearly define his objectives, leaving the technical specialists to produce the best technical 
solution. 

Trials must be carried out in a production face, in order to bring the operators and 
technical specialists together, and to inculcate a desire for rapid success, leading to a 
piece of operational material. 

Automation has various repercussions: 

(i) on the workers, since it improves their working conditions and raises their status 
by reason of the specialist training it requires, 

(ii) on the equipment, since automation can be applied only to simple and reliable 
equipment, 

(iii) on the organization preceding automation, in order to ensure that the elements 
of the problem are clearly defined; and the organization which follows automation, 
as a result of the better understanding of the phenomena which makes possible 
remote supervision telemetry. 

Whereas in the trial stage the financial problem involves a certain degree of risk, automa
tion by means of proven processes is economically viable. It constitutes an extra 
investment of no more than the order of 10%. It always results in an increase of the 
degree of utilization of the equipment of several per cent, and this gain is, by itself, 
sufficient to pay for the operation for at least a whole year. 

Automation is the solution of the future, and its economic justification will increase as 
the power of the equipment increases. The logical extension of this is the automated 
management of personnel and equipment by use of computer programmes. 

When asked to speak on the attitude of mine drop in the ocean of knowledge which all of 
operators to mining automation, my first reaction you present have acquired on this subject from 
was that the experience I have gained in our the mines for which you are yourselves respon-
Central & Southern Coalfields would be but a sible. 
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But on second thought I reckoned that the oppor
tunities we have had for developing a high degree of 
automation in our most southerly coalmines might 
perhaps equip me for talking on these problems 
with reasonable confidence. 

I therefore duly accepted, secure in the knowledge 
that though some of you may think my confidence 
exaggerated you will surely grant me that indulgence 
which you so often kindly extend to us from the 
South of France. 

Let us first define what we mean by 'automation'. 
To do this we need merely differentiate between 
'mechanization' and 'automation'. 

(a) To mechanize is to introduce machines. 
(b) To automate is firstly to simplify control of those 

machines, secondly to provide for their remote 
control and finally to dispense with human 
operators. 

Automation thus includes all devices for data 
acquisition, logical elements for translating data into 
operating orders, telecontrols, remote supervision, 
data transmission and telecommunications. 

Having thus established the prime definition, I now 
propose to discuss the following aspects: 

(i) the mine operator's aims, 
(ii) the scope of automation and the mine operator's 

choices, 
(iii) the mine operator's requirements and 

difficulties, 
(iv) the repercussions of automation, and finally 
(v) the profitability of automation. 

1. WHAT ARE THE MINE OPERATOR'S 
AIMS? 

These are many and varied, but any desire for auto
mation is necessarily born of a concern for safety and 
the quest for productivity. These two notions 
are always present in varying degree and, far from 
being mutually exclusive, are in fact complementary. 

Taking extremes, it is trae to say that any project 
launched purely on grounds of safety will nearly 
always boost productivity as a side effect, while 
those aimed solely at raising productivity will 
usually bring concomitant improvements in safety. 

Remote methanometry has certainly helped to raise 
production at the coal-face while, by the fact of 
removing operators away from the working area, 

or even from the underground workings as a whole, 
remote control makes a major contribution to safety. 

When it is a question of safety, the mine operator is 
never in two minds about it. 

When it is a question of productive, the cry is 
always profitability. 

When automation allows the elimination of one or 
more jobs, the costing exercise readily shows the gain. 
However, it may well be that an automation project 
does not reduce staff and may even require, say, a 
craftsman being replaced by an electrician. But 
this should not be allowed to damn it, for there are 
two good reasons in favour: the first is an increase in 
the degree of utilization of the machine that is 
automated; the second the reduction of physical 
effort, allowing an older man to hold down the job. 
The ageing of our personnel is a fundamental incen
tive to automation. It is obviously easier to train 
a worker who is past his prime than to give him back 
the physical stamina he had at the age of 30. 

2. THE SCOPE OF AUTOMATION AND 
THE MINE OPERATOR'S CHOICES 

Many more operations can be automated than is 
generally supposed. From the simplest to the most 
complex, the benefit from automating them is great. 

2 . 1 . Simple operations like supervising conveyor 
belts are well worth considering, since elementary 
automation immediately allows the belt watchers 
to be dispensed with. 

2.2. Complex operations, where the operator must 
watch numerous parameters and make rapid deci
sions, are extremely attractive targets and their 
automation often produces spectacular results. This 
is the special field for safety and control circuitry. 
The scope is a wide one, ranging from tiny logic 
elements replacing human judgement and reflexes 
in relatively simple operations, such as adjusting the 
thrust of a plough to the profile of the coal-face, up 
to optimization computers employed e.g. to adjust 
automatically the performance of the main venti
lating fan. 

2 .3 . Between these two extremes is a vast field of 
application to which telecommunications will be the 
clue that guides us throughout the course of this 
conference. 

It is from this wide field that the mine operator must 
make his choice. 
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2.4. It is difficult to give general criteria of selection, 
since this will essentially be conditioned by the 
nature and structure of the mine concerned. Still, 
it is fair to say that apart from safety problems 
which must of course have priority, preference 
should best be given to: 

(i) applications that can be achieved quickly, 
(ii) applications that can be easily put into general 

use and finally, 
(iii) it is always a moot point to what extent, 

operations away from the face should be con
sidered. It is here that most progress remains 
to be made. 

3. THE MINE OPERATOR'S REQUIRE
MENTS 

Having made his choice, the mine operator must be 
the sponsor and mainspring of the project, and as 
such exact the highest quality in its execution. 

He must be able to be sure of good results. 
Reliability will best be ensured if he imposes two 
conditions: 

3 .1 . First and foremost: robust construction of the 
equipment. By reason of the arduous and — because 
of the constant movement — variable conditions to 
which mining installations must stand up, this is an 
essential prerequisite to success. It will often be a 
question of price. The mine operator must contrive 
to afford it. 

3.2. Secondly: simplicity of systems. This is more 
difficult to obtain. 

(i) At the very start, when outlining the project, the 
mine operator must state clearly and simply 
exactly what his aim is. 

(ii) In the study stage, mine operators and technical 
experts must combine to eliminate unnecessary 
variables that the excessive striving for per
fection will tend to wish to include. 

(iii) it is always a moot point to what extent 
be at pains to devise the simplest technical 
solution possible. 

4. THE MINE OPERATOR'S DIFFICULTIES 

But the mine operator's strict requirements also 
involve him in difficulties. First of all the inevitable 
period of trials and teething troubles. If this is 

prolonged, all concerned may begin to lose heart, 
and in any case it will often prove costly as regards 
both capital outlay for the automation systems 
tfiemselves, and loss of production due to 
inadequacies or breakdowns. 

This trial period presents the mine operator with two 
main problems: 

4 . 1 . The financial problem and the risk which 
it implies 

The mine operator must find the money, but can 
only wager on the profitability. 

At this stage of a new idea or line of research it is 
often quite impossible to prove to the holders of the 
purse-strings that the project is economically viable. 
One must not only take a chance on the outcome 
proving successful, but also evaluate the potential 
development of the process in its final form, in the 
event of it being successful. It is very seldom that 
a single application will suffice to cover the costs of 
the first operational model. 

The mine operator can, if he wishes, carry the risk on 
his prime cost in the case of minor projects; where 
these are more ambitious he will often need outside 
assistance. Here mine operators must pay just 
tribute to the efficient aid of the ECSC in this field 
of support to research. 

In neither case must the mine operator suffer a loss. 
One setback can always be laughed off, but two or 
three in a row may well stop the flow of funds. 
This is another aspect of the problem of choice to 
which we have already referred. 

4.2. The trial face 

The second problem is that of selecting the face for 
the trials. While it was not exactly a bone of 
contention, there was a time when mine operators 
wavered between carrying out trials on a special face 
not essential for production and carrying them out 
on an essential production face. 

The first approach, inspired by prudence, actually 
proved anything but economical since it meant 
tying up equipment and labour which were often 
used unproductively. Moreover, less attention is 
undoubtedly paid to secondary workings than to 
main production faces. 

Consequently, it is the second method that seems to 
hold the field at present. It is becoming more and 
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more apparent that better results are achieved on a 
genuine working face. There the exigencies of 
production continuously serve to highlight the 
importance of automation and the overriding need to 
get the trials completed as a matter of urgency, and, 
at the same time, the trials are conducted in the 
actual conditions which the experimental equipment 
will eventually have to meet. 

This is indeed the only effective way of getting mine 
operators and specialists together. 

On a special trials face, the experts are working in a 
watertight compartment, as it were, where they are 
prone to lose contact with reality in the delightful 
pursuit of theory. Against this, the mine operators 
take little interest in what is going on at the trials 
face, preferring to devote their undivided attention 
to production operations. 

4 .3 . Project planning 

The mine operator should not confine himself to 
choosing the targets for automation and the site 
for the trials, he must also participate in the project 
design stage. Here he will allot himself a watching 
brief, leaving the experts to get on with their job of 
investigating the various possible technical solutions, 
and confining himself to ensuring that the project 
is planned thoroughly and that estimates are pre
pared. The choice will finally be made with due 
regard to the pros and cons of the various methods, 
operating conditions, desirable standardization of 
materials and the price he is prepared to pay. 

(ii) partial success and the resultant temptation to 
rest on one's laurels. 

This must be resisted. It is essential to press on and 
the mine operator must insist accordingly. 

The second hurdle is the change-over from experi
mental to operational equipment. 'Hook-ups', 
admissible during tests, must be removed and 
replaced by reliable permanent equipment. Not 
until then will the mine operator's responsibility be 
fulfilled. 

Finally, there is the general application · of the 
results obtained. This is the mine operator's job to 
decide. Before committing himself he must 
carefully examine, in consultation with the technical 
experts, how the equipment can be further strength
ened and simplified in the light of experience gained. 

These two cardinal prerequisites — robustness and 
simplicity — which governed the first experimental 
project, are even more important when it comes to 
generalizing the application of the equipment. It is 
the initial choice that decides the future prospects. 

5. THE 'TECHNICAL FALL-OUT' FROM 
AUTOMATION 

We have seen what the mine operator's aims should 
be and how he should set about automating mining 
operations. Let us now examine the various 
bonuses that accrue from automation or, in other 
words, the 'technical fall-out' it provides. 

4.4. The conduct of the trials and their 
outcome 

We now imagine ourselves at the point where auto
mation trials are in progress. While the mine 
operator will not be so deeply concerned in the 
details of perfecting the various systems he must, 
as always, be the moving force. He must attentively 
follow the progress of the trials, take stock periodi
cally and see to it that the guiding lines are main
tained or modified in the light of results obtained. 

I should here stress the obstacles that the mine 
operator must be at particular pains to surmount. 

The first is risk of premature termination from two 
directly opposite causes. These are 

(i) snags. Determination and a little ingenuity 
will as often as not claer them out of the way; 

5 .1 . Repercussions on personnel 

There are a number of factors that contribute to 
further advancement of personnel and to the raising 
of professional qualifications, first and foremost by 
eliminating a certain number of unskilled j obs. Quite 
apart from the prospects of advancement, implicit 
in this recategorization of jobs, it must be remem
bered that there is a great dearth of such unskilled 
labour in Europe today and it has to be imported 
from elsewhere. 

Then it goes without saying that the personnel 
charged with maintenance, assembly and installation 
of automated equipment must needs be suitably 
trained. A corollary of automation is thus to 
create a stream of professional training within the 
mining concerns which helps to raise standards and 
qualifications. 
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Finally, an improvement in social climate is often 
apparent. One reason for this is undoubtedly the 
institution of training courses and the opportunities 
which they give for the industrial staff and the 
higher echelons of the non-industrial staff to get to 
know each other better. The other and equally 
cogent reason is that the work becomes less arduous 
and tends to foster pride in achievement. 
Performance is now the watchword, and recrimi
nation takes a back seat. 

The fact is that having control of automated equip
ment gives the operator a wider outlook through 
having to juggle with several different parameters. 
This brings him a greater sense of achievement 
instead of feeling himself a mere cog in the production 
process, as he would when carrying out one single 
task on a non-automated machine. Control of 
an automated installation brings the same feeling of 
power that the psychologists say is given by driving 
a car, and one cannot deny that the car syndrome is 
a manifest sign of the social evolution that has come 
to pass in recent years. 

5.2. Technical fall-out in respect of equipment 

There are also repercussions on the equipment that 
is automated. This is the indirect contribution of 
automation to mechanization. 

In effect, the reliability of automated systems 
necessarily implies a like reliability of mechanical 
systems and generally results in improved equipment 
as regards robustness and increased power ratings, 
not to mention simplicity. 

You will, I am sure, excuse me if I illustrate my 
argument with an example from Provence, in this 
case automation of roof support. 

After starting to mechanize our support systems in 
1957 by the introduction of four-leg support units, 
we felt that they should best be automated. The 
then current hydraulic sequence automation that 
we adopted did not prove too satisfactory and we 
decided that electric automation would probably 
give better results. But in fact it failed to do 
so. We eventually found that the fault lay not in 
the automation itself but in the general design of the 
support units. We therefore sought to simplify the 
support design, the outcome of which was develop
ment of support units with elongated roof-bars. The 
original hydraulic sequence automation controlled 
this new type of support unit entirely satisfactorily. 
At present we are equipping all our faces with these 

new support units with subsequent automation in 
mind. The support unit with elongated roof-bar, 
whose merits are not confined to suitability for 
automation, is the finest example of technical 
fall-out from the automation of support systems. 

I .could quote many examples of improvements in 
the« field of hydraulics directly stemming from 
automation — improvements in non-flammable 
hydraulic fluids, valves, jacks, hoses, couplings and 
so. forth. But I do not want to expatiate too much 
on hydraulics for fear of eclipsing the field of tele
metry and telecommunications. After all, it is to 
the desire for remote control that we owe all the 
processes now available to us for use in the various 
automation sectors, such as speech communication 
at the coal-face, personnel location systems under
ground telephone networks, etc. 

5.3. Repercussions on organization 

I shall conclude our review of repercussions with 
a glance at the organizational sphere, where their 
influence is very marked. One might even talk of 
interaction, since organization is at once the precursor 
and logical sequel of automation. That it is the 
precursor goes without saying; how could one 
possibly automate an operation, system or working 
district that has not been properly analyzed and 
organized beforehand? As I mentioned earlier on, 
the mine operator must outline his project simply 
and concisely at the very start. This he could not 
do without some previous organization, however 
elementary. 

And a logical sequel too, since facilities for remote 
control remote supervision — and I am here referring 
to pit control centres — offer an effective organiza
tional facility which, if he knows how to use it to 
advantage, will bring the mine operator lower 
production costs through exact knowledge of all 
phenomena, a better degree of utilization of all 
machinery and better adaptation of men to jobs. 

6. The profitability of automation 

As you have no doubt remarked, I have so far been 
essentially concerned with the mine operator in his 
quest for new automated processes. At this stage 
the problem of finance is still in the lap of the gods. 
The uncertainty of the results and the production 
losses occasioned by the trials may well make those 
who are responsible hesitate. 
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But the situation is altogether different when the 
intention is to automate an installation by means 
of proven methods. This is an investment problem 
pure and simple, and not a question of financing 
research. 

The extra expense for the automation equipment 
proper seldom exceeds 10% of the total capital cost. 

A modern manually controlled winning installation 
with a capacity of 800 t/h will cost about 
3 million French francs. It can be automated for 
Ffr. 320 000. A manually-operated support unit 
with elongated roof-bar costs Ffr. 32 000 and an 
automatic one Ffr. 36 000. 

A face with an output of 3 000 t/day represents an 
investment of Ffr. 5 500 000, including Ffr. 600 000 
for automation of supports, plough, armoured 
flexible conveyor, speech communication at the face 
and data transmission to the pit control centre on 
the surface. 

1 could quote examples ad infinitum. 

From this modest capital investment, one always 
gets an improved degree of utilization of the 
machines, so that the outlay very soon pays for 
itself. 

Let us take the case of winding installations, 
whose automation is a universally-accepted thing. 
Although the engineman has been retained in 
nearly every case, at least 5% has always been gained 
on utilization of the winding shaft; for an output 
of 800 t/h, this means that 500 tonnes more a day 
can be wound. 

At marginal production cost, it suffices to produre 
this extra 500 t/day for 15-20 days to pay off the 
expense of automation. And what winding shaft, 
however nicely calculated, has not had occasion to 
hoist a peak output from the faces on 15 days in 
the year? Statistically speaking, amortization will 
take a year at most. 

Automation of a longwall face costs Ffr. 600 000. 
At marginal production cost, a total of 12 C00 tonnes 
suffices for amortization; this represents a gain of 
2-3% in the degree of utilization of the various 
component devices, given a daily production of 
2 500-3 000 tonnes. Actually, gains of 15-20% 
have been recorded. 

One could adduce a host of such examples. For 
instance, a radio link along a main rail haulage track 

will have paid for itself as soon as it has carried two 
heavy extra trains; automatic monitoring of a series 
of conveyors is less expensive than a belt breakage, 
and so on, and so forth. 

To sum up, I feel we can generalize thus: 

Automated systems represent a minimal extra 
investment. The cost is unaffected by the power 
rating of the machine to be automated. In fact 
the cost of automating a winning machine with a 
capacity of 100 t/h is much the same as that for 
a 1 000 t/h machine. But, the greater the capacity, 
the more quickly is profitability achieved. Thus, 
these two phenomena go hand in hand. The more 
we aim to increase the production per unit, the 
more automation-minded we ought to be. 

7. FUTURE PROSPECTS 

In our profession, more than in others maybe, we 
have got to be down-to-earth realists. But this need 
to keep our feet on the ground must not be allowed 
to stop us from putting our head in the clouds. 
And who among us has not dreamt of achievements 
that but a short while ago he would have put out 
of his mind as impracticable? Automation is the 
open sesame that can make these dreams come true. 
Now in 1972 it is no longer unrealistic to imagine 
a mine simplified, organized and remotely controlled, 
a mine where the majority of major operations 
would be controlled from a surface control centre. 
And then a fresh dream would take shape, for this 
ideal mine could furthermore be automated. Its 
management should be made automatic. Assign
ment of the smaller and very highly specialized staff, 
planning of operations involving fast rates of face 
advance or where various phases of the work are 
complexly interrelated, these too are tasks which can 
no longer be left solely to the common sense of the 
managerial and supervisory staffs. Such matters 
of strategy must very soon be entrusted to a 
computer. 

These dreams will no doubt be to-morrow's realities, 
but in our profession the word 'future' no longer 
means the same as it does elsewhere. Time is not 
on our side, and we need to hustle. Maybe automa
tion will enable us to postpone the inevitable, even 
with the coalmining industry in recession, but we 
cannot really expect it to erase the writing on the 
wall. 
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DISCUSSION 

LIEGEOIS 

What are the chances of applying automation to 
man-riding in the Community's modern collieries? 

I am thinkiug paiticularly of: 

(i) shaft cages in staple shafts; 
(ii) automatic trains between neighbouring pits; 
(iii) monorails. 

What is holding up development of applications of 
remote control or automation in this field ? 

MAURIN 

Automation of personnel conveyance is a matter of 
faith. 

Now that automated winning machines for the actual 
products of mining have been operating for years, 
automated conveyance of personnel has finally been 
judged acceptable too, although the principle has 
been applied as a matter of course for over 20 years 
in lifts in office and other buildings. 

In the case of new machines, such as trains or 
monorails, we must first ensure that they can be 
operated 'manually' with complete safety. Then, 
if thoroughly reliable signalling equipment is in
stalled, there is no reason why they should not be 
operated automatically. But all depends on how 
far we can rely on the machine itself and the signalling 
equipment. The only obstacles are the absence, as 
yet, of fully reliable signalling equipment and of 
techniques to ensure faultless maintenance of the 
installation as a whole. 

PROUST 

Mr Proust, like Mr Reichert, congratulated Mr Maurin 
on the quality of his paper and on his leading part 
in developing the automated face in Provence, and 
on his courage, as the person responsible for pro
duction in this colliery, in tackling this development 
which seemed likely, in its initial phase, to lead to a 
drop in production. 

But in his paper Mr Maurin did not refer to a para
meter which would probably have contributed to 
the decision to automate: the quality of the seam. 
What did Mr Maurin think about this, in the fields 
of automation in the face, and outside the face ? 

MAURIN 

The seam affects mechanization more than autom
ation. If the conditions are sufficient for mechaniza
tion, there is no reason for not automating. 
However, in difficult conditions it must be admitted 
from the start that in certain cases, it will be 
necessary to have the option of going back 
temporarily to manual working. 

The problem is the same in the face and outside the 
face. However, it is in the latter case that there is 
the biggest incentive for automating. In a roadway 
in poor condition, automation of conveyors remains 
possible, and gives a good opportunity for super-

CRAVIOTTO 

The rapporteur claimed that automation meant 
greater security and thus greater productivity, 
greater output and less manpower requirements. 

The minutes of the Luxembourg meeting on 
'Adaptation in the working environment' (16-17 Feb
ruary 1971) state that automation does not always 
mean a reduction in fatigue, and particularly in the 
psychological strain imposed on the miner. The 
minutes of this meeting constantly quote the 
problem of older workers who are unable to cope 
with the greater psychological demands made of 
them as a result of automation. 

If the question is pertinent, I should like to ask the 
rapporteur's opinion on the possibility of coordinating 
automation and the worker's output, particularly as 
far as health and accident prevention are concerned. 
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MAURIN 

It is certain that automated systems improve safety; 
methanometry allows an improved knowledge of the 
mine atmosphere. The operator of an automatic 
machine is not under great psychological stress. He 
is less under stress than the operator of a non-
automatic machine. But certainly the adaptation 
of personnel to operating automatic machines gives 
rise to a problem which is a matter of training. 
Altogether, the personnel benefits both from the 
point of view of physical effort and of safety, without 
increasing psychological dependence. 

BROMOWICZ 

'Automation in Mining as an Element in Professional 
Training' prompts me to tell you of our experience 
in the Cracow Mining Academy: 

At the Mines Planning and Construction Institute 
forming part of the Stanislav Staszic Academy of 
Mines and Steelmaking in Cracow (Poland), we have 
set up a centre for the control of mining operations, 
used to train engineers and act as a research tool. 

During their course on 'Organization and Management 
of Mining Operations', the students carry out a 
series of simulation games which represent the 
production process and technological stages involved 
in mining. The overall concept of this centre and 
the associated laboratory is based on principles 
and accepted solutions as applied in the industry. 
Certain of these processes are imitated on a so-called 
simulator table which we use for our scientific and 
teaching work. Information from this table is 
transmitted electronically to a neighbouring room 
housing the receivers which are loosely called 
'despatchers'. A synoptic panel here displays 
'yes' and 'no' states: a lamp indicates that a particular 
machine is operating. 

The control or datum points are spread right through 
the mine and the various districts. All equipment 
operates completely automatically, thus, e.g. the 

haulage arrangements operate on the PL-10 Rp 
system. These systems allow failure of the various 
pieces of equipment to be simulated, together with 
prompt corrective action by the despatcher. In 
addition to this the ventilating shaft is equipped 
with a series of datum points for checking parameters 
governing mine safety or fan operation, involving 
continuous measurement of CH4, CO2 and CO, and 
the functioning of the fan is monitored. 

Another piece of basic equipment is the despatcher's 
console which has three block circuits: one for 
telephone link and loudspeaker units, a second 
block with electronic cassette for continuous measure
ments, and a third for central recording and EPD 
in association with an MKJ-25 mini-computer. 

This MKJ-25 is a universal computer especially 
suited for production process control. The system 
is so designed as to allow comprehensive programming 
of defined areas of the operation. The system is 
capable of controlling mining operations and also 
calculating design problems or solving purely 
scientific problems. 

Programming of this machine is versatile. Setting 
up the programme is by way of an assembly language 
and actual control language. The assembly facility 
makes it possible to write an alphabet code programme 
in which the translator records each example twice 
over: 

(i) direct transmission into the machine memory, 
and 

(ii) indirect transmission onto the binary strips. 

Remote control was provided by coupling up the 
mine teleprinters and the pit-located camera con
trolled by the despatcher. This made it possible 
to monitor critical locations underground and take 
into account information coming in from outside 
which is an essential factor in management decision 
making. 

Reasoned decisions based on comprehensive, ob
jective and up-to-the-minute information and data 
are an important aspect of our teaching and scientific 
work in the Institute. 
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FIRST TECHNICAL SESSION 

ANDERHEGGEN (Chairman) 

Ladies and Gentlemen, 

Monsieur Maurin defined the concepts of mechan
ization and automation in his Opening Address this 
morning. If I might repeat his definitions, mechan
ization is concerned with the introduction of machines 
to ease the miner's burden and to counter the 
difficulty of obtaining labour, whereas automation 
facilitates the operation and control of these machines, 
and ultimately releases the remaining members of 
the labour team. As the boundary line between 
mechanization and automation has recently become 
somewhat flexible, it is perhaps useful to identify 
the differences by a short retrospective look at the 
beginnings of automation — something I know well 
from the time I was Director of Friedrich Heinrich 
Colliery. 

Once we had developed the plough to maturity — 
some 20 years ago, in fact — and so laid the 
foundation for successful face mechanization, we 
made a tentative start with automation in a totally 
different part of the mine, namely in the pit bottom 
and with the main road haulage. During the 
drivage and equipment of a new horizon we had 
decided to use an underground signal box for haulage 
supervision around the pit bottom. 

The state of the art at that time restricted us to a 
semi-mechanical system, known as a one-row lever 
box. This system proved inadequate after only a 
few years so that in 1958 an entirely new layout 
had to be planned and ordered, based this time 
on what was then the completely new press-button 
principle, later adopted for all new boxes both in 
the German Federal Railways and in all other 
underground signal layouts. This box could handle 
a train in the vicinity of the pit bottom every two 
minutes. 

However, as a central control point only makes 
sense when supplied with sufficient information 
about and contact with the component elements 
of the haulage scheme, we started in 1951 to develop 
locomotive radio at Friedrich Heinrich. I myself 

brought the first sets back from the States. Together 
with Siemens and Professor Esau from the German 
Experimental Aviation Institute, a name familiar 
to an earlier generation of electronics engineers, we 
then developed to operational readiness a system 
using the overhead conductor wire system as a 
carrier. At that time the only possibility was 
transmission of speech by a high-frequency wave
guide system, as propagation of electromagnetic 
waves even in generously-dimensioned roads and 
shafts was extremely difficult. 

Not until later, in fact after about 1955, did we at 
Friedrich Heinrich dare to adopt this system in the 
face itself, just where fast reliable information was 
at a premium, but also where rugged working 
conditions were coupled with extremely severe 
wave attenuation problems. Once again, assisted 
by Professor Esau, we solved the principles sur
rounding the inductive transmission of waves via 
fixed lines. After a prototype face radio unit had 
been developed, the Steinkohlenbergbauverein in 
Essen took the project over and developed the 
equipment for operational use. 

Further problems resulted from this, including the 
need for transmission not only of speech but also 
of measurements or report signals from various 
areas underground back to a central control. 
Admittedly we at Friedrich Heinrich chose the 
simple fixed carrier-line transmission principle for 
our electrical ventilation monitoring system, com
bining CH4, CO and airflow rate supervision and the 
cutting-out of machines in the event of CH4 con
centrations but the underground radio system also 
provides ample scope for use for this purpose. 

Ladies and Gentlemen, it is to these developments 
in the use of radio underground that the first 
technical session of this Conference is devoted. 
Just why is so much importance attached to radio 
underground to-day? Reliable transmission of 
information from — often independent — telephone 
points increases in importance as the use of mechaniz
ation and automation is extended. The present 
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state of communications underground is a logical 
development from hammer-blow signals and signal
ling by means of the lighting equipment, leading 
through far-ranging telephone networks to radio 
communication and the use of radio for remote 
control. Depending on the needs of the particular 
colliery therefore, all these procedures are available 
and are frequently operationally complementary. 
It is true to say that the establishment of radio 
communication is an essential pre-condition for 
progressive automation, which forms the subject 
of the papers this morning. These problems can 
be solved in a number of ways, and therefore it is 

not surprising that Belgium and Britain have gone 
one way and France and West Germany have 
followed a different course. We shall hear this 

«morriing the results of these projects, in part, as we 
acknowledge gratefully, with financial assistance 
provided by the ECSC. AU this, ladies and 
gentlemen, by way of preamble at the suggestion 
of the organizers in the light of my experience at 
Friedrich Heinrich Colliery. I seek only your 
indulgence for my retrospective appraisal of the 
beginnings of what has proved to be a valuable line 
of development of which we are proud — the 
consequences of which will be laid before us today. 
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TE LECOMMUNICATIONS UNDERGROUND 

R. LIEGEOIS 
Institut national des industries extractives (INIEX), Liège 

SUMMARY 

It has been found possible to concentrate a magnetic field in mining excavations and to 
guide the waves along wave-carriers set in the roadways. The single-wire line is 
characterized by an intense radiation of energy, which results in considerable attenuation 
of the signal. 

It has recently become possible to cause artificial changes of mode in a twin-wire line, i.e. 
to adjust as it were the attenuation along the line so as to obtain optimum efficiency 
(INIEX ¡Deryck-De Key ser system). 

By putting a loop into the resonance, it would seem that it is possible to achieve ranges 
of from 5 to 10 kilometres without amplification (INIEX/Dubois system). 

In all cases where it is required to transmit messages over very long distances, use will be 
made of a coaxial cable into which are inserted capturing devices which focus a large 
part of the signal on the internal conductor (INIEX¡Delogne system). 

Waveguide cables for carrying speech are also suitable for transmitting measurement 
values, signals and commands. 

1. INTRODUCTION 

Telecommunications have assumed considerable 
importance in all sectors of production and service 
industries, and in leisure activities. Radio communi
cation has become general in surface industries and 
in all land, water and aerospace transport systems. 
Man is travelling to an ever-increasing extent. 
For certain individuals, the 'personal bleeper' or 
portable R/T set has become indispensable. 

In the underground mines of Western Europe, the 
colliery telephone network forms the most widely-
used system of telecommunication. Radio is not 
widely employed as yet. Progress towards this 
stage is being made naturally, with the advance of 
mechanization. 
There was a time when the supply of workers was 
abundant and when the cost per tonne of coal was 
way below the selling price per tonne. At that 

time, the working districts were operated by small 
independent groups of handworkers set at intervals 
along the coalface. In the roadway serving the 
face, a large number of men were occupied with the 
outward haulage of the coal or the inward haulage 
of materials. What is more, the men were generally 
recruited in the immediate vicinity of the mine, and 
spoke the same language and knew each other quite 
well. In working conditions like these, it was not 
necessary to transmit many messages. If necessary, 
messages were passed verbally or by a man acting 
as a runner. 

Subsequently, use was made pretty widely of the 
bell-pull cord, then of signalling lamps and, as a 
supplementary means of signalling, of taps on the 
compressed-air pipes. As the roadways were driven 
at deeper levels and became longer and longer, the 
telephone became essential. To this day it is still 
the basic underground telecommunication system. 
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Intrinsically-safe sound-powered telephones have 
certainly contributed greatly to smooth operations 
in pits which are still operating. In the most 
modern pits, no one would think any longei of 
setting up a longwall face without including not 
only a telephone at the top and bottom of the face 
itself, but also loudspeaker phones in the face, with 
microphone sockets, or using a different system, a 
special telephone cable to which men in the face can 
attach a handset by means of 'pricker' contactors. 

In the network of main haulage roads, the locomotives 
are fitted with radio telephones which enable the 
drivers to remain in constant communication with 
the despatching centre. 

Installation of a radio telephone in the cage itself 
or on top of the cage makes it possible for the 
winding-engine operator to keep in touch when the 
cage is stopped in the shaft for repair work or for 
inspection. Sometimes, use is made of walkie-talkie 
sets. 

Very many attempts have been made to extend the 
use of walkie-talkies over the mine as a whole, but 
to date they have all failed for reasons which we 
shall indicate later. One main reason is that the 
radio waves are very rapidly absorbed in the rocks; 
as a result the range of the transmitters is reduced 
to a few tens of metres in main roadways and to 
a few metres in sites with the least favourable 
conditions for wave propagation. 

We shall indicate the efforts made to extend radio 
applications in the mine, in particular with the 
financial assistance of the European Coal and Steel 
Community. It is already possible to talk of a 
few pioneer achievements in the field of tele
communications in the face, direct link control of 
winning machines and automatic operation of trains. 

We particularly wish to emphasize that the new 
impulse recently given to research into telecom
munication systems is a result of the concern of the 
organizing authorities to increase the safety of 
mineworkers, and to ensure the best conditions 
of survival and rescue in the event of the workers 
being trapped as a result of a fall of ground. 

2. TELECOMMUNICATIONS THROUGH 
THE GROUND 

Major advances have been made in recent years in 
the techniques of rescuing miners who have acci
dentally been cut off. It has on several occasions 
been possible to save lives by means of large-

diameter boreholes through which the miners were 
first of all supplied and then rescued. But it is 
necessary to locate the trapped men sufficiently 
precisely to indicate where to drill the borehole; 
moreover, before he is rescued or fed, a trapped 
miner feels half-saved once he is in contact with 
his rescuers. 

€ 

The idea of using the rock itself as a conductor of 
signals is very old. In the First World War, soldiers 
used this method for communicating from one trench 
to another, but the efficiency of the system was 
unfortunately very low. 

Professor Gabillard carried out some experiments 
several years ago with signals emitted from a 
thyratron operating on a 7 000 volt supply and 
injecting discharges of 1.6 X 10~4 coulombs at 
four-second intervals. Using certain hypotheses, in 
particular supposing the subsoil to be homogeneous, 
Professor Gabillard was at pains to find formulae 
expressing the components of the electric field so 
created. 

The same research worker carried out experiments 
with transmissions of low frequency (200 Hz to 
5 kHz), obtaining transmissions over a distance of 
4 km with a 1 kW transmitter, by utilizing what 
he called the 'sandwich effect'. This is a very 
special case where the antennae are embedded in a 
stratum of rock of low conductivity, this bed being 
surrounded by two thick sedimentary deposits of 
high conductivity. 

In the mines of the Consolidation Coal Company 
(USA) it has been possible to obtain communication 
between the surface and workers underground. At 
the surface there is a 200 W transmitter and two 
electrodes fixed at points 800 m apart. Below 
ground there are two more electrodes, vertically 
underneath those at the surface and at a maximum 
depth of a few hundred feet. 

The US Bureau of Mines in February 1970 requested 
the Westinghouse Company to study an emergency 
communication system for the location of trapped 
miners. Two solutions were proposed in July 1971: 
seismic communications and through-the-rock radio 
communications. 

The seismic communication system was based on the 
use of geophones, a large number of which are laid 
out on the ground; the vibrations they pick up are 
analysed by computer. 

This system is liable to interference from a large 
number of disturbances caused by working operations 
or neighbouring activities, so that the 'tapping' 
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of the miners can go undetected. Moreover, because 
of the heterogeneity of the ground and the degree 
of fissurung caused by working, it is difficult to 
locate the trapped miners with any degree of 
accuracy. 

The system employing radiophonie signals to 
communicate through the rock is based on the 
capacity of long waves to propagate themselves 
through the rocks for a certain distance. It is 
assumed that each miner is provided with a miniature 
receiver, supplied from the cap-lamp battery, fitted 
with a ferrite antenna and an earphone. The miner 
listens to the instructions transmitted from the 
surface and is supposed to move towards a pre
fabricated shelter where he has available to him a 
special transmitter enabling him to send to the 
surface six different coded messages: 'yes', 'no', 
'don't know', 'please repeat', 'good', 'bad'. 

The systems for transmitting musical or radiophonie 
waves through the ground still have the following 
disadvantages: 

(i) The propagation of the waves depends to a 
marked extent on the nature of the rocks and, 
in particular, on their porosity and the charac
teristics of the liquids with which they are 
impregnated. 

(ii) In many deposits, the homogeneity is interrupted 
by folds or faults, or even the existence of dead 
ground, e.g. waterbearing sand. 

(iii) Working of the deposits causes fissuration and 
bed separation and creates cavities which 
remain partly unfilled, all these features being 
sources of disturbance to the transmission of 
signals. 

(iv) To create a magnetic field of any major size, 
powerful equipment laid out on the surface 
must be used with long antennae, preferably 
vertically above the point where the miners 
are situated; this is not always possible in 
built-up areas. 

(v) It is not possible to envisage providing each 
miner with a transmitter of sufficient power to 
give spoken replies, through the rock, to a man 
at the surface speaking to him; it is necessary 
to restrict communications to coded information 
from underground by means of devices situated 
at points which are not necessarily accessible 
to the trapped miner. 

In the last analysis, the research workers responsible 
for investigating the conditions in which trapped 

miners can survive all agree that transmission 
systems using propagation through the rock do not 
give a general answer to the problem. The ideal 
would be for each miner to have at his disposal a 
portable R/T set to which he is accustomed and with 
which he can call up a listening station, wherever 
he may be. 

These requirements correspond closely to what has 
been asked for to an increasing extent by the 
production engineers at the pits. 

3. RADIO IS USEFUL, EVEN INDISPENS
ABLE 

The fact that radio-transmission systems were 
initially received somewhat coolly, but are now 
arousing ever-increasing interest in the production 
departments, can be explained as follows: 

1. In modern longwall faces, the workings are 
manned by no more than a handful of men who 
cannot speak to each other because they are so 
far apart, because of the noise made by the 
machines and the muffling of their voices in the 
underground excavation; it just is not possible to 
communicate from mouth to ear. Moreover, 
every man in the team has his specific job, which 
he cannot interrupt without interfering with his 
fellow-workers, and he cannot run from one end 
of the face to the other to pass on information 
or give instructions. 

2. The shafts are getting deeper, the main roads 
are getting longer and the result is that the 
average distance between the workings and the 
surfaces is incessantly increasing. There is at 
the same time a certain degree of sectionalization 
of the winning operations, since factors such as 
the organization of the roadways, of transport etc. 
leads to situating the small number of high-
output faces or groups of faces in different 
districts, for which mobile teams provide the 
supervisory and maintenance services. 

3 . A stoppage in the coal-haulage system can have 
an adverse effect on the progress of work in the 
face and vice versa, since in modern workings 
there is an indissoluble link between all the men 
in the team. It is therefore vital that everyone 
should know exactly what everyone else is 
doing, not only when work is proceeding normally, 
but also—and above all—when there is a break
down or when a particular operation is going 
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forward. These are matters which affect the 
safety of each person and the smooth organization 
of the operations. 

4. In seeking to increase productivity, one generally 
comes down to increasing the output of the 
colliery and eliminating down-time. Since the 
current high rates of advance mean that the life 
of a face is becoming increasingly short, equip
ment has to be transferred from one working to 
another more and more frequently. It is there
fore necessary to provide the men carrying out 
these operations with the means of doing so more 
quickly. This is particularly true of the opera
tion of transferring equipment for mechanized 
longwall faces. In a general way, efforts are 
being made to shorten or eliminate stoppage 
times in ordinary operations and in special work 
such as opening-out, face installation, changing 
of shaft winding-ropes, etc. 

5. The average age of the miners is on the increase. 
Those who remain on the job in the pit should 
be provided with modern technical facilities which 
lighten their load. 

In our work, we are. in the habit of going under
ground fairly often with various types of R/T sets. 
It is rare that the advantage of carrying such a unit 
is not brought home to us. Frequently, as we are 
getting ready to leave the working after several 
hours of measurements or trials, the workmen or 
officials will approach us, asking to have the use 
of the apparatus until the end of the shift. 

The underground managers and heads of the electrical 
services underground who have had the opportunity 
of using these portable R/T sets in the mine are 
fully aware of the advantages of radio over cable-
carried communications in various instances: 

1. The freedom of movement of the users: a man 
carrying a set can be called up while travelling 
in the roadways or in the face, and conversation 
can be carried on while walking or while travelling 
on a mine cycle, a jeep or a train. 

2. The reliability of transfer of information: tele
phone networks have several weak points: 

(i) communication is cut off if there is a short 
circuit, an earth connection or a cable 
breakage; 

(ii) with fixed-location telephone sets there is a 
risk that the call bell will not be heard and 
one has to move to the phone either to reply 
or to make a call; 

(iii) if one has available a portable handset and 
a 'pricker' connector, it is possible to make 
connection with the cable to make a call, 

* but one cannot be called-up while in 
movement. 

Using a radio set, one can selectively call up 
t anybody anywhere; the messages are immediate 

and individually addressed; the information 
reaches without delay the man who needs to 
receive it; the most delicate operations can be 
asked for and carried out promptly and without 
risk; a miner cut off from the safety service or 
isolated from a rescue team remains in constant 
radio contact with his base. 

3. The low cost of installation and maintenance: in 
modern mines, the total quantity of information 
to be transmitted is very high which, if carried 
by a cable system, requires a large number of 
conductors, which may reach a total of several 
hundred, even several thousand. This results in 
a high installation cost, great difficulty in locating 
and repairing faults—which in turn gives rise 
to very long breaks in communication which can 
be very expensive in high-production faces. As 
against this, with the radiotransmission system, 
the maximum requirement is a single transmission 
cable with one or two conductors. 

Putting into the hands of a mining man a system 
as easy to use as a walkie-talkie means that one has 
to expect him to ask for radio everywhere in the pit. 
The user must however realize that radio cannot do 
everything, and that it is only one means among 
several. For his part, the manufacturer will be able 
to create a worthwhile outlet only if his apparatus 
satisfies a large number of clients, i.e. a large number 
of users. 

It would seem that radio is likely to become even 
more important underground in the mine than in 
surface industries. For safety reasons, some people 
would like to see every miner provided with a 
personal hearing-and-speech unit. In practice, at 
least in the first stage, it is reasonable to equip: 

(i) several men in each of the mechanized faces, 
(ii) men patrolling the haulage roads, 
(iii) isolated workers in roadway drivages, etc. 

It would be desirable to provide from the beginning, 
for a calling-up facility for certain of these workmen, 
wherever they may be located. They should also 
be able to reply to their interlocutor while they are 
on the move. 
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The system must operate reliably round the clock, 
being fully operational in normal work time, and be 
able to come into action in the event of a man being 
accidentally cut off. It ought to be possible to 
link certain parts of the radio network to the tele
phone system on request, unless the radio network 
itself has an extension leading to the surface. 

4. RADIO OVER SHORT DISTANCES 

Very short waves are sometimes propagated better 
in rectilinear roadways than in the free air, but the 
same waves cannot negotiate curves or obstacles 
and this considerably reduces their possible applica
tions in underground working. However, for certain 
remote-control operations, propagation over a short 
distance is sufficient, and is sometimes desirable. 
This is the case, for instance, when a winning, 
loading or haulage machine is being controlled on 
direct link. 

The French coalmines have attached considerable 
importance to being able to have remote control 
of coalcutters, using 146 MHz transmitters. In 
Germany, Siemens suggested 150 MHz equipment 
for remote control of coal-cutting machines. Mr Bihl 
refers to the existence of a Thomson-Houston remote-
control system operating on 80 MHz and used on 
a Joy loader. 

ι 
Among the applications of short-range radio we may 
refer to the electromagnetic beacons manufactured 
by firms such as General Electric, Westinghouse or 
Silec for the location or identification of mobile 
equipment. 

The Czech mines of the Ostrava-Karvin coalfield 
have developed a small transmitter incorporated in 
the miner's cap-lamp, which makes it possible to 
detect the presence of the miner at short range; the 
operating frequency lies between 700 and 900 kHz. 

In the Federal Republic of Germany, research under
taken by the Bergwerksverbanden GmbH of Essen 
and the August Viktoria Gesellschaft at Marl 
resulted in an application for a patent covering a 
device resembling the Czech apparatus, but which 
the inventors proposed to use in a most specific 
manner. At conveyor-loading or transfer points, 
a receiver capable of detecting the radio signal from 
the miner's cap-lamp will initiate the immediate 
stoppage of the motor driving the conveyor, so 
eliminating any danger to the miner. The same 
device could be installed upstream of face crushers 

or at any other place where the machinery might 
constitute a risk to the men. 

If miners have become trapped at a shallow depth 
underground and if the rescue work were long and 
difficult if carried out through existing roadways, 
use can be made of a technique consisting of driving 
a 75- to 80-mm diameter hole from the surface 
down to the cavity where the men are confined. 
This passage is used to pass medical supplies, 
victuals and a R/T set to the men. Some of the 
probes used during such operations contain a tele
vision camera, loudspeakers and microphones. 

5. RADIO WITH WAVEGUIDE LINKS 

5.1. Description of the waveguides 

At frequencies below 500 MHz— the only frequencies 
which are practically usable at present in mines 
for long-range communications—the radio waves 
are not propagated by natural means for distances 
as long as one would wish. As against this, it has 
been demonstrated that it is possible to concentrate 
a magnetic field in the mining excavations and to 
'guide' the waves along 'waveguide lines' laid out 
in the roadways. It has even been observed—and 
this is a very encouraging fact—that the radius 
of action of a transmitter can be raised from 300 m 
in ordinary conditions in the open air to more than 
2 000 m in underground roadways. This per
formance is obtained without any kind of ampli
fication by the simple intervention of the laws 
of physics, which for once in a while act in the miners' 
favour. 

Of course, cases have been known for a very long 
time of applications of radio transmission in tunnels 
over long ranges, but these are expensive installa
tions employing a large number of amplifier units, 
repeaters or frequency-changing devices, mutually 
linked by power-carrying lines and cables carrying 
instructions. 

For example, we may refer to: 

(i) the tunnel under the Hudson River, with 
30-watt amplifiers every 200 m; 

(ii) the Cascade tunnel, where the relaying amplifiers 
are set at 400 m intervals; 

(iii) the tunnel at Tokaido, with relays every 
200 m. 
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As far as possible, one would like to avoid using in 
the mines amplifiers and power-carrying cables 
because they require inspection and maintenance, 
because they are not autonomous and do not provide 
flexible service; moreover, they are expensive to 
buy and install. 

We have therefore concentrated on the investigation 
of flexible waveguide lines, which are economical 
and give a high performance. 

Certain types of waveguide line have been known 
for several decades; others have been invented quite 
recently. 

We shall begin by giving brief descriptions of these 
types of line and shall then refer to several trans
mission systems using these lines and applicable in 
underground working. 

We shall draw a distinction between waveguide 
transmission systems based on the number of 
conductors and their position in the roadway 
(Fig. 1). 

Fig. 1: A. Guidelines in roadways: 
— single wire (No. 1); 
— twin wire (No. 2, 3, 4); 
— with more than two conductors (No. 5, 6). 

We apply the term single-wire system to one which 
uses one conductor whether it consists of one or 
several strands (Fig. 1, No. 1). 

We classify the twin-conductor or twin-wire systems 
in three categories, according to the arrangement 
with: 

(i) two cables suspended on opposite walls (Fig. 1, 
No. 2); 

(ii) two conductors laid side by side (Fig. 1, No. 3); 
(iii) two coaxial conductors (Fig. 1, No. 4). 

The systems using more than two conductors can 
generally be reduced to a combination of the systems 

referred to above, possibly with the addition of an 
artificial reflecting surface (Fig. 1, Nos. 5 and 6). 

>s A single-wire system is characterized by an intense 
radiation of energy. This results in considerable 
attenuation of the signal. Nevertheless, the single-

'wire line is the simplest and least expensive, and 
gives excellent results in a large number of applica
tions (Fig. 2a). 

® ® 

Fig. 2. Single-wire cables at A; twin wires a t B. 

The twin-wire line (Fig. 2b), with two conductors 
separated by a distance equivalent to a small 
fraction of the wavelength, behaves like a single-
wire line when excited by an antenna. The currents 
running in the two conductors remain virtually in 
phase when the line is at a distance from the roadway 
walls. 

When the line is laid against one of the walls, we 
observe considerable variations in the phases and 
amplitudes of the currents running in the two 
conductors. This leads us to a new mode of pro
pagation in which the currents are dephased, which 
we shall term the 'anti-parallel mode' (Fig. 3). 

Fig. 3. 'Parallel' mode, left-hand side. 
'Anti-parallel' mode, right-hand side. 

Attenuation with a line working in the anti-parallel 
mode is markedly less than the attenuation with a 
line working in parallel or single-wire mode. This 
is the explanation for the fact that we get better 
propagation of radio waves with a twin-wire line 
laid on the ground than with a single-wire line laid 
on the ground. 
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A waveguide with two conductors side by side 

naturally loses some of its characteristics when it 

is covered with water or dust or buried, since then 

the attenuation of the antiparallel mode is increased. 

It has recently become possible to cause artificial 

changes of mode in a twinwire line, i.e. to adjust 

as it were the attenuation occurring along the line 

so as to obtain optimum efficiency. This is a 

process hitherto undescribed, whose practical poten

tial is not yet known, but which seems to be very 

promising both in respect of performance and of 

price. 

If we lay along the walls of the roadway two opposed 

parallel cables, excited on one side by a transmitter 

and connected at the other extremity, this produces 

an induction loop, such as has been used in associa

tion with transmitters operating at relatively low 

frequencies. 

The simple induction loop has the disadvantage of a 

high impedance, which results in a weak magnetic 

field. If the loop is of a length lower than one

quarter of the wavelength, its impedance may be 

considerable if the extremities are shortcircuited, 

but this advantage disappears with greater lengths 

by reason of the appearance of stationary waves. 

As has been shown, and checked experimentally, 

this advantage could nevertheless be maintained by 

replacing the bad sections by condensers (Fig. 4). 

0 20 40 60 
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100 120 140 160 180 200 mètres 

Fig. 4. Distribution of the magnetic field along pairs of wires 
installed in roadways, operating at a frequency of 
300 kHz. 

A. normal open pair A/4; 

B. truncated pair λ/8 addition of a condenser of 
appropriate value. 

Doublet = pair of wires; ou = or. 

It would seem that this method makes it possible 

to attain ranges of from 5 to 10 km without amplifica

tion. It provides a system of resonating line which 

must be coupled to the operating frequency. 

The experiments and measurements have shown 

that a coaxial cable with a looseweave sheath forms 

an effective waveguide. The wovensheath coaxial 

cable radiates a certain amount of energy all along 

its length (Fig. 5). 

Fig. 5. Reading from the top down, and from left to right: 

1. Flexible coaxial cable with woven sheath. 

2. Coaxial cable with continuous rigid external 
conductor. 

3. Coaxial cable with continuous spiral sheath. 

4. Coaxial cable with external conductor slit length
wise. ' 

5. Coaxial cable with spiral sheath containing 
'windows'. 

In certain underground railways, use has been made 

of a coaxial cable with an external tubular conductor 

which is split lengthwise so as to encourage radiation. 

Unfortunately, this cable is expensive, must be 

carefully located and calls for constant inspection 

and maintenance in places where it may become 

covered with dust or moisture. 

The spiral coaxial cable with 'windows' probably 

has similar features to the preceding type, but is 

better suited for use in curves because it is more 

flexible. 

Whatever type of coaxial cable is used, that part 

of the signal transmitted by the internal conductor 

is protected from any effects of the environment 

and is subject to relatively low attenuation, while 

that part of the signal which is propagated in the 

singlewire mode along the external conductor 

undergoes marked attenuation. 

In the cases which present the greatest difficulty 

in respect of propagation, i.e. when the cable has 

to be laid along the ground, against metal elements 

or in water, and in every case where longrange 

transmissions are sought, it has been necessary to 

shut in the greatest possible part of the signal in the 

internal conductor of a continuousconductor coaxial 

cable, only allowing reradiation at the point where 

it is required and in the most suitable manner 

(Fig. 6). The signal induced by the transmitter 
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in the external conductor of the coaxial cable passes 

through an antenna placed on the cable and so to 

the internal conductor. At the points where it is 

attached to mobile machines, those which can be 

carried and those which are genuinely portable. 

Fig. 6. Diagram illustrating the principle of the INIEX/ 
Delogne system. In practice, cables of types 1, 2 
or 3 from Figure 5 are used and radiating devices 
are set at the points where the external conductor is 
deliberately interrupted. 

necessary, we install devices reradiating a small 

fraction of this wave so as to enable it to be received 

by the receivers within the range of the radiating 

device. The antenna consists of one interruption 

in the external conductor of the coaxial cable. If 

the radiating devices are set every 200 m over a 

line 8 km long, singlewire mode propagation will 

take place over a maximum distance of 400 m, 

the remainder of the distance being covered by 

making use of the very low attenuation of the coaxial 

cable. 

To sum up, we have at our disposal different types 

of transmission line frequently characterized by a 

weakening of the signal as the distance from the 

transmitter grows. To eliminate this disadvantage, 

it is possible to reamplify the signal at different 

points, either by active devices using an external, 

intense energy source (Fig. 7, upper section), or by 

passive devices (Fig. 7, lower section) which modify 

the functional mode of the transmission line. 

Using a single conductor or two conductors suspended 

on opposite walls, it is possible to employ the 

resonance system by means of the insertion of 

condensers; this is the INIEX/Dubois system. 

If use is made of one of the types of line with two 

contiguous conductors, this will require the applica

tion of the mode converter of the INIEX/Deryck 

system. 

In the cases where a coaxial cable is employed, this 

will require the use of radiating devices of the 

INIEX/Delogne type. 

The R/T sets associated with these transmission 

lines are either fixed or mobile. Among the latter, 

we draw a distinction between those which are 
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Fig. 7. Attenuation of the signal along a transmission line. 

Upper section: the transmitter E is connected to the 
line in which amplifiers A have been inserted. 
Lower section: passive waveguide line of the INIEX/ 
Delogne system or the INIEX/DeryckDe Keyser 
system; at C there are, in the first instance, radiating 
devices, and in the second instance, mode convertors. 

The most complete solution calls for the employment 

of R/T sets working on the duplex principle: a man 

listening at one end can interrupt his interlocutor, 

as on the telephone, or speak at the same time— 

although this does, of course, have a bad effect on 

comprehension. 

Frequently, we shall satisfy ourselves with a simplex 

or semiduplex system for reasons of simplicity or 

economy; in this instance, the receiver is used to 

listen out, while to answer or to call up, the user 

presses a transmit button. During transmission, 

the user cannot hear his correspondent. This 

system implies a certain degree of discipline, which 

is very rapidly learned. 

The 'notalk bleeper' is a less elaborate device, but 

may perhaps be applied for some of the men. 

If an entire mine is provided with radiotelephone 

services, practical problems arise in connection with 

its use: whether the system should be linked or 

independent, whether accidental interference can 

occur, etc. This side of things cannot safely be 
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ignored, but there is no need to exaggerate the 
dangers of saturation when radio is being introduced 
into the mines. 

Certain transmission systems canhot be used without 
a fixed or portable base station. Other systems, on 
the other hand, operate with walkie-talkie sets 
which are completely unattached to the line (Fig. 8). 

Ώ= ^ S -Ampli.-

t.T. 

L.G.O. 

È 
Fig. 8. Systems of radio waveguides. 

1. With relays in series. 
2 . With one relay at the end of the line (or, if 

appropriate, in the line). 
3. Without relays (total independence of the walkie-

talkie sets). 
1. Ampli. = amplifiers 
2. LT = transmission line 
3 . LGO = waveguide line. 

5.2. Radio-telephony 

Let us here recall the inductive telephone systems in 
use in the shaft and in the main roads. They have 
been described many times and are widely used in 
certain coalfields. The transmission of information 
in the shaft during inspection and repair work is 
a very desirable facility. It is always possible to 
set up at the surface a fixed high-capacity unit 
galvanically linked to the transmission line. The 
path followed by the mobile R/T sets is rectilinear 
and- virtually unchangeable; the distance to be 
covered is frequently less than 1 500 m. Never
theless, in many wet shafts, ordinary types of wave
guide line become completely inoperative. 

When the equipment is used to provide a radio link 
between a locomotive and a despatcher centre, the 
mobile radio sets themselves can be fairly powerful, 
i.e. they can be fairly heavy and bulky, because 
they do not have to be carried by men and are not 
generally provided with an independent power 
supply. One might however ask oneself whether 
it would not be beneficial to provide the locomotive 
drivers with genuinely portable R/T sets, which 
they could carry with them when they leave the 

locomotive for a moment and by means of which 
they would remain in contact with the men in the 
roadways in the vicinity of that point. 

It cannot be said that there are a large number of 
genuinely portable sets suitable for mine use. The 
sets operating on relatively low frequencies (of the 
order of 200 to 300 kHz) generally require fairly 
close coupling with the transmission line. This 
appears to us to be the case with the picophones, 
the Japanese 215 kHz sets and the prototype sets 
from Walsum Colliery. This drawback can be 
partially overcome by'fitting the receivers with a 
strident call device which prompts the person called 
to get near the transmission line so that he can 
reply to his interlocutor. The three types referred 
to are fitted with a wire antenna, which may be 
extended by a hook or a stick which has to be 
placed near the transmission line. The Bergbau-
Forschung GmbH has proposed sets with an integral 
ferrite antenna; this solution appears most interesting, ' 
although these sets will not allow of communication 
between mobile units, because transmission and 
reception are carried out on two different frequencies, 
which are commutated in a master set coupled to 
the line. Reference should be made here to the 
X-phones recently brought out by Cerchar. 

These operate on a frequency of 7 MHz, and are used 
together with Y-phones, which are portable and 
coupled to the transmission line. 

In Great Britain, Mr D. Martin uses commercial 
portable R/T units together with fixed base units 
operating on two different frequencies for trans
mission and reception. 

There is a growing tendency to use portable R/T 
sets of the type certified for surface use as a means 
of communication in the mine. 

In Belgium, the research workers have tended to 
use waveguide lines and walkie-talkies working 
either at low frequency (215 or 300 kHz), or on VHF 
(36 and 68 MHz), or on intermediate frequencies 
(2 to 15 MHz). 

5.3. Radio remote control 

The waveguide lines which carry speech are suitable 
in addition for transmitting measurements, signals 
and commands. This facility can be used for remote 
control and automation purposes. 

The TRN2 remote control made by Cerchar, and 
applied to the drive operating a cleaning-up plough, 
would seem to be the first of this type in service in 
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longwall faces. One can conceive of other remote 

control operations in the face, particularly for 

line in the face. The man operating a pneumatic 

stower in the goat could himself cut off the machine 

in case of need. 

Remote control radio systems using waveguide 

lines are very suitable as electronic aids in conjunction 

with transport systems; they can be used with rope 

haulages (Fig. 9), monorails (Fig. 10), collier cars 

and belt conveyors. Trials have shown their 

reliability over considerable ranges in sinuous 

roadways of small crosssection. 

The transport supervisor can move with the load 

and modify the rate of progress according to the 

place and the circumstances. 

The same technique makes it possible for a man to 

travel on a continuous conveyor, and still to keep 

complete control over the drive motor. 

This enables us to economize to the extent of no 

longer needing a machine operator, and the safety 

of manriding is increased at the same time. 

Fig. 9. R. de Keyser carrying the MBLE portable remote 
control transmitter in underground use. 6. CONCLUSIONS 

emergency stoppage of a motor. Using a small 

portable transmitter, the face workers can stop 

the afe drive motor. The support chargehand 
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Fig. 10. Düsterloh hydraulic monorail winch in use at 
Beringen. 

would stop the power packs supplying hydraulic 

supports and situated in the bottom or top road, in 

the event of a leakage in the highpressure hydraulic 

From a technical point of view, and by thanks to 

the use of systems associating R/T portable sets 

with waveguide lines, we can now, it would seem, 

propose solutions to many of the communication 

and remote control problems in the underground 

workings. Rapid progress has been made in the 

last few years and, if we take into account the 

continuing progress of miniaturization, we can 

reasonably hope to see a considerable extension of 

teletransmission techniques in the mines during 

the next decade. 

It is clear that there is no single solution, but rather 

a variety of systems which employ different types 

of waveguide lines and different frequency ranges. 

The application of radio in the mine does, moreover, 

imply that the manufacturers must deploy a certain 

amount of effort. Certain new types of apparatus 

would need to be built for mining use, but the world

wide interest in this development would, in our 

view, justify suggesting that the manufacturers 

seize the opportunity to get into a new market. 

Since the radiation intensities to be used in under

ground workings are relatively low, and, moreover, 

the waves are rapidly absorbed in the surrounding 

rock, the radiation from these systems is confined 

to the actual active zone of the transmission line. 

This means that no radiation need be feared outside 
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the mine, and the government department respon- be found for radio every day in the production 
sible would have no reason to oppose the use of radio workings and in the auxiliary sectors. In the event 
underground. 0f a mining catastrophe, radio should help to keep 
From the users' point of view^ radio in the mine up the spirits of the trapped men, facilitate the 
offers ease of use, safety and economy. Uses can rescue work and save human life. 
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TELECOMMUNICATIONS AND REMOTE CONTROL AT THE FACE 
NEW DEVELOPMENTS IN THE USE OF RADIO 

IN GERMAN 'COALMINES 
f 

I. STEUDEL 
Bergbau-Forschung GmbH, Essen 

SUMMARY 

The propagation of electromagnetic waves in underground coalmine workings is 
only possible over short distances. Early interest was given to the development ol 
inductive radio installations using wave guides. This principle has been retained for 
many years in locomotive radio and the use of electronic components has appreciable 
reduced the dimensions of the apparatus. The principle of inductive radio was also 
used in the face radio system developed by the Bergbau-Forschung GmbH and the 
radiophone developed by the Walsum Colliery. Both apparatuses provide a speech 
link, independent of location, by means of small, portable sets used in the vicinity of the 
carrier line. In order to increase the range, the first apparatus converts the frequency 
of the input signal and amplifies it, whilst the other reduces the attenuation at the 
coupling by hooking the portable set on to the carrier line. 

Siemens AG have developed a remote control system for coal shearers, with a maximum 
range of 15 m. The same system can be used for remote control of underground hauhge 
systems, with the addition of a carrier line and, over greater distances, an antenna 
amplifier. Bergbau-Forschung are working on a project to develop remote control of 
ploughs. Here too, steering orders are transmitted through an audio frequency modu
lated carrier frequency coupled inductively to a carrier line. 

1. INTRODUCTION 

Progressive mechanization of mining operations 
underground has been accompanied for a number of 
years, by parallel work on improving communications 
throughout the mine workings. The ideal solution 
would be a communications system which would 
enable officials or those with supervisory functions to 
communicate with each other or with a central 
control point. Radio techniques are the obvious 
answer. Attenuation and reflection phenomena 
underground, however, considerably impede the 
propagation of electromagnetic waves. It was for 
this reason that radio systems for underground use 
tended to concentrate on inductive installations 
using waveguides. 

Developments in the last few years have chiefly been 
in the- field of speech links in the face area, together 
with remote control of the winning machines and 
underground haulage systems. 

RECENT DEVELOPMENTS FOR UNDER
GROUND USE 

2.1. Locomotive radio 

Inductive wireless technology has been applied 
successfully in locomotive radio for several years. 
Figure 1 shows a recent development from Funke & 
Huster. The use of electronic components has 
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appreciably reduced the dimensions of the appa
ratus. Locomotive radio systems operate at carrier 
frequencies of 70 and 110 kHz. They can there
fore be used in conjunction with the radio sets 
manufactured by SEL already in extensive use 
underground. 

capable of transmitting to the central apparatus from 
a distance of 5 km, provided that the user is not 
more than one metre from the carrier line. Near 
the central apparatus however, the distance to the 
carrier line can be as much as 6 m. The call-up 
tone is produced in the central apparatus but also 

Fig. 1 — Locomotive radio manufactured by Funke & Huster. 

2.2. Speech links in the mine workings 

2 .2 .1 . Face radio system developed by Bergbau-
Forschung GmbH 

In developing their face radio system, Bergbau-
Forschung had in mind a totally portable link using 
small sets. External antennae or feedlines were to 
be avoided as the sets were for use on the face 
(Fig. 2). Transmission was effected by coupling to 
an insulated conductor loop. Relay operation was 
selected with a view to reducing the attenuation in 
the coupling. A central apparatus galvanically 
connected to the loop amplifies the input signal, 
converts its frequency and re-transmits it at 
lower frequency (Fig. 3). Transmission is in this 
way split into two paths with the result that atten
uation is only introduced once into each path. This 
appreciably increases the range of the set as it is 
the attenuation at the coupling which accounts for 
most of the attenuation of the selected frequency. 
Range measurements have shown the set to be 

heard in the user's handset so as to verify contact 
with the central point. 

The face radio system operates on frequencies of 
290 and 430 kHz. The central apparatus transmits 
500 mW and the portable units 200 mW of high-
frequency power. The portable sets are intrinsically 
safe and the central apparatus is explosion-proofed. 
Bergbau-Forschung GmbH has built three complete 
installations and tested these at a number of col
lieries. The radio-phone system has successfully 
passed trials not only in the face itself, but also 
during assembly of a conveyor and the transport of 
support units. Montan-Forschung will be taking 
over production of the sets and should deliver the 
first complete installations this year. 

2 .2 .2. Walsum Colliery Radio-Phone 

Walsum Colliery has produced another radio-phone 
for underground use, designed for an extended 
range so as to cover the entire underground workings. 
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Fig. 2 — Portable Face Wireless System manufactured by BergbauForschung GmbH. 

Zentralgerat 

Ξ 
Fußstrecke 

Kopfstrecke 

B F 1971 Abbau mit Strebfunkschleife FWT 1189 

Fig. 3 — Application of the BergbauForschung GmbH Face Radiophone. 
Zentralgerat: Central apparatus. 
Fußstrecke: Bottom road. 
Flözrichstrecke: Lateral seam road. 
Kopfstrecke: Top road. 
Abbau mit Strebfunkschleife: Working with face radio loop. 
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This is an inductive amplitude-modulation wireless 
working on a carrier frequency of 238 kHz. Por
table sets are hooked onto the carrier line to obviate 
coupling attenuation. Measurements have shown 
that five times as much power is transmitted to the 
line as compared with coupling using a built-in 
antenna. As only one frequency is used, the sets 
can communicate directly with one another. Fixed-
location sets are galvanically connected to the line. 
The call-up tone can be received by the sets even 
when not hooked onto the line, provided that they 
are close to it. The maximum distance in this case 
is 1 to 3 m. Two of the design features improve 
audibility. Firstly, the microphone is separate 
from the loudspeaker. The hole for the microphone 
is arranged to exclude external noise when the 
microphone is held close to the mouth (Fig. 4). The 
second point is that the volume of the transmitted 
speech can be adjusted, but the strength of the 
call-up tone does not change. 

Range measurements on a carrier line used for 
locomotive radio links showed acceptable audibility 
over 7 km, which means a loop of 14 km total length. 

This radio-phone is intended chiefly for development 
operations in coal, withdrawal work and winning 
operations. It can also be used in mine rescue work 
or as personnel paging facility. Its effectiveness in 
the latter capacity was shown by a test in which a 
fixed-location unit was connected underground to 
the carrier line by a twisted telephone wire. Com
munication with the portable underground sets was 
faultless. 

2 .3 . Radio remote control of winning machines 

High-performance winning machines working at 
speed increase the risk of accidents and are becoming 
increasingly difficult to operate. Remote control is 
therefore an important application for radio tech
niques. The 2 m waveband assigned by the German 
Federal Postal Service for industrial use is eminently 
suitable for this duty. 

2 .3 .1 . Siemens AG remote control system 

Siemens AG have developed a remote control 
system for coal shearers, with a range held to the 
15 m laid down by the Mines Inspectorate. In this 
case, the problems which arise in electromagnetic 
wave propagation underground are advantageous 
to the project engineers. In the face in particular, 
no further measures are needed to restrict the range. 

The remote control system functions at frequencies 
between 150.99 and 151.15 mHz, thus reducing the 
interference nuisance. Eight channels are provided 
for command signals. Double-tone control is used 
for safety. The carrier frequency is modulated 
continuously by a pilot tone, and by an additional 
audio frequency during command transmission. 
Various audio frequencies are available for channels 
2 to 8. The commands are only effective when 
accompanied by the pilot tone. 

The transmitter is portable, and intrinsically safe 
(Fig. 5). The receiver is explosion-proof encapsu
lated. A helmet antenna is used for the transmitter, 
or again a stick antenna or belt antenna, whilst the 
receiver can operate with a dipole or a stick antenna. 

Power output from the transmitter is 100 mW. This 
is sufficient to bridge the maximum distance between 
operator and machine (15 m) without using wires. 
A number of remote control sets of this kind are in 
use at present in shearer faces. 

2 .3 .2. Remote control of coal ploughs 

Bergbau-Forschung GmbH are working on plough 
control by radio as part of a programme devoted to 
vertical steering of ploughs. 

Like the radio set for face use, this plough control 
unit is also designed to transmit signals and data by 
the inductive technique. It will pass commands 
from a controller or face control point to the plough, 
acknowledge the signals and transmit measurement 
values in analogue form from plough to controller. 

At the Bergbau-Forschung test site measurements 
have indicated that information can be transmitted 
despite the difficult conditions, provided that the 
frame antenna on the plough remains within a 
certain distance of the carrier line. 

The idea of the remote control system is to adjust the 
plough blades to suit the direction of travel. Six 
different blade position commands are required, 
namely for climbing, dipping and neutral, on the 
uphill and downhill runs. Control operates on 
carrier frequencies of 220 and 145 kHz, with various 
audio frequencies modulated onto these. A pilot 
tone is used to increase the safety of the transmission. 
The controller unit is galvanically connected to the 
waveguide. The plough arm mounts a battery-
operated transceiver coupled inductively to the 
carrier line through a frame antenna. 
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2.4. Radio control for underground haulage 

Radio control is used not only for winning machines, 
but also for haulage systems. The locomotive 
control facility in the link road between General 
Blumenthal and Shamrock Collieries is well known. 
This too is an audio-frequency multiplex system, 
which transmits commands via a carrier line laid 
parallel to the overhead line. A frame antenna 

provides inductive coupling between the locomotive 
and the line. The system will be described in detail 
elsewhere. 

' Radio control units are being increasingly used for 
ropeways, monorail systems and coolie cars. The 
drives are controlled from the haulage facility 
itself, allowing the operator to adapt the speed to 
the local conditions. As the roads can be several 
kilometres long, a carrier or antenna line is the only 

Γ 

Fig. 4 — Portable radio, as designed by Walsum Colliery. 
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means of guaranteeing wireless transmission. Loco

motive radios such as those manufactured by SEL, 

and more recently the Siemens AG shearer system, 

have been used successfully for some time. 

is no longer guaranteed. The range depends naturally 

on the underground conditions, such as type of 

supports, surrounding rock and moisture content. 

Antenna boosters have therefore to be interposed to 

Fig. 5 —■ Transmitter for remote control radio, manufactured by Siemens AG. 

It has been found that where distances beyond 

500 m are involved, attenuation at the high fre

quency of 150 mHz is such that reliable transmission 

overcome long distances. The boosters should be 

mounted at intervals of 200 to 300 m. Ten is the 

maximum number which may be installed, if they 
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are coupled to the receiver mains supply. This 
makes it possible to cover distances between 2 and 
3 km. Greater distances require the use of boosters 
with a separate power supply. 

3. CONCLUSIONS 

As the examples above have shown, compromises 
are inevitable when developing radio systems for 
underground use. Good wave propagation is re
stricted to short distances, except in straight, wide 
roadways. In guided transmission systems, line 
attenuation increases with rising frequency, whereas 
coupling attenuation and interference tend to 
diminish. This means that if lower frequencies are 
used, measures have to be adopted to reduce the 
coupling attenuation. If the choice falls on relay 
operation, however, using differentiated trans
mitting and receiving frequencies, it will not be 

possible to provide direct information transfer 
between two portable sets. If a more powerful 
coupling is used, i.e. a hook arranged round the 

^carrier line, then the sets themselves become less 
convenient to handle. 

The choice of a higher frequency, on the other hand, 
Calls for measures to reduce the appreciable line 
attenuation, so that the carrier line becomes more 
expensive. 

It is unlikely that the desire for a single optimum 
frequency for the entire mining industry will ever be 
realised. Differences in the cross-section of roads 
and faces, in the roadway supports, in the composi
tion of the surrounding rock, in the moisture content 
or in the interference caused by electrical machinery 
impede or even prevent any kind of standard 
treatment of this problem. Even in the future, 
experimental research will still be needed to find 
a reliable and economic information-transmission 
system for any one operational application. 
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TELECOMMUNICATIONS AND REMOTE CONTROL 

IN DISTRICTS AND ON WORKING FACES: 

SOME FRENCH ACHIEVEMENTS 

P. BELUGOU 

Centre d'études et recherches des Charbonnages de France, Verneuil 

SUMMARY 

For some years past, Cerchar has been carrying out concurrently the development and 

construction of electromagnetic wave equipment and theoretical and practical studies on 

the propagation of these waves in underground mines. 

A — VOICE TRANSMISSION 

It is in the face that the problem of speech transmission is the most difficult, and the 

benefits are greatest. 

After a large number of trials with frequencies ranging between 1 and 20 MHz, we 

came to the conclusion that the best compromise possible, with a ferrite aerial, was 

around 7 MHz. This was the frequency chosen for the X-phone, which is a very small 

transmitter ¡receiver associated with a Y-phone, which is a fixed instrument, basically 

intended for use at the bottom of the face.1 

The carrier cable is inserted in the conveyor spillplates. 

If the face is more than 200 m long, the high-frequency part of the Y-phone is located 

in the middle of the face. 

In a roadway, the cable can be suspended and the range achieved is 2 km on each side 

of the Y-phone; this makes it possible In communicate with the workers patrolling 

along the conveyors. 

Two miners wearing X-phones can communicate with each other at many points in the 

mine without the need for any previous installation of a special carrier, since existing 

cables, telephone wires, piping, bell-pull cords etc. function as such. 

To enable the watchkeeper in the pit control centre to converse directly with the cutierman, 

Cerchar have developed a device called the 'Phasophone'. Transmission is effected 

by means of a frequency-modulated frequency of 263 kHz, injected at the cutter onto the 

supply current phases carried by the flexible cable. 

Β — REMOTE CONTROL 

The French coalmines attach great importance to the remote control of cutters. 

After a long trial and development period, the requisite equipment can now be considered 

as operational. 

1 This apparatus is in process of being commercially produced by Silec. 
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The transmitter is carried by the cutterman and transmits a continuous signal on a 
frequency of 146 MHz, this signal being modulated in accordance with the commands 
to be issued. Cessation of the carrier wave stops the machine thus ensuring 'positive' 
safety. 

The circuits for reception, commands, electronic regulation, and the electro-valves are 
all brought together in a housing which constitutes an 'intermediate block' which is 
bolted between the motor and the winch of the coal-cutter. 

In faces with difficult conditions, a remote control system of this kind increases the safety 
of the cutterman and the productivity of the winning operations simultaneously. 

Another type of remote control system, working on a frequency of 2 MHz, can be used 
in cases where the machine to be controlled remotely is fixed: a clearing-up plough, a 
monorail, etc. 

INTRODUCTION 

CERCHAR has been engaged for some years past 
on the development and construction of devices 
working with electromagnetic waves, together with 
concurrent theoretical and practical studies on the 
propagation of these waves in underground mines. 

The target applications are voice transmission in 
various underground" conditions and apparatus for 
the remote control of machinery. 

Voice transmission demands different solutions 
depending on the nature of the communication 
required, namely: 

(i) in a face: between face worker and bottom 
gate or between face workers; 

(ii) between cutterman and bottom gate or pit 
control centre; 

(iii) in a district: between deputy and bottom gate 
or loadingpoint; 

(iv) in a roadway: between diesel or electric locos 
and dispatcher; 

(v) in a winding shaft or staple-pit: between cages 
and engineman. 

In the present paper we shall confine ourselves to 
discussing solutions proposed by CERCHAR for 
face and district communications, while disregarding 
those which have already been on the market some 
time and relate to locos or cages. 

The remote control of machines requires different 
solutions depending on whether the orders are for 
execution on a mobile machine (e.g. a cutter) or at a 
fixed point (e.g. a plough or monorail). In the first 
case direct vision remote control is used and in the 
second carrier cable remote control. 

Finally, with a view to justifying the diversity of 
solutions chosen, we have briefly outlined in the 
appendix some of the problems involved in wave 
transmission in underground mine conditions. 

P A R T I 

V O I C E T R A N S M I S S I O N 

A. COMMUNICATION IN THE FACE AND 
IN ADJACENT ROADWAYS BY MEANS 
OF X-PHONES AND Y-PHONES 

It is in the face that speech communication is of the 
greatest value and at the same time most difficult 
to achieve. 

Two types of apparatus are feasible: 

(a) LF equipments comprising groups of microphones 
and loudspeakers sited at intervals along the 
armoured flexible conveyor. This type of appar
atus, the use of which in mines is now developing, 
does not come within the scope of our paper. 

(b) Equipments using an HF carrier current. 

Numerous appliances of this type have been tried, 
but none has really succeeded in reaching any wide 
application. 

More specifically, the picophones and gigaphones 
developed by CERCHAR several years ago are 
hardly ever employed to-day. Users complain that 
their method of coupling is awkward, making it 
impossible to call up the wearer of a picophone. Nor 
are these instruments sufficiently robust. 
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CERCHAR have therefore re-examined the problem 
and produced a new method of coupling with a new 
wavelength, in order to make call-up possible. 

It is impossible to do without 'a carrier cable (see 
appendix). RF propagation around the cable is 
particularly bad in the face, because of the numerous 
masses of metal present. Thus, we have to choose 
a fairly high frequency that favours coupling at the 
cost, however, of greater attenuation in the carrier 
(appendix). 

After a great many tests on several types of coalface, 
using frequencies between 1-20 MHz, we came to the 
conclusion that, allowing for the characteristics of 
the ferrite aerial, chosen for its high efficiency at 
these fairly low frequencies, the best compromise 
was about 7 MHz. 

We therefore designed apparatus working on this 
frequency, comprising a light mobile instrument 
(or several instruments), which for want of a better 
name1 we call the 'X-phone', and a powerful fixed 
instrument with loudspeaker, called the Y-phone. 

This equipment functions in the FM mode, a method 
with the advantage of low sensitivity to parasitic 
noise, a wide reception-level tolerance and excellent 
sound fidelity. 

We paid particular attention to the LF circuits, in 
order firstly to concentrate available power in the 
useful sound frequency band and secondly to secure 
good intelligibility, a most important requirement in 
the face, so that users should be able to recognize the 
voice of their correspondent. 

Although specially designed for service at the face, 
these equipments can also be employed in road
ways. 

Brief description of the X-phone (Fig. 1) 

This instrument measures 220 χ 80 X 40 mm and 
weighs 725 gm. It is intended to be worn hung from 
the neck; that is why the receiver, which acts as a 
loudspeaker, has a little horn which aims the sound 
at the miner's head to alert him when he is called up, 
and to enable him to reply. 

The apparatus has a hear/talk button, and a call-up 
button whose uses we shall return to later. 

1 Experience has shown tha t it is easier to invent a new 
device than to find a name for it tha t is not already 
covered by some patent right or other. 

The instrument is powered by an exchangeable 
cadmium-nickel battery with a life of 10 hours. This 
can be recharged with or without removal from the 
instrument. The user thus has two alternatives: 

(i) either the instrument complete is sent up to the 
surface for charging, in which case it can be 
made a personal issue, the miner concerned 
being responsible for it as he is for his lamp; 

(ii) or else only the battery is sent up to the surface. 
In this case a man detailed from the face brings 
down the charged batteries, screws them onto 
the X-phones and distributes the latter ready 
for use. By this means a continuous service 
can be assured. 

The X-phone is certified ?s intrinsically safe; it is of 
dustproof and moisture-resistant construction. 

Brief description of the Y-phone (Fig. 2) 

The Y-phone is a fixed apparatus intended in 
principle for installation at the bottom end of the 
face. We found it best to house it in three separate 
similar boxes: 

(a) An H F box containing the HF transmission and 
reception part. This box is connected directly 
to the carrier. Its HF output is 2 W and its 
circuits intrinsically safe. 

(b) An LF and control unit box, containing the LF 
amplifier (2 W modulated), calling circuit and 
modulation circuit. It also includes the built-in 
loudspeaker and microphone with hear/talk 
button. It should be noted that in very noisy 
conditions the microphone can be used as a 
receiver, a facility much appreciated by users. 
The apparatus is intrinsically safe. 

(c) A supply box (flameproof) connected to mains 
supply, which furnishes an intrinsically-safe 
current for feeding the above-mentioned circuits. 

The Y-phone's call-up circuit merits special mention. 
Thanks to the kind cooperation of the StBV Research 
Centre (Essen-Kray) we were able to adapt a very 
neat system, used in their equipment, for use in our 
own. 

At the instant when the Y-phone receiver ceases to 
receive transmission from an X-phone, and before 
operating the conventional squelch circuit used in 
FM instruments, it triggers transmission for one 
half-second of a characteristic modulated signal, 
called a 'beep'. 
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Reception of this signal by the X-phones can mean 
one of two things: 

(a) If the wearer of the X-phone wishes to establish 
communication, he presses his talk button and 
then releases it: if he hears a 'beep' in reply he 
can be sure that his phone is working properly 
and is coupled to the carrier, that the carrier is 
functioning correctly and that the Y-phone's 
transmitter and receiver are both in proper 
working order. If he then obtains no answer it 
will be because the Y-phone watchkeeper is not 
at his post. 

If he does not get a beep, the wearer of the 
X-phone will move nearer the carrier. 

(b) During the course of a conversation the beep 
indicates 'have finished talking, over to you' to 
the bottom gate or some other correspondent. 
This speeds up the procedure. 

Use of the apparatus and results obtained 

The module construction of the apparatus gives it 
great flexibility of application (Fig. 3). 

(a) Communication between two X-phones 

Two miners wearing X-phones can communicate 
with each other between many positions in the mine 
without the need for previous installation of any 
special carrier: existing cables, telephone wires, 
piping, bell-pull cords and so forth adequately fulfil 
this task. Ranges of several hundred metres are 
common. 

This application can be of value for many mainte
nance and inspection teams (electricians, surveyors, 
gas inspectors, shaftmen, etc.). 

The miner wishing to call up the other stands near a 
cable and presses his call-up button. This produces 
a strident calling note in the receiver which can be 
heard readily. In this case there is no question of 
hearing a beep since there is no link through a 
Y-phone: hence the importance of the call-up button. 

(b) Communication in a face less than 200 m long 

For this purpose, use is made of a strong insulated 
single-wire carrier placed in the conveyor spill-
plates. The three Y-phone units are placed at the 
foot of the face (Fig. 3 A). A set can also be placed at 
the top of the face (Fig. 3 B). 

Thus, the wearer of an X-phone can be contacted 
wherever he is, even up at the top of the face near 
the goaf. 

Two X-phone wearers can intercommunicate 
provided they stand near the spill-plates. In case 
of difficulty the caller can always ask the Y-phone 
watchkeeper at the bottom of the face to alert the 
person called. 

(c) Communications in a face up to 400 metres long 

In this case the Y-phone's HF unit is placed midway 
along the face. It is connected to the LF unit by 
an armoured telephone quad, whose sheath acts as 
HF carrier while the four wires serve for the supply 
current and to carry the LF modulation (Fig. 3 C). 

Arrangements D, E or F are possible, depending on 
whether or no loudspeaker equipment is required at 
the top of the face. 

(d) Communication in roads 

All the arrangements already referred to are practic
able for use in roadways. But in a road it is possible 
to lay a carrier which has lower losses than in a face. 
If the carrier is situated more than 20 cm clear of 
metal piping or of the rock over its whole run, 
experience has shown that good communication 
can be achieved up to 2 km from the HF unit, i.e. 
over a total stretch of 4 km if the HF unit is placed 
2 km from one end of the roadway. This range 
should be enough for use in any one district. 

In particular, it provides a 'personnel location' 
facility along the conveyor roads. 

Figure 3 G, H and I show three possible variants. 

It is clear from the foregoing that the XY-phone 
equipment has a high degree of operational flexi
bility: further experience will certainly bring new 
applications to light. 

Commercial manufacture and marketing of this 
equipment has been put in the hands of SILEC 
and is now under way. 

B. VOICE TRANSMISSION FROM A CUT
TER : THE PHASOPHONE 

The problem of enabling the watchkeeper in the pit 
control centre to converse directly with the cutterman 
has long been raised by mine operators, since the 
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cutterman is often the person best able to explain 
quickly and concisely the reasons for a stoppage at 
the face. 

To resolve this problem, we have resorted to a tech
nique derived from that of the CERCHAR-SILEC 
pit control centre system. It will be remembered 
that, in this system, a signal of frequency somewhere 
within the range 25-125 kHz is injected into the 
500 V or 1 000 V network and 'repeated' into a 
telephone line in the vicinity of the district 
transformer. 

When developing this system we obtained good 
knowledge of the attenuation levels in the cables and 
telephone lines, as also of the parasitic noise levels. 

We call this apparatus the 'phasophone', in recog
nition of the fact that the voice communication 
passes via the network phases. Its operating 
principle is as follows: 

Transmission is effected via a frequency-modulated 
frequency of 263 kHz injected at the cutter onto the 
supply current phases carried by the flexible cable. 

A repeater transfers this modulated frequency, in the 
cutter control box, to a circuit separate from the 
mains network. 

There are then two possible solutions: 

Case 1: The telephone line to the pit control centre 
is less than 2 km long (which is unusual). 

The modulated HF signal can then be carried by this 
telephone line, and the FM transceiver be placed in 
the pit control centre room itself. 

At Carmaux we have fitted an installation working 
on this principle, in association with an Alpine 
drifting machine, to the complete satisfaction of the 
mine operator.1 

Case 2: The distance between face and pit control 
centre is more than 2 km. The transceiver is then 
placed at the bottom of the face, and the telephone 
line transmits only LF signals suitably amplified. 
The range is thus practically unlimited. 

In either case, the machine carries a transceiver unit 
in a flameproof box, a microphone and a loudspeaker. 

We are now completing industrial development of 
this equipment which will in principle be placed in 

1 In order to keep attenuation in the telephone line within 
admissible limits, the carrier frequency has been reduced 
to 150 kHz. 

the intermediate blocks of remote-controlled 
machines (see Section headed 'Design of the Uni
versal Block (TU)'). 

P A R T I I 

R E M O T E CONTROL 
OF FACE MACHINES 

A. DIRECT VISION REMOTE CONTROL OF 
CUTTERS 

The importance of remote control 

The French coalmines attach great importance to 
the remote control of cutters. They consider that 
this facility offers the following advantages: 

(i) greater safety for the cutterman: being several 
metres away in the walking track, he is less 
exposed to falls and is, in particular, well 
safeguarded against the minor hand injuries 
that are otherwise so frequent; 

(ii) reduced 'dust' risk, since the cutterman can 
place himself 'upwind' of the machine in fresh 
ventilating air instead of in air laden with 
cutting dust; 

(iii) finally, improved mean cutting speed; the 
cutterman, having his mind less occupied, 
positions himself where visibility is best, and 
he has greater freedom of movement—all of 
which factors combine to make him operate his 
machine more efficiently, with less tendency 
to restrict its speed. 

These advantages are particularly evident on 
difficult faces with variable conditions, where the 
cutterman must make frequent adjustments. 

Then again, the more complex the machine the 
more important is its remote control. In some cases 
telecontrol will mean that one operator suffices 
where otherwise two would be needed. 

The principle of direct vision remote control 

In what we call 'direct vision' remote control, the 
cutterman carries a transmitter unit with control 
buttons and the cutter carries a receiver for recep
tion of commands. These commands are passed 
to the machine's electrical or hydraulic circuits for 
execution. 
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The CERCHAR apparatus works on 146 MHz, this 
frequency having been chosen after extensive trials 
in the 27-400 MHz range on various faces. 

Each command signal is characterized by a certain 
LF modulation frequency of the HF carrier. 

To ensure a high degree of safety, failure of the HF 
carrier, or its LF modulation, disconnects power 
supply to the cutter and armoured flexible 
conveyor:1 this is called 'positive safety' remote 
control, and the requirement for it makes successful 
design of a mining telecontrol system more difficult 
than one might suppose.2 

Commands transmitted 

Depending on the complexity of the cutter, some 
or any of the following command signals may have 
to be transmitted (the list is not complete): 

stop cutter motor; 
emergency stop: disconnect current to the face; 
raise or lower a jib or steering pad; 
light or extinguish ameadlamp; 
selection of machine haulage direction; 
machine haulage speed control. 

Some of these commands are momentary, involving 
action only for the time the button is pressed (e.g. 
raising a jib). 

Some are interlocked electrically on reception (e.g. 
stop cutter motor), or mechanically on transmission, 
the control button remaining pressed down (e.g. 
emergency stop). 

Sometimes the command may have a two-way 
action, as for instance when operation of the same 
button will alternately switch a headlamp on and 
off. 

An important type of command signal is that with 
setting control, as used for adjusting haulage speed. 

In our earliest models, change of speed was obtained 
with two buttons, one for 'faster' and one for 'slower'. 
But this simple system was found too simple in 
practice: 

1 To prevent abortive stoppages occasioned by a possible 
local anomaly of propagation, this cut-out has a delay 
of 3 seconds. 

2 Say from watching children remote-controlling their boats 
on the lake in the park with such skill and aplomb ! 

(i) firstly, the miner could hardly appreciate the 
instantaneous speed of a machine and so return 
to the right speed after a stoppage, 

V. 
(ii) secondly, to avoid accidents, it is pretty well 

essential that the reduction of speed to zero be 
made extremely quickly. When he had to 

. reduce speed, the cutterman was compelled to 
over-reduce it and then accelerate slowly. The 
control was coarse and operation illogical. 

We therefore abandoned this system some time ago 
in favour of 'continuous setting control'. 

The telecontrol box has a handle which can be 
turned through almost 180° on either side of its zero 
position which corresponds to stop (Fig. 4). The 
speed of the machine in either direction is pro
portional to the angular setting of this control. 

Translation of command at the machine 

On output from the receiver on the machine, an 
ON/OFF type command causes appearance or 
disappearance of a signal as applicable. This signal 
is passed to a relay when required to actuate an 
electric circuit, or to an electrically-controlled valve 
in the case, say, of raising a jib. 

A 'setting control' order assumes the form of a 
variable voltage (say —10 V to +10 V) on output 
from the receiver. The question is then how to 
control the speed (i.e. the position of the pump 
feeding the haulage motor) by means of this variable 
voltage. 

In the case of a machine that was not designed for 
remote control, and on which it is not desired to 
install an electronic regulator, it is possible to use 
a sero-motor to deputize for the cutterman in turning 
the haulage speed control handwheel. This very 
common solution has been adopted in Lorraine for 
remote control of a Sagem DTS double ranging 
cutter, by means of Cerchar electronics. 

If the cutter is fitted with an electronic regulator, 
its speed will be a function of a voltage conditioned 
by the various parameters covered by the regulating 
system, namely input current, haulage pressure, and 
possibly temperature. The variable voltage from 
the receiver can then be introduced directly into 
the regulating system as a 'maximum speed' para
meter. 

The crux of the trouble holding up development of 
remote control at present is that the machines have 
not been designed for that purpose, so that marriage 
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of the electronic and mechanical sides is not very 
easy to arrange. This difficulty may perhaps 
vanish in time. 

Examples of application 

During the course of the last few years, CERCHAR 
has modified a certain number of machines for 
remote control. These include two normal cutters 
in the Nord Pas-de-Calais, two single ranging cutters 
in the Cévennes basin, a double-drum shearer 
constructed by the Lorraine coalfields and a double 
ranging SAGEM DTS cutter, likewise in Lorraine. 

These embodiments have enabled us to perfect the 
electronic circuits, which are now in commercial 
production. Each application required a separate 
installation design study, the electronic boxes being 
placed either on top of the machine (for a thick 
seam machine), or at the side or inside the machine 
(for the Lorraine double-drum shearer designed for 
remote control from the start), or else in an 'inter
mediate block' between the motor and the machine-
haulage winch. 

Such diversity must obviously impede development 
of the process. 

CERCHAR was therefore asked by the industry to 
examine the possibility of designing a 'universal 
block' suitable for fitting to any machine with a 
SAGEM motor and a SAGEM haulage winch. 
Variants have also been designed for other equip
ments. 

Design of the direct vision remote control 
transmitter 

This transmitter is illustrated in Figure 4. It will 
be seen to be powered by the miner's cap-lamp 
battery,1 which has a life of over 8 hours.2 

Connection to the battery, which has a special cover, 
is assured by a connector specially designed to 
withstand the rough usage unavoidable in a mine. 

The aerial is formed by the lamp lead wire fixed on 
the helmet, thereby dispensing with the need for 
a whip aerial, which is always very inconvenient 
in the face. 

The transmitter box is carried on the cutterman's 
chest by a belt-and-braces harness. The box weighs 
only 2 kg and does not inconvenience the wearer. 

The transmitter, whose transmission is continuous 
is designed for the following orders: 

(i) haulage direction and variable speed setting by 
means of the rotary control visible in the photo; 

(ii) emergency stop (large button); 
(iii) 12 command signals given by 6 pairs of opposed 

buttons (this number could be easily increased 
if the need arose). 

It should be noted that two commands cannot be 
given simultaneously, but this restriction has not 
been found to be a drawback when operating mining 
machines. 

The assembly is certified intrinsically safe. 

Fifteen of these transmitters have been constructed. 
They work satisfactorily and are considered very 
robust. 

Design of the Universal Block (TU) 

A photograph of the TU is given in Figure 5. 

It is 56 cm long with a height and width identical 
with those of the cutter, i.e. 41 X 70 cm. 

The fixing bolts match the original bolts securing 
the motor to the winch. The universal block is 
traversed by a tube through which passes the 
extension drive shaft from motor to winch pump. 

A condition imposed by the mine operator is that 
fitting of a universal block shall require virtually 
no modification to either motor or winch. 

It has therefore been necessary to retain the hydraulic 
control of the haulage speed provided by the plunger 
originally placed between the motor and winch. 

The universal block is designed to take all or part 
of the following equipment: 

(i) an electronic regulating unit taking account 
of current input to the cutter, haulage pressure3 

and possibly the motor temperature;4 

So that the transmitter is left at the face between shifts 
and a single instrument can give practically continuous 
service. No special charging bench is required. Each 
cutterman is responsible for his own lamp. 
Hence particular attention had to be paid to the trans
mitter efficiency. Its consumption is 175 raA at 4V. 
In this case the winch must be provided with an electrical 
output pressure gauge (pressure-indicating potentiometer, 
or pressure indicator with strain gauges) : this addition can 
be made without opening up the winch. 
In this case the motor must be provided with temperature 
probes. 

53 



Fig. 4 

Fig. 5 

54 



(ii) a motor/cam/potentiometer assembly acting 
on the plunger. With the Sagem type Β 
regulating system, the haulage speed is directly 
proportional to the downwards travel of this 
plunger; 

(iii) a 146 MHz telecontrol receiver consisting of a 
set of printed circuits mounted in a small rack 
(Fig. 5). The choice and number of circuit 
cards will depend on the nature and number 
of operations required to be remote-controlled, 
which will themselves vary according to the 
type of machine concerned; 

(iv) an electrical supply unit for all circuits; 
(v) a certain number of control and display 

circuits; 
(vi) possibly a 'phasophone' (described above); 
(vii) possibly a 'telestop' device enabling the 'cable 

handler' to bring the haulage speed down to 
zero in the event of failure on the supply 
cable loop; 

(viii) possibly: transmitters feeding chart recorders 
in the pit control centre; 

(ix) an aerial in the form of a vertical whip, if the 
seam thickness allows, or otherwise of a 
coated dipo le fixed horizontally on the cutter. 

Finally, the block contains the bank of electrically-
controlled valves operating four double-acting rams. 
In case of breakdown, these valves are accessible 
by hand. 

B. REMOTE CONTROL OF A CLEARING-
UP PLOUGH OR A MONORAIL 

The problem is very different from that of the 
previous case discussed. The operator supervising 
the clearing-up plough or monorail requires a remote 
control facility for stopping or reversing a motor 
situated at the bottom of the face or at the end 
of the monorail. 
Several years ago, CERCHAR developed an equip
ment called TRN (clearing plough remote control) 
which successfully solves the problem. 
Transmission requires a carrier cable along the face 
or along the monorail. Since the distances are 
fairly long, it is best to choose a comparatively low 
frequency (see appendix) and in fact, after a number 
of tests, we fixed on 2 MHz. 
At such frequencies, the efficiency of a ferrite 
coupling is greatly superior to that of an aerial, which 
must unavoidably be short. 

The transmitter closely resembles the 144 MHz 
transmitter in appearance, but is slightly bulkier 
to allow for housing the ferrite. It too is intrinsically 
safe. 

The carrier consists of an insulated cable suspended 
preferably from the powered supports or, failing 
this, placed in the spill-plates with the electric 
cables (or suspended alongside the monorail). 

This cable is directly connected to the receiver, 
which is housed in a flameproof box. 

Transmission range in the face exceeds 300 m, while 
in a roadway it will be over 3 km if the carrier is 
properly placed. 

As in the case of direct vision remote control, this 
arrangement gives positive safety: the controlled 
machine will stop on ceasing to receive the continuous 
transmission, or if the modulation of the latter is 
absent. 

The field of application for such a telecontrol system 
seems rather limited at present, but its future 
expansion seems likely. 

I think it may be interesting to point out that we 
are at this present moment studying in France not 
only the development of one system of speech 
communication or another, but the combination 
of the different systems, in order to produce a 
complete and self-consistent system of communica
tion between: 

ii) the operator in the pit-control centre; 
(ii) the face-end; 
(iii) the face workers; 
(iv) the machine operator; 
(v) the belt watchmen patrolling the conveyors. 

After several meetings in the different coalfields, it 
has been accepted that the control centre operator 
should be able to call up the other 'subscribers' 
directly, but that they have direct communication 
only with the face end. The official there can then, 
if necessary, communicate with the operator in the 
pit control centre. The purpose of this filter 
operation is naturally to ensure that the control 
centre operator is not overwhelmed by messages 
and calls from the various districts. 

The requisite circuits for using a single pair of 
intrinsically-safe conductors between the control 
centre operator and the face end have already been 
designed in the laboratory, and field trials should 
be held soon. 
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A P P E N D I X 

WAVE PROPAGATION IN UNDERGROUND 

MINES 

'Radio' waves are propagated very badly in the 

underground cavities (roads and workings) since 

they are quickly absorbed by the rocks. Propaga

tion over distances beyond a few dozen metres is 

only possible by the use of a carrier cable specially 

placed for the purpose or already existing in the 

roadway. 

Transmitters and receivers must be coupled to the 

carrier cable via an aerial or ferrite. The loss 

of power from coupling is always high, and depends 

on the coupling method, the distance to carrier, 

the frequency used and the nature of the mine 

working. As a general rule one can say that the 

coupling loss decreases as the frequency rises.1 

If one of the sets is stationary, it can be directly 

connected to the carrier so that there will be no 

coupling loss or, in other words, the total loss from 

the two couplings is halved. 

The line formed by the carrier cable and roadway 

gives a very variable attenuation (measured in 

dB/100 m) conditioned b3' the geometry of the 

' roadway, the position of the carrier and the frequency 

used. The loss per 100 m increases with frequency 

, approximately as Vf· 

ë 

Thus, when seeking to solve a given problem, the 

choice of wavelength will be the result of compromise 

between opposing conditions. This compromise will 

take account of: 

(i) the desired distance between mobile transmitters 

and carrier; 

(ii) the possibility of connecting one of these 

instruments directly to the carrier; 

(iii) the length and nature of the carrier and the 

configuration of the roadway; 

(iv) the nature of the coupling (aerial or ferrite); 

(ν) the parasitic noise level.2 

It is hardly surprising therefore that the frequencies 

used in mines vary over a wide range which, for the 

devices studied by CERCHAR, extends from 380 kHz 

for working with diesel locos to 144 MHz for direct 

vision telecontrol of cutters, where no carrier is 

required. 

1 But if ferrite coupling is employed, its efficiency falls 
rapidly beyond 10 MHz. 

2 I t is known that the parasitic noise level varies inversely 
1 

with the frequency, as — . 
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THE INIEX/DELOGNE SYSTEM OF TELECOMMUNICATION 
AND REMOTE CONTROL BY RADIO 

P. DELOGNE 
INIEX, Liège 

SUMMARY 

Most of the waveguides used to provide long-range radio links in mines can carry two 
types of propagation. The singlewire mode, in which the current passes along the cable 
and returns through earth allows of coupling to the antennae of radio devices, but 
suffers from high attenuation. The other mode of propagation exhibits the contrary 
features. The long ranges achieved are due to the exchanges of energy between these 
modes. 

In the system described, use is made of a coaxial cable. The energy is exchanged by 
inserting along the cable radiating devices of the same size as a connector, which operate 
on the principle of local cut-outs in the external conductor; the number and arrangement 
of these devices can be varied to suit the requirements of the different circuits, so that the 
system is very flexible. 

When the cable is well clear of the walls of the roadway, the communication links are 
obtained by coupling between the antennae of the portable communication devices and 
the singlewire mode. When the cable has to be placed against the wall, this mode 
cannot be used, but the system continues to function effectively, since in addition to the 
conversion into singlewire energy, the devices transmit radially, like an antenna. 

This system, which is currently the most efficient, has made it possible to achieve commu
nication links over distances of several kilometres between portable devices, without 
any intermediate amplification. 

1. GENERAL METHODS THAT ENCOUR
AGE THE PROPAGATION OF RADIO 
WAVES 

Indubitably, it is unnecessary to recall in this article, 
the importance attached to establishing radio-
electric links in mines and, more generally in under
ground workings. The purpose of this article is to 
recall the difficulties which are encountered in 
propagating electromagnetic waves in underground 
roadways and to describe an original system 
developed by the Institut National des Industries 
Extractives (INIEX). 

From the electromagnetic point of view, an under
ground roadway behaves more or less like a metal 
pipe. We know that waves can only be propagated 
along a tube for wavelengths less than a critical 
value roughly equal to the diameter. This does not 
allow waves with a frequency of less than about 
50 mHz to be propagated in mine roadways. Unfor
tunately, because of the bad conductivity of the 
rocks, the higher frequency waves are greatly 
attenuated during propagation. Moreover, they 
do not follow the sharp bends well and they 'adjust' 
badly to the numerous obstacles: men, waggons, 
machines, etc., which occupy the roadways. 
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However, the electromagnetic characteristics of the 
roadway are changed profoundly when a metal 
conductor is stretched along it. The presence of two 
conductors, the wire and the ground, one of which can 
be used as the outgoing conductor and the other as 
the return conductor, makes the cut-off frequency 
disappear and it is possible to propagate as low 
waves with as low a frequency as required. This is 
the principle of the single-wire waveguide cable. 
In this mode of propagation, the electromagnetic 
fields fill all the space between the wire and the wall 
of the roadway, so that these waves can be generated 
by transmitters and picked up by receivers in the 
roadway. Because this mode of propagation uses 
the ground as the return conductor, its propagation 
attenuation is fairly high and it is scarcely possible to 
achieve long ranges, except at very low frequencies, 
but at which the interference caused by machinery 
is great and the construction of small but efficient 
aerials and of sensitive equipment is difficult. 

Two or more conductors must be installed along the 
roadway in order to obtain long ranges, all other 
things remaining equal. If the distances between 
these conductors are much shorter than the distances 
to the walls, or even if one of the conductors 
surrounds the others and forms a screen, two types 
of mode are obtained: 
(a) the single-wire mode described above, in which 

the system of wires or even the screening is used 
as the outgoing conductor and the ground as the 
return conductor; 

(b) one or more modes in which the outgoing and 
return conductors are provided solely by the 
wires without using the ground. 

Thus this new type of mode will be distinguished by 
relatively low propagation attentuation, hence long 
ranges. However, the electromagnetic fields of 
these modes are concentrated close to the wires or 
inside the screening, and they cannot affect the 
aerials of mobile apparatus: only the single-wire 
mode has this property. To complete the system, 
exchanges in energy between both these types of 
modes must be achieved, since one type of mode is 
used — in the smallest scale possible — for the link 
with the aerials, and the other type of mode for the 
propagation. 

2. SOLUTIONS BASED ON COAXIAL 
CABLE 

The waveguide cable with the greatest range is that 
which has the least attenuation; this is a coaxial 
cable. For clarity, we shall use the term coaxial 

mode to describe the mode in which propagation 
takes place between the central core and the 

r screening, and the single-wire mode that in which it 
*takes place outside the cable. The coaxial cable 
offers a second advantage compared with cables 
such as the side-by-side two-wire type: the coaxial 
mode is completely protected from the surrounding 
medium and is not at all affected by a prolonged 
exposure to a damp or dust-laden atmosphere, or 
by being fitted against the wall of the roadway. 

Various solutions have been put forward to allow of 
-exchanges between the coaxial and single-wire 
modes. A cable with a continuous longitudinal 
slot in the screening is used in the underground 
railway systems of Brussels and Munich; this is a 
costly arrangement which does not stand up well to 
bending or twisting. A cable with the solid copper 
screening pierced with slots at regular intervals has 
been made in the United States. Our British and 
French colleagues are studying a cable in which the 
screening would be an aerated braid. All these 
systems have three major drawbacks in common: 

(a) they have to be manufactured specially, 

(b) the degree of coupling between the coaxial and 
single-wire modes is determined during manu
facture and it can only be adjusted to the circum
stances by using different cables; 

(c) they are not effective when the cable has to be 
laid against the wall or inside the spill-plates of an 
afe, because the fields of the single-wire mode 
are then concentrated between the wall and the 
cable and cannot be picked up by the aerials of 
mobile equipment. Moreover, the propagation 
attenuation of the single-wire mode is then very 
high, for example 1 dB/m at 30 mHz. The better 
solution is rather to connect along the cable a 
sufficient number of aerials which transmit 
radially, the waves they emit being of very 
limited range. 

3. INIEX/DELOGNE SYSTEM 

These basic ideas led to the design of the INIEX/ 
Delogne system, so called to recall that it was 
developed by a team from an idea put forward by one 
of its members. This system consits in connecting 
radiating devices with multiple functions along a 
coaxial cable; these functions are: 

(a) To take off a small part of the power carried by 
the coaxial mode almost without affecting the 
propagation of this mode. 

58 



(b) To radiate, like an aerial, a fraction of the power 

taken off: this is the principle used when the 

cable has to be placed against the wall, for 

example in a face where the singlewire mode 

cannot be used. 

(c) To convert the remaining fraction of the power 

taken off into singlewire type waves: this prin

ciple will be applied when the cable can be 

suspended at a specific distance from the roof, 

for example in the crosscuts. 

(d) To perform the transformations (b) and (c) in 

reverse, so as to allow the coaxial mode to be 

excited by mobile transmitters. The existence 

of this reverse transformation is ensured by the 

reciprocity theorem of electromagnetism. 

Basically, any aerial could perform these functions, 

but there is really only one which combines simplic

ity, very small size, economy and remarkable effi

ciency: it consists of a cutout in the screening of the 

cable (Fig. 1) to which concentric components 

(coils and capacitors) can still be added in order 

to improve the performance. 

Fig. 1. Cutout in the external conductor of a coaxial cable. 

Bearing in mind the complexity of the mining 

environment as regards the propagation of waves, 

it was decided at the beginning to split up the 

study of this system into three phases, only intro

ducing the imponderable factors very gradually: 

(a) Theoretical and experimental study of the model 

shown in Figure 1. 

(b) Test in a gallery devoid of supports, cables, 

pipes, machines, etc. 

(c) Underground test. 

3 .1 . Theoretical and experimental study 

The study which was carried out on the device in 

Figure 1 comprised the resolving of Maxwell equa

tions, computer calculations and microwave checks 

on a smallscale model. This study was published in 

a specialist periodical (Ref. 1); the main results of it 

are given here. 

From the point of view of the propagation of the 

coaxial mode, the cutout in the outer conductor 

behaves like an impedance placed in series in the 

outer conductor and comprising an artificial 

resistance and an artificial capacitance connected in 

parallel (Fig. 2). The power which would be 

dissipated in the artificial resistance is that which 

actually comes out of the cutout and which goes 

to form the radiation and the singlewire mode, so 

causing an inevitable loss for the propagation of the 

coaxial mode. 
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Fig. 2. Equivalent circuit of the cutout. 

As this impedance is high, the loss introduced, called 

the insertion loss of the device, is high, i.e. about 

10 dB. In itself, the device would be wholly inef

ficient, since the plan is to obtain long ranges by 

means of a very low propagation attenuation of the 

coaxial mode. However, the insertion loss is 

primarily caused by the reflection of the coaxial 

mode from this high impedance and it can therefore 

be reduced by improving the impedance matching. 

The impedance of the cutout can be reduced simply 

by shunting it with a capacitor. When the value of 

this capacitance is increased, the insertion loss of the 

device is decreased, but since the voltage across the 

slot also decreases, the power coming out from Lhe 

cutout is even further reduced. The value of the 

capacitance is the result of a compromise. The 

residual capacitive effect can still be compensated 

by introducing, in series in the inner conductor, a 

coil which resonates with the capacitor at the oper

ating frequency. 

Now let us see what happens to the power issuing 

from the cutout. In the theoretical case study— 

no roadway walls—it was possible to calculate to 

what extent the power is shared between the radiation 

and the singlewire mode (which is then a Goubau 

wave). These proportions depend on the operating 

frequency and on the characteristics of the cable, but 

a distribution in roughly equal halves is usual. 
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An interesting feature of the radiated waves is that 

they are concentrated in directions inclined at about 

ten degrees with respect to the cable axis; this is very 

useful for the application envisaged, since there is no 

point in directing the power towards the wall. 

The singlewire wave is energized with equal ampli

tudes along both directions away from the cutout. 

All this mathematical theory was fully confirmed by 

laboratory tests on a smallscale model and at a 

frequency of 3 gHz. 

3.2. Experimental gallery tests 

The theory developed did not allow for the effect of 

the roadway walls, but it was possible to make a 

reasonable forecast of their influence. INIEX has 

the advantage of having at Lanaye a tunnel bored 

through calcareous tufa; this tunnel does not contain 

any supports or other modifications or obstacles. 

This is the ideal test site for a theory of underground 

propagation. The slots were made in the form of 

two coaxial connectors fixed on a block of dielectric 

material in which the capacitor and coil were housed. 

Figure 4 shows what happens between two radiating 

slots. The slots excite the singlewire mode with 

equal strength in both directions. Thus, between 

■two 'slots, there are two waves of roughly equal 
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Fig. 4. Standing waves caused by two slots. 

Charge fin de ligne 50 Ω = endofline load 50 Ω. 

F = Slot. 

Distance en m = Distance in m. 

(a) Behaviour of the suspended cable 

The singlewire mode can be used when the cable is 

suspended far enough from the roof, even no more 

than 10 cm. Figure 3 shows the field measured 

along the cable, at 1 m from it, for a coaxial mode 

power of 30 mW at 30 mHz. More exactly, this is 

the voltage obtained with a 30 cm aerial. The 

error, with respect to the calculated field, does not 

exceed 2 or 3 dB. 
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amplitudes that are propagated in opposite 

directions, so giving very large standing waves. The 

link could be interrupted at the voltage nodes. 
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Fig. 5. Singlewire waves caused by a directional coupler. 

Charge fin de ligne 75 Ω = endofline load 75 Ω. 

F = Slot. 

Distance en m = Distance in m. 

Fig. 3. Singlewire waves caused by a slot. 

Charge fin de ligne 50 Ω = endofline load 50 Ω. 

F = Slot. 

Distance en m = Distance in m. 

To avoid this effect, devices which excite the single

wire mode in one direction only would be needed. 

Figure 5 shows how this can be managed: instead of 
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one slot, use is made of two slots separated by a 

quarter wavelength and forming what is known as 

a directional coupler. If the coaxial wave comes from 

the left, both the singlewire waves sent to the left are 

in phase opposition, because of a halfwavelength 

difference in path length, and cancel each other out. 

On the other hand, there is no difference in path 

length to the right and both waves reinforce each 

other. 

Figure 6 shows how pairs of slots placed every 100 m 

regenerate the singlewire mode by taking off some 

of the power which is propagated with low 

attenuation along the coaxial cable. Obviously 

in the case, the distance between pairs could have 

been made greater, since the attenuation of the 

singlewire mode is small because the cable is far 

from the wall. Figure 7 shows that, when the 

cable is nearer the wall, the attenuation of the 

singlewire mode is much higher and the distance 

between slots must be reduced. Therefore it will 

always be advisable to site the cable well clear of the 

wall. 

direct radiation can nevertheless be detected up to 

about ten metres on both sides of the slot. From 

this, we conclude that a radiating device will have 

to be located every 20 m along the face, in cases 

Cobi· Coditil contr« la parol 

otiti dt 
»100m liant 

Coditil 

>UV 

10000 

6000-

1000 

EOO 

100 

20 

- 1 1 c 

vv\ ΑΛ» 

Λ' 

II 

I 

10 » 30 «0 50 B0 70 B0 90 100 110 l io 

ûlstonci an m. 

(b) Behaviour of the cable on the ground 

In the extreme case, when the cable is placed on the 

ground or against the wall or the roof, the singlewire 

mode cannot be used and it is really possible to rely 

only on the direct radiation of the devices. As we 

know, this radiation cannot be propagated very far. 

The diagram in Figure 8, measured at Lanaye for a 

cable laid out on the ground, clearly shows that the 

Fig. 7. Case of high singlewire attenuation. 

Charge fin de ligne Coditel = Coditel endofline load. 
Distance en m = Distance in m. 
Cable Coditel contre la paroi = Coditel cable against 
the wall. 

where the cable is fitted inside the a.f.c. spillplates. 

Figure 9 shows the field measured between two slots 

30 m apart. 
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Fig. 6. Diagram along a line with two directional couplers. 
Charge fin de ligne 75 Ω = endofline load 75 Ω. 
Distance en m = Distance in m. 
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3.3. Underground tests 

The system still had to be subjected to underground 

trials, which is not surprising. Several installations 

of a more or less experimental nature were set up, 

in particular: 

(a) the remote control of a winch in a haulage cross

cut in the Winterslag mine. The operator 

accompanies the train of tubs and carries a radio 
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Fig. 8. Radiation from one slot with the cable on the ground. 
Fente = Slot. 
Distance en m = Distance in m. 

transmitter with which he sends the control 
signals; the power transmitted is 30 mW and the 
frequency is 30 mHz. These signals are picked 
up by a receiver connected to the end of the 
coaxial cable near the winch. The length of the 
haulage system is 900 m, but the range could 
have been doubled without difficulty; 

(b) communication over a distance of 2 000 m in the 
cross-cuts of the Beringen mine. Reliable com
munication is obtained between two portable 
instruments with a power of 1 watt and a sensi
tivity of 1 microvolt at 36 mHz. The cable 
laid along a 250-metre longwall face provides 
communications for the men in this face, both 

between themselves and to the bottom and top 
of the face. 

-,The performance described is obtained without the 
operators having to go near the coaxial cable. Thus 
they can be called and can reply while working. 
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Fig. 9. Radiation from two slots with the cable on the ground. 
Fente = Slot. 
Distance en m = Distance in m. 

A link without amplification is shortly going to be 
achieved between an engineer's office on the surface 
and a face 3 km away. 

4. CONCLUSION 

The system described supplements other well-known 
systems, but it is certainly the one with the best 
performance at present. With the cable well clear, 
the normal performance for transmitters with a 
power of 1 watt and for receivers with a sensitivity 
of 1 microvolt at a frequency of 30 mHz is as follows: 
(a) between two mobile instruments: 2.5 km; 
(b) between a mobile instrument and an instrument 

with galvanic coupling on the cable: 4 km. 
As the attenuation of the coaxial cable is less at lower 
frequencies, even greater ranges can be obtained, for 
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example 5 and 10 km at 3 mHz. However, the 
market for portable instruments is not interested in 
these frequencies, whose use on the surface is reserved 
for broadcasting and international communications, 
but whose use underground, without any radiation 
getting out, should be permitted. Allowing for the 
cost of the various systems, the installation just 
described seems likely to become generally used 
for ranges—without amplification—greater than 
1 km between mobile instruments and greater than 
1.5 km between fixed and mobile stations. It is by 
far the best for the faces. 
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A PRACTICAL VHF RADIO SYSTEM FOR COMPLETE COVERAGE OF THE MINE 

D.J.R. MARTIN 
Β Sc, Mining Research and Development Establishment, 

National Coal Board, Bretby 

SUMMARY 

The NCB has been exploring the possibilities of communicating by radio in mines 
using equipment already available for surface communication, in conjunction with 
transmission lines to provide artificial propagation. Such lines may be of the balanced 
bifilar type, but coaxial cables having an open braid offer more stable characteristics 
against external influences and surface moisture. 

The optimum frequency for a transmission-line system is a compromise, leading to the 
adoption of frequencies in the lower VHF band. 

For a given frequency, the practical methods of increasing the range of a system are: 

(i) to improve the characteristics of the transmission line, 
(ii) to use multiple base stations, 
(Hi) to introduce repeaters into the line. 

The technique adopted in the NCB system has been to employ multiple base stations 
as necessary to ensure the required coverage. 

Described in detail is the particular case of the Longannet mine, where communication 
has been provided throughout a 9 km tunnel using three base stations. 

The NCB has now commissioned the firm, of International Aer adio Ltd to design a 
Mark 2 version of the system based on the same principles as the Mark 1 system but 
including important improvements. 

Meanwhile, the basic research continues into the transmission lines themselves and the 
various possibilities for improvement. 

The 'radiating devices' developed at INIEX by Mr Delogne for use with standard 
coaxial cable would be quite compatible with the NCB system, and a combination of 
the two techniques could prove extremely valuable. 

1. INTRODUCTION 1. to establish the ranges which may typically 
be achieved in mines, tunnels and other such 

_, , „„„ , . ., n . , , Ί Ί confined spaces by direct radio transmission; 
The current NCB work in the subject of underground r J 

radio communication commenced in 1967 at the 2 · t o investigate principles for artificially pro-
Mining Research Establishment at Isleworth, now pagating signals over a longer range; 
incorporated into the combined Mining Research 3. to develop engineering techniques for extending 
and Development Establishment at Stanhope Bretby. the range further to any required extent by the 
Among the aims of the project are: use of multiple base stations or repeaters; 
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4. to engineer prototype two-way radio systems 
having a pit-wide range; 

5. to apply radio techniques as may be appropriate 
to specialized purposes such aslcoalface communi
cations. 

The investigation is primarily concerned with 
frequencies in the VHF and UHF mobile radio 
wavebands, since mass-produced compact equipment 
is available for these frequencies, much of it already 
made to be intrinsically safe for use in the petroleum, 
gas and chemical industries. 

The basic research is far from complete, but findings 
already reached have enabled a pit-wide two-way 
personal radio system to be engineered and granted 
a Class 1 Certificate of Intrinsic Safety by the 
British Inspectorate of Mines and Quarries. 

or UHF communication through the length of the 
average longwall face. 

In the shaft, tests have been carried out at many 
British collieries and at every one it has proved 
possible to communicate consistently over the full 
depth of the shafts, the deepest being about 1 km; 
in each case, reliable signals have also been exchanged 
between personnel travelling in the cage and both 
banksman's and onsetter's positions. Generally, 
VHF (at about 80 MHz) has proved superior to 
UHF (at about 460 MHz) for this purpose; it is 
presumed from this that the propagation is sub
stantially by guidance, with the steel ropes serving 
as transmission lines. Already, the management 
at many British collieries have appreciated the 
value of this form of communication and have 
purchased portable VHF radio sets specifically for 
maintenance and emergency purposes in the shaft. 

2. NATURAL PROPAGATION 

Using unaided propagation from handportable 
equipment in the VHF and UHF bands it has been 
established that the ranges obtainable in an un
obstructed 3-m mine roadway or tunnel are generally 
of the order of 200 m. As the diameter of the 
tunnel increases, UHF shows an advantage over 
VHF: in a 4-m roadway, for example, a range of 
400 m might well be achieved at 460 MHz (UHF) 
while at 85 and 170 MHz (VHF) the range remains 
substantially the same at about 200 m. This 
advantage of UHF applies only where the roadway 
is straight and unobstructed: the signals in this band 
cannot be expected to negotiate corners or even 
bends, whereas in the VHF bands the more limited 
range of 200 m may be maintained round corners. 
The present inference from these findings is that 
the UHF propagation is essentially tunnel-guided 
and thus sensitive to tunnel discontinuities, whereas 
the natural propagation of VHF signals tends to be 
augmented by conduction by cabling or pipework 
which is normally present in any mine roadway or 
tunnel. This theory is supported by experiments 
carried out by the Belgian co-worker Liégeois1 in a 
tunnel and a stone quarry devoid of all such metal. 

These modest 'natural' ranges may be adequate for 
special short-range communications, in which cases 
the stray conduction effect at VHF would generally 
gives these bands the advantage. 

On the coalface, the natural ranges are less pre
dictable and certainly of an order less in magnitude; 
one would not expect to achieve unassisted VHF 

3. THE TRANSMISSION-LINE PRINCIPLE 

The main objective of the present NCB investigation 
has been the development of a radio system which 
would provide two-way speech communication 
throughout the largest pits. Previous attempts 
to achieve this end had relied on inductive-coupling 
techniques using low frequencies within the range 
16—150 kHz. Their lack of success may be 
attributed partly to difficulties with standing-wave 
patterns on the conductor lines, but appears mainly 
due to the weight and awkwardness in use of the 
personal sets with their large loop aerials and the 
need to couple the transmitter closely to the 
conductor line. It was therefore decided that the 
possibilities of VHF and UHF radio communication 
should be explored first, using equipment which was 
readily available for communication on the surface. 
It was expected that the unassisted propagation at 
these frequencies would not be adequate for the 
purpose, as indeed was subsequently quickly 
established but it was considered that artificial 
propagation of the signals by means of a specially 
laid transmission line might well prove to be a 
viable basis for a system; this has proved to be the 
case. 

As first described by American workers,2 the trans
mission-line or 'leaky feeder' principle was first 
discovered more or less by accident, when an attempt 
to provide the required VHF coverage of a railway 
tunnel involved connecting dipole aerials at frequent 
intervals along a coaxial feeder; this system worked 
reasonably well but it was subsequently discovered 
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that the dipoles were superfluous. With the realisa

tion that the feeder itself was providing most of the 

useful radiation, a change was made to a twin 

unscreened feeder because of its lower cost, lower 

longitudinal attenuation and higher radiation. As 

will be described, however, the recent NCB work 

suggests that for many applications a suitably 

designed coaxial cable is preferable. 

A simple application of the transmissionline principle 

is illustrated in Figure 1. 

F  E 
< 

Fig. 1. Diagram illustrating the transmissionline principle. 

F is a fixed base station. It can be shown that 

little is to be gained by using high transmitter powers 

in this application, apart from the question of 

intrinsic safety, and so a personal type of radio

telephone set may conveniently be used. Such a 

set typically has a transmitter power output of 

500 'mW and a receiver sensitivity of 0.5 /¿V into 

50 Ω. 

As already mentioned, the station F is connected 

not to a normal aerial but to a transmission line TL. 

This may take a number of forms but in general 

will be either a balancedtwin line or a coaxial cable. 

If a balanced line is used it is preferable to match 

it to the fixed station through a balun transformer, 

shown at B, since the output from the set will 

usually be unbalanced and of a different impedance 

from the line; a coaxial cable, on the other hand, 

can be connected directly to the set. At the far 

end of the line it is theoretically desirable to terminate 

with the characteristic impedance of the line, which 

may typically be 300 Ω for a balanced feeder or 

5075 Ω for a coaxial cable. In practice, the 

termination may well comprise a dipole aerial to 

make best use of the residual energy in the line. 

The mobile or personal set M is a standard set 

with a normal aerial. 

These elements form a complete twoway radio 

system in its simplest configuration. When the 

fixed station F is transmitting, signal energy from 

it is radiated by the transmission line TL and picked 

up by the mobile sets M—of which, of course, there 

may be any number. In the converse direction, 

when the mobile set is transmitting the radiated 

signals are picked up by the line and conducted 

to the fixed station. 

In this case, we are not considering direct radio 

communication between mobile sets. It is true 

that if the mobile sets are arranged to transmit 

*and receive on the same frequency then direct 

communication between them is possible over a 

limited range since the transmission line can re

fadiate to a second mobile set the signals it has 

received from a first; this principle has been very 

thoroughly expounded by our Belgian colleagues 

and is finding valuable application in British pits. 

However, if consistently reliable communication is 

required between mobile personnel over the full 

operational range of a wide system it is better to 

adopt twofrequency operation with the fixed base 

station acting as a relay; this is the technique used 

widely in radio communications on the surface and 

is known as 'talkthrough' operation. 

3 .1 . Types of transmission line 

The cheapest, and probably the simplest, type of 

transmission line to use is a common flat twin or 

'ribbon' feeder comprising two stranded conductors 

laid parallel about 12 mm apart and moulded in a 

polythene dielectric ribbon. Standard types, such 

as BICC type T3101, have the serious disadvantage 

for mining use that they are flammable. A variant 

employing a flameretardant polythene is now 

available to special order. 

Farmer and Shepherd3, in a previous theoretical 

treatment of the transmission line principle have 

quoted an expression for the radiation from such 

a line, assuming that the line is perfectly balanced. 

The present NCB work, however, cannot reconcile 

this expression with the field strengths consistently 

observed, which suggest a substantially higher 

radiation. To account for this inconsistency it is 

now postulated that the radiation and induction 

fields (and the reciprocal catchment effect when the 

base station is receiving) arise primarily from the 

inherent lack of balance in such a feeder in practical 

conditions. Such outofbalance or commonmode 

components of the line currents would produce 

vastly greater external fields than similar balanced 

currents; however, they would be rapidly attenuated, 

as may be shown by experiments with a singlewire 

line1. The balanced currents are still essential 

for the longrange propagation of the signals in the 

line, and so a continuous process of transformation 

between balanced and unbalanced components is 

now postulated; the linear range is achieved by 

propagation in the balanced mode, while coupling 

between the line and a mobile set results from the 
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commonmode component. Such a continuous un

balancing process was first measured in tests at 

Bevercotes colliery in 1968 and typically amounted 

to 10% unbalance developed in 300 m of feeder 

connected to a balanced source; tfhe converse effect 

has also been measured. 

The theory of the transmissionline principle using 

such bifilar lines has been thoroughly developed by 

the Belgian coworker Deryck4. 

Farmer and Shepherd have stated3 that imparting 

a tight twist to a balanced twin transmission line 

increases the radiation. This is contradicted by the 

NCB findings which show the radiation to be reduced 

by twisting, and the longitudinal transmission to be 

marginally improved; these, in fact, are the effects 

predicted by the new hypothesis since the primary 

effect of twisting a twin line is to improve the 

balance. In a published comment on a contribution 

by the present author5, Bell6 has drawn attention 

to an alternative explanation for this contradiction 

in the effects of twisting, but this assumes that the 

line is initially perfectly balanced. 

Ribbon feeder has practical disadvantages in some 

environments. Particularly, the presence of coatings 

of wet grime or coal dust on the feeder seriously 

increases the longitudinal attenuation of the signal; 

also, care must be taken to route the feeder at least 

15 cm distant from parallel cables of conductors. 

For such difficult situations coaxial cables are 

recommended. It has been established that standard 

braided cables such as UR57 (RG11A/U, KX8) 

produce external fields only about 20 dB less than 

those of a nominallybalanced ribbon feeder carrying 

the same power. By employing a special 'open 

weave' of outer conductor braid this difference may 

be greatly reduced. Such coaxial cables, though 

considerably more expensive than ribbon feeders, 

offer characteristics which are far more stable 

against extraneous influences and surface moisture. 

3.2. Optimum frequency 

The optimum operating frequency for a transmission

line system is a compromise between two conflicting 

factors: (1) the longitudinal attenuation of the signal 

within the line, which is logarithmic with respect 

to distance and which increases with frequency 

according to wellknown expressions involving cross

sectional dimensions, dielectric and conductors, and 

(2) the leakage fields coupling the line to the mobile 

apparatus, which also increase with frequency for 

both ribbon feeder and braided coaxial cable following 

a power law as yet undetermined. With factor (2) 

may be bracketed the aerial efficiency of a mobile 

or personal set. Setting these two factors against 

one another produces curves of the form shown in 

Figure 2, in which the longitudinal range of a 

transmissionline system is plotted as a function 

of the operating frequency; parameters are the 

physical characteristics of the transmission line and 

the precise power law which the coupling of energy 

between the line and a mobile set is presumed to 

follow. The important characteristic to note in the 

general form of the curves is the existence of an 

optimum frequency giving maximum range. Above 

this frequency the range decreases steadily, while 

below it the range decreases more drastically to an 

eventual cutoff. The curve shown in full line (a) 

is based on the known attenuation characteristics 

of a standard type of ribbon feeder (BICC type 

T3101); it assumes a coupling loss of 70 dB at 

100 MHz (taken as the reference frequency for the 

calculations), and that the coupling of signal voltage 

between the line and the aerial terminal of the mobile 

set is proportional to f2, where f is the operating 

frequency. The dashed curve (b) makes the same 

assumptions as curve a except that the coupling 

loss at 100 MHz is taken as 80 dB. The dotted 

curve (c) makes the same assumptions as curve a 

except that the coupled voltage is assumed to vary 

as f3. All the curves assume a transmitter power 

of 500 mW and a receiver sensitivity of 0.5 /¿V in 

50 Ω, typical values for a handportable radio set; 

this represents a total allowable path loss of 140 dB. 

The effect of varying either transmitter power or 

receiver sensitivity is to displace the curves in the 

direction of the vertical axis; the optimum frequency 

remains constant but the cutoff frequency alters. 

The term 'coupling loss' is used to denote the actual 

path loss between the aerial terminal of the mobile 

set and the transmission line at its nearest point to 

the set. In a tunnel environment it has been found 

that this value does not depend appreciably on the 

distance between the line and the mobile set, even 

in such largediameter tunnels as the Mersey road 

tunnel; an improvement can always be obtained by 

moving the mobile aerial to within a fraction of a 

wavelength of the line, where the induction field 

becomes predominant, but this available bonus is 

ignored in all range measurements and estimations. 

Using standard handportable radio equipment and 

both ribbon and comparable coaxial feeders, reliable 

ranges have been determined at frequencies around 

27, 80, 170 and 460 MHz. The trend is to fall 

between curves a and b as shown by the experimental 
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points inserted in Figure 2, suggesting that for 

these particular types of feeder the optimum 

frequency is generally below 27 MHz, but not 

appreciably so. Tests at 35 kHz confirm a condition 

of cutoff existing at that frequency. On these 

findings, 27 MHz would seem a good choice of 

frequency, and in an underground environment 

licensing considerations would probably not preclude 

its use. However, compact handportable radio sets 

are not generally available in Great Britain to 

operate below the 'VHF low band' (approximately 

6688 MHz) and so this band has been selected for 

longrange speech communication in British pits. 

4. PRACTICAL APPLICATION OF THE 

PRINCIPLE 

As indicated by Lhe experimental points inserted in 

Figure 2, a longitudinal range of some 2 km is 

obtainable between a fixed base station and a 

handportable set in the 80 MHz band using either 

a standard ribbon feeder or a specially designed 

coaxial cable as the transmission line, and this 

figure applies whenever the mobile set is in a simple 

tunnel, mine roadway or coalface through which the 

line runs. 
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FREQUENCY. MHz 
Experimental Points: 
° 300n ribbon feeder. BICC type T3IOI 
• comparable 75n coaxial cable; 

93<fc cover braid, attenuation 32 dB/km at 80 MHz 

Fig. 2. Range of a transmission-line system as a function 
of operating frequency. 

By its nature, the line will normally be substantially 
free of standing waves; if however, localized standing 
waves should occur through a line discontinuity or 
a closed loop in the system, the effects will not be 
discernible because of the short wavelengths involved 

and the comparatively long length of line within 
direct range of a mobile set. But although standing 

r waves in the line are not a consideration, reflections 
afroni the tunnel walls and objects will set up standing-
wave patterns in the tunnel itself and these can 
cause the signal strength to vary by as much as 
20 dB over very short distances; all quoted coupling 
losses and ranges are worst-case values taking these 
local variations into account. Beyond the quoted 
ranges it will usually be possible to 'find' a signal by 
moving a short distance (not more than a metre) 
or by deliberately coupling into the induction field 
close to the line, but this is not considered as 
'reliable' communication. 

Quoted ranges are thus the reliable ranges obtainable 
from a fixed base station. They can be effectively 
realized in any direction from the base station in 
which a transmission line may run: in a linear 
system, therefore, such as in a simple tunnel, the 
ranges may effectively be doubled if the base station 
can be sited at the middle of the total length of line. 
The loss in dividing the available transmitter power 
between the two outgoing lines is only 3 dB to each 
line (or 4 dB if the lines are simply paralleled without 
matching) which represents a negligible reduction 
in range. By siting the base station strategically, 
further subdivision will often be possible, increasing 
the length of mine roadway or face served 
accordingly. For example, in the common case 
of two long parallel roadways connected by a short 
cross-cut, forming a slender 'H' configuration, a base 
station might appropriately be installed in the 
cross-cut, from which four lines may divide to serve 
the separate limbs of the 'H'—each approaching the 
full nominal range of the base station. Thus, 
applying the figure quoted for a basic range of 2 km 
at 80 MHz, a total length of 8 km of roadway would 
be served. 

Applying the principle to a simple tunnel or an 
uncomplicated system of parallel mine roadways is 
thus a straightforward exercise which may be 
planned on paper with accuracy and confidence. 
But where the site to be served is in the nature of a 
close network of tunnels or a broad area with 
supporting pillars or large obstructions such as a 
room-and-pillar quarry, the basement of a large 
building or a typical coal mine in the pit-bottom 
area where numerous side tunnels are to be covered, 
then more careful planning is necessary and some
times preliminary propagation surveys to determine 
the most economic layout for the system. In these 
more complicated applications the lateral decay 
of coupling must be considered as well as the 
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longitudinal attenuation within the line. Figure 3 
illustrates a typical service range of a single length 
of line in both longitudinal and lateral directions. 

Τ 
Θ .. 

Fig. 3. Diagram illustrating the lateral range of a trans
mission-line system. 

Again, F denotes the fixed base station, TL the 
transmission line and M a mobile set. The distance 
R is the reliable longitudinal range of the system 
as it would be in a simple tunnel. The distance d 
has now been added to represent the distance from 
the line for which reliable signals will be received 
down a side tunnel or into a confined area. It will 
obviously depend on the residual energy in the line 
at that point and thus leads to the tapered form of 
service area shown by the dotted line. This lateral 
range may be estimated from a knowledge of the 
line characteristics and the experimentally established 
natural propagation characteristics of the signals 
in the environment concerned. A typical figure 
for the attenuation of VHF or UHF signals in a 
tunnel or restricted space is 0.5 dB/m. Thus, if the 
line loss from the base station to a given point on 
the line were 40 dB, and the coupling loss from the 
line to a mobile set for a simple tunnel case were 
70 dB, then the loss in hand at that point would be 
140 - (70 + 40) dB, that is 30 dB; this would provide 
a lateral range of 60 m from the line into a side 
tunnel or a confined area. 

If a branch tunnel requiring coverage existed at the 
point in question but exceeded 60 m in length, then 
it would be necessary to take a spur from the trans
mission line to serve it. In such a spur, the 30 dB 
available might serve a branch tunnel up to 1 km, 
depending on the frequency and the type of line. 
More precisely, the 30 dB would in fact be reduced 
to about 26 dB by the division of the signal between 
the main run and the spur and by the probable 
mismatch, and so the ranges along both paths would 
be slightly reduced. The key point to appreciate 
in assessing the principle and planning a practical 
system layout is that if the transmission line is 
branched the signal energy is divided at that point: 
the remaining range is not so divided but is available 
along both paths with a reduction of only some 100 m 
to each, equivalent to the splitting loss to each path; 

similar considerations apply to the transmission 
of signals in the reciprocal direction. This is a 
somewhat paradoxical situation at first sight, and 
arises essentially from the logarithmic nature of the 
decay of signal in the transmission line. 

5. EXTENDING THE BASIC RANGE 

Taking the quoted 2 km radial range as a standard 
suggests that a judiciously sited base station will 
often serve to provide radio communication for a 
particular function such as a transport system or 
even the whole of a small pit. In general, however, 
it is too restrictive and means must be sought to 
extend the range of a system to meet any conceivable 
requirement. Ironically perhaps, the very first 
application of the principle to a mine has made a 
demand in this respect which is unlikely ever to be 
exceeded. This is the case of the Longannet complex· 
in Scotland, where the requirement was for a reliable 
two-way radio system serving a single straight 9 km 
roadway, to enable patrolmen servicing the trunk 
conveyor to keep in touch with the surface control 
room. The distance itself is not long by normal 
standards for the total length of mine roadway to 
be covered in a pit-wide system, but the very 
simplicity of the configuration—a single long straight 
tunnel—has meant that the economic bonuses 
attached to line-splitting could not be fully exploited. 

For a given frequency, practical methods of increasing 
the range are: 

(1) improving the characteristics of the transmission 
line, 

(2) employing multiple base stations and 

(3) introducing line repeaters. 

With the specially designed coaxial cable mentioned 
it is felt that the practical and economic limit to 
the size of such a cable has been reached. For 
railway use, it is known that far heavier cables 
having solid outer conductors with longitudinal 
slots have been proposed, but such cables are not 
considered practicable or economic for mining use. 
The present ribbon feeder used is a standard product 
apart from the special grade of polythene specified; 
heavier feeders could be made to order, but the 
radio-frequency conductance of a copper wire is 
proportional to its diameter while the cost is naturally 
proportional to its cross-sectional area, and the 
conclusion is that a heavier feeder would not be 
economic against other methods of increasing the 
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range. However, it is proposed to explore the 
possibilities of heavy-gauge openwire lines for very 
long straight roadways, since these promise to offer 
the required insusceptibility to surface contamination 
as a more economic alternative to coaxial cables. 

The technique adopted in the present NCB system 
is to employ multiple base stations as necessary to 
ensure the required coverage. The stations must 
be operated simultaneously, at least until the where
abouts of the mobile party is established in each 
contact, and this presents a problem which is 
familiar in surface communications. 

The difficulty arises in the overlap areas of the ranges 
of two or more base stations. The base-station 
transmitters must nominally operate on the same 
carrier frequency to avoid the mobile receivers having 
to be re-tuned in passing from one zone to another. 
Yet there will inevitably be slight differences in 
frequency and these cause audible beat notes which 
can prevent speech being received intelligibly. 

One technique to overcome the trouble as experienced 
in surface systems was described by Brinkley7 in 
1946 and has become the standard practice for 
police and fire-service radio schemes in Great Britain. 
A typical county or regional police force requires 
three VHF base stations to ensure coverage of 
its area. Although nominally the same, the trans
mitter frequencies of the base stations are staggered 
slightly from one another; typically, the second and 
third stations would be tuned + 6 kHz and — 9 kHz 
with respect to the first. Any beat notes which 
then result are outside the normal audio-frequency 
communication range and can be filtered out in the 
receiver without detriment to the transmitted speech. 
At the same time, the pass-band of the mobile 
receiver may easily be made wide enough to accept 
transmissions from all three stations without re-
tuning. This system is only practicable with 
amplitude modulation. 

The first NCB radio system to be installed, at 
Longannet, was operated very briefly using amplitude 
modulation and the staggered-frequency technique 
to verify the practicability of the method; the second 
radio system, installed at Baddesley Mine, near 
Coventry, employs the same principles successfully. 

The system at Longannet has now reverted to 
frequency modulation as originally intended. With 
this method of modulation the staggered-frequency 
technique cannot be used and so a short gap is 
now left in the transmission line midway between 
adjacent base stations to sharpen the transition 

between the ranges of the stations. A feature of 
frequency modulation is that the receiver will 

- respond only to the more powerful of two. signals 
received providing the difference in strengths is 
greater than about 10 dB. Using this 'capture 

^effect' in conjunction with the gapped line ensures 
that areas of confused signals do not extend beyond 
a few metres. 

As an alternative or supplement to multiple base 
•stations, the use of line repeaters is being considered; 
the proposal is to supply DC power to them over 

' the transmission line from the base station. 

6. SYSTEMS, APPARATUS AND APPLICA
TIONS 

6 .1 . The 986 system 

The practical embodiment of these principles and 
techniques is the NCB Pit Radio System type 986, 
the first version of which is the subject of a Certificate 
of Intrinsic Safety by the British Inspectorate of 
Mines and Quarries. 

Figure 4 illustrates a particular layout of the fixed 
installation as might be applied to provide compre
hensive two-way radio communication throughout 
a typical pit, and will be used as a basis for describing 
the system in general. 

Speech signals from a surface control station, still 
in audio-frequency form, are passed over the control 
lines CL (a telephone-type pair) to each of a number 
of fixed base stations F situated at strategic points 
throughout the pit. Each fixed station contains 
a standard radiotelephone set, suitably modified, 
together with auxiliary control circuits. These sets 
normally rest in the receiving condition in readiness 
for possible incoming calls from mobile stations, 
but are switched when required into the transmitting 
condition by means of a 10 V DC signal super
imposed on the control lines by operation of a key 
at the surface operator's position. 

The radiotelephone sets in the fixed stations are 
connected to the transmission line (indicated by the 
heavy lines) in lieu of their normal aerials; this runs 
throughout the pit and radiates signals to the 
mobile stations. In the reciprocal direction, any 
signals radiated by a mobile set are picked up by 
the transmission line and conducted to any fixed 
station or stations within range; provided the radio
telephone sets in such stations are in the receiving 
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condition they respond to the conducted signals in 
the normal way, and the resultant a.f. output signals 
are passed into the control lines for transmission 
to the surface control station, where they are 

receive switch for reversing the direction of the 
signal path and for applying the 10 V DC signal 
to the control lines as necessary. A view of a 
prototype version of this unit is shown in Figure 7. 

SC" 
C CONTROL STAT O H 
Ζ ZENER BARRER 
F FIXED BASE STATION 

mmmm* TRANSMISSION LINE 
C L CONTROL LINeS (TELEPHONE -

TYPE PAIR) 

ic::::=z3-Li}r-
UP TO I S km - - ^ Τ Τ 

Θ [[ i 
s us U N D E R G R O U N D A R E A 

Fig. 4. Typical layout of the 986 pit radio system. 

reproduced on a loudspeaker. The system is thus 
operated as a conventional simplex radio system. 

The fixed base stations may number up to six. In 
more detail, the radiotelephone sets in these stations 
are Pye 'Bantam' sets using either frequency or 
amplitude modulation on a two-frequency or single-
frequency channel in the 'VHF low band', at 
approximately 85/72 or 85 MHz. These sets in 
their normal mode of use are powered by an internal 
battery, but in this application the battery is removed 
and the set supplied from a separate 16.8 V stabilized 
supply derived from a higher-capacity rechargeable 
battery. The auxiliary circuits in the fixed station 
arc designed to operate from the same 16.8 V supply. 

Figure 5 shows an internal view of a fixed station 
in the form installed at Longannet; the radio
telephone set (top right) and die-cast boxes con
taining the auxiliary circuits (top left) are mounted 
on a 45 cm χ 45 cm baseboard. At the bottom 
of the enclosure the rechargeable battery is seen, 
while the transformer supplying the charging current 
to it is mounted outside the enclosure on the left. 
A detailed view of the auxiliary circuits is shown in 
Figure 6; future versions of the system will employ 
printed-circuit boards. 

The surface control station contains no radio-
frequency apparatus or circuits, but basically 
contains audio-frequency amplifiers and a send-

The audio-frequency signal level on the control lines 
in both directions of transmission is nominally 
1 volt r.m.s. The control lines are balanced for 

Fig. 5. Internal view of a fixed station (Longannet). 

audio-frequency signals to prevent induced noise 
and mutual interference with normal telephone lines 
in the same cable. 
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6.2. System planning; transmission-line rout
ing 

Figure 4 is intended to represent a case where a 
hypothetical pit has two working developments, 
one to the north of the shaft bottom and the other 
to the west, both extending more than 3 km from 
the shaft bottom. The shortest route between the 
extremities of the pit workings is thus likely to 
reach about 8 km. 

Fig. 6. Auxiliary -circuits of a fixed station. 

It has been shown that the maximum radial range 
of a single fixed station using the types of line at 
present favoured is 2 km, a figure which will be 
eroded somewhat by heavy resort to splitting and 
branching of the line. 

Fig. 7. Surface control station. 

If the total extent of the pit were rather smaller 
—say 5 to 6 km between extremities—it would 
thus be possible to provide full coverage with two 
fixed stations, which would be situated approxi

mately half-way between pit bottom and the two 
development areas. In the assumed case, however, 
the coverage from this arrangement would not be 

•''complete and so the. use of three stations is recom
mended. 

.With the necessity for three fixed stations 
determined, their deployment in the case being 
considered is then straightforward. No. 1 is best 
sited about halfway between the farthest extremities 
of the pit; this puts it conveniently at pit bottom, 
where it will serve the intricate network of roadways 

-found here with the minimum of transmission line 
at the high signal level which will thereby be 
available. Station No. 2 is then sited to cover the 
northern development to best advantage, and also 
those parts of the main roadways to it not reached 
by No. 1 station. Station No. 3 similarly serves the 
western development. 

It is assumed in Figure 4 that the northern develop
ment has three parallel roadways to it and the 
western development two. Transmission lines will 
be necessary in all these roadways and will normally 
be interconnected near the fixed stations. If 
cross-cuts or branch tunnels are present, then 
application of the principle of Figure 3 will suggest 
whether coverage of these may be expected without 
taking spurs from the line. 

The layout postulated in Figure 4 includes several 
closed loops in the transmission line, in particular 
by completion of the links through the three faces. 
No great advantage would in fact be gained by so 
taking the line under both ripping lips at a face, 
except in providing a duplicate path for communica
tion against the contingency of cable damage at 
one lip. It has been previously mentioned that in 
the Longannet case the line has been gapped midway 
between fixed stations: this will generally be ad
vantageous in such a system using frequency 
modulation and unsynchronized base transmitters; 
it has not been shown in Figure 4, which itself does 
not presuppose any particular method of modulation. 

6.3. Mobile or personal radiotelephone sets 

The mobile sets, of course, have no electrical connec
tion with the rest of the system and so they have 
not been considered to form part of it for purposes 
of intrinsic-safety examination and certification: 
any radio set approved in its own right may be used 
provided it is compatible with the system in regard 
to frequencies, bandwidth and type of modulation. 
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Until the development of the 986 system no such 
set carried the necessary Class 1 Certificate of 
Intrinsic Safety to cover use in British pits, though 
several had been certified for Class 2 gases (propane, 
ethylene, hydrogen, etc.) for *use in oil refineries 
and chemical works. Now, several sets have received 
Class 1 Certificates. Among these, the only set 
using amplitude modulation is a special version 
of the GEC 'Courier' (Mod. Spec. P.S.6651) made 
for the National Coal Board by Marconi Communica
tion Systems, Great Baddow, Chelmsford, England. 
A photograph of this set is shown in Figure 8. 
Suitable sets using frequency modulation are 
manufactured in England by Storno Ltd, Camberley, 
Surrey, and by Ultra Electronics Ltd, London W3. 

Fig. 8. Personal V H F radio set for use in the mine. 

An awkward feature of personal VHF radio sets 
has often been the telescopic whip aerial, particularly 
when 'low-band' frequencies (that is, about 80 MHz) 
are used. A new development, however, is the 
flexible helical type of aerial shown attached to the 
set in Figure 8. For 'VHF low-band' operation 
it is 30 cm long. It is claimed by the manufacturers 
to be virtually as efficient as a whip aerial, even 
when worn close to the body. It is at present 
specified for all personal-type radio sets to be used 
in British pits. 

It is often necessary to install a mobile radiotelephone 
set in a locomotive. In such a case, the same types 
of personal set may be used but a larger loudspeaker 
may be connected to the set to overcome the ambient 
noise, and the aerial may with advantage be fitted 
to the roof of the locomotive itself. Further, it 
may be possible to derive a DC supply for the set 
from the locomotive. 

6.4. The Longannet scheme 

Longannet mine is a single straight roadway 
containing a belt conveyor which collects the coal 
from three producing pits and bears it to the surface 
near the new electricity generating station at 
Longannet. The length of this roadway is about 
9 km and it rises to the surface at its northern end 
(at Solsgirth mine) as well as at Longannet. Coal 
from the three producing pits (Bogside, Castlehill 
and Solsgirth) is fed on to the main Longannet belt 
at points which are at distances 2.3 km, 4.8 km 
and 8.5 km respectively from the Longannet end. 

The first requirement for radio in this complex 
of mines was to equip the main Longannet mine 
with a system which would allow patrolmen to 
maintain two-way speech communication with the 
controller on the surface at Longannet, through 
personal radio sets. To provide this service, the 
first prototype of the 986 radio system has been 
installed in the mine. 

To ensure adequate and reliable coverage of the 
mine it was decided to install three fixed base 
stations, of the type shown in Figure 5. These 
have been sited at distances of 1.4 km, 4.4 km and 
7.2 km from the Longannet end. Because of the 
extremely wet conditions prevailing in the Longannet 
complex of mines, it has been necessary to use a 
coaxial type of radiating transmission line. This 
cable is specially made by BICC; it employs a 93% 
braid cover and has an attenuation of 3.25 dB/100 m 
at a frequency of 85 MHz. As already explained, 
the transmission line is gapped (about 1 m) between 
adjacent fixed stations, at distances of 2.8 km 
and 5.8 km from the Longannet end. 

In the 986 system it is generally intended that the 
fixed stations shall be controlled in parallel by 
connection to a common pair of telephone lines. 
However, at Longannet a 7-pair telephone cable 
had been specially provided and so it was decided 
to control the three fixed stations over separate 
pairs of lines. In normal operation these pairs are 
commoned at the surface and so the effect is the 
same as if the stations were controlled over one pair; 
however, it is possible by separating the lines at the 
surface to control the fixed stations separately 
for experimental purposes. 

It is the intention that eventually the three pits 
feeding the conveyor belt, and also a fourth pit 
(Dollar) which is part of the complex, shall have 
their own individual radio systems. The five 
systems will all be under the control of the one 
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Controller at Longannet, and so for this function 
a special 7-line control station has been designed 
and constructed. This will allow the five systems 
to be controlled over the 7-pair cable already 
installed, and still allow the facility for independent 
control of the three Longannet fixed stations. 

6.5. Commercial manufacture of the system 

The first system, which is installed at Longannet 
mine in Scotland, uses apparatus which has largely 
been constructed or adapted at the Mining Research 
and Development Establishment and in the work
shops of the Scottish North Area of the National 
Coal Board. The second system, installed at 
Baddesley Mine in England, was constructed at the 
Mining Research and Development Establishment. 
Following the demonstrated success of these systems 
the National Coal Board decided to commission 
a firm to develop and market a 'Mark 2' version 
of the system for wider application in British pits 
and for exploitation abroad. This firm is Inter
national Aeradio Ltd, which is owned jointly by 
most of the major airlines of the world and provides 
air-traffic-control seryices and equipment; it was 
known that the firm had already become involved 
in mine communications. 

The Mark 2 system generally employs the same 
principles of operation as the original Mark 1 system 
but includes two major improvements: 

(1) the entire apparatus is designed to a higher 
standard of intrinsic safety (cadmium-safe) so 
that some previous restrictions on the location 
of the fixed base stations may be lifted. It 
will also be possible to locate the control station 
underground if desired; 

(2) the radiotelephone set within the fixed base 
station is superseded by a specially designed set 
capable of operating simultaneously in the 
transmit and receive modes (that is, in 'duplex' 
mode) to allow 'talk-through' operation providing 
direct speech between mobile sets by automatic 
relay at the fixed stations on the second 
frequency. 

The improved intrinsic safety is being achieved by 
reducing the DC supply voltage in the fixed stations 
from 16.8 V to 12 V, obtained by stabilizing the 
current-limited output from a 16.8 V rechargeable 
battery to 12 V. 

The radio circuits in the fixed stations are being 
derived from standard aeronautical transmitters 

and receivers designed to operate on 12 V DC. Such 
equipment always employs amplitude modulation, 
and so the mobile set used with the Mark 

•^ system will be the NCB version of the GEC 
'Courier'. 

6.*6. Further development 

In parallel with the manufacture and marketing 
of the Mark 2 version of the 986 system by Inter
national Aeradio Ltd, further development work is 

"proceeding at the Mining Research and Development 
Establishment of the National Coal Board. In 
particular, it is felt that the comparison between 
amplitude-modulated and frequency-modulated sys
tems must continue and so a further type of fixed 
base station using frequency modulation is being 
developed. This will have the same advantages 
of the higher standard of intrinsic safety and the 'talk-
through' capability as the amplitude-modulation 
version of the Mark 2 system. 

A reversion to frequency modulation would offer 
the following interesting possibility. In surface 
radiocommunication systems attempts have been 
made to avoid the mutual interference problem 
between base stations by achieving exact synchro
nism of their transmissions but the difficulties have 
not been satisfactorily overcome. In the case of 
an underground transmission-line system such as 
the 986 system an attractive possibility exists of 
feeding a synchronizing signal between base stations 
over the transmission line. Frequency-modulated 
transmitters in the 'VHF low band' usually employ 
a crystal-oscillator frequency of about 4 MHz, and 
modulation takes place at this frequency before 
multiplication to the final carrier frequency. A 
signal at 4 MHz could be carried over the trans
mission line with very little attenuation between 
base stations. A present proposal, therefore, is to 
designate one base station as 'master' and to remove 
the transmitter crystals from the others (designated 
as 'slaves'). A crystal-frequency pilot signal, al
ready modulated, would be passed from the master 
to the slaves and used by them in place of their 
own crystals. Exact synchronism would thus be 
achieved. 

Another investigation will have the objective of 
eliminating the separate control lines to the base 
stations by superimposing the DC control and audio
frequency signals on the transmission line, which 
was the original intention in developing the 986 
system. 
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Basic research continues into the various possibilities 
for different types of transmission line for pro
pagating the signals. In particular, comparisons are 
being made of coaxial cables having different braid 
structures for the outer conductor. 

In this respect, also, the work of the Belgian colleague 
Delogne8 is being studied with interest, since it is 
considered that the special 'radiating devices' 
described by him for use with standard coaxial cable 
would be quite compatible with the NCB type 986 
system and a combination of the two techniques 
could prove extremely valuable. 

7. CONCLUSION 

Research into the transmission-line or 'leaky feeder' 
principle has enabled a two-way VHF radio system 
to be engineered capable of covering the largest 
mine. Following the success of two prototype 
installations in British pits, the system is now being 
manufactured commercially. 
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DISCUSSION 

ANDERHEGGEN 

Ladies and Gentlemen, 

In opening the discussion I must assume the role 
of devil's advocate. One extremely important 
factor to be taken into account in all attempts to 
extend the range of automation is Man himself. 

Take the pithead control centre, for example. 
Even the most up-to-date centre, with an on-line 
computer link, is to a great extent dependent on 
information passed by word of mouth or by telephone 
from the face or some other sector of the mine. 
The pithead control centre depends entirely on the 
good will of each person involved in this. 

Paging systems are another example. They can 
greatly ease the work and duties of the wearer, 
but at the same time he may regard the apparatus 
as a means of unrestricted control and supervision, 
so that it cripples his individual initiative. 

As in all new techniques, any extension of automation 
should not overtax the human-beings who have to 
work with it, and should at the same time inspire 
in them complete trust in the technology involved, 
for without this the technique becomes purely 
academic and unrewarding. It may be that the 
mining industry has an advantage over other sectors 
here in that human relationships between miners, 
engineers and management have always been 
especially close — with the result that measures 
aimed at rationalizing and automating the job 
have not been viewed as a threat to employment 
but rather as an aid and an amenity. In my view, 
unless this condition is satisfied, no technique can 
be said to be perfect. 

More than 20 years ago a number of miners were 
rescued from a mine in Scotland after being trapped 
for several days by an inrush of moss and peat. 
An important factor in the rescue was a telephone 
which continued to function even though the cable 
and cable boxes were immersed in mud. This 
incident emphasized, if emphasis were necessary, 
the importance of reliable communications in an 
emergency. Any cable used for radio communica
tions underground should be capable of transmitting 
information even though buried or immersed, and 
it should, if possible, be capable of withstanding 
high temperatures for an appreciable length of time 
so that some communication might be maintained 
in the event of a fire. Systems which are intended 
not only for everyday use but also for use in emergency 
should be capable of operating for several days 
independently of mains electricity supplies. Pit 
radio systems should also be as simple as possible 
so that mine electrical staffs can maintain them 
along with their other duties, and the systems 
should be capable of being installed to a set of 
relatively simple basic rules, avoiding as far as 
possible the use of special line balancing techniques, 
or testing instruments, or special siting of cables. 

In mines in Great Britain there has been a considerable 
growth in the use of loudspeaking coal face telephone 
systems during the past 8 years or so and these 
are often connected through to the surface. 
Telephones are spaced at convenient intervals 
throughout the face and in the gate roads near the 
face and are available for use by anyone. Further
more, all persons on the face can hear any conver
sation that is taking place and they know what is 
happening. These systems appear to work well, 
and this prompts me to ask M. Belugou (Paper 3) 
what additional advantages would be obtained from 
the Phasophone described on page 8 of his paper. 

LUXMORE 

I read the papers for this Session with great interest 
because, like the authors, I think telecommunications 
play a very important role in safety in mines. I 
would like to make a few observations. 

Remote control 

Radio control of power loaders and similar machines 
will probably make an important contribution to 
safety, but I have some reservations about the 
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widespread use of radio control for machines such 

as rope haulages and locomotives. Present manual 

or remote systems of control using cables are unique 

to the machine being controlled and are not usually 

susceptible to inadvertent outside interference which 

might cause maloperation. I doubt if the same can 

be said of radio control. No matter how sophisti

cated the method of control, the aerial will detect, 

and the machine will respond to, a given set of 

signals irrespective of the source, and unless the 

exact methods of control for each individual machine 

are carefully chosen right at the outset I can foresee 

problems arising. I think this will be a difficult 

matter over which to excercise control and I would 

like to hear the author's views on it. 

General 

It is well known that radio frequency radiations 

can cause premature ignition of detonators and I 

should like to know if the authors considered this 

in developing their systems. 

BELUGOU 

Danger of premature firing of detonators 

This question has often been examined by 

CERCHAR, often at the request of the administra

tion. The reply has always been that the probability 

of danger was nil. 

Portable transmitters sometimes radiate a power 

capable, it seems, of setting off a detonator, but 

this power can only be received by lines with a 

characteristic impedance of about 200 Ω. But 

the impedance of a detonator is about 2 Ω. The line, 

which in any case can only receive a very small 

fraction of the energy radiated, can only supply the 

detonator with 1/100 of this fraction; there is nothing 

approaching the power required... 

At the surface, the powers transmitted may exceed 

100 kW; all experiments have shown the impossibility 

of premature firing. 

LIÉGEOIS 

Mr Chairman. It is very difficult to reply to your 

speech since you have a mining experience which 

few can parallel; but I thought I detected a certain 

pessimism in your words. Undoubtedly there are 

many factors which are hindering the development 

of automation in mines, and certainly we are among 

those who do not believe in complete automation, 

as you know. But I think all the same that 

research into automation has led us to make big 

steps in mechanization, and also in partial automation 

even if we are convinced that it will take longer 

still before we reach more complete automation. 

Secondly, it is true that the wages of electronics 

men are high and perhaps it would not reduce the 

cost if we were to replace miners by electronics men. 

But it must be admitted that more and more 

electronics men of all levels are being trained, and 

less and less miners unfortunately, so perhaps we 

may after all be obliged to use electronic men to 

produce coal. Thirdly, as regards research, I am 

going by a sort of intuition and personal experience. 

When we go underground, and we leave the face 

or the roadway, we often find that the deputy will 

ask us for the transmitterreceiver which we have 

brought down to do some tests, so that he can have 

it for the rest of the shift. He seems keen on getting 

this equipment, and this makes us happy, and so I 

think we ought to trust the good judgement of the 

miner who knows how to choose his tools. 

I should like now to reply to the speaker who has 

asked some questions on the papers read this 

afternoon. As regards the wave guide cables. I 

have no knowledge of subjecting them to high 

temperatures and testing their resistance to trans

mission under such conditions. This is a test which 

should be made; but I know that the CFT Mining 

Research Establishment in Britain, as Mr Rubeek 

will tell us, I think, has carried out tests on a buried 

wave guide and verified that signals passed through 

a pile of debris or a pack. We ourselves have often 

verified that a broken telephone line, which was 

unable to transmit a telephone signal, was still 

capable of transmitting a radio signal, provided 

of course that the distance between the two edges 

of the break was not too great. In a very unrestricted 

roadway we have had breaks up to three meters, 

and a signal still passed even though it was a weak 

one. In other conditions, a bigger break cannot 

be dealt with, but in the face we have been able to 

repair lines by just making a knot in the line without 

any electrical contact between the conductors. 

We are developing systems of transmission without 

an external supply. You have heard of various 

kinds today, and I think that in fact for safety 

purposes, for saving lives, the selfcontained systems 

without external supply are particularly appreciated. 

This system should be simple to maintain, I agree, 
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and we should avoid control instruments, I agree, 
but I think that here too we have made progress. 
As regards remote control, I should like to reassure 
those who are doubtful about interference or 
accidents. The remote control appliances which 
we have tested have the so-called 'dead-man's handle 
system, like the trains on the surface. If a man 
stumbles and takes his hand off the button, the 
monorail under his control immediately stops. So 
this is a positive safety device. Scondly, as regards 
interference, the problem existed at the surface 
before it existed in mines and firms manufacturing 
remote control appliances for trains or cranes have 
designed devices in which several channels have to 
be transmitted simultaneously, two for example, 
and the remote control does not operate if there is 
only one signal or if there are three, so that problems 
of interference are avoided. 

Finally, as regards the development which the 
authors wish to make in their system, I think that 
the symposia which will follow this meeting and the 
discussion today will give us some ideas on the 
direction which the work is to take and the priorities 
which we are to give to research, and also on whether 
the miners will accept the system of radio remote 
control in mines. 

BELUGOU 

A question has been raised as to safety with deton
ators. There was some concern as to whether this 
development of radio appliances might not cause 
premature firing. Wa heve thought a good deal 
about this question, and it has also had the attention 
of the French inspectorate several times. In fact 
it arises much more in surface quarries than under
ground. Basically, the transmitters are always of 
very low power, about 2 watts, and in practice it is 
absolutely impossible for such a transmission to 
fire a detonator owing to the complete difference of 
the impedances. Obviously, if you connect a deton
ator through a connection made by an electrician 
between the transmitter and the detonator, it will 
fire, but it is impossible for a connection producing 
this result to occur accidentally. We have thought 
a good deal about this; if anyone is particularly 
interested, we are ready to discuss it with him, for 
example at the symposium. 

This single conductor system operates with a wire 
coated with a low-leakage, high-dielectric insulation 
material. The wire is accompanied by an electro-
rfiagnetic wave which travels in a closely confined 
and defined space. No return conductor is required. 
In principle, therefore, the Goubau line would appear 
ideally suited for mine use. 

Have you in fact examined systems of this type? 
Do you know of any other research institutes which 
have examined the Goubau line as a means of under
ground wireless communication ? 

LIEGEOIS 

I propose to call on Mr Delogne, who has made a 
special study of very short waves and in particular 
the Goubau theory. In fact our tests have shown 
that very short waves are well propagated in mines 
in a straight line and when there are no obstacles. 
As regards the INIEX/Delogne system, Mr Delogne 
himself will tell you how the Goubau waves and the 
axial type waves function in his propagation system. 
However, I am taking this opportunity to add to 
Mr Belugou's reply on the risk of firing by transmitter-
receiver. The Eliott Lake Laboratory of the Geolo
gical Service of the Ministry of Mines in Canada 
has studied the problem and has never succeeded 
in setting of a detonator with portable transmitter-
receivers of the walkie-talkie type. 

DELOGNE 

A Goubau wave is a wave guided by a wire covered 
by a dielectric layer, having an exponential concen
tration in the immediate vicinity of the wire. A 
Goubau line has admittedly, a weaker attenuation 
on the same frequency than a coaxial cable, but a 
Goubau line of 500 MHz or 1 GHz has a greater 
attenuation than a coaxial cable of 10 MHz. But, 
we should need frequencies in that region for the 
concentration of Goubau waves around the wire to 
be sufficient for utilization in mine roadways. The 
Goubau line is therefore of no interest for mine use, 
particularly as the attenuation rapidly increases if 
the wire gets covered with dust or water, or is not 
straight. 

GRABNITZKI 

RUCHATZ 

You did not report on the Goubau line. 

The radio communication system at Walsum 
Colliery is being manufactured under licence by 
the firm Fernsprech- und Signalbaugesellschaft of 
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Essen-Kupferdreh, Fahrenberg 6. These pocket this is assisted by the outstanding directional charac-
sets will work on 253 kHz as required by German teristics of the microphone. It is therefore not 
Mining Regulations. The call-up tone can be necessary to hold it close to the mouth to keep this 
received without coupling-in the antennae hook noise out. The underground range is at the moment 
right over the entire range of the loop, and is not around 14 km loop length, with good audibility, 
restricted to a distance of 3 m. The microphone The chief advantage is the absence of a fixed-point 
orifice is designed to keep out outside noise, and station with wire connections. 
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SECOND TECHNICAL SESSION 

PROUST (Chairman) 

We are starting the 2nd technical session in this 

conference on automation in the coal industry. 

I am sure that the success of this meeting will be an 

encouragement to Mr Brandt and myself in our 

task of leading the discussion on this very interesting 

subject which we have today: automation and remote 

control in the face. 

The results obtained in industrial automation and 

■ more particularly the spectacular success scored in 

aeronautical and space techniques have been an 

incentive to engineers and researchers in this difficult 

field. Their work has really been an adventure, 

with its many variables: but they were encouraged 

by the progress of mechanization and the improve

ment of materials. 

Among these pioneers, I must particularly mention 

Mr Bihl. He originated the application for financial 

aid to the ECSC for research into the automation 

of coal cutter and coal plough faces in France. He 

also — as Mr Reichert mentioned yesterday — edited 

a publication sponsored by the Community: 'Remote 

control and automation underground in European 

collieries' which was to have concluded with a very 

important section on the automation of faces. 

Unfortunately he retired before completing this 

work, and this last section is missing; the papers 

presented at this conference will have to fill the gap. 

But we may also wonder whether, after the usual 

initial enthusiasm, the difficulties encountered may 

have slightly lessened our ambitions, particularly 

as people hardly speak any longer of Rolf faces, at 

least of the original type. 

But we must not attach too much importance to 

the negative side of certain results; we should draw 

positive lessons from all the tests carried out by the 

'disciples' and 'fanatics' of automation. All in all, 

there is a positive balance, at least that is my view; 

and in particular it shows the value of the 'spinoff' 

of automation. 

It is a mistake to pass from mechanization to 

automation just by automating the manual controls 

of an installation, a machine, or a chock in a powered 

support — even when they give complete satisfaction. 

Experience has proved that this leads to complicated, 

burdensome and rarely reliable results. On the 

contrary, we should rethink the equipment from 

the point of view of automation, looking for an 

improved adaptation to conditions likely to be , 

encountered. Among the qualities required are: 

ruggedness, simplicity of operation, careful choice 

of transducers, reliability of the whole assembly, 

and obviously low cost. 

I must emphasize that, even if we cannot continue 

automation to its full extent, the research which I 

have defined is very often remunerative. 

— Let us take the example of Provence — a very 

successful project, it is true — which Mr Adam 

will describe, with a film. We find that the 

chocks have improved in ruggedness, the hydrau

lic circuits have been simplified, breakdowns of 

ploughs and conveyors considerably reduced, 

efficiency of ploughing improved, face operation 

improved, etc... and certain partial techniques 

utilized in this face can be immediately transferred 

to standard type faces. 

— If Dr Lürig concludes his report modestly by 

saying that at present we cannot dispense with 

human observation for controlling the cutting 

horizon, we must not underestimate the body 

of knowledge and improvements which his work 

has given us in plough technique and in the 

design and steering of the plough. 

— If the tests on automatic control of the cutting 

horizon of coal cutters, carried on with deter

mination and method by Mr Bennett in Britain, 

have only reached their objective at the moment 

in the case of shearers with fixed drums, we must 

count to their credit the undeniable technical 

progress which has brought widespread benefits 
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to the coal industry; 'captive' steering of coal 

cutters and underframes with adjustable tilt. 

— If the development of a simple rugged and cheap 

pneumatic system, such as the one developed by 

Herr Schmidt, is useful for face automation, we 

must add that it will also lead to the development 

of transducers compatible with other remote 

control techniques, not to mention the develop

ment of face equipment required by any auto

mation system. 

I think that we have to lay emphasis on this final 

balance, otherwise we shall get into a state of pessi

mism which would tend to slow down and frustrate 

the efforts which we should, now more than ever, 

be putting into the improvement of our results. 

* * * 

'«Theversions of the film which you have seen, and 

I think greatly appreciated, are available in French 

and German. Anyone interested in ordering a 

■copy need only write to 
t 

Direction des Services Technique 

des Charbonnages de France, 

9, avenue Percier, 

Paris, France 

When you write, the price will be known, but as 

far as I know the price is modest, compared with 

the cost. 
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AUTOMATION AND REMOTE CONTROL AT THE FACE 

R. SCHWEITZER 
Charbonnages de France, Paris 

SUMMARY 

In this summary report, the author emphasizes in the first place the contribution made 
by the ECSC in this important sector. 

The problems that have arisen in the various countries are set out as a whole for each 
component of a face installation: 

(i) Armoured face conveyors. Particular mention is made of the manner in which 
solutions were found to the problems of outward transport of large blocks and the 
problems raised by the strength of the face conveyors, which has now been found 
inadequate for high-output faces. 

(ii) Ploughs. The solutions investigated or actually achieved are reviewed; they 
deal more particulary with reversal of the direction of running, the control and 
supervision of the cutting horizon and, finally, with the thrust on and advance of 
the armoured conveyor. 

(iii) Coal-cutters. Automating the operation of coal-cutters is a more delicate opera
tion; the research workers followed three promising lines of approach: line-of-sight 
remote control by an operator, programme control and automatic control with 
detection of the drum cutting horizon. 

(iv) Supports. Here it is in essence necessary to solve the following problems: the 
choice of the correct moment to shift the supports forward, supervision of the 
sequence of operations, automatic stabilization, maintenance of the correct direction, 
control of the roof strata. 

Finally, the basic concept of automation in mine working is studied. The general 
trends are clearly set out and examples quoted of achievements which have been made 
with the financial support of the ECSC. 

The activities of the ECSC in assisting coal research 
are the more important in that the research work is 
either difficult or of long duration, which puts it 
outside the immediate scope of mining concerns. 

In a field of research such as the automation or 
remote control of longwall operations, this assistance 
is of particular importance since it facilitates coordi
nation and the interchange of information between 
the different countries. 

Apart from its great value from this point of view, 
ECSC assistance is far from being insignificant; 
between 1965 and 1972 it has amounted to 
2.58 million units of account1 out of the total sum of 
34.55 million units of account given for technical 
research on coal in the period 1959-72. This aid has 
been divided between five projects, namely two in 

1 unit of account is equivalent to 1 US dollar. 
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the Ruhr, one in Lorraine, one in Provence and one 
in Belgium. It may be remarked that no research 
on the automation of coalmining has been undertaken 
entirely without Community assistance. 

In order to define the scope of this research, let us 
recall that the normal equipment of a mechanized 
longwall face consists of: 

(i) an armoured conveyor; 

(ii) a coal-getting machine — either a plough or a 
shearer — travelling on the armoured conveyor; 

(iii) a self-advancing support system either linked to 
the conveyor or not; 

(iv) an end installation consisting usually of an 
a.f.c. stage loader with or without a crusher; 
the gate-end boxes and hydraulic power-packs 
required for the face as a whole, a roof-support 
system of varying complexity and an anchoring 
system for the armoured conveyor. 

The automation of a face thus involves the 
automation of each item of equipment employed or, 
at the least, the remote control of some items and 
the automation of others. 

I — PROBLEMS RELATING TO LOADING-
OUT 

The standard loading-out equipment has for some 
years been the armoured conveyor having two 
chains with 18 mm links. 

The first problem which arose in the loading-out 
from automated longwall faces was that of reliability, 
both of operation and of starting. 

It is now being found that, where high-production 
faces are concerned, the present-day armoured 
conveyor restricts output by reason of various 
difficulties which arise: 

(a) Removal of lumps: this has, in certain cases, led 
to the widening of the conveyor in order to 
obviate the need for breaking lumps in the face 
itself. The use of the lateral discharge system 
now means that lumps can be more easily moved 
from the face into the roadway and can reach 
the roadway crusher without difficulty. 
The stage loader needs to be kept in the correct 
position to give a satisfactory discharge. It is 
therefore advisable to locate it in relation to the 
face conveyor, which can be achieved by one of 
two methods, one involving a fixed relationship 

while the other allows some degree of freedom, i.e. 
the stage loader and the face conveyor advance 
successively. 

(b) Inadequate strength: The increase in output, and 
indrive power, has resulted in a greater number of 
breakdowns as material fatigue has led to 

' breakage of chains and conveyor pans. Research 
is in progress to develop improved loading-out 
equipment. After trials with the three-chain 
system, development is now moving in other 
directions such as the use of two central chains, 
one single high-strength chain, etc. We may 
note in passing that a hydraulic drive produces 
less fatigue and hence fewer breakdowns. The 
increased weight of the shearers travelling on the 
conveyor has also raised a strength problem in 
regard to the conveyor structure. 

Once reliable operation and easy starting are assured, 
automation can be limited to synchronization with 
the outbye transport system. 

In some cases it is desired to obtain an even flow at 
the loading point. This is hardly an important 
problem with a shearer, for these machines give a 
reasonably uniform output. With a plough, the 
difficulty arises because both plough and conveyor 
move in the same direction. We may mention three 
possible solutions, but there are more: 

(i) use of a plough speed which is three times that 
of the armoured conveyor; 

(ii) use of two different plough speeds according to 
the direction; 

(iii) use of a positive relationship between the speed 
of the plough and that of the conveyor, a 
solution which has been tried in Provence with 
a hydraulic drive. 

The shifting of the conveyor as the coal-face advances 
is usually controlled on the basis of the shifting ram 
having reached its full extension, but this matter 
will be further discussed in connection with the 
plough. 

II — PROBLEMS RELATING TO WINNING 

A. USING THE PLOUGH 

(a) The plough has reciprocating motion, i.e. the 
direction of movement is reversed at the end 
of each stroke. 
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(b) Two essential adjustments are required: 

(i) of the cutting horizon; 
(ii) of the thrust. 

I 
This involves two monitoring operations, namely of 
the plough horizon and of the advance. 

Ploughs are usually electrically driven, sometimes 
using two different speeds in order to obtain a uni
form loading rate. The use of a hydraulic drive may 
facilitate automation, since it obviates the necessity 
for the shear pins in particular. 

The specific problems of plough automation are thus 
the following: 

1. Reversal of direction of travel : 

This is the easiest operation to automate since no 
adjustment need be provided. All that is required 
is to know the position of the plough. 

There are various solutions, among which we may 
mention: 

(i) the direct method: magnetic detection of either 
the plough body or a part of the haulage 
chain; and, 

(ii) the indirect method: employment of a plough-
position indicator, the reversal of travel being 
initiated on the basis of the indications given by 
this device. 

The first method has been employed in particular in 
Holland during trials of hydraulic drives for ploughs. 

The second is the method employed in France by 
CERCHAR. 

In Germany and England use has been made of 
interconnected magnetic detectors with, in England, 
hydraulic dampers fitted to the end-of-travel stops. 

2. Adjustment of the cutting horizon : 

There is fortunately a natural solution where the 
plane of separation between the seam and the 
floor corresponds to a definite change in hardness, 
i.e. where a soft coal is being ploughed on a hard 
floor. In this case it is necessary only to give the 
plough a tendency to move downwards. It should 
be noted that operation of the plough becomes 
difficult if certain precautions are neglected, namely 
—face aligned, armoured conveyor extended, thrust 
properly regulated. 

The adjustment is made by altering the amount of 
swivel of the blades, by changing them or by mod
ifying the orientation of the armoured conveyor, 
the latter method being the simplest. This problem 
will be discussed in greater detail in a paper devoted 
to this subject. 

3. Monitoring of the cutting horizon : 

True horizon monitoring, which consists of ensuring 
that the plough leaves no coal behind or does not 
bite into the floor, is not easy. The only answer 
in view is to use radio-active detectors, and a number 
would need to be placed at intervals along the face. 

A possible means of indirect monitoring, which 
might be satisfactory in a uniform seam, is by 
adjusting the transverse tilt of the armoured 
conveyor. 

4. Adjustment of the thrust and monitoring 
the advance : 

Ploughs do not all operate in the same manner. 
With the conventional plough, the thrust tends to 
move the conveyor forward against the solid and it 
must then move back as the plough passes in order 
to leave space for the body. 

With the 'recoil-less' plough this phenomenon does 
not occur, space being provided for the body by a 
fixed ramp plate. This latter arrangement is more 
convenient from the point of view of automation, 
since it allows the supports to be moved forward 
without the need for any special precautions. 

The efficiency of the ploughing process is dependent 
on the thrust adjustment and one of several solutions 
may be selected: 

(i) the conveyor may be moved forward by a fixed 
amount at each plough run, the method adopted 
in Great Britain under the name of 'fixed cut 
ploughing'; 

(ii) the conveyor may be moved forward by the 
maximum amount at each stroke; or, 

(iii) an advance and thrust programme may be used. 

Greater efficiency may be hoped for from the two 
last solutions, but they assume the use of a system 
for monitoring the advance. In France a plough 
position indicator, a thrust-monitoring system and 
conveyor advance indicators are combined in a 
sinsrle electronic controller. 
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In Germany a pneumatic logic system is used to 
programme the feed of each conveyor ram. 

B. USING SHEARERS 

A distinction must quite clearly be made between 
the fixed-drum shearer covering the thickness of the 
seam and the more complicated machine which is 
fitted with a ranging drum. What possible methods 
exist for remote control and automation? There 
appear to be three: 

(i) direct (i.e.visual) remote supervision by an 
operator; 

(ii) control by programme; and, 
(iii) automatic control using level-of-cut detection 

Where a ranging-drum adjustable-height shearer is 
used, and the seam is more or less uniform, it appears 
difficult to adopt an intergrated automatic system 
of operation, while, on the other hand it is not easy 
to see what advantages this could offer. 

It would seem preferable to use direct remote 
supervision, a system which has been adopted in a 
number of installations. 

A more elaborate solution is to prepare a programme 
allowing the machine itself to reproduce the opera
tions during the preceding run, these having been 
recorded by it together with any necessary cor
rections. This procedure has been investigated, 
but has been abandoned in France; it is reported to be 
under examination in the USSR. 

Automatic control assumes the use of level-of-cut 
detection, which presents a difficult problem. 
It is possible to use a detector pick sensitive to 
differences in hardness, a solution adopted in the 
American Joy Push-Button Miner. Alternatively, 
the machine may be guided by probes which detect 
the distance from the roof. The solution, however, 
which has attracted the most hope and effort is 
detection by means of a radio-active detector head. 
Many difficulties have been encountered, both 
because the cut fines interfere with the actual 
detection and also because it is not easy to sit the 
detector where it will react as quickly as desired. A 
ranging-drum shearer would without doubt require 
a double monitor facility, related both to the roof 
and to the floor. Most of the tests in this field have 
been carried out in England and these will form the 
subject of a separate report. 

It should be noted that the ranging-drum shearer 
with FIDD jib makes it possible to work the face-ends 

and also to drive roads, thus, in contrast to the 
plough, permitting advancing work in undisturbed 
panels. 

I l l — PROBLEMS RELATING TO AUTO
MATION OF SUPPORTS 

Support automation may be considered from various 
angles, but certain common points will inevitably 
recur. 

1. Choosing the right moment 

In theory, the supports should be moved only when 
it is certain that they can be taken forward without 
hindrance. Some means of detecting the feasibility 
of forward movement is needed; this is sometimes 
done at the roof (Essen-Kray), but most frequently 
at the floor alone. The latter method is normal 
with a machine giving a full-height cut, but is less 
reliable with a plough, which may leave 'overhanging' 
coal (a risk which has been taken in Provence). 

It must also be ensured that all the supports do not 
move simultaneously. They may be grouped to 
operate in sequence—the general procedure—or in 
accordance with a time programme, as in one of the 
methods tried in Belgium; alternatively, their 
movement may be initiated successively by the 
passage of the shearer, as in the Polish AS12 system 
(using radio-isotope radiation), or again the move
ment of one support may be arranged to lock its 
neighbours. 

2. Monitoring the execution of the operations 

When a ram operates, the following action may be 
initiated either as the preceding ram reaches the end 
of its travel or when its movement is halted by the 
force opposed to it, that is either when the pressure 
increases or speed falls to zero, depending on whether 
pressure or speed is the factor monitored. 

The advantages and disavantages of either method 
are open to discussion and circumstances will dictate 
which is adopted. The only essential is to be certain 
that the order will in fact be given, which means that 
nothing must impede the end-of-travel movement 
and pressure-tripped controls functioning at fairly 
low pressures are provided. 
It is a matter of choice whether each operation is 
monitored individually or whether adequate proba
bility is provided that it will be performed. Moni 

86 



toring is not always easy. For example, when a 
prop reaches full extension the effect, from the point 
of view of internal pressure, is the same as when it 
tightens against the roof; from the point of view of 
effectiveness, however, the two actions are very 
different. It is thus necessary to select a support 
whose range of heigth amply covers variations in 
seam thickness. 

3. Automatic stabilization 

Except where a truly level seam is being worked, it 
is necessary to include a system for keeping the 
props at right-angles to the strata. For this purpose 
the props are generally interconnected by stabilizing 
cylinders; in an automatic system, servo-control is 
required and the Bergbau-Forschung GmbH has 
developed a pendulum-operated distributor system. 

4. Maintaining the correct direction 

The simplest arrangement in an automatic system is 
to use support units connected to the conveyor; 
control is then limited to keeping the conveyor in the 
correct position, when the chocks will align 
themselves automatically. If this is not done, 
recourse must really be had to a guide-bar. 

5. Roof-control problems 

Automation can improve roof-control by: 

(a) reducing what is known as the 'supporting log', 
which is an important parameter; 

(b) ensuring a 'reliable' setting load; 

(c) increasing the rate of advance. 

It is also possible to imagine an automatic system 
which would allow an 'inching' movement as plough
ing advances and would ensure constant contact 
with the roof during movement in order to reduce the 
effects of repeated stressing and destressing of the 
roof. 

The minimum yield of a roof support has already 
been used in the English servo-lowering principle. 
It is also employed in one of the Belgian tests. 

The solution proposed by the Essen-Kray Research 
Centre is to advance the supports in contact with the 
roof, but this involves fitting at roof level an advanc
ing system duplicating that normally installed at 
floor level. 

IV — THE CONCEPT OF INTEGRAL FACE 
AUTOMATION 

Having examined the problems presented by each 
separate item, namely the coalwinning, loading-out 
and roof-supporting equipment, one comes back to 
the problem of coordinating the three and, in 
particular, of the design of the entire complex. 

The first factor in the problem is the working 
conditions, for it is not always possible to choose 
between shearing and ploughing, while roof control 
will sometimes impose certain restrictions; a further 
factor is the economic aspect, for it is clearly impos
sible to adopt methods which are technically very 
desirable if they involve excessive expenditure. 

Nevertheless, a wide choice still remains: 

(i) in regard to face equipment and organization; 
(ii) in the manner in which automation is realized. 

Subsequent papers will show: 
(i) what can be expected of a pneumatic logic 

system designed to control the monitor of the 
face by comparing the advance of the supports 
and that of the conveyor; 

(ii) the results obtained using electronic pro
gramming to monitor winning by means of a 
plough, together with the hydraulic automation 
of the support system. 

It will be seen that the difference between these two 
methods lies more in the concept of the ploughing 
method than in the choice of an electronic or a 
hydraulic control system. 

In this connection it is worth recalling that, although 
automation represents the performance of operations 
without human intervention, the automatic cycle is 
no more than the concrete expression of a coherent 
series of hypotheses whose possible implications 
have been considered and solved in advance. The 
success of an automation programme will thus 
depend on the extent to which the face operations 
were understood at the outset. 

V — WORKING EXAMPLES 

There are at present few longwall faces which are 
fully remote-controlled or automated since most of 
the solutions tried proved uneconomical. A certain 
number of individual operations have, however, been 
automated. 
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1. Ploughing 

(i) the 'fixed-cut ploughing' system is used in some 
faces in England; 

(ii) the CERCHAR electronic thrust-control and 
position-indication system is also receiving , 
wider application in France; 

(iii) a pneumatic logic system for monitoring the 
advance of a plough face is under investigation 
in Germany; 

(iv) level-of-cut monitoring is also under investiga
tion in Germany. 

2. Shearing 

(i) remote control is spreading; 
(ii) level-of-cut monitoring by means of a detector 

head has been developed in England and will 
be discussed in a separate paper. 

3. Support mechanization 

(i) in Germany a number of tests are in progress 
with the automatic system developed at 
Essen-Kray; 

(ii) in Great Britain, after tests with remote-
controlled faces, there has been a return to 
sequence control; 

(iii) in France the support system has been auto
mated at two faces; these are the two automatic 
faces in Provence. 

This rapid examination of the problems and their 
solutions fails, perhaps, to make clear that research 
into automation has been particulary profitable 
even where no definite result has been achieved. 
It has assisted the development of equipment, and 
in so doing has made possible the achievement of 
unlooked-for results even on non-automated faces. 

Automation is in fact the final step and can be applied 
to simple and fully developed equipment. The 

simplicity of the long-member or shield support is 
thus a definite point in its favour. 

On the other hand, the comparative complexity of 
face-end supports and of the operations which require 
to be carried out in this area means that there has 
been very little talk of automating them. In this 
instance, the choice of roadway support system and 
roadway cross-section are in any case the deciding 
factors. 

Nothing has been said concerning faces using pneu
matic stowing, but the recent development of a 
system for the lateral ejection of dirt through a 
channel attached to a powered support unit will 
certainly make possible at least the remote control 
of stowing. 

Nevertheless, however low the cost of automation 
may be, one cannot but wonder what benefits can be 
expected from it. Without doubt these benefits 
are generally much greater than anticipated. 

For example, the remote control of shearers has 
reduced the number of operating breakdowns by 
virtue of the simultaneous introduction of proper 
adjustment. 

In the same way, the automation of the support 
system on a plough face increases the advance per 
day simply because the plough is at all times under 
thrust and roof control is improved. 

Nor should the beneficial effect upon the miners' 
safety and health be overlooked, since: 

(i) the remote control of a shearer allows the 
operator to remain out of areas which are 
dangerous because of falling material or un
healthy because of dust; 

(ii) the automation of the support system on a 
shearer face is the simplest way of ensuring the 

.face-workers do not have to work immediately 
'downstream of' a coalwinning machine in an 
area more or less affected by dust. In addition, 
there is less danger of accidents due to the fall 
of lumps as they are loosened, while the work 
is made less heavy, etc. 



PNEUMATIC LOGIC AND AUTOMATION AT THE FACE 

H. SCHMIDT 
Bergbau-Forschung GmbH, Essen 

SUMMARY 

The paper deals with the development by Bergbau-Forschung of a pneumatic control 
system for the face. After a general review of the basic types of pneumatic digital 
components it is shown that the Dreloba system of logic valves is particularly well 
suited for use on the face. A discussion of the advantages and disadvantages of 
pneumatic control as compared with electronic digital systems is followed by a description 
of the development of peripheral components needed for automation of the supports and 
the automatic shifting and alignment of the conveyor. These include above all distance-
measuring devices. Progress and experience gathered underground are discussed and 
the resulting prospects and possibilities, particularly for support automation, are 
indicated briefly. Development of a pneumatic communications system, controllable 
by a pneumatic punched-tape reader, means that control of all movements at the face 
can be programmed, so that even complicated operations can be directed automatically. 
Simply by changing the punched tape, control systems can not only be adjusted quickly 
to deal with changes in operating conditions, but also be adapted to different types 
of face equipment. 

1. INTRODUCTION 

The application of control techniques to the various 
movements going on in the face is one of the difficult, 
unsolved problems of face automation. The Berg
bau-Forschung GmbH, Essen, has been concerned 
with the development of pneumatic logic systems for 
the automatic shifting and aligning of the face 
armoured conveyor and for the automation of the 
powered supports, and in doing so has approached 
the problem in a manner which is interesting enough 
—from the viewpoints both of technology and 
design—to be presented for discussion here. Since 
the basic principles and the possible applications 
of the technique of pneumatic automation are less 
familiar than those of electronic digital methods, it 
may be useful to begin with a few general remarks 
about this relatively new branch of control technique. 

2. PNEUMATIC AUTOMATION 
TECHNIQUE 

To solve the problems of automation we have at 
our disposal the basic types of pneumatic 
component illustrated in Figure 1. The 'turbulence 
amplifier' illustrated under A makes use of the 
changeover from laminar to turbulent flow to 
produce a signal. Applying an operating pressure 
pv of some 200 mm WG produces a laminar flow 
which, as shown in the left-hand drawing, can 
bridge over the free space in the chamber K in the 
form of a laminar jet and which produces at the 
output a pressure signal pA of some 100 mm WG. 
If a control signal is applied at one of the inputs 
Xi to X4, changeover to turbulent flow occurs in 
the chamber K, as shown in the right hand draw
ing. This gives rise to pressure equilibrium via 
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the vent opening E, and the pressure signal pA 

disappears. 

The turbulence amplifier thus performs an ORNOT 

function. Technically it has one great disadvantage: 

its sensitivity to disturbance as a result of pressure 

_e' ÀV'l/ï 

_ IT Vf M V/'LJF 

C. Doppelmembranvtntil 

Fig. 1. Pneumatic digital components. 
A turbulence amplifier, 
B walljet element, 
C doublemembrane valve. 

pulses which can act on the laminar jet via the vent 

opening E. The turbulence amplifier is consequently 

not very suitable for use in face automation. 

The walljet element illustrated at Β makes use 

of the 'Coanda' effect. A nozzle subjected to the 

pressure p^ produces a turbulent jet of air. In ' 

the vicinity of a wall, turbulence effects produce 

pressure differences. These cause the jet to be 

pushed against the wall and to adhere to it. If, for 

example, the jet is running along the wall of the 

lower channel, a pressure signal pA is produced at 

output 1. The adherence to the wall caused by 

underpressure can be counteracted by a control 

signal X2. The jet is abruptly deflected into the 

other channel and the pressure signal pA is produced 

at output 2. Similarly, a control signal at Xi 

causes deflection into channel 1. In other words, 

the walljet element is a pneumatic flipflop. Wall

jet elements require very pure compressed air, to 

ensure that the delicate nozzles are not damaged. 

This would mean that highgrade cleaning of the air 

would be necessary for underground use. There 

are other disadvantages: the individual elements 

available on the market are comparatively expensive. 

They are large in size, have a low fanout and a high 

air consumption; the assembly of complex control 

systems is in all respects difficult and expensive. 

At the present time, there is hardly likely to be much 

* attraction in using walljet elements for face automa

tion, and consequently the use of logic valves offers 

the best and cheapest technical solution. 

»From the wide range of miniature logic valves 

available, the Physics Department of Bergbau

Forschung GmbH selected the 'Dreloba System' 

. during the development work. The basic element 

of the Dreloba System, illustrated at C, is a double

 membrane valve with an operating pressure of some 

1.4 kp/cm2. Two membranes, rigidly linked by a 

bar, are able to close off either annular chamber Ri 

or R2. A control signal at the input X2 closes 

annular chamber Ri and opens chamber R2. The 

overpressure obtaining in the chamber can be 

balanced out via the vent opening E and the output 

signal pA is zero. Thus the signal input X2 has a 

negation function. In every instance, a control 

signal applied to Xi closes annular chamber R2 

and opens chamber R¿; the initial signal ρ χ is 

equal to the operating pressure p^. As a whole, 

the Dreloba unit performs the logical function 

illustrated on the righthand side of the illustration. 

This emphasises the first advantage of this system. 

Using the same basic component, we can at will 

create the most varied range of logical functions; 

identity, negation, andfunction, orfunction, implica

tion and an information store, if we backcouple 

the output pA to the input Xi. Furthermore, 

Dreloba units are not sensitive to vibration, and 

have an average working life of 109 switching 

operations; the maximum switching frequency of an 

individual element is above 30 Hz, the units are of 

small overall size, have a low air consumption and 

are very little affected by dust and water present 

in the operating air. The Dreloba System includes 

a very wide range of peripheral elements. The 

excellent properties of the system, and in particular 

the long working life of the units, have been proved 

in numerous underground trials. 

Appropriate assembly of the individual elements 

can provide all the requisite logical circuits and 

numbering circuits for a control system. The 

system itself allows for two different types of circuit 

assembly: as shown on the lefthand side of the 

illustration, signal connections can be made by means 

of internal channels, produced by drilling pre

prepared intermediate blocks. At the bottom 

lefthand side is a segment consisting of two Dreloba 

components, bolted to top and bottom of the inter

mediate block by means of seals. The channels, 
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arranged in several levels, can be seen in the inter
mediate block; these channels can be drilled into at 
right-angles to their main axis. The individual 
components are shown again on the right-hand side: 
reading from the top downWards, a Dreloba unit 

The individual layers were then stuck together. 
The uppermost layer contains the connection 
openings, into which the individual components are 
simply inserted by means of their nipples. With 
the aid of moulds prepared once and for all, any 

Fig. 2. Connection techniques. 

containing three to four individual components, 
below this a seal and an intermediate block. The 
control assembly shown at the top is achieved by 
assembling the individual segments; in this assembly 
only the external signal connections are made via 
air-pipes. 
The middle picture shows the signal connections 
by means of air-pipes between the individual 
components. The individual element shown at the 
bottom is fitted with connector nipples. Ribbed 
connections are used to ensure that the pipes cannot 
jump off. The advantage of this assembly technique 
is the high switching frequency of the complete 
assembly. Although both types of assembly have 
proved their value in underground use, they both 
have the same disadvantage, namely that each 
control system must be tailor-made. This makes 
it inevitable that there should be a certain degree 
of error. 
The Bergbau-Forschung GmbH therefore developed 
the plastic-embedment technique shown on the 
right-hand side. The channel connections were cast 
in several layers by means of pre-fabricated moulds. 

number of fault-free 'copies' can be made. The costs 
are minimal, compared with the two other types 
of assembly. 

In developing pneumatic control systems, one is 
naturally faced with the important problem as to 
the advantages and disadvantages of a pneumatic 
technique of automation as against an electronic 
system using integrated circuits. The advantages 
of the integrated circuits are obvious: higher switching 
frequency, more compact units and lower costs. 
Under these heads, pneumatic technique is not yet 
in a position to compete. The increasing number 
of pneumatic control systems for processes and 
machines, particularly in the chemical industry, 
does however show that other factors play a part: 
pneumatic control systems are less liable to break 
down, have a longer working life and are simpler 
to maintain. The peripheral process involved is of 
considerable importance. In the face, there are 
in addition safety considerations which have to be 
borne in mind: bringing electrical energy into the 
face is more dangerous than pneumatic energy. The 
requirement to have intrinsically-safe equipment 
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gives rise to an additional expenditure with electronie 
systems. The electronic control of high-pressure 
hydraulic systems is possible only with a considerable 
amount of equipment and at great expense. Pneu
matic systems are superior in this respect. All this 
shows that the problem is a multifaceted one. One 
should come to a reliable and final judgment of the 
advantages and disadvantages of pneumatic and 
electronic control systems in the face only after 
some considerable lapse of time, when sufficient 
experience has been gained. 

3. PERIPHERAL COMPONENTS FOR FACE 
AUTOMATION 

The automatic control of working processes requires 
the use of sensors, which provide the automatic 
equipment with the requisite information, and 
transducers which control the devices and machines 
which do the work. The development of pneumatic 
logic systems for face use must therefore be accom
panied by the development of the appropriate 
peripheral components, insofar as ready-made suit
able devices are not already available on the market. 
The face automation problems which can be 
envisaged at the present moment can be solved 
with a small number of types of sensor and trans
ducer. Among the sensors we have distance-

Fig. 3. Controller for maintaining mine supports at right-
angles to the strata in two mutually perpendicular 
planes. 

measuring devices which can indicate the relative 
distances between all the individual systems present 
in the face—armoured flexible conveyor and support 
units—sensors to control the proper alignment of 
the supports at right-angles to the strata, adjustable 
hydraulic limit-value switches with pneumatic 
output signals to control the hydraulic operations, 

and a pneumatic-hydraulic transducer directly 
controlled by the Dreloba logic system. The range 
of Dreloba units includes, inter alia, pneumatic 
limit-value switches, output amplifiers for high 
operating pressures and pneumatic-electric trans
ducers. 

'Our own work on the peripheral components is 
illustrated by Figure 3, which shows the prototype 
of a controller, which simultaneously aligns the 
props in two mutually perpendicular planes when 
a support unit is advanced. The sensor consists 
of several pendulum weights; these weights tip into 
their dead position if the deviation from the planned 
alignment exceeds 2?.1 When the weight tips, the 
jet of air flowing through a nozzle is broken and a 
hydraulic correcting device is tripped. 

The most important sensor in connection with the 
automation of the movements of the armoured 
flexible conveyor and the supports is a device which 
measures these movements and provides the requisite 
information for the desired control function via a 
suitable counter. The Bergbau-Forschung GmbH 
is developing a measuring device, which is at the 
present moment being tried out underground; in the 

Fig. 4. Tandem measurement device. 

first place, it is possible to extend this unit on a 
modular system and it can also operate individually 
and simultaneously for several different control 
functions. 

1 \9 is a degree of the 400-degree circle. 
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The upper half of the illustration shows a special 
example of the principle of signal production. A 
feeler rod T, composed of alternate magnetic pieces m 
and non-magnetic pieces u slides over a block 
containing two mutually centred nozzles Di and D2. 
In the intermediate space between the two nozzles 
there is a magnet M, which is pulled into the upper 
position when a single magnetic piece m slides over 
the assembly. When the magnet is in the space 
between the two nozzles, they both pass air freely. 
The pneumatic threshold-value element connected 
at S does not emit a signal. If the magnet M is 
pulled into the upper position, nozzle Di produces 
in nozzle D2 a back-pressure, the threshold-value 
element at S is tripped and produces a pneumatic 
signal. In this, the most simple form, we thus have 
a sensor detecting the movement of the sliding rod. 
This can be used, e.g., for automating the operation 
of advancing a support unit. The advancing 
movement is maintained until the detector records 
no further movement. This is the case when the 
thrust-rod of the advancing cylinder is either fully 
extended or fully retracted, or further movement 
is blocked by some fault, in other words, if the 
speed of the thrust-rod is virtually zero. The 
advantage of this speed-plan control is that it is 
the relevant movement process which is under 
direct supervision and control, not a secondary 
process such as the pressure in the advancing 

of whether the support unit is actually advancing 
or not, or whether the advance travel has been 
completed. 

If we install two movement detectors along the axis 
of movement of the rod in tandem, a simple logic 
unit downstream in the circuit can enable us to 
distinguish the direction in which the rod is moving. 
Thus, if the rod moves in or out by one digital 
unit, we get pulses at two different outputs; these 
will be called simply 'forward' and 'backward' 
impulses from now on. If we now connect up a 
forward-backward counter—which summates the 
forward impulses and subtracts the backward 
pulses—the counter will at any point in tims contain 
the information regarding the distance by which 
the thrust-rod is extended. If this measurement 
system is connected to the advancing system of the 
support unit, the advancing process can be numeri
cally monitored in all its phases, and interrogation 
of the counter makes it possible to provide automatic 
control of a desired amount of advance travel. 

If we now install a second measurement device 
between the armoured flexible conveyor and the 
support unit, we can in a similar manner measure 
the distance of the conveyor from the support unit 
at any moment. The associated counter can e.g. 
trip automatic control of the follow-up motion of 
the support unit if a preset ideal distance is exceeded. 

Fig. 5. Pneumatic-magnetic measuring system. 

cylinder. Even worse is 'blind' time-plan control, 
in which the signal for the advancing movement is 
maintained for a preset period of time, independently 

The last stage of assembling the measurement 
system is to couple in tandem the two measuring 
systems, with a common counter. The principle 
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is illustrated in the lower half of the picture. If the 
housing G, in which the movement detectors (illus
trated in the upper part of the picture) are installed, 
is inserted in the frame which moves first in the 
support unit, the measurement system marked Ti 
measures the distance to the afe from the datum 
point Fi in the support. If the support is now 
moved forward to follow up, the datum point Fi 
moves towards the afe. The system Τι thus 
measures the superimposition of this movement on 
any change of position of the afe which may have 
taken place at the same time. Since however the 
measurement system T2 measures the change of 
position of Fi and compensates for this in the counter, 
the counter summates only the movements of the 
afe; the information we obtain is therefore an 
expression of the movement of the advance of the 
face. If the other frame of the support unit—which 
carries the second datum point F2—is now moved 
forward to follow up, the measurement system T2 
must be switched off. If, on the contrary, we use 
only measurement system T2 in this phase of the 
advance, in a similar manner we get summation 
of the advance travel of the support unit. 

In order to ensure that a straight line of face is 
maintained, it is necessary to know the progress 
of snaking of the face afe or the line of curve formed 
by the support units. This calls for a certain number 
of tandem measuring points—the total number 
depending on the required degree of precision of 
alignment—distributed over the whole length of the 
face. The information provided by the individual 
measuring points can be compared by means of two 
pneumatic communicating lines, an 'interrogation', 
and a 'pass-back' line, very simply. Each measure
ment point is interrogated in sequence via the 
interrogation line. In this process the interrogation 
signal moves on to the next measuring point only 
once the signal has reached the previous measuring 
point and the counter which has just previously 
been interrogated has gone past the zero point. 
Once the interrogation signal reaches the end of the 
face, all the measuring points must consequently 
have advanced by at least one unit. A signal is 
now produced in the pass-back line, and this signal 
successively moves each counter back by one unit. 

Once this has taken place, a new interrogation 
cycle is begun. As long as the face is properly 
aligned, all the counters have a zero reading 
independently of the advance of the face. If, 
however, the face line is curved, the counters contain 
the indications of the relative deviations of each 
measuring point from the point which has 'lagged 

behind' by the greatest distance, i.e. the information 
the counters contain is an expression of the curve 
of the face. 

If a counter has reached a permissible maximum 
value, then e.g. the associated conveyor-shifting 
cylinder can be switched off, until those sections 
'of the face which have lagged have moved up. 
Equally, the states of the individual counters can 
be transmitted via a communication system to a 
face-control centre and presented on a visual display, 
and other action can then be taken by the plough 
operator or by a plough-control system. Summation 
of the impulses produced in the pass-back line gives 
an indication of the advance of the face. It should 

Fig. 6. Advance-travel measuring device with spring-loaded 
cord. 

be clear from this without any further discussion 
that it would be possible, by adjusting the counter, 
e.g. by means of a remote control system, to control 
any other planned movement, and in particular to 
provide automatic slewing of the face through a 
given angle. 

Before describing the various designs of the measure
ment systems for mining purposes, let us briefly 
summarize the essential characteristics once again: 
The entire measurement system is built up on the 
modular pattern. The basic unit is the simple 
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movement detector; in the intermediate stages the 
two measuring devices Ti and T2 can be used 
individually. Device Ti measures the distance to 
the afe, and the second device, T2, measures the 
advance travel of the support unit. The final 
stage is tandem connection of the two measuring 
devices. The following information can be obtained 
to provide solutions to the various control problems, 
depending on the type of information-processing 
unit downstream in the circuit: 

1. Measurement system T2 gives numerical informa
tion about all phases of the process of advancing 
the support unit. 

2. Measurement system Ti indicates the instan
taneous distance between the afe and the support 
unit. When the support unit is locked to the 
roof, system Ti provides information about the 
operation of the conveyor-shifting cylinder. 

3. In the tandem arrangement with automatic 
pass-back, information is given about the course 
of snaking of the afe and about the advance 
of the face. 

4. With a special connection of the measurement 
system T2 combined with automatic pass-back, 
we obtain in a similar way information about the 
curve of the line formed by the support units. 

used underground, 
work. 

We shall now report on this 

The figure shows a design based on the pneumatic-
magnetic measuring principle used as an example 
in the foregoing. In the foreground can be seen 
the feeler rod with the alternate magnetic sections; 
this rod slides in the guide-holes in the detector 
housing, which is in the background. The housing 
contains the magnets, the nozzles and the logic unit 
which emits the forward and backward impulses. 
The feeler rod is mechanically coupled either to the 
thrust rod of the support-advancing system or to 
the guide rod for the afe, according to which job 
it is doing. Installation difficulties were encountered 
in the first underground tests in a face in a thin 
seam using Hemscheidt supports, and ultimately 
led to mechanical damage. This particular design 
form was therefore abandoned for the continuing 
trials. Application of the pneumatic-magnetic 
measurement principle remains restricted to those 
cases where a reliable mechanical coupling is possible, 
or where the element carrying out the telescopic 
movement which has to be monitored can itself be 
made magnetic. 

The jet from the nozzle in the detector can be 
interrupted in other ways, e.g. by one sector of a 
rotating disc. In this case, the longitudinal move-

Fig. 7. Friction-wheel sensor on the thrust rod. 

The versatility of this measurement device was what 
encouraged us to look for reliable forms for mine 
use and to develop it to the stage where it can be 

ment of the telescopic part being monitored must 
be converted into rotary movement. This can be 
done simply in the case of the Hemscheidt support-
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advancing system with the aid of a spring-loaded 
cord. The cord is attached to the rear end of the 
inner tubular member and, when the cylinder is 
fully extended, is protected as it lies within the 
outer tubular member of the advancing system. 
The illustration shows a prototype. The principle 
has been proved as eminently satisfactory, and the 
device operated completely satisfactorily in all the 
underground trials. 

Fig. 8. Technical design layout of the tandem measuring 
system. 

The most difficult problem is the measurement of the 
distance between the afe and the support unit. It is 
not possible here to discuss the numerous problems 
involved. The most promising solution appears at 
this moment to be a friction-wheel drive which 
bears on the guide rod. The prototype illustrated 
above has, in the meantime, been considerably 
improved. It is not yet possible to express a final 
judgment. To check the movements of the afe it 
would also be possible to use the CERCHAR system 
as a useful alternative; this system employs steel 
strips attached to the stationary element and reeled 
off on the afe. 

The next picture shows the present state of technical 
development. Element Mi is the friction-wheel 
sensor which bears on the guide rod, M2 is the cord 
sensor on the advancing system and L is the housing 
for the pneumatic logic unit. 

Fig. 9. Hemscheidt support unit with a tandem measuring 
point. 

The last picture shows the tandem measuring unit 
installed in a Hemscheidt support element. The 
remainder of the underground trials will be carried 
out using this system. 

4. OVERALL DESIGN PHILOSOPHY 

In the foregoing remarks we indicated the pre
requisite conditions for successful automation of the 
movement of the afe and the supports. We showed 
what information was necessary for this purpose 
and how it can be obtained, and gave a verbal 
description of control mechanisms which can contri
bute to solving the difficult problem of automation. 
In this last section of the paper, we shall try to 
present a more unified design philosiophy. 

Two basic elements in this philosophy have already 
been referred to. The first of these is the develop
ment of sensors, of such design that they can be 
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used for various kinds of control functions. The 
state of development and the underground tests 
carried out have already been described. Since 
it is relatively easy to develop a control logic and it 
takes only a short time to do sé, it may be taken that 
the most important prerequisite conditions for the 
rapid solution of all the automation problems covered 
by this development have now been fulfilled. At 
the same time, it has been found possible to minimize 
the number of future integrated stages of auto
mation, since the same sensors can be used simulta
neously for various control functions. 

The second basic principle is the modular construc
tion of a pneumatic process-control system. The 
assembly begins with a simple basic stage and can 
progress stepwise to more complex control systems. 
Experience has shown that the ambitious aim of 
achieving integral control of all the working opera
tions in the face cannot be carried out 'in one go,' 
but can be reached only by separate stages, which 
ultimately lead via purposeful research and develop
ment work to the desired end result. In considering 
the structure of the system, distinctions have been 
drawn between various stages of automation, which 
have been planned in such a way that the part-
systems contained in the various stages can be used 
as autonomous units. This enables the mining 
engineer to begin with small advances in automation, 
starting by automating those processes which strike 
him as needing priority treatment and which can 
be achieved at acceptable cost. The development 
engineer is also pleased to be able to try out the 
components of the total system separately, and to 
develop them to full operational readiness. Putting 
the separate items together to form the total system 
is then a relatively simple matter. 

Let us now finally describe the individual stages of 
automation. The first stage is restricted to automa
tion of the individual support unit. The sequence 
of operating functions: 'releasing-advancing-setting' 
of the supports is automated. The supports are 
released on a time-plan basis, the advancing move
ment can be controlled to a time plan, a pressure 
plan or the speed plan described above. The 
operation of setting the supports can be either on a 
time-plan or pressure-plan basis, as desired. Passing 
on the sequence of commands: 'releasing-advancing-
setting' is performed by a selector switch which 
can be extended to three- and four-frame units. 

As an additional apparatus for the first stage of 
automation, we have the controller to align the 
props at right-angles to the strata. This can also 
be used as an autonomous device. The operation 

of releasing the props can be improved by the 
addition of a roof feeler. New operating functions 
which follow consequentially are: advancing under 
contact with the roof, stopping at steps in the roof 
or automatic advance under steps in the roof. The 
advancing process can be extended by adding the 
previously-described counter circuit to a numerical 
control with a preset amount of advance travel. 

In the second stage of automation, the control of 
individual support units is extended to provide block 
control. For this purpose, it will be necessary to 
add communication leads between the individual 
units. Since neighbouring support units are free 
to move at the same time, it is necessary to establish 
an advancing sequence. There are two possibilities: 

(i) the familiar technique of sequence control, in 
which all the units in a predetermined group are 
tripped in a cyclic sequence. In this case the 
advance movement is carried out only if the 
distance to the afe measured by the distance-
measuring device exceeds a preset target value; 

(ii) an interlock control: in this case the advancing 
movement is primarily initiated by the distance-
measuring device. At the beginning of the 
advancing movement, a predetermined number 
of neighbouring units are interlocked to prevent 
simultaneous advancing. In other words, a 
group of stationary support units is formed 
around the support which is advancing; this 
group is eliminated automatically once the 
advancing process is completed, so that the 
neighbouring support unit can immediately begin 
its advancing movements. The interlock control 
system is the most rapid and flexible sequence 
control system for maximum support perfor
mance. It does however presuppose a hydraulic 
power system of adequate size. 

The third stage of automation covers the alignment 
controls, which can also be installed as an independent 
system. According to the method of working, 
either the afe or the front line of the support units 
can be aligned or, if required, both simultaneously. 
This stage calls for the use of the automatic pass-
back system, while alignment of the afe also requires 
use of the tandem measuring system. The costs 
are governed by the number—variable at will—of 
measuring points at the face, and can thus be kept 
to a minimum for a special application. 

The fourth stage will comprise combining the 
individual systems to a programmable process-
control system. The relevant data—in particular 
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concerned with the course of snaking of the coal
face—will be transmitted via a communication 
system to a face control centre and displayed 
visually. A remote control system can be used to 
operate individual units or simultaneously to select 
entire groups. Advancing and shifting commands 
can be given to the hydraulic systems; remote 
setting of the counters at the measuring points can 
be used to programme various types of working 
operation: shifting in steps, slewing of the face, use 
of fixed incremental ploughing or other required 
changes in the planned course of movement of the 
afe and the front line of the supports. The pro
grammes can be fed into the remote control system 
via a pneumatic punched-tape reader. 

To solve the problems of transmission, the Bergbau-
Forschung GmbH has examined the basic principles 
and possibilities of pneumatic transmission systems. 
A transmission system was developed which works 
over line lengths up to 5 metres between two neigh
bouring support units with a transmission frequency of 
3 Hz. Thus with parallel transmission along a 
7-cored hoseline, it is possible to interrogate 180 
measurement points per minute. To achieve higher 
transmission performances it would be necessary 
to use an electric communication system. 

The fifth stage of automation, which will not be 
further discussed here, will ultimately lead to the 
control system dealing with the afe and the supports 
being linked to the controls of the winning machine. 

5. SUMMARY 

In the foregoing it was possible only to give an 
excerpt of the work carried out by the Bergbau-
Forschung GmbH in studying and developing 
devices in the field of pneumatic measurement and 
automation techniques. This work was carried 
out by the Physics Department in collaboration 
with the Research Centre for Mine Supports and 
Rock Mechanics. 

Considerable attention was paid to achieving a 
uniform design philosophy which would make it 
possible to solve not only the current automation 
problems but those which are likely to occur in the 
foreseeable future, with a minimum of different 

components of the automation system. This is 
true equally of the development of the peripheral 
components and for the construction of the control 
logic. The entire development work is now at the 
stage of underground trials. The problems which 
occur are almost exclusively mechanical in nature— 

, problems of assembly and of mechanical working 
life, in particular in the case of the sensors. 

At the same time as the underground trials of the 
tandem measuring point system which have been 
referred to above, we tested the control logic for the 
alignment control system, with the exception of the 
automatic pass-back unit. No difficulties worthy 
of mention were encountered. It is planned to 
carry out a further trial use of the complete alignment 
control system with five measuring points, using 
a pneumatic communication system and a central 
point for display of the course of operations in the 
face. 

In the field of automation of powered supports, the 
trials with cyclic block sequence control will be 
continued. We have developed a group control 
centre, which makes it possible to make time 
settings—variable at will—for the processes of 
releasing, advancing and setting the supports. A 
special type of impulse transmission will ensure 
undistorted passage of the signals, whatever the 
length of line. The control impulses received at 
the support units are precise to a few tenths of a 
second. Further developments are intended to 
eliminate the group control centre, which is really 
superfluous. The application of the speed-plan 
control system to govern the advancing process will 
be very useful in this connection. Appropriate trials 
are being planned. 

Finally, let me express my thanks to all my colleagues, 
in particular to Mr Dördelmann Ing. (grad.) and 
Mr. Somolyai, for all the extensive development 
work they have carried out hitherto. Successful 
automation of the working operations in the face 
is possible only if we have the understanding, 
encouragement and help of the mining engineer. 
I would therefore like to express in addition my 
thanks to all the mining men who took part in the 
underground tests carried out at Niederberg colliery, 
and in particular to Mr Bergmann, Bergassessor 
and Mr von Klinggräff, Bergassessor. 
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AUTOMATION AND REMOTE CONTROL OF A PLOUGHED FACE 
WITH ELECTRIC PROGRAMME CONTROL OF WINNING 
AND HYDRAULIC AUTOMATION OF SUPPORT SYSTEM 

R. ADAM 
Charbonnages de France, Paris 

SUMMARY 

The face ¡150 m long, 2.4 m high] is equipped with Marrei Hydro SOMEMI 'piles 
à fleche' chocks having only two supporting legs. 

The plough is driven by a hydraulic motor using fireresistant fluid. 

The remote control of the coal getting consits in locating constantly the advance of the 
armoured face conveyor and visualising this at the remote control point. 

The pushing effort on the conveyor is automatically controlled by an electronic device 
acting on a servo-pressure-regulator placed at the end of the face thus correctly main
taining the face line. 

The advance of the armoured conveyor automatically leads to the advance of the supports 
set off by the end of stroke limit reached by the horizontal pushing rams of a certain 
number of chocks spread along the face. 

The automation of the forward movement of the powered supports is done by a hydraulic 
sequence arrangement whose successive steps are governed by the pressure noted at the 
end of each operation. 

The distributors with manual control have been kept and they are piloted during auto
matic operation by small hydraulic rams. 

This technique allows better viewing of the carrying out of each operation and a rapid 
return to manual control in case of need. 

GENERAL DESIGN AND CHOICE OF 
EQUIPMENT 

The general concept layout has been re-worked 
several times during the course of ten years' study. 
The original idea, put into practice in 1960 on a 
half-face, consisted in hydraulic automation of 
equipment comprising plough, armoured flexible 
conveyor and four-prop monobloc chocks. 

The possibility of applying electric remote control of 
a similar equipment was then envisaged. However, 

the complexity—and hence the high cost—of the 
system, combined with its slow response, led to the 
project being discarded, even apart from the develop
ment difficulties experienced. Trials were carried 
out on only 20 support units. 

After this, we tried to achieve as simple and cheap 
an automation system as possible. 

In order to simplify the problems involved in trying 
to automate each operation, it was necessary to 
re-think the equipment, by which we mean to 
re-examine and modify its design in the light of the 
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actual problems that we had had to tackle and 
solve during the course of these trials: 

1. For automation of the plough 

Apart from the problem of cutting horizon, plough 
automation requires reversal at end of travel, 
thrust regulation and monitoring of face advance. 
The governing principle here adopted was that the 
only factor of importance for the plough is the thrust 
of the ram abreast of which it actually is at the time. 
Insofar as thrust control can indeed be exercised 
sufficiently quickly from the end of the face, the 
problem of controlling each ram can be resolved by 
associating a plough-position indicator and a single 
thrust control with the general supply system to the 
rams. 

The second idea was that the easiest way to monitor 
conveyor advance is to do so from fixed points by 
means of reels paying out a wire or tape that is left 
behind in the caved goaf. 

2. For automation of supports 

As previous trials had shown, the most difficult 
problems here are: 

(i) support guidance, but the monobloc chocks 
coupled to the conveyor offer a good solu
tion; 

(ii) monitoring roof and wall clearances for advance 
of the support unit. We contented ourselves 
with the indication given by the horizontal ram, 
since the roof allowed us to use this 
method; 

(iii) monitoring end of stroke. Since the support 
units have only to follow the conveyor, it was 
accepted that one travel path could be left 
uncompleted provided that the support unit 
concerned did not in consequence hold up its 
neighbours. On these grounds a tolerance 
of 17.5 cm in a travel of 50 cm was adjudged 
sufficient; 

(iv) check on the up and down travel of the props 
to ensure that the support units are always in 
contact with the roof but never go 'solid'. 
Since all methods tested, including magnetic 
detection, raised various problems, it was 
decided to adopt a support system with an 
adjustment range distinctly greater than any 

possible variation of seam thickness—even if 
these were considerable. With elimination of 
the need for these various checks, the problem of 
support automation becomes very simple. And 
all the more so since the support system, 
chosen because it consisted of monobloc chocks 
coupled to the conveyor, was itself extremely 
simple to operate because its height adjusta
bility range was adequate, because the horizontal 
rams could bear continuously on the face giving 
conveyor thrust and, finally, because there 
were only two vertical props. 

Since automation was now simple, it proved possible 
to use hydraulics only with sequences based on 
overpressures. In other words, we were back to 
square one, and one might have thought back to our 
original frustrations. But in fact two major changes 
had since occurred: 

(i) the most important was that the feed pressure 
was no longer 150 bars but 400 bars, and that 
considerable margins were now available for 
overpressure. This meant in fact that with a 
pressure of about 150 bars (or at most 200 bars) 
needed to shift a support unit, the overpressure 
could be quite confidently set at 250 or 300 bars, 
given a feed pressure of 400 bars. 

(ii) pump capacities too have changed. On the 
present face we have installed two 80 litre/min 
pumps, one for each half-face (with cross-
connection facility), either pump being able to 
cater for simultaneous shifting of 2 or 3 support 
units without appreciable pressure loss. 

However, as an insurance against possible failures 
(breakdown of a pump, etc.) the following precau
tions were taken: 

1. The hydraulic sequences are so arranged that a 
sequence aborted by loss of pressure will be 
resumed without difficulty upon recovery of 
normal pressure; 

2. The manual support controls have been retained, 
a measure which yields a dual dividend: 

(i) one that we had sought, namely a capability 
for immediate change-over from automatic 
to manual control should the need arise, 

(ii) an unexpected bonus, but one that proved 
an essential aid in development, namely that 
the movement of the manual controls 
visually demonstrates the progress of the 
automatic cycle in a most instructive fashion. 
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DESCRIPTION OF FACE EQUIPMENT 

Having thus filled in the necessary background, 
we can now pass to a concrt 
equipment at the face (Fig. 1). 
we can now pass to a concrete description of the 

1. For winning and face control 

(i) Recoilless plough, so as to avoid jamming 
against the supports which are butting on the 
conveyor. 

(ii) Wide armoured flexible conveyor, to assure 
removal of even the largest lumps, with lateral 
discharge so that these lumps can be broken 
by the roadway crusher without additional 
handling. 

(iii) Hydraulic drive for plough, in order to obviate 
the possibility of sheared pins or electrical 
cut-outs and, originally, to facilitate determina
tion of the plough position from the motor shaft. 

(iv) Conveyor advance indicators in the form of reels 
which measure the absolute advance by paying 
out a wire or tape. There are 10 indicators for 
the face. 

(v) Support units linked to the armoured flexible 
conveyor by reversed horizontal rams. All the 
small cross-sections used to ensure conveyor 
thrust are connected by a single control line 
whose pressure is governed by a servo-controller. 

All data acquired (Fig. 2), namely plough position, 
haulage force on plough and conveyor advance are 
brought to a panel at the end of the face. This panel 
carries plough-position and face-alignment displays 
plus the necessary manual controls but is also 
provided, for auto control, with a fairly simple logic 
unit which selects the thrust from three alternative 
values according to whether the ram abreast the 
plough at any given time is in a lag zone and in 
accordance with the amount of this lag. Thanks to 
this contrivance, the face has advanced since opening-
up with deviations from straight not exceeding 

Fig. 1. Longwall face in the Grande Mine of the Houillères de Provence, showing DSM plough and support unit with elongated 
roof-arm. 

101 



10-20 cm, whereas we had actually anticipated 
possible lags of up to a metre. 

2. For the support system 

This equipment consists of Marrei Hydro 13 X 28 
support units with elongated roof-bar (Fig. 3) 

formed, as our photo shows, of two halves each 
comprising baseplate, beam, prop and roof-bar. 

By hinging the beam to the baseplate we secure not 
only a reduced travel (the basic idea) but also 
elimination of stresses on the prop, which works 
between two swivel-joints, while at the same time 
managing with only two props per unit. Control 

Fig. 2. Data presentation. Right to left: plough thesiscope, conveyor display panel and thrust control box, all racked in 
a chassis suspended from the monorail at the face exit. 

Fig. 3. Marrel-Hydro SOMEMI type 13-28 support unit with elongated roof-bar. 
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of such a support system requires only two three-way 
distributors—one for the vertical props and one for 
the horizontal ram. 

from automation ought to be an increased daily 
advance), this triggering simultaneously actuates 
support advance and lowering of the props. 

Fig. 4. Automation of Marrel-Hydro-SOMEMI support unit with elongated roof-bar. 

The automation achieved is based on the principle of 
sequential control. 

Triggering of a series of support units is effected by 
the horizontal ram of the master unit (1 in 10) on 
completing a travel path of 50 cm, whereas the travel 
of the ordinary rams is 67.5 cm; this is in order to 
ensure triggering even if the adjacent units are 
somewhat behindhand (say through having run 
into a block of stone) and at the same time to enable 
thrust upon the conveyor to be maintained. Since 
the supports are shifted before the end of stroke is 
reached (and let us not forget that one of the gains 

However, the latter is limited by a delay system so 
as to avoid a pressure drop prejudicial to support 
advance. 
At the end of the stroke, butting onto the conveyor 
initiates recentering of the support unit and the 
overpressure in the horizontal ram resets the props, 
the completion of which operation in turn releases 
overpressure for triggering the movement of the 
next support unit. 
More precisely, the cycle for the following support 
unit is brought to the ready by the release of the 
previous unit's props, and it is actually the piloting 
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systems of the following unit's distributors that are 
fed by the overpressure in the vertical cylinder. 
This is evident from the hydraulic circuit diagram 
(Fig. 4). 

CONCLUDING REMARKS 

We have endeavoured to show how after toying 
with complicated solutions we eventually returned 
to one that is extremely simple because of the equip
ment chosen, but also thanks to a certain general 
concept at which we only arrived after a modicum of 
trial and error. 

This quest for simplicity has certainly borne fruit, 
firstly in enabling us successfully to conclude a long 
drawn-out research project and secondly in securing 
comparatively cheap automation. This, needless 
to say, is a very important point. 

The Houillères de Provence have since automated a 
second face equipment. 

Moreover, our plough-position indicators are now 
used on several faces in the Houillères du Nord 
Coalfield for ploughs working at 1.50 metres/sec to 
facilitate reversal of run, while the Houillères du 
Nord et du Pas-de-Calais are putting into service 
our thrust-control and face-alignment monitoring 
systems. 

What then can one expect from automation ? 

In some cases it is possible to reduce the support 
system lag and so improve the roof in that the setting 
pressure is more reliably achieved. But what seems 
to us essential is the scope given for uncreasing the 
daily area extracted. In effect, the plough is always 
under optimum thrust against an aligned face. 
This should result in a higher average area stipped per 
unit time (m2/min) combined with an increase in 
rate of advance. 

The results so far obtained in Provence are shown in 
Table I and we are hoping for further improve
ment. 

A N N E X 

THE REALIZATION OF AN AUTOMATED 
LONGWALL IN PROVENCE 

I — Principle of automated plough operation 
and thrust control 

CERCHAR has designed and developed a number of 
remote control and remote supervision units that 
ensure: 

1. Acquisition of plough position sufficiently accu
rately for fixing the travel limits. 

2. A facility for confining the plough between two 
adjustable limit positions. 

3. Plough-position display. 

4. Monitoring of face alignment by measuring the 
conveyor advance at 10 points. 

5. Automatic regulation of thrust according to face 
profile. 

Determination of the plough position is secured off 
the hydraulic motor shaft by transmission to two 

synchronous motors, the second of which drives a 
high-precision potentiometer with infinite resolution 
via reduction gearing. A perfectly stabilized voltage 
is applied to the potentiometer terminals so that a 
digital voltmeter directly indicates the conveyor pan 
number plus a decimal figure. This tells the 
operator the position of the plough to the nearest 
tenth of a pan. The travel limits are indicated by 
four potentiometers. 

This design has since been improved: 

The appearance on the market of very small proxi
mity sensors made it possible to develop a system 
based on counting the chain links or the sprocket 
teeth. These sensors are fitted in the uncoupling 
pawls which permits any type of drive to be used. 
The apparatus employs logic elements in minia
turized integral circuits and decimal read-outs. 
The size of the apparatus box has been brought 
down to 30 X 13 X 14 cm. On either side of the 
indicator showing the plough position along the face 
are digital selector switches for setting the travel 
limits. A similar digital circuit gives a variable 
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voltage between 0-10 V corresponding to the position 
of the plough and enabling this position to be trans
mitted via the pit control centre telemetering 
system. 

The position of the armoured flexible conveyor is 
determined every 10 metres by unreeling a 
16 χ 0.3 mm steel tape perforated at 10 cm intervals 
and paid out in the caved goaf from a reel fixed on 
the armoured conveyor. A switch closes on the 
passage of each hole. A later solution on these 
lines is to use a nylon cord, likewise paid out in the 
goaf, which turns a roller whose revolutions are 
counted. The display unit collates the reports from 
all 10 sensors and registers the face advance by means 
of two mechanical counters which summate the 
advances reported by the two end sensors. 

Thrust control is made easier by the fact that the 
horizontal rams of the support units are always fed 
on the thrust face which, with the ram reversed, is 
the side with the smaller cross-section. Thrust 
control is effected from the end of the face by means 
of a servo-controller whose action has practically no 
time-lag, so that a given adjustment can be made to 
correspond to a given position of the plough. A 
logic element has been designed which, from the 
conveyor-alignment unit, orders changes of thrust 
according to the face profile and to the chosen 
programme. 

II — Principle of support automation 

The roof being fairly good and the 'sticky tops' left 
after stripping causing no trouble, it has been 
acceptable to arrange for support advance as a 
function of the space cleared on the floor. 

This space is monitored by the master support units 
(one every 15 metres) and the sequence of movements 
is triggered by their horizontal rams reaching the 
end of their stroke (i.e. when completely retracted 
since the rams are reversed). 

However, to allow the order to be given, the armoured 
conveyor must be able to advance the requisite 
distance without being held back by the neighbouring 
support units; these may be slightly behindhand if, 
on the occasion of the previous advance, there had 
been an accumulation of material between the front 
of the chocks and the conveyor. 

To ensure necessary reliability, the ram of each 
master support unit has a stroke of 500 mm while the 
ordinary rams have one of 675 mm. 
Consequently: 

(i) Movement will be triggered even if the adjacent 
support units are badly positioned, provided 
that the lag does not exceed 175 mm. 

(ii) During the movement sequence, the conveyor 
can still advance since the thrust rams are not 
at the end of their strokes. 

The consequences of choosing support units with 
elongated roof-bar 

So far nothing has arisen to dictate use of this type 
of support. It suffices that the supports be able to 
follow the conveyor—a simple matter with support 
units coupled to it—and that the thrust on the plough 
be adjustable independently of the support system. 
To use a reversed ram working in a differential mode 
during support shifting is convenient but not 
essential. 

As we said earlier on, use of support units with 
elongated roof-bar was considered necessary because 
of their wide height adjustment range, which 
dispenses with the need for changing props and for 
fitting extension pieces. 

The support can moreover be controlled with two 
distributors, one for the two props and one for the 
shifting ram (in the present case, at any rate, without 
extension or stabilizer). Of the three positions of 
these distributors only the two end positions are 
used in automatic operation since the props can be 
left permanently connected to fixing feed. On the 
other hand, this support system is not suitable for 
advancing in close contact with the roof and adequate 
lowering must be provided. 

Choice of automation system 

Experience gained from previous trials led us to 
conclude that: 

1. The automatic system must be such as to allow 
immediate changeover to manual whenever 
required. The following operating modes were 
provided: 

(i) full automation; 
(ii) block control (i.e. sequence actuation for 

a group); 
(iii) sequence control (i.e. sequence actuation 

of one support unit after another); 
(iv) manual control of each operation suc

cessively. 
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2. Signals initiated by overpressure are more 
reliable than those triggered by end of travel 
(since travel paths may be difficult to complete 
in conditions at the face) but only on condition * 
that a very low overpressure adjustment be 
allowed in relation to the theoretical pressure and 
that arrangements be made to prevent trouble 
from uncompleted travel paths (safety margin 
of 175 mm). 

3. Hydraulics offer the surest solution for a simple 
and reliable automation system. Electric system 
for support control are difficult to devise in a 
gassy environment. 

Difficulties encountered in finalizing application to 
the 'Grande Mine' longwall 

It would be impossible within the scope of this 
paper to expatiate on all the development problems 
that necessitated successive modifications to the 
hydraulic system. Suffice it to say that strati-
graphic difficulties (working through faults) demon
strated the need for manual operation: 

(i) to be able to prevent automatic resetting of the 
support unit by overpressure in the horizontal 
ram; 

(ii) to be able to withdraw the armoured conveyor to 
allow work to be carried out on the coal-face 
side of it. 

During trials it was necessary to suppress surges 
causing the overpressures to function prematurely. 
The appearance of these surges was probably due 
to the hardware being all concentrated in a 'suitcase' 
with rigid piping, whereas the tests had been carried 
out with flexible piping. This problem was over
come simply enough by inserting a diaphragm in the 
fluid inlets to each support unit. This offers an 
important advantage in enabling the feed pressure 
to be maintained at an adquate level even if several 
groups are being advanced. With this in mind 
we had already provided two 80 litre/min pumps, each 
supplying one half-face. The 2.5 mm diaphragm 
allows a mean advance time of 12 seconds per 
support unit and simultaneous advancing of three 
sections at least. 

Our present success is due to the use of wide pressure 
ranges, but the automation to be reliable it must be 
proof against disturbance from falls in the feed 
pressure. 

The basic idea of the present circuit (Fig. 4) is that if 
an order is not transmitted owing to loss of pressure, 
the sequence must be repeated, as if nothing had 
happened, as soon as pressure is restored. 

We should briefly make clear at this point that the 
only way in which a master support unit differs from 

'the remainder is in having a horizontal ram whose 
travel is only 500 mm, and which is provided with a 
non-return valve, opened mechanically, whose func
tion in the automation triggering sequence is to pilot 
the next movement distributor which would normally 
be piloted by the preceding support unit. 

(i) The automatic distribution unit is housed in a 
box with rapid-coupling module exchange 
facility, the box itself being fixed in the beam of 
the support unit. 

(ii) The manual control system is ready for use at 
any time and changeover to it requires the 
operation of only two valves. The control 
position is remoted to allow the operator to 
work in safety. 

The provision of manual control levers is also helpful 
when working in the automatic mode, since they 
serve to indicate the execution of each operation. 
It is these levers that revealed the various functional 
faults that arose during the trials period. 

Brief description of the working of a support unit 

The manual control levers for the distributors 
simulate the various operations (see Diagram No. 5). 
The three levers are on the left. The prop distributor 
A is in the 'hard against roof' position and ensures 
supply at 380 bars to the props. An overpressure 
valve calibrated to 180 bars allows passage of the 
fluid feed to distributor C of the next support unit. 

The shifting ram distributor B is in the position for 
return of the large cross-section face of the ram, 
which means that the ram is now thrusting under the 
effect of the separate series-connected feeds on all the 
small cross-section faces of the horizontal rams 
along the face. The onward-sequence distributor C 
is zeroed. 

Descent of the props of the adjacent support unit 
pilots distributeur C and brings the support unit to 
the ready. Nothing else happens just yet because 
distributor C is no longer fed by the overpressure 
valve on the prop-setting supply. 
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On completion of the preceding support unit's cycle, 
its props are reset and held and, as soon as the 
setting pressure exceeds 180 bars, feed is initiated 
through distributor C to the pilot devices of distri
butors A and B. I 

Distributor A is piloted immediately, followed by 
distributor B. The latter cannot be piloted until A 
has been so, since the opposed piloting device is reset 
by the operation of distributor A. 

The support unit is released and advanced. 

Releasing is limited by a delay device, and this leaves 
all the pressure available support advance which 
often starts during lowering. As we have said, this 
operation brings the next support unit to the ready. 

The same overpressure valve also feeds the piloting 
devices of the next support unit which had been 
brought to the ready at the moment of prop release 
and now starts to move as soon as the props are reset. 

Possible faults 

Given proper maintenance, the automation system 
as such can be guatanteed to work reliably, since the 
power available for piloting operations is calculated 
on the generous side. However, it can happen that, 
on the order for lowering being given, the non-return 
valve fails to be piloted or the prop may fail to 
descend. Reliability of the piloting system is 
assured by the ample cross-section dimensions. 

Fig. 5. Rotary distributors housed in the control box for automatic, semi-automatic or manual operation of the F 13-28 support 
units. 

On completion of the advance, the pressure builds up 
in the horizontal ram and distributor C will operate. 
Distributor A is then immediately piloted via C and 
the props will be reset. 

As soon as the resetting operation has progressed 
sufficiently, i.e. as soon as the pressure rises 
above 180 bars, the overpressure valve on the 
prop-supply line allows the necessary fluid to pass 
for operating distributor B. 

This resets the support unit to its normal position, 
i.e. continuous bearing hard against the roof and 
thrust on the conveyor. 

As regards reliability of lowering this is followed in 
principle from the use of support units with elongated 
roof-bar where the rams work in good conditions and 
ought not to suffer deterioration. 

Changeover to manual (Diagram No. 5) 

All that is needed is to zero distributor C and close 
the two valves Ρ and R in the control boxes, thereby 
shutting off the orders given by the overpressure 
valves. 
Support shifting is then controlled with the two left-
hand distributors A and B. 
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Changeover to semi-automatic 

Valves P, which feed the piloting devices of one 

support unit from the preceding one, are kept 

closed and the complete movement cycle of the 

support unit is actuated by opening the said valve. 

A & C 
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Fig. 6. Positioning of the distributor levers during the course 
of a cycle. 

I — Simulation of operation sequence by the distributor 
levers. 

I I — Manual control levers. 

our ploughposition indicator with automatic reversal 

of travel direction. But the system of thrust 

control as a function of face alignment has as yet 

only been realized on our longwall face in Provence, 

and only with rather complicated electrics. 

However, the secondgeneration equipment will 

have a logic element of much simpler design allowing 

the whole assembly—position indicator, travellimit 

selector, face display and thrust control—to be 

accommodated in one single box. 

Our support automation system was developed for 

specific equipment and winning conditions, namely 

support units with elongated roofbar working in 

level seams. 

We are at present studying a system of automatic 

stabilization for working on a dip but it remains to 

be seen whether the system thus developed will also 

be suitable for use with other types of support 

system and/or on a shearer face: 

(a) Adaptation to another support system 

Adaptation to another support system is in prin

ciple simple but only on the following conditions: 

There must be a capability for simultaneous 

control of props and above all for maintaining 

the propsetting feed pressure. 

Modifications still to be made to the support system 

automation 

This automation is satisfactory in present conditions 

and we envisage no major alterations. 

But the fluid used is a viscous waterpolyglycol 

mixture. Use of a water and solubleoil mixture 

would probably necessitate changing the two 

existing overpressure valves and modifying the delay 

devices. 

Ill — Possibilities of wider generalized appli

cation 

As we have already said, the technique of remote 

controlling winning machines is already well 

developed and extends even to faces where the 

support system has not been automated. And now 

too a start has been made with wider application of 

'b) Adaptation to a shearer face 

Adaptation for use on a shearer face would 

imply two prerequisites only: 

1. Acceptance that the order of advance of the 

support units within a given group must 

be always in the same direction (a condition 

 sometimes already imposed by the dip) and 

that only the order in which the groups are 

shifted may be reversed. 

2. That a machanicallyopened nonreturn valve 

be fitted to a ram placed at each end of the 

zone covered by a group so that supportunit 

advance shall not take place until the conveyor 

has been effectively snaked along the front 

of the whole group. 

It might then be feasible for conveyor advance 

to be ordered by the cutter operator or by the 

machine as it passed and for the supports to 

be advanced automatically as soon as the 

conveyor was shifted. 
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TABLE I 

Results achieved in the face in Houillères de Provence equipped with the automatic installation 

Period 

January 1972 

February 1972 

March 1972 

March 1972 

April 1972 

t 
Name of working 

T 13 
North Cengle Amont 

T 13 
North Cengle Amont 

T 13 
North Cengle Amont 

T 14 
North Cengle Amont 

T 14 
North Cengle Amont 

Length 

143 m 

143 m 

143 m 

157 m 

157 m 

Seam 
thickness 

2.10 

2.12 

2.10 

2.10 

1.98 

Dip 

4° 

4" 

4° 

40 

40 

Number 
of days 

17 

21 

10 

10 

20 

Face advance 
metres/day 

6.91 

5.07 

6.10 

1.65 

6.68 

Face oms 
tonnes 

42.60 

39.80 

36.08 

12.49 

45.69 

Daily 
production net 

tonnes 

2 289 t /day 

1 690 t /day 

1 926 t/day 

572 t/day 

2 338 t /day 

N.B. 1. Transfer from face 13 to face 14 took five days, of which only two were normal working days. 
2. The ratio of net/run-of-mine is approximately 0.63. 

109 



AUTOMATION OF COAL PRODUCTION 

Research carried out by Charbonnages de France 
assisted by The European Coal and Steel Community 

(ECSC) 

Directed by: 

Jean LEDUC 

End of scout-car sequence Wagner car Modern coal-mines are very different from those 
of yesteryear: Up-to-date mechanization has im
measurably boosted production and quite altered 
the work of the miner. 

New and different jobs demand continuous training 
of the men. 

We here present an instruction film on an automated 
working face—the successful combination of research 
carried out in France between 1967-70 with financial 
backing from the ECSC. 

Recapitulatory session 

Instructor 

'I shall now describe to you the principle of automatic 
control of the advance of the armoured flexible 
conveyor.' 

A mine in 1910 

Extract from the 'Records of Pneumoconiosis' 

The mine of Zola is dead and gone: 

— these pictures are truly ancient history! 

THE AUTOMATED FACE 

Wide-angle shot coalface 

Pan shot over the seam thickness 

Here we see the last word in technical development— 
an automated longwall face with the latest arrange
ments for remote-controlled advance. 

Coalface 150 m long in a seam 1.80-2.50 m thick, 
equipped with: 

Close shot the plough — a plough which wins and loads the coal onto 
a wide armoured flexible conveyor; 
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Conveyor then ZOOM forward onto support units 

Control position 

— and a powered support of new type, namely 
a support unit with elongated roof-bar. 

The 'control position' at the entrance to the face is 
the nerve centre of this production unit with a net 
daily output of 2-3 000 tons of coal. 

Close shot roof-bars then long distance shot The winning and walking tracks are protected by 
roof-bars forming an almost continuous armoured 
shield of high loadbearing capacity. 

ADVANCING SUPPORTS 

Pan shot on horizontal jacks 

Development of these 'support units with elongated 
roof-bar' was the first stage of the research pro
gramme, aimed at securing, in advance of any 
attempts at automation, an effective roof control by 
means of support systems far superior in load-
bearing capacity and adjustment range to those 
previously employed. 

DESCRIPTION 

Armoured flexible conveyor then pan shot on 
horizontal cylinders and descriptive pan shot of 
supports. 

Plough and armoured flexible conveyor are 
continuously held tight against the seam by hori
zontal hydraulic cylinders attached to the support 
units. 

Close shot/Pan shot on horizontal cylinders 

Lowering of props and vertical cylinder. 

Behind the support (caving). 
Support advance. 
Roof-bars are refixed (ID-very close shot). 

When the horizontal cylinders reach the end of their 
travel, after 60 cm advance, the support props are 
released. 

Behind them the roof caves. 

One after another the supports advance against the 
conveyor so that at no time is there the slightest 
gap in the steel roof. 

Manual Operation Progressive advance of the supports used to be 
effected manually, chock by chock, each miner on 
the face being responsible for shifting several adjacent 
chocks. 

But higher extraction rates meant more frequent 
shifting of supports. When the men were unable 
to keep up with the job, the resultant irregular 
advance caused misalignment of the face. 
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SUPPORT 
TION ADVANCE AUTOMA- This difficulty has been overcome by automating 

the support system. 

DIAGRAM 

Appearance of hydraulic automation circuit The system finally adopted was hydraulic automation 
of blocks of 10 supports comprising one master 
and 9 slave supports. 10 identical groups, i.e. 
100 supports, are set along the face. 

The master support has a clack-valve. As soon 
as the armoured flexible conveyor has advanced 
60 cm the hydraulic ram, which then reaches the 
end of its travel, causes the valve to open, so 
actuating the release of the vertical cylinders, 
followed by advance of the support against the 
conveyor. 

When the support is tight against the conveyor, the 
overpressure in the hydraulic support—advancing 
circuit actuates the prop-setting cycle. Termination 
of setting against the roof in turn trips a valve, 
whereby: 

The master support's horizontal jack thrusts 
on the conveyor 

the master support's horizontal cylinder again starts 
thrusting on the conveyor, 

Advance of adjacent support (cycle complete) and the advancing cycle is initiated for the next 
support: 

— release props 

— shift support 

— set to roof, start thrust on conveyor... 



ZOOM BACK to the row of panels. 

The 3 'central units'. Hydraulic unit for support 
thrust for plough drive. 
The last two display panels. 

A long series of control boxes, automatic control 
systems and hydraulic units makes the access road 
look just like a factory workshop. The equipment 
is robust—it has to be to cope with the onerous 
conditions of being continually shifted... 

Naturally it also fully meets all safety requirements 
with regard to methane and fire. 

Close by the control position are the displays showing 
face profile and plough position. 

Aligned face 

Modified thrust. 

To ensure optimum efficiency the working face must 
be perfectly aligned, which means continuously 
modifying the thrust. 

Formation of humps 

Adjust thrust to profile. 
Adjust haulage force and speed on plough chain. 

Simultaneously, the thrust must be modified to 
suit the seam profile and the haulage force and 
speed of the plough chain must be adjusted. 

Plough and armoured flexible conveyor. 

Selsyn motor 

Display panels seen behind the operator. 

Support unit advancing the armoured flexible 
conveyor. 
Second sensor 
Third sensor 
Close shot of a sensor. 

The latter requirement was met by adoption of 
hydraulic drive for plough and conveyor. The 
remaining requirements were catered for by electronic 
devices. 

Conveyor advance sensors are regularly spaced along 
the face. 

Here we see one ... two ... three. 

They transmit a signal every 10 cm of advance. 

Recapitulatory session 

Instructor: 
(synchronized) 

'On this diagram you see the run of the working 
face. I have deliberately exaggerated the deforma
tion. 

The conveyor advance sensors which divide the face 
into segments of equal length enable an image of the 
misalignment of face to be presented on a display 
panel. As the plough moves along the face, its 
position is monitored by the thesiscope situated 
alongside the display panel at the control position. 
The plough position and face profile data are passed 
to a logic circuit which will automatically give the 
requisite thrust commands to a servo-limiting device. 
When the plough comes to a depression the logic 
unit orders 'do not thrust', on the other hand, when 
it reaches a hump the logic unit orders 'maximum 
thrust'; and then when the plough is on a normal 
face surface the order is 'medium thrust'. 
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A miner: 

Instructor: 

'But if one uses maximum thrust on a hump might'nt 
the plough jam?' 

'Yes, that could happen, but before stopping, the 
plough slows down. When it does this the pressure 
rises abnormally in its hydraulic control circuit and 
triggers an immediate order to stop thrust on the 
conveyor. This enables the plough to pass the 
danger point without jamming.' 

THE FACE 

Zoom onto display panel. 
Very close shot of a sensor. 
Indicating lamps. 
Sensor. 
Lamps. 

Plough display panel. 

Plough reverses direction. 

Thrust control box. 

Working face aligned. 

The face profile is depicted on a panel with indicating 
lamps that light and give a picture of the alignment. 

On the next panel, the position of the plough along 
the face is indicated by a cursor running on a scale. 

On reaching the end of its travel the plough is 
automatically stopped and reversed. 

The data furnished by the thrust boxes are converted 
into an order to the servo-limiting device on the 
hydraulic unit for the horizontal thrust cylinders. 
This limiter adjusts the thrust as requisite, reducing 
it past hollows and boosting it for humps. 

By this means the face is kept always perfectly 
aligned. 

The operator 

Display panels. 

The operator. 

Thanks to the display panels in front of him, the 
operator at all times knows how the face profile is 
shaping and the exact position of the plough. 

Thus, these systems of remote control and super
vision, as applied to automation of powered 
supports, ... 

MINERS OF TOMORROW 

Maintenance team jeep 

A technician visits the face. 

... serve to free our miners from rough and laborious 
chores. 

The night shift is reserved for maintenance work 
carried out by miners who have now become hydrau
lic or electronic technicians. 

4 maintenance jobs. Everything has now been checked and made ready 
for the morning shift. 
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The face is silent and deserted 

ZOOM BACK onto face. 

The unit could not possibly function at optimum 
efficiency were it not for automation. Automation 
alone is capable of coordinating a plurality of tasks 
and translating the data acquired into immediate 
purposeful action. 

Since being opened-up, this automated face has 
produced results more than 30% better than on any 
faces previously worked. 

A few hours later and the morning shift comes 

Dispatches. 
Crusher. 

The flow of coal on its way to the high-speed crusher, 
from where it is discharged onto large belt conveyors. 
4 500 tons gross are extracted daily, which puts this 
pit into the forefront of European mines with a 
productivity of 7 tons per man-day. 

Plough operation indicator^ 

Methanometry. 

The face in operation. 

By day the operation of the face is continuously 
monitored by the pit-control centre which signals 
down any irregularities.' 

Plough-operation indicators are provided in the 
pit-control centre enabling the Duty Engineers to 
check all details of work at the face at any time. 

Nor of course is methane monitoring omitted. 

Down below the longwall face advances surely 
and methodically. 

CREDIT TITLE AT END OF FILM 
Chief cameraman : Gilbert Sarthe 

Animation : Arcady 

Chief cutter : Monique Lacombe 

Recording : Marignan 

Laboratory : LTC 

This film was made in the GARDANNE Mine 
of the Houillères du Bassin du Centre et du Midi. 
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AUTOMATIC CONTROL 

OF THE CUTTING HORIZON OF ANDERTON SHEARERS 

ø 

A.E. BENNETT 

Β.Sc, C.Eng., Mining Research and Development Establishment 

National Coal' Board, Bretby 

SUMMARY 

The paper reviews the work that has been undertaken by the Research and Development 

Establishment of the National Coal Board since 1965 to establish that automatic grading 

of the armoured face conveyor, on which a longwall shearer moves up and down a face, 

is technically and economically feasible. 

A nucleonic coal sensor which measures the amount of coal left up on the roof is used 

to set the position of the machine in the seam. Reference is made to the background 

theoretical and laboratory model work. The early proving trials are discussed in some 

detail, and the difficulties encountered are described, together with the steps taken to 

overcome them. The first successful trials which lasted 22 months are outlined and 

details given of further installations made since then (1969). A section deals with 

the limitations of the existing equipment as effort has been concentrated on one type of 

machine, the single ended fixed drum shearer. This is followed by an outline of the 

future programme of work it is hoped to undertake. A section is devoted to discussing 

the economic benefits that can be expected to result from installing automatically steered 

shearers. Returns of up to ten times the initial capital expenditure are estimated 

to be possible. 

1. INTRODUCTION 

The advent of mechanized mining in the United 

Kingdom and, in particular the use of scraper chain 

conveyors on longwall faces introduced a problem 

of 'steering' a machine to ensure that it remained at 

the desired horizon within the boundary of the seam 

and did not drift up into the roof or down into the 

floor. In the early days this was achieved by 

driving wooden wedges under one side of the conveyor 

or the other to tilt it (and the machine) in the desired 

direction. This has been largely superseded, but 

not entirely, by the introduction of powered under-

frames. These comprise two parts which are hinged 

together at one end, or along one side, and linked 

together on the opposite side by one or more 

hydraulic jacks. The bottom part of the under-

frame rides on the conveyor, the top half carries 

the machine. The jacks may produce either a 

simple pitch motion of the machine, (along the line 

of the conveyor) or a rolling motion about an axis 

parallel to the line of the conveyor. While these 

mechanisms provide the means of readily tilting 

the machine, thereby eliminating the need to drive 

wedges under the conveyor, an extremely arduous 

task, they do not in themselves solve the problem 

of maintaining the correct horizon. The machine 

operator has to decide himself by how much to tilt 

the machine. If he does not tilt it enough then the 

conveyor and machine take a long time to climb to a 

new horizon. If he puts on too much tilt then the 

conveyor and machine climb too rapidly and can 

Overshoot'; this is very easy to do particularly if 

there is no marker band in the seam which the 

operator can use as a datum or reference level. In 

practice, machine operators develop considerable 
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skill in deciding how much tilt to put on the under-
frame, but it is difficult judgment to make and even 
now it is often necessary to insert wooden wedges to 
bring a conveyor back to the desired horizon. 

The need for automatic steering to overcome these 
difficulties has been studied about 10 years but it is 
only within the last two that conclusive evidence has 
been obtained which shows that automatic steering 
is technically feasible and economically viable. 

2. EARLY AUTOMATIC STEERING PROJ
ECTS 

(iii) It would be preferable to use a closed loop 
system for continuous correction of the steering 
position. This would entail obtaining an error 
signal proportional to the difference between the 
measured and computed positions of the 
steering jacks. 

(iv) The distance between the nucleoide sensor and 
the cutting drum must be minimised to prevent 
delay between cutting a track and sensing it. 

(v) To overcome difficulties encountered in handling 
a control cable the control equipment should be 
integral with the machine and not situated 
in the gate road. 

The need to provide a means of measuring the 
distance between the tips of the cutting picks and the 
coal/stone boundary led to the design of the nucleonic 
sensing unit which was originally used in 1960 to 
measure the amount of coal left on the floor under
neath the skids of a Midget Miner.1 

Although this machine had a very limited use, the 
potentialities of the sensing probe were readily 
appreciated and as a result a similar unit was incor
porated in the automatically steered Anderton 
Shearers which formed part of the ROLF2 projects. 
A great deal has been written and spoken about the 
ROLF but while the remote control of the powered 
supports was an undoubted success, full control of 
the machine was never achieved. 

After some months running it was decided that 
several fundamental defects existed both in the 
design of the steering equipment and the theory of 
the system. The then Mining Research Establish
ment undertook an analysis of the performance of 
the equipment to ascertain the reasons for the 
failure. A summary of the recommendations that 
were made as a result of this study is as follows: 

(i) Since any control system for a conveyor 
mounted machine is, in effect, an automatic 
conveyor grading system, there must be a 
control (and therefore measurement) of the tilt 
of the conveyor with respect to the angle of the 
line of face advance (i.e. dip or rise of the seam). 
This was not present in the ROLF system. 

(ii) The nucleonic sensor must be mounted such 
that it maintains close proximity with the floor 
or roof. It was virtually impossible in the 
ROLF system to maintain contact between the 
sensor and the floor. The shearer plough on 
which the sensor was mounted rode most of the 
time on a bed of fines. 

3. CONVEYOR STEERING 

The position a cutting drum takes in a seam is 
determined by the vertical position and inclination 
of the conveyor and by the steering jack setting. 
The basic requirement is to steer the conveyor 
(the machine must follow) and thus be able to 
execute vertical manoeuvres considerably greater 
than the limited jack stroke available in the ranging 
mechanism. 

The steering action should be progressive from cut 
to cut. To steer downwards each successive cut 
must be lower than the previous one so that 
the conveyor moves progressively downwards (Fig. 1). 
This can be achieved because the conveyor normally 
rests on adjacent floor tracks and thus a jack setting 
held constant over successive cuts will cause the 
conveyor to follow an upwards (or downwards) 
curved trajectory. At a certain central position of 
the drum, usually slightly undercutting the conveyor 
to allow for moving onto some 'fines', no steering 
will occur on pushing over, i.e. the conveyor will 
remain on the same horizon. This is the 'zero' 
steering position. Jack settings on either side of 
this 'zero' position will cause steering up or down on 
curved trajectories proportional to the setting. 

Either pitch or roll ranging may be used, although 
the latter is to be preferred as it leaves the smallest 
steps in the floor in front of the conveyor and 
consequently there is likely to be less floor damage or 
pushing over. This is important as it means the 
steering behaviour will be more predictable leading 
to better control. 

The jacks should be double acting and the underframe 
trapped (i.e. loosely fixed) to the conveyor at the 
drum end. This is to ensure that the machine is 
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stable in cutting, i.e. behaves as if it is fully captive, 
otherwise the jack settings become meaningless and 
control is lost. 

ideal characteristic. A bias is also found in the jack 
setting required for zero steering, i.e. an undercut 
is necessary. 

CONVEYOR MOUNTED ANDERTON SHEARER LOADER 

ARMOURED 
FACE 

CONVEYOR 

20 

PUSH - OVERS 

END VIEW SHOWING CONVEYOR STEERING 

Fig. 1. Conveyor mounted Anderton shearer-loader, end view showing conveyor steering. 

The steering problem is a three-dimensional one 
because it is necessary to carry out 'differential' 
steering along the face, e.g. the conveyor may need 
to go up at one end of the face, level in the middle, 
and down at the other end. This is possible because 
the conveyor has a limited but specifiable flexibility 
in pitch and twist between pans. Large vertical 
displacements (pitch) can, therefore, be built up 
along the face to accommodate a seam undulation 
by maintaining twist between pans over several 
successive cuts. 

4. CONTROL SYSTEMS 

4.1. General 

In designing an automatic steering system it is 
essential to first establish the steering characteristic 
of the system. This is defined as the relationship 
between the jack settings and the subsequent 
change in conveyor inclination. Field trials, on 
both pitch and roll ranged systems have shown that 
steering, in practice, (rate of change of inclination 
per unit jack extension) tends to be less than in the 

The differences between the theoretical ideal chaiac-
teristic and practical results can be explained by the 
combined effects of floor damage and fines on 
pushing over, and mechanical constraints such as 
pan joints and ram attachments, acting on the 
conveyor. The mechanical constraints resist the 
steering action thereby weakening the characteristic. 
All effects occur to a variable degree, contributing 
to the scatter found in actual measurement. Thus 
the actual change in conveyor inclination in any 
one push over cannot be forecast precisely, but the 
total steering effect, integrated over a number of 
cuts, can be predicted from the average steering 
characteristic. 

The actual measurement of the steering charac
teristic of a machine conveyor on a working face is 
an essential but very laborious and time-consuming 
operation. The procedure is to set the machine 
steering jacks to a known extension and then measure 
the resultant position of the conveyor for a number 
of successive push overs of the conveyor. This 
has then to be repeated for different jack settings 
(extensions) and involves the taking of several 
hundred measurements along a reasonable length 
of conveyor. It is however, a fundamental require-
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Fig. 2. View of Model Shearer. 

Fig. 3. View of Model Conveyor on a polystyrene floor. 
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ment—without it the control system is like a ship 
without a rudder. 

4.2. Model Work 

Although the design of the control system for this i 
three-dimensional steering problem could be tackled 
on a digital computer, accurate simulation of the 
mechanical constraints on a conveyor is difficult 
to achieve and it is expedient to assume infinite . 
flexibility. It was felt that this would be unreal, ' 
so it was decided to bridge the gap between purely 
theoretical work on a computer and actual field 
trials by building a working model which would 
bring in the effects of conveyor rigidity, being a 
complete analogue. Details of this work have been 
published by Webb.3 

The model, Figures 2 and 3, embodied the essential 
features of steering comprising a machine (with a 
cutting disc) conveyor and a floor (polystyrene 
blocks). It was made quarter scale, representing a 

4.3. Closed Loop System 

The closed loop control system which was designed 
is shown in Figure 4 and is made up of the following 
parts: 

(i) The Nucleonic Coal Sensor 

This is used to indicate the vertical position of 
the machine by measuring the amount of 
coal left on the roof or floor. 

(ii) The Jack Servo Unit 

The control system requires the jack to be set 
at certain positions measured from the steering 
zero. It is, therefore, necessary to create a 
closed loop around the jack setting. The jack 
setting transducer is merely a linear potentio
meter attached to the jack. The control 

CONTROL SYSTEM BLOCK DIAGRAM 

REK HORIZON 
1 

COAL 
SENSOR a-

CONTROL 
UNIT 

JACK 
SERVO 

TILT 
TRANSDUCER 

JACK SETTING 

STEERING 
CHARACTERISTIC 

Fig. 4. Block diagram of the control system. 

face length of 80 ft, allowing for face advance of 
over 7 cuts for a 20 in web. The machine was 
correctly modelled for all relevant dimensions 
including the position of the centre of gravit}'. 

system presents the jack servo with a demand 
for a certain setting; any error between this and 
the actual setting actuates one or other of a pair 
of solenoids which control the flow of oil to the 
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steering jacks. Because of the limited speed 
at which the hydraulic jacks can move rapid 
changes in demand cannot be followed. 

I 
(iii) The Tilt Transducer 

The inclination of the conveyor towards the 
face is measured continuously by a tilt trans
ducer mounted in the fixed part of the machine 
underframe. One suitable type consists of a 
spirit level with three electrodes inserted into 
the tube. The conducting paths between the 
electrodes are connected to a bridge circuit. 
Linear indication of a range of + 10° is adequate. 
The transducer is mounted so as to read zero 
when the conveyor is parallel to the gradient 
of the seam in the line of advance. 

The full lines in Figure 4 represent connections 
between actual components on the machine, the 
dotted lines show that as a result of the jack setting 
via the steering characteristic, the readings of 
vertical position and tilt will change by the next cut. 
The control system embodies the formula: 

Bj = GO —Foe. 

where: 

G 

F 

= jack setting with respect to the steering 
zero. 

= error in vertical position (from coal sensor). 

= inclination of the conveyor to the mean 
seam direction (from the tilt transducer). 

= coal sensor loop gain. 

= tilt loop gain. 

A problem in the design of the control system is to 
determine a suitable relationship between the coal 
thickness, the conveyor tilt readings and the jack 
setting. Correct choice by means of simulation 
using the model ensures that the control is neither 
'too lively' nor too weak. 

4.4. Steering Scatter 

It has already been.stated that practical steering 
characteristic results are scattered about an average 
characteristic for a particular machine. On the 
model the only constraints are those applied by the 
pan joints but these clearly influence the way in 

MODEL SCATTER DIAGRAM-

• POINTS-LOW SCATTER CONDITION 

+ POINTS-HIGH SCATTER CONDITION 

Fig. 5. Model scatter diagram. 
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which the conveyor moulds itself on the newly cut 
floor and it is, therefore, to be expected that scatter 
would be found in a steering characteristic obtained 
from the model. Analysis of the model solution 
confirmed this. A typical scatter diagram is shown 
in Figure 5 which also shows the average charac
teristic and the ± 95% confidence limits. The 
amount of scatter is comparable with that obtained in 
a field trial. 

The model is used as an extension of an analogue 
simulation technique to check the system perform
ance in more real terms after the basic control 
system has been designed. It is being validated 
by comparing results with those obtained from 
underground trials. Ideally, for some test conditions 
the same results would be obtained, or if not, a fixed 
relationship would be found to hold between the 
model and real life. This work is still proceeding 
as clearly the use of a model can provide answers 
to various questions which it would be impractical 
to ascertain from underground trials. 

at the Mining Research Establishment, Isleworth. 
in line with the new proposals and obtain practical 
proof from an underground trial. 
To this end a single ended 150 H.P., BJD Ltd fixed 
drum shearer was obtained by the Establishment 
and fitted with a roll ranging underframe pivoted 
along the face side, together with a nucleonic sensor, 
steering jacks, tilt transducer, control unit etc. 
Figure 6 shows the complete machine prior to it 
being tested underground. 
In parallel with the theoretical and model study work 
further consideration had been given to the design 
of the nucleonic probe. The type of probe used on 
the ROLF trials was based on the measurement of 
the back scattering effect from an Americium 241 
source and had a useful measuring range of only 
76 mm. By changing over to a Caesium 137 source, 
and rearranging the geometry of the source and 
detector (now a photomultiplier), it had been found 
that the measuring range could be increased to 
125 + 25 mm. 

Fig. 6. Barnburgh Colliery fully assembled Phase I machine. 

5. EXPERIMENTAL PROVING TRIALS 

5.1. Barnburgh Colliery (Phase I) 

5.1.1 Equipment Used 

As the laboratory theoretical and model study 
work proceeded, following the examination of the 
ROLF equipment, it was decided to equip a machine 

It was therefore decided to include what became 
known as the six inch (150 mm) probe on the 
Barnburgh trials machine. Further, the ROLF trials 
had shown that a floor mounted probe was impractical 
so the probe was mounted on a platform which 
could be raised by a hydraulic jack to hold the probe 
firmly against the roof (Fig. 7). It was also decided 
to use the probe in the 'previous cut' position, i.e. 
to measure the thickness of the coal left on the 

122 



previous cut taken by the shearer. This was 
undesirable from a control point of view but was 
accepted because at this stage it was not clear how 
the probe could be mounted immediately behind the 
cutting in the 'present cut' 'position without intro
ducing a considerable degree of mechanical complica
tion. The nucleonic sensing probe was therefore 
mounted immediately behind the drum, as can be 
seen Figure 7. The probe was intended to run on 
the roof of the seam in the space between the tips 
(ends) of the support roof beams and the face itself. 
Figure 8 shows one of the two ranging (steering) 
jacks and the electronic control unit mounted at the 
end of the machine. 

two parts because the 150 mm (6 inch) coal sensing 
equipment was not immediately available. These 
were: 
(i) with a conveyor tilt signal only (automatic 

tilt control), i.e. the control system was set to 
maintain the face advance at a given angle to 
the horizontal, that is to the known dip (or rise) 
of the seam; 

(ii) with both tilt and coal sensor incorporated to 
give full vertical position control, attempting 
to leave a set thickness of coal on the roof. 

Automatic tilt control was successfully demonstrated 
over a period of 5 weeks (10 strips/week). 

Fig. 7. View of the nucleonic probe and mounting used in the Phase I trials at Barnburgh Colliery. 

5.1.2. Trial Results 

The equipment was installed on a training face at 
Barnburgh Colliery during January 1966 and con
trolled experiments began early in the following 
month. The initial phase of the trials determined 
the open loop steering characteristic of the shearer, 
i.e. the relationship between the rate of angular 
change (or curvature of the path of the conveyor) 
produced in the direction of face advance and the 
extension of the steering jacks. 
The next step was to operate with a closed control 
loop (i.e. fully automatic). This was carried out in 

Mechanical difficulties were experienced with the 
erecting mount of the coal sensing probe from the 
start of the experiment. The mount also affected the 
flow of coal from the cutting drum onto the conveyor. 
However, after various modifications were made 
the full automatic control system with coal sensing 
and tilt control was brought into operation at the 
beginning of May 1966. Tests were carried out to 
establish the performance of the equipment including 
steady state and transient runs. During the former 
the machine was set to follow the roof parting on 
several cuts, maintaining a nominal 125 mm (5 inches) 
of coal on the roof. In the latter the machine 
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was set to leave 130 mm of roof coal and after a 
steady state had been reached the demand was 
abruptly changed to 50 mm of roof coal. The plots __ 
of the roof profiles produced as the system responded * 
to the demand provided a convincing demonstration 
of the measure of control achieved and the smooth
ness of the transition. The profile corresponded 
to that of the machine meeting a 100 mm fault. 

At the beginning of June 1966 a series of mechanical 
failures stopped the trials. These were associated 
with the coal sensor mount, the ranging hydraulic 
system, and finally the machine haulage unit. A -

trial was in operation, when approximately 130 cuts 
were taken, it was not found necessary to carry out 
manual regrading of the conveyor on a single 
occasion. 

Although it could be regarded as a side issue it is 
believed the early measurements on Automatic 
Tilt Control showed that this system might find 
application on faces where it is not possible to use 
coal sensing equipment to fix the position of the 
machine within the seam, e.g. where there is no 
clean parting between coal and the adjacent stratum, 
and where a coal roof must be left thicker than the 

Fig. 8. View of one of the ranging jacks and the electronic control unit used on the Phase I Barnburgh machine. 

new haulage unit of different design was fitted to keep 
the face going in production, but this was incom
patible with the steering underframe and the control 
box mounting assembly so the steering equipment 
had to be removed. 

The performance of the 150 mm probe both with 
regard to accuracy and electrical performance had 
been good. It was concluded that the inadequacies 
in the probe mount which had arisen could be 
overcome by improved mechanical design, and 
therefore the overall trial had been successful in 
establishing that the basic concept was sound. It 
was significant that during the four months the 

measuring range of the sensor, or where for various 
reasons only a part section of the seam is 
taken. 

Any slow drift from the true dip of the seam could 
be compensated for by applying a manual correction 
from time to time, as could a major change caused by 
floor lift during a weekend stand. It was found at 
Barnburgh that only one manual correction was 
required during a week. However, it must be 
stressed that this would only provide a partial 
answer at the best, and no further trials of this 
arrangement have been carried out since the tests 
were done at Barnburgh Colliery in 1966. 
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5.2. Barnburgh Colliery Phase II 

5,2 .1 . Equipment Used 
ι 

The first trials at Barnburgh Colliery described above 
were so encouraging that it was decided to undertake 
a second series of tests (Phase II) in which an 
investigation would be made of the consequences 
of using a coal sensing probe mounted immediately 
behind the drum with respect to movement along 
the face, i.e. sensing on the 'present cut'. It was 
agreed that the equipment should be made by a 
machine manufacturer who would be asked to 
incorporate the lessons learnt from the first trial. 
Consequently, a development contract was placed 
with BJD Ltd as an Anderton Shearer of their 
manufacture had been used in the first trials. 

BJD Ltd for trials in six divisions of the NCB. This 
policy decision was unsuccessfully opposed by the 
Mining Research Establishment as it was felt it was 
premature to expand so quickly. It was thought 
that further practical experience was required before 
the technique was extended into other areas. 

Construction of the Phase II equipment, and the 
six machines for extended trials in the divisions 
proceeded simultaneously at the manufacturer, 
but was subject to a number of delays. As a result 
tests with the Phase II machine at Barnburgh 
did not commence until February 1967. A Bi-Di 
arrangement was chosen so that the probe could be 
placed as near to the drum as possible in the 'present 
cut' position. This can be seen in Figure 9 which 
shows the sensing unit arranged for measuring roof 
coal from a conveyor mounted carriage. 

Fig. 9. Barnburgh Phase II trials machine showing B.D. arrangement and probe mounted on a carriage. 

At the same time engineering of a system for an 
Anderson Boyes Ltd (now Anderson Mavor Ltd) 
shearer was started and negotiations opened with that 
firm which led to the placing of a development 
contract with them. 

In addition it was decided by the National Coal 
Board that six machines similar to the one used in 
the Phase I trials at Barnburgh (but incorporating 
mechanical improvements) should be made by 

5.2.2. Trial Results 

First attempts at steering with this 'Bi-Di' arrange
ment created the appearance of incorrect machine 
geometry (the probe carriage was not attached to 
the machine at this stage of the tests). It was 
difficult, with the ranging jacks provided, to prevent 
the machine from digging into the floor on cuts 
made with the drum leading. To overcome this 
trouble adjustments were made to the assembly of 
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the machine, which finally achieved balanced 
steering. By the end of the sixth week a satis
factory steering characteristic had been obtained but 
the downward bias on the return run was much 
greater than had been expected. Ideally the 
ranging stroke should have been increased from the 
+ 3° as fitted, to ± 4°, but it was not feasible to do 
so at this stage of the tests. 

The probe carriage was introduced and found to 
ride satisfactorily on the conveyor but difficulties 
arose with the hydraulic ranging system when 
attempts were made to run with the sensing probe 
held against the roof. During the following six 

turn caused intermittent faults. At the end of the 
thirteenth week of the trial, by which time the 
underframe had broken in two places, it was reluc
tantly concluded that it would not be possible to 
get the hydraulic ranging system into a satisfactory 
operable state unless the unit was withdrawn to the 

, surface and modified. The trial was therefore 
stopped. 

It was evident that the engineering of the equipment 
was not completely satisfactory and that in particular 
the hydraulic system components needed further 
development to ensure reliable working in all 
conditions. 

Fig. 10. Underframe used with the Wolstanton shearer. 

weeks continued difficulties were experienced with 
the hydraulic system, including damage to pipes, 
failure of the pump drive, replacement of the off-
loader valve etc. 

For the Phase II tests the pump and oil for the 
ranging jacks were placed in an 'intermediate box' 
which was sandwiched between the motor and the 
gearbox, whereas in the Phase I trials the tank 
containing the hydraulic oil was mounted on top of 
the machine (Fig. 6). The system had to be repeat
edly opened to change components and this 
undoubtedly resulted in dirt getting in, which in 

6. PROTOTYPE TRIALS AT WOLSTANTON 
COLLIERY 

6 .1 . Equipment Used 

As a result of the second series of trials described 
above it was clear that as the machines intended for 
extended trials in the divisions were to use the same 
hydraulics and underframe which had proved 
unsuccessful at Barnburgh, radical modifications 
would have to be undertaken before they could be 
considered to be satisfactory for underground use. 
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It was therefore decided to delay the installation 
of any of the six machines intended for the divisions 
until satisfactory solutions had been found to the 
problems thrown up in the Phase II trials. 

» 

(Fig. 10). The channels also provided protection 
for the cables and hoses. The underframe was 
extended to mount the electronic control unit 
and electro-hvdraulic valve manifold. 

Fig. 11. 

It was agreed that this work would be undertaken 
by the Mining Research Establishment and that a 
trial with a single machine should precede any 
more general trials. 

The first problem tackled was that of redesigning 
the underframe having in mind the following 
objectives: 

(a) strength; 

(b) coal clearance from the drum to the conveyor 
and through the machine along the conveyor; 

(c) provision of hinges and jacking points to give 
± 4° of ranging; 

(d) location of the shoes, the drum end shoes were 
fitted near to the drum centre-line to provide as 
far as possible a profile following shearer drum. 
The drum end feet were fitted with trapping strips 
(both sides) to positively link the drum with the 
conveyor. Channel sections of the underframe 
were made to provide the cantilever strength 
for the drum end j ack relative to the feet position 

As the design of the underframe proceeded it became 
apparent that its size would impose a limitation 
on the minimum diameter of drum with which it 
could work; this turned out to be 1 300 mm. This 
meant that some of the faces originally allocated to 
take the six machines which were being built by 
BJD Ltd were now unsuitable, but one in the Ten 
Feet seam at Wolstanton Colliery, was found to 
meet the requirements. The seam varied in 
thickness from 1.5 m to 2.44 m in the face length 
and its soft underlying floor gave problems with 
conveyors and chock operation if the machine cut 
too low in the seam. 

6.2. Trial Results 

Full details of these trials with a BJD Ltd machine 
at Wolstanton Colliery have been given in a paper 
by Hartley.4 A brief review of the more important 
events in this extremely long trial, which started in 
May 1968 and extended until the face was worked 
out in October 1970, is as follows. 
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The machine was installed underground in May 1968 

and its steering characteristic established over a 

series of cuts during the following eight weeks when 

the underframe was operated manually from push 

buttons on the control unit. The conveyor as 

installed was fitted with ramp plates but these proved 

ineffective and were eventually removed in 

September 1968 and replaced by a simple face side 

trapping rail. 

Attempts to ride the nucleonic sensor against the 

roof between the tips of the support roof beams and 

the face proved unsuccessful although the technique 

probe was held in the 'present cut' position imme

diately behind the drum. Changes in roof profile 

were accommodated by the hydraulic ram used to 

raise and lower the probe arm, and a Metalastic 

(rubber) suspension unit. 

This equipment was installed in December 1968 and 

»almo.t immediately the position was transformed, 

the probe followed the roof correctly and did not 

interfere with the flow of coal. Automatic steering 

was started on the 2nd January 1969; the impact on 

face conditions and the men was outstanding as in 

a matter of six shears the face was transformed from 
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Fig. 12. View of Wolstanton Machine underground. 

had worked previously at Barnburgh. This could 

only be attributed to a possible difference in face 

conditions arising from the fact that at Barnburgh 

Colliery the machine was on a training face while 

the one at Wolstanton was a normal production one. 

The probe unit was removed at the end of Sep

tember 1968 and an alternate mounting was designed 

in which the sensing unit was carried on an arm 

pivoted on the bearing housing of the drum shaft 

which is normally used to carry BiDi cowls (Fig. 11). 

The probe arm was cranked so that the sensing 

an undulating average face into one with an even 

gradient leaving coal on the roof and on the floor 

consistently. The roof profile was smooth giving the 

support beams the maximum contact area with no 

sharp steps from cut to cut. Figure 12. The time 

to advance supports was appreciably reduced by 

maintaining a smooth floor. 

These conditions were maintained for about four 

months when the face advanced over old workings. 

This resulted in unstable roof conditions which 

affected the use of the automatic steering system. 
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Nevertheless, the system continued to be used 

whenever possible during the next six months 

until the face was clear of the disturbed ground. 

Following this, automatic steering was in operation 

until the face finished in October 1970, a total 

running time of approximately 22 months. 

It is worth noting that the underframe designed by 

the Research and Development Establishment 

gave no trouble throughout the 2 % years it was in 

use at Wolstanton Colliery. When the face finished 

and the equipment was withdrawn it was returned 

to M.R.D.E. where it was thoroughly tested and 

found to be in excellent condition. It has subse

quently been put to use again. 

During the course of the early part of the Wolstanton 

trial it became apparent that it would not be feasible 

to proceed with the installation of six (then live) 

machines in other divisions as planned, so this 

objective was abandoned. 

7. TRIAL OF AN A.B.16 MACHINE FITTED 

WITH AUTOMATIC STEERING EQUIP

MENT AT WEST CANNOCK No 5 COL

LIERY 

As mentioned previously after the Phase I trials at 

Barnburgh a contract was placed with Anderson 

Boyes Ltd for the adaptation of one of their A.B. 16 

machines for automatic steering. Although the 

equipment was originally scheduled for delivery in 

November 1966 the completed machine was not 

received until about a year later. The machine 

was extensively tested and small modifications 

introduced, and was ready for underground installa

tion in Scotland in March 1968, by which time the 

team engaged on this work was heavily committed 

with the Wolstanton trial. Because of the impending 

merger of the Mining Research Establishmant and 

the Central Engineering Establishment, the number 

of staff declined and it was not possible to man two 

WEST CANNOCK No 5. COLLIERY 

QUALITY CONTROL OF POWER STATION FUEL 

UNTREATED 

FINES 

A5H 

PERCENTAGE 

603 AUTOMATIC STEERING SHEARER 

AVERAGE ASH CONTENT ■ II <t°h 

INHERENT ASH CONTENT OF SEAM SECTION - 7 7°la 

J I L 

WEEKS 

62<y0 OF R.O.M. OUTPUT WAS UNTREATED FINES (POWER STATION FUEL) 

IMPROVEMENT IN ASH PERCENTAGE - 2 ■ 8<& 

PROCEEDS INCREASE 1/6 PER °/o REDUCTION OF ASH CONTENT 

APPROXIMATE EXTRA PROCEEDS 

FROM FACE PRODUCING 8 0 0 TONS/DAY 

4 / 2 PER TON 

£520 PER WEEK 

£ 2 6 0 0 0 PER ANNUM 

Fig. 13. West Cannock No 5 Colliery  ash contents. 

Details of the performance of this and subsequent 

faces are given in table 1 from which it will be seen 

that automatic steering was in operation for about 

80% of the time. 

trials. Eventually the Scottish face became un

available and the machine remained out of use until 

it became apparent from the Wolstanton trial that 

automatic steering was technically feasible. 
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A new site for the A.B.16 machine was found at 
West Cannock No 5 Colliery, Staffordshire. The 
machine was modified to take the same type oí 
probe arm as used at Wolstanton and eventually put 

transferred to the adjacent 662's face the colliery 
team started to take over. After a period of three 
.months this face finished and the equipment was 
then reinstalled on a face in another seam. This 

Fig. 14. Coal sensor used on Wolstanton machine showing cavity detector. 

to work in the Bass seam early in June 1969. It 
remained there until the face finished in January 1970 
when the equipment was withdrawn, having been 
on automatic operation for about 87% of the time. 
Full details of this trial have been published in a 
paper by Barham.5 Figure 13 shows the comparison 
between the ash percentage in samples of untreated 
fines taken from the gate belt of the face when it 
was worked by a Conveyor Mounted Trepanner, 
prior to the installation of the automatically steered 
shearer, and figures obtained during automatic 
operation. The average ash content was 2.8% less 
for the latter although it is generally accepted that 
the CMT produces much larger coal than a shearer 
and less fines. 

A trepan shearer on a similar face which was 
manually graded showed an average untreated fines 
content of 13.7% during the period that the ash 
content in the untreated fines from the automatic 
face was 11.9%. 

Staff of the MRDE remained in attendance during 
the life of the face but when the equipment was 

time the installation, testing and commissioning was 
done by the colliery staff entirely unaided by MRDE. 
This face has now finished after have run on auto
matic operation for 87% of the time. 

8. FURTHER INSTALLATIONS OF AUTO
MATICALLY STEERED SHEARERS 

Following the success at Wolstanton and West 
Cannock No 5 collieries, both of which are in the 
Staffordshire area of the NCB, it was decided to go 
ahead and develop commercially available production 
type equipment, and to achieve this contracts were 
placed with manufacturers. This work was expected 
to take at least a year (in fact it will be over two 
years before production equipment becomes 
available) and to bridge the gap it was decided that 
MRDE should assemble and install a limited number 
of machines to extend the technique into areas 
other than Staffordshire. Table 1 gives details of 
13 prototype installations made so far. Of these 
two require special mention. 
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8.1 . Donisthorpe Colliery 

Application 

Thinner Seam 

Prior to this installation the minimum drum 

diameter which could be used was 1.3 m. This 

limitation was overcome by dispensing with the 

conventional type hinged underframe. Instead the 

machine was assembled on a flat plate to which was 

fitted face side shoes which were made to act as 

pivots on the conveyor. On the gob side the ranging 

jacks were fixed at one end to the top side of the 

machine and at the other to shoes which rode directly 

on the conveyor. 

The design of the overall steering equipment proved 

to be quite successful but unfortunately the machine 

had to be withdrawn at the end of 4% months as the 

first face to make use of the latest development 

in nucleonic probes which can now discriminate up 

to 0.25 m ( + 25 mm) of roof coal. Research to 

date indicates that this will be the top practical 

limit for this type of instrument. 

This latest design of probe is also equipped with an 

electronic cavity detector. In the first experiments 

with roof sensing at Barnburgh it bscame very 

apparent that small cavities in the roof coal (irregu

larities in the surface of the coal) could result in 

anomalous readings in the nucleonic probe (an 

indication is given of an apparent increase in coal 

thickness). These in turn gave false instructions to 

the control circuit which resulted in the machine 

climbing unnecessarily. To overcome this difficulty 

a mechanical cavity detector was fitted to all 
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Fig. 15. Floor dirt measurements at Wolstanton Colliery. 

proceeds of the colliery necessitated going over to 

the use of a Conveyor Mounted Trepanner. This 

equipment is planned to be installed on a face at 

Rawdon Colliery towards the end of December 1971. 

8.2. Bolsover Colliery  Improved Sensing 

Probe 

The second installation calling for special mention 

is the one at Bolsover which commenced automatic 

operation at the end of November 1971. It is the 

further probes comprising a spring loaded arm, 

Figure 14, which when it rose into a cavity operated 

a microswitch; the contacts of which were made to 

'freeze' the steering circuit, so that no further 

steering action could take place until the arm was 

pressed back into position after the cavity had been 

passed. This mechanical cavity detector has been 

a continual source of trouble so an electronic equiv

alent has been designed which uses the rate of rise 

of the coal sensing signal to 'freeze' the steering 

action. 
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9. ECONOMIC BENEFITS RESULTING 
FROM THE INSTALLATION OF AUTO
MATICALLY STEERED SHEARERS 

The economic benefits which can be attributed to 
automatic steering can be divided into two broad 
categories, one of which is fairly easy to quantify 
and another which is very real but on which it is 
extremely difficult to place a value. 

9 .1 . Direct Benefits 

Although it may not be accepted by everyone on 
most longwall faces where coal is left on the roof 
(or floor) output is always being lost because of poor 
horizon control. To avoid running into difficulty 
with the roof it is common practise to leave up to 
0.3 m of coal on the roof and sometimes more than 
this. It is often claimed that if less coal was left the 
roof would not hold and large cavities would result. 
However, it is felt that excessive amounts of coal are 
left up as a safety measure because it is known that 
it is extremely difficult to maintain a good constant 
horizon for any length of time, and it is better to be 
safe than sorry. This is clearly a sensible thing to do 
but even so many instances can still be found where the 
machine made violent excursions into the roof and 
floor. Because it has not been possible in the past 
to leave consistent thicknesses of coal on the roof 
of a face realistic measurements could not be obtained 
of the minimum amounts of coal which will hold the 
roof above without fear of it falling down before it 
becomes part of the waste (gob). 

Theoretically if a thinner but consistent layer of 
roof coal could be left it would be possible to increase 
the drum size and extract more coal and still maintain 
good roof conditions. This has been adequately 
proved in the installations made to date where drum 
diameters of 1 470 mm have been increased by 50 mm 
when automatic steering was introduced. 

It is possible to measure the difference in dirt mined 
before and after automatic steering is introduced by 
taking samples from the gate conveyor. During the 
first five months at Wolstanton Colliery an official 
whose normal job was to go onto various faces in 
the colliery and measure the amount of floor dirt 
being cut, included the automatically steered face 
in his surveys. The results taken over a period of 
20 weeks are shown in Figure 15 together with those 
from an adjacent manually steered face in the same 

seam. The graph shows that the automatically 
steered face cut on average 60 mm less dirt than the 
adjacent face; it is reasonable to assume that 60 mm 
more coal was mined than would otherwise have 
been. 

An exercise has recently been carried out (by the 
area production staff) at a colliery which has had two 
automatically steered shearers in operation and 
whose entire output is sold to the CEGB for power 
generation. On the basis of the result achieved to 
date is has been estimated that if all the faces 
are put onto automatic steering then the proceeds of 
the colliery would increase by £ 500 000 in the year 
for a total outlay of about £ 50 000 on automatic 
steering equipment, everything else remaining the 
same. 

Other examples could be quoted of cases where 
untreated smalls are being sold at a higher price 
than previously, because of a reduction in the 
ash content. 

9.2. Indirect Benefits 

There are clearly indirect benefits resulting from 
having to handle less dirt in coal preparation plants. 
Even with only one face on automatic steering it is 
immediately apparent to the operators of the coal 
preparation plant when the face is, and is not on 
automatic operation. 

Turning to other indirect benefits resulting from 
automatic steering probably the most outstanding 
is the very marked improvements in face conditions 
that follows its introduction. Smooth roof and 
floor profiles make support operation easier (and 
quicker) which in the longer term must lead to 
reduced maintenance and a longer working life. 
Maintaining a coal floor results in less power being 
needed to drive the conveyor and consequently 
less wear and tear. Cutting in the seam (i.e. no 
violent excursions into the roof or floor) reduces the 
wear on cutter picks, makes for the best use of 
machine horse power and must therefore improve 
machine reliability. 

Automatic steering also removes the necessity for 
men to go onto the face side to grade a conveyor. 
During the period of the first trial at West Cannock 
No 5 Colliery there were 15 accidents from falls of 
roof at faces in the colliery, of which only one oc
curred on the automatically steered face. 
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10. LIMITATIONS SET BY THE PRESENT 
DESIGN OF STEERING SYSTEM 

Although considerable pressure has been exerted 
to widen the scope of the work virtually all the 
effort available up to the end of 1971 has been 
concentrated on making a success of automatic 
steering applied to a uni-directional single ended, 

find a simple and reliable solution to the problem. 
In the meantime an attempt is to be made early in 
1972 to overcome this limitation. The proposal is 
to take one cut using automatic steering and follow 
it by a non-automatically steered cut in the opposite 
direction but with the drum locked in the middle 
position. At the best it will only provide a makeshift 
solution. 

Fig. 16. View of machine with probe arm folded back. 

fixed drum Anderton Shearer. Initially the mini
mum drum size which could be used was 1.3 m 
but this limitation has been reduced to 1.06 m. 

It is considered vital not to disturb the floor cut by 

The first probe arm mounted on the drum shaft in 
the Wolstanton trials was a fixed member which 
held the probe behind the drum all the time. This 
meant that it was not possible to use the drum for 
back shearing, a technique Lhat has been developed 



TABLE 1 

Automatic Steering Installations (Prototypes) 

Area 

Staffordshire 

South Notts. 

Doncaster 

N. Derbyshire 

S. Midlands 

Colliery 

Wolstan
ton 
W. 
Cannock 5 
W. 
Cannock 5 
W. 
Cannock 5 
Littleton 

Hem 
Heath 

Cotgrave 

Yorkshire 
Main 

Bolsover 

Donis-
thorpe 

Seam 

Ten 
Feet 
Bass 

Bass 

Lower 
Deep 
Park 

Bass 
Cannel 
row Is 

Deep 
Hard 

Swallo-
wood 

Tupton 

Little 
Wood-
field 

Face 

7's 

603s 

662s 

106 

406s 

601s 
Is 

H50 

H3 

XOls 
X02s 

D12s 

8s 

Machine 
Type 

B J D 150' 

AB 125 

AB 125 

AB 125 
-

BJD 150 

B J D 150 
AB 125 

BJD 150 

BJD 150 

B J D 150 
AB 200 

AB 200 

AB 125 

Duration of 
Installation 

1.1.69-
31.10.70 
1.6.69-
10.1.70 
25 .4 .70 -

2.7 .70 
6 . 3 . 7 1 -

31.10.71 
2 .11 .70 -
11. 6.71 
2 4 . 7 . 7 1 -
10.4.71 

3 . 3 . 7 0 -
25.9.70 
restarted 
23.1.71 
12.12.70 

28.12.70 
13.9.71 

22.11.71 

1.11.70-
20.3.71 

Drum Dia. 

60 in 

52 in 

50 in 

50 in 

60 

54 in -
61 in 

52 

52 

52 
52 

68 

42 

Roof Coal 
left up (ins) 

4.5 

4.2 

5 

5 

5 

5 

5 

5 

5 
5 

8 

4 .5 

Time Months 

22 

6 

3 

7 

8 

2 
6 

14 

10 

8 
1 

1 

5 

% Auto 

81.1 

87.9 

79.6 

87.0 

51.5 

45.0 
62.5 

76.5 

58.0 

35.0 
81 

— 
72 

hydraulic and electronic control equipment is 
mounted on an extension to the underframe. These 
increase the length of an A.M. Ltd machine from 
4.22 m to 5.32 m which can be a limiting factor 
particularly in an undulating seam. The production 
version will still be of increased length (5.1 m) but 
all the ancillary equipment, hydraulic and electronic, 
will be mounted in a single 'sandwich box'. 

A review of this nature would not be complete 
without some reference to the reliability of the 
equipment. Although the installations put in 
to date still use advanced prototype equipment, as 
distinct from commercially produced production 
equipment, it can be confidently stated that very 
little trouble has been experienced from failure of 
components. Most of the replacements that have 
had to be made have arisen as a result of mechanical 
damage, e.g. hoses torn out, equipment hitting bars 
left in incorrect positions, etc. After adequate 
protection was given to the electronic equipment, 
by applying potting and sealing techniques, it has 
given very little trouble. That which does arise is 
mainly attributable to ingress of water from over-
zealous application for dust control purposes. 

Difficulties with the mechanical cavity detector 
have already been mentioned. It is too soon to be 
able to comment on the effectiveness of its electronic 
equivalent. 

The application of this steering technique is clearly 
dependent on there being suitable conditions for the 
nucleonic coal sensor, i.e. there must be a marked 
difference between the density of coal and the rock 
above it, and the coal must hold to the roof after it 
has been cut long enough for the coal sensor to ride 
under it and a reading to be taken. If it is not 
necessary to have a coal roof then the sensing unit 
can be set to leave, as a minimum, about 50 mm of 
coal, i.e. sufficient for the equipment to sense it has 
passed its nominal setting and take corrective 
action without overshooting and cutting into the 
rock. At the other end of the scale the response 
curve of the latest sensing unit turns over just 
above 0.25 m and therefore it cannot be used to 
leave a coal roof thicker than 0.23 m (+ 0.025 m). 
It has not proved easy to convince a manager who 
has been accustomed to leaving over 300 mm roof 
coal that this may not be necessary if a continuous 
roof could be made, and this difficulty is likely to 
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remain for some time. However, we are now in a 
position of being able to offer practical proof of what 
we have been advocating. There is till a long way 
to go but each new installation will add weight to 
the argument. ! 

11. THE FUTURE 

While the fixed drum Anderton Shearer is still the 
most widely used mining machine in the United 
Kingdom some of the most important productive 
areas are using considerable numbers of other types 
of machines. The two most popular are the ranging 
drum shearer and the conveyor mounted trepanner. 
To date it has not been possible to start looking into 
the problems of how automatic steering can be fitted 
to these machines because of the limited number of 
staff available. However, a start has just been 
made on a model study of the ranging drum shearer 
and it is planned to follow this up by equipping a 
machine for underground trials. It is hoped that 
this will become available towards the end of 1972. 
This will be followed by a study of how the technique 
can be applied to the conveyor mounted trepanner. 

Work is currently proceeding, at a rather slow rate, 
on investigating the feasibility of mounting the 
nucleonic probe within the cutting drum in an 
attempt to eliminate the probe arm. This would 
simplify the external layout of the machine but it 
is not without its own problems in that slip-rings 
would be required to bring the signal from the 
nucleonic probe in the drum to the control unit on 
the machine. 

The first automatically steered pre-production 
machine made by Anderson Mavor Ltd is due for 
installation underground early in January 1972. 
This will undoubtedly bring its own teething troubles 
but to avoid the inevitable delay which will follow 
while these are sorted out it has been decided to go 
ahead and order a batch of 10 machines. Even so, 
these will not become available until May 1972. 

In the meantime every effort will be made to give 
colliery management the opportunity of appreciating 
the basic thinking behind the development. The 
success of any automatic steering application will 
depend to a great extent on the confidence and 
backing of management to ensure the full and 
continuous use of the equipment and to prevent it 
from being taken out or not used because 'we have 
always left more coal up'. One of the most difficult 
things to achieve in a new installation is to gain the 

confidence of the machine driver that he does not 
switch onto manual control because the 'angle of the 
machine doesn't look right'. Ample evidence has 
been accumulated so that things have gone wrong 
when the equipment was switched from auto to 
manual control. 

The NCB has a hard task ahead to continue to 
improve productivity. Detailed examination of the 
output from a range of faces, including those classed 
as high productivity ones will show that far more 
dirt is being mined than can be accounted for by 
the dirt inherent in the seam itself. 

Automatic steering with the resultant improved 
horizon control offers the industry an opportunity 
to get higher coal outputs from existing equipment 
even if nothing is done to improve the utilisation of 
the machines. It is thought that there is no other 
single development which can offer anywhere near 
the same potential rewards as the application of 
automatic horizon control. 
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HORIZON CONTROL OF COAL PLOUGHS 

H.J. LÜRIG 

Essen-Kray 

SUMMARY 

This paper descibes experiments conducted above ground at the mines engineering 

test site of Bergbau-Forschung GmbH in Essen-Kray to test the horizon control of 

coal ploughs. A plough of the toe-in type was used on an artificial coal face. The 

knowledge gained from these tests led to the development of special control elements and 

techniques, which are to be further developed in view of the proposed continuing of 

tests to control the plough when running, from any point on the face or in the roadway. 

Coalplough horizon control is one of the most 

important aspects of automated coal winning. 

Steering here is understood to include control of the 

'climbing', 'dipping' and 'horizontal' movements 

of the plough when running, operated from any 

point on the face or from a central control in the 

roadway. 

The toein plough has the advantage over other 

types when it comes to horizon control, as it has 

neither a baseplate nor a plough guide on the face 

side of the conveyor, such guide also serving to 

cover the plough chain. The first toein plough 

faces in West German collieries between 1963 and 

1966 were failures. They did show, however, that 

the toein plough is much more sensitive to steering 

interference than other types of plough. By the 

same token, this plough should be easier to control 

once the disturbing factors have been pinpointed 

and overcome in the interests of horizon control. 

Studies at the Bergtechnik testing site of Bergbau

Forschung GmbH in EssenKray on coalplough 

horizon control were therefore concentrated on the 

toein plough, namely the VII26 machine made by 

Gewerkschaft Eisenhütte Westfalia, of Lünen. 

An artificial face as constructed first of all (left in 

Fig. 2), designed to simulate part of the Präsident 

seam: extremely hard floor undulating by as much 

as 0.2 m, extremely soft and easily ploughed coal 

giving a ploughable thickness of 0.75 m including 

the floor undulations. 

Einsteckkcrbmciilel Hobelbrücke GieJthobeíführung 

Bodenmeißet 

= ^ ^ 

1969 
Gleithobel \ã-26 Ausführung zu 

Beginn der Untersuchungen 

BF 

VB 3.1.1.16 

Fig. 1. A: Toein plough VII26: design at start of investi
gation. 

Β: Blank pieces. 
C: Plugin kerving blade. 
D: Bridge assembly. 
E: Plough guide. 
F: Floor blades. 
G: Base. 

H: Superstructure. 
I: Adjuster cam. 
J: Floor blades. 
K: Loadingout blade. 
L: Conveyor. 
M: Portal. 
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The second mock face (right in Fig. 2) featured an 
extremely hard coal, associated with a soft floor, 
and represented part of the Hagen seam. The 
ploughable thickness here started at 1 m, rising 
to 1.5 m. 

Fig. 2. AA: Mock faces: toe-in plough VII-26 development. 
A: Seam. 
B: Floor. 
C: Workshop floor. 
D: Präsident seam. 
E: Hagen seam. 

In the state of ploughing techniques at the start 
of the tests, these simulated conditions were viewed 
as unsuitable for stripping winning. This was 
true not only of the winning and loading capability 
of conventional ploughs but also of the horizon 
control, which was impeded by extreme differences 
in hardness between the coal and the surrounding 
rock. 

Figure 3 shows a photograph of the test set-up. The 
main and ancillary drives were each fitted with 
one pole-changing three phase a.c. short-circuited 
rotor motor, with a rating of 40/120 kW. The 
reduction of the plough gearing was selected to 
give a plough speed VH = 1.71 m/sec on the 120 kW 
winding. All the tests described below were run 
at this speed. 

The ploughing and control results, together with 
the suitability of plough modifications, were 
evaluated on the basis of a number of measurements 
which were registered previously on a light-point 
scanning recorder (Fig. 4): 

(i) instantaneous tractive force in the plough chain 
directly ahead (FRV) of and behind (FKR) 
the plough; 

(ii) integral of the tractive force between two 
marker pulses Mi and M2 to simplify calculation 
of the mean chain force; 

ί L i Minili ί 
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1969 

Versuchseinrichtung 

Gleithobel VII-26 

am künstlichen 

Kohlenstoß 

BF 
VB 3.1.1.3 

Fig. 3. Experimental toein VII26 plough on mock face. 

(iii) movement of the plough body in the vertical 

plane h; 

(iv) shifting travel of the conveyor si and S2 at 

two points; 

(v) force applied by shifting rams at these two 

points, F41 and F ^ 

Before any tests on horizon control could be started, 

the plough winning and loading characteristics had 

- AndruMrall Ç, (lont IM¡>) rtnieilt Sanimi» s, lkm ι temi 
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1970 
Gleithobel VU-26 Meßschrieb 

Künstlicher Kohlenstoß „FWz Hagen" 
BF 

vexa 12 
Fig. 4. AA: Toe-in plough VII-26: Test-run chart for Hagen 

mock face. 
A: Contact force F ^ i . 
B: Cut depth obtained si S2 etc. 
C: Movement in vertical plane. 
D: Tractive force in chain FKR (slack strand). 
E: Tractive force in chain F^y (active strand) 

Integral = Integral. 
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to be adapted to the simulated face conditions. The 
only modifications mentioned in this paper are those 
which have a direct influence on horizon control. 
The results of this first part of the programme can 
be summarized as follows: 

1. Winning capability: 

Modified blading was instrumental in halving the 
mean tractive force in the chain from around 
36 Mp (approx. 355 kN) to close to 18 Mp 
(approx. 177 kN), using the same depth of cut 
of 3 cm. 

2. Loading capability: 

Changes to the plough bridge assembly and 
loading blades enabled the depth of cut to be 
doubled, from 3 to 6 cm, and this with tractive 
forces in the chain reduced to 15 Mp (approx. 
147 kN) which is well below the durability limit 
for the 26 mm chain in the test. 

Horizon control of the VII-26 plough 

Tests on horizon control of the VII-26 toe-in plough 
started with what is termed the rocker steering 
system (Fig. 5). This comprises a support skid 
fixed below the conveyor side section of the face 
side, together with mechanically or hydraulically 

Glcihabtttuhrung 
Förderer ϊ&χ, 

rung & IJJK 

7970 Gleithobel VII-26 Wippensteuerung BF 
IHS 3.1.1.22 

Fig. 5. Toe-in plough VII-26: rocker steering. 
B: Guide. 
C: Conveyor. 
D: Floor skid. 
E: Lifting jack. 
F: Climbing. 
G: Dipping. 

operated jacks on the waste side. The entire 
plough, together with the blades adjusted to top 
or bottom cut, can be pivoted vertically around the 
skids as fulcrum, by lowering or extending the jacks. 

Steering in the 'climbing' direction with this rocker 
system, the jacks being fully collapsed, produced a 
height advantage of 16 cm, for a rate of advance 
of 0.65 m: this corresponds to a satisfactory average 
climb factor of 25 cm/m. It was however found 
that when adjusted to climbing, i.e. to take a top 
cut, the floor blades tended to leave high steps 
behind where the floor or coal itself was hard (Fig. 6). 

¡969 
Stufen im Liegenden bei 

Steuerung in Richtung Mettern l BF 
'B3.11K 

Fig. 6. Steps formed in floor in steering in climbing direction. 

Even a thrust of 2 Mp/per conveyor pan failed to 
drive the sharp leading edge of the toe-in plate past 
steps of this order. On the other hand, the next 
height setting down from this simply failed to 
reinforce 'climbing' of the plough. The blade 
adjustment cam was evidently too coarsely divided, 
and its range was therefore expanded from four 
to six positions, giving a reduced step height. The 
floor blade was widened and rounded off at the 
tip so that it bevelled the flank area of the step. 
This overcame the shifting difficulties even in the 
case of an extremely hard floor. 

In the very first test using the rocker system for 
assisted plough dipping, the plough turned right 
over (Fig. 7). This dangerous movement was due 
firstly to wrong attachment of the rams on the 
conveyor pans, which produced an upward force 
component when the jacks raised the panline on the 
waste side. The second reason was that when the 
plough was raised, a much larger depth of cut 
resulted and the top part of the plough thus cut 
hard into the face and thus helped to rear the plough 
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up. The first difficulty was countered by changing 

the point of attachment of the shifting ram from 

the pan onto the foot of the jack; the second mistake_ 

was remedied by the introduction of a cutdepth ψ 

limiter (Fig. 8) maintaining permissible limits. 

1969 Umgeschlagene Gleithobelanlage W-26 y o ? ; « «5 
BF 

Fig. 7. The overturned VII26 toein plough. 

A wide pilot blade working in conjunction with the 

cutdepth limiter ensures the requisite contact with 

the face without producing any jamming which 

might detract from horizon control. 

Sfitífethltel 

1970 I tiefenbegrm 
26 Verstellbarer Schnitt' 
mer mH Spurschneider E BF 

11.1.27 

Fig. 8. Toein plough VII26: adjustable cutdepth limiter 
with pilot blade. 
A: Pilot blade. 

The bridge was modified to improve the loading 

capability of the toein plough. The assembly was 

drawn forward 130 mm towards the face (Fig. 9), 

and it was subsequently found that by shifting the 

centre of gravity of the plough closer to the face, 

i.e. towards the floor blade, it was much easier to 

maintain the preset cutting horizon, particularly 

when cutting below the level of the plough guide. 

When these modifications had been made, they 

gave a gain in depth of 10 cm, with a rate of advance 

of 1.0 m, corresponding to an average dip factor 

of 10 cm/m, in other words 40% of the value reached 

in the climbing direction. This is confirmed by 

analysis of steering with the rocker system carried 

out in parallel with the mock face testing. The 

lefthand portion of Figure 10 shows clearly the 

weaker effect of the rocker in the dipping direction 

as compared with the climbing direction.This figure 

also highlights the main disadvantage of the rocker 

system: the positive transverse tilt of the plough. 

This is associated with a steady increase in the 

intended depth of cut in the upper part of the 

plough's range. In seams with fairly hard coal, 

1969 
Gleithobel VÏÏ-26 Ursprüngilche 

(rechts) und neue Hobelbrücke 

BF 
VB3.U.6 

Fig. 9. Toein plough VII26: original (right) and modified 
plough bridge. 

this prevents any dipping steering. The requisite 

identical depth of cut over the whole height of the 

plough can be achieved here only when the cut is 

taken below the plough guide as heretofore, and the 

jacks not extended during the subsequent shifting 

operation, but collapsed enough to keep the conveyor 

horizontal. Using the rocker system in this way 

as shown in the righthand part of Figure 10 is also 

of advantage in the climbing direction, the jacks 

being suitably extended rather than collapsed. 

Maintenance of a constant depth right over the 

whole height of the plough in this case means a 

bigger make of coal and easier loadingout, the full 

section of the conveyor being available, as compared 

with what happens with the rocker system. The 
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average climb factor for this control routine is 
admittedly less than with the rocker arrangement, 
but the figure of some 10 cm/m is quite sufficient. 
The average dipping factor is identical and thus in 
no way inferior to that afforded by rocker control. 

A l 100* 
A. 2 MX 
B.I MX 
a ; MX 

AiuahHtr Schnute 

1970 Gleithobel Vt-26 Höhensteuerung 
mit und ohne Hobelquerneigung j-iT-

\VB 11.1.2* 

Fig. 10. Toe-in plough VII-26: horizon control, with and 
without transverse tilt. 
A: Rocker steering. 
B: Steering with constant tilt. 

1. climbing; 
2 . dipping. 

C: Increase in depth of cut in top part of plough 
when dipping. 

D: Plough height. 
E: Number of cuts. 
F: Comparison of steering effect (theoretical). 

Figure 11 shows the VII-26 toe-in plough using the 
steering blades developed to meet this requirement. 
In this experimental machine, exchangeable steering 
blades and their positively-guided holders were 
adjusted for height by spindles. The bottom cut 
can be adjusted to a maximum of 50 mm, the top 
cut to a maximum of 20 mm. 

Fig. 11. A: Toe-in plough VII-26: with steering blades. 
B: Cut-depth limiter, with. 
C: Pilot blade. 
D: Plough bridge. 
E: Guide. 
F: Extension (plough height 1.5 m). 
G: Beam. 

The fact that the control factors kept the same 
value as when the conveyor was maintained hori
zontal indicated the additional advantage of easier 
handling of the control system when the same 
steering action was used to steer in both control 
directions. 

Regardless of the type of control used or the toe-in 
plough applied, the cut has to be taken above or 
below the plough guide, as appropriate to the 
direction of control. The floor-blade adjustment 
used for the purpose or other types of plough is 
most unsuitable. When the pivot plane of the 
upper plough section carrying the floor blades tilts, 
it leads to an increase of the depth of cut when 
adjusted to take a bottom cut, and to a corre
spondingly shallower cut if the plough has been set 
for top cutting. Associated with this are high, 
and possibly excessive, chain forces, and inevitable 
loss of depth of cut. Some way had to be found 
of adjusting the height of the floor blade or a special 
steering blade without affecting the depth of cut. 

The steering blades lie to the rear of the floor blades. 
This is based on the as-yet unexplored assumption 
that the cutting force to be applied to the plough 
increases more than proportionally with the number 
of cutting planes to be attacked by the groups of 
blades mounted on a plough. The floor blade, 
as mounted at present ahead of the kerf blades, 
normally takes in three planes of cut; the kerving 
group on the other hand only cuts in one plane, 
assuming that the top coal falls in freely. Uniform 
distribution of the four cutting planes, namely 
two for the floor and two for the kerving blades, 
together with the probable reduction in the total 
cutting force so produced, could be achieved by 
re-siting the floor blade assembly so that it trailed 
behind the kerving group. The steering blades to 
the rear of the kerf blades (Fig. 11) should therefore, 
not only perform their function as an improved 
steering-control element—by reason of the fact 
that they can be adjusted in height without 
affecting the depth of cut—but should also assume 
the function of the bottom blade (now still present, 
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but in the case of this modification removed), in 

order to reduce the tractive force in the plough 

chain. 

The tests to date with the steering blades have 

produced satisfying results. Steering in the climbing, 

and particularly in the dipping directions is just 

as effective as that afforded by floorblade adjust

ment, without the difficulties associated with a 

possible fixed depth of cut over the whole height 

of the plough. 

Rocker systems give satisfactory horizontal steering, 

which means that the plough remains in the required 

horizon provided that the coal being worked is not 

too hard. Horizontal steering difficulties were 

encountered in the mock Hagen seam. The plcugh 

retained a previouslyunnoticed tendency to climb 

even when the bridge assembly was fitted with an 

additional top beam (Fig. 12). This raised the 

1970 
GteithobeiVn-26 Neue Hobel-
brücke mit Batken (vom) 

BF 
VB 3.11.7 

Fig. 12. Toein plough VII26: bew bridge with beam (front 
view). 

overall plough weight by 1 Mp (approx. 9.8 kN) 

to around 4 Mp (approx. 39.2 kN) and provided 

a still more favourable centre of gravity. Blade 

tracks on the face (Fig. 13) showed clearly how the 

plough climbed on running into the simulated face. 

The reason for this is found in the tilt of some 60° 

in the running surface on the coalface side of the 

plough guide. The horizontal reactive forces in 

the contact forces exerts an upward force component 

on the sloping guide; after reaching a certain value, 

this component can lift the plough despite its high 

weight. Climbing of the plough—which weighs 

4 Mp (approx. 39.2 kN)—starts theoretically at a 

reactive force of 7.5 Mp (approx. 73.5 kN) and can 

amount to as much as 15 mm per cut depending 

on the play between the plough and the guide. A 

new type of plough guide makes it possible to over

come the difficulties which rather hard coal and 
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Fig. 13. Toein plough VII26: blade traces, climbing in 
'hard' coal. 

the consequent high reactive forces impose on the 

horizon control system. A conveyor profile with 

a 60° slope on the coalface side does nothing to 

help the pushover operation and is of little assistance 

in loading the material out, the guide surface for 

the toein plough has now been made vertical 

(Fig. 14). In addition to the elimination of vertical 

1970 
torschlag einer neuen Gleithobeltührung I BF 

zur Ausschaltung vertikaler Stärkräfte wB 3.1.1. 32 E 
Fig. 14. Proposed plough guide to eliminate vertical disturb

ing forces. 

disturbing forces, this design makes it possible to 

provide the plough with a broader surface and should 

thus make for steadier running, possibly rendering 
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the bridge assembly superfluous. A prototype 
of this new guide will be built in collaboration with 
the manufacturer and tested on a mock face. 

Ploughing rather hard coal with the VII-26 plough 
over the entire workable thickness of 1.5 m in the 
simulated Hagen seam revealed virtually identical 
winning and loading-out capabilities to those 
obtained in the thinner part of the seam; plough 
horizon control, however, was difficult. The equili
brium of forces which still exists with lower-built 
ploughs—horizontal reactive force and vertical 
distance from the point of application of this force 
to the point round which the toe-in plough pivots 
on the waste-side, lower edge of the conveyor; 
forces due to the weight of the plough and horizontal 
distance from the centre of gravity from the pivot 
point—is destroyed by the increase in reactive forc2 
due to jacking-up the plough and the upward shift 
of the point where the force is applied. The entire 
plough assembly now lifts, this movement being 
assisted by fine coal working its way in under the 
plough guide which is now raised with the conveyor. 
The ribs left in hard coal between the blad 3 traces 
render ineffective any counteracting control taken 
by shifting the floor blade and the lifting jacks, 
if it is not carried out immediately; for this reason 
floor outriggers are used fixed to the conveyor on 
the waste side (Fig. 15). This displaces the fulcrum 
of the plough, and increases its distance from the 
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Fig. 15. Toe-in plough VII-26: outriggers for thick seams. 

centre of gravity by around 2 m, with the result 
that there is a 150% increase in the moment counter
acting the climbing movement. These outriggers 
are at present undergoing tests and their design is 
being modified to suit the rocker steering system. 

Horizon control in relatively thick and relatively 
thin seams requires the elimination of face ribbing. 
Deep blade traces seriously impede horizon control 
due to the lateral contact of the blade flanks which 
have not cut their way out to a sufficient degree. 
This also raises the tractive forces in the plough 
chain resulting from the increasing resistance offered 
by the section of coal to be broken out by the kerving 
blades with increasing height of the ribs left by the 
traces. To reduce the residual rib hsight, the blade 
claws screwed to the plough bDdy have a blade tip 
welded to their flanks (Fig. 16), in such a manner 
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Fig. 16. Toe-in plough VII-26: kerving blade for tough coal. 

that these tips closely abut on the flanks and are 
set back 35 mm to the rear in the plane of the cut. 
The new kerving blades have performed well on 
the mock face, and will shortly be tried out under
ground. 

Parallel to the experiments to improve horizon 
control for the toe-in plough, investigations are 
being carried out into the possible mechanization 
of the original hand-operated spindle adjustment 
for the steering blade which is now assumed to be 
decisive in effective plough steering. It is planned 
to install a hydraulic system in the plough, drawing 
power from the plough movement. Once this is 
operational it should be possible technically speaking 
to produce a part-automated toe-in plough horizon 
control system which could be operated from any 
point on the face or from a roadway console. The 
Bergbau-Forschung GmbH are at present developing 
a wireless transmitter capable of handling ten 
Yes/No calls (commands and acknowledgements), 
and one measurement value. 
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Even when this development has been brought to at present has nothing to offer by way of a 'man 
a successful conclusion, however, our aim—the substitute.' It is felt, however, that part-automated 
fully-automated plough face—will still not have . horizon control has a contribution to make to 
been achieved. Horizon control of the plough must increasing productivity in our collieries, as defined 
still devolve on the human observer, and technology at the outset of this paper. 
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DISCUSSION 

SCHWEITZER 

In my report, I only touched on the problem of 
automation in pneumatic stowing faces, without 
even mentioning hydraulic stowing faces. For 
several months now, tests with a watertight shield 
for hydraulic stowing have been carried out in 
Poland, in level seams with powered supports. Can 
Mr Szklarski or Prof Bromowicz tell us the present 
state of this research, which may open the way to 
the automation of hydraulic stowing faces? 

BROMOWICZ 

Industrial installations are, in fact, in operation in 
several faces in Poland. Unfortunately, I cannot 
give technical details. I suggest that Mr Schweitzer 
should get into contact with the Institute of Mines 
at Katowice m order to obtain the information 
required and organize a visit. 

ADAM 

Could Mr Bennett tell us how he proposes to control 
a ranging drum shearer? 
Would it not be necessary to revert to controlling 
the floor cutting horizon ? 
What detector system will he use, seeing that the 
radio active sensor was unsatisfactory for horizon 
control ? 

BENNETT 

In reply to Mr Adam one of the methods by which 
it is proposed to steer a machine fitted with a single 
ranging drum and nucleonic sensor is as follows: 
1. The shearer will cut through the face with the 

drum set to cut the top part of the seam but to 
leave some coal on the roof. The nucleonic 
sensor will be made inoperative during this cut. 
The position of the drum will be set manually, 
before cutting commences, to leave coal on the 
roof of a thickness which is greater than the 
range of the nucleonic probe. The drum will 

not be moved as the machine cuts through the 
face. 

2. At the end of the cut the drum will be lowered 
so that it can then cut the bottom of the seam 
on the return of the machine. Before the machine 
starts cutting the position of the drum will be 
set to complete full extraction of the seam. 

3. As the machine returns along the face the 
nucleonic probe will measure the thickness of 
the coal left on the roof on the previous cut, and 
the signal from the probe will be used to control 
the movement of the drum in its lower position, 
i.e. it will cause it to be raised or lowered a small 
amount according to whether or not the sensor 
signal is above or below a pre-fixed level. 

4. To prevent cutting very large steps in the floor, 
the movement (ranging) of the drum will be 
restricted to within pre-set limits, even though 
the sensor signal may call for a larger movement. 

5. The conveyor will be moved over on to the 
newly cut floor and will be lifted or lowered at 
various positions where the drum on the previous 
run in its lower position was raised or lowered 
by the signal from the nucleonic sensor. After 
the conveyor has been moved over, the shearer 
drum will be raised to the same fixed top 
position. The machine will then cut through 
the face with the drum locked in this position, i.e. 
the coal sensor will be inoperative. 
Thus, the drum in its top position will now leave 
a coal roof of similar shape to the floor and 
automatic steering will have commenced. 

6. On the next return movement of the shearer 
with the drum in the lower position and the 
nucleonic sensor operative, further steering action 
will take place. This process will be repeated 
until the contour of the floor of the face follows 
the position of the coal/stone parting of the roof 
having extracted the required seam section. 
A similar process will be followed with a double 
drum ranging shearer, except that the trailing 
drum will make the corrective action on each 
pass of the machine. 
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HALMOS 

I would like to ask whether the intrinsic safety 
advantages of pneumatic control also obtain as 
far as: 

1. compressed-air production is concerned, and aise 

2. in the transmission of signals over long distances ? 

3. Could you give us some idea of the economic 
aspects of this system? 

must be used. The pneumatic system shown 
is for use in the face. Where line lengths between 
adjoining stations are around 25 m, the system 
works with a scanning frequency of 1 Hz. This 
gives comprehensive information on face progress 
every 10 to 15 sees in a 200 m long face. With 
line lengths of 5 m (between support units) the 
system operates around the 3 Hz level. All 
units in the face can be interrogated and reset 
in one minute. 

SCHMIDT 

1. Re intrinsic safety: 

Pneumatic control systems are ipso facto intrin
sically safe from the electrical point of view. 
I can only assume that the question relates not 
so much to electrical intrinsic safety as to 
.maintained data supply' in the event of com
pressed-air failure. 

A number of counters have been devised to this 
end, all of which operate mechanically without 
pneumatic assistance, but which are interrogated 
by pneumatic means. 

2. Re pneumatic information transmission: 

Where large amounts of information have to be 
transmitted over long distances, electronic systems 

PROUST 

Our efforts should be continued well beyond the 
face area. In fact, if we analyse the technical 
results from underground production in the coun
tries of the Community, we find two things Firstly, 
quite appreciable or indeed good progress has been 
made at the face; but by contrast the development 
of 'miltonne' (1 000 tonne) shifts has been marked 
by stagnation or even setbacks, which is very distur
bing, in spite of the brilliant technical results — 
which we shall see this evening — obtained in 
automation outside the face. A big effort has 
therefore to be made outside the face, if we do not 
wish to lose the benefits of the improvements 
scored in the working face. This area may be 
even more important than we suppose. It is the 
subject of the third session, 'Automation and remote 
control outside the face'. 
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THIRD TECHNICAL SESSION 

W E E K E S (Chairman) 

As the day rapidly approaches when we, in the 
British Coal Mining Industry, will become officially 
part of this great Community of Nations — it is a 
most encouraging experience for my colleagues and 
myself to take part in such a meaningful conference 
and to establish friendly contacts. 

A conference where operators, manufacturers and 
research people of a number of countries can get 
together, and talk and debate without reservation 
— openly, about failures as well as successes. 

Published papers can of course be ready anywhere, 
at any time — and too often in the past we have 
attended conferences (in Great Britain and abroad) 
where the papers consist of a succession of platitudes. 
It is refreshing to read a series of talks which describe 
practical experience — practical results and practical 
plans — instead of pious hopes. 

In most countries, the progress made in productivity 
at the coal face has been exceptionally good — and 
that isn't surprising. In Great Britain certainly 
we have spent a lot of money on research and 
development into coal face problems; and we continue 
to invest 70 million units of account each year on 
capital equipment for the coal face. 

We have concentrated more on the face than on 
those operations that are classified as .Elsewhere 
below ground', and we have therefore spent much 
less on the latter. Consequently, our productivity 
'elsewhere below ground', and indeed on the surface, 
has shown too little improvement. There have 
also been benefits on the face in reduced accidents, 
through the application of production systems and 
partial automation, but unfortunately the same 
cannot be said outside the face. 

We know that the automation of many of the 
'elsewhere below ground' operations is feasible 
nowadays, and particularly with the intelligent 
application of the computer to these problems. We 

do have an added incentive for automation following 
the very sharp rise in wage rates since our recent 
strike and we are now prepared to invest at least 
15 000 units of account to save one man. 

In Europe, and gradually in the USA, as their new 
mining legislation begins to change their attitude 
of mind and their mining system, we are finding the 
advantages of automating, and of controlling ffom 
one central point —· bunkers (in Britain alone there 
are 44 bunkers being automatically operated, with 
nucleonic or mechanical devices to indicate bunker 
level) — Transport systems (and here, what Mr 
Proust said this morning about the complication of 
moving from the mechanisation of existing to 
complete automation is very true — we really do 
require the most careful study of complete new 
systems). 

But we know that visual monitoring by TV is now 
almost routine, and so is remote and sequence control 
of the existing conveyor transport systems; we are 
working pumps and pumping stations automatically, 
and we can interrogate the system by telephone. 
We have established on a practical basis over 10 
or 12 years ventilating fans, shaft winding systems 
and large sections of coal preparation plants, all of 
which can and should be subjected to some form 
of automation and remote control. 

So we know it is all technically feasible — but is it 
good business? In 1972, the answer must surely 
be yes! But, of course, we must continue to do 
our financial arithmetic before we just automate 
for the sake of automating; we are business men 
as well as mining engineers. 

Having read the papers which have been submitted 
by our four speakers (and having seen in the 
Provence the practical outcome of the work described 
by Mr Fournel, and at Longannet by Mr Snowdon, 
and knowing something of the thinking of Stein-
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kohlenbergbauverein and their associates), I am give the maximum time for discussion at the end), 
optimistic that we are likely to be nearer to a break to limit themselves in time as rigidly as possible, 
through on this problem than ever before. - . Now, as a splendid practical example of the 

'Entente Cordiale', my good friend Mr Delannoy 
I am going to ask all speakers, out of courtesy to will take the burden of Chairmanship from my 
this large and excellent gathering (and in order to, shoulders. 
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AUTOMATION OF SERVICES TO AND FROM THE FACE 

Dr. J. OLAF 
Bergbau-Forschung GmbH, Essen 

SUMMARY 

Some of the requirements for automation of services to and from the coal face have for 
a long time been met by conventional means. The principal task remaining concerns 
the loading of the coal. A number of possible methods for the control and interlocking 
of continuous conveyor systems using the audio-frequency principle and monitoring 
belt conveyors for slitting have been developed. Considerations of remote control 
apply both to continuous conveyor systems and to rail track haulage. Trials at the 
General Blumenthal Colliery with radiocontroiled locomotives give reason to hope that 
it may be possible to dispense with loco drivers altogether. A further variant is sug
gested in the form of an automatically controlled pan-train powered by linear motors. 

As result of increased safety techniques, pithead control centres are now expanding to 
become surveillance and control centres. Of particular importance is the automatic 
collection and evaluation of data by computer. 

Recent rationalization in the mining industry has 
concentrated on the winning sector with the result 
that highly-mechanized faces have been achieved, 
with higher productivity. This involves increased 
flow of coal and materials in the workings outbye 
of the face. 

Several operational research studies have shown that 
it is just these operations in the workings upstream 
and downstream of the face which require the 
greatest shift outlay per ton of coal produced. 
Rising wages over the last few years, together with 
the increasing shortage of skilled labour, have 
aggravated the problem and underlined the need 
to investigate possible automation of the outbye 
services. 

Last but not least, it is essential to reduce stoppages 
caused by human error and to lower the accident 
rate. These are two further reasons why efforts 
should continue on automating these sectors of the 
mining operation. 

In other branches of industry, many ideas have been 
put forward in recent years with regard to ration
alizing and automating the work involved, but 

problems associated with flameproofing, mine climate 
and the restricted space in the workings mean that 
these ideas simply cannot be applied to underground 
mining. 

The rapid strides made in the field of electronics 
over the past few years, however, have thrown up 
a number of new ideas and novel techniques for 
remote control systems, particularly with regard to 
automating operating sequences. This paper will 
describe a number of these systems which are to 
be used for automating the mining operation and 
services outbye of the face. 

HEADING OPERATIONS 

Extensive work has been carried out on mechanizing 
and, as far as possible, automating heading opera
tions. In conventional heading involving drilling 
and shotfiring, work has centred round mechanized 
jumbo drills. The future indicates that several 
jackhammers on swivel arms will be simultaneously 
programme-controlled on a common carriage so as 
to drill the roadway section. The French ore mines 
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have started the first investigation into possible 
mechanization here. Work in the Ruhr has been 
concentrated on the applicability of these systems 
to coalmining and particularly on the programme 
control aspect of the problem. 

Alongside conventional heading techniques, fully- * 
mechanized drivage using heading machines is 
gaining in popularity. The main points in steering 
technology in this sector are automatic direction 
control for the heading machines; tilt gauges on · 
the principle of the electrolytic spirit level keep 
the machine in the target horizon. Laser beam" 
guidance, and gyroscopic systems provide further 
means of holding the machine on course. 

Materials transport 

Monorails and rail vehicles, termed 'coolie cars,' 
have been in use for a number of years with consider
able success for conveying men and materials. 
Control of these installations is impeded by the 
fact that the drive is separated from the actual 
transport system, i.e. the attendants at the stationary 
drive cannot observe the conveyance, and conversely 
the driver has no direct control over the drive 
system. Research has been going on for several 
years into the possibility of using radio control to 
close this gap. This example shows how improve
ments in the sequence of operations not infrequently 
help to cut down on personnel and make a consider
able contribution to safety. 

Gate-Road haulage 

Coal leaving the face normally passes along 
continuous conveyors to a load point or into a surge 
bunker. These have all been completely automated. 
The electronic controls involved1 have been described 
in detail elsewhere. Only a few special types of 
apparatus will be touched on briefly here. 

Control cables have long been a vital factor in 
operating reliability and economics. The discussion 
centres round two main points: 

(i) the number of cores, and 
(ii) type of flameproofing of the equipment. 

Funke & Huster, operating under a Bergbau-
Forschung GmbH licence, produce an intrinsically-
safe apparatus which operates on the audio-frequency 
multiplex principle and provides remote control, 
and acknowledgment signal facilities and an inter

locking capability. It is specially intended for 
gate-road haulage, operating a haulage network 
of as many as seven belts automatically. The 
apparatus passes command signals for drive motors 
and passes acknowlegdment signals in terms of 
operating and functional state back to the central 
point. The apparatus also contains all devices 
required for safe operating, particularly for man-
riding on belts, and monitor circuits for the individual 
conveyors in the network. 

Zentralgerät 

Band-Steuergerät 

Bergbau-
Forschung 

1966 

Fig. 1. Principle of audio frequency controls for continuous 
conveyor. 
Zentralgerät: central apparatus. 
Bandsteuergerät: belt controller. 

One of the large number of belt monitors was 
developed by the Bergbau-Forschung GmbH in 
collaboration with the rubber belt manufacturers 
and was intended to eliminate longitudinal slits 
in the belt. These devices (electrics supplied by 
Funke & Huster, Montan-Forschung and Raeder 
& Co.) have shown good service in several workings. 
The monitor principle is based on an inductive 
transmission circuit which leads from a transmitter 
fixed on the belt structure, via loop wires vulcanized 
into the belt to a transmitter mounted on the 
structure. The loops were produced by several 
belt manufacturers, e.g. Stahlgruber, ready for 
vulcanizing directly into any type of belt. 

Underground surge bins can also be automatically 
monitored, together with withdrawals from them, 
with the object of preventing the possibility of 
running them empty. Funke & Huster and Siemens 
AG have developed isotope controls which have 
given good service recently in a number of cases. 
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Continuous level measurement in fairly deep bunkers 

still cannot be provided by any universal apparatus. 

A partial solution is offered by a rope which runs 

down into the bunker from the top. Immediately 

the rope contacts the surface'of the coal, the winch 

is stopped and the length of rope paid out is measured. 

Ultrasonic echo sounding has only been so far used 

underground with any success to a depth of 20 m. 

Acoustic disturbance however is a factor here, e.g. 

caused by the trickling of the bunkered material; the 

technique also causes an appreciable dust nuisance. 

This has led to the development of radar equipment 

for this job in Britain. 

New systems are currently being tested for automa

ting bunkerwithdrawal devices. Several collieries 

have installed remotecontrolled vibroconveyor 

chutes whose amplitude can be measured. Systems 
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Fig. 2. Inductance monitor to check for belt slitting. 

of this kind can be incorporated in open or closed 

circuits to control the rate of discharge, using the 

effective weight discharged as the reference value. 

Short hydraulic chainandflight conveyors which 

are easy to regulate have been fitted to bunker 

discharges in southern France. 

MainRoad haulage 

Other automation projects have arisen as a result 

of the spread of the continuous conveyor principle 

to all parts of the mine, in other words right up to 

the shaft. In Britain in particular, there are 

already a great number of monitoring and remote 

control facilities for this, using audio frequency 

systems, and partly also the time multiplex system. 

Some of the difficulties involved in monitoring 

continuous conveyors have been touched on above 

in respect to gateroad haulage. Where an entire 

horizon is using continuous conveying, additional 

problems arise in connection with the optimization 

of product right up to the shaft loading operation. 

Apart from the actual conveyors, a system of this 

type must also include the surge bunkers used as 

buffer storage ahead of the shaft. It will clearly 

be necessary to monitor continuously both the 

amount being conveyed and the loading of the belts. 

Belt weighers are familiar but can rarely be used 

underground, so that a sensor has been developed 

which indicates the amount being carried on the 

belt on the basis of measurement of the transit time 

of ultrasonic pulses. 
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Fig. 3. Ultrasonic echo-sounding to measure flow on conveyor 
belts. 
Ansteuerg.: initiator. 
Oszillator: oscillator. 
Empfangsverstärker: receiver amplifier. 
Sender: transmitter. 
Auswertung: evaluation. 
Anzeige: display m3/min. 

Several Ruhr collieries have introduced reasonably 
extensive control and monitoring facilities aimed at 
optimizing coal flow or belt utilization from a 
central control point. It has however become 
evident that it is beyond the capability of a single 
operator to control this type of arrangement. 
Automation is particularly necessary for executing 
the requisite continuous comparison of the production 
offered by the individual faces with the current 
removal capacity of the belts. Investigations by 
Bergbau-Forschung GmbH have shown that fixed-
wired automation circuits simply do not have the 
flexibility needed to cope with main-road haulage 
with its daily fluctuating conditions. 

The answer is to hand this problem over to a variable 
programme computer. The various component pro
blems and their solution will be described in another 
paper concerning experience at Longannet Colliery 
in Scotland. 

151 



Rail haulage 

Rail track haulage in main-roads has always involved 
a large number of personnel. It is not exceptional"* 
in large mines for as many as 20 locomotives to be 
involved at one time in goods traffic in this sector. 
The first successful attempt to automate this* 
operation and dispense with loco drivers altogether 
took place at General Blumenthal Colliery about 
four years ago. Nehrdich and Zimmermann have 
already described in detail the technical arrange- ; 
ments for this 9 km stretch, operated with an 
overhead conductor wire on a double-track system. 
Commands issued to the locos from a central point 
are fed over a special induction loop. Indications 
of the loco service operating state brakes, together 
with a fixed block system, ensured reliable operating. 

On the basis of this success, a study is being made 
now to see how far main-road haulage on a single 
haulage horizon can be automated. A survey of 
mining conditions throughout the West German 
industry has indicated that something like 25% 
of haulage levels are suitable for automatic loco
motive haulage. A number of requirements must 
be satisfied, such as flawless track, switchpoints 
and rolling stock. This is especially true of the car 
couplings so as to ensure, as far as possible, remote 
control of coupling and uncoupling. 

There are a number of possible automation variants 
available, depending on the extent of supervision 
and automation on the loco itself and the use of 
fixed block operating in the roadways. Track-
initiated locating of the trains is employed so as 
to reduce to a minimum the commands passed 
between the road and the train. 
Where the requirements are more demanding, such 
as in roads with intensive hourly traffic, use will 
be made of train-actuated position checks, and the 
trains will run with a reduced block section, by the 
method known as 'electric sight watch,' i.e. a 
minimum permitted train spacing must be main
tained. This system necessarily involves higher 
outlay for command and acknowledgment trans
mission between train and road and also for the 
overall process control arrangements. It provides 
a means of re-directing each train as required and 
thus forms an extremely flexible system. 
A great deal has airead}' been written about the 
interlocking signal systems used at collieries through
out Europe. This is a technique familiar from 
surface railway practice. There are two monitor 
facilities which should be mentioned however. In 
certain West German pits automatic mine-car 

tagging has been adopted. The apparatus, made 
by Siemens AG, incorporates a number of adjustable 
superposed magnets. Mounted close to the track 

' at a loading point for example, the magnets impress 
permanent markings on the side of the car as it 
passes through, to indicate type and point of origin 
of the product. 
The information can be read off at pit bottom or in 
the washery by similar devices and are to control 
switchpoints automatically. 

Fig. 4. Magnetic mine-car marker. 

A second device, based on a CERCHAR development, 
measures the coal or dirt content of the passing car 
by radioactive means. This method is used, 
particularly in the Central coalfield of Charbonnages 
de France, to check the dirt content in all the coal 
conveyed on one level. Another application sorts 
dirt cars from the general flow of mine-cars. 
Possible radio links between locos and fixed-point 
stations have been discussed in detail elsewhere. The 
subject is mentioned here only for the sake of 
completeness. 

Loading points 

Automated loading points are already 'state of the 
art' throughout European mining. Automation of 
roadway haulage is the remaining problem. 
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Extensive attempts have been made in the Lorraine 
coalfield of Charbonnages de France, and in the 
Ruhr, at General Blumenthal, to automate the 
passage of entire trains, together with shunting 
of the locos etc. ' 

How is this to be achieved? There are as many 
solutions as there are differing sets of conditions. 
Success is however decisive if loco haulage is to be 
automated. A special paper from Herr Zimmermann 
will provide more detail on this extremely interesting 
sector. 

Pan-train system 

A system developed in the Provence coalfield and 
the firm of Merlin Gerin using the pan-train principle 
combines car and conveyor haulage. Powered by 
linear motors, the system is having a first trial run 
over 2.4 km of roadway. The technical details 
of the project will be found in a special paper from 
M. Fournel. A film will be shown of the experi
mental system which has been operating for some 
months at the Gardanne Colliery. 

We shall not discuss automation in the shaft, pit 
bottom or drainage sectors. Enough has been 
written in the last ten years on these systems which 

GRUBENWARTE DATENVERARBEITUNGSANLAGE 

Fig. 5. Mine ventilation automatic control system. 
Übertragung der Messwerte etc.: Data and control 
signal transmission. 
CH4 Messgerät: methanometer. 
Wettertur: ventilation door. 
Lufter: fan. 
Grubenwarte: pithead control centre. 
Datenverarbeitungsanlage: E D P facility. 
Direkte Ein- und Ausgabe der Daten: direct data 
input and output. 
Berichte: reporting. 

are now 'state of the art.' Automation of these 
sectors is being carried out in the meantime wherever 
applicable. 

Safety 

A considerable increase in safety monitoring has 
been apparent in recent years. The steady growth 
of concentrated workings involves new safety 
activities, especially in the ventilating sector in
cluding air-conditioning and methane drainage. 
Safety systems have in the meantime expanded to 
a point where automation becomes imperative. 
Automatic air-door interlocking has largely been 
solved. Remote control and monitoring of local 
booster fans and air conditioners will be mentioned 
only in passing. 

1 

Fig. 6. Intrinsically-safe remote methanometer. 

Automation and remote surveillance of methane 
drainage would appear to be a problem for a process 
computer. 
Immediate and comprehensive availability and 
processing of ventilation data are vital for high-
production faces. All the coal-producing countries 
within the European Community are working on 
this problem. An example of this is the progressive 
development of intrinsically-safe methane-monitoring 
systems. 
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Preliminary work on a similar system for effective 

early warning of pit fires is part of the same trend. 

As early as the actual measuring stage, say for the. 

CO content in the mine atmosphere, a distinction 

must be made between fire fumes, dieselloco exhaust . 

gases, shotfiring fumes or precharging of the down

cast air. Automatic systems will clearly be needed 

here to initiate the appropriate action in each case 

once the measurements have been evaluated. 

In recent months, remote monitoring of changes in ; 

rock pressure and subsidence of strata has become a 

possibility in West Germany. A system developed 

by BergbauForschung GmbH is based on measure
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Fig. 7. Multipoint meter system for data transmission and 
processing. 

Anzeige: display. 
Übertage: on the surface. 
Drucker: printout. 
Locher: card punch. 
Kontrolle Signalverarb.: Signal processing check. 
Tonfrequenzübertrag.: Audiofrequency transmission. 
Telefon: telephone. 
Anpassungseinheit: coordinator. 
Zusatzliche Inform.: additional information for print
out and punch. 
Untertage: underground. 
Sch (i): circuit (i). 
Meß und Abgleicheinricht.: Metering and balancing 
unit. 
Signalverarb.: signal processing check. 
Daten: data. 
Seh (e): circuit (e). 
Tonfrequenzübertragungseinrichtung: audiofre
quency transmission. 
Anpassungseinheit: coordinator. 
Sprache: speech. 
Telefon: telephone. 

ment of the elongation of strata bolts bonded deep 

in the rock. An automatic interrogator fitted with 

remote transmission and recording facility provides 

continuous monitoring of rock behaviour. General 

introduction of this technique into the remote 

surveillance sector awaits the successful outcome 

of experiments still in progress. 

Pithead control centres 

In conclusion, a brief note on the duties of pithead 

monitoring centres. Supervising something like 

80% of production in West German mining, and 

used as well as in Britain and the Lorraine coalfield 

of the Charbonnages de France, these are being 

increasingly expanded to form control centres. The 

audiofrequency multiplex system is the most 

frequently used for transmission purposes and is 

equally suitable for both surveillance and control. 

The object of the pithead control centres is both 

to monitor the operating conditions vital to produc

tion and also to control the amount of material 

conveyed whether by belt or mine car. Another 

important point is to monitor automatically all the 

data relating to safety aspects governing the winning 

operation. It is clearly only a matter of time before 

duties related to economic demands are super

imposed on these. The volume of data produced 

in this way can only be handled by computer. 

Detailed schemes are already available for linking 

pithead control centres to process computers. In 

the Lorraine coalfield, several pits record data on 

punched cards with the aid of a fixedprogramme 

computer. The Eschweiler BergwerksVerein used 

a variableprogramme computer some years back. 

Other layouts, which will also carry out control 

actions, are planned for the Ruhr coalfied. This 

step will enable the operators to guide mining 

operations, freed from the arduous recording and 

writing duties. 

It is with this glimpse of the future that I end my 

remarks. To conclude, I would like to show you 

a film made by the German mining industry on 

computers in colliery operations. 
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PLANNING AND AUTOMATION OF TRAFFIC HAULED BY LOCOMOTIVES IN 
THE AREA OF LOADING, TIPPING AND TRANSFER POINTS 

φ 

D. ZIMMERMANN 
Bergbau AG Herne I Recklinghausen 

SUMMARY 

The example of the General Blumenthal Colliery has shown that the problem of automated 
train-running below ground over run-round tracks with no sidings has now been solved. 
The main task to be completed before full automation of entire colliery networks is 
achieved is thus, together with the installation of illuminated control panels, the incor
poration into the automated sequence of the tipping and loading points which act as 
stations. The requirements for this with regard to track arrangement and surveillance 
and the changing of locomotives, with their relevant coupling and uncoupling procedures, 
are then described. 

In addition to these requirements, the size of the task imposed by automation largely 
depends on the type of conveying, i.e. closed-circuit or shuttle traffic, and on whether the 
tipping and loading points on the roadways are arranged as terminal or passing 
stations. The automated sequence of operations required for the various station types 
are examined and traced. 

The sequence of operations at automated stations of this type is examined in more 
detail, using as an illustration the extremely complex operations carried out at a passing 
station with single-track shuttle traffic. 

1. PRELIMINARY CONDITIONS (i) 

As the installation at the 'General Blumenthal' 
Colliery shows, we have resolved the problem of the 
automation of train-running over run-round tracks 
with no sidings. Thanks however, to the technique 
of illuminated control panels, which have already 
been used and proved many times, running can 
also be fully automated over branch lines and 
crossings. Thus with regard to the integral automa
tion of rail traffic for the overall operation of a 
working district, the main problems remaining to 
be resolved are the organization and automation 
of the movements of the locomotives within the 
perimeter of the loading, tipping and transfer (ii) 
points. In actual fact, the preliminary conditions 
are as follows: 

A separate track must be available for the 
formation of the trains for each product to be 
carried, i.e. for each loading, tipping or transfer 
point, which we will describe as a 'station.' 
In order to ensure the complete and permanent 
absence of interference to traffic, this track 
should be able to take at least three trains, the 
loading, tipping or transfer points being arranged 
in the middle of this section of track. This 
will ensure that a fresh train can be available 
as soon as, for example, half of a train is still 
occupying the loading point. In this way, any 
delay in supplying empty mine-cars will be 
effectively avoided. 

A section of these tracks used for the formation 
of the trains should form part of the automatic 
system of the locomotive and serve as a spare 
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track. This ensures that the main track will 

be cleared and made available for following 

trains to other destinations. 

The necessary entry and exit point systems of 

this track are governed by the automatic system 

of the locomotive. They are therefore remotely 

controlled and fitted with a pointsdetecting 

device to improve safety of traffic operations. 

On the spare track, the speed of the trains is 

first reduced by onehalf on entering, and almost 

to a standstill immediately before engaging, 

the braked section of line. In this way, the 

train can be halted with a great degree of 

precision after passing over the advancer chain. 

of fullyautomated loading stations, so that no 

additional labour is necessary. Once the loco

motive is coupled to the coal train, this train 

can be taken over by the automatic system 

of the locomotive. 

In the case of integral automation of the 

locomotive uncoupling and recoupling opera

tions, suitable hooking and unhooking appliances 

must be available to enable these running 

movements to be executed without human 

intervention. 

(iv) Advancer chains or similar devices must be 

provided in the immediate vicinity of the 

station for the purpose of moving the trains. 

Trafic par nave ttee: Pendelbetrieb 

Station terminue: KopfbOhflhOf 

S 

zum vom 

Schacht : 
vers le puite 

Trafic en boucle fermée: KreiSνθΓΐ<θΐΊΓ 

S.reckenbahnhof.-statton pae8ante.· Streckenbahnhof 

zum vom 
Schacht.· 

venant du puite 

zum Schacht .· 
vere le puite 

vom Schacht ·· 
venant^du puite 

Fig. 1. Möglichkeiten der Anordnung von Lade-, Kipp- und Umschlagstellen = Possible arrangements for loading, tipping 
and transfer points. 
1. Pendelbetrieb = Shuttle traffic 4. Streckenbahnhof = Passing station 
2. Kopfbahnhof = Terminal station 5. zum Schacht = towards the shaft 
3 . Kreisverkehr = Closed-circuit traffic 6. vom Schacht = from the shaft 

(iii) Transfer of the locomotive from the empties 
side to the fulls side of the loading point can be 
effected manually or be entirely automatic. 
In the case of manual piloting, the locomotive 
must be uncoupled by the man in charge of 
despatch and transferred to the fulls track of the 
loading station, either manually or by means 
of its own automatic system. This operation 
can possibly be carried out by the men in charge 

These must be connected to the automatic 
system of the station and locked in relation 
to the locomotive. 
In order to avoid mine cars entering track 
sections forming part of the automatic system 
of the locomotive, an arresting device must be 
provided. This can consist of mechanical 
stops. Photoelectric relays or magnetic switches 
are however, preferable. 
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It is also necessary to control the standing of 

mine cars within the perimeter of the station, 

for train demand requirements and the 

consequent programming of the piloting of 

trains towards their destination. 

and closedcircuit traffic. While in the case of 

shuttle traffic, transport in both directions, i.e. 

that coming from the shaft and that returning 

thereto, takes place over the same track, running 

over a closed circuit is in one direction onlv. The 
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Fig. 2. Kopfbahnhöfe in der Lokomotivautomatik - Lokwechsel nicht automatisiert - = Movements in terminal stations by 
the automatic system of the locomotive - Changing of locomotive not automated. 

1. Spitzkehre für Züge = Track for setting back complete trains. 
2 . Spitzkehre für Einzelwagen = Track for setting back individual mine cars. 
3 . Schleifenumtrieb = Track with loop run-round. 
4. Ladestelle = Loading point. 
5. Automatischer Zugbetrieb = Automatic running of the train. 
6. Zugbetrieb mit Handsteuerung = Train driven manually. 
7. Zugverholung mit Vorziehern = Hauling of the train by advancers. 
8. Leerlok = Path of the empties locomotive. 
9. Vorziehkettenbahn mit Verholrichtung = Advancer chain and direction of haulage. 

10. Aufstellbegrenzung = Stop limit. 
11. Spitzkehre für Einzelwagen = Setting back track for individual mine cars. 
12. Blockbegrenzung in Lokautomatik = Limit of block in the automatic system of the locomotive. 

2. EFFECT OF THE TYPE OF TRAFFIC 
AND SITING OF THE STATIONS 

Once the preliminary conditions are fulfilled, it is 
possible to include the station in the automatic 
system of the locomotive. The siting and planning 
of these stations are governed nevertheless by the 
basic conditions and can therefore vary. The type 
of haulage traffic and the siting of the stations 
along the main haulage road are two of the most 
important variable characteristics. 

As far as the type of traffic is concerned, a basic 
distinction must be made between shuttle traffic 

main haulage track is thus a single line. Traffic 
in closed circuit therefore requires roadways of 
smaller cross-section and presents less difficulties 
for automating the running of the locomotives. It 
also facilitates an optimum distribution of empty 
mine cars, since its blocks of empties, which constitute 
so to speak a mobile bunker of empty cars, can run 
round the closed circuit until a requirement occurs 
at one of the stations. Preference should therefore 
be given to this type of traffic whenever local 
conditions permit. 

As regards the siting of the stations, a distinction 
must be made between intermediate stations and 
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in the roadways terminal stations. Terminal sta

tions can only be placed at the end of a track and are 

thus solely for shuttle traffic. Intermediate stations 

are arranged along the track parallel to the main 

haulage direction, and they can be used both for 

shuttle traffic and closedcircuit traffic. Terminal 

stations, like intermediate stations in closedcircuit 

traffic, present the least difficulty for the automation 

of locomotive running. 

3. SITING OF STATIONS EQUIPPED 

FOR CHANGING THE LOCOMOTIVE 

MANUALLY AND SEQUENCE OF RUN

NING OPERATIONS 

To give a better understanding of the overall sequence 

of operations, we will set out the automation 

possibilities for both types of station, taking loading 

points as an example. 

3 .1 . Terminal stations 

As we have already seen, the automation of terminal 

stations presents only slight difficulties. This 

problem has already been resolved in principle at 

the termini of the automated track giving access 

to the installations of the General Blumenthal 

colliery. 

In the siting of terminal stations, a distinction must 

be made between terminal stations with passing 

tracks with a tapering connection for trains or 

individual mine cars, and terminal tracks provided 

with a runround loop. In all cases, the last section 

of the automatic track system serves as a spare track 

for empty trains ready for use. 

At stations with passing tracks with turnouts 

for individual mine cars, and at stations with a 

loop line, the automaticallydriven train of empties 

stops at the end of the automated section after 
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Fig. 3. Streckenbahnhöfe im Kreisverkehr in Lokautomatik  Lokwechsel nicht automatisiert  = Passing stations with closed
circuit traffic with automatic piloting of the locomotives  Changing of locomotive not automated. 

1. 1gleisige Strecke mit Umtrieb = Single track with runround. 
2 . 2gleisige Strecke mit Ladestellenbereich = Track doubled in the section of the loading point. 
3. Ladestelle = Loading point. 
4 . Zugverholung mit Vorzieher = Haulage of the train by advancer. 
5. Kohlenzug im automatischen Zugbetrieb = Coal train running automatically. 
6. Leerzug im automatischen Zugbetrieb = Empty train running automatically. 
7. Leerlok außerhalb der Automatik = Path of the empties locomotive when not running automatically. 
8. Leerlok on der Automatik = Path of the empties locomotive when running automatically. 
9. Vorzieher mit Verholrichtung = Advancer and direction of movement. 

10. Auf Stellbegrenzung = Stop limit. 
11. Blockbegrenzung Lokautomatik = Limit of block in the automatic system of the locomotive. 
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having passed over an advancer chain. The official 
in charge of forming the trains uncouples the 
locomotive, transfers it to the fulls track, couples 
it to the coal train ready for departure, and hands 
the train over to the locomotive's automatic system. 
Once the locomotive has left the empties track, the . 
train of empties which has just arrived is taken , 
over by the automatic system of the loading point 
and hauled to the vicinity of this point by advancer 
chains. The arrester at the end of the fulls track 
prevents any untimely jamming of the automatic 
system of the locomotive. 

At terminal stations with a run-round loop line, 
it may be possible to dispense entirely with changing 
the locomotive, if the loading point is equipped for 
the passage of locomotives and possesses a bunker 
oi suitable capacity installed on the approach side. 
In such cases the train, including its coupled 
locomotive, is taken over by the advancer installa
tions of the automatic system of the loading point. 

With regard to stations with a passing track and 
a points system, for complete trains the sequence 
of operations is more complicated and takes more 
time, owing to- the fact that at the end of the 
automated section the train must come under the 
control of the man in charge of train formation 
and enter the empties standing track. The loco
motive is uncoupled on the spare track and the 
train, after having been set back over the first 
advancer chain, is taken over by the automatic 
system of the loading point. The locomotive must 
be taken to the rear along the same track, and 
placed at the head of a coal train ready for departure. 
The automatic system of the loading point, with 
its advancer chains and arresters, corresponds to 
that of the types of station already described. 

3.2. Intermediate stations in the roadway 
with closed-circuit traffic 

The planning of intermediate stations on tracks 
with closed-circuit traffic offers two possibilities. 
On the one hand, in the case of a single track, the 
whole station can be transformed into a run-round 
station, incorporating a standing track for made-up 
trains and an extra track for the locomotive. To 
this end, the train of empties enters the loop line 
under fully automatic control and comes to a halt 
in the braking area above an advancer chain. The 
man in charge of train formation uncouples the 
locomotive, transfers it manually to the fulls track 
via the passing track for locomotives, and couples 

it to a coal train. Insofar as the block sections 
in rear and in advance of the passing track are 
clear, the coal train can be placed under the control 
of the automatic system of the locomotive. After 
uncoupling the locomotive, the train of empties is 
taken over by the automatic system of the loading 
station. 

If the track is double over the loading station 
section, it is possible to dispense with a loop. All 
operations are identical with the sole difference 
that the locomotive must be transferred from the 
fulls side by the passing track. This therefore 
means that for the purpose of the automatic system 
of the locomotive, additional block sections are 
needed to protect the run-round against any collision 
at the points with the empties locomotive. 

3 .3 . Intermediate stations in the roadway in 
shuttle traffic 

The automation of locomotives presents the greatest 
difficulties in the case of shuttle traffic at inter
mediate stations. Here again there are several 
possibilities corresponding to the various degrees 
of complication. 

Stations equipped with a run-round track super
imposed on a double track are relatively straight
forward to automate. The planning of the station 
and the sequence of the operations corresponds to 
those already described for the approaches to the 
station with a circuit track with closed-circuit 
traffic. There is merely an extra crossing at the 
exit from the run-round on the fulls side, which must 
be taken into account in the automatic system of 
the locomotive by a more elaborate technique for 
locking reliability and control of the traffic lines. 

The planning of the station without a run-round 
track on a three-track section is much more difficult 
and more costly. The third track is only necessary 
in this case as a standing and spare track in the 
area of the station. Here the empty trains pass 
the loading point and are transferred automatically 
to the spare track in advance of that point. 
At the same time, the main traffic track is automatic
ally cleared as soon as the last mine car has entered 
the spare track. Once the locomotive has finally 
braked to a stand, at the end of the spare track, 
it is uncoupled by the man in charge of train forma
tion. The train is set back under manual control, 
by means of the uncoupled locomotive, as far as 
the first advancer chain, and thus comes under the 
control of the automatic system of the loading point. 
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The passage of the locomotive from the empties 

side to the fulls side is effected by the automatic 

system of the locomotive by means of a complicated 

series of manœuvres. The automatic system of the 

locomotive must be provided for this purpose with 

a running programme fixed in advance and in

corporating several crossing and points movements, 

including the desired safety locking operations and 

directions. The movement of trains over this 

section is therefore complicated by counterrunning 

traffic, which necessitates additional equipment 

for track safety in the automatic system of the 

locomotive. The sequence of operations concerning 

the preparation of the trains and running within 

the area of the station, is the same as the previous 

case described. 
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- O - Leerzug im automatischen Zugbetrieb ·■ 
Train de vides en marche automatique'. 

■ ^ " Leerlok auîlerhalb der Automatik·· 
Trajet de la locomotive des vides 
en dehors de l 'automatique . 

■ * - Leerlok in der Automatik ·· 
Traje t de la locomotive des vides 

__ Bouo automatique. 

- * ■ Vorzieher mit Verholrichtung ·· 
Ravanceur et seno de renorquago. 

Aufstellbegrenzung ·· 
Limi te ur de 1 .ationnement. 

Blockbegrenzung Lokautomatik 
Limite Se bloc tzane l'automati 
da la locomotive. 

que 

Fig. 4. Streckenbahnhöfe im Pendelbetrieb in Lokautomatik  Lokwechsel nicht automatisiert  = Passing stations with shuttle 
traffic with automatic piloting of the locomotives  Changing of locomotive not automated. 

1. 2gleisige Strecke mit Schleifenumtrieb = Doubletrack section with loop runround. 
2 . 3gleisige Strecke = Threetrack section. 
3 . 2gleisige Strecke = Doubletrack section. 
4. Ladestelle = Loading point. 
5 . Zugverholung mit Vorzieher = Haulage of the train by advancer. 
6. Kohlenzug im automatischen Zugbetrieb = Coal train running automatical!)'. 
7. Leerzug im automatischen Zugbetrieb = Empties train running automatically. 
8. Leerlok außerhalb der Automatik = Path of the empties locomotive when not running automatically. 
9. Leerlok in der Automatik = Path of the empties locomotive running automatically. 

10. Vorzieher mit Verholrichtung = Advancer and direction of movement. 
11. Aufstellbegrenzung = Stop limit. 
12. Blockbegrenzung Lokautomatik = Block limit in the automatic system of the locomotive. 

the necessary instructions for the traffic lines. For 

the rest, the'sequence of the operations in the area 

of the automatic system of the station corresponds 

to that relating to the types of station already 

described. 

Intermediate stations on double track sections 

without a passing track present the maximum 

difficulties. Here the second track serves as a 

waiting and spare track, so that within its perimeter 

the station only has a single track for traffic in both 

4. PLANNING OF STATIONS WITH AUTO

MATIC CHANGING OF LOCOMOTIVES 

AND SEQUENCE OF THE OPERATIONS 

4.1. Conditions on departure 

If the trackchanging movement of the locomotive 

from one side of the station to the other is to be 

effected entirely without human intervention, and 

with integral automation of the uncoupling opera
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tions, transfer of the locomotive, hauling of the 

train and coupling, this necessitates additional 

mechanical equipment and various prior conditions.· 

This being so, the crux of the problem resides in the 

automatic coupling and uncoupling of the locomotive 

and the train, and for this reason it is necessary 

to distinguish between fullyautomatic claw coup

lings such as the Willison or Scharfenberg systems, 

and couplings by hook and link of usual construction, 

for example the Pierburg type. 

by means of a Maltese cross. The opening of the 

coupling of the locomotive is controlled by a safety 

circuit situated in the buffer of the latter, and 

constitutes the prior condition for continuation of 

the piloting programme of the locomotive. 

Integral automation of the coupling operation is 

relatively simple with these coupling models which 

close automatically one over the other. The 

coupling of the locomotive to a coal train is effected 

subsequently by causing the locomotive to bump 

f-

•Φ· Ladestelle ·· 
Poete de chargement. 

■O* Umschlagstelle
 : 

Poete de transbordement, 

• ^ Kohlenzugverholung mit Vorzieher ·· 
Remorquage du train de charbon nar ravanceur. 

■ ^ Matenaizugverholung mit Vorzieher ·■ 
Remorquage du train de matèrie I par ravanceur. 

^ " Kohlenzug im automatischen Zugbetrieb ■· 
Train de charbon en marche automa tique. 

H^· Leerzug im automatischen Zugbetrieb ■· 
Train de vides en marche automatique. 

^ ^ Leerlok in Automatik · 
_ Trajet de la locomotive des vides sous automatique. 

- * ■ Vorzieher mit Verholrichtung .· 
Ο β Ravanceur et sens du remorquage. 

«■*- beidseitig überfahrbarer Vorzieher mit Verholrichtung .· 
ravanceur franchissable dans les 2 sens et sens du remorquage. 

H > Abkuppelmaschine ·· 
Machine de dé te lage. 

■ Î H Ankuppelmaschine mit Aufstellbegrenzung .· 
Machine d'atte lage avec limiteur- de stationnement. 

^ H Blockbegrenzunq Lokautomatik .· 
Limite de bloc dane l'automatique de la locomotive. 

Fig. 5. Streckenbahnhof im Pendelbetrieb und Lokautomatik  Lokwechsel vollautomatisiert = Passing stations with shuttle 
traffic with automatic piloting of the locomotives  Integral automation of locomotive changing. 

1. Ladestelle = Loading station. 
2. Zugverholung mit Vorzieher = Haulage of the train by advancer. 
3. Kohlenzug im automatischen Zugbetrieb = Coal train running automatically. 
4. Leerzug im automatischen Zugbetrieb = Empties train running automatically. 
5. Leerlok in der Automatik = Path of empties locomotive running automatically. 
6. Vorzieher mit Verholrichtung = Advancer and direction of movement. 

7. Beidseitiger überfahrbarer Vorzieher mit Verholrichtung = Advancer which can be crossed in both directions, 
showing direction of movement. 

8. Abkuppelmaschine = Uncoupling machine. 
9. Ankuppelmaschine mit Aufstellbegrenzung = Coupling machine with stop limit. 

10. Blockbegrenzung Lokautomatik = Limit of block in the automatic system of the locomotive. 

3Zug 

Train 

2. Zug 

Train 

1 Zug 

Jlrain 

Taking as an example the system at the La Houve 

colliery, fullyautomatic claw couplings can be 

uncoupled automatically during running at dead 

slow speed on the spare track, by means of a 

collapsible uncoupling cam. This latter projects 

inside the profile of the vehicle for a split second 

during passing of the locomotive, and opens the 

coupling between the first wagon and the locomotive 

against the coal train ready for dispatch at dead 

slow speed. In this connection, it is necessary to 

ensure that this slow speed is maintained, and to 

set in motion the operations for braking and reversal 

of the running direction by means of a safety circuit 

arranged in the buffer of the locomotive, to which 

we have already referred. Here also the signal 

transmitted by the safety circuit is the prior condi
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tion for continuing the locomotive programme. 
Coupling and uncoupling by means of hook-link is 
infinitely more difficult. In such cases, it is 
necessary to use an uncoupling machine, of GHH 
manufacture for example, at *the approaches to the 
braking point. This machine ensures that the 
locomotive and the first mine car stop in the correct 
position, by means of buffer stops or suitable scotch 
blocks. Owing to the fact that the application of 
site brakes is not sufficiently precise for this purpose, 
a setting-back device is necessary to complete the 
adjustment of the position of the train. The 
uncoupling between the train and the first truck 
must be controlled by means of photoelectric relays 
or similar devices. An installation of this kind for 
splitting up a train of forty mine cars into two 
trains of twenty trucks has been in use for some years 
at the General Blumenthal Colliery, and has given 
excellent results. 

A similar installation is necessary for the coupling 
operation. At the same time, .the jaws of the 
coupling machine ensure that the stop limit is 
observed by the train ready for departure. The 
locomotive is brought to the coupling position by 
an advancer system. Once again, photoelectric 
relays ensure that the coupling is correctly closed. 
When the circuits for checking the uncoupling device 
or those of the locomotive have recorded unhooking 
of the coupling of the latter, the locomotive is 
transferred from the other side of the station by 
means of its own automatic system, in accordance 
with an instruction through the fixed programming 
of the running itinerary. 
Changing of locomotive without human intervention 
introduces extra complications when, for a given 
station layout, the incoming train has to be set 
back entirely automatically on the first advancer 
chain of the automatic system of the station. These 
difficulties will be resolved by equipping the spare 
track with advancer chains, the control of which 
forms part of the automatic system of the loading, 
like that of the track. These chains must be able 
to transport in a given direction and be passed over 
in the opposite direction. For this reason their 
drive dogs must be collapsible or be suitable for 
being passed over entirely automatically depending 
on the position of the trains. 

station on the main track with shuttle traffic and 
counter-running over the passing track. At the 
same time, this constitutes the most difficult 
operating conditions imaginable. 

The empties train (fig. 5) enters automatically the 
section of track with counter-running, insofar as 
this block section is not occupied. If the spare 
track is clear within the area of the loading point, 
and if the drive dogs of No. 1 advancer chain are 
in the collapsed position, the train will move on to 
this track entirely automatically and will move 
forward level with the uncoupling device, first at 
half-speed, then at dead slow speed. It is necessary 
at the same time for the drive dogs of No. 1 advancer 
chain to be entirely collapsed to enable this installa
tion to be passed over without damage. The hauling 
device of the uncoupling installation brings the 
train into the exact position desired for uncoupling. 
After the train has finally stopped, the drive dogs 
of the advancer chain emerge automatically, points 
a and b are placed in the 'straight through' position, 
and the locomotive is uncoupled from the train by 
the uncoupling device. When all the necessary 
safety circuits have recorded the completion of these 
operations, the drive dogs of advancer chain No. 1 
are raised and the empties train is moved away in 
the counter-direction by the automatic system of the 
station. The locomotive of the empties train is 
transferred to the fulls side. It enters this fulls 
track again at dead slow speed, and stops at the 
hauling installation adjacent to the coupling machine. 
This installation moves the locomotive towards 
the jaws of the coupling machine. Coupling takes 
place entirely automatically as soon as the automatic 
system of the loading station has set back the train 
ready to leave as far as the jaws of the coupling 
device. When the safety circuit has recorded the 
satisfactory execution of the coupling operation, 
the running direction of the locomotive is reversed, 
and the train is taken over by the automatic system 
of the locomotive insofar as the block sections are 
clear. 

5. EQUIPPING AND FUNCTIONING OF 
COMBINED LOADING, TIPPING AND 
TRANSFER STATIONS 

4.2. Intermediate station with shuttle traffic The fact that it is normally necessary also to instai 
transfer points adjacent to coal faces for the purpose 
of supplying materials to the working faces, fre
quently necessitates the setting-up of combined 
stations for loading, tipping and breaking of the load. 

We will describe in detail, as an example of the 
equipping and functioning of a station with integral 
automation for locomotive changing, an intermediate 
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This is a type of installation which can also be 

integrally automated. As an example, we will 

describe the complicated trafficic of two stations in 

parallel for coal and materials, over the same double 

track line, with shuttle traffic. The additional 

transfer point necessitates a third track for tlæ 

standing of the materials cars. Generally speaking, 

a single common waiting track is sufficient for both 

points. The sequence of the operations at each 

point, as regards the automatic system of the 

locomotive and the automation of the changing 

running of the locomotives, oer the coal track and 

over the materialr track, as well as preprogramming 

for the control of boths tanding tracks and conse

quently for the operation of the points systems. 

6. SUMMARY 

The automatic control of extremely complicated 

operations at the approach to loading, tipping and 

transfer points is entirely within our technical 
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Ladestelle .· 
Station da chargement. 

Zugverhol ung mit Vorzieher ·· 
Remorquage du train par ravanceur. 

Kohlenzug im automatischen Zugbetrieb .-
Train de charbon en marche automatique. 

Leerzug im automatischen Zugbetrieb ·■ 
Train de vidas en marche automatique. 

■*— Leerlok in der Automatik ·· 
Locomotion des vides ooua pilotage automatique. 

=4= Vorzieher mit Verholrichtung , 
Ravanceur et sens du remorquage. 

"4v" beidseitig überfahrbarer Vorzieher mit Verholrichtung .· 
Ravanceur franchissable dano les deux sene et sens au 
remorquage. 

HD- Abkuppelmaschine .· 
Machina de dé ta lago. 

- 0 - Ankuppelmaschine mit Aufstellbegrenzung ·· 
Machine d'attelage avec limiteur de stationnement. 

Blockbegrenzung Lokautomatik .· 
Limite de bloa dana l'automatique de la locomotive. 

Fig. 6. Kombinierte Lade und Umschlagstelle im Pendelverkehr bei Vollautomatik = Combined loading and transfer station 
with shuttle traffic, and with integral automation. 

1. Ladestelle = Loading point. 
2. Umschlagstelle = Transfer point. 
3. Kohlenzugverholung mit Vorzieher = Haulage of the coal train by advancer. 
4. Materialzugverholer mit Vorzieher = Haulage of the materials train by advancer. 
5. Kohlenzug im automatischen Zugbetrieb = Coal train running automatically. 
6. Leerlok im automatischen Zugbetrieb = Empties train running automatically. 
7. Leerlok in Automatik = Path of the empties locomotive running automatically. 
8. Vorzieher mit Verholrichtung = Advancer and direction of movement. 
9. Beidseitig überfahrbarer Vorzieher mit Verholrichtung = Advancer which can be passed over in both directions 

showing direction of movement. 
10. Abkuppelmaschine = Uncoupling machine. 
11. Ankuppelmaschine mit Aufstellbegrenzung = Coupling machine with stop limit. 
12. Blockbegrenzung Lokautomatik = Limit of block in the automatic system of the locomotive. 

of the locomotive, is identical with the steps already 

described. It suffices to take into account, in 

addition, that it is necessary to establish in advance 

in the system, two programmes for the empty 

capabilities. The steps to be taken for this purpose 

are known to a wide extent from the example of 

similar cases, and have already been partly sub

stantiated by practical experience. Questions of 
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improvement therefore concern essentially the per
fecting and combining of techniques already estab
lished. 

The sectors of the loading,) tipping and transfer 
points are responsible for the major part of the 
expenditure on automation of running on the main 
tracks. For this reason, the design of these sections 
of operation should be previously defined in order 
to render them suitable for automation as far as 

possible in a simple manner. In addition, and 
from the same point of view, an attempt should be 
made to concentrate these sections into central 
loading, tipping and transfer stations. Every effort 
should then be made to achieve the best solution 
from the point of view of economy of investment, 
by combining automation of traffic using locomotives 
over the main tracks, with conveyor belt haulage 
from the area adjacent to the working districts. 
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TRANSPORT BY MEANS OF TROLLEY PANS DRIVEN BY LINEAR MOTORS 

E. FOURNEL 
Houillères du Centre et du Midi, Meyreuil 

The system of trolley pans driven by'linear motors developed by the Houillères de 
Provence constitutes a new system of bulk transport, designed to make it possible to 
automate a complete main haulage system in curving roadways. 

The system comprises two superimposed track frames, which run round loops at each 
end: the upper track is used for the movement of the loaded trains, while the lower track 
carries the return empty trains — which are upside down — on their way to the loading 
points. 

Four trains 225 m long run on the track system. Each consists of 150 small sections 
or 'pans' of trough shape l.b m long, linked to each other by elastic joints; in general 
appearance they look like a long trough and the entire system can be loaded as they 
move continuously past the loading point, at a regular speed of 3 mjsec. The total 
capacity of such a unit is 30 tonnes of raw product. These trains can negotiate 
moderate curves. 

They are propelled by means of flat linear-motor inductors set at regular intervals 
between the rails, at an appropriate distance from the running level. 

The flat 'rotor' units are welded into each pan. 

The presence of a pan over an inductor brings it under voltage, which results in a 
thrust on the pan, caused by the effect of the inductor on the rotor. 

One train lies permanently over a number of inductors which is sufficiently large to 
bring it up to or maintain it at its normal speed of translation. 

The four trains circulate at a speed of 7 mjsec. on a completely-automated 2 300 m 
circuit, which is supervised from a control panel provided with a mimic diagram. 
The entire system carries a payload of 500 tonnes per hour. 

1. THE TROLLEY PAN, A NEW SOLUTION 
FOR TRANSPORT OF BULK MATERIALS 

Leaving aside transport by pipelines, there are 
traditionally two large categories of bulk transport 
systems: long-haulage loco/mine-car systems and 
conveyor belts. 

The trolley pan is a new system of bulk transport 
which combines the advantages of these two con
ventional categories, while at the same time reducing 
the disadvantages inherent in them. This system 

was designed within the framework of concentration 
plans in the Houillères de Provence (part of the 
Houillères de Bassin du Centre et du Midi). The 
planning study was carried out in collaboration 
with the manufacturers, more particularly with the 
Société Somemi who make the trolley pans and the 
Société Merlin Gerin who provide the electrical 
equipment, including the linear motors. 

The first installation will be put into service in the 
Houillères de Provence during 1971: it will be 
2.3 km long and will have a transport capacity 
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of 400 tonnes/hour r.o.m. It is planned to extend 
this system later, to a length of 5 km and a capacity 
of 750 tonnes/hour r.o.m. (see diagram 1). 

2. PRINCIPLE OF THE TROLLEY PAN 
POWERED BY LINEAR MOTOR 

The trolley pan represents a solution which derives 
both from conveyor belts and trains of mine-cars. 
A critical examination of these two conventional 
systems makes it possible to get a better under
standing of the value of this new transport technique. 

Main haulage systems, in spite of the undoubted 
improvements brought about by the increased size 
of mine-cars and in locomotive power ratings, have 
certain major disadvantages: 

(i) they can only negotiate very gentle slopes; 
(ii) speed is restricted, acceleration is low and 

braking inefficient, all because of the adherence 
between wheel and rail; 

(iii) the loading and unloading operations are 
discontinuous, and 

(iv) operational costs are high because of the high 
man-power requirement and the heavy mainten
ance load (track, tipplers, rolling stock, etc.). 

Conveyor belts remedy some of these problems, in 
particular by reason of the possibility of automating, 
with the resultant considerable reduction in man
power, but they do not fit easily into circuits with 
many curves. 

The trolley pan lies centrally between these two 
systems: it combines the basic advantage of both, 
and does away with their disadvantages. 

The bulk product is transported in small trains 
consisting of metal elements 1.5 m long, shaped 
like a gutter, and known as pans—hence the name 
of the system—attached to one another and con
tinuously connected by elastic joints. Each pan 
carries a two-wheel trolley and a ball-joint coupling 
which is attached to the axle of the preceding pan. 

In this way we can form a train, known as a string, 
which has the appearance of a continuous channel 
which can follow small radius curves (2 m in the 
vertical plane, less than 80 m in the horizontal 
plane). 

The string of pans runs on a circuit comprising 
(diagram 2): 

(i) a metal substructure of compact design carrying 
two superimposed running tracks; 

(ii) two semicircular end frames around which the 
pan trains run. The unloading frame is sited 
vertically above a hopper at the head of the 
circuit, the loading frame is situated upstream 
of the last loading staple pit to be serviced. 

In the loaded position the pans run on the upper 
track, and run upside-down on the lower track. 

Each pan train is driven by linear motor. 

The linear motor can be likened to an asynchronous 
squirrelcage motor, rolled out flat. 

According to the different applications in industry, 
it takes on different forms which are governed by 
the respective arrangements of the rotor and the 
inductor. 

In the case of the aerotrain, the motor consists of 
two rows of parallel inductors separated by an 
air-gap in which lies the rotor, which is a simple 
aluminium plate fixed to the track. In these 
circumstances, the inductor is mobile and it is the 
rotor which provides the reaction force. 

As against this, in the case of the trolley pan system, 
the opposite arrangement has been employed: the 
inductor (single, and no longer double) is fixed 
and it is the rotor which runs along it. This rotor 
is constituted by the flat bottom of the pans, covered 
with copper plates. The inductor is installed at 
fixed intervals between the rains, close to the 
bottom of the pans. 

Thus, when a string of pans approaches an inductor 
which is under voltage, the string is subjected to a 
continuous thrust which moves it forwards. It is 
sufficient to arrange the inductors at suitable 
intervals along the track to ensure that the trains 
move as smoothly as they are relayed successively 
from one inductor to another. 

The use of presence detectors ensures that an 
inductor can be made live only when a train is 
standing over it. 

The linear motor developed by Merlin Gérin has 
the following advantages: 

(i) high speed, limited only by the present 
technology of the trolley pan; 

(ii) elimination of mechanical tractive devices and 
an associated reduction in wear, resulting in a 
reduction in maintenance costs and accident 
risks. In point of fact, the tractive effort acts 
on the rotor fixed below the pans. The wheels 
serve only to carry the pans; 
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Diagram l. Houillères de Provence. Existing panels in the deposits 
I : first trolley-pan circuit; 
2: conveyors; 
3: planned extension of trolley-pan circuit. 
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Diagram 2. (top) General view of the trolleypan circuit. 

1: unloading speed 2.3 m/sec 
travelling speed 7 m/sec 
loading speed 3 m/sec 

2: Capacities: first phase 460 tonnes/hour r.o.m. 
second phase 750 tonnes/hour r.o.m. 

3: unloading into bunker; 
4: 2,325 m for first circuit, 5,150 m for future circuit; 
5: staple pit E. Loading point; 
6: belt conveyors; 
7: plan view to a scale of one in ten thousand (6 curves, of radius 147 to 300 m); 
8: axis of unloading; 
9: axis of loading, 
(bottom) Section through conveyor substructure at rightangles to the motors to a scale of 1/20. 
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(iii) no nuisance production; no fire or explosion 
risk, since the inductor is embedded in an 
elastomer block which makes it absolutely 
impossible for the windings to be touched. In 
addition, a mechanical air-gap detection pre
vents any contact between the rotor carried 
on the pans and the inductors, and, 

(iv) normal braking of the trains without frictional 
contact (either in hypersynchronous operation 
or in inverse operation). However, mechanical 
braking is provided for safety and parking 
purposes, and is brought into action by 'absence 
of current', either in the case of an emergency 
stop, or at the end of electric braking (which 
is achieved by inversion of two phases) when 
the train has already been slowed down to 
below a certain threshold speed (0.3 m/sec). 

3. APPLICATION OF THE PRINCIPLE OF 
THE TROLLEY PAN DRIVEN BY LINEAR 
MOTOR 

The practical application of the principle of the 
trolley pan offers a high degree of flexibility. The 
common feature in all the possible layouts is the 
string of pans propelled by the linear motor. 

A loaded train, mounted on the circuit described 
above, is propelled by the inductors fixed to the frame 
at suitable intervals. 

A train arriving at the end of its run is slowed down 
by lowspeed motors to ensure that it turns relatively 
slowly around the discharge wheel. The pans now 
move on to the lower track until they leach the 
wheel at the other end, where they revert to the 
loading position on the upper running track. 

Movement around the two end wheels is also carried 
out at reduced speed, as is the passage of the string 
of pans below the loading point, the discharge 
slide of which is opened by the action of a train-
presence detector. 

On leaving the loading point, the train is accelerated 
to its normal speed of operation (7 m/sec), and 
then slowed down as it reaches the unloading point, 
and the cycle begins all over again. 

The transport performance of this system is therefore 
a function of the unit capacity of the train, the 
length of its cycle—which is in turn a function 
of the speed selected—and of the number of trains 
on the circuit; all these factors can be varied at will. 

The trolley-pan circuit at the Houillères de 
Provence 

The Houillères de Provence will finish in 1971 the 
final concentration of their workings at the single 
pit at Meyreuil, which lies near their thermal power-
station. 

In the framework of this operation, the main haulage 
of the run-of-mine coal produced in the different 
longwall districts has been concentrated on a single 
main road: the intermediate winding level. 

This main road comprises three km of long recti
linear sections coming out from the shaft, followed 
by a section with a number of curves. It was 
for this reason that, of a total haulage length of 
4 800 m, it had been possible to install automati
cally controlled conveyor belts over the last 2 500 m 
outbye (providing a capacity of 900 tonnes/hour 
r.o.m.), whereas the 2 300 m upstream of this point 
will be serviced from the second half of 1971 by a 
linear-motor-powered trolley-pan circuit developed 
for this purpose, so as to provide total automation 
of traffic operations. 

In the first stage, the circuit is supplied at a single 
point (staple pit E—diagrams 2 and 3), the loading 
of the trains being carried out by a double discharge 
slide with a throughput of 1 560 tonnes/hour r.o.m., 
fitted with a hydrostatic automatic drive. 

The discharge point for the trolley pan trains at the 
tailend of the line of conveyors includes a small 
buffer hopper with a capacity of 70 tonnes/hour 
r.o.m. (slightly more than two complete train loads) 
fitted with an automatic extractor with a throughput 
of 900 tonnes/hour r.o.m. 

The line of conveyors is, moreover, loaded at a 
second point—staple pit E, diagram No. 3—by 
means of a hydrostatically controlled discharge 
slide identical to the preceding one and also set for 
a throughput of 900 tonnes/hour r.o.m. This 
discharge slide is interlocked with the preceding 
one by means of an integrating weigher BC, the 
commands from which are subjected to a time lag 
to ensure that the belt is loaded continuously, 
without it being possible for the material discharged 
to become superimposed. 

The different variables in the trolley-pan circuit at 
the Houillères de Provence have been fixed in 
terms of: 

(i) the capacity to be provided (460 tonnes/hour 
r.o.m. over a period of 12 hours, in the first 
stage); 
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(ii) the distances to be covered between loading 
and unloading points (2 300 m, a single loading 
staple-pit in the first stage of the project); 

'•w 
(iii) the results of rating and mechanical-strength 

tests on the experimental motors, pans and 
conveyor substructures at a pilot installation; „ 
and, 

(iv) the unit prices for each component. 

The technical and economic studies undertaken from 
1968 onwards thus made it possible to choose: 

(i) an optimum length of train (225 m), as a" 
function of the price of the pans, of the motors 
and of the different mechanical and electrical 
features, which acted as constraints; 

(ii) an unloading speed (2.3 m/sec) with its upper 
value limited by mechanical considerations and 
its lower value by considerations of capacity 
and safety interval between trains; and, 

(iii) a loading speed (3 m/sec) and a transfer speed 
(7 m/sec), limited above all by prudence, 
by reason of the fact that the circuit being 
installed will be the first of its kind operating 
in industrial-service. 

4. AUTOMATION OF THE TROLLEY-PAN 
CIRCUIT AT HOUILLÈRES DE 
PROVENCE 

The first system of trolley pans driven by linear 
motors is intended to provide an hourly transport 
capacity of 460 tonnes/hour r.o.m., which calls for 
the operation of four trains each 225 m long. 

The system is intended to operate in normal service 
without any human intervention other than simple 
monitoring by means of a control panel, including 
a mimic diagram, located at the head of the circuit, 
in front of the unloading frame. It was this that 
guided the choice of all the equipment required for 
complete automation of the cycle of trains, starting 
with an exhaustive list of all the conditions to be 
achieved to ensure normal operation of the system 
in a fully-automated mode: 

Conditions in which the system is brought under 
voltage; conditions of starting-up and operation; 
of normal stopping; of emergency stopping; of traffic 
regulation; speed conditions (more especially at 
specific points on the track); starting conditions; 
control and monitoring circuits; signalling equip
ment; alarm systems; etc. 

4 . 1 . Bringing the installation under voltage 

The order to close the general contactors will be 
transmitted after checking the presence of the 
5 kV current in the 630 kVA transformers, of which 
there are three, and which serve respectively the 
following zones in the circuit: loading—-transfer— 
unloading. The linear motors are supplied with 
current at 1 000 volts, and in consequence closing 
of the general contactors will be expressed to 
the operator by a signal 'presence of 1 000 volts 
current'. 

4.2. Starting-up conditions 

In addition to rendering the main contactors live, 
the following points will be checked before 
starting-up: 

(i) the availability of control, monitoring and 
signalling equipment; 

(ii) availability of all the inductors and speed-
regulation equipment; and, 

(iii) availability of the systems upstream and down
stream (indication of level in loading staple-pit, 
discharge slide operational, unloading bunker 
empty, discharge slide under unloading bunker 
operational, line of conveyors to be supplied 
running). 

In addition, the mimic diagram will light up to 
give an instantaneous presentation of the position 
of the trains in the circuit, thanks to the train-
presence detectors. 

4 .3 . Putting the circuit into operation 

This operation can be carried out either manually 
or automatically. It will be achieved by issuing 
the command to free the pan brakes and the clearance 
to supply voltage to the motors driving the bunker-
discharge motors (powered by hydraulic units). 

The use of train-presence detectors will make it 
possible simultaneously to bring under voltage the 
thrust motors lying below the pans, unless this 
operation is blocked by the electrical interlocking 
system whose task is to ensure maintenance of the 
safety gap between trains, in particular in the zone 
where they travel at high speed (outward and return 
tracks). 
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Fig. 1 

Fig. 2 
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4,4. Monitoring starting-up 

Each train will overlap at least one speed-indicating-^ 
unit (linear dynamo-tachometer) so making it pos
sible to monitor its approach to speed. 

Clearance to engage the contacters for the thrust ' 
points having been given, the time-lag will be applied 
to ensure an interval of time t, of the order of 
15 seconds, at the end of which the system should 
signal back four items of information V ^ 0.3 m/sec ; 
given by the four speed indicators affected by the 
four trains. A total of 24 speed indicators are 
distributed uniformly over the whole circuit. 

If, at the end of time t, the system has not signalled 
back the four signals giving V ^ 0.3 m/sec, an 
emergency stop will be initiated (application of 
mechanical brakes). 

The 'false start' signal will then be issued. 

If the above sequence of events does not occur, 
the four trains will start up properly. 

4 .5. Speed regulation 

In the main travelling zone in the circuit, the speed 
of the trains will be regulated only by variations in 
the thrust of the inductors due: 

(i) either to a temporary blocking of voltage supply 
to the drive stations, caused by the action of the 
traffic-regulating devices (para. 4.6); or 

(ii) to the variations around the nominal value in 
the speed of passage of the rotors. 

This nominal value is 7 m/sec. 

The number and distribution of the inductors in 
this travelling zone have moreover been determined 
as a function of the thrust forces to be applied in 
steady running or for transitory periods—periods of 
'restarting'—with due allowance for the slope of the 
circuit, the masses being moved and the rolling 
coefficient of the pans, this coefficient having been 
checked by a series of tests carried out at different 
speeds on a pilot installation. 

It should be noted in particular that the linear 
motors which apply the thrust to the trains in 
normal operation have a starting-up thrust which 
is sufficient to impart to the strings of pans 
an acceleration allowing them to gain speed in a 
manner compatible with heating-up of the inductor 
and the armature. 

As against this, in the terminal zones where the 
trains are moving at reduced speed, specific-use 
inductors will guarantee slowing-down, normal 
acceleration and restarting of the trains—all this 
being done so as to avoid excessive heating-up of 
the controlled motors. 

Precise monitoring of the speeds will be carried out 
at specific points (unloading, loading) where the 
slowing-down and acceleration phases involve varia
tions in the distance between the trains and where 
the fixed speeds (respectively 2.3 m/sec and 3 m/sec) 
must be rigidly observed. 

These points are fitted with motors controlled by an 
electronic thyristor system. Speed measurement by 
linear tachymetry will provide information to the 
system, which will modify the supply to the motors 
in order to accelerate or slow down the train, so as 
to ensure that it is moving according to its instruc
tions for the speed (there are narrow tolerances with 
respect to the target value by reason of the relation
ship between the throughput of the discharge slide 
and the speed and capacity of the pans). 

Finally, in the event of mechanical damage to a pan 
(e.g. breakage of an axle), the speed indicators 
distributed over the circuit will ensure that the 
speed of the train does not drop below a limit level 
at which they would have to cut off the current 
to the whole system (this is necessary in order to 
avoid any abnormal heating-up). 

4.6. Regulation of train traffic 

One cycle of movement of a string of pans will take 
approximately 900 seconds. The four trains will be 
spaced at regular intervals in time, i.e. an observer 
at any point on the circuit will see the leading edges 
of the trains passing him at constant intervals. 

As against this, the distance between the trains will 
vary continuously by reason of the speed differences 
between the eight main zones in the circuit: 

(i) 2 travelling zones (outward-return); 
(ii) 2 acceleration zones; 
(iii) 2 deceleration zones; 
(iv) 1 loading zone; 
(v) 1 unloading zone. 

The maintenance of the time interval between the 
trains will be achieved by means of a time relay 
associated with each thrust station. This relay 
may if necessary actuate the electrical interlock of 
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the thrust station if a train is tending to catch up 
with the one ahead. 

The slowest train will impose its average speed on 
the other trains (in the case of an empty train 
following a full train). 

4.7. Inductor protection - monitoring their 
function 

The inductors are arranged along this circuit in such 
a way that the thrust forces are distributed over the 
pans. 

The inductors are embedded in elastomer blocks 
and are protected by rollers, to guard against shocks 
and any possible contact with the rotors (to maintain 
the air-gap). If a roller is rotated when a pan 
breaks down, this would cause a fault signal to be 
issued and entered into the memory, and would 
instantly stop the circuit. The motors will be 
supplied with current only on the command of the 
train-presence detectors, unless the electrical inter
lock is actuated for the reasons given further above. 
Monitoring of proper functioning of each motor 
will cover: 

— heating of the inductors (probes); 

— maintenance of minimum air-gap; 

— the fact that each train is actually moving. 

4.8. Braking 

The motors provide natural braking in hyper-
synchronous operation if the speed of passage of the 
pans exceeds their synchronous speed (8 m per sec 
for a nominal speed of 7 m per sec). 

If the circuit is stopped, the braking of the trains 
will be achieved: 

(i) on the one hand by phase inversion on the 
motors. The sliding field which was driving the 
train will change direction, so applying heavy 
braking to the pan. It should be noted that 
the motors will decelerate the trolley pans without 
any mechanical contact, so that no wear whatso
ever can occur and there are no impacts or 
vibrations which might derail the train, the 
deceleration force is applied smoothly and 
progressively down to the cut-out limit speed 
(0.3 m/sec); 

(ii) secondly, by electro-brakes applied to brake 
bands fitted to the pans. These electro-brakes 

will be actuated by 'absence of voltage', either by 
reason of a general stoppage of current or by 
slowing down of the train below the threshold 
value referred to above (actuation of the speed 
detectors at the end of electric motor braking, 
current shut-off and electro-brakes applied). 

These brakes have been dimensioned to ensure that 
if a supply fault occurs in the circuit, mechanical 
emergency braking can stop a train running at 
full speed. Nevertheless, they will operate in normal 
service only from the 'running alongside' stage at 
0.3 m/sec. These brakes can also provide emergency 
stopping in the event of actuation of a general 
protection or the specific protection device governing 
one motor. An emergency-stop command system 
for the use of men moving in the roadway is also 
provided. 

4.9. Signalling and remote control 

The circuit will be controlled and monitored from a 
single control/signalling desk. Monitoring applies 
not only to the movements of the trains, the intervals 
between them or the existence of any possible faults 
in any of the motors, but also deals with the loading 
equipment (bunker, discharge slide) and unloading 
gear which service the trolley pans. 

The automatic equipment will be set up in a central 
relay room, where all the information coming from 
the detectors or probes fitted along the circuit is 
centralized, this information providing the basis of 
all the command signals issued. 

5. TRIALS AND DEVELOPMENT OF FIRST 
INDUSTRIAL CIRCUIT 

These trials will be carried out in very close co
operation between the Houillères de Provence and 
the Société Merlin-Gérin, the latter having been 
involved in the development of the system from the 
very earliest moment. 

Apart from the improvements which will of necessity 
follow from these trials, the investigation of the 
behaviour of the pans at the selected speeds will 
perhaps make it possible to set a travelling speed 
higher than 7 m/sec for the future extension of 
the Gardanne circuit (we are already thinking 
of a speed of 14 m/sec, as an experimental travelling 
speed at least on the return track). 

Finally, putting a pilot circuit into industrial 
service will make it possible for all potential users 
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to obtain a clear idea of this new and original means The train has been running on the Provence circuit 
of transport, which is certainly destined to make since the 1st May. It has already carried out more 
its mark in the future, since it combines all the than 100 trial cycles, 75 of these under load 
basic advantages of conveyor belts and articulated (30 tonnes/hour r.o.m. per train). The first results 
trains. are very promising. 
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PROBLEMS OF PROCESS CONTROL AT LONGANNET 

E.W.L. SNOWDON 
National Coal Board, Edinburgh 

SUMMARY 

The paper describes the various elements involved in the application of a fully integrated 
computer driven telemetry control and monitoring system at the Longannet Mining 
Complex in Britain. 
The 10,000 tons of coal per day, mined from three separate areas of the Hirst Coal Seam, 
is transported from mechanised faces via conventional trunk belt conveying to under
ground staple bunkers. A cable belt, installed in the 5.5 mile long underground main 
roadway which links the three mines, conveys the outputs from the bunkers to Longannet 
and after minimum preparation the coal is transferred directly to the adjacent 2,400 m.w. 
Power Station. 
The computer automatically controls all the surface plant, the 2,000 H.P. variable 
speed cable belt system, main pumps, staple bunker equipments and the respective 
inbye trunk conveying systems at each Mine, superimposing a measure of quality 
control to provide as consistent a product as possible to the Power Station. 
Ultimately the automatic control will be extended to cover as many items of plant and 
equipment as can be reasonably achieved from a very remote central control including 
ventilation plant, inbye pumping installations and extensive development conveyor 
systems. The only items excluded are equipments which are not entirely suitable for 
control by computer, in particular those items having a large number of variables and 
little logical determination. 

LONGANNET MINE COMPLEX 

The Longannet Complex, situated in the Hirst Coal 
Seam, has been developed to provide coal for the 
2 400 M.W. coal fired Power Station at Longannet. 
At full-rated output capacity the Station will 
require 20 000 tons of coal per day and of this total 
the Longannet Complex is required to provide 
10 000 tons over three working shifts. Within 
provisionally defined limits of working the reserves 
are estimated at 40 million tons. This estimate 
could be increased by a further 20 million tons by 
including Dollar Mine to the north, and the deeper 
measures dipping to the west. 

The coal is presently mined from three areas of the 
seam at Solsgirth, Castlehill and Bogside (Fig. 1) from 

longwall retreating faces, and is transported via 
conventional trunk belt conveying systems to 
underground staple bunkers. A cable belt, installed 
in the 5.5 mile long underground main roadway 
which links the three mines, conveys the outputs 
from the bunkers to Longannet and after minimum 
preparation the coal is transferred directly into a 
4 000 ton capacity exchange bunker which interfaces 
with the adjacent Power Station. 

CONTROL CONCEPT 

A fully integrated, computer driven control and 
monitoring system, centred at Longannet automa
tically controls the surface plant, the 2 000 H.P. 
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variable speed cable belt system, main pumps, 
staple bunker equipments and the respective inbye 
trunk conveying systems at each Mine, superimposing 
the best measure of quality control possible within 
the constraints of the mining system at any given 
time, to provide a consistent product to the Power^ 
Station. 

Ultimately the automatic control will be extended to 
cover as many items of plant and equipment as can 
be reasonably achieved from a very remote central' 
control including ventilation plant, inbye pumping 
installations and extensive development conveyor 
systems. The only items excluded are equipments 
which are probably not entirely suitable for control 
by computer, in particular those items having a 
large number of variables and little logical determina
tion. Face area equipments are also excluded for 
the time being but should they ever be extensively 
equipped for monitoring and control as are the 
relatively expensive ROLF faces controlled from a 
main gate console, then some degree of automatic 
control by computer will be possible. The system 
applied at Longannet is completely flexible and is 
able to accept any sub-control systems even by 
radio link if necessary. 

CONTROLLED PLANT AND EQUIPMENT 
AND ASSOCIATED TRANSDUCERS 

Control and Monitor Unit (FBF/1) 

The majority of plant is completely conventional 
and for the most part so are the monitoring 
transducers deployed about the equipment. H.T. & 
M.T. N.C.B. Specification contactors provide the 
basic electrical control for any prime mover but 
interfacing this contactor with the Data Transmission 
System (DTS) is a local control and monitoring unit 
(Fig. 2) which was developed to a high degree for 
application to Longannet. 

The unit has local fault indication to determine the 
source of fault and a memory (latching) for transient 
faults. A selector switch provides three alternative 
control modes i.e. local, remote by computer via 
DTS, and maintenance. The control circuits consist 
of relays and electronic timers which after receipt 
of a start signal together provide a sequence to check 
relay interlocks, sound a local pre-start warning 
device, and then operate the control circuit in the 
adjacent motor contactor panel. 

The monitor circuits consist of fault relays which are 
operated by the transducers on the plant and 
equipment. These relays have contacts for local 
trip, latching, lamp operation and remote indication 
to the DTS. 

The unit also provides the following secondary 
functions: 

(i) power supply for siren operation; 
(ii) IS power supply for operation of the pull-wire 

signalling system; 
(iii) monitor and indication of pull-wire signalling 

system; 
(iv) facilities for accepting incoming sequence 

control; 
(v) frozen contactor and section switch trip circuit. 
There are 10 fault relays, in two banks of five, fed 
from internal IS supplies and which are connected 
through the transducer and diode circuit to give a 
half wave rectified supply to the relay. The trans
ducer contact is normally closed under healthy 
conditions and opens under fault conditions, and 
protection against O/C or S/C is provided by 
the diode. 

Each relay has 4 change-over contacts performing the 
following functions: 

(i) latching (i.e. provides memory for fleeting 
fault); 

(ii) local trip in control circuit; 
(iii) local lamp indication; 
(iv) monitor contact to the DTS. 

Fault relays 1 and 10 have particular functions, i.e. 
they are associated with belt slip and contactor state 
respectively. Fault relay 1 is inhibited during 
start-up sequence and fault relay 10 has contacts of 
the opposite convention to the other since it is 
associated with 'frozen contactor' check carried out 
by the computer. 

The FBF/1 unit has successfully resolved a compli
cated interface between any controlled plant and its 
associated state transducers detecting for example, 
temperature, belt slip, torn belt, belt misalignment, 
blocked chute etc, and a direct wire multi-core cable 
connects the control and monitoring unit to the 
nearest outstation of the digital data transmission 
system. Other transducers not necessarily asso
ciated with plant and equipment provide analogue 
outputs which are directly cabled to the nearest 
outstation. 
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TRANSDUCERS 

The ideal solution of a single IS source being used to 
power all the instrumentation in one area (e.g. the 
coverage of one DTS outstation) was not possible for 
Longannet. The principal factor has been the 
rather slow design of low power transducers. 

Wherever possible the Longannet application has 
made use of simple precision potentiometer driven 
devices which are non-inductive and these are 
supplied with 4 volts DC from a DTS outstation and 
the voltage corresponding to the required analogue 
value is taken from the slider connection. 

Transducers which fall into this category are: 

(i) belt weighers—as an indication of flow rate; 
(ii) level of coal in a staple bunker; 
(iii) ash measurement/bulk density variations; 
(iv) level of water in sumps and lodgements; 
(v) flow rate—water ex pumping installation; 
(vi) shearer machine position; 
(vii) Face advance. 

All these devices terminate in a precision potentio
meter solution and can be driven from an outstation. 
Other transducers with analogue outputs of 0 to 
4 volts dc or 0.4 to 2 volts dc are equally directly 
acceptable to the system and account for items 
such as: 

(i) Unor CO gas analysers; 
(ii) airflow measuring devices ί w h i c h f o r m p a r t o f 

(iii) methanometers [ MRE.225 systems· 
(iv) airflow measuring device Type MRE.815; 
(v) kilowatt transducers on main H.T. circuit 

distribution switchboards; 
(vi) continuous moisture measuring device modified 

by MRE. 

Information from all the different types of trans
ducers and controlled plant and equipment is 
therefore available at DTS outstations scattered 
troughout the mining system at points where high 
intensities of plant and equipment are installed. 

QUALITY/QUANTITY CONTROL 

Continuous Ash Measurement 

At the top of each staple bunker the percentage ash 
in the coal is predicted by screening out —2" size 
coal from the run of mine product being fed into the 

top of the bunker (Fig. 3) and passing a continuous 
sample over an NCB/Howe Richardson bulk density 
measuring conveyor. This is a small, fixed speed 
conveyor 18" wide and on which the height of coal has 
been trimmed to approximately 9". The short 
length conveyor incorporates a weighing element. 
From the fixed volume of coal, changes in weight are 
related to changes in density. The device is cali
brated from ash/bulk density correlations determined 
by standard laboratory sampling and analysis 

'techniques. Continuous monitoring of the ash 
variations is derived from a precision potentiometers 
driven by a large scale indicator designed to follow 
variations in the range 40 to 60 lbs/cu.ft. 

The feeder gives meaningful results only when it is 
fully loaded. If the coal flow rate falls to a level 
which cannot maintain the calibrated volume then 
the output signal is ignored by the computer. 

MOISTURE MEASUREMENTS 

The moisture content of the —2' ' coal is derived from a 
modified Foxboro moisture ski mounted between the 
fixed trimmer plate and the belt weighing section of 
the small fixed volume conveyor. The stainless steel 
ski rides the even surface of the coal and has a keel 
which projects beneath it within the stream of coal. 
The keel is insulated from the ski and moisture 
determinations are a measurement of the changes in 
capacitance between the two components. The 
moisture determinations, again after laboratory 
sampling and calibration, are automatically applied 
as a correction factor to the bulk density determina
tions on the small conveyor. 

The theoretical accuracies possible in ash determina
tions from such equipments are probably little 
better than + 3% of true ash due to variations in 
packing factor etc. but in practice much closer 
accuracies have been achieved since on many 
occasions due to variations in coal production an 
'element' of output from one colliery can be 'isolated' 
within the coal flow system. This element is 
identifiable by the computer system and tracked 
through the staple bunker and out to the surface at 
Longannet. At this point the total R.O.M. coal 
is reduced to — 1 " screen size for transfer to the 
Power Station and a continuous sample of this 
coal is presented to a Cendrex X-Ray analysis 
apparatus which determines the ash to an accuracy 
± 3/4% true ash (DAF). This figure is then related 
back to the sample determined at the top of the 
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bunker and so re-calibration is continuously taking 
place. 
By this method the comparatively simple bull^ 
density conveyors have been achieving ash determi
nations to almost ± 1.5% true ash. 

maximum rope and belt life the belt loading is kept 
between the limits of 25 lbs./36 lbs. per lineal foot 
and the computer exercises control of belt speed and 
loading to satisfy the continuously varying coal 
production rates. 

BUNKER LEVEL 

Height of coal in the staple bunker is determined by 
a modified BIN-DEX cable reel continuous plumbing 
method. The unit consists essentially of a metal 
weight suspended by a flexible steel cable which 
runs over a weight sensitive pulley system. The 
weight is simply lowered till it detects coal by tension 
determinations and it continues to hover about the 
profile of coal. 

A multi-turn precision potentiometer, gear driven 
from the pulley motor shaft, provides an output to 
the DTS and it is estimated that the height of coal is 
measured to an accuracy of + 2% which represents 
approximately 20 tons of coal. 

COAL FLOW FROM A STAPLE BUNKER 

The flow of — 5 " coal from each bunker on to the 
main cable belt is controlled by a variable speed 
dc motor-driven Merrick feeder conveyor of 
maximum capacity 800 tons per hour. A small 
mechanical closed loop control system moves a door 
at the bunker discharge which regulates the height 
of coal allowed on to this small conveyor to achieve a 
constant weight per lineal foot run. 

The speed of this belt is therefore a measure of coal 
flow rate on to the cable belt. Accurate control is 
achieved to an accuracy of + 1/2% from an F.L.P. 
thyristor control unit over the range 50 to 720 tons 
per hour corresponding to a belt speed of approxi
mately 5 1/2 feet per minute to 80 feet per minute. 
The desired flow rate signal is set by and comes 
from the computer for each bunker via the data 
link having taken into account the amount of coal in 
the bunkers, rate of input from a belt weigher on 
the staple feeder conveyor, and the quality of coal 
in the respective bunkers. 

CABLE BELT SPEED CONTROL 

The twin 1 000 HP variable speed ac commutator 
motors are controlled by the computer over the range 
400 ft./min. to 750 ft./min. and in order to achieve 

DATA TRANSMISSION SYSTEM 

A new intrinsically safe medium speed telemetry/ 
control system was developed for Longannet to 
connect the computer with all the widespread plant 
and equipment. The Ferranti time division multi
plex type 40 000 system transmits monitor informa
tion and control signals between a master station and 
33 outstations. The DTS in turn is driven by an 
Argus 400 process control computer and its peripheral 
equipment. 

The master station is located in the control centre 
at Longannet and actually forms part of the 
computer suite, and the outstations are located 
throughout the mining system adjacent to measuring 
and controlling equipment. In practice two master 
stations are installed, one of which is a standby. 

The transmission line connecting the master station 
to all the outstations is a single pair telephone type 
line with spurs taken to each outstation. The 
cable has an attenuation not greater than 20 dB 
and a bandwidth of 500 Hz to 2 500 Hz and the rate 
of transmission of information is 1 500 bauds. 

The modem is a phase modulation type supplying a 
carrier frequency of 1 500 Hz and providing a 
transmitted output of 3 V peak-to-peak (into 
150 ohms). The modem has an input impedance 
of 600 ohms and accepts an input from the trans
mission line of 3 V to 300 mV. 

WORD STRUCTURE 

The information to and from each point on the plant 
which is to be monitored or controlled is transmitted 
in the form of words. Each word consists of a 
transmission from the master station followed by 
a reply from the outstation. The master station 
calls up a specific outstation and a particular monitor 
or control function at the outstation by transmitting 
the outstation 'address' followed by the function 
'address' and control information if a control function 
address is called up. The outstation responds to the 
master station transmission by re-transmitting 
the master station information, which allows the 
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detection of any transmission error, and then 
transmitting monitor information specified by the 
function address. 

Each word is sub-divided into a number of 'bars'. 
A typical word consists of 14 bars, each bar consisting 
of seven binary digits (bits) of which 6 bits are 
normally data and one bit is a transmission gap. 
A bit may have one or two states represented by '0' 
or ' 1 ' . The transmission gap is always represented 
by '0'. 

One word, a monitor word, is sufficient to transmit 
monitor information from one monitor function 
address. For transmitting control information 
however, two words are normally used. The first 
word contains the control information and the second 
word, which must be the next word transmitted 
after the first, contains the instruction to use the 
control information from the first word. Two word 
control ensures a very high system integrity and 
reduces the possibility of maloperation to a negligible 
level. Single word control may be used, however, 
if this is required. 

ADDRESSES 

appropriate control address 01 to 03 is called up 
during the first control word followed by the required 
control information. During the second control 
word, the common control address is called up 
followed by an operate code. The combination 
of the common control address followed by the 
operate code releases the control information to 
the plant. 

The common alarm and internal analogue check 
on address 16 gives an indication of an alarm condi
tion for any of the state monitors. The state 
monitor bits 9 to 4 of address 16 are associated with 
alarm arising on state monitor addresses 17 to 21 i.e. 
an alarm on bit 9 of address 16 indicates that a bit 
on address 17 is in alarm, and an alarm on bit 8 of 
address 16 indicates that a bit in address 18 is in 
alarm etc. For further investigation of an alarm 
indicated on address 16 the appropriate address in 
alarm is called up. The internal analogue check 
on address 16 is a check on the logic circuit supply 
voltage and the analogue to digital converter. 

An address directory detailing all the outstations 
and function addresses is held by the controller in the 
central control room. 

The address combination used allows up to 128 
outstations to be controlled by one master station, 
each outstation is associated with 32 function 
addresses. 

Only 20 of the 32 available function addresses are 
used. The allocation of function addresses is as 
follows: 

00 Common control and operate (internal); 
01 State control; 
02 State control; 
03 Analogue control; 
04-15 not used; 
16 Common alarm and internal analogue 

check; 
17-21 State monitor; 
17-31 Analogue monitor. 
It is possible to use the same addresses for analogue 
and state monitors because the information from 
these addresses is transmitted in different bars of the 
monitor word. 

The common control and operate address, 00, is 
associated with the three control addresses 01 to 03 
When a control signal is being transmitted the 

OUTSTATION INTERFACE TO PLANT 

Each outstation has input/output facilities for the 
following functions: 

State monitor Max. number 50 
Analogue monitor Max. number 15 
State control Max. number 20 

Analogue control Max. number 1 

All the analogue transducers and controllers either 
provide output signals in the range 0 to 4 V dc or 
require input signals in the range 0 to 4V dc. In 
some cases the outstations provide the excitation 
voltage to the monitor transducers. 

The state monitor signals arise from 'dry' relay 
contacts ond the state control signals provide drive 
signals for low power relays. 

TERMINAL CHAMBERS 

The connections between the transducers and 
controllers and the outstations are taken through 
terminal chambers. This facilitates the use of 
common outstation design, system expansion and 
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servicing. Each terminal chamber is unique to its 
location but the outstations are not. All the 
available input/output connections at the out
stations are made to the terminal chamber but only* 
the required connections are made between the 
terminal chamber and the plant. 

OUTSTATION 

All the outstations are standard. The circuits are 
intrinsically safe (M.O.P. CERT. No. IS/635 Class 1); 
The same units are used both underground and on 
the surface. The power unit for each outstation is 
housed in a separate flame proof box which is 
mounted close to the outstation. The outstations 
are provided with an external address selector 
socket. Each socket is wired to represent one 
outstation address and a socket must be connected 
to an outstation in order that the outstation shall 
respond to a message from the master station. 

TEST PAD 

A test pad is available which replaces the multicore 
cable entry incoming from the terminal chamber. 
This permits all the functions within the outstations 
to be checked out remotely either manually from the 
master station or automatically by computer 
programme. In the latter case this check out is 
completed in little more than 1/2 minute. 

THE COMPUTER SYSTEM 

The computer is an Argus 400 with 12,288 words of 
directly accessible 2 microsecond store driving the 
master station of the time division multiplex data 
transmission system. 

The computer collects and stores all data from the 
plant. This data takes all the various forms 
ranging from the output of plant instruments 
measuring temperature, flow, speed, etc., to contact 
states, etc., which correspond to the state of plant 
and machinery. The computer deals with this 
information by scanning each point, performing the 
necessary mathematical or logical operations on the 
measurement or state and then passing on to the 
next point. 

The associated peripheral equipments within the 
control room include a keyboard control printer and 
a logging printer to produce alarm and log print outs, 

high speed tape punch for producing permanent 
records of data, and decimal display unit on the 
operators control desk. 

Three remote printers, one at the surface of each 
mine are connected to the computer via overland 
telephone lines, the interface modems being driven 
by the computer system. 

SOFTWARE 

The system is completely flexible to permit future 
expansion of the mining system and ultimate degree 
of instrumentation and the programmes are such 
that these extensions can take place without major 
alterations except possibly in the size of the core 
store. 

The functions which are presently programmed are 
as follows: 

(i) Control the data link so that the remote 
sensors are scanned at the required frequency 
and control actions are correctly executed. 

(ii) Analyse any malfunction of the data link, give 
appropriate fault or alarm indications and 
make any necessary changes to the scan. 

(iii) Examine 'state bits' for alarm indications and 
initiate extra scans as necessary to resolve the 
situation. 

(iv) Apply scaling factors as appropriate to the 
analogue measurements and compare them 
with upper and lower alarm units. 

(v) Control the sequence start-up, shut-down or 
restart of any selected conveyor belt system. 
Analyse stoppages to give fault indication. 

(vi) Control the underground bunker outfeeds and 
main belt speed so as to deliver coal of consistent 
quality at the required rate, subject to con
straints imposed by belt loading, bunker 
capacities and mining operations. 

(vii) (a) Control the water pumping operations so 
as to minimise electrical peak loads, while 
at the same time maintaining safe water 
conditions. 

(b) Control and monitor the ventilation 
systems. 

(viii) Carry out additional calculations on some 
measured values. For example, integration 
of flow rates to give delivered quantities of 
derivation of coal quality from bulk density 
and moisture content. 
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(ix) Accumulate running times of selected items of 
equipment for logging purposes. 

(x) Perform simple analysis calculations for logging 
purposes, for example, machine efficiencies. 

(xi) Read and control keyboard. Interpret the 
messages and take action or make changes 
as directed. 

(xii) Provide the control operator with displayed 
information as from time to time requested. 

(xiii) Print-out all alarms, system changes and 
control events as a log. 

(xiv) Provide specific logging on demand. For 
example, all current faults or all conveyor 
states. 

(xv) Provide summary logging at selected intervals, 
e.g. hours, or at shift end. 

(xvi) Check computer operation regularly. Alarm 
and isolate on faulting. 

The basic arrangement of the software is shown in the 
notional diagram. The programmes fall into 3 
categories: 

(i) User programmes which carry out the work 
required of the system. 

(ii) Sub-routines. There are various sub-routines 
which carry out common tasks and are shared 
by the User Programmes. 

(iii) Organiser which arranges the sharing of the 
system facilities and peripherals between the 
user programmes according to priority and 
carries out the peripheral transfers and general 
'housekeeping' operations. 

The Organiser consists of: 

(i) a basic 'backbone' programme which accepts 
hardware interrupts and requests from the 
user programmes. 

(ii) a number of routines which are called upon as 
required by the backbone. For efficiency the 
organiser routines are divided into two 
categories, major and minor. One particular 
major routine, the supervisor, monitors the 
behaviour of the system as a whole and makes 
changes to the system state. 

The sub-routines may be either 're-entrant' i.e. 
capable of simultaneous use by two or more user 
programmes or they may be treated as a system 
facility by the organiser and allocated according to 
user priority. One particular re-entrant sub-routine, 
'the sub-organiser', is used to organise the work 
within the user programmes. 

The organiser has been written to handle seven 
independent user programmes with fixed priority. 
The two programmes which make the most use of 
the data transmission system i.e. the alarm scan and 
the data scan have the highest priorities ensuring that 
the data link is fully loaded and that alarm analysis 
is immediate. The next priority is given to those 
programmes which require to be carried out in a 
fixed time sequence as the data is gathered. The 
other user programmes are given lower priorities 
as timing is of lesser importance. 

Original estimates of core storage have been 
confirmed very satisfactorily at 12 K. This is 
encouraging since core storage is relatively expensive 
and accordingly calls for programming in a machine 
level language. The use of higher languages in
volving translating programmes cannot be justified 
at this stage. 

In general the programming is a separate subject but 
the following example of conveyor control illustrates 
that specific requirement. 

PROGRAMME REQUIREMENT FOR 
GENERAL CONVEYOR CONTROL 

The behaviour of each conveyor is monitored through 
a single state monitor address. Normally all ten 
bits are used and the most significant of the ten 
monitoring bits is obtained from a contact on the 
Local/Remote Switch. A zero indicates remote 
(computer) operation and a one indicates the local 
maintenance or locked-off condition. 

The second bit monitors contactor state, a one indi
cating contactor open. This bit must always be 
connected. 
The third bit monitors the pull-wire, zero being the 
normal condition. Unlike the other fault indications 
which follow this bit gives a continuous indication 
and does not require resetting. (A locked-out 
pull-wire gives a permanent one). 
The remaining seven bits are used for fault indication. 
These may have different meanings depending on the 
actual piece of equipment, but for a 'standard 
conveyor', for example, they are as follows: 

4 Auxiliary proving circuit 
5 Blocked chute 
6 Temperature A 
7 Temperature Β 
8 Belt Slip 
9 Belt misalignment 

10 Belt torn 
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The occurrence of any of these faults causes local 
tripping of the contactor. The indication is latched 
and is only released by re-starting. The normal 
condition is zero. 

A conveyor running correctly under remote control 
gives an all zero monitor word, and any change under. 
these circumstances causes rapid response via the · 
Alarm Scan. 

The conveyor is remotely controlled by two bits, all 
in one state control word in the same outstation as '. 
the monitor word. For the conveyor to run these 
must all be ones, any other arrangement causing 
stop. In order to re-start after stopping, all the 
relevant control bits must first have been cleared 
to zero. 

In the event of a frozen contactor being detected the 
appropriate circuit breaker is tripped. The cb is 
controlled in a similar way by one or more bits all 
in one state control word, but not necessarily in the 
same outstation. Examination for frozen contacts 
would not take place until at least five seconds after 
the order to trip the contactor. 

Reference to the conveyors in logging messages or 
through the keyboard is by name, a name being 
defined as being up to four teleprinter characters 
commencing with a letter. 

SEQUENCE START 

This programme is initiated by the operator from the 
keyboard. The object is to start the selected 
conveyor and all the necessary conveyors outbyë, if 
they are available, in sequence with the appropriate 
time delays. 

The programme first searches outwards along the 
conveyor chain checking that all the stationary 
conveyors are available, i.e. not on local control or 
locked-off pullwire. If a conveyor is found to be not 
available then this is printed and the programme is 
abandoned. On encountering a running conveyor 
the search stops and indication is given showing 
either local or remote running. The programme 
then awaits a command to proceed or abandon. 

The proceed command is only acted upon if the 
safety key is in position. The operator action is 
then logged and the sequence initiated. A start 
command is sent to the most outbye stationary 
conveyor and the run-up time for that conveyor set 
into a timer. When this time has expired the 
next conveyor in the sequence is started in the same 

way. 'Start sequence complete,' is logged when the 
start command has been sent to the conveyor 
originally selected. If during the sequence one of the 
selected conveyors becomes faulty or not available 
then the sequence is abandoned at the point which it 
has reached and the reason is logged. 

SEQUENCE STOP 

This programme is also initiated from the keyboard. 
The object is to stop the selected conveyor and all 
inbye conveyors in sequence with the appropriate 
time delays. 

The keyboard command will be accepted and logged 
if the selected conveyor is running under complete 
control. The programme then searches to find the 
most inbye running conveyors, sends stop commands 
and initiates frozen contact checks and in each case 
sets the appropriate run-down time for that conveyor 
into a timer. When this time has expired the next 
outbye conveyor is stopped in the same way. 'Stop 
sequence complete, is logged when the stop command 
has been sent to the conveyor originally selected. 

EMERGENCY STOP 

This keyboard command is always accepted and 
logged. The programme action is to send stop 
commands to the selected conveyor and all inbye 
conveyors immediately regardless of their condition 
and to initiate frozen contact checks. 

PRIORITIES 

Emergency stop has a higher priority than sequence 
start. The operations may take place simultane
ously on different parts of the system but if any 
overlap occurs then the lower priority programme 
will be abandoned. 

DATA STORAGE 

The following information is stored for each 'conveyor' 
in the system: 

Name (four characters); 
Outstation, 
Function, Mask for monitoring; 
Function, Mask for contactor control; 
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Outstation, 
Function, Mask 

Run-up time 

Run-down time 

Next conveyor 
outbye 

Type 

Status 

for circuit breaker control; 

in multiples of 5 seconds; 

used for sequence control; 

used to select fault reason 
text etc. 

(Run-up, run-down etc. etc.). 

Running time. This shift, last shift and cumulative, 
in minutes. 

The programme requirement for general conveyor 
control illustrates the type of specification which 
has to be stated carefully from which a flow diagram 
is prepared and finally a programme written in 
machine language, prepared on punched tape and 
committed to the computer store. 

The utilisation of the core storage is shown dia-
grammatically on the core store map diagram 
and this gives a general impression of the number 
of 24 bit words used for the various programmes 
which could predictably show the pattern for future 
mining applications. 

CONCLUSION 

It has been very difficult to reduce a description of 
such an integrated control system into the scope 
of one short paper and to refer carefully to all the 
problems encountered in the design and application 
of the integrated control system at Longannet. 
Operationally a great deal of valuable experience 
has been gained in applying the computer. Solutions 
accepted two years ago in the main have been well 
justified. Some transducers have been reviewed 
and replaced and some elements of the basic control 
switchgear have been modified. The computer 
driven telemetry system has been very sound. Down 
time has been limited to few brief outages and minor 
programme modifications have been incorporated 
as new circumstances came to light. 
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Fig. 2. Schematic Electrical Drawing of the FBF/1 Control and Monitoring Unit 
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Fig. 3. Staple Shaft Equipment 
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COAL AND COMPUTERS 

Fi lm: 

In the Ruhr coalfield, some 56 collieries annually 
produce 90 million tons of coal in more than 80 
different grades and qualities. 

The coal is transported in 1.5 million goods wagons, 
250 000 lorries and 20 000 colliers. The most 
efficient route from pit-head to customer is worked 
out by EDP machines. This order from Brackwede 
in Westphalia is passed in code by landline from 
the Ruhrkohle AG Regional Office to the Computer 
Centre in Essen. 

From the given input data and its stored historical 
data, the Ruhrkohle AG Computer Centre works 
out the optimum supplying colliery. This colliery 
will be the nearest one to the customer which at 
the same time has available the ordered grade and 
quality. 

The order from Brackwede is assigned by the 
computer to the Sachsen mine in the East of the 
Ruhr, to which it forwards the order by landline. 
At the same time it fixes the delivery route, issues 
carriage instructions to the Federal Railways and 
confirms the order to the customer. 

Some 800 m deep in the Sachsen mine, the coal is 
extracted by modern machines. 

Once the miner relied on muscle and pick—today 
he operates a machine! 

The progress of work in this vast underground 
complex is monitored and recorded in the pit control 
centre. 

All operating conditions are noted and evaluated 
by a computer at regular intervals. Through its 
output terminal, it registers for recall all data on 
work progress and output. 

Among other things, the pit control centre records 
stoppages of the winning machine for support 
operations. 

It likewise records when the machine starts up again. 
First of all the coal is transported by remote 
controlled conveyors. 

It is then brought to the shaft by trains, over 
underground distances of several kilometres. 

Signal boxes with push-button controls and mimic 
diagrams supervise and route the train traffic in the 
vicinity of the shaft underground. 

This train, with a driverless loco, is being remotely 
controlled over a 9 km stretch to a central shaft. 

At the shaft landing, the underground marshalling 
yard, the cars are mechanically pushed into 'the 
cage and hoisted to the surface at a speed of 60 km/h 
by the automatic winding engine. 

Another push-button signal box at the pit-bank 
monitors and controls withdrawal and turnaround 
of the cars, so that these vital operations proceed 
with maximum smoothness and despatch. 

Difficult places are observed by TV camera. 
10-15 000 tons of coal pass through this terminal 
daily. 

From the pithead, the raw coal is carried by conveyor 
to the preparation plant. 

Here it is washed and sorted, all operations being 
once again monitored and controlled from a control 
centre. 

Jigs and dense-medium separators divide the coal 
from the waste. 

It is then screened into commercial size gradings. 
The end of the shift! 

The miners' tokens, deposited for safety's sake before 
going below, are made of plastic and code-numbered. 
These tokens are scanned and their data transmitted 
to the computer centre, where the EDPM calculates 
wages earned and evaluates them for purposes of 
works cost accounting. 

It computes for example: 

The miner with code-number 729 has completed 
18 shifts on piece-work. He duly performed his 
contracted stint. The shift rate is 42.63 marks. 
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Long-term planning ensures smooth and rational 
extraction of coal for years ahead. On the basis 
of a few exploratory borings, the computer at the 
Mining Research Centre in Essen-Kray determines* 
the geological structure of the coal seam. 

An associated plotter converts the data into drawings. -
A modern planning method for 2-3 year spans is 
offered by the critical path planning technique. 

Planning engineers give the computer the time 
and personnel requirements for the individual ' 
working operations. 

From these data the computer predetermines the 
optimum operational timetable. 

All results are f miction ally collated in a critical path 
network. 

The coal for Brackwede is being dispatched. An 
automatic plant loads it into wagons, weighs it 
and prints the weighbridge ticket. 

While the consignment is still en route to Brackwede, 
the EDPM in the Ruhrkohle AG Sales Centre 
prints-out the invoice for Mühlenweg, the customer 
firm, working from the weighbridge ticket data. 

It also automatically advises the customer that the 
order has been executed and issues the delivery 
documents. 

Every day sees more than 250 000 tons of coal 
dispatched from the collieries of the Ruhr. Thanks 
to computerized remote control and data processing, 
the extraction of coal and its delivery to consumers 
is conducted with steadily mounting efficiency. 
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DISCUSSION 

VANDERPUTTE 

You mention the application of remote control or 
automation to the main mine drainage system. 

1. Can existing pumps be economically equipped 
with the equipment described? 

2. Has the problem of possible priming and de-
watering been properly solved? 

OLAF 

Technically speaking, mine drainage can be auto
mated even in old pits (see W. Bihl: Automatization 
et Télécommunication). This is more a matter of 
economics, however, whether indeed the additional 
expenditure in terms of material bears an acceptable 
relationship to the saving in shifts worked. In 
many cases automation of this kind is simply not 
rational. 

Dirt haulage, including crushing and pneumatic 
stowing presents no problems technically in terms 
of automation, and can be carried out in a number 
of different ways. 

It is impossible to supply any data on the material 
required without knowledge of the layout. We 
are always available for discussions and advice in 
this respect. 

LOUIS 

The nature of the strata generally calls for 3 belt 
conveyors and a stage loader from the tub loading 
point as far as the bottom of the face. On the 
other hand, faces should be pneumatically stowed, 
and the problem of transporting stowing material 
also calls for several conveyors in series. The sizes 
of the two products transported: 

— run-of-mine for the cut coal (including dirt band 
and ripping stones) 

— 0/80 mm for the stowing material. 

We should like to know if these installations can be 
automated and controlled by one man in complete 
safety. If so, what are the firms to contact for 
automation and remote control equipment ? 

OLAF 

Dirt haulage can be automated as a matter of 
course and there are a number of examples of this 
where dirt is transported crushed and pneumatically 
stowed completely automatically. It is impossible 
to quote any figures on material without knowing 
full details of the particular colliery. We would 
be happy to have à detailed discussion of your 
problems. 

AUBRY 

AUTOMATIC DRILLING JUMBO 
Société des Mines de Fer d'Angevillers, 57 - Algrange 

Twenty years ago, the Lorraine iron mines introduced 
volley firing systematically into their workings. 
The result of this system depends on the method 
adopted and on how it is carried out in practice. 

The lengthening of holes and the search for improved 
efficiency of explosives require the holes to be 
drilled accurately and faithfully reproduced from 
one round to the next. 

Therefore the technical services of the iron mines, 
and the Société d'Etude pour le Chargement Méca
nique decided to study the accuracy of drilling shot 
holes and the automatic reproduction of the group 
of holes drilled in a round. 

The problem: 

In sections of 20 to 25 m2, the object is to drill 
rounds of 30 to 40 shots over a length of 3 to 3.5 
metres. 

The jumbos used are self-driven with two drilling 
slides. The various movements are hydraulically 
controlled. 
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In order to drill a hole, there are 6 parameters. Method: 

1. and 2. raising and extending the job: the slide 
is supported by a job which can turn about two'-« 
axes, one horizontal, the other vertical, connected 
to the frame; 

3. the boom is extended: the jib is telescopic, the » 
slide can move parallel to itself; 

4. rotation of the boom: the slide can turn about 
the longitudinal axis of the jib; 

5. and 6. rocking and rotation of the slide: the 
slide can turn about two perpendicular axis 
connected to the jib. 

For reasons of simplicity and economy, three of 
these parameters are fixed for all the holes drilled 
in one round. 

These are: 

1. the extension of the boom 

2. the rotation of the boom 

3. the rotation of the slide. 

A hole is therefore located in its direction by the 
three other parameters: 

— extending the jib 

— raising the jib 

— rocking the slide. 

In order to locate the hole in its position, only one 
point is required: the entry of the hole. This is 
determined by placing the jumbo at a fixed distance 
from the drill heading. 

When the problem of positioning the slide for drilling 
is resolved, it remains to drill all the holes in 
succession. In practice, the solution has to take 
into account the irregularity of the walls, roof and 
floor. This is why experience has led us to the 
decision not to automate the roof shot-holes. 

The sequence of automatic drilling therefore only 
concerns 'inner' holes. 

For this reason, a man must be present during 
drilling, so the round has been divided into two 
half-rounds, left and right. While the man is 
drilling the roof holes on the right, the automated 
system is drilling the inner holes on the left, then 
vice-versa. 

The three automated movements are based on rota
tions. These mechanical rotating movements are 
connected to variable resistances which are propor
tional to the angles of rotation. They are supplied 
from 50 Hz. 

These resistances are compared to a programmed 
resistance in a bridge followed by a selective am
plifier. According to the resistance indicated to 
the one programmed, the outlet voltage of the 
amplifier is in phase or in phase opposition to the 
input voltage. The signal obtained orders the electro 
valve to carry out the movement in the direction 
desired. 

In order to gain full mechanical advantage, the 
equilibrium position is always approached from the 
same side, for example that of increasing rotations. 

The sequence of aiming is therefore as follows: 

— extending the jib 
— raising the jib 
— rocking the slide 
— advance to the solid 
— drilling, then withdrawal of drill rod 
— withdrawal of slide. 

The drill passes from one programmed hole to the 
next by means of an electronic step by step system. 

Eleven shot holes are programmed per half round. 
They are numbered and drilled in order of increasing 
numbers. 

In addition, it is possible: 

1. to stop the sequence after each hole drilled, 

2. to start at any hole, 

3. to resume aiming on manual control. 

Conclusions: 

The difficulties encountered have been at the in
formation level. The system is operating correctly 
and requires no maintenance except for adjustment 
from time to time. 

The improvement on yield per round is between 10 
and 15%. 

To date, about 2 400 rounds have been drilled with 
this equipment. 
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BRARD 

HAULAGE BY SECCAM CONVEYOR 

The Moineville mine installed a SECCAM conveyor 
in 1968, with ECSC aid. It was put into operation 
on 1 October 1968. 

Principle: 

This conveyor consists essentially of 2 'trains' each 
of 350 metres length, travelling on very light rail 
track and powered by stationary drive units with 
pneumatic wheels. It removes material from a 
district, following a highly faulted route 1 km in 
length, including 9 curves and rising and falling 
gradients of up to 8%. 
Its operation is entirely automatic. Its loading 
speed is 0.50 meters per second, its normal running 
speed 2 metres per second. 

Automation and safety: 

Either one or two 'trains' can be operated auto
matically by merely operating a change-over switch. 
When operating with two 'trains', the more usual 
method, one 'train' is loading while the other is 
travelling. The travelling 'train' is completely free 
to run, even if the loading of the other is interrupted. 
It will only stop, at one of two successive preset 
positions, if the loading of the other 'train' is help 
up too long, due to lack of mineral for example. 

The whole automation system is controlled by 
proximity switches, distributed along the route, 
tripped by the inductors with contrary-pole per
manent magnets, carried at the head and tail of 
the train. 

Relaying is electromagnetic. Control and moni
toring of faults are divided into two zones. 
The safety system stops all motors and applies 
brakes to the whole installation. The main safety 
devices are: 
1. Under-speed relays to detect derailment or 

slowing down of a 'train'. 
2. Over-speed relays distributed at distances of at 

least 2 per train at gradients on the track. 
3. Ipsotherms to detect prolonged overloading of 

the motors. 
4. Pressure switches on the compressed air system 

for the brakes. 

5. Emergency stop pushes at regular intervals along 
the route. 

6. At certain points, a low-voltage earth wire, to 
detect any derailment by breaking an emergency 
stop circuit. 

Results: 

The conveyor has now carried 2 million tonnes of 
material. In 1971, with a total of 630 750 tonnes, 
the operating costs were 5.1 centimes per tonne over 
a distance of one kilometre. 

The breakdown of costs was as follows: 

. Labour for maintenance 2.60 

. Materials for maintenance 1.50 

. Labour for cleaning 1.00 

5.10 centimes 

For comparison, the cost of our heavy haulage 
equipment over the same period reached 55 centimes 
per tonne, over a distance which was not much 
greater. 

Future prospects: 

Our conveyor will be lengthened by 700 meters in 
August next and in order to reduce operating costs 
still more, will be improved in several points: 

— All 'trains' will be equipped with anti-clog 
wipers to eliminate cleaning. 
— Speed to be increased from 2 metres/sec to 

4 metres/sec. 
— Replacement of the discharge spiral by a lateral 

discharge system, to avoid the need for slowing 
down during discharge. 

— Fitting hydraulic couplers, which are easier to 
maintain than centrifugal couplers. 

— Fitting automobile disc brakes, which are easier 
to reach and maintain than drum brakes. 

Conclusion: 

After four years of service, the Seccam has proved 
its value as an entirely automatic transport system 
which is very adaptable and cheap. Its use should 
be considered wherever there is a transport problem. 
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LONGSON 

Mr Chairman, Ladies and Gentlemen, -^ 

Several references have been made during the 
Conference to the remote monitoring of methane 
concentration and airflow rate and the beneficial ' 
effects these can have on safety and production. 
Potentially dangerous situations which previously 
passed unnoticed are now being recognized, enabling 
in some situations corrective measures to be taken. 
How much better, Mr Olaf, as you suggested in 
your paper, that these, together with other relevant 
quantities, be embodied into an automatic ventila
tion control system? Such a system would prevent 
many of the potentially dangerous situations arising 
by taking corrective measures as soon as any dete
riorating trend was detected and in the case of a 
highly abnormal occurance e.g. a methane out
burst, the system would alarm and adjust in a 
predetermined manner. Such a system would be 
computer controlled and the controlling policy 
would be decided by the needs of a particular mine 

In the Mining Engineering Department at Nottingham 
University, England, research work has been going 
on for the past five years into the automatic control 
of mine ventilation systems. Our present model 
represents 4 interconnected working districts with 
the provision for changing methane concentration 
and resistance in each district. Regulation of air 
flow in each district is achieved by sliding door 
regulators, the motors to which are controlled by 
an error signal derived from the comparison of the 
measured airflow with a preset desired value. Should 
the methane level in a district rise above a pre
selected value this is arranged to increase the desired 
value of the airflow for that district automatically. 
This means that all the districts maintain methane 
concentration below a pre-selected maximum value 
and the airflow round each district is maintained 
within a specified tolerance band about the pre
selected desired value. Then the system is com
pletely self regulating to any changes subject to 
the ability of the fan to satisfy the demand. 

Alongside this physical model, a digital computer 
simulation of the physical model is being carried 
out and there is good agreement between the response 
of physical and mathematical models to similar 
stimuli. The continued development of the computer 
simulation is most important as it allows the testing 
of a variety of control systems and policies without 
physical construction. This facility will also be 
extremely useful in the transition from the laboratory 
model to the full scale prototype. 

The principal reason in carrying out this work on a 
laboratory model was to investigate the general 
stability of the system and to gain a better under
standing of the transients involved. Thus the 
stability of an integrated system has been thoroughly 
investigated. 

In conclusion, it was interesting to note that in 
Mr Snowdon's delivered summary of his paper he 
said that ventilation control is one of the next 
quantities he would like to introduce into the very 
impressive Longannet system and so it is hoped 
that it won't be too long now before a practical 
installation may be used underground. 

W E E K E S 

Gentlemen, 

After such a masterly review of the entire proceedings 
in which he identified the important issues of this 
conference and pointed to the way towards the 
future, it would be presumptuous for me to comment 
on what Mr Brand has said. But I am sure you 
would want me to thank him on your behalf most 
sincerely for filling the breach so ably and at such 
very short notice. I will be one who will look for
ward to reading the transcript of what he has just 
told us. It only remains for me therefore to thank 
once again all those who contributed to the session 
and to you for being the most patient and helpful 
audience in what is nearly four hours of session. 
Finally, if I may, I would like to invite Dr Reichert 
to have the last word to-day. 
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CLOSING ADDRESS 

W. BRAND 
Steinkohlenbergbauverein, Essen 

Mr Chairman, Ladies and Gentlemen, 

To begin my summing up, which I am presenting 
on behalf of Mr Lenhartz who has unfortunately 
been called away suddenly, I should like to recall 
some personal experiences from 10 years ago. 

At the time we had made considerable progress in 
mechanization at the colliery of which I was in 
charge. In almost all the faces, plough winning 
had been fully automated and the first powered 
supports had been introduced. The face haulage 
system had been fully converted to belt, i.e. 
continuous haulage. Success was not slow to 
follow, and with a rapid increase in performance 
underground it levelled out at 3 t/team shift. 
We then decided to continue this rationalization 
process by other means, particularly in the areas 
away from the face, and we began to automate. 
In order to dispense with personnel at the belt 
delivery points, we installed a belt sequence control 
mechanism in a long-ish belt with a number of 
delivery points. After a reasonable trial period we 
discovered that although the automation was 
technically perfect, the personnel—and this was 
the great surprise—was still there and not dispensed 
with at all. What had gone wrong? 

The explanation was soon found: inadequate super
vision of the belt and faulty design of the delivery 
points led to long breaks in the automatic movement 
of the belt, especially as a result of spillage from 
the delivery chute. The interruptions to the face 
conveyor were serious enough to justify the posting 
of a man at the fully automated delivery point to 
free blockages right away. 

So much for my little reminiscience from 1962. Why 
do I choose to start with this ? 

Well, on the one hand I wanted to remind you that 
technical progress in mining—as in everything— 
proceeds in stages. The past decade can certainly 
be regarded as the mechanization stage, and I 

believe we are now in a late stage of extremely 
constructive technical concepts which are highly 
geared to productivity but also very sophisticated 
and refined. 

For some time now this mechanization phase has 
seen superimposed on to it a new phase of automation 
which (let us make no mistake) is only just beginning 
even though, as we saw in yesterday's and today's 
discussions, it is progressing enormously fast and 
has already produced* impressive and satisfactory 
partial results. 

But when I took us back to my experiences with 
my first belt sequence controls, I had another 
purpose in mind. I wished to remind us that 
automation cannot succeed until there is complete 
control of mechanization. These, as Mr Maurin 
made clear yesterday, are basic preconditions, I 
should also like to say—and this is important 
—that mechanization must be suited to automation, 
i.e. it must take account of the requirements set by 
automation. Take my defective belt delivery point 
again. Here there was important interaction be
tween engineering design and the equipment for 
automation and telemetry and remote control. 
In practice a detailed analysis should have been 
made of the work sequence, to check whether proper 
account had been taken of these interrelating 
factors. 

One last point to emerge from my illustration: 
expenditure on automation is only justified if it 
leads to improved operating sequences, increased 
safety and reduced coal production costs. Automa
tion at any price is not worthwhile. 

But since the period I was talking about we are 
not only 10 years older, but fortunately—10 years 
wiser. We have seen this above all from the present 
meeting, now drawing to a close. 

To summarize its achievements, I would say quite 
simply that automation, for many years a remote 
ideal, has now assumed some tangible forms. 
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In the past two days we have heard and seen which 
coalmining procedures underground might possibly 
be automated, and how these undertakings can„ 
be solved. Thanks to solid financial support from 
international and national bodies, as we have heard, 
tenacity and stamina in research and development. 
have already produced considerable results. 

From these reports three points of major importance, 
all centres of research interest in all the Community 
countries, have emerged. 

1. Reliable communications are the basis of success
ful operations. Fast and smooth transmission 
of information, either by the human voice or by 
signals, is essential to systematic operations and 
to automation as well, in the obscurity of working 
areas underground. Therefore it was only logical 
that the subject of radio-phones and remote 
control should have been the first item for 
discussion at our meeting. 

Work on radio-phones and radio remote control 
below ground in coal-mines began as early as the 
beginning of the 1950s. First studies and 
measurements for the possible use of wave 
propagation and radio-phones go back to this 
time. It was soon apparent that conventional 
devices of the type then in use below ground, 
with free wave propagation, could only be used 
in the shaft and its immediate vicinity. The 
first radio systems specially developed for the 
coalmining industry were thus inductive systems. 
They were used in the first place for communica
tion between the main haulage man and train 
drivers. It took a lot of research before systems 
which were safe and not easily disrupted were 
perfected. 

Our conference papers and the lively discussion 
of yesterday afternoon demonstrate that the 
principle of waveguides can now be used with 
satisfactory results for radio communication in 
areas other than locomotive haulage when longer 
distances have to be covered. There are two 
development trends here which, in the first 
instance, established themselves at the same 
time and quite independently in the various 
countries—Belgium, Germany, France and Great-
Britain. One was concerned with the develop
ment of suitable devices which would ensure 
reliable communications using simple and usual 
waveguides even under the difficult conditions 
existing underground. This research has now 
borne fruit in Germany and France, and after 

years of work we finally have devices suitable 
for use. 

The second development trend used normal 
commercial radio sets, perfecting new types 
and systems of cables suited to the difficult 
conditions below ground. Pioneer work in this 
field has brought particular success in Belgium 
and Great Britain. 

We can look back, then, to successful research 
in radio communications which, over a 20 year 
period, has enabled us to improve communica
tions underground and thus ease working condi
tions. 

If it was originally the desire for swift and trouble-
free communication, particularly in the face area, 
which prompted work on radio communications 
underground, recent years have also seen the 
emergence of a desire for the remote control 
of machinery by wireless. Our meeting heard 
reports on a number of successful developments 
in the remote control of shearers and 'coolie 
cars'. 

2. Let us now turn to another area of automation 
endeavour, dealt with in the middle of our 
agenda, i.e. automation and remote control at 
the face. 

First a look back into the past. In 1959 the 
first attempt at automation of face advance was 
made in Germany. Solution of the task by 
means of the audio-frequency multiplex technique 
proved promising. But these experiments were 
not subsequently repeated, as technical progress 
at the time was not yet able to guarantee trouble-
free operation of these control elements. Only 
recently have audio-frequency components, which 

m have in the meantime been made operationally 
safe, again been used for control operations. 

I am sure you all remember the interest aroused 
by the first successful large-scale experiment at 
the NCB's Newstead and Ormonde collieries 
three years later. Mr Reichert recalled this 
memorable date in his excellent welcoming 
address. Here, as far as remote control was 
concerned, automatic operation, with winning 
machines, conveyors and advance working to
gether, had been successfully tried out. The 
subsequent further development and modifica
tion of these systems rapidly spread far beyond 
Great Britain. Without exaggeration it may be 
said that these British experiments represented 
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a first milestone on the road towards automation 
and remote control. The European Coal and 
Steel Community can take the credit for having 
directed Community research towards the end 
of making the NCB's findings of value to the 
Community also. 

First of all an automated system using drum 
shearer loaders was tried in the Lorraine area 
of the Charbonnages de France and the Friedrich 
Heinrich colliery in Germany. As early as 1965, 
the trials in the Friedrich Heinrich colliery 
proved successful. But it became apparent that 
there were still insufficiencies in the design of 
drum shearer loaders, which would have to be 
remedied if automation was to make progress. 

They were the same problems as those outlined 
this morning in detail by Mr Bennett, i.e. the 
problems of ascertaining exactly where coal and 
dead rock meet and of adjusting the drum 
shearer to the vertical position and the machine 
body itself to the requisite tilt. These very 
extensive theoretical and experimental efforts 
to create a closed loop will presumably also solve 
these problems when the new machines envisaged 
in England are introduced. 

Mr Schweitzer's report described the possible 
advantages in terms of work simplification, dust 
exposure and so on. I am sure that the 'visual 
remote control' system currently employed will 
in many cases be replaced in future by an 
automated system which is both efficient and 
economically advantageous. 

Whilst I have a certain amount of hope for the 
automated drum shearer loader, I cannot be as 
categorical about work on coal ploughs. Ex
haustive research, the early results of which we 
heard about this morning, is bringing us slowly 
nearer to automatic plough control. Mr Lürig's 
experiments have made clear to us the various 
winning and loading methods and their adapt
ability. Even more so than with the drum 
shearer, the interaction of winning machine and 
conveyor is extremely close. Here too, successful 
experiments with adjustable-height blade systems 
offer a hint as to what future partly automated 
systems will be like. These will also supplement 
the French findings on the integrated automation 
of coal plough, conveyor and advance about 
which we have been hearing. 

I cannot, in this summary, mention all the topics 
covered, but I should like to say a few words in 
connection with what Mr Schmidt has told us. 

Pneumatic logic components are already being 
tried out in many places. Even so, this technical 
process is far from perfect. There is still violent 
disagreement as to the right pneumatic principle 
to follow. In view of this, one can only welcome 
Mr Schmidt's efforts to conduct systematic 
research in this area of technology, which is not 
as yet used in mining, and to adapt it to our 
needs. Although this work is still in its initial 
stages, it opens up new points of view which 
makes it necessary for us to examine critically 
and even discard old and perhaps outmoded 
ideas. 

Let me move on after saying that, both practically 
and theoretically, partial successes have already 
been systematically achieved, many of which 
can already be applied in face automation and 
which—preferably in the near future—can be 
made part of a larger whole. 

3. The third group of operations we were concerned 
with included all. other mining tasks below 
ground in working areas downstream from the 
face. Here the problem of haulage emerged 
spontaneously as the principal point of interest. 
There are two reasons for this. 

The first is technical. The further away we 
move from the actual getting of the coal, the 
further we move from the problems peculiar to 
mining which machines and apparatuses have 
to solve. 

So it is not surprising that many tasks can be 
easily performed by non-specialized equipment 
and techniques which are perfectly familiar above 
ground. Thanks to collaboration between mining 
companies and industry it has long been possible 
to deal with a wide range of automation tasks 
in connection with shaft loading, water drainage, 
conveyors, and so on. 

This is not the case with roadway haulage which 
for a long time was largely neglected. In 
organizing mining operations (and this is the 
second reason) the second most important 
problem after the winning of the coal is rational 
conveyance of it and the transportation of 
technical equipment. Efforts at successful auto
mation here are relatively recent. All the more 
impressive, then, are the results so far announced. 
Because of the many problems which arise here 
simultaneously, the importance of joint ex
periments becomes particularly clear. I mean 
not so much financing by the European 
Community as cooperation by a large number of 
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specialists, miners and engineers, electricians 
and communications technicians who have come 
together, transcending national frontiers. 

This afternoon's papers have introduced us to 
three different systems, each of which may be 
seen as a prototype in itself. The work they 
involve will be primarily aimed at progress 
towards the production stage but also, and this 
is no less important, at fixing criteria whereby 
we can decide which of the proposed systems is 
best suited to individual sections of mining 
operations. 

There has already been much debate on the 
relative merits of locomotive and continuous 
haulage. Today's papers have shown that both 
systems can be automated. The economic suc
cesses of the fully automatic locomotive haulage 
link road in the General Blumenthal Colliery are 
very encouraging. Even so, Mr Zimmermann's 
comments have shown quite clearly that there are 
a number of restricting factors. But continuous 
haulage too has its limitations, imposed by the 
nature of operations underground, and the 
system operating in the Longannet colliery is 
certainly a special case. Our conclusion will thus 
be in essence that each of the two haulage 
systems requires special mining conditions to be 
fulfilled. Both can be automated. But the 
degree of automation will depend in every case 
on the function to be performed and on economic 
viability. 

Similar problems arise over the pan-train system 
described by Mr Fournel. The method itself 
is an interesting compromise between continuous 
haulage and fast railway track haulage, but the 
experience gained in the Gardanne colliery is 
not yet really adequate to enable a final judgment 

I believe that here in particular we can make 
rapid and economically significant progress using 
automation, telemetry and remote control. These 
operations, furthermore, employ mostly older and 
less versatile personnel, whose work we are espe
cially anxious to make easier and simpler. It is 
consequently my belief that our joint research and 
development work should give particular emphasis 
to this question. 

Mention has been made several times of the economic 
advantage of automation. Certainly, economic 
competitiveness is the cornerstone of all our efforts. 
But I should also mention another aspect, referred 
to by Mr Proust as a 'golden rule': 

'Automation' ought in every case to mean 'simplifica
tion' as well. Simplification of our technical 
systems should be constantly at the forefront of all 
our endeavours. Tf automation of a mine means 
less physical effort, the easing of difficult jobs, and 
the elimination of sources of error, then the miner's 
work has indeed been simplified. So far, so good. 
But if, on the other hand, we create additional work 
and difficulties by having more monitoring devices, 
greater lengths of cable and more complicated 
control systems, the success of our improvements 
becomes questionable. Without a doubt, the demand 
for better training and higher qualifications in each 
employee is a general objective of our time. But it 
is equally without doubt that there are certain 
limits to this objective. I would ask all those 
engaged on development work for the automation 
of mining operations not to make new equipment 
unnecessarily complicated. Please remember that 
our mines employ not only well qualified engineering 
graduates, but for the most part able miners and 
workers who should not be overburdened by exces
sively complicated equipment. 
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be apparent today, but there is no doubt that we 
are still very far from our objective and that there 
is still much detailed work to be done. 

I began by saying that the current phase of 
mechanization has quite definitely had superimposed 
on it a phase of automation which is making rapid 
strides. In these circumstances I think we should 
pay particular attention to three things: 

(i) all findings which, at this stage can of course 
only be partial results in the overall process 
of automating mining operations, should be made 
known immediately, so that engineers in the 
mines can make use of them. This meeting 
has made a start in this direction which, it is 
hoped, will continue in future—and with more 
of an eye towards practical application. It is 
up to collieries or other bodies developing new 
automation procedures to say clearly in which 
areas and under which restrictions—to be 
described—these models are of practical use; 

(ii) we should press on with our research and 
development, even if our requirements in terms 
of machinery and operating equipment still have 
to be met in some instances. The great time 
pressure to which our research is subjected 
means that the two must proceed in parallel if 

we are to succeed quickly. The 'practitioners' 
among us should therefore exercise forbearance 
towards the researchers, if they appear some
times to be pushing rather far into the future 
with their ideas. But remember: today's idea 
is tomorrow's technical possibility and the day 
after tomorrow's reality; 

(iii) in conclusion I should like to say once again 
that we can only embark on this work together. 
This meeting has demonstrated the value of 
cooperation extending beyond national frontiers. 
We ought to pursue this cooperation, and I 
consider the net result of our information session 
to be the clear emergence of the urgent necessity 
to continue our work. Consequently I hope that 
the Commission of the European Communities, 
which has promoted our automation efforts to 
date, will also be able to support our joint 
efforts in future, so that we can get a good bit 
closer to the attainment of our primary objective 
of improved profitability and safety in coal 
production. 

I therefore wish all those, engineers and scientists, 
in the collieries themselves and the research insti
tutions, who have dedicated themselves to the goal 
of automation in mining, good luck and every 
success. 
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CLOSING ADDRESS 

K. REICHERT 

Ladies and Gentlemen, 

It is expected of a closing address that it should be 
short. I will see that it is, so much the more that 
I as a non-mining man cannot presume to assess 
the facts and opinions presented during these 
two days. 

This has, in fact, already been done by Herr Brand, 
whom I would like to thank once more for his 
summing-up and look into the future. He has 
brought us to the end of the train of thought which 
Monsieur Maurin showed us at the beginning of the 
conference. 

After so many- interesting papers and discussion 
which has frequently been lively, it only remains 
for me as the spokesman for the Commission to 
discharge the pleasant duty of thanking all those 
who have contributed to the success of this specialist 
conference. In the first place, the chairmen of the 
technical sessions, who have brought their experience 
and skill to bear by simultaneously using 'remote 
and close control'; then I must mention all the 
authors, who must have had considerable difficulty 
in dealing faithfully with the theme assigned to 
them in the short time made available to them; 
finally all the discussion contributors, whom I must 
praise for their alertness and for the precision of their 
questions. 

I am sure you will agree with me if I also express 
our thanks to those who have not been in the 
spotlight. Above all, I thank all our interpreters, 
whose capacities and experience were particularly 
taxed in dealing with so specialized a subject. Then 
naturally must come all those cheerful workers from 
the conference department and the Directorate-
General 'Propagation of Knowledge' whose work 
behind the scenes has ensured the smooth course 
of the conference itself and of the associated 
programme. 

I here make a request of you, namely to tell us 
quite frankly whether you think that the programme, 
the way in which it was carried out and the general 

organization could be still further improved. This 
makes it easier to organize future conferences of this 
kind. 

Ladies and Gentlemen, 

It is wrong to either overestimate or underestimate 
the value of a technical information conference. 
The Commission, in particular the Coal Division 
of the Energy Directorate-General which is respon
sible for coal research sees the value of an occasion 
of this kind in the direct presentation of the results 
from research projects financed by Community 
funds coupled at the same time with the improvement 
of collaboration between the specialists at present 
working on research and development; this is a task 
laid upon us by the ECSC Treaty. 

In addition to this, specialist conferences of this 
kind offer an opportunity for direct contact and 
discussion between the specialists and the practical 
mining men across national frontiers. This was the 
intention of the three round-table discussions to be 
held tomorrow morning. 

In general terms, it is true in this restricted field as 
in others that Europe has need of its institutions, 
but that Europe will not come into being if the 
people from the different member nations fail to 
draw nearer to each other. This is precisely true 
of the coalmining industry of Europe. Perhaps its 
future does not appear particularly rosy, but it 
will have a future if the people working in it together 
make the efforts required to stimulate the politicians 
to do their part and to come to clear decisions. 

I now declare this information conference on 
'Automation in Coalmining' closed. To those who 
are obliged to leave Luxembourg today I wish a 
safe homecoming. I wish every success to the 
round-table discussions to be held tomorrow. 

Glückauf! 
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ROUND TABLE No 1 

'RADIO COMMUNICATIONS IN THE MINES' 

Discussion Leader: R. LIEGEOIS, I N I E X 
Secretaries: I. STEUDEL, StBV 

: L. DERYCK, INIEX 

The mines inspectorates, owners, manufacturers and 
research workers had the opportunity at this Round 
Table Discussion not only to obtain technical in
formation but also to discuss two main concerns. 
They agreed on the need to use radio communications 
to increase mine safety, and considered that the 
necessary close collaboration could be achieved by 
setting up an international committee to establish 
common standpoints. The main aim was to have 
specific frequencies reserved for this purpose and 
to standardize approved conditions for equipment 
to be used below ground. 

1 — Introduction of an 'Arbeitsschutzfunk' 
system below ground 

The advantages and disadvantages of the system 
were discussed. One particular point made was 
that low-cost, and consequently manufacture of 
over-simplified transmitters — such as those devel
oped in the Czechoslovakian mining industry for 
tracing trapped miners — resulted in large-band 
width, receivers which were sensitive to interference. 
Moreover, the additional load on the lamp battery 
required to supply individual portable radio receivers 
or other devices should not be underestimated. 

If the detection transmitters were designed in a 
more elaborate way, it should be possible to use 
them for other tasks such as automatic and individual 
inspection of miners entering the lamp room. 
It was not yet possible to estimate ways in which 
the Schutzfunk might break down as a result of 
electrical equipment in operation, or the effects it 
itself might have on the control devices. 

The 'Arbeitsschutzfunk' provides the miner with a radio 
transmitter incorporated in his cap-lamp. A tuned 
receiver which picks up the signal sent out by the cap-
lamp and trips the circuit if the miner is in danger is 
provided at places where safety demands this. 

2 — Risks of interference between networks 
and from outside sources 

The safety problem gave rise to much discussion. 
Some speakers stressed the fact that unless care 
was taken general use of a system of remote control 
by radio could create new hazards, but if used 
judiciously could increase safety in the mine. 

It was essential to avoid any interference between 
the various oral-communication and radio-control 
networks below ground. In the case of radio 
control, it was essential from a safety point of view 
for a transmitted instruction to reach the right 
machine; in addition, it should not be possible for 
the level of local interference to cause an unwanted 
break in the circuit, or to prevent an instruction 
from reaching its destination. The problem would 
be increassingly complicated as the amount of in
formation sent to the workings increased. 

Despite work carried out in technical institutes, 
no overall picture of the level and spectrum of 
interference frequencies below ground had yet been 
gained. One or two personal experiences were 
mentioned, such as that of an erroneous contact to 
a connector, which caused the interference level at 
2 MHz to increase from 5uV to 20 uV. 

The fact was that suitable, approved measuring 
devices and sufficiently qualified staff were often 
not available at the mine to study parasitic inter
ference. 

These problems necessitated strict planning of the 
frequencies used, as well as close cooperation with 
technical experts in the energy field. The following 
steps could, however, be taken: 

(a) High-voltage equipment and machinery should 
be fitted with suppressants as far as possible 
(e.g. capacitors for lighting). 
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(b) Narrow-band receivers providing good protection 
against interference frequencies should be made 
available wherever possible. 

(c) Low-frequencies should be avoided for instruc
tions as they were particularly sensitive to 
disturbance from electrical equipment. 

(d) Equipment should be shielded with metallic 
casing. 

(e) Wave-carrying cables should be insulated and 
placed at sufficient distances from electrical lines. 

(f) A standard for the frequencies to be used should 
be established before it was imposed by autho
rities outside the mining industry. 

It was safer and more efficient to use correct tele-
transmission procedure in a radio communications 
network. The simplest version of this could involve 
identifying the speakers and collating the messages 
received. Experience had shown that miners learned 
how to use such a procedure quite quickly. 

High-redundancy check coding would prevent in
advertent activation of the remote control, Locking 
after circuit-breaking would ensure completed safety 
as resetting could-then only be done manually. 
The safety aspect of this problem was important. 
The generally high attenuation level for electro
magnetic waves below ground was not always suf
ficient to prevent interference between remote-
control networks. An accident in Lorraine ten 
years ago was mentioned. Unusual electro-magnetic 
wave propagation caused a verbal instruction to 
reach workings for which it was not intended. The 
result was that another machine was accidently 
brought into operation. 

While coded remote control should be used, this 
did not eliminate the need to install additional 
safety devices so that machines could be stopped 
by anyone in the area at the time. 
The problem of interference should not be over
estimated. Satisfactory solutions to the problem 
above ground had been found. 
Finally, manufacturers would be asked to inform 
users and research institutes of their own plans to 
improve safety in radio communication and control 
networks. 

3 — Allocation of frequencies for the coal 
industry 

It was decided that the appropriate supra-national 
authorities should not be asked to allocate special 

frequencies for the coal industry until the experts 
had agreed on the frequencies to use. 

·**· Experience had proved that the sub-soil of the mine 
was sufficiently absorbant for electro-magnetic 
waves. The mining industry should therefore be 

' able to find the best frequencies to meet its 
requirements among those where no radiation 
between the underground workings and the surface 
was possible. 

Considerable freedom in the choice of frequencies 
had, for example, been given in the German Federal 
Republic, where it was also no longer necessary to 
pay the fee or to declare the radio sets used. 

If an international committee were set up, it would 
be possible to arrive at an international agreement 
on the frequencies to be reserved for the mining 
industry after the experts had given their opinions. 

4 — Radio communication with trapped 
miners 

It had been found that electro-magnetic waves 
could be propagated over short distances along 
buried piping or cables. 

Although it would not be possible to achieve radio 
links through rock over distances of more than a few 
metres using only portable transmitters (10 to 15 
metres in the case of the Czechoslovakian individual 
sets), a low frequency inductive system could achieve 
effective propagation of up to 100 to 400 metres. 
This system was, however, based on the assumption 
that some conductors survived the rockfall. It 
would be advisable to use armoured cables where 
there was a particularly high risk of rockfall. 

5 —- Propagation of electro-magnetic waves 
in roadways containing conductors 

Large distances could only be covered using induc
tion radio installations or by directing the electro
magnetic waves along the transmission lines. 

Research had to-day produced radio wave trans
mission systems which could be used with commer
cially available radio sets. At 36 MHz, for example, 
it was possible to transmit information over a 
distance of 2 km between two mobile sets, and 
over a distance of 4 km between one fixed set and 
one mobile set. These ranges could be doubled 
using a lower frequency. 
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The attentuation of the waves inside the coaxial 
cable used depended on the frequency and on the 
quality of the cable. It varied between 7 and 30 
dB/km; the value of 7 dB/km was achieved with a 
frequency of 7 MHz and a'high-quality cable. 

The degree of attenuation was not related to the 
position of the cable and was always lower than that 
of the single-wire type of wave, propagated between 
the external conductor and the wall of the roadway. 
The attenuation of this wave depended on the posi
tion of the cable and could reach 100 dB/100 m 
when the cable was against the wall. It was about 
10 dB/100 m at 30 MHz when the cable was 50 cm 
from the wall. 

In one system, power was propagated within the 
cable, and a pre-set percentage could be periodually 
released from the cable at appropriate points, esta
blishing the link between the wave propagated in 
the cable and the transmitters and receivers placed 
in the roadway. A similar principle could be used 
for any line with two conductors such as, for example, 
a symmetrical twin-wire line. In a loose-sheath 
coaxial cable and in a twin-wire line dependent on 
natural mode conversions, the mode conversion 
process was continuous. 

At present, different communications systems were 
used for the face, the roadway, and the shaft. An 
integrated system was now being suggested which 
would permit radio transmission, signalling and 
control through a single coaxial cable for the whole 
mine. Although this was certainly technically 
feasible, the risk of interruption to the whole flow 
of information owing to damage to the single cable 
must not be forgotten. 

The use of fine-resistant insulating 
materials 

The insulator for the transmission lines was made 
of polyethylene. While this synthetic material 
had low dielectric loss properties it was highly in
flammable. The transmission lines could thus act 
as a wick and propagate fire. 

It was, however, now possible to manufacture fire-
resistant polyethlylenes. Conclusive experiments 
had been carried out in England with a symmetrical 
twin-wire line whose dieletric was composed of this 
fire-resistant polythylene and a coaxial cable coated 
with non-flammable PVC. 

7 — Proposed International Committee for 
radio communication in the mine 

The headquarters and secretariat of this Committee 
whould be the INIEX buildings in Liège. 

Its terms of reference would be as follows: 

(a) to collect all information on new developments 
in the field of radio communications in the mining 
industry; 

(b) to pass on all the information required to the 
people concerned — collieries, mines inspecto
rates, manufacturers, research institutes; 

(c) to coordinate research and development in the 
field of radio communications in the mining 
industry in Europe; 

(d) to maintain contact with manufacturers in order 
to promote discussion at a European level and 
to coordinate manufacturing programmes, (this 
would prevent a# situation whereby the same 
problem was tackled simultaneously by different 
firms, which would then suffer owing to the 
consequent restriction of the market, while other 
problems received no attention at all); 

(e) to promote cooperation so that the frequencies 
could be chosen jointly and a common stand
point could be presented to the authorities 
allocating these frequencies. This could lead 
to the allocation of special frequency bands for 
the mining industries, which would be the same 
everywhere not only in the Community but also 
in the rest of the world. 

The proposal was warmly welcomed by the repre
sentatives of the mining industry, mine inspectorates, 
industry and the research institutes. 

The representative of the European Communities 
undertook to support the proposal within the Com
mission and to try to organize another meeting of 
experts as soon as possible. 

Present : x 

Mines Inspectorates: 

United Kingdom: Mr Luxmore 

Owners: 

Belgium: Messrs Cool, Le Roy 

For addresses see page 223. 
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ROUND TABLE No 2 

'AUTOMATION ON REMOTE CONTROL AT THE FACE' 

Discussion Leader: R. SCHWEITZER, CdF 
Secretaries: R. ADAM, CdF 

H. IRRESBERGER, StBV 

The round table discussion was on the following 
problems: 

— Automation of coal winning with the plough 
— Automation of coal winning with the drum 

shearer 
— Automation of roof support. 

Apart from matters of technical detail which are 
not reported here the discussion covered mining and 
technical problems arising from automation and 
remote control of work at the face, and the advan
tages and disadvantages of the various possible 
solutions. This report is an attempt to give an 
overall summary of a large number of opinions. 

Automation of the ploughing process 

To automate ploughing a constant flow of informa
tion is necessary on the position of the plough, i.e. 
the distance of the plough from the drive heads, 
the advance made at several points in the winning 
process in- the direction of the face and the height 
at which the plough is cutting. 

Research work, assisted by the European Coal and 
Steel Community, has enabled the right conditions 
for automating ploughing to be created. Techniques 
for controlling ploughing are now available which 
make it possible to indicate the distance between 
the plough and the edges of the face at all times. 
Measuring apparatus has also been installed which 
shows the advance made at various points in the 
work area. These measurements can also be used 
to hold the machine automatically in alignment 
with the face. Two techniques have been devised, 
viz: 

— Measuring the advance with a tape which un
winds (France) 

— Measuring the advance from measuring points 
in tandem at which the advance of the supports 
and the conveyer are measured and compared 
(Germany). 

The height at which the plough is cutting can be 
determined by measuring with a radioactive probe 
or by using the echo effect of high frequency waves. 
Both techniques are theoretically possible, but in 
practice are unlikely to prove economic. 

When the thickness of a roof coal is being measured 
by radioactive probe the time constant between 
taking the measurement and issuing the instruction 
is so great that the instruction cannot be given until 
the plough has moved some distance from the point 
of measurement. For this reason it was suggested 
during the discussion that the problem might be 
solved by storing the measurements in the memory 
of a calculator for use on the next cut. However, 
it was thought that this sort of technique would 
hardly be economic. Another possibility would 
be to position radioactive probes at intervals along 
the armoured conveyor, but here again there were 
serious doubts about the economic viability of this 
proposal. The time constant problem could be 
ignored if the cutting height was measured with 
high frequency waves, but this proposal was also 
unlikely to be economic. The problem of con
trolling the cutting height of the plough was less 
serious when the wall was fairly thick and there 
was another surface between it and the coal. 

If the position of the plough is indicated auto
matically the advance of the plough between any 
two desired fixed points can be automated, and the 
plough can be remote-controlled. The sensors 
which indicate the advance of the winning make it 
possible to control the thrust of the conveyor by 
the travelling jacks or can be used to steer these 
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jacks. A research project had been carried out in 
Germany on the plough to seek a means of controlling 
the cutting level automatically. At a future date 
it would be possible to regulate the cutters of the 
plough hydraulically, obtaining the necessary power 
from the plough chain. But until the necessary 
data could be obtained automatically only partial 
automation was possible for the cutting level control. 

Systems had been developed to produce instructions 
from the measurements. In France these are based 
on electronics, and in Germany elements of pneumatic 
systems have been used. The advantages and dis
advantages of the two systems were discussed. The 
pneumatic system is slower in operation, but is 
still fast enough for work at the face. The purity 
of the compressed air is not very critical for the 
valves in the pneumatic system and only simple 
filtration is required. The main advantages of the 
pneumatic system are its great robustness and low 
maintenance costs. The cost of a simple system 
with peripherals required for a face is basically the 
same for the electronic and the pneumatic systems. 
The electronic system only has a price advantage 
when the system is complex. 

In addition to the automation of ploughing, technical 
ploughing problems were also discussed. The ad
vantages of a curved armoured conveyor as com
pared with a straight conveyor and the maximum 
conveyor curve were discussed. It was the opinion 
of the round table that the conveyor should either 
be straight, or curved in such a way that the two 
ends remained curved back. There were automatic 
controls available for either arrangement. It was 
also pointed out that the only way of using the 
equipment conveniently was to extend the conveyor 
efficiently. 

Any attempt to automate ploughing had to com
prise a means of moving the plough, as well as 
solutions to the constructional problems concerning 
the body of the plough. In Provence, where the 
coal was easy to plough, a hydraulic system had 
been chosen to move the plough. This reduced 
chain fatigue and eliminated the shear pins. Research 
projects carried out in Germany indicated that for 
harder coal electrical power was preferable to 
hydraulic. For hard coal the plough had to be able 
to exert great tractive force to deal with hard patches. 
Since, according to the latest research done by the 
Mining Technical Testing Centre at Essen-Kray, 
the plough chain has virtually no buffling effect, 
but operates more as a rigid component, increased 
tractive resistance to the plough is immediately 

transmitted to the motor. The electric motor 
could use the inertia of its rotor to accomodate such 
heavy loads. 

Automation of coal winning using the drum 
shearer 

In order to automate coal winning using the drum 
shearer, measurements must be provided which 
locate the machine in the face and its cutting level. 
Information on the position of the conveyor is less 
important. Devices for giving the position of the 
shearer have been available for a long time and 
are already in wide use. On the other hand, there 
are difficulties in controlling the cutting level of 
the shearer. To effect this control the following 
information may be used: 

— the thickness of a layer of coal at roof level 
— the cutting resistance of a given guide groove 

(in the roof, the wall or a stone band). There 
must be sufficient difference between the hardness 
of the groove and that of the coal. 

The first technique can only be used when a layer of 
coal can remain suspended from the roof at least 
for long enough to allow the measurements to be 
taken. Many attempts to use this technique against 
the wall have failed because residual coal fines on 
the wall hampered the measurements. Some years 
ago attempts were made to measure the different 
cutting resistances using the push-button Joy miner, 
and the measurements were used to indicate whether 
the sensor pick was cutting into the hard layer. 
Experience in Great Britain had shown that the dis
advantage of this technique was that the drum had 
to cut into the wall or roof slightly if there was no 
harder guide groove in the seam itself. 

So far the only attempts to control the horizontal 
cut have been made with fixed-drum shearers. This 
is done by tilting the underframe of the machine. 
The technique of tilting the conveyor to control the 
cutting level automatically cannot be used if it is 
desired to avoid using a cable for transmitting the 
measurements to a control centre which would give 
instructions to the lifting jack. In Great Britain 
there are plans to study the control of ranging drum 
shearers. The cut of the lower drum should be 
aligned with that of the upper drum, i.e. a predeter
mined cut would be made in the seam. 

In uneven seams visual remote control of drum 
shearers is a technique of some interest, but again 
a means would have to be found of indicating the 

206 



position of the drum in relation to the wall so that 
the operator of the shearer could check the cutting 
level. Several remote control methods have been 
developed and tested underground. Experience in 
France shows that remote control gives increased 
utilization rates. 

The participants in the discussion were of the opinion 
that automatic control of the horizontal cut was of 
great economic importance for drum shearers and 
that it should continue to be studied very actively. 
It is also of interest from the viewpoint of safety, 
since it eliminates manual winning directly at the 
face. 

Automation of roof support 

As in all forms of automation, measurements are 
also necessary to automate the movement of roof 
support. These measurements are: 

— the distance from the support to the conveyor, 
— the distance from the support to the face, 
— the working height of the support, 
— the angle of inclination of the support. 

Sensors have been developed and tested for all 
these measurements, but automation of conventional 
self-advancing supports by using all these sensors 
is complicated, liable to breakdown and uneconomic. 
The measurements provided by the sensors can be 
used either in the support itself or in a control panel. 
It was the opinion of the participants at the round 
table that automation of roof support ought to be 
kept simple and as cheap as possible. This ruled 
out remote control from a control panel. The 
conventional support is by the nature of its structure 
generally complicated, and difficult to automate 
cheaply. Its construction should meet the following 
criteria: 

— the support should be designed to be moved 
automatically and closed up without manual 
intervention, even when there is a roof fall (wood 
should not be used to fill in cavities); 

— The number of hydraulic jacks should be reduced 
(supports, travelling jacks and stabilising jacks). 
The fewer the number of jacks to be automated 
the lower will be the cost of automating the roof 
support, and also of purchasing and maintenance. 

These two criteria are largely met by the shield 
support and other structures of this type, which are 
therefore suitable for automation. 

Where the roadway dips towards the face a hydraulic 
control must be supplied to stabilise the roof support. 
For this reason automation should start in flat seams 
or in rising or dipping faces. The various components 
could be assembled like a construction kit so that 
the mine authorities can choose the type of auto
mation best suited to their conditions and familiarise 
themselves gradually with automation. 

In France automation of the advance of roof sup
ports has been achieved at an increased cost of 10-20 
percent on the purchase price of the supports them
selves. Its advantage lies in the increased produc
tion resulting from automation. By automating 
movement of the support it is possible to keep all 
the conveyor travelling jacks working continuously 
thus creating optimum conditions for ploughing. 
From the safety viewpoint there is less delay in 
placing the support, the distance between the roof 
beam and the face is reduced and there is a setting 
load corresponding to the pump pressure. 

Focus of further research 

The participants at the round table felt that further 
research should be concentrated on automating 
ploughing since this is of particular importance 
throughout the Community because of the propor
tion of total tonnage extracted which it represents. 
However, the automation of shearing is also be
coming of greater interest in this connection. On 
the other hand, the British point of view is that 
priority should be given to automating control of 
the drum shearer cutting level. To deal with irre
gular seams such as occur frequently, particularly 
in France and Germany, visual remote control of 
drum shearers and the indication of cutting level 
should be developed. Automation for self-advancing 
roof supports should be concentrated on those types 
of support whose design is suitable for automation. 
When automatic support is introduced this should 
be done gradually, and the degree of automation 
should be increased up to the optimum economic 
level. 

Present : l 

Mines Inspectorates: 
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For addresses see page 203. 
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ROUND TABLE No 3 

'AUTOMATION OF PRIOR AND SUBSEQUENT OPERATIONS' 

Discussion Leader: J . OLAF, StBV 
Secretaries: W. RATZ, StBV 

N. TRETIAKOW, CdF 

The work of automating operations prior and sub
sequent to coalwinning at the face has gravitated in 
recent years more and more to automating the main 
conveying operation. Papers given at the informa
tion seminar on this subject have shown that at 
present horizontal conveying is the particular focal 
point of development work. In addition to conven
tional methods of conveying by means of track-
mounted equipment and continuous conveying 
systems, a new combined conveyor, the trolley pan 
installation, has given satisfactory service. The 
groups formed during the third Round Table discus
sions dealt accordingly with these three subjects. 

Three solutions, developed by three different coun
tries, were presented during the information seminar 
on automation away from the coalface. In Round 
Table Discussion No 3, attempts were made to 
define more clearly the advantages, the importance 
and the cost savings of the equipment. It is clear 
that each plant neets specific conditions. However, 
they appear to be interchangeable within the mining 
districts. 

The task at General Blumenthal and in Longannet 
was to automate existing plant. In Gardanne, a 
new, and even original, solution is being developed 
for which it is only possible to imagine complete 
automation. 

1. Trolley pan system at Gardanne pit 

Discussion of this system, inevitably centred not 
only on its automation, but on the actual trolley 
pan system itself, which is the most recent French 
development. As it cannot be assumed that this 
system is generally known, it is frequently necessary, 
even when discussing automation, to recapitulate 
the technical details of the trolley pan system. In 

order to emphasize the problems of automation 
alongside these often purely design-related details, 
some of the most important tasks are again sum
marized below: 

(a) Speed control 

(b) Distance between- trains 

(c) Energizing of motors 

(d) Remote control 

(e) Monitoring and switching off. 

The questions raised at the Round Table discussion 
and the replies given were as follows: 

Questions: 

1. Nature and operation (reliability) of the trans
mitters 

2. Operating reliability of the trolley pans 

3. Trolley pan construction, supply of current, 
application in workings with a firedamp risk. 

4. Influence on the means of remote control, 
breakdowns 

5. Cost factors. 

1.1. The transmitters used are all of the 'on-off' 
type with a fail-safe arrangement. For example, 
the transmitter monitoring the air gap consists of 
a wire attached to the Rilsan rollers; if the rotor comes 
too near the stator the rollers start to rotate and 
snap the wire, thus de-energizing the whole plant 
and causing a signal lamp to light up (this is a simple 
rip wire, not a wire conducting electricity). The 
stators have class H windings; they are, however, 
fitted with temperature probes set at 175 °C. 
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The linear motors are arranged in such a manner 

that they form propulsion stations. Several stations 

can be supplied with current from one switchgear·^ 

panel; these switchgear panels contain the necessary 

contactors. 

The SILIMOG Control and Instrumentation System 

of the MerlinGérin Company is used. It is fed 

48 V d.c. 

1.2. The operating reliability of the pans was ■ 

thoroughly investigated at Grenoble, where the 

MerlinGérin Company set up a pilot plant. If, for" 

example, a sheet of metal falls on to a stator, this 

sheet of metal is removed in the same way as a pan 

rotor. Nonetheless to avoid the slightest possibility 

of a sheet of metal or a wire adhering, the belt trains 

have a rock catcher in front with a device to clear 

the stator before it is energized (the stator is first 

energized when the belt train is above it: safety 

feature — no unnecessary current consumption). 

1.3. The design of the trolley pan conveyor, 

corresponding in form to a belt conveyor (one haulage 

route above the other) enables the roadway cross

section to be utilized rationally and ensures that 

manriding and conveying can take place undisturbed 

beside the trolley pan installation. The maximum 

height of the trolley pan installation depends on the 

'terminal wheels'. Here, the roadway has a height 

of 6 m. The radius of each wheel is 2 m. The 

'normal' height of the upper tower is 1 m above the 

floor. A laden trolley pan has a height of 

1.50 m. 

The trolley pan is now a fully developed unit, and 

has already been used underground for a fairly long 

period. To a large extent this is due to halfscale 

trials carried out on the surface from May 1968 until 

the end of 1969 on all the components of a 30 mlong 

test installation. Current is supplied via three 

transformers, each 630 kVA with 950 V threephase 

current for the power circuit, approximately 220 V 

for the windings of the contactors and 48 V d.c. for 

the remote control and monitoring systems, the 

graphic panel etc. 

The cables are suspended in bundles alongside the 

trolley pan installation. Current is distributed from 

each transformer through a switchgear panel, each 

cubicle monitoring an armoured roadway cable 

distributing current to several cabinets. These 

cabinets, installed every 100 m, control the stators; 

the three switchgear panels allocated to the trans

formers supply the phase reversal necessary for 

electric braking. 

Energizing depends on the presence of the train 

above the stator and the signal from the time relay 

ensuring control of the conveying procedure. This 

is necessary because there are several speed zones 

(normal speed of travel backwards and forwards 

— 7 m/s; speed at the transfer point — 2.3 m/s; 

reversing and loading — 3 m/s). If a belt train 

passes into a 2.3 m/s zone, it will be approached by 

the following belt train, and the adjustment of 

normal operation to maintain a given distance is 

not possible. On the other hand, the interval 

between two belt trains passing any one point of 

this installation is constant, and for this reason time 

control was selected. The permanent magnet at 

the front of each belt train emits an impulse as it 

slides over the telltale fitted to each propulsion 

station. This switches on the time relay, and upon 

expiry of the time lag this relay operates the 

contactor. 

The stators designed to operate the laden belt trains 

and those for the empty belt trains are identical: 

rating 35 kVA at 7 m/s, thrust 130 kP at zero speed 

and 50 kP at a nominal speed of 7 m/s and an air 

gap of 7 mm (in front of 2 mm of copper); the cos ψ 

is, depending on the speed, 0.3 to 0.5. If, for 

example, an extension of the trolley pan installation 

were provided, the belt trains could travel on the 

return side at not less than 12 m/s. The curve of 

the velocity moment is very flat at negative speeds, 

so that increased power is possible with electrical 

braking, while at positive speeds the curve is very 

straight, so that a belt train can be brought up to 

its nominal speed very quickly. The number of 

stators on the return side is lower, as the thrust 

required is less. However, this also depends on 

the operating conditions (climb, load, acceleration). 

The propelling power is thus distributed along the 

belt train; but larger stators with double the thrust 

could also be used. These could then, for example, 

be spaced 100 m apart (instead of 50 m). 

The use of trolley pan equipment in roadways where 

there is a firedamp hazard should not raise any 

problems. Although flameproof enclosures cannot 

be used for 'open' stators, nor indeed the category 

'increased safety (e)' be applied, the protection by 

insulation approved in France nevertheless seems 

quite practical. Here the roadway in which the 

trolley pan equipment is in operation is not liable 

to contain firedamp. But intakes for areas liable 

to contain firedamp connect up to this roadway. 

The equipment is monitored by CH4 remote telltales 

with trips. Tripping would only be possible if the 

flow of air were reversed, which is improbable in 
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the areas adjoining the roadway. CERCHAR has 
drawn up a report analysing: 

— thermal dangers of an electro-technical nature; 
— risks caused by arcing and sparking; 
— risks attributable to friction. 

This report takes into account: 
— the design of a stator 

. wound to class H 

. cast in a silastene compound after impregnation 
of the windings and attachment of glass-fibre 
pads around the winding heads 

. protected by a thermal-monitor cast in the 
windings, which closes the contacts and causes 
an emergency stop at a temperature of 170° C 
(re-energising at 150° C) 

. mechanically protected by rollers to maintain 
the air gap. Rotation of these rollers switches 
off the current. 

— the design of the rotor; 2 mm thick electrolytic 
copper plate stuck to the lower side of the steel 
trolley pan, and owing to the air gap acting as a 
'spark-damping' element (copper-steel) 

— the cleaning device in front of each belt-train; 
rock deflector with scraper, by means of which 
any chance presence of a rotor can be eliminated 
before energizing 

— the automatic interlocking equipment connected 
up with the rotors, viz.: 
. tell-tale to establish the presence of a belt 

train in the vicinity of a propulsion station 
permitting supply of current to a stator only 
when a belt-train is present; 

. speed controls, interrupting current to the 
stators when the velocity of the belt-train 
falls below 0.3 m/sec and operating with a 
time lag of 10 sees during start-up 

— the possibility of prescribing a recognized protec
tion type for various components (including 
terminal boxes). 

and concludes that the linear motor can be made 
safe as regards firedamp. 

1.4. A five-kilometer long INIEX-Delogne cable 
connected up to XY phone instruments was being 
tried out for radio relaying. The line was installed 
along the trolley pan system and the three belt 
conveyors located in front of it. The trials had 
just started, but the interference was not caused 
either by the trolley pan system or by the monitoring 

thyristors of the stators as it was present even when 
the trolley pans were stationary. Interference only 
caused trouble in the X and Y phone direction, but 
INIEX and CERCHAR were looking for a solution 
enabling disturbance to be eliminated even when 
transmitting over a long distance (more than 5 km)1. 

1.5. No precise statement could yet be made on 
the cost aspects of a plant of this nature because 
the system had been in operation for too short a 
time, and because prototypes had been used, with 
the corresponding costs. Experience so far gained 
will make it possible to reduce the price of individual 
components, and to eliminate some measures, e.g. 
erecting the plant on concrete blocks instead of 
simply securing it to the floor. With the help 
of available records and on the basis of operating 
conditions over several months, the cost aspects of 
the trolley pan system were compared with the most 
competitive plant, namely the three fully automated 
900 tph-capacity conveyors located in front of it. 
It is worth remembering that the trolley pan equip
ment performs tasks which cannot be carried out 
by belt conveying, as the trolley pan system can go 
round bends and thus be adapted to roadway sections 
which wind frequently. 

At prototype prices the present-day costs for a 
trolley pan plant are more favourable than installing 
a conveyor belt with a depreciation period of 15 
years, taking into consideration the capital outlay, 
wages and associated labour costs, and maintenance 
costs (which are less than for the other systems, as 
experience to date has shown). 

2. Automating locomotive operation 

Mr Zimmermann stated in his paper that fully auto
matic locomotive operation had already given satis
factory service in a passageway at the General 
Blumenthal pit. Successes achieved here can also 
be applied to other equipment if account is taken 
of the problems which occur in more complex 
situations, for example, in a haulage road. Auto
mation is particularly complicated in the station 
areas and at the tipping and loading points. Mr 
Zimmermann gave some examples of this in his 
paper. 

1 Since the meeting in Luxembourg the trials have been 
completed and the interference problem has been solved, 
thanks to the cooperation of Mr Delogne, by modifying 
the emitting devices of the coaxial cable. Transmission 
in both directions of two different sections 3.5 and 1.5 km 
Song is very good. 
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Questions: 

1. Why was the General Blumen thai /Shamrock -^ 
passageway automated? 

2. Every year new levels are driven. This gives a 
certain planning freedom. Should not belt 
conveying be mainly used for haulage by making 
the roadways straight? 

3. Is it feasible that the development conceived by . 
Mr Zimmermann — which requires space for 
making up three trains — can be used: 

(a) in existing pits or 
(b) only in new levels? 

4. How can safe and reliable coupling and un
coupling be achieved, and when is it problematical 
to couple and uncouple by hand? Have the 
coupling and uncoupling devices used been 
developed at the pit or are they commercially 
available? Does the proportion of misses, given 
at 2%, refer to automatic coupling and un
coupling of trains or of mine-cars? 

2 . 1 . The surface facilities at the General Blumenthal 
pit were obsolete. The hoisting and surface facilities 
at the Shamrock pit, which it was intended to close 
down, were to be used instead. The distance 
between the pits is 9 km. A costing comparison 
between automatic locomotive haulage and belt 
conveying showed the former to be more favourable. 

Locomotive haulage is more advantageous when 
large amounts of different materials have to be 
transported over long distances. In addition, con
tinuous conveying generally allows transportation 
in one direction only, materials, personnel and stone 
being conveyed by separate haulage locomotives. 

In the case in question there was the additional 
point that cage hoisting was used. 

Locomotive haulage was selected on purely economic 
grounds. Transport costs on the General 
Blumenthal/Shamrock run are 0.02 DM/gross run-
of-mine ton/km. This is half the cost of manually 
operated haulage. The total costs, including the 
stations, are around 0.45 DM/t net output. These 
figures are largely determined by the pit arrange
ments. There are advantages in locomotive haulage 
when the mining distinct is large, and different 
streams of material, varying in volume during the 
course of the year, flow from different directions. 

2.2. If, for example, a rail network of 1 000 mm 
gauge is laid out in a main conveying level which is 

to be newly driven, locomotives with a rating of 
400 to 500 kW and train units containing 700 to 
800 tons of run-of-mine coal are technically possible. 
Large trains of this type can haul about 870 t of 
run-of-mine coal to the shaft over an average distance 
of 6 km in an hour. One single locomotive can thus 
haul 9 000 t of usable product to the main shaft in 
a daily transportation time of 16 hours. If only 
one or two locomotives are used, however, auto
mation is not economical. In addition, most of the 
roadway network can be restricted to a single track 
and thus, despite a wider gauge, the roadway cross 
section can be kept small. When considering cost 
factors, the trolley pan system1 is also of interest, 
if it can be run horizontally, from the shaft to the 
coal face side by side, instead of the main roadway 
conveying equipment. If the trolley pan system 
can be protected from firedamp, a means of con
veying coal, stone and equipment in both directions 
continuously from shaft to coal face will be available. 

2 .3 . The make-up space for three train lengths 
(roughly 600 m) is based on the assumption that 
there is no bunker. Thus, the length of one train is 
needed for the arrival of the automatic train; at 
least half the length of a train must also be available 
for the loading point, so that the time until the 
next train is made ready can be bridged. The same 
is necessary on the full side, because space must be 
found for the whole length of a train (the loaded 
train) and the second half train length is again a 
buffer for the train changeover. 

For this reason, three train lengths are essential for 
a loading point without bunker. 

A loading point with bunker on the other hand 
needs the make-up space for only one train length. 
The figure of 600 m, mentioned above, for the make
up space should not be a deterrent as the cost of 
automation weighs not so much on the track and 
locomotives, as on the stations. The cost for auto
mating a locomotive is about DM 50 000 out of a 
total of DM 300 000. For this reason, concentration 
on a small number of operating points is very im
portant. 

It is therefore impossible to automate a cross-cut 
level with staple pits all of which have a loading 
point every 250 m. Where mine networks already 

1 With respect to the above remarks by Mr Zimmermann, 
it should be noted that the trolley pan lines can also be 
arranged side by side. Their conveying capacity can also 
be easily increased, for example by putting a fourth train 
into operation and reducing the intervals between trains. 
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exist, therefore locomotive automation is largely 
a question of layout. 
2.4. A simple answer to this question cannot be 
given, as it depends on the circumstances. For 
example, there is no point in having automatic 
coupling and uncoupling on a loop line, since here a 
point can be selected at which empty trains arrive 
and full trains leave. The train is driven manually 
in the loop area. Coupling and uncoupling can be 
done by the locomotive driver. If, in addition, an 
automatic loading point is to be provided in the loop 
line area, there is bound to be somebody near it in 
any case, since even a fully automated loading 
point cannot be operated completely without 
personnel. In this case, manual coupling and un
coupling are chosen for reasons of economy. 

With loading points along the track, and in the case 
of shuttle operation, a make-up section of one and 
a half train lengths in front of and behind the 
loading point must be expected in each case. This 
may mean up to 800 m between the arrival and 
departure points. In this case a man working in 
the loading point area cannot change the trains 
alone. One train despatcher per shift would be 
necessary. In these conditions, automation will 
save costs. 

The question of reliable coupling and uncoupling 
depends on the type of coupling. Semi- and fully-
automatic hook couplings present no problems. The 
equipment in question is extremely simple and has 
few moving parts. The coupling and uncoupling 
procedure is more complicated in the case of shackle 
couplings, but there are devices for this. The miss 
rate amount to 1.5 to 2%. This is mainly due to 
the coupling becoming stretched from being loaded, 
then becoming difficult to operate and not always 
functioning properly in conjunction with the rela
tively complicated machinery. However, appro
priate monitoring of the automatic equipment ensures 
that the departure signal is not passed to the loco
motive until coupling has been satisfactorily com
pleted. 

The coupling and uncoupling equipment used is the 
standard product marketed by GHH (Gutehoff
nungshütte). Other makes are available. 
The 2% figure for miscouplings is based on expe
rience with equipment used for uncoupling mine-
cars, but can also be applied to coupling trains. 
The loss would then be less, however, as the example 
of a plant hauling 10 000 t/day and involving ap
proximately 100 trains daily shows. The calculated 
miscoupling rate of two trains per day will be 

reduced even more as the coupling equipment 
makes two further attempts after the first failure. 
A signal is then passed to a permanently manned 
position, e.g. a loading point. After this coupling 
must be done manually. Mine-cars which travel 
in strings and as a result have no shackle couplings 
have a miscoupling rate of virtually zero. 

3. Automating belt conveyors 

Mr Snowdon's paper dealt with a computerised belt 
conveyor system in the Longannet pit. The 
problem is interesting not only Longannet, but is 
also being dealt with elsewhere. In Western 
Germany similar complicated conveying situations 
have also led to a computerized solution. In 
Great Britain, however, the situation is different, 
Here, main roadway haulage has for many years 
been carried out by continuous conveyors and 
numerous complex monitoring and control arrange
ments in time or. frequency-division multiplex 
systems are in use. 

The problem at Longannet is to feed run-of-mine 
material on to a long continuous system of belt 
conveyors from different areas (4 workings) and to 
pass the whole of the production to the power 
station without intermediate storage. 

Questions: 

1. Was a study also made at the design stage to 
establish whether control of the system without 
computer was possible, and is the computer 
designed to act as a monitoring and registering 
instrument ? 

2. Is the computer used only for this plant or is it 
also used for other commercial duties and what 
is large storage capacity used for? 

3. The question of optimization arises. The task 
of the system is to ensure removal of the coal 
at all times; this problem can, however, also be 
solved by bunkers, for which, in point of fact, 
a computer is not necessary. The computer is 
only required when there is a breakdown. In 
this case, it is necessary to know data from 300 
operational units i.e. required and actual capacity 
conveyed and conveying trend at the time of 
breakdown. 

Up to the present we have always been reluctant 
to tackle this huge task. How can this optimiza
tion be effected? 
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4. On what basis was the transmission of signals 
selected and what is the cost situation? To 
what extent do the peripheral transmitting in-·^ 
struments affect the reliability of the whole 
system ? 

3 .1 . After exhaustive study of the project, it was 
decided that the computer was necessary. The large 
number of conveyors made careful monitoring 
essential. 

With manual operation, slow data transmission is 
possible which gives satisfactory results. Control" 
is possible without the computer, but not the speed 
adjustment and other similar operations, for the d.c. 
drive motors of the conveyors which remove coal 
from the bunkers, and for regulating the cable-belt. 

Quality control is established via a volume control 
system. 

3.2. The computer is used exclusively for the control 
system. A bunker simulation has been fed into the 
core storage of 12 K words. The characteristics of 
the different kinds of coal are noted in front of the 
bunker, stored and followed through the bunker. 
For this purpose, 1.5 K words of the storage are 
needed. In addition, a conveyor belt simulation is 
fed in, which is an image of the cable belt equipment 
in digital form. A large part of the storage is used 
for controlling the conveyors i.e. for switching them 
off one after the other. 

3 .3 . So far, the amount of coal conveyed has never 
utilized the full capacity of the system. The 
problem of optimization was not likely to arise. 
The largest possible belts had been asked for. 
However, after two years of operation the warning 
lights have not yet come on. 

Siemens AG were convinced that it would be best 
to have the computer operate on line because only 
then is it possible to react quickly enough to con
veyors, for example. The capacity of the main 
belt conveyor can only be properly exploited when 
the loads on the feeding belts from the coal faces 
can be controlled sufficiently quickly. 

With regard to the question of tracking the material 
on the belts, time is not the appropriate criterion. 
Instead, the belts are divided up into sections in 
such a manner that the sections in question can be 
tracked at any time. Thus there is proper observa
tion of the flow of material. This is not only im
portant for optimization, but also because the types 
of coal differ. The computer cannot be expected 
to ensure that coal is conveyed when conveyor or 

dressing plant are not operating. It is the task of 
the computer to optimize removal of the material 
when all the equipment is in order. It should be 
designed for normal operation. The question of 
how much a computer costs and how much conveying 
equipment designed for maximum amounts (in
cluding the mine space) costs, must be clarified. 

3.4. The requirement to control, for example, 500 
starting processes (moving), pumps, auxiliary fans, 
main blowers etc. calls for a large number of trans
missions. In addition, there are instrument panels 
(monitors) for checking the equipment, in the sim
plest case 10 per item of equipment. Five thousand 
items of information have to be transmitted. A 
frequency-division multiplex system in connection 
with a direct wire system was therefore selected. 

4. During the discussion questions were repeatedly 
raised concerning 'intrinsic safety'. In particular, 
the various systems in the different countries re
peatedly led to difficulties and discrepancies in 
approval of equipment. This question, especially 
with regard to drawing up uniform guideline and a 
uniform testing procedure, is at present being dis
cussed by the appropriate circles of CENELCOM 
and IEC. At the Round Table the suggestion was 
made that the British experts should also take part 
in these discussions. 

5. Prospects 

The papers given at the information seminar and the 
Round Table discussions have shown the common 
interest of all the participation mining countries 
in optimizing main conveying systems. Even if 
the selection of a suitable conveying system cannot 
be the task of automation experts, they must at 
least provide the starting point. Clarifying the 
technical possibilities and conditions for automation 
and estimating costs are a part of this. It is only 
possible for the planner to choose the best route 
when he knows all these parameters. The discussion 
showed that the experts from the different countries 
had similar ideas and that projects being carried out 
at present complemented each other excellently. 

Apart from the operating and mining conditions 
influencing the choice of one of the three processes, 
another factor, that of safety, must not be neglected. 
Trolley-wire operation can be made safe against 
accidental contact and the risk of fire (if, for example, 
a sheathed wire is used) but in an atmosphere con
taining firedamp full safety can never be achieved. 
Conveyors belts, even when they are what is known 
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as non-flammable belts, represent a fire hazard. 
The trolley pan system combines the advantages of 
car haulage with that of a belt conveyor, without 
their disadvantages. However, it is not yet pos
sible to use this system in mines where there is a 
risk of firedamp, as this equipment has not yet 
been approved. 

The results of the meeting can be summarised as 
indicating that work in the three main fields of 
automating haulage should be continued on a 
joint basis. This means continued close agreement 
between the experts in the individual countries, 
with systematic concentration of effort. Regular 
exchange of ideas is advisable. It is to be hoped 
that the prototypes at present in operation will 
soon be so reliable and safe that their use can be 
recommended to all mines in the enlarged Com
munity. 

Owners: 

Belgium: 

France: 

Germany: 

Messrs Cool, Eraly, Le Roy, 
Verhees 
Messrs Bernard, Carle, Dupuit, 
Fournel, Londchal, Maes, 
Silvert 
Messrs Bennerscheidt, Hamann, 
Kugel, Pfannenstiel, Rauch, 
Schlichte, Zimmermann, 

United Kingdom: Mr Snowdon 

Research Institutes: 

Belgium: 
Germany: 
France: 
Hungary: 
United Kingdom: 

Mr De Crombrugghe 
Mr Koop 
Mr Gagnière 
Messrs Csabay, Halmos 
Mr Longson 

Present : 1 

Mines Inspectorates: 

United Kingdom: Mr Luxmore 

Equipment manufacturers: 

Germany: 

United Kingdom: 

Messrs Berkenbusch, Curbach, 
Dörfler, Ruchatz 
Mr Lawson 

1 For addresses see page 203. 
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CONCLUSIONS ON THE WORK OF GROUP 3 

DR OLAF 

The conclusions emerging from the papers and round 
table discussions on the work of Group 3 'Automation 
of back-type operations' reveals that all the mining 
countries concerned have a common interest in 
perfecting roadway haulage. Even though the 
question of choosing a suitable haulage system 
cannot be a matter for the automation experts, 
nevertheless they must provide the basic material 
for such a choice. This includes technical capacities 
and requirements for automation and an estimate of 
costs. Only when these quantities are known can 
the planner determine the best procedure to follow. 
The experts of the various countries have similar 
ideas on this, so that the different items of work 
currently being carried out complement each other 
ideally. 

Three solutions, advanced by three different coun
tries, were proposed and their respective advantages 
and the profitability of the systems were defined 
more closely. It can be stablished that each system 
is designed according to specific conditions, but it 
appears that the systems are interchangeable 
between mining districts. 

The trolley-pan system in Gardanne, developed 
for transportation of products between two fixed 
points, is currently being expanded by the mining 
company of the Centre and Midi district from a 
capacity of 460 t/h to 800 t/h. The transfer speed 
is being increased from 2.3 m/sec to 3 m/sec and the 
operating speed from 7 m/sec to 14 m/sec. The 
length of the trains is being increased from 250 

metres to 400 metres, and five trains are to be used. 
In addition, the competent ministry is currently 
considering whether the linear motor may be 
authorised for use in gassy mines. 

Experiments to automate locomotive haulage, as 
conducted in the General Blumenthal pit, illustrate 
the versatility of application, particularly in exten
sive workings. Now that the preliminary study is 
completed, work is beginning to extend the system 
to the haulage level proper. This will bring auto
mation, not only 'to product haulage, but also to 
the conveyance of materials and persons. 

Automation of continuous conveyance which was 
tested successfully in Longannet, but again only on 
product haulage, fulfilled its task of improving the 
haulage flow to full satisfaction. A similar solution, 
which will also include supervision of the individual 
working districts of a compound shaft plant of some 
20 000 tons per day gross, is currently being 
developed in Germany. 

In summary, the conclusions of the meeting express 
a wish that work in the three main areas of haulage 
automation should continue jointly, i.e. with close 
cooperation among the experts of the various 
countries, and with selected points of emphasis. 
Regular exchanges of ideas would be of value. It 
is hoped that the prototypes currently being developed 
will shortly be so safe in operation that recommenda
tions can be issued for all mining concerns of the 
enlarged Community. 
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OVERALL REPORT 

R. LIEGEOIS 
Consultant, Institut National des Industries Extractives (Belgium) 

1 INTRODUCTION 

This report was compiled on 15 January 1973. To 
prepare it and give it some topicality, the chairmen 
of the various sessions re-read the text of the papers 
given, examined those guidelines which have actually 
been followed in practice and took note of new 
developments and research projects recently begun 
in the Community countries. This report thus 
constitutes a brief overall account of the Conference, 
the conclusions drawn from the Round Table discus
sions and the repercussions of these meetings on 
coal mining practice. Our intention is to inform 
the reader of research findings used to advantage 
in recent months and of the progress which may be 
expected in the short term. 

The applications referred to are in use in production 
units quoted as examples of quality in Western 
Europe, which should impel us to give remote control 
and automation all the attention they deserve. 
To those in doubt, we would recall Mr Maurin's 
comments: 'Automation is only a minimal additional 
investment' and 'the more we aim to increase unit 
production, the more we should think in terms of 
automation, since automation covers all means of 
data collection, all the logic systems which transform 
these data into instructions for action, together with 
all forms of remote control and telecommunication'. 

2 — RADIO COMMUNICATION IN MINES 

In the countries of the ECSC researchers, builders 
and miners have devised either new systems or new 
equipment for telecommunications and remote con
trol of operations under ground using radio. 

It will be noted that there is no single solution to 
the problems of teletransmission, but a variety of 
systems using different types of wave-guide lengths 
and different frequency ranges. Rapid progress 
has been made in recent years. There are already 

any number of installations in use and even so, 
these could easily be increased tenfold in the interests 
of safety and productivity. 

Many mining companies immediately followed up 
the Luxembourg Conference by adding a 'tele
communications and remote controls' item to their 
1973 budget. In Belgium, for example, the Kempense 
Steenkolenmijnen began in June 1972 to set up 
specialist study groups and place orders for equip
ment, particularly for remote controlled winching, 
which appears to be a particularly valuable appli
cation. 

In Great Britain, manufacture of the Mark II 
telecommunications system developed by the Na
tional Coal Board is under way and it will be installed 
in seven British mines during winter 1972-1973. 
The wave guideline will be either a loosely woven 
sheath coaxial cable or a twin wire cable. Con
struction of the portable transmitter-receivers has 
been entrusted to the firm Storno. H. M. Inspec
torate of Mines is expected to approve these systems 
shortly. 

In 1973 Mr Martin will introduce an improvement 
to his system. He will install a forty decibel am
plifier fed by the coaxial cable acting as a wave 
guideline at intervals of one kilometre. 

He will continue his research on loosely woven 
sheath coaxial cables, for monitoring operations 
have shown: 

— that attenuation in the coupling depends on the 
dielectrics of the cable as much as the mesh of 
the sheath; 

— that the best frequency providing the maximum 
range may vary very considerably from one 
tunnel to another. 

In Germany, producers have noted with interest 
new solutions appearing in recent years. They seem 
resolved to pursue their search for an appropriate 
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choice of telecommunications and remote control 
equipment. The firm Fernsig Lehner & Co. KG 
has acquired a licence from the Ruhrkohle Aktien
gesellschaft to build portable transmitter receivers 
and hopes to be able supply these by May 1973. 
In France, a number of original systems have been 
put forward by Cerchar, in particular X-phones and 
Y-phones built under licence by SILEC. 

In Belgium, the firm SAIT Electronics of Brussels 
has taken out a licence for the system INIEX/ 
Delogne which has thus reached the stage of in
dustrial application. 
Special importance is given to the use of the 
INIEX/Delogne transmission line in conjunction 
with the Cerchar X and Y-phone equipment: this 
enables patrolmen to communicate at a distance of 
five kilometres without amplification in winding 
haulage roadways. This association is an example 
of intra-ECSC cooperation. For, as was ascertained 
in Luxembourg, there are still too few ideas and 
materials exchanged and exported from neigh
bouring countries within the same economic com
munity. In order to launch, promote or maintain 
such exchanges, it was suggested that an Inter
national Committee for Radio-Communication in 
Mines be set up. Its duties would be as follows: 

(a) to assemble all information on new developments 
in radio communications for the mining industry. 

(b) to provide information requested to all interested 
parties, collieries, mines managements, manu
facturers, research establishments. 

(c) to coordinate research and development in 
radio communications in the European mining 
industry. 

(d) to maintain contacts with manufacturers, in 
order to prompt discussions at a European level 
and to coordinate manufacturing programmes. 
This would prevent: 

— one and the same problem from being dealt 
with by different firms, which would be 
detrimental to them because of the resulting 
limitation of markets and, 

— requirements of the mining industry from 
being unfulfilled because certain problems 
were not studied by any firm at all. 

(e) To consult with a view to arriving at common 
agreement on the frequency to be used and a 
common stand vis-à-vis the authorities allocating 
these frequencies. This should enable the mining 
industries to obtain frequency bands of their 

own and common to all countries, not only of the 
Community but also in the rest of the world. 

The proposal was very favourably received in 
Luxembourg by those representing the mining 
industry, mining authorities, manufacturing industry 
and research institutions. 
It is hoped to establish the Committee in the course 
of 1973. 

3 — FACE AUTOMATION AND REMOTE 
CONTROL 

Mr Schweitzer said: 'In general, automation brings 
greater advantages than expected'. 'It leads to 
improved face equipment and has thus made it 
possible to achieve undreamed of results even in 
non-automated faces'. ... 'At present there are still 
only a few long faces which are fully remote — 
controlled or automated, since most solutions are 
not economic. A certain number of operations are 
automated, however.' 

The list of achievements and projects quoted by 
Mr Schweitzer in May may be summarized as 
follows: 

Automation of winning by ploughs 

The plough stroke recorder developed by Bergbau-
Forschung at Essen-Kray has been used with success 
so far in two faces. 
A pneumatic end-of-stroke trip switch has been 
designed and manufactured to stop the plough 
automatically at the end of the face. It will be 
introduced underground at the beginning of 1973. 
For ten monitoring stations a pneumatic logic 
system has been devised to maintain and correct 
the alignment of the face; this will be tested in 
early 1973 at the Niederrhein Colliery together with 
a command centre equipped with closed-circuit 
television. 

In France, further research has been done on devices 
to indicate plough position and these were tested 
successfully in a number of faces. In several faces, 
extending belts are used to indicate face advance. 
Cerchar is working on an intrinsically safe logic 
system whereby face advance readings can be 
converted, at the various monitoring points, into 
commands for the advancing cylinders. 

Bergbau-Forschung in Essen-Kray is attempting to 
integrate all the data recorders and operating 
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controls necessary for automation. The result is a 
control centre which allows all important operations 
to be supervised visually and enables the progress 
of the winning machine to be constantly under 
observation. In the interests of economy and 
efficient maintenance, standardized electronic con
struction elements are used. 

Horizon control of the toe-in plough developed by 
Bergbau-Forschung in Germany proved its worth 
during practical trials underground. Control of the 
blades by hydraulic cylinders is currently being 
perfected with the assistance of a manufacturer. 
A radio guiding system for the hydraulic operation 
of blades has been devised and is undergoing labora
tory tests. Bench trials are currently under way to 
determine the most suitable type of aerial for this 
system. 

Automation of winning by drum shearer 
loaders 

In France and in Germany, visual remote monitoring 
and control of the drum shearer loader have been 
introduced in a number of collieries. In France, 
particularly, this form of remote control is in
creasingly popular. In Great Britain, shearer auto
mation is making great strides. In December 1972 
the position was as follows: 

1. The experimental equipment was tested in 19 
faces, two of them working at a seam thickness 
of 1.06 metres, the others in seams of 1.30 metres 
and over. Most of these faces are worked out 
and there are currently only three experimental 
installations in service. 

2. The production prototype is in operation in a 
mine in the Midlands. 

3. The first production model is in operation in a 
mine in North Yorkshire. 

4. The second production model will soon be in
stalled in a mine in the Durham area. 

5. Nine other production machines are on order. 

. Automation of face support 

Efforts in France and Germany are being concen
trated on automation of shield support. In Provence 
two faces with automated shield support are being 
worked. In Germany, at the beginning of 1973, a 
number of shield support units will be fitted with 
automatic controls and will be tested underground. 

4 — AUTOMATION AWAY FROM THE 
FACE 

Mr Olaf stressed the need to extend automation to 
areas other than the face in order to cope with the 
increase in the volume of coal, material and equip
ment transported. 

He described in particular a variety of equipment 
made possible by the rapid progress made in 
electronics in recent years. 

Although a suitable haulage system cannot in the 
last analysis be chosen by automation experts, 
these should nevertheless specify the prior require
ments for automation. This includes determination 
of the potential technical advantages and require
ments, as well as estimation of the cost. Only 
when he knows these parameters can the author of 
the project arrive at the best solution. The experts 
from the various countries are of one mind on this 
strategy so that the experimental activities currently 
in progress complement each other very well. 

Three solutions to haulage problems have been 
drafted by three different countries and their respec
tive advantages and the economic viability of the 
plant in question have been examined in great 
detail. It may be said that each system is designed 
to meet specific conditions, but it would appear 
nevertheless that these systems are interchangeable 
among the various coalfields of the European 
Economic Community. 

The capacity of the pan train system developed 
at Gardanne for transportation of materials between 
two fixed points has increased from 460 t/h to 
800 t/h, i.e. the tipping speed has risen from 2.30 
to 3 m/sec and the operating speed from 7 to 14 m/sec. 
The length of trains has been increased from 250 
to 411 metres, with five trains to be installed. The 
Ministry responsible is currently carrying out trials 
to see if the linear motor can be approved for use in 
gassy mines. 

The research conducted at the General Blumenthal 
Colliery on locomotive automation illustrates how 
widely this technique can be applied, particularly 
in large-scale deposits. Now that the preliminary 
study has been completed, the system is being 
extended to the stage of haulage as such. In this 
way, not only the haulage of mining products, but 
also of material and men well be automated. 

The automation trials for continuous haulage of 
mining products, conducted in the Longannet 
Colliery in Scotland, have proved conclusive and the 
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system has indeed succeeded in its task of optimising 
haulage. A similar solution is currently being 
applied in Germany; the system also monitors the 
various workings of a mining complex producing 
approximately 20 000 gross tonnes/annum. 

The three cases mentioned were the first experiments 
at the industrial level and the results have been 
very satisfactory. It is to be hoped that the currept 
prototypes will shortly be perfected to reach safety 
standards enabling them to be recommended for 
use in all mines of the enlarged Community. 

The experts on automation away from the face who 
met in Luxembourg voiced the desire that work in 
the three areas of haulage automation discussed 
should continue. They are fully determined to 
pool their ideas and cooperate closely in the in
terests of research and mining practice. 

5 — CONCLUSION 

In asking us to analyse achievements after an interval 
of six months, the delegates of the ECSC have given 
us an opportunity to measure the ground covered 
and assess the beneficial effects of the seminar. 

Several manufacturing licences have been granted for 
telecommunication systems, remote controlled radio-
operated monorails have been purchased, plough 
advance monitoring devices and new remote con
trolled shearers have been constructed and the 
performance of the linear motor pan train has 
improved. These developments are all typical 
illustrations of the swift progress in automation 
techniques achieved in the European mining industry 
in the latter half of 1972. 

The dynamism evinced by Mr Maurin in Luxembourg 
has proved infectious. Seeing the Gardanne film, 
many have agreed with him that 'yesterday's dream 
may become tomorrow's fact.' 

Those who are anxious, if not to 'stretch the limits 
of the future', at least to change the working condi
tions of the present, are many in number. They 
have realized that 'automation has as its corollaries 
a raising of professional quality and an improvement 
of the social climate' within better organized struc
tures. And 'since the cost involved is low', it must 
inevitably lead to an improvement in industrial 
safety and profitability. There will be very few 
to gainsay this. 
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REMARK 

The films presented at the conference on Automatisation can be ordered in 16 mm or 35 mm through : 

a) 'Automatization of coal production': 

Mr SCHWEITZER 
Chef du Service Technique 
Charbonnages de France 
9, avenue Percier 
75 PARIS VIII 

b) 'Coal and computers' : 

Mr OLAF 
Bergbau-Forschung GmbH 
Forschungsinstitut des 
Steinkohlenbergbauverein 
43 ESSEN 13 
Postfach 

Price : FF 600. 

Price: DM 100. 
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