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PREFACE 

So far as the writer is aware, this book covers ground which has 
not previously been dealt with in any comprehensive book form. 
It is based on a number of years’ experience in designing and 
maintaining electrical installations for large industrial plants, and 
it is hoped that it will succeed in filling a gap in technical literature 
which has existed for too long. It is realized, of course, that some 
of the material herein may seem to some readers to be somewhat 
controversial, but, on a subject which may perhaps have as many 
viewpoints as there are engineers dealing with it, it is felt that 
this book does at least afford a foundation upon which to build. 
No attempt has been made to give actual prices of electrical 
material, since these are largely unreal under immediate post-war 
conditions, but some typical price curves have been included 
which can easily be re-drawn to suit current prices and which 
should be of value. 

Acknowledgment of particular items of information has been 
made in the bibliographies, but the facts have been drawn from 
many sources over a lengthy period and acknowledgment is 
here made to the many people whose work has contributed to 
the compilation of such information as is included in this book. 

J. W. McQUILLEN 

ApriU 1947 
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Chapteb I 

THE INDUSTBIAL ELECTRICAL ENGINEER AND 
ms JOB 

The duties and responsibilities of the present-day Industrial 
Electrical Engineer hold a very important and necessary place 
in the structure of modem industry and they are likely to increase 
in the future as the rate of industrial electrification increases and 
the sphere of his interest continues to expand. In a modem 
factory there is very little which does not concern the electrical 
engineer, however remotely. His job can, and frequently does, 
cover practicaDy every aspect of electrical engineering from 
generation down to lighting, from high voltage or heavy current 
power circuits down to a few volts or miUi-amps in a relay circuit 
and it is very necessary that he should be conversant to a greater 
or lesser degree with aU these aspects. True he does not require 
to have the academic knowledge of specialists, but he must be 
able to assess the value of the work of these speciahsts and apply 
it to his own purpose. He must have a knowledge of economics 
to help his judgment in deciding which scheme to adopt where 
there is more than one alternative. He must also have a fair 
understanding of the mechanical side of engineering to enable him 
to select the most suitable equipment for his job and he should 
preferably be blessed with a good degree of ingenuity to help him 
to devise the many interlocks and gadgets which he is almost sure 
to be asked to provide. 

Many Industrial Electrical Engineers are in a position of being 
the only electrical men in the factory, which state of affairs has 
both advantages and disadvantages. The engineer who finds 
himself in this position becomes the sole arbiter in any decisions 
he makes, since no one else is in a position to criticize his views, 
and he must satisfy himself that any schemes or propositions he 
puts forward are the best possible. He must be prepared to take 
a very firm stand in matters over which he disagrees or which 
affect the safety of workpeople since it is his responsibility to 
maintain the plant in a safe condition electrically. The dis¬ 
advantage of the isolated engineer is that he lacks anyone with 
whom he can discuss his problems; and discussion is a fruitful 
somee of solutions to problems and improvements to equipment. 
It is therefore hoped that this book may be of particular value 
to this type of engineer when he wishes to refresh his memory on 
eqme pmUmi or when he feels the tmi of some other 
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viewpoint on some particular problem. It is pointed out that no 
effort has been made in this book to deal in any detail with the 
generation side of industrial electrification, since this aspect has 
been well covered by other writers. 

An Industrial Electrical Engineer should endeavour to maintain 
an open and inquiring mind as regards all matters electrical and 
^ould keep abreast of the latest developments with a view to 
incorporating new and improved equipment or methods in his 
installation. He should constantly keep his standards of installa< 
tion work imder review to make sure that out-of-date practices 
are not being perpetuated for no other reason than that they have 
been employed for many years past. This last point may appear 
to be somewhat unnecessary, but it is none the less important 
because it is very easy to assume that methods which have 
proved to be satisfactory in practice must be the best, whereas, 
with the proviso that there shall be no sacrifice of reliability, the 
best job is the most economical. 

There is not a lot of statutory regulations and legislation for 
the Industrial Electrical Engineer to concern himself about, 
although certain regulations are in force in respect of specific 
industries such as mining and quarrying. His chief concern 
is with the Statutory Buies and Orders issued and made under 
the Factory and Workshop Acts to regulate conditions with 
respect to the generation, transformation, distribution, and use 
of electrical energy in factories and workshops. These regu¬ 
lations must be displayed prominently somewhere in the factory 
and also in each sub-station so that all concerned may be con¬ 
versant "with them and conduct their work in accordance with 
them, as is stipulated. The regulations commence with certain 
definitions some of which are now somewhat out of date and in 
need of revision, particularly the definition of low, medium, high 
and extra high pressure, which are given as below 260 volts, 
260-660 volts, 660-3000 volts, and above 3000 volts respectively. 
This latter voltage would not usually be considered “extra high** 
under modem conditions and, in what has been written in this 
book, 440 volts has been included in the low voltage categoiy. 
The regulations then pass to certain specific requirements for 
installations, buildings, and for operation of electrical equipment, 
most of which would probably be adopted by the engineer as a 
matter of course. The real sting is in a constantly incurring 
phrase “to prevent danger** in which the regulations depart 
from the specific and place the onus fairly and squarely on the 
sboidders of the electrical engineer for designing, installing, and 
maintaimng a safe installation His is the responsibffity shoulfi 
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any accident occur due to defective electrical work and he should 
constatntly bear this in mind. 

The Electricity Commission, a body set up under the Electricity 
Supply Act of 1919 to deal with the technical aspect of the Act, 
has drawn up a series of regulations relating to electricity supply 
for the purpose of “securing the safety of the public and for 
ensuring a proper and sufficient supply of electrical energy.” 
Although these regulations do not apply to factory installations, 
the Industrial Electrical Engineer would do well to familiarize 
himself with them, particularly the overhead line section, since 
they indicate the official view of the minimum requirements for 
safety. This viewpoint is specifically mentioned by the Senior 
Electrical Inspector of Factories in an explanatory memorandum 
on the Electricity Regulations issued under the Factory and 
Workshop Act. 

When we come to consider the internal installation for buildings, 
we find that no legal regulations are in force although it seems 
probable that, in the near future, some set of regulations approxi¬ 
mating very closely to those issued by the Institution of Electrical 
Engineers will be made legal and binding. These regulations, 
of which the latest edition is the eleventh (revised) reprinted in 
May,)j 1946—^a supplement was issued in 1946—are constantly 
under review to bring them up to date and they have a very 
useful function in electrical installation work as forming the basis 
for most specifications; they are indeed made obligatory by many 
fire insurance offices. The I.E.E. Regulations are fairly compre¬ 
hensive and they set out in considerable detail the requirements 
for sound installation practice. 

The electrical engineer should also be familiar with the various 
British Standard Specifications for electrical equipment published 
by the British Standards Institution and he should make full use 
of these when ordering material. Much useful information is 
incorporated in these Specifications and a recent innovation by 
the British Standards Institution in issuing Codes of Practice for 
various engineering operations will be foimd very helpful by 
engineers. Judicious standardization ceui cheapen production 
considerably and it is a process which should be encouraged as 
much as possible. 

The foregoing can be considered as constituting some of the 
qualities which are necessary for making a complete electrical 
ei^;ineer. There are, of course, others, but it is perhaps a waste 
of rime to remind electrical engineers, of their own virtues. 



Chaptbb n 
BISTEEBUnON NETWORK DESIGN AND 

INSTALLATION 

When an engineer sets out to design the electrical network for a 
factory site, he is undertaking the responsibility for a capital 
expenditure which quite often forms a large proportion of the 
total cost of the factory. The soundness of his judgment as 
reflected in the rehability of his network will affect the output of 
the factory, since the modern works is usually helpless without 
its electricity supply and the cost of a shut-down soon reaches a 
large figure. 

The prime essentials of a good network are reliability and 
flexibility. Reliability can only be expected where good-class 
materials of proven ability are installed and where the rated 
performance of apparatus is within the limits of the worst possible 
fault conditions which may be imposed on it. Flexibility, by 
which is meant the ease with which extensions can be accommo¬ 
dated or the network modified at some future date to suit altered 
conditions, is not so easy to attain and the engineer must largely 
draw on his past experience to help him in this. As has 
already been implied, main distribution equipment is relatively 
expensive to install and it is also usually difficult to extend, so 
the distribution network should be designed in the initial stages 
to allow a reasonable margin of spare capacity. 

At the outset of the job the engineer should accumulate as 
much information as he can about the factory. He must know 
the total estimated load, the loading of the various sections, the 
running time, whether full or only part time, the diversity which 
may be expected between different parts of the factory, and from 
all this he must estimate his maximum demand load. He is 
concerned with access conditions to the site so that his heavy 
material can be suitably delivered, he is concerned with the 
beating, lighting, and ventilation of buildings, all of which items 
build up a good-sized load, even the preparation of meals in the 
canteen affects him if this is to be done by electrical means. In 
short, there are very few aspects of the factory which do not 
concern him and he must be in a position to collect this information 
before he can commence to design his network. 

Bulk Supply or Private Generation 

One of the first questions to be settled is that of the source of 
electiidity supply, and the engineer has a choice of three methods: 
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he can install his own generating plant, he can take a supply from 
the supply authority, or he can have a combination of both and 
install power plant to supply the base load whilst using the supply 
authority’s network for his peak loads or vice versa. The problem 
of which to choose can only be answered after very careful 
assessment and comparison of the economics of the three 
systems. 

It is unfortunately impossible to establish any sort of hard and 
fast rule which will solve the above problem for all cases, since the 
correct solution involves consideration of a number of circum¬ 
stances, the combination of which is not likely to be the same for 
any two factories. Furthermore, it is outside the scope of this 
book to delve too deeply into the economics of any particular 
aspect of the problem, but we can consider what are the points 
which are going to have a bearing on the subject. 

Having estimated the immediate and j)rojected maximum 
demand and load factor figures, the engineer should then approach 
his local supply authority to ascertain what their tariff would be. 
The tariff quoted will usually be of the two-part nature, comprising 
a fixed charge per kilowatt of maximum demand and a running 
charge of so much j)er unit. There may or may not be a low 
power-factor penalty clause and there may or may not be a charge 
quoted for bringing a supply into the site under question, depend¬ 
ing on whether or not the location of the site is convenient for 
the supply authority’s network. If a charge is made for the 
service, then the annual charges on this sum can be added to the 
fixed charge in the tariff. The engineer can now work out what 
would be the cost per unit of his electricity if he took his supply 
from a supply authority. 

The next step is to estimate what would be the cost of a power 
station to supply the load with, of course, a reasonable margin of 
spare capacity. The pre-war capital cost of industrial power 
stations was of the order of £12-£16 per kW capacity and, if this 
figure be adjusted to suit present-day advances, it is a relatively 
easy matter to estimate sufficiently accurately for our purposes 
the capital cost of a power station to supply the requisite load. 
The annual charges on this capital sum can now be arrived at to 
suit the current interest rates and depreciation and to these 
should be added such other annual costs as rates, insurance, staff 
salaries, and maintenance until we arrive at a figure representing 
the total annual cost of the power station. If we then ffivide this 
figure by the maximum demand of the load, we arrive at a figure 
which is comparable with the fixed charge in the supply authority’s 
two-part tariff. So far as the running cost per unit is oonoemed, 
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there is no reason to suppose that it would be any higher than that 
quoted by the supply authority, since their figure includes a 
margin for profit, and in all probability the running cost of 
generation by a private power station would be less than the 
figure quoted by the supply authority, even allowing for higher 
generation efficiency in large power stations which may be largely 
offset by transmission losses from the power station to the factory 
site. For the purposes of comparison we may safely work on the 
supply company’s running cost and thus we are in a position to 
compare the unit costs for private generation or bulk supply. 
Admittedly this is a very rough comparison but, if the result has 
a very definite bias in either direction, then it has served its 
purpose; if the • result indicates a border-line case, then 
further careful and more detailed investigation is necessary. To 
assist in the above comparison the itemized tables of generating 
costs for various-sized stations as published by the Electricity 
Commissioners wdll be of value. 

Throughout the foregoing it has been assumed that the power 
station would be operated for the sole purpose of generating 
electricity and that the steam after passing through the turbines 
would be condensed and used again. If, however, steam in 
considerable quantity is required on the factory site for process 
or heating purposes, then an entirely different proposition can be 
presented. The argument in favour of private generation becomes 
very much stronger, since the process steam can be bled from 
extraction turbines or alternatively back-pressure sets can be used 
if the process steam is required at low pressure. By thus saving the 
heat which is normally lost in condensers, a very much more 
efficient heat cycle is obtained and the overall efficiency of the 
power station can be raised from 20-S0 per cent to as high as 
65-80 per cent with consequent reductions in the cost of electricity 
generated. If the demand for steam is such that it balances the 
electrical demand, then a very satisfactory state of affairs prevails 
and power plant can be installed to operate at the high efficiencies 
previously mentioned. If the electrical demand requires more 
steam raising than is required for process purposes, then eitker 
baok^pressure generating sets up to the limit of the steam demand 
can be used and the balance of the electrical load tsicen from a 
public supply, or a mixed station can be designed incorporating 
back-pressure and condensing turbines. 

If the load factor for the factory would be high, as in the case 
of a continuously running pk»oess, then a very good case can be 
made for installing generating plant, since the put forward 
by supply authorities usually offer no reward for high load ladw 
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despite the fact that their revenue must obviously be very much 
higW where the load factor is high than where it is low. 

The factors mentioned in the preceding paragraphs as well as 
such other questions as the availability of an adequate supply of 
cooling water or the accessibility of the site for bringing in fuel 
supplies, all have a bearing on the problem of whether to use 
private generating plant or to take a bulk supply and, as it is 
apparent that these factors or the combination of them will 
vary with different factories, this is probably as far as we can 
pursue the subject. 

System Voltage 
Consideration must now be given to the question of the voltages 

to be selected for the distribution system. The deciding factors 
are the size of the load, the area covered by the factory, and the 
load distribution over the factory site. If the factory under con¬ 
federation is small and compact and the electrical loading is only 
of the order of a few hundred kilowatts, then there would be no 
benefit in departing from low voltage. If, on the other hand, the 
load is of the order of 1000 kW and upwards and the factory 
area is extensive, then it is obvious that appreciable reductions 
can be made in distribution losses by adopting higher voltages, 
since the line losses for a given size of conductor vary inversely 
as the square of the voltage. Should the electricity supply be 
taken from a pubUc authority, then, of course, the question of 
the supply voltage is outside the jurisdiction of the factory engi¬ 
neer and, if this supply is given at low voltage, then all choice in 
the question of system voltages is taken from him. The standardi¬ 
zation of voltages throughout the country is likely to have 
beneficial effects on the electrical industry as a whole and, if he 
has any choice in the matter, the electrical engineer ought to 
accept the standard voltages which have been recommended 
and to adopt 415 vplts, 3-phase, 50 cycles as his standard for 
low-voltage distribution. 

In the case of a medium-sized factory with a load of a few thou¬ 
sand kilowatts, higher voltages will have to be adopted to dis* 
tribute the load to various parts of the site and 3300 volts will 
normally be found to be the most suitable standard to select. 
This voltage may also be found convenient to adopt for large 
motors of 60 h.p. and upwards, particularly if slip-ring machines 
ivould have to be used if operate on the 400 volt system; 3300 
volt motors are obtainable down to 60 h.p. and the substitution 
of a 3*3 kV squirrel-cage machine in place of a 400 volt slip-ring 
motor will often be an economic proposition. 
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For very large factories where large blocks of power have to be 
transmitted over fairly long distances it will often be found best 
to distribute at 11,000 volts, but voltages higher than this are 
not likely to be necessary. 

Network Design 
As has already been stated, the network must be designed to 

suit the factory lay-out; so the first step to take is to secure a site- 
plan of the factory under consideration. It is unlikelj that any 
plan in the early stages of the factory design will be by any 
means final, but it will enable the electrical engineer to begin his 
work; and he must make due allowance for reasonable extension 
and alteration to the factory lay-out. The factory may consist 
of a number of separate buildings or it may take the form of one 
large building, but in either case it can be separated into various 
processes or parts of processes and the loading, both coimected 
and running, should be marked on the plan in the appropriate 
areafl. Differences in running times of the various sections should 
also be indicated to enable diversity to be taken into consideration. 
The distribution system should preferably be so arranged that 
each process building or each distinct section of the process has 
its own individual feeder cable or cables, so that any trouble on 
that particular section does not interfere with other parts of 
the factory. 

Having estimated his total site loading, with due considera¬ 
tion to the factory lay-out, the engineer must now decide upon 
the location and number of sub-stations or distribution centres 
he will need. To do this satisfactorily he will have to bear in 
mind two deciding factors, viz. the limit of the capacity of his 
sub-stations and the limit of the length of his L.V. distributors. 
It is generally agreed that it is not good policy to make sub¬ 
stations too large and thus to put too many eggs in one basket. 

^In general, it is suggested that the L.V. output capacity of a 
sub-station should be limited to between 2000 and 3000 kVA; 
exceptional circumstances wUl arise to make a departure from 
this ruling necessary, but for the majority of oases it will be found 
to be good practice. The total factory load can be split up into 
blocks of suitable size; with the above limit in mind and also 
allowing a reasonable margin for extension of load, the areas 
containing this load can be marked on the lay-out drawing. 

With a certain amount of judicious jugging and transferring 
of load, it will normally be found possible to allocate a sub-^station 
to a definite area of the factory which will contain po6sil% a 
number of complete plants or processes or a complete part m a 
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process so that a tidy lay-out will be the result. This arrangement 
of allocating a sub-station to an integral part of a factory is well 
worth pursuing, even though it might entail a slight departure 
from the agreed standard capacity or the use of a greater number 
of sub-stations. The merit of this practice is the fairly obvious 
one that the loss of a sub-station would only affect the supply to^ 
a definite area and would probably allow other sections to proceed 
normally; whereas, if a plant is fed from more than one source, a 
failure of any of these sources is likely to shut down the plant. 

If the load is well concentrated as it will be in most factories, 
then the above consideration of sub-station capacity will usually 
be the determining factor in the siting of sub-stations. If, however, 
the factory has a straggling lay-out and load is widely scattered, 
then feeders will be longer and the question of voltage drop must 
be considered. Here it would be timely to postulate two sugges¬ 
tions which the writer has found to work satisfactorily, that the 
permissible volts drop along an L.V. feeder be limited to 5 per 
cent and that the capacity of L.V. feeders be limited to 400 amps. 
The exceptional case will occasionally crop up to upset these 
suggestions, as in the case of some isolated building which can 
only reasonably be supplied from a particular sub-station but 
which is a long way from that sub-station, and in such a case a 
voltage drop of more than 5 per cent would probably have to 
be faced. The standard tappings on power transformers are 
± 2^ per cent and ± 5 per cent, so that a 6 per cent drop along 
feeders can be compensated by altering the tap position on the 
transformer feeding it and the delivered voltage can thus be 
maintained within reasonable limits of its nominal value, a 
highly desirable state of affairs, since high voltage causes lamps to 
bum out more quickly and low voltage reduces the hght output 
from lamps and also reduces motor output. The other suggestion 
to limit outgoing feeder capacity to 400 amps, has the advantage 
that this current can be carried % a 0*3 sq. in., 3- or 4-core, paper- 
insulated, lead-covered cable laid in the ground, thus obviating 
the use of heavy and unwieldy cables. It will usually also be found 
that a limit of 400 amps, fits in very nicely with the standard type 
of distribution gear on to which the cable will be feeding. Kelvin’s 
Law can be applied, if desired, to determine the most economical 
section of cable to employ, but usually it will be found that this wiU 
he overruled by the matter of voltage drop. We can thus readily 
appreciate that the length of feed^ is going to be limited by the 
af)ove considerations and, as a consequence, t^ siting of sub-stations 
in scattered factory lay-outs is also going to be affected. 

Having determined the number of sub-stations required to 



10 ITOtTSTlllAL 

servioe the factory and the areas which they will feed, the chief 
question for the engineer is the exact location of the sub¬ 
stations. These should be fixed as near as possible to the centres 
of gravity of the load so that the length of feeder cables can be 
kept at a minimum. The only other point to be considered is 
that the stations should be easily accessible and not hemmed in 
by other buildings, so that the movement of heavy equipment 
into and out of the sub-station is not hampered in any way. 

If the electricity supply for the factory is taken or generated 
at a voltage higher than 400, then it will be necessary to install 
transformers in the sub-stations to step-down the voltage for 
fiboal distribution to the various plants or buildings. Standard¬ 
sized transformers should be installed, the size and number 
depending on the load to be supplied plus a reasonable margin 
of spare capacity for future extensions; thus, if a sub-station 
was required to supply a load of 900 kVA, a suitable arrangement 
would be to install three 600 kVA transformers, leaving one 
complete unit as spare. The question nf spare capacity can only 
be properly considered in relation to the importance of the area 
being suppUed and it may be considered in certain cases that to 
carry a transformer and its associated switchgear as spare is a 
condition which cannot be justified economically. 

When the electricity supply is taken from a large supply 
authority or from a good-sized works power station, then the low- 
voltage distribution network must so designed as to ensure 
that the possible short circuit mVA is kept within safe limits. It 
has been established that the worst short circuit conditions under 
which a man can reasonably hope to close a low-voltage switch 
against the consequent throw-off force is about 30 mVA and this 
h^ been accepted as the maximum rupturing capacity for most 
hand-operated low-voltage switchgear. In addition, the maximum 
rupturing capacity of most low-voltage, high-rupturing capacity 
fuses is 26 mVA so that, if we use this class of fuse as we fiilmost 
certainly will, we must keep the short circuit capacity of our low- 
voltage system within the limit of 26 mVA. If we assume a 
reactance of 6 per cent for transformers, then it is apparent that 
the maximum capacity which can be connected to the network 
is 1260 kVA if the short circuit capacity on the hi^-voltage sid6 
of the transformers is sufficiently unlimited. 1ms figure wUl 
also be the limit of the capacity of any individual tramformer, 
although 1000 kVA is probably a better limit to adopt as remee- 
senting a reasonable size 0f equipment* If the low-voltage lotiNl 
excee<^ this figure, then the network must be suitably sectiaiaialiiBe^ 
to limit the load on any section to this maximum. 
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Having oonsideped the number and capacity of the sub-stations 
required for feeding a factory site and having fixed their loca¬ 
tions, we next must consider the manner in which to connect 
these sub-stations to the main supply so as to ensure the 
highest degree of continuity of supply under any conditions. To 
attain this high degree of availability of supply the practice of 
arranging to have alternative sources of supply in each sub-station 
is strongly recommended and its value cannot be too highly 
stressed. This practice should be adopted as far as possible 
throughout the network and should also be applied to the main 
incoming supphes into the network, whether from a public 
supply authority or from a private generating station. If a 
bulk supply is taken from a supply authority, then every endeav¬ 
our should be made to ensure that the alternative incoming 
feeders are fed from separate and distinct sections of the supply 
authority’s network and that, as far as possible, distinct, physical 
separation of the feeders is arranged so that, if the supply is 
brought in overhead, the two sets of cables are not carried on 
the same poles or, if brought in underground, the two cables are 
not laid side by side in the same trench. K the electrical engineer 
can secure all these measures, then he can rest content that he 
has taken all precautions within his power to ensure the constant 
availability of an electric supply into the factory; the matter of 
maintaining this availability of supply inside the factory is his 
own concern and depends upon the reliability and flexibility of 
his network. 

If the factory load is of a size such as to warrant only one sub¬ 
station, then, obviously, all alternative sources of electricity 
supply will feed into this sub-station, but, if several sub-stations 
are necessary, then there are various means of providing the 
alternative supplies to these and the size of the load will usually 
determine which method to adopt. The choice will normally lie 
between a system of radial feeders from a central sub-station 
feeding to satellite sub-^stations or a ring main feeding through all 
the sub-stations, or a combination of these two with a series of 
ring mains supplied from the main sub-station and feeding a 
number of aatelhtes. All these schemes should be considered and 
the most economical adopted. It is reasonable to assume that if 
the factory load necessitates a number of sub-stations the main 
supply to the factory will be high voltage, 8»3 kV, 11 kV, or even 
hl^er^ and the primary network comprising ring mains, radial 
Ideders^ and interconnexion will also be high voltage. High 
voltage and in particular high-rupturing capacity switchgear is 
expensive equipment mid the system which involves the least 
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nmnber of high voltage switches consonant with equal flexibility 
and reliability is the best system to adopt. Where the short circuit 
kVA available in the high-voltage system is very large, the means 
of reducing this should be considered; such as the use of high- 
reactance transformers or the insertion of reactors in suitable 
places in the network. Considerable saving in capital expenditure 
can often be effected by the use of reactors, thus enabling lower 
rupturing capacity high-voltage switchgear than would otherwise 
have been necessary to be used, since the difference in cost between, 
say, 500 mVA switchgear and 100 mVA of equal voltage is 
very appreciable. 

The various methods of feeding sub-stations are shown in Fig. 1. 
As has already been stated, the system to be adopted will usually 
be determined by the size of the load on the sub-stations. Thus, 
if the sub-station loadings are high, then the size of a ring main 
round these would be proportionately high and consequently 
expensive, so that radial feeders would probably be best under 
these conditions. With medium capacity sub-stations probably 
two or three could be connected together on to a ring main to 
give us the compromise arrangement, whilst with small sub¬ 
stations a ring main round them all would probably be the best. 

Subject to its ability to stand up to short-circuit conditions, a 
ring main can be stepped down in size through the various sections, 
but it must be designed so that it can feed the full connected load 
either way with the ring opened at any point. The decision as 
to whether to operate the system with the ring main solid or open 
at some point will depend upon the protective system used and the 
severity of short-circuit conditions. To operate with a solid ring 
would entail the use of directional protection and/or correctly 
graded time-lag overload protection, with the risk of completely 
shutting down the ring due to mal-operation of a relay under 
fault conditions. In general, the writer feels that it is better to 
operate with the ring open and to use it to restore supplies to 
affected sub-stations after the occurrence of a fault and after the 
faulty section has been cleared. Operating in this way also 
reduces the short-circuit capacity available at the fault, with the 
resultant reduction of the severity of the duty imposed on all 
apparatus affected by the fault. However, it is for the engineer 
to decide for himself the best manner of operating a network, 

If the radial system of feeding is adopt^, with more than ohe 
feeder to a sub-station, then it is advisable to arrange for each 
feeder to supply its own portion of the load and to hai^e the 
remote busbars suitably seotionalized by bus section switches. 
This is desirable to avoid shutting down the whole snb*iMl0i^ 
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in the event of a fault on any incoming feeder, since under that 
condition, if the system was not sectionalized, all the other 
incoming feeders would feed into the fault. The latter undesirable 

INCOMING 
MAINS 

SATELLITE 
SUB-STATIONS 

Fig. 1. Usual System of Feeding Factory Sub-stations 

(a) Radial System. 
ib) Ring Main Sptem. 
(a) Combined Ring Main and Radial System. 

state of affairs could be overcome by the use of directional pro¬ 
tection, but probably the best remedy lies in sectionalizatiOD. 
One oth«r point to bear in mind in connection with the condition 
of two or more feeders supplying a sub-station is the necessity of 
them being as neaidy as possible the same length if they are to 
slwre the load equ^dly, a point which it is easy to overlook. 
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The flexibihty of a distribution system can often be improved 
by tb© judicious use of interconneotors between suitable points 
in the network. Superficially, this may only appear to be an 
extension of the ring main system, but actually the function of an 
interconnector is normally not the same as a ring main, since it 
should only be used in times of emergency to feed a sub-station 
which has lost the whole or part of its normal supply. Inter¬ 
connectors represent idle capital and can be regarded as a form of 
insurance; consequently their use, however desirable, should be 
limited to places where the maintenance of the electricity supply 
is vital to the running of the factory. Before switching in an 
interconnector to run in parallel with a normal source of supply, 
it is well to consider how it will share the load, since the division 
will be inversely proportional to the impedance of the incoming 
feeders and, if the interconnector is long compared with the normal 
feeder, it will take a very small share of the load and may, in fact, 
be useless in this respect. 

The foregoing should be sufficient to indicate the considerations 
which should be borne in mind when designing the network for 
a factory site. 

3-wire or 4-wire L.V. Distribution 
Whilst on the subject of distribution it would perhaps be 

opportune to give some thought to the type of L.V. system to be 
adopted, whether 3-phase, 3-wire or 3-pha8e, 4-wire. It has already 
been recommended that the standard 415 volts, 3-phase, 50-cycle 
supply should be used and this would provide a single-phase 
supply of 240 volts if a 3-phase, 4-wire system were adopted. 
The principal use of this single-phase supply would, of course, be 
for lighting and any consideration of the use of this or some other 
voltage must be based upon its suitabihty for fighting circuits. 
The alternative to using 4-wire distribution would be to install 
transformers with 415 volt primaries and some other lower voltage 
secondaries with the object of gaining some advantage over using 
a 240 volt supply for lighting. There are points in favour of both, 
but the 3-phase, 4-wire system would seem to have the more 
advantages for the majority of cases. The chief advantages 
of this system are that it is very flexiWe, enabling almost 
unlimited extensions to be made to lighting and heating circuits, 
whereas with the other system strict limits are imposed by the 
capacity of the transformer installed; it gives a cheaper job, since 
it avoids the cost of many ^transformers (partly offset by the 
additional cost of the fourth core in the cable) and it makett 
possible the use of single-pole switches and distribution boards* 
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The disadvantages are the increased risk of shock due to the 
relatively high voltage of 240 volts to earth, the necessity of 
using high-rupturing capacity fuses throughout the system 
should their use be necessary at all, and the increased cost of 
lamps accompanied by reduced efficiency and life as compared 
with lower voltage lamps. If a good class installation is used, and 
provided that working conditions are reasonably good, little fear 
need be felt on aocoxmt of the increased risk of slxock mentioned 
above. 

The advantages and disadvantages of the alternative system of 
using special transformers for lighting and similar purposes are 
very largely the converse of those put forward for the 3-phase, 
4-wire system. For very wet and dirty situations it may be 
deemed advisable to use some voltage lower than 240 and probably 
the most satisfactory to use in this case would be 110 volts. 
This would give a higher safety factor, since the voltage to earth 

JIO 
would be reduced to —7= or 63*5 volts and the risk of electric shock 

V3 
would be reduced as a consequence. The light output from equal 
wattage lamps is approximately 11 per cent higher for 110 volt 
lamps as compared with 240 volts, so that a saving could be 
effected in the number of h’ghting points in a building and in 
addition a more robust filament is used in lower voltage lamps, 
with the result that the lamps are not so susceptible to breakage 
due to vibration and so give a longer life. To offset these advan¬ 
tages there is the matter of increased cost of installation due to the 
additional cost of transformers, double-pole switches and dis¬ 
tribution boards, the necessity of using larger section conductors 
to allow for the higher current and to compensate for increased 
volts drop and also the necessity of using a reduced loading per 
circuit, with the consequent need for more circuits and larger 
distribution boards. 

Probably the greatest source of danger on lighting circuits is 
the use of portable handlamps and for these it is suggested that 
special low-voltage transformers having 25 volts secondaries be 
used. These are on the market fitted with socket outlets and of 
sufficient capacity to supply two handlamps, and their use is 
strongly recommended. 

Kettiods of Zntemal Distributioii 
tjRie method to be adopted for distributing electricity over a 

ifi^ctory site will naturally depend on the type of factory concerned. 
If the factory comprises one large buildiug or a series of connected 
tmildiiigs, then the best way would be to use ipsulated* multi-core 
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cables clipped to the building walls or structure. If it comprises 
a number of separated buildings, then the supply of these can 
either be taken by underground cables, overhead lines or a 
combination of the two. 

In general, where sites comprising a number of buildings are 
concerned, it can be stated that the most satisfactory and unob¬ 
trusive way of carrying the electricity supply to the various 
buildings and sub-stations is by the use of underground cables. 
To cheapen the job. walls of buildings can be used to hang cables 
on so that they would only then be run underground between 
buildings; or in the case of such places as chemical factories 
where pipe trenches or bridges are common these may be used 
to accommodate cables. (The use of bare overhead conductors 
can be considered where the area to be supplied is particularly 
scattered and runs of, say, one mile and upwards have to be facecv 
In cases like this, overhead line construction costing about half 
that of an underground cable can be very attractive; but there 
are so many factors militating against the use of bare overhead 
conductors inside a factory that their use should only be contem¬ 
plated in very exceptional cases. 

The Factories Act does not definitely preclude the use of bare 
overhead lines in factories, but it does stipulate that, if they are 
used, they shall be ‘‘so placed and safeguarded as to prevent 
danger.’’ This somewhat elastic requirement would seem to rule 
out the use of uninsulated overhead lines in any position where 
they may be touched by people carrying ladders or long pipes, all 
of which possibilities it is easy to visualize happening inside the 
average factory yard until, in the majority of cases, the only 
reasonable procedure to ensure safety is to use insulated cable 
and either bury it in the ground or run it on the side of buildings. 

(Apart from the fact that overhead fine construction is cheaper 
than underground cables, it has the advantage of being easy to 
modify or extend and also any fault is usually fairly easy to 
locate by visual examination of the line. The advantages of using 
insulated cables buried in the ground or suspended from buildings 
would appear to outweigh those of using overhead lines since they 
are safer to factory personnel, not liable to damage by such things 
as mobile cranes, and completely unobtrusive, so giving a tidier 
appearance to the factory. The chief enemies of underground 
cable networks are mechanical excavators and workmen digging 
holes in the ground for sundry purposes, and every step shou|d 
be taken to eliminate any soH of excuse for the depredations ^ 
these machines and people. Underground cable routes Should be 
clearly marked by suitable cable markers and every bend, or 
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deviation should be easily discernible by the least intelligent 
of people; it is better to use too many markers than to offer any 
opportunity of their being overlooked, and it is best to install 
such markers as soon as possible after a cable is laid and whilst 
the cable route is still fresh in memory. The electrical engineer 
should also make sure that all the cable routes are carefully and 
accurately shown on a site lay-out drawing with sufficient dimen¬ 
sions to enable him to be able to locate any cable to within a few 
feet. Such other particulars as the position of joint boxes, the 
phasing of cables entering and leaving a joint box, cable sizes and 
types should also be carefully recorded. Information of this 
nature will be found to be invaluable at times of cable faults. 

Underground cable routes should be carefully chosen and 
agreed upon by all interested parties to make sure that they do not 
sterilize land which may be required for future development. 
The shortest route is not always the best and the verges of roads 
often provide the best place for cables. Cables laid in the ground 
in factory yards should preferably be armoured to give protection 
against rough usage, since they are always liable to disturbance 
due to nearby excavation, and also to give them extra tensile 
strength so necessary in ground which is unconsolidated as it so 
frequently is on new sites. They should be run in trenches 
approximately 2 ft. 6 in. deep, covered with a few inches of well- 
riddled soil free from sharp flints or stones, and then covered with 
suitable cable tiles or creosoted planks before the trench is back¬ 
filled. Where roads or railways have to be crossed, the cables 
should be run in earthenware ducts or lengths of steel or cast-iron 
pipe so that the cable can be pulled out again at any future date 
without disturbing the road surface or rail track. In addition, 
where there is the probability of a fair degree of vibration in the 
ground, as for instance under rail tracks which carry a lot of 
heavy traffic, it is best to set the ducts or pipes in concrete. When 
pipes or ducts have to be laid across roads or rail tracks, it is 
customary to lay one or two spares in case they may be required 
at any future date, a practice which often pays handsome divi¬ 
dends, and particulars of the location, size, and number of such 
ducts should be indicated on the site cable lay-out drawing. 

The use of paper-insulated, lead-covered cables for underground 
mains is now almost universal and, if due care is taken with 
jointing and making off, little trouble need be expected from a 
ne|jwork built up from such cables except such troubles as would 
be experienced by any form of cable, as when it is damaged 
meehwically* Paper-insulated cables may be either plain lead« 
eovered, single^wire armoured, double-wire armoured or steel-tape 
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armoured, but all cables laid inside a factory yard should prefer¬ 
ably be armoured as previously stated. Double-wire armouring 
would only be justified in exceptionally bad ground conditions, 
where the extra tensile strength is required for the cable to 
withstand the strain imposed by possible serious ground settle¬ 
ment; single-wire armouring is quite satisfactory for most 
purposes and is probably the most popular form, although it 
has little or no advantage over the cheaper steel-tape armouring 
beyond the fact that the steel-wire armouring can be finished off 
more neatly at cable terminations and has better conductivity. 
If groimd conditions are likely to be corrosive, as when the cable 
runs through such sttiff as chemical waste, then specially impreg¬ 
nated wrappings can be applied to the cable to prevent it from 
being attacked and the cable manufacturer should be informed 
of such ground conditions at the time of ordering the cable. If 
paper-insulated cables are run on building walls and this necessi¬ 
tates changes in the height at which the cables are run so that the 
insulating oil under the cable is put under pressure due to the 
head imposed on it, it is better to advise the cable manufacturer 
of this fact. He will then be able to provide a special type of 
cable which has little free oil or he will arrange for the cables to 
be drained of free oil before dispatching them from his works. 
Otherwise, if ordinary types of cable are used, the oil will almost 
invariably work its way through the compound in the sealing 
box and a very unsightly mess will be the result. It is recom¬ 
mended that cables made to the relevant British Standard 
Specifications be used throughout the factory, since these represent 
perfectly sound and reliable cables and it is difficult to appreciate 
any argument in favour of departing from these standards 
although, even to-day, certain engineers insist on their own 
special types. 

jC In selecting a cable for a specific job the following points must 
be considered: it must, of course, be insulated to stand up to the 
voltage of the system on which it will be operating; it must be 
large enough to carry the requisite current without overheating; 
it must be large enough to carry the current over the necessary 
distance without excessive voltage drop; and it must be able to 
stand up to short-circuit conditions without suffering any damage. 
The current-carrying capacity of a cable is limited only by the 
safe operating temperature of that cable and this will be affected 
by the ambient temperature in which it operates, the heat-dis-^ 
sipating qualities of the medium surrounding it and the proximity 
of the other sources of heat such as other cables. Useful data 
relative to safe current ratings for paper-insulated cables for 
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voltages up to 20 kV and made to British Standard Specifications 
are given in a book of tables published by the British Electrical 
and Allied Research Association. These tables give safe ratings 
for cables run in the various normal ways, i,e. buried in the ground, 
run in ducts, and run in air, and they also give correction factors 
to suit different types of ground and also different grouping and 
spacing of cables, an important point, since the current-carrying 
capacity of a group of cables is by no means the sum of that of 
each individual member unless they are adequately spaced. Hav¬ 
ing selected a cable of sufficient cross-sectional area to carry the 
requisite current without overheating, we can now easily check 
the ability of this cable to carry the current over the desired route 
without excessive voltage drop, and frequently it will be found 
that in the case of long routes it will be necessary to use a larger 
size of cable than the minimum required for current-carrying 
purposes. The question of the ability of the cable to stand up to 
short-circuit conditions is not of great importance in the case of 
low-voltage networks, since the relatively heavy currents involved 
necessitate the use of cables of a size which are well able to stand 
up to the worst short-circuit current possible, provided that the 
network is so designed as to limit the short-circuit capacity to 
25 mVA as has been recommended. In high-voltage networks, 
however, where the short-circuit conditions are likely to be more 
rigorous, this question must be given consideration, since the 
effects of a number of cable bum-outs under system fault con¬ 
ditions can easily be extremely serious. The question of whether 
a cable will stand up to short-circuit conditions depends upon 
whether it can stand the heating effect of the short-circuit current 
for the maximum time in which the short circuit is likely to be 
maintained, which time will be governed by the relay time settings 
on the switchgear and the time taken for the switchgear to clear 
the fault. The assistance of the cable manufacturer should be 
sought in this matter, since the ability of a cable to withstand this 
additional heat is a function of the design of the cable and the 
supplier can usually furnish the purchaser with graphs depicting 
the maximum short-circuit current which the various sizes of his 
cable can withstand for various times, without sustaining damage 
to themselves. With the present-day tendency to increajaed 
interconnection of E.H.V. networks and with the oonconaitant 
increase in short-circuit capacity, this last-mentioned considera¬ 
tion is becoming of extreme importance and may quite easily be 
the deciding factor in the choice of high-voltage cable sizes. A 
typical curve showing the relation between short-circuit currents 
which different-sized cables can successfully withstand for various 
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time intervals is shown in Fig. 2, but this information should be 
checked with a cable manufacturer for his own particular cables. 

Much of what has been written can probably be amplified by 
consideration of the development of a distribution system for a 
typical industrial building. Fig. 3 shows the example to be 
considered, and whUst it is probably simpler than what would 
be met in practice, it should serve our present purpose. We will 
assume that the total connected electrical load amounts to 1300 
kVA and that the estimated maximum demand load would be 
1000 kVA which would include one 100 h.p. motor and that the 
residue would comprise fighting, heating, and a number of motors 
of less size than 50 h.p. The building is separated into four 
independent sections. A, B, C, and D as shown, in which the 
estimated maximum demand loads are 150 kVA, 250 kVA, 300 
kVA, and 200 kVA respectively, plus the 100 h.p. motor in 
section A. It wifi be assumed that the factory is only in operation 
during the normal day working hours and that the load factor is 
so low as to make the proposition of private generation unecono¬ 
mical. The local supply authority would be approached to give 
a supply to the site and, as it is unlikely that they would con¬ 
sider supplying a load of this capacity at low voltage, we will 
assume that they agree to supply the factory with energy at 
3300 volts and that they will run two feeders into the factory 
from entirely separate sections of their network, so that the chances 
of having continuous availability of electricity at our site are 
thus favourable. 

^he amount of H.V. switchgear necessary should now be con¬ 
sidered and the short-circuit kVA available at the site should 
be ascertained from the supply authority to enable the rupturing 
capacity of the H.V. gear to be determined. It will be assumed 
that the short-circuit kVA under fault conditions at the point of 
supply is low enough to permit the use of gear having a rupturing 
capacity of 50 mVA. This would make possible the use of rela¬ 
tively inexpensive switchgear and this in turn would probably 
make it an economic proposition to feed the 100 h.p. motor at 
3300 volts. The number and size of transformers to be installed 
to supply the L.V. load should now bi/ determined. Here it is 
suggested that the best arrangement, Although obviously not the 
cheapest, would be to install three 600 kVA, 3300/400 volt 
tranrformers. This would enable the load to be carried easily 
by two transformers with a reasonable margin of spare capacity, 
whilst the third transformer acts as stand-by for use when either 
of the others is taken out of commission for servicing. Thus we 
arrive at an H.V, switchboard comprising two incoming feeder 
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panels, three outgoing transformer panels, and one outgoing 
feeder panel to the 100 h.p. motor. 

The 400 volt switchboard could conveniently be seotionalized 
by means of a bus section switch and arranged to have two trans¬ 
formers on one section and one transformer on the other. This 
switchboard would, therefore, comprise three incoming transformer 
panels, one bus section panel and four outgoing feeder panels. If 
we assume that the impedance of the transformers would be of the 

INCOMING 3300 VOLT 
FEEDERS 

DO-MAIN DISTRIBUTION GEAR 
Flo. 3. Load Distbibutiok in Ttpioai, Inddstbial BuiuaMo ) 

order <?f 6 per cent, then the short-circuit capacity on the L.V. 
system makes possible the use of H.B.C. switch and fuse units 
for the outgoing feeder panels; but oil circuit-breakers would be 
preferable for the incoming transformer panels for reasons which 
are given in the following chapter. A diagram of the sub-station 
arrangement at which we have arrived is given in Fig. 4. 

Consideration can now be given to the location of the sub¬ 
station. Obviously the centre of load is in the centre of the 
building, but the people responsible for laying out a factory do 
not as a rule give up valuable space in the middle of a building 
for electrical purposes and we should probably find that we 
would be forc^ to adopt the next best thing which would be to 
locate the sub-etation in the position indioated in Fig. S. 

L.V. feeder cables of suitable capacity would be run from the 
L.y. switchboard to each of the four distribution boards located 
as near as possible to the load centres of the four seatioDS the 
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building. We will assume that the processes carried on in section 
C and D are vital to the continuous factory output, so that it is 
considered expedient to interconnect the ^stribution boards in 
these two sections. This would enable a supply to be maintained 
to both of these boards in the event of a fault on the main feeder 
cables to either of them. Thus we have completed the electrical 
distribution network for our typical industrial building. It is 
not suggested that all networks be as easy to develop as this 

FEEDER FEEDER FEEDER FEEDER 

Fio. 4. Diaobam of Sub-station Equipment for Industrial Butldino 

SHOWN IN Fig. 3 

and probably several arrangements would have to be considered 
before the most satisfactory is arrived at. 

System Protection 
Sufficient has now been written to indicate the most important 

factors which have a bearing on the lay-out and design of a good, 
sound factory network. Having reached this stage, the next 
point to be considered is how to ensure that this network will be 
r^iable and discriminative in operation so that, if a fault does 
occur, th«a only that portion of the jmtwork immediately affected 
fa^r the fault win be isolated automatically and the minimum of 
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disturbance will be caused to other sections. This state of affairs 
can only be attained by the careful and effective introduction of 
suitable protective equipment into the system. 

In general, it can be stated that the use of complicated and 
expensive protective equipment in factory networks is not 
warranted. Money laid out in this way shows no return and the 
simplest forms of protection, consistent, of course, with their 
suitability for the specific job, are all that is necessary for the 
comparatively short and low-capacity feeders and moderately 
sized equipment usually associated with the average factory. 
The cost of protecting a piece of apparatus or a cable should bear 
some relation to the value and importance of that apparatus or 
cable involved. Thus in the case of large transformers of great 
importance in the network it might be a reasonable proposition 
to install some form of ‘‘back-up’* protection as well as the 
ordinary transformer protection, whereas in the case of smaller 
transformers this extra cost would probably be unjustifiable. 

In making his choice of protection the electrical engineer 
should have a diagram of his network before him and he must 
then consider the effects of fault conditions in any section of that 
network in relation to other sections. His selection must be such 
that healthy sections will be maintained in commission whilst 
unhealthy sections will be disconnected as speedily as possible, 
so that the minimum of damage will be caused. The effects of a 
fault will be felt to a greater or lesser degree throughout that 
portion of the system which can feed into the fault and the engi¬ 
neer must select protective equipment which will be quite stable 
under fault conditions outside its zone of influence or, in other 
words, “through-fault” conditions, but which will operate 
reliably should a fault occur within the zone which it is required 
to protect. 

It is not proposed to attempt to give the details and techni¬ 
calities of the many protective systems which are available, 
as sufficient literature written by much more competent people 
than the writer is already in existence. It would, however, be 
opportune to make some suggestions as to the most suitable 
systems to adopt for the average industrial conditions. Possibly, 
Hie best way to do this would be to work through the different 
parts of a typical network and to make the appropriate suggestions 
for each/ Commencing with the final low^voltage distributors in 
a network, it is suggested that straightforward ov^erload protecticm 
is all that is necessary; in fact, the suggestion will be found In a 
later chapter that switch and fuse units incorporating 
rupturing capacity fuses will be found quite saHsfaotory fiat 
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controlling low-voltage distributors. With regard to the setting 
at which the overload device should be set to operate or the mini¬ 
mum current at which the fuse should blow, it should be appreci¬ 
ated that overload protection on feeder cables is required to 
prevent damage to the cable and to isolate a particular cable under 
fault conditions on the feeder but not to protect miming plant 
which is fed by the cable. This last point is mentioned because 
there is sometimes an inclination to try primarily to set the 
overload device to operate at some value slightly in excess of the 
normal current in the circuit, with the consequence that the 
overload device is somewhat sensitive and liable to operate under 
such conditions as heavy currents due to motors starting or due 
to some fault in a remote part of the installation supplied by the 
feeder. This consideration would emerge more particularly, for 
example, where possibly a 400 .amp. cable has to be used to carry 
a 300 amp. load to keep voltage drop within reasonable limits 
and in such a case the protective apparatus should preferably 
be set to suit the capacity of the cable rather than the size of the 
load. If switch and fuse gear is not used for low-voltage distri¬ 
butors, then the choice will fall upon either oil-immersed or air- 
break switchgear and the relatively large currents, which have to 
be controlled, will normally make the use of current transformers 
necessary for operating the overload protective gear. This may 
take the form of A.C, trip coils shunted by suitable time limit 
fuses and energized direct from the current transformers, which 
arrangement is probably the most commonly adopted and is 
certainly the cheapest. Other arrangements for giving overload 
protection involve the use of relays energized by current trans¬ 
formers, so that when the current reaches a predetermined value 
the relays will close a set of contacts to energize a D.C. trip coil 
which trips out its associated circuit breaker. These relays may 
be either of the instantaneous operation type, in which case they 
would be shunted by time limit fuses, or they may be of the 
definite minimum inverse time limit pattern, in which the time 
taken for the relay to operate is inversely proportional to the 
operating current so that heavy currents or faults will cause the 
relay to operate more quickly than light currents; these relays 
also have a definite minimum time setting which is adjustable 
between limits. If relays are deemed to be necessary, then this 
latter type is recommended since it gives good control over 
Operating time and enables grading of relays to be carried out, 
but more will be mentioned of this later. If current transformers 
are used for overload protection, then it is an easy matter to 
connect them so that earth leakage protection is ali^ given and 

s-4r4*7) 
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thd engineer may jfeel happier with overload protection on two 
phases and, say, a 20 per cent earth leakage protection overall. 
This is a matter for personal preference although, with a metal-clad 
installation, any electrical fault is almost certain to develop into 
sufficient proportions to operate any overload device. ) 

For the protection of power transformers a number of protec¬ 
tive systems can be used and there is probably little to guide the 
engineer’s choice to any particular system. The usual Merz-Price 
circulating current protection can be employed or any of a variety 
of proprietary systems which have been developed by the leading 
switchgear manufacturers, such as Translay or McColl protection, 
etc., but the majority, if not all, of these systems involve the use 
of pilot cores to connect between the current transformers on the 
high-voltage side of the main transformer and those on the low- 
voltage side. These current transformers would be located in the 
associated switchgear and, where the high- and low-voltage 
switchgear are in relatively close proximity as is often the case, 
there is no objection to the use of pilot cores from the point of 
view of expense or from the operational aspect, since the cores 
will normally carry circulating current. If, on the other hand, 
the high- and low-voltage switchgear are sufficiently far apart to 
make the previously mentioned points appreciable, then overload 
and earth leakage protection can be applied, provided that the 
earth leakage on the output side of the main transformer is of the 
restricted type, so that it is only operable by faults inside the 
protected area which includes the windings on the output side 
of the transformer and the associated cables as far as the output 
switch. It is easy to realize that the use of unrestricted earth 
leakage protection on the output side of a transformer would 
result in the protective relay operating or attempting to operate 
due to earth fault conditions anywhere on that section of the net¬ 
work fed by the transformer. For the input side of the trans¬ 
former, overload eaid unrestricted earth leakage protection will 
protect the transformer windings satisfactorily. In what has just 
been written about restricted earth leakage protection, it has Imn 
assumed that the output side of the transformer to be protected 
would be star-connected and that the neutral point would be 
earthed, conditions which would apply to the majority of indus¬ 
trial networks. Where overload and earth leakage protection is 
adopted for protecting transformers, it is recommended that some 
suitable inter-tripping system be used to ensure that, in the event 
of the protective relays opeirating on either aide of the transformeTi 
then the switch on the other side will also trip out automatically* 
Tbm is j^brtiottlarly important when severid transformer 
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oonnected in parallel and where there would be the possibility of 
all transformers feeding into a fault on any one of them. 

On large transformers which would normally be fitted with 
conservator tanks, the use of Buoh-Holz Gas Relays is becoming 
increasingly popular as an additional safeguard over and above 
the protective gear mentioned in the previous paragraph. The 
Buch-Holz device consists of a gas chamber introduced into the 
pipe connecting the conservator with the main transformer tank. 
Inside the gas chamber are two floats to which are attached glass- 
sealed mercury switches; one float is arranged to tilt its mercury 
switch when sufficient gas accumulates inside the chamber to 
lower the oil level to a pre-determined level, whilst the other float 
is arranged directly in the path of the oil between the conservator 
and the main tank. The theory is briefly that any fault condition 
arising inside the transformer must result in breaking down some 
of the surrounding oil with the formation of gas; an incipient 
fault would result in the slow formation of gas which would 
accumulate in the gas chamber and eventually operate the first- 
mentioned float which in turn could operate an alarm-bell by 
means of the mercury switch attached to it; any major fault 
would result in the release of a relatively large volume of gas 
which would surge up to its easiest escape point, i.e. the conser¬ 
vator tank, and in so doing would operate the second float where 
the mercury switch could be arranged to trip out the respective 
switch controlling the supply to the transformer. This form of 
protection will be found quite satisfactory in service, once the trans¬ 
former has settled down in commission and all the occluded air, 
wffich is normally found in new transformers, has been driven off. 
(The most suitable form of protection to apply to a feeder 

depends upon the nature of the duty which that fe^er performs. 
If it is a single cable supplying a terminal sub-station, then plain 
overload protection will do all that is necessary and will provide 
the cheapest solution. If, on the other hand, the cable to be 
protected is one of a number of parallel feeders or part of a ring 
main system, then obviously some more elaborate protective 
equipment must be used to ensure that the cable is only cut-out 
of service automatically, due to a fault actually on that cable, but 
that it is maintained in commission at times of faults on other 
parts of the network. This can be done either by suitably graded 
overload and directional overload relays or by using one of the 
special feeder protections such as Merz-Prioe, I^anslay and others 
^^hioh will necessitate the use of pilot cables. In view of the fact 
that extremely kmg feeder cables are not normally encotmtered in 
jfootory networks and oonsequently the cost of running pilot 
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cables would not be excessive, the use of one of the special feedet 
protection systems is recommended as likely to be the most 
reliable in service, since directional relays, wliilst theoretically 
quite sound, are not always as rehable as could be desired. 

If generators form part of the network, then a number of well- 
known special generator protection systems are available for the 
engineer to make his choice from, and there is probably little 
to influence his selection in any special direction beyond the fact 
that the manufacturers of the switchgear concerned may have 
some proprietary system which they would prefer to install. 
/The question of busbar protection has been given considerable 

attention during recent years owing to the occurrence of one or two 
serious mishaps due to faults in these normally unprotected zones. 
A number of systems have been developed to deal with these 
faults, but it is suggested that the chance of a fault developing on 
busbars is so remote that this is a risk which can well be taken 
and that the installation of complicated systems to cover this 
possibility is not justified in industrial networks. / 

In the more important sections of the network, such as large 
transformers, generators, or heavy duty feeders, it may be con¬ 
sidered desirable to install back-up protection over and above 
one of the systems previously mentioned, with a view to saving 
the network from serious damage should the primary protection 
fail to function properly. For this back-up duty the choice will 
almost invariably fall on overload protection, but care must be 
taken in setting the overload relays to ensure that they are 
correctly graded throughout the network, so that there is no chance 
of a fault shutting down sections of the network unnecessarily. 
The process of grading overload relays in a network simply 
consists of adjusting the operating times so that the relay or 
relays closest to the source of supply have the longest operating 
time and that each successive overload relay up to the most 
remote from the source of supply has an operating time sufficiently 
shorter than its predecessor, to allow it to operate and clear a 
fardt before the contacts on the preceding relay can close. It is 
generally agreed that the minimum time interval to allow for 
suitable grading of overload relays is 0*5 sec. which covers the 
time between the closing of the relay contacts and the clearing of 
the fault plus any overswing due to inertia on the other back-up 
relays which of course would be trying to operate. If this grading 
time of 0*6 sec, is maintained tliroughout the network, then 
proper discrimination shotfld be assured between all overload 
relays and oidy those relays immediately concerned with a fault 
sho^ operate whilst the others remain stable. 
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With this object in view, the value of using definite minimum, 
inverae time limit relays for overload protection becomes more 
apparent, since the operating times on these are easily adjustable 
and the use of some additional form of time lag relay is thus 
obviated. These relays usually have a definite minimum operating 
time which is adjustable from 2-2 sec. downwards and an operat¬ 
ing current adjustment by means of a movable plug from 50 per 
cent to 200 per cent of full load current in steps of 25 per cent. 
It is apparent that if the grading of a number of relays is to be 
carried out by adjustment of the minimum operating time only 
and if the time interval between successive relays is to be O-S sec., 
then the number of relays which can be graded in this way is 
limited to five and also those relays nearest to the source of supply, 
where the short-circuit current is going to be greatest, are going 
to have some long operating times. A useful method of grading 
relays which overcomes these difficulties is described in a paper 
by Messrs. Gallop and Bousfield which was read before the I.E.E. 
This method, which is described in greater detail in Appendix I, 
makes use of the inverse time limit characteristic of these relays 
to provide part of the discriminating time between relays and the 
residue is made up by adjustment of the time setting. By this 
means shorter time settings are made possible with the consequent 
speedier clearing of faults near to the source of supply where they 
are likely to be more serious and their effects more disastrous. 

It is hoped that sufficient has been written to indicate the 
factors which must be taken into consideration in the design of an 
industrial network and that sufficient information has been given 
to enable a good network to be developed. Some parts of this 
chapter may appear to contain too many qualifications and 
conjectures, but it is not possible to lay down any definite line of 
attack in designing the electrical system for a factory since the 
number of variables to be considered will differ probably with 
each factory. When it is possible to solve aU electrical problems 
by definite rules, then will be the time when the experience and 
training of the electrical engineer has lost much of its value and 
his job will have ceased to merit the designation of profession. 



Chapter III 

SUB-STATION DESIGN AND EQUIPMENT 

StTB-STATiONS and their ancillary gear are expensive items of 
plant, and the electrical engineer must give much careful consider¬ 
ation to the lay-out and type of equipment which he proposes to 
install and the nature of the load which the sub-station will have 
to carry. He should avoid elaboration as far as possible and out 
out unnecessary Irills, but he must also realize that if sub-station 
gear does not function properly then the supply to a large part 
or possibly the whole of the factory may be cut off. The loss of 
production during a shut-down of part or the whole factory can 
soon offset the cost of a sub-station and the engineer will win no 
medals for cutting down the first cost of his installation at the 
expense of the reliability of his equipment. Modem electrical 
equipment is very reliable and, provided that equipment of good 
repute and known ability is installed and is well maintained, 
little trouble need be expected in sub-stations. 

Switchgear—H.V. and E.H,V. 
H.V. and E.H.V. switchgear is available in a number of different 

forms and the supporters of any type can always produce argu¬ 
ments in defence of their own particular favourite and against 
the others, but on balance it is diflScult to put forward a con¬ 
clusive argument in favour of any type, cubicle or metalclad, 
horizontal or vertical isolation, truck type or otherwise, com¬ 
pound-filled or oil-filled. The writer’s personal preference lies 
in the direction of metalclad, horizontal isolation, compoimd-fiUed 
gear, but he would not care to be dogmatic over this matter. The 
prime essential is that the gear should be able to perform its duty 
satisfactorily, which is to make or break the circuit under normal 
and abnormal conditions without risk to operators or interference 
with adjacent equipment and to this end it is strongly recom¬ 
mended that only gear which has been proved under test should 
be installed. A number of short-circuit testing stations are now 
in operation in this country and any manufacturer can have his 
products tested and certified at these stations. 

The present-day tendency is to limit the use of oil for cooling 
and arc-extinguishing to a minimum, since it introduces fire 
hazards of its own which may render the after-effects of a switch 
failure more damaging than the original explosion. To this end/ 
'‘oil-pobr’’ switchgear has been developed in which only a small 

30 
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volume of oU is used to surround the arc and, more recently, the 
air-blast switch has emerged from the designer's hands as a 
marketable product. This latter type of gear has many attractive 
properties and, if the price is competitive, it should find much use 
in industrial sub-stations. The number of fires caused by the 
failure of oil-immersed switchgear is very small and it would be 
difficult to justify extra expenditure for installing air-blast instead 
of oil-immersed switchgear solely on the grounds of reduced fire 
hazard. Nevertheless it must be admitted that it is basically 
illogical to use an inflammable material to extinguish an arc and 
any means of eliminating this state of affairs are well worth con¬ 
sideration. At the moment it looks probable that, for some years 
at least, the use of air-blast switchgear will be limited to voltages 
of 11 kV and upwards and then only in the higher rupturing- 
capacity class. The chief drawback about this type of gear is the 
possible failure of compressed air supply; but this should not 
present a very real risk in industrial sub-stations which are 
normally visited quite frequently or where it is a simple matter 
to rig up some form of alarm device to draw attention to the fact 
that the air supply has failed. The main attractions are— 

(а) the elimination of oil with the consequent reduction of 
fire risk; 

(б) cleanliness and ease of maintenance; since any mainten¬ 
ance work on oil circuit breakers almost inevitably results 
in oil spillage. 

One of the early points to be settled with regard to switchgear is 
the busbar arrangement. It is very tempting to install duplicate 
busbars wherever possible, as a spare set of busbars can be very 
convenient in times of emergency or for testing newly installed 
plant, but the use of this refinement can usually only be justified 
in the case of large sub-stations. In the vast majority of cases a 
single set of busbars is all that is necessary. It is, however, often 
convenient in sub-stations where there is more than one source 
of supply to sectionalize the busbars to bring the incoming feeders 
on to difiFerent sections. Thus, if the section switches are normally 
kept open, a fault can be restricted to one section of the board only. 

The common practice with regard to switch operation has 
developed along sound lines and it is now laid down in B.S,S. 
No. lift-1937 that the use of hand-closing mechanism for H.V. 
and B.H.V. switchgear should be limited to gear haying a rated 
rupturing capadty of not exceeding 150 mVA. This is, of ooiirse, 
due to the fact tlmt, in the event of a man endeavouring to close 
ahreaker on a fault, it must be possible &r him to dose tlie switch 
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without any hesitation in order to eliminate any prolonged arcing 
in the switch tank and, since the electromagnetic throw-off force 
increases in proportion to the square of the fault current, it is 
obviously necessary to restrict the use of hand-closing gear to 
sizes where the average man could overcome the repulsive force 
resulting from a short circuit. The most common alternatives to 
hand closing are spring closing and solenoid closing. The former 
has been applied on breakers up to 750 mVA, but the writer would 
not advocate its use above 250 mVA and for sizes of gear greater 
than this he strongly recommends remote control with the 
operator at some distance away and, whilst spring closing can 
certainly be arranged for remote operation by means of a long 
lanyard, this arrangement does not always present itself as an 
engineering job. Spring closing is very satisfactory and strongly 
to be recommended for the medium capacities of gear, since it 
ehminates the use of a costly and bulky battery, but for the 
larger sizes of gear solenoid operation appears to be the most 
satisfactory method yet evolved. The standard voltages for 
switch-closing batteries are 110 volts and 230 volts with the former 
the more popular and it will be found that, if the battery is kept 
on constant trickle charge, it will have a very long life and require 
little maintenance. For tripping, the use of a D.C. battery- 
operated trip is most common, with the selected voltage usually 
ranging between 12-30 volts, but preferably the higher end of the 
range where dust and dirt on contacts with consequent high 
resistance is not so roal-effective; A.C. tripping is also feasible 
in certain cases with the A.O. trip coils shunted by time limit fuses 
and energized directly from the current transformers, but this is 
only a practical proposition where the normal full load current is 
reasonably large and where the rupturing capacity of the breaker 
is small enough to permit the use of wound type current trans¬ 
formers, since the high V.A. necessary to operate an A.C. trip coil 
necessitates a large number of ampere-tums on the current 
transformer and the guidance of the switchgear manufacturer 
must be sought in this matter. 

When purchasing E.H.V. switchgear the engineer wUl find him¬ 
self faced with quite a wide range of possible suppliers, all of whose 
products have been tested and can be relied upon to carry out 
their duty as switches satisfactorily. He will normally also find 
that there is little difference in the price of the various makes of 
gear and it is thus upon the operational merits or demerits that 
he must base his choice. By ihis it is meant that he must view the 
gear from the aspect of being caUed upon to operate it himself; 
he must consider the accessibility of the gear from a maintenan<^ 
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standpoint (economy of space is not always a good selling feature 
when maintenance is considered), the adequacy of interlocks, 
soundness of mechanical features, and general appearance of the 
gear. He would be well advised to inspect the particular gear in 
operation, if possible, or at least in the maker’s works and to spend 
some time familiarizing himself with it, since drawings do not 
always give a true picture of what they try to portray. One or 
two common weaknesses in design of switchgear may be oppor¬ 
tunely mentioned here, viz.— 

(1) Most manufacturers seem to be obsessed with the idea that 
the correct position for relays, watt-hour meters, etc., is as near to 
the floor as possible where they are very difficult to see or read, 
where they are likely to pick up the most dust or water during 
floor cleaning, and where they are in the best position to be 
knocked or Idcked accidentally. 

(2) When a number of secondary connections have to be 
carried from the fixed to the moving portion of the switch, the 
most satisfactory way to do this is by means of long, permanently 
connected leads in flexible tubing and not by means of plug 
contacts which are a very possible source of trouble due to bad 
contact and which, in addition, necessitate introducing some form 
of “jumper” contact for testing purposes when the switch is 
racked out. 

(3) Cable boxes are often far too near the ground and very deep 
trenches are thus required to obtain a reasonable bend on the 
cable as it leaves the box. 

Switchgear—L,V. and M.V. 
Much of what has been said in the preceding paragraphs 

relative to H.V. and E.H.V. gear is equally applicable to L.V. 
and M.V. gear. Here again there is a strong tendency to move 
away from oil-immersed switchgear and in this case the tendency 
is towards air-break gear as distinct from air-blast. Most manu¬ 
facturers now have air-break gear available in ratings up to 
rupturing capacities of 26mVA and voltages of 0*44 kV or 
3-3 kV. 

A strong case, however, can be made out for the use of switch 
and fuse gear for main distribution switch boards in industrial 
networks. If, as has been advocated earlier in this book, the net¬ 
work is so arranged that the maximum short circuit is limited 
to 26 mVA, then fuses capable of successfully clearing short 
circuits up to this value are readily obtainable. The amount of 
load breaking which a sub-station switch is called upon to do 
is usually very small and so, if a non-automatic switch capable 
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of breaking all currents up to its normal rating is backed up by 
fuses capable of breaking the circuit under any possible fault 
condition, we have a very satisfactory method of controlling a 
circuit. A number of manufacturers can supply such gear, but 
probably the most convenient to use is that which is built up of 
standard units and is thus easily extended. Certainly, for out¬ 
going feeders to various parts of the factory, this arrangement 
will give satisfactory service; but probably incoming panels would 
be best in the form of automatic circuit-breakers, since these will 
firequently be heavy current panels and outside the range of 
available fuses. In addition, automatic incoming circuit breakers 
would enable some form of protection to be incorporated (viz. 
earth leakage) other than the straightforward short-circuit 
protection afforded by fuses. Thus we arrive at the arrangement 
of a composite switchboard comprising switch and fuse units for 
the outgoing panels and automatic air break circuit-breakers for 
the incoming panels. This would give a compact, clean, cheap 
and reliable arrangement. It may be argued that valuable time 
would be wasted in replacing blown fuses in the event of a fault; 
but, provided that suitable spares are carried, this need not be a 
lengthy procedure and it is certainly capable of being carried out 
whilst the cause of the trouble is being located. 

The vast majority of L.V. switches are of the hand-operated 
type and it is only in very exceptional cases that remote operation 
would be applied. For automatic tripping A.C. trip coils energized 
direct from current transformers and shunted by time limit 
fuses are most frequently used, since the relatively heavy currents 
associated with L.V. switchgear make the design of suitable 
current transformers a simple matter. If the selected protective 
system, however, necessitates the use of relays, then D.C. trip 
coils will be used. 

Iiiitrameats for Switchgear 

The following may be of use as a guide to the selection of 
instruments for switchgear— 

(а) H.V. SWITCHGEAR 
Incoming Panels: Ammeter, voltmeter, wattmeter, and 

power-factor meter. 
Outgoing Panels: Ammeter and wattmeter in special cases. 

(б) L.V. SWITCHGEAR 
Incoming Panda: Amiheter and voltmeter. 
Outgoing Panda: Ammet^, 

Ammeter switches to enable the <mrrent in any phase to be 
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indioated, are useful on 3-phase, 4-wire switchboards. Integrating 
meters, of course, will be installed where it is necessary to meter 
the load. Wiring diagrams for typical H.V. incoming and L.V. 
outgoing feeder panels are shown in Figs. 5 and 6 respectively. 

Flo. 6. Dia,obam ot Sboondaby Whuno fob L.V. Outooino 
Feedbb Switch 

Xranidomiers 
The electrical performance figures and prices of modem trans¬ 

formers have been standardized to such an extent that there is 
little to guide the engineer in making a choice of supplier, beyond 
his previous experience of the products of the various manufao* 
turers under consideration and the quality of the service which 
can be expected from them. The physical dimensions of equal 
capacity transformers vary between different manufiM$tiiiem and 
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in certain circumstances this may have some bearing on the 
selection made. 

One of the prime necessities for keeping oil-immersed trans¬ 
formers in good trim is adequate ventilation to avoid over¬ 
heating; excessive heat greatly accelerates the production of 
sludge and acid in the oil and these are the principal causes of 
trouble in transformers. Acid attacks insulation and sludge 
impairs the heat dissipation, so raising the temperature still 
farther, creating more sludge and acid; and so the process is 
cumulative until the transformer finally breaks down. With this 
end in view, it is probably better to use outdoor type transformers 
for sub-station work with a light roof over them to enable main¬ 
tenance work to be carried out under cover and with suitable 
division walls between them to localize any trouble. If, however, 
indoor type transformers are used they should each be installed 
in their own fire-proof cubicles and special attention must be 
paid to the ventilation of the cubicles to ensure that the cooling 
air sweeps right across the transformer; this is best arranged by 
having the air inlet at the bottom-front of the cubicle and the 
outlet at the top-back. It might be opportune at this juncture 
to give the following formula for calculating the amount of 
cooling air required— 

^ 1740 kW 

where Q = quantity of cooling air in cub. ft./min. 
kW = kilowatts loss in transformer. 

2^2 = temperature rise of air in C. 

Thus, if we assume a maximum temperature rise of 50^ C., the 

quantity of cooling air per kW loss will be = 35 cub. ft./min. 

As has been stated, oil deterioration is promoted by heat, but 
it is also assisted by the presence of the two main metaUic con¬ 
stituents of transformer, viz. iron and copper, which act as 
catalysts in the oxidation of oil; and the use of bare copper and 
iron under oil should be eliminated as far as possible. Copper 
connectors should be taped and the interiors of transformer tanks 
shotild be shot-blasted to get rid of scale and then coated with a 
suitable protective varnish. 

The fitting of conservator tanks to all transformers of any 
appreciable size is a practice to be strongly commended, since these 
serve the dual purpose of maintaining the oil level in the tank 
and also helping to keep the oil in good condition. Increasing 
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attention ia being paid to the growth of acidity in transformer 
oils whilst in service and it is generally acknowledged that trans¬ 
formers fitted with conservator tanks are not so prone to this 
trouble. This is probably due to the fact that in a conservator 
tank a smaller surface area of oil is exposed to the atmosphere 
and consequently less oxidation takes place. Further, since the 
early products of oxidation of oil are organic acid gases which 
dissolve in any moisture to give rise to acid conditions, it is easy 
to see how beneficial a conservator tank can be in this respect. 
An additional precaution in this direction is the use of silica-gel 
or calcium chloride breathers to dry the air being inhaled by the 
transformers, and the small extra cost of these is well worth while. 

Other fitments which should be included are indicating thermo¬ 
meter, oil level gauges, drain cocks, lifting lugs, and diagram 
plates. A small detail which can be of great value during the 
installation period is the provision of ‘‘barring” holes round the 
oiroumference of the wheels to enable the transformer to be 
manoeuvred into position more easily, an operation which is not 
always easy m the restricted space of some cubicles. 

The provision of tap-changing gear is almost standard practice 
in these days, the standard and the most common taps being 
± 2^ per cent and ± 5 per cent which should cover all normal 
requirements. In the majority of oases tap changing is carried 
out “off load” as it is only in the case of very large transformers 
that the use of expensive “on-load” tap-changing gear can be 
justified except in very special circumstances. The most satis¬ 
factory arrangement of off-load tap changing is to have a switch 
inside the transformer tank which is operated by a rod carried 
through the tank wall and finishing in a handle which may be 
locked in any definite tap position but which cannot be left in an 
intermediate position. 

Probably the most popular grade of oil used for transformers 
is class “BO” for indoor transformers or “B30” for outdoor 
transformers as specified in B.S.S. No. 148—1933, and these will 
be found to cause no anxiety under normal conditions in spite of 
the fact that they have greater sludging tendencies than Class 
“A” oils. This latter, more highly refined and more expensive 
class is more liable to acidity than class “B,” and for this reason 
its use should be restricted to situations where there is an abnor¬ 
mally high ambient temperature. In brief, the possibility of mme 
slud^ with Class “B’’ oil is much lei^ disturbing than the 
probability of more acidity with Class “A.” 

On large transformers of upwards of, say, 1000 kVA 
city the installation of a Buoh-Hols gas relay ia wcxrtli 
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ooDflideration. The function of this relay has been described in 
the previous chapter. 

■\l\^en purchasing transformers consideration should be given 
to the kind of duty they will be called upon to perform, since 
appreciable saving can be effected by matching the load at which 
maximum efficiency is obtained to the average load on the trans¬ 
former. The losses in a transformer can be split into two sorts, 
iron losses and copper losses, the former being a steady loss as 
long as the transformer is energized and the latter varying in 
proportion to the square of the load current. It is fair to assume 
that the sum total of these losses has been reduced in modem 
design to an almost irreducible minimum, consonant with a 
reasonable size of transformer and without the discovery of a 
new, more efficient grade of core iron; but it is convenient that 
either loss can be increased or decreased at the expense of the 
other. As is well known, the maximum efficiency of the trans¬ 
former occurs when the iron loss is equal to the copper loss and 
thus the best efficiency can be an'anged by the designer to suit 
the estimated loading conditions. Thus, if a transformer is used 
for supplying a 24-hour per day load which varies little over the 
period and is near to the rated output of the transformer, the 
maximum efficiency should be arranged to occur at 100 per cent 
load. If, on the other hand, the transformer only supplies a heavy 
load during the day and a light load at night, the best efficiency 
would be better arranged to occur at about 60 per cent load. 
The factor to be estimated, which incidentally is not quite load 
factor as commonly assumed, is obtained by the ratio— 

Average estimated daily’load in kW^hrs. X 100 

Rated output of transformer in kWs x 24 

and this will give the optimum load at which maximum efficiency 
should be arranged. 

MisceUaneous Equipment 
Into this category fall such incidental but nevertheless important 

items as tripping and closing batteries, heaters, and telephones. 
For tripping and closing switchgear, two types of battery are 

normally used, viz. the alkaline and the acid types, and there is 
really little to choose between them from a performance point of 
view although the acid battery is much less expensive. Provided 
th^ are kept constantly on trickle charge and given occasional 
attention, both types of battery will be found to give many years 
of trouble-free service. For large batteries of the lead acid type 
it will be found better to use sealed top cells as distinct 
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open top, since these former give less trouble due to evaporation 
of the electrolyte and less trouble due to acid fumes. A neat 
arrangement of battery and trickle charger mounted in a sheet 
steel cabinet is on the market and is eminently suitable for 
tripping service. 

The heating and ventilating arrangements for sub-stations 
usually comprise some form of tubular beater, with roof ventilators 
and side wall louvred ventilators to promote air circulation. In 
unattended sub-stations the heating apparatus will most likely 
be switched on in the autumn and off in the spring. This arrange¬ 
ment is no doubt effective in the majority of cases, but a Httle 
further investigation will often show that it is not the most 
economical. The first thing to be realized is that the object of 
installing heating equipment in an unattended sub-station is not 
to raise the temperature for comfort purposes but to raise the air 
temperature, so that it can absorb more moisture and avoid this 
being deposited on the electrical apparatus. In other words, it is 
moisture which has to be combated and not cold. In attended 
stations the statutory working temperature for the comfort of 
attendants will normally take care of condensation worries. 
With the foregoing in mind, it follows logically that the humidity 
of the atmosphere inside the sub-station is the criterion of whether 
the heater should be switched on or not. If the air temperature 
can be kept reasonably above the dew point and, provided that 
there is a fair degree of air circulation to avoid stagnant pockets, 
there should be httle chance of condensation on electrical gear. 
An effective way of doing this would be the use of electric unit¬ 
heaters with fans and controlled by a humidistat to cut in the 
heaters when the humidity reaches some value of between 80 
and 90 per cent. It has been demonstrated that very considerable 
savings can be made by adopting some such method of ventilation. 
More on this subject can be read in a paper by Messrs. Favell 
and Connon which was read before the I.E.E. and in which they 
give details of how they apphed this ventilation system to certain 
sub-stations and how very appreciable savings were thus effected. 

With regard to telephones it can only be stated that these are 
very necessary in sub-stations. In the normal course of events 
they will have Kttle usage, but in the case of emergency when 
time is money they soon Justify their installation. 

lire Protection 
Expense incurred by the provision of protective devices to 

minimize fire hazards in a sub-station shoidd be considered as a 
Icrm of insurance premium inasmuch as it is hoped that 
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will never be used; but, if they should be, then they are extremely 
useful. With this consideration in mind the engineer would do 
well to temper his enthusiasm for counter-fire measures with a 
certain amount of discretion, since it is easy to conceive all sorts 
of possible eventualities; but it is really only for the probabilities 
that he should prepare and the ability to distinguish between the 
possible and probable is one of the features of a good engineer. 

Certain practices in common use can be agreed upon as being 
logical and reasonable. The practice of segregating fire hazards 
is a good one ; so that a failure of one section of the plant followed 
by a fire would not affect other sections. This practice usually 
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follows the lines of separation walls between outdoor transformers 
or separate cubicles for indoor transformers, whilst different 
voltage switchboards will be mounted in separate compartments. 
Also in the case of bus section switches in switchboards of fairly 
high-rupturing capacity, say 250 mVA and upwards, it is common 
to enclose them in a fire-proof cubicle so that a fire occurring on 
one section of the board will not affect the other sections. Other 
simple ajtid inexpensive precautions, which are well worth doing, 
are taping cables from the floor up to the cable gland with 
asbestos tape or using special asbestos sleeves which are obtainable 
and building low curbs round the cables where they emerge from 
cable trenches to prevent them from being damaged by burning oil 
flowing over the floor. Open cable trenches should not be en¬ 
couraged, but these should be filled with sand or shingle and 
ftldmmed over with a thin crust of concrete. Examples of these 
ax^ shown in Fig. 7. 

Where there is a risk of a large quantity of oil being liberated 
hf the failure of electrical gear, as in the ca^ of a transformer« or 
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switch tank bursting, some drainage system should be installed 
to drain the oil quickly away to a special sump where it can be 
quenched if it is alight. A satisfactory arrangement of such a 
sump is shown in Fig. 8, in which it wiU be seen that the burning 
oil spills over a 1 ft. thick bed of pebbles where it is cooled and 
quenched by seeping through the pebbles and accumulates in 
the bottom of the sump whence it can be pumped out at leisure. 
The pebbles should be medium sized, vaiymg from the size of a 
hen’s egg to about the size that would pass through a 4 in. mesh 
and they should be well rounded, so that they form a bed that 
will offer the maximum area of cooling surface whilst offering the 
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least obstruction to the passage of oil. It will be noticed that the 
pebbles are carried on an expanded metal or some such screen 
which rests on suitable supports and underneath this is the 
storage space for the quenched oil. Obviously the size of the 
sump will be related to the volume of oil which may be liberated. 
Several variations of this arrangement are in use, but this 
particular one will be found to be quite effective. 

For actually extinguishing fires in sub-stations a number of 
automatic systems are avaihible which involve the use of the 
oommon fire-extinguishing media, such as carbon tetrachloride, 
methyl bromide, carbon ^oxide and water. The most desirable 
for electrical purposes is probably caidron dioxide, sinoe it has no 
obnoxious after-effects either in the way of poisonous gases or of 
advfflse effects on electrioai^ equipment. The carbon (hoxide |»s ^ 
is stored in hquid form in cylinders which are automatio^y ‘ 
released by means of trip devices actuated by falUi^ weag^ts, 
whidr in are released by tita melting of fosibls Mntat in UiO 
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event of fire. Carbon dioxide cylinders and the trip mechanism 
should be located in a separate chamber so that any fire in the 
sub-station cannot damage them and render them inoperative. 
When a fire occurs and the fusible links which are located at the 
most vulnerable points operate, then the gas escapes through a 
number of suitably placed nozzles to flood the chamber where the 
fire is. This type of installation is very reliable and relatively 
inexpensive. 

Water, whilst being a very good extinguisher for most purposes, 
is not suitable, except under certain conditions of use, for electrical 
fires involving oil. The chief objections are that water is an 
electrical conductor and also that it tends to spread oil fires by 
floating the burning oil on the surface. The most successful way 
of using water for electrical fires is in the form of a very fine 
spray which is non-conducting and which mulsifies any oil it 
comes in contact with and renders it non-inflammable. Under 
these conditions it is very effective and proprietary systems are 
available embod^ng these principles; but they are relatively 
expensive and their use can usually be justified in the case of 
very large sub-stations only. 

It is difficult to suggest any figure which should be the limit 
of what should be spent on fire protection, but something of the 
order of 5 per cent of the total value of the equipment being 
protected would seem to be a reasonable figure. It will be realized 
that the present-day tendency to reduce, or eliminate entirely, 
oil from switchgear is going to simplify matters considerably and 
reduce expenditure on fixe protection. 

Earthing 
Before considering details of earthing, it is well to establish the 

reasons for the procedure. The three main functions are to reduce 
the risk of injury by electric shock to persons and animals, to 
reduce the risk of damage to electrical apparatus by enabling 
certain types of protective gear to be employed and, thirdly, 
to cheapen and simplify the construction of electrical apparatus. 
In the ease of low- and medium-voltage apparatus the first of 
th^ factors predominates, the second is largely incidental and 
the third hardly applies. With high- and extra-high-voltage 
apparatus the firat factor is scarcely relevant, the second factor 
is perhfl^wa the most important and advantage is taken of the 
thirf in the design of certain pieces of apparatus. 

The wJuctipn of risk of electric shock is apparent since, in the 
of a S-phase, 400 volt, A.O. system with an earthed neutral, 

flit voltage to earth is 330 and the effects of shook at 
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this voltage are not so likely to be fatal as a shock at 400 volts 
which woid be more probable with an unearthed neutral system. 
On higher voltage systems the argument is not so applicable 
since the results of a shock are likely to be fatal in any case. 

With regard to the value of earthing in connection with the 
reduction of risk of damage to electrical gear in the event of an 
insulation failure, the advantage is that it enables quick-acting, 
earth leakage protection to be used which can be adjusted to 
operate at relatively low values which would not be possible 
otherwise. Thus it is possible for an earth fault to be cleared in 
its incipient stages before it has built up to such a value as would 
damage the electrical gear beyond repair. 

On a 3-phase, A.C. system with an earthed neutral the maximum 

voltage to earth 

sequently, the quantity of insulation to be provided need only be 
proportioned to this, whereas, wdth an insulated neutral, all 
conductors must be insulated to suit the full hne voltage. 
Advantage is taken of this in cable and overhead line design and 
also in the case of high-voltage windings in transformers and 
alternators where the quantity of insulation is graded from a 
maximum at the end of the winding remote from the star point 
to a minimum at the star point. Thus it is possible to make 
appreciable savings in first cost of high-voltage equipment 
without sacrifice of reliability. In the case of low-voltage equip¬ 
ment the saving would not be appreciable and usually advantage 
is taken of the increased factor of safety rather than attempt to 
grade insulation. 

On the question of whether to earth transformer and generator 
neutrals solidly or through a resistance there is some variance of 
opinion, but it is the writer*s view that, in the majority of cases 
and certainly in the vast majority of industrial networks, the use 
of earthing resistances is not necessary. The argument put 
forward in their favour is that they reduce earth fault current 
and so reduce the stress on electrical gear under fault conditions. 
Whilst this is tmdoubtedly correct, it must be realized that the 
worst form of electrical fault which gear must withstand is not 
an earth fault but a dead short between phases and, if this were 
to take place near to the macliine or transformer terminals, then 
the limiting factor would be the impedance of the machine or 
transformer. Thus, if we oohsider a transformer whose impedance 
is 6 per cent, a dead short across the transformer terminals would 
result in a short-circuit current of 20 x full load, whereas an 
earth fault would be less than this due to the resistance of the 

line voltage 
is the phase voltage or-7=- and, con- 

V 3 
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earth connections in addition to the transformer impedance. The 
resistance of the earth is likely to be considerably higher than the 
transformer impedance and so there would appear to be little 
point in adding farther resistance, since the electrical gear must 
in any case be designed to withstand more onerous conditions 
than earth fault. 

The size of the earth conductor should be related, of course, to 
the possible fault current and should be of ample cross-section 
to carry this current without over-heating or without excessive 
voltage drop along its length. Joints should preferably be sweated 
and riveted, but a bolted link just before the conductor leaves the 
sub-station will be found very convenient for future testing of 
the earth plate or pipe; if two or more earth connections are 
made, then a link can be inserted in each connection to enable 
any to be isolated for test purposes. Apart from the final con¬ 
nection to the earth plate or pipe, all joints should be made above 
ground so that there is no risk of a hidden disconnection under¬ 
ground to nullify the value of the earth electrode. Also it is 
recommended that the final portion of the conductor, from just 
before it enters the ground until it terminates at the earth 
electrode, be insulated to avoid stray potential gradients on the 
surface of the ground which may be a source of danger to human 
beings or, more particularly, animals. 

It is very easy to theorize on the merits of securing a low value 
of resistance for the earth electrode, but it is not always so easy 
in practice to attain such an ideal. The easiest and best way of 
ensuring a good earth is to bond on to a large, buried, cast-iron 
water main and it is fortunate, since we are considering industrial 
electrification, that these desirable objects are frequently in 
sufficiently close proximity to sub-stations to permit of their use 
for earthing. It is always as well to have an additional buried 
electrode in parallel with the water main in case of interference 
or alteration to that main by parties who are not so interested m 
the maintenance of its electrical earthing function. 

As has been stated, it is often found to be very difficult to get 
a low earth resistance when using a buried electrode, since it is 
determined by the type of ground in which the electrode is buried 
and also the type and size of electrode used. The best type of 
ground for this purpose is wet ground or ground containing a 
feir proportion of moisture-holdiag constituents such as ashes 
and cinders. From this best type of land we range through clay 
and loamy soil; clay and loam mixed with sand, gravel, and 
Stonesi damp sand; dry sand; gravel and stones; with the 
resistivity of the different types increasing until the last is twenty 
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to forty timeB the resistivity of the best. An efFeotiv© way of 
reducing the resistivity of the ground surrounding the electrode 
is by treating it with common salt, even a very small proportion 
of which can lower the electrode resistance by as much as 80 per 
cent, but this is not a practice to be strongly commended and 
should only be used as a last resort. On the other hand, it is not 
essential to have water-logged conditions to have a low resistance, 
and beyond a moisture content of 15-20 per cent there is little 
decrease of resistance. 

Soil 
Resistivity 
Ohma/Cm* 

Duration of Fault as Detei 
Protective 

mined by Setting of 
jrear 

1 
secs. 

2 
secs. 

3 
secs. 

4 
secs. 

6 
secs. 

10 
secs. 

15 
secs. 

20 
secs. 

26 
secs. 

30 
secs. 

m 3-9 4«7 6-6 6*1 8*7 10*6 12*2 13*7 16*0 

2,000 3-9 7-7 8*7 12*2 16*0 17*3 19*3 21*2 

3,000 4*7 6-7 8*2 9-5 10*6 16*0 18*4 21*2 23*7 26-0 

4,000 6-6 7*8 9-6 11*0 12*3 17*3 21*2 24*6 27*4 30*0 

6,000 6-1 8-7 10-6 12-2 13*7 19*3 23*7 27*4 30-6 33*6 

7,000 7*6 10*6 130 16*0 16*8 23*7 29*1 33*6 37-6 4M 

|||QQ|9 8-7 12-2 160 17*3 19*4 27*4 33*6 38*7 43*3 47*4 

16,000 10-6 160 18-4 21*2 23-7 33*6 411 47*4 63*0 68*0 

26,000 13-7 19-4 23-7 27*4 30*0 43*3 530 61*2 68*6 760 

Fio. 9* Length or f-iN. Dia. Dbiven Cofpeb Eabth Rod pbb 
100 AMP8. OP Fattlt Cxtrbbnt 

Another point to be borne in mind is that the resistivity of the 
surface ground will vary with seasonal changes in weather and 
electrodes should always be buried at a sufficient depth to avoid 
this. It can usually be taken for granted that reasonably stable 
conditions will be obtained at depths of 2 ft. and more, and no 
electrode should be buried at a leas depth than this but preferably 
at a depth of 6-8 ft. 

When we consider the actual form of electrode to be used, then 
we are faced with a number of possible choices which may taka 
the form of driven rods, driven, pipes, buried pi^, or buried plates. 
It is axiomatic that a low earth electrode resistance can onl^ be 
obtamed if a large surface area of the electrode is in in14mate 
oontaot with the sutrounding earth. With this hi mind, it wb^ 
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seem that an electrode which is driven into the earth would 
probably be in more intimate contact with the ground than one 
for which a pit has been dug and then the earth back-filled after 
sinking the electrode. Of course, in certain types of ground it is 
impossible to drive rods or pipes to any distance; but generally 
speaking this is the best method of sinking an earth electrode. 

For driven electrodes either galvanized steel pipe of about 1 in. 
diameter or bare copper rod of about | in. diameter may be used 
and will usually be found to be satisfactory if driven to a depth 
of 6-8 ft. If, however, a sufficiently low resistance is not obtained 
after having driven the rod or pipe to this depth, it is frequently 
more effective to drive deeper than to drive more electrodes and 
use them in parallel since very good conducting layers of earth 
are often found at greater depths. A convenient tool for driving 
electrodes of these sizes is a pneumatic or electric hammer which 
enables quite high rates of living to be maintained and is not 
so injurious to the electrode head as when an ordinary hammer 
is used. 

The number of electrodes required must of course depend upon 
the fault current which may have to be passed and the time 
interval for which this current may be maintained. The current- 
carrying capacity of an electrode is not a finite quantity but it 
will depend upon the type of ground into which the electrode is 
driven. When fault current is passing there will be heat generated 
and if this heat is excessive, then the earth surrounding the 
electrode will be dried rapidly with the consequence that the 
resistance of the electrode increases and very undesirable con¬ 
sequences may ensue. Recommendations for ratings of driven 
copper rods were given by Mr. P. W. Cave in a paper read before 
the Association of Mining, Electrical and Mechanical Engineers in 
which he gave a table showing lengths of f in. diameter copper 
rods which are required for every 100 amps, of fault current 
flowing for various times of from 1 to 30 seconds and when 
driven in soils of varying resistivity. This table is shown in Fig. 9 
and may be of assistance in designing earth electrodes; the resis¬ 
tivity of the soil in question should, of course, be determined by 
test. It must be appreciated that the actual resistance of an earth 
electrode comprises the resistance of a body of earth surrounding 
the electrode and it reaches some finite value at a certain radius 
from the electrode. Thus when a number of electrodes are 
connected in parallel they should be separated by a distance of at 
least 6 ft. so that their sphere of influence do not overlap. 

li the use of a plate type electrode is decided upon in preference 
toiod or pip^f thm this should preferably be of cast iron or copper 
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about 3 ft. 6 in. X 3 ft. 6 in. and should be buried on its edge at 
a depth of about 6 ft. The value of surrounding it with coke 
breeze is doubtful, since this may introduce corrosion problems 
which otherwise would not be present. 

If dissimilar metals come into contact underground anywhere 
on the earthing system, then the joint should be suitably water¬ 
proofed to prevent the ingress of water as there would be the 
probability of electrolytic action under these conditions which 
might easily negati^^e the value of an expensive earthing system. 

The foregoing notes on earthing may be somewhat incompre- 
hensive, but to deal with the subject fully would require a separate 
book. It is hoped, nevertheless, that sufficient has been written 
to enable the reader to appreciate the problems involved and to 
give him some line on how to solve them. 

Lay-out and Building 
A sub-station is, of course, essentially a functional building, 

but there is no reason, if a certain amount of care is taken in its 
design and lay-out, why it should not be aesthetically pleasing 
without a lot of unnecessary money being spent on it. Sub¬ 
stations are usually the only buildings on a works site in the 
arrangement of which the electrical engineer has any jurisdiction, 
and it is up to him to ensure that they enhance the prestige of his 
profession. The building details are outside his control; but the 
lay-out is strictly his own affair. 

The Regulations for the use of electrical energy in premises 
covered by the Factory and Workshop Act lay down that sub¬ 
stations shall be substantially built and this should be sufficient 
authority for the electrical engineer to insist upon a good standard 
of building. It is a reasonable stipulation to make, since the after¬ 
effects of a failure of electrical equipment often take the form of 
a quite violent explosion and this should not be liable to cause the 
disintegration of the sub-station building. It is also specified 
that sub-stations shall be adequately ventilated and kept dry, 
desiderata which have already been touched on earlier in this 
chapter. 

The value of windows in a sub-station is doubtful. They would 
certainly form a kind of relief valve in the event of an explosion 
and would presumably blow out to relieve the pressure on the 
building fabric; but the chances of their being us^ in this respect 
are very remote, whereas they have the permanent offsetting 
disadvantage of causing unnecessarily high heat loss from the 
building* This point about the heat loss is quite important, since 
fiequent fluctuations of the sub^totion internal tem;^eraturee are 
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likely to cause condensation on the electrical gear, and, further¬ 
more, the better the heat-retaining properties of the building the 
cheaper will be the cost of maintaining the requisite temperature 
inside the station. Thus flimsy roofs, walls, doors, and windows 
are unwelcome features in sub-station design. 

The Regulations are not specific when they deal with the 
question of the location of access doors in sub-stations and the 
onus is put on the engineer to ensure the adequacy of numbers 
and suitability of position of doors from the point of view of 
safety. When electrical switchgear is located in a long narrow 
chamber as it frequently is and, more particularly, when oil- 
immersed gear is used, then access doors should be provided at 
each end of the chamber to ensure that an operator in the event 
of an explosion is not cut ofi* by a fire between him and the door. 
These doors must open outwards and should preferably be fitted 
with a “panic bar” or some similar locking device which can be 
easily and quickly operated in the case of emergency. 

Dust is one of the great enemies of electrical gear, particularly 
relays and meters which have delicate movements, and every¬ 
thing possible should be done to avoid the use of materials which 
create dust. Concrete is a bad offender in this respect and all 
inside concrete surfaces should be suitably painted; brickwork 
should be similarly treated. Floors may be tiled, an expensive 
procedure which is attractive when properly carried out but 
liable to cause much trouble due to tiles lifting if carelessly 
carried out, they may be treated with one of the many flooring 
compounds on the market or, alternatively, a satisfactory surface 
can be obtained with a carefully finished concrete floor painted 
with a special hard-finishing paint which is marketed expressly 
for the purpose. Finally the sub-station should be of fire-proof 
construction which precludes the use of ordinary wooden doors 
and necessitates the protection of any exposed steelwork building 
members. 

It is obviously impossible to give an example of a standard 
lay-out of a sub-station, since the arrangement will depend upon 
the type and quantity of electrical equipment to be housed in the 
building. One or two examples of good lay-outs can, however, 
be given and these may serve as a guide for different assemblies 
of gear. It is wrong to try to economize too much in space, and 
careful consideration should be given to the possibility of future 
extensions, and provision should be made for reasonable extension. 
Switch chambers must be of suflScient size to allow enough walk¬ 
ing way when a switch is withdrawn; a point which it is easy 
to overlook but difficult to remedy. If two or more transformers 
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it is necessary for the lei^hs of cable between the tranil- 
former switches and the transformers to be equal. That this is 
neoessaiy will be appreciated when it is realized that the tenmiH 
finnaeni will share the load in inverse proposition to the eal^ 
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impedance plus transformer impedance. This latter point may 
seem to be somewhat obvious, but it is often the obvious which 
is overlooked and the writer admits to having fallen for this 
himself. 

Fig. 10 shows an arrangement for a medium-capacity sub¬ 
station comprising 11 kV or 6*6 kV switchgear, 400 volt switch- 
gear and three transformers of capacity 500-1000 kVA. The 
H.V. and L.V. switchgear are housed in separate chambers each 
with two access doors, one of which in the H.V. switchroom is a 
double door to facilitate the entry of the more bulky H.V. gear. 
The H.V. and L.V. gear is hand or spring closed and a common 
tripping battery and trickle charger are provided in the L.V. 
switchroom. The transformers are of the outdoor type and are 
housed in open-ended cubicles with a light corrugated sheet roof 
over them to give a certain amount of protection against rain 
and sun but arranged not to impede the ventilation of the cubicles. 
A low curb is provided at tjie open end of the cubicles to retain 
any spilled oil, and oil drains would be arranged in each cubicle 
as well as in each switchroom to drain away any oil to a sump 
where it would be extinguished in case of fire. A small room is 
provided to house any automatic fire-fighting equipment or 
anything else such as local distribution boards which it may be 
required to install in the sub-station. It will be noted that the 
transformer cables to the L.T. switchboard are of equal length 
and these could be run in suitable trenches to join into the main 
cable trench running underneath the whole length of the L.T. 
switchboard. The cables from the H.T. switchboard could be run 
in suitable earthenware ducts laid in the ground during the 
building period. 

For larger capacity and higher voltage sub-stations the base¬ 
ment type of building on the lines of that shown in Fig. 11 is 
becoming increasingly popular. This arrangement is very suitable 
for housing 33 kV and upwards switchgear and it greatly facilitates 
the running of cables. High-voltage cables are very large and 
require a large bending radius to accommodate them under the 
switchgear, and it is plain that a very deep trench would be 
required, so we proceed from a cable trench to a cable basement 
wMoh enables the cables to be neatly racked. Separate sections 
of the basement are allowed for main and control cables so that 
my trouble on the main cables will not affect control cables and 
60 render the protection inoperative. It will be seen that a control 
room has been included in the lay-out, as the size of the gear 
would demand that it be remote controlled. This room could 
aooommodate all relays, meters, and control switches and would 
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also be a satisfactory place to locate the battery charger. The 
battery, which would be of large capacity for closing and tripping 
operation, would be housed in a separate room, whilst the third 
chamber could be used for the fire protection equipment. Accom¬ 
modation has not been provided for transformers but, if these 
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were required, they could be arranged on similar lines to those 
shown in the medium-capacity station. A crane will almost 
certainly be necessary to hancUe the parts of the high-voltage 
switchgear and in any case it would be a tremendous asset during 
erection of the gear. A fiirther basement under the control room 
would probably be found extremely useful as a storage space fox 
odd lengths of cable, transformer oil (provided the l^sement is 
dry) and the usual odds and ends which are in&equently required 
but for which storage space is dcben difficult to find. 



Chapter IV 

ELECTRICAL INSTALLATIONS FOR INDUSTRIAL 
BUILDmOS 

When an engineer is called upon to design the electrical instal¬ 
lation for an industrial building, the first thing to be done is to 
gather as much information as possible regarding the nature of 
the work to be carried out in the building and the atmospheric 
conditions which will pertain. The more information he can 
gather, the better will he be able to design the most suitable 
installation. He is vitally concerned with any explosive or 
corrosive gases or liquids which may be used in the process; any 
considerable quantity of dust or fluff in the atmosphere concerns 
him and any excessively moist or hot conditions must be provided 
against. He must get some idea of the running conditions of the 
plant to enable him to assess the probable diversity, so that his 
main supply cable sizes can be determined and he must also know 
of any special lighting requirements. In short, time spent in 
discussing the plant with the plant designer, and accumulating 
information as to the process to be carried out, is time well spent. 

Distribution Gear 
The electrical distribution system inside a plant is the “ nerve 

centre from which all electrical apparatus takes its supply of 
energy and the choice of system will largely be determined by the 
plant lay-out and the disposition of power-consuming apparatus. 
A good system must be electrically and mechanically sound, it 
must be flexible in that it should be able to cope with reasonable 
extensions without too drastic modificatiops, and it must be 
economical. The decision as to what constitutes a reasonable 
extension to the plant can only be taken as a result of previous 
experience with plant design, and to strike a happy medium 
between lavishness and parsimony in spare capacity is the test 
of a good engineer. 

The first requisite is a lay-out drawing, showing the location 
and horse-power of aU motors which have to be fed from the 
system. Should any of the motors be of large size, say 200 h.p. 
and upwards, the possibility of feeding these from the E.H.V. 
network of the factory should be considered, since L.V. machines 
and control gear of such size are expensive items and it may be 
found that E.H.V. will enable cheaper and simpler types of 
equipment to be employed, such as squirrel-cage motors instead 
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of slip machines, which would almost certainly be necessajy 
j£ £^^'from the L.V. network. Of course, if the E.H.V. network 
|o'<^uch that switchgear of 100 mVA and upwards is necessary, 

^ %en the high cost of such gear will often rule out the use of 
E.H.V. motors. 

For an L.V. distribution system the choice normally lies between 
a ‘‘load-centre’* system or a “tee-off** system depending upon 
the lay-out of the plant. If the motor drives are laid out in 
regular rows as is commonly found in machine shops or assembly 
shops, then the “tee-off” system will usually be found to be the 
more economical, but the plant lay-out most commonly found in 
practice usually means that the “load centre” system will be 
used and this is described first. 

**Load Oentre’’ Distribution System 
The “load centre” system simply consists of determining the 

centre of gravity or heaviest concentration of load in the plant 
and situating the main distribution gear at, or as near as possible 
to, this point with the heavy feeder cables running to it. These 
feeder cables will normally be L.V., but the Americans have gone 
a step farther by marketing what they call “load-centre” units 
which in effect comprise a complete sub-station including kiosk, 
H.V. switch, transformer, and L.V. distribution gear; these 
units are fed through an H.V. ring main and are located inside 
the plant as near as possible to the centre of the load. 

Having fixed the approximate position of the main distribution 
gear, the next thing is to decide upon the nature of the gear to 
be used and here again past experience must be called upon, 
but the general considerations which govern the choice may be 
given and a typical example of a distribution system will be given 
later. 

The load must first of aU be split up into a number of sections 
which should preferably be of equal or nearly equal capacity to 
fit in with the size of fuse-ways in a distribution board. It may 
not always be possible to subdivide the load into more or less 
equal sections, but this should be the aim, so that sub-distribution 
boards can in their turn be located at the load centres of the 
sections; and so the process continues until suitably sized distribu¬ 
tion boards are reached for finally supplying the smaller motors. 
Large motors will, of course, be fed from intermediate boards 
and will very often decide the size of fuse-way to be adopted. 
The sizes of fi^-ways most commonly in use are 15 amp., SO amp.| 
60 amp., and 120 amp. or valuas approximating to these, a^ 
these should be the loadings to wlddli the dis^bution system 
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should be designed. Distribution boards containing larger sizes of 
fuse are, of course, obtainable but they are somewhat unwieldy and 
it is suggested that, when fuses of larger capacity than 120 amp, 
are required, consideration should bo given to the use of unit type 
distribution gear of the Reyrolle ‘‘H.H.” type or the B.T.-H. type, 
which comprise a metal-clad busbar chamber to which the incoming 
and outgoing feeders are connected by means of switches, switch- 
fuses, or oil circuit breakers, if desired, for the incoming feeders. 
This type of gear is easily extendable and is admirably arranged 
for the main distribution board for large installations where the 
load may be of the order of several hundred kVA. 

The development of a typical “load-centre” distribution 
system will perhaps be best appreciated by reference to Fig. 12, 
which traces out the various steps in the procedure. From this 
it is clear that the “load-centre” is in the vicinity of stanchion 
X, and this is the best position for the main distribution gear. 
The obvious place for the distribution board for the 2 h.p. drives 
is on stanchion Y, and so the process continues. Probably, in 
practice, the plant lay-out would not be so convenient, but this 
simple lay-out will serve to illustrate the method of developing 
a “load-centre” distribution system. 

The chief merits of this system are that it is economical in 
copper and it is flexible, provided that it is well planned to leave 
a reasonable number of spare ways on the distribution boards. 

« Tee-o£E Distribution System 
As previously mentioned, this system is best suited to plants 

where the machines are arranged in regular rows and where the 
motors do not vary much in horse-power (say a range of 0-10 h.p.). 
The lay-out is quite straightforward and consists of running a set 
of overhead busbars along each row of machines and teeing off 
these bars at each motor position. Bach set of busbars, which is 
of ample cross-section to permit of increase to the number and 
size of motors being fed, is supplied from its own way on the main 
distribution board, which is suitably located to reduce the length 
of feeders to the busbars to a minimum. The busbars may take 
the form of copper or aluminium bars run in metallic ducts or, 
alternatively, an ordinary multi-core cable may be run and tee- 
boxes inserted at intervals. If air-insulated bars in ducts are used, 
then it is usual to have socket boxes at regular intervals, with 
connectors on to the busbars so that plug boxes can be inserted 
where required to feed the motors. Fuses are usually incorporated 
in the tee-boxes to protect the small wiring to the motors. A 
number of proprietary systems of this type are marketed mid 
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they have many advantages for the type of plant lay-out described. 
They are flexible, easy to install and maintain, and neat in 
appearance. 

Choice of Equipment 
Having assessed the merits of the above systems with respect 

to the immediate plant lay-out and having made his choice, the 
en^neer is ne^ faced with the problem of clothing the skeleton 
dtf inTotherwoirds,deciding onthe type of switchgear, distribution 
gear, motors, control gear, and wiring to be used. His decisions 
must, of course, be governed by economics, but other things 
besides “first-cost” come into the picture and it is frequently 
better economics to install more expensive equipment which will 
give more reliable service and require less maintenance than to 
purchase equipment on the grounds of initial cheapness. The 
operating conditions of the plant will have to be considered and 
allowed for, since dirty or corrosive conditions require special 
attention. It is obviously impossible to lay down hard and fast 
rules governing the selection of equipment, but the following 
points may be of assistance in making the choice. 

Isolating Switches 
Every distribution board should have its own isolating switch 

which will be double pole, triple pole, or triple pole and neutral 
according to the system. There are many makes of switch 
available and many different prices. The main points to look 
for are— 

(a) Good contacts. 
(b) A good, positive operating mechanism. 
(c) Sufficient wiring space. 
(d) Robust enclosure—some otherwise good switches have 

weak handles or weak hinges on the covers. 
(e) Suitability of the enclosure to stand up to atmospheric 

conditions and to prevent the ingress of dust or moisture. 

Distribution Boards 
Here also there is a wide field to choose from and the final 

choice should be decided by— 

(а) Good contact—some of the cheaper makes suffer from 
“sloppy” contact. 

(б) Sufficient space for wiring, 
(c) Ease of wiring. 
(d) Robust enclosure. 
(e) Suitability to stand up to atmospheric conditions. 
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Foses 
The choice of fuses lies between re-wireable and cartridge types. 

The latter type is naore expensive, but is much to be preferred 
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SEC. SEC. SEC. SEC. SEC. SEC. MIN MIN MIN. MIN 

FUSING TIME 
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Size Fcbbs or DirrEBBNT MAmn-AOTUBE 

and is indeed essential on most systems on the basis of rapturing 
capacity which usually exceeds the capabilities of the open or 
semi-enclosed, re-wireable type of fuse. 

A number of different makes of high-rupturing capacity 
(H.B.C.) cartridge fuses are available, most of which are quite 
reliable and capable of himdling short circuits up to 25mVA; 
some, however, whilst quite capable of handliilg large 
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circuits, have weaknesses in the lower end of the range when t6e 
fault is Imited by circuit conditions to something in the nature of 
an overload, as for instance a motor stalling, and fuses have been 
known to explode instead of clearing the foult. Whilst it is not 
the purpose of the writer to extol the merits of any particular 
make of apparatus, in his experience one of the most satisfactory 
H.R.C. fuses is that made by Messrs. Rarmiter, Hope & Sugden, 
Jjtd., which can deal with overloads and short circuits equally 
well. Whichever type of fuse be decided upon by the engineer, it 
cannot be too strongly emphasized that he should stick to one, 
and one maker only throughout his system. It is unfortunate 
that very little standardization exists in the field of fuses; each 
different make has different characteristics, different dimensions, 
and different tags and, in fact, certain manufacturers make 
different types of the same rating of fuse so that the position is 
somewhat ^aotio. The chief drawback about mixing different 
makes in the system is that discrimination may be upset due to 
the different characteristic curves and the main fuse may blow 
before a sub-fiise. This will be apparent on reference to the curves 
in Fig. 13 which give the characteristics for two different makes 
of fuse, one a 60 amp. size and the other 200 amp. Here it will 
be seen that for low values of fault current the fuses will dis¬ 
criminate satisfactorily, but for high values the 200 amp. size 
will blow before the 60 amp. 

In selecting the size of fuse for a circuit feeding squirrel-cage 
induction motors, it must be remembered that the starting current 
of such motors is often of the order of 7 X full load current. 
The fuse must be large enough to stand this heavy current and 
thus it loses much of its value as a protection against overloads 
smd becomes mainly a short circuit protection. > 

Whwg 
The engiaeer is faced with a number of different methods of 

wiring which, generally speaking, will give an equally satisfactory 
installation and the problem of which system to use can usually 
ba determined, on economic grounds, It is a problem which is 
well worth careful consideration, since a big proportion of instaUa- 
tion cost may be bound up in cabling; very o^n the tsrpe to he 
used is determined by the standard practice of the factory which 
may not have kept pace with changes in cost and types of cable 
ayailahle, with the result that an installation is put in Trhich, 
while quite sound, costa much more than it should, Perhaps a 
brief dMoription and assessment of the pros and cons of the 
vwciUli common i^stems would be opportune at this juncture, 
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V.LR. Cables on Porcelain Cleats 
This is a wiring system which has little in its favour beyond 

chea^^ness of material. It is expensive to install and it is very 
unsightly. It is very liable to mechanical damage and has to be 
suitably protected where it passes through walls and floors and 
where it is within 5 ft. 6 in. of the ground. Unless an ‘‘ all insulated ” 
installation is used, a separate earth wire must be run to pick 
up all metal enclosures and fittings. In brief, this system has 
little to commend it and it should find no place in a good-class 
installation. 

VJ.R. Cables in Conduit 
A well laid-out conduit installation gives probably the neatest 

arrangement of any. It is the cheapest installation for mdustrial 
lighting and, even for power wiring for small motors where the 
wires can be drawn into | in. conduit, it compares favourably 
with other systems. For most situations heavy gauge, welded, 
black enamelled conduit will be found quite satisfactory; soUd 
drawn heavy gauge conduit is of course necessary for flame-proof 
installations; whilst, for very damp situations or outside work, 
it will be found advisable to use galvanized conduit. If spacing 
saddles are used and the conduit is painted as soon as possible 
after erection, it will be found that the installation gives many 
years of trouble-free service. A properly erected conduit system, 
where care has been taken to ensure that screw threads are clean 
and that tubes are screwed the requisite distance into fittings, 
should give no trouble with regard to electrical continuity, and 
no separate earth wire should be necessary. In damp situations 
a certain amoimt of condensation may take place inside the con¬ 
duits, but this can usually be taken care of by the use of drain 
plugs. 

Other types of conduit such as close Joint and light gauge 
tubing are not satisfactory for industrial work. A copper conduit 
system has been developed which has all the merits of a steel 
conduit system plus the added benefits of greater immunity from 
normal corrosion and excellent electrical continuity. This system, 
however, has the drawback of suffering from rather severe price 
variations due to fluctuations in the copper market which is very 
much less stable than the steel market. 

’’Generally speaking, a conduit installation is very satisfactory 
mechanically, electrically, amd aesthetically, and up to f in.-l in. 
conduit it is cheaper than other systems. When the conduit siise 
must be increased above about 1 in. diameter, then the increased 
labour cost of screwing and bending reacts unfavourably against it« 
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Multi-core Cable 
Probably multi-core cable is the most common method of 

power wiring and, if it is carefully installed, it gives a neat, 
reliable installation. Several different types of cable are available, 
but the choice normally lies between V.I.R., paper-, cambric-, 
and mineral-insulated cables and the following information may 
help in making the selection. 

1. MULTI^CORE CABLE 
V.I.R. insulated and single-wire armoured cable will be found 

suitable for most installations, although it may be found necessary 
to have it lead sheathed in certain situations such as chemical 
plants where chemicals which are rubber solvents may be present. 
It is non-hygroscopic and hence requires no special sealing to 
prevent the ingress of moisture. It has a lower current rating 
than paper or cambric cables, and in the larger sizes above 0*1 sq. 
in. it becomes rather bulky and expensive to handle. 

Some of the rubber substitutes such as polywinyl chloride are 
more chemically inert and hence less liable to attack than V.I.R. 
and they may quite easily oust pure rubber from the cable market 
if the cost of production can be suitably lowered. 

2. PAPERJNSULATED CABLES 
Paper insulation being hygroscopic, these cabl^ are always 

lead sheathed but quite commonly are installed'Without any 
armouring. The writer is of the opinion, however, that a good 
case can usually be made out for using armouring on cables which 
are to be installed in industrial plants. They are always liable to 
mechanical damage by articles dropping on them and almost 
invariably when a piece of apparatus has to be mqyed the electric 
cables will be found to be in the way and will have to be disturbed. 
Also it is found that the greater care which has to be exercised 
in installing unarmoured cables and the resulting increas^ labour 
costs often outweigh the saving made by omitting armotiring. 

Paper cables will be found to be cheaper than V.I.R. cables 
and they also have a higher current rating. The only drawback 
is the fact that they have to be sealed at the ends to prevent 
moisture from getting in, an expensive procedure which can easily 
offset the saving in price of the cable unless the run is a long one. 
It should not, however, be outside the capabilities of the cable 
suppliers to devise a cable termination for paper cables which 
avoids the use of sealing boxes and which will be suitable for use 
in most industrial situations which are reasonably dry. If such 
a cable termination could be developed, it would be found that 
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paper-insulated, lead-covered and eingle-wire armoured cable 
offered a very attractive proposition both electrically and econ¬ 
omically throughout the whole range of cable sizes. 

8. CAMBRIC-INSULATED CABLE 
Cambric-insulated cable has similar characteristics to paper- 

insulated cable and has the same current rating. It is more 
expensive than paper cable but is less hygroscopic with the 
consequence that compoimd sealing is not necessary. A satis¬ 
factory seal can be made with cambric tape or some form of 
sleeving, providing the tails and the crutch are well varnished 
before and after appUoation of the tape or sleeving. 

4. MINERAL-INSULATED CABLE 
This type of cable has been developed in recent years in this 

country and is proving itself to be highly satisfactory. The cores 
are laid in a mineral insulation, and the whole is enclosed in a 
thin copper sheath. This cable is heat resisting and is also very 
strong mechanically, being able to withstand rough handling and 
hard knocks. It is slightly hygroscopic and special sealing glands 
have been developed for use with this cable. It is fairly flexible 
and easy to handle, and once the technique of using it has been 
acquired, it can be installed at a cost which is competitive with 
a V.I.R. multi-core installation. An installation using this t3q)e 
of cable can be made very neat and unobtrusive. At the present 
time this multi-core cable is only made in the smaller sizes and, 
where these sizes are suitable, it is a very attractive proposition. 

The foregoing will give the reader some idea of the merits and 
demerits of the various wiring systems in common use. On 
reference to the graphs in Fig. 14 he will get some idea of how 
the prices vary. Obviously, exact prices cannot be given, since 
these fluctuate from time to time; but these curves are strictly 
comparable. They represent the cost of cable only and do not 
include the cost of erection and termination. Similar curves can 
be constructed at any particular time to suit the current price 
of cable; then, with a knowledge of erection and termination 
costs, the most economical type of cable can be selected. It will 
usually be found that on short runs of 100 ft. and less au<l ou tbe 
smaller sizes of cable, it is uneconomical to use papcu-insulated 
cable if compound sealing is necessary, t ^ 

Xoton 
As a role the electrical engineer has little to do y^ith 4ec$4inv 

the home-power and speed of motors, pnee these am tmoaHir 
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determined by the mechanical aspect of the drive. It is an 
unfortunate state of affairs, however, since frequently a little 
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more oonsiderarion of the electrical side of the business would 
enable a lot of money to be saved both in initial and running 
eost. 

It is a tendency of mechanical engineers to estimate the horse¬ 
power required by a drive, aUowing the usual margin for ema 
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and then to ‘^add a bit on for luck.’* This practice is much to be 
deprecated, since the electrical engineer is then saddled with 
motors which are too big and too expensive for their duty and 
which as a consequence operate at lower efficiency and power- 
factor than could otherwise be obtained. It should be realized 
that all continuously rated motors are rated to give their full 
output continuously and that most machines have limited over¬ 
load capacity to handle abnormal peaks of short duration, so that 
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there is no justification, other than uncertainty of the mechanical 
design, for **over-motoring.” The electrical engineer’s restraining 
influence at this stage of the design would be effective. He should 
also, if possible, e-^ert his influence with regard to motor speeds. 
A reference to Pig. 1C will show how the price of motors is affected 
by speed and how an aporeciable saving in initial cost of an instal¬ 
lation can be effected by installing high-speed motors. A certain 
Amount of caution must bemused in this respect, however, since 
very high-speed motors such as 3000 r.p.m. introduce troubles of 
their own; they are more prone to bearing trouble and they are 
sometimes difficult to start owitiig to the longer time they take 
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to run up to speed and the consequent longer period of high 
starting current causing overload trips to operate. The most 
satisfactory speeds to aim at are 1500 r.p.m. or 1000 r.p.m. 
synchronous with possibly a tendency towards slower speeds for 
larger motors. 

A further point to be considered in fixing horse-power of motors 
is the question of interchangeability. It is good practice to 
standardize on a single make of motor, so that machines of the 
same horse-power and type will be interchangeable in the case of 
emergency. It may also be expedient to install motors of slightly 
higher output than is essential for the drive so that they will line 
up with other drives, as for example two drives requiring 7 h.p. 
and 8 h.p. respectively, when it would be advisable to install 
8 h.p. motors in each case so that they will be interchangeable. 
This may involve a certain sacrifice in electrical performance in 
some cases, but the value of having identical motors inside a plant 
which can be drawn on in case of breakdown far outweighs the 
small losses involved. 

In deciding upon a make of motor for standardization an 
engineer must draw upon his past experience of motor manufac¬ 
turers with respect to the reliability or otherwise of their products, 
and the standard of service which they give. Details for consider¬ 
ation are efficiency and power-factor, temperature rise (since 
some firms’ motors run notoriously hot, denoting high losses), 
terminal box position (in the writer’s opinion the best position 
for the terminal box is on the top of the motor, as it can then be 
turned in any of four directions for cable entry), ample size of 
terminals, adequacy of wiring space, and type of insulation. 
Many makes of motors are on the market, and the engineer should 
consider carefully before making his decision, since motors vary 
considerably in performance and reliability. 

The speed and horse-power of the motors being settled, the 
next point for consideration is the type of winding, e.g. squirrel- 
cage or wound motor. There is a regrettable and unjustifiable 
tendency on the part of some supply authorities to Hmit the size 
of squirrel-cage motors which may be switched direct-on-line to 
about 3 or 6 h.p.; star/delta starting is permitted up to 10 or 
16 h.p., and above this wound rotor machines with resistance 
starters must be used. This attitude is regrettable, since it pushes 
up the cost of the installation unnecessarily, due to wound rotor 
motors and starters being very much more expensive than simple 
squirmhcage motors with direct-to-line starters. It is unjustifiable 
for two main reasons— 

(4) The peak current which is obtained when using the 
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stwr/delta method of starting is frequently much higher than when 
switching direot-to-line (this point will be amplified later), and 
there is thus no justification in stipulating star/delta starting. 

(6) The starting current for a wound rotor machine will 
probably be of the order of 2 x full load current. Thus if a 60 h.p., 
400 volt, S-phase, 60 cycles slip-ring motor is being started up, 
the current may be approximately 130 amps. If we assume that 
the starting current of a squirrel-cage motor switched direct-on- 
line to be 7 X full load current, then it is surely consistent to 

130 
permit squirrel-cage motors whose full load current is or 

18‘6 amps. (12 h.p.) to be switched direct-to-line. In other words 
the thing to restrict is the starting current and not to limit types 
of winding to certain horse-powers. 

Fortunately, most industrial plants of any size take an E.H.V. 
supply and have their own step-down transformers, so that they 
are in a position to fix any limits on starting current to suit their 
own transformer capacity. A reasonable limit for starting current 
would be 33^60 per cent of the full load current of the trans¬ 
former feeding the system as, with a transformer whose reactance 
was 6 per cent, this would only result in a voltage drop of 2-3 per 
cent which would not cause any imdue disturbance on the net¬ 
work. A further proviso is that the starting current of motors 
at the end of long L.V. feeder should be still further restricted, 
as voltage drop along the feeder may be excessive during the 
starting period and the motor may not develop sufficient torque 
to start the load. If these premises are accepted, then it will be 
seen that quite large squirrel-cage motors can be switched direct- 
to-line without disturbing the system, e.g. if the network is fed 
through 760 kVA, 440 volt transformer whose reactance is 6 per 
cent, then the maximum starting current for motors should be 
380-600 amps, which permits ordinary squirrel-cage motors of 
60-70 h.p. to be switched direot-to-line. For larger motors, a 
special high reactance type of machine is available which limits 
the starting current to approximately 4 x full load current so 
that in the above-mentioned example high reactance squirrel- 
oage motors of up to approximately 100 h.p. could be switched 
diroot-to-line. These high reactance motors have a slightly poorer 
eleotrioal oharaoteristio than the ordinary type, but it be 
realized that a considerable capital saving can be effected by 
eliminating slip-ring motonr with their associated starters. 

It is the opinion of the writer that there are vary few, if any, 
drives which cannot be taken by a squirrel-cage motiw, and, 
geneially speaking, the only reason for using idip-ring miat^ 
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Should be to limit starting current. In the majority of cases, e.g. 
centrifugal pumps, fans, line shaft, conveyors, etc., which only 
require a small starting torque and which pick up load as the 
speed increases, the ordinary squirrel-cage motor developing 
100-125 per cent full load torque at starting is ideal. For other 
drives, such as reciprocating pumps, fly-presses, guillotines, etc., 
which require a high torque at starting, high torque squirrel-cage 
motors are available which can be designed to give anything up 
to pull-out torque at starting. Squirrel-cage motors are much 
to be recommended in preference to slip-ring motors which are 
not so mechanically robust and where slip-rings and brushgear 
require periodic attention. 

Figs. 16 and 17 will be of interest as illustrating the character¬ 
istics of an ordinary squirrel-cage motor applied to a centrifugal 
pump drive and a high torque squirrel-cage motor applied to a 
reciprocating pump and starting against load. From these it is 
apparent that a reciprocating pump drive which is required to 
start up against load, is outside the starting capabilities of an 
ordinary squirrel-cage motor but is quite easily started by a 
high torque machine. Similarly, if an engineer can obtain par¬ 
ticulars of the starting characteristics of any drive for which he 
is required to furnish a motor, he will almost invariably find that 
his requirements can be met by a squirrel-cage motor of some 
description. 

Now, the only outstanding question to be settled is that of 
the motor enclosure, and here the choice will be between protected 
and totally enclosed machines. This is a choice which is fairly 
easy to make, since for the vast majority of cases a screen protected 
motor is quite suitable. In explosive areas, of course, totally 
enclosed flame-proof motors must be installed and out-of-doors, 
also, totally enclosed, weather-proof motors will be required; but 
apart from these and a few other exceptional cases, such as lime 
works, cement works, boiler houses, etc., where dust is liable to 
accumulate inside motors, ordinary screen-protected motors will 
be found to give reliable service. If the location of the motors is 
very damp, then drip-proof enclosure can usually be obtained 
by the simple expedient of fitting small cowls over the air inlet 
a^ outlet openings and, if the motors are liable to regular hosing 
down as in dairies and food factories, hose-proof enclosure can 
be obtained by fitting specially deep cowls to prevent the ingress 
of water. It should be borne in mind that totally enclosed motors 
cost approximately 60 per cent more than their screen protected 
counterparts, they have poorer electrical oharactemtios, and are 
not rated to carry any sustained overload. In addition they have 
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^ SPEED OF MOTOR 100% 
Fig. 16. Compabison or Ordinaby Squerbel-CagbIMotob Torqubj 

AND Centbibuoaii Pxtmp Load Torque 

Fig. 17. CoMPAitmK or Hias Toequb SQtmcBBt-CAOB 
and BEOiXEoaftzko Fuve Loae ToEomii 
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the inherent weakness of being susceptible to breathing which 
can give rise to considerable trouble if the place where they aie 
installed is subject to appreciable temperature variation. If a 
totally enclosed motor is standing idle and the ambient tempera¬ 
ture drops, then air is drawn into the motor carcase; this air 
will possibly have water vapour occluded which will condense 
inside the motor and form a pool at the bottom of the machine 
unless provision has been made for draining off. The writer has 
had experience of several motors failing in service due to this 
accumulation of moisture which can only be ascribed to breathing. 
Thus it will be obvious that any tendency to install totally 
enclosed motors unnecessarily should be restrained. 

If, in spite of what has been advocated in favour of using 
squirrel-cage motors wherever possible, the engineer finds himself 
forced to use slip-ring machines for certain drives, then what has 
been written relative to the enclosure of squirrel-cage motors is 
equally applicable to the slip-ring variety. Tt is also possible to 
purchase a hybrid form of enclosure which takes the shape of 
protected enclosure for the main carcase of the machine but with 
the addition of flame-proof enclosure for the slip-ring assembly. 
The exact function of this latter type of enclosure is not apparent, 
since the adoption of flame-proof enclosure is not a matter for 
compromise, and, if it is necessary for the slip-rings, then it 
should be equally essential for the rest of the motor. It used to 
be standard practice to fit brush-lifting and short-circuiting gear 
to all slip-ring motors to save wear and tear of brushes, but this 
practice is falling out of favour somewhat. By far the greatest 
amount of brush wear is caused by the disintegration of brush 
faces when current is passing between the brushes and the slip- 
rings and, to eliminate this wear, it is recommended that short- 
circuiting gear should always be fitted but that brush-lifting gear 
is not necessary, since the purely frictional wear is negligible. 
In addition to short-circuiting gear it is suggested that the small 
extra cost of installing continuously rated (as distinct from short 
time rated) slip-rings and brushgear is well worth while; this will 
avoid any trouble due to operators forgetting to short-circuit the 
slip-rings and so to cause overheating if short time rated brush¬ 
gear was fitted. Provided that shp-rings are cleaned periodically, 
that correct brush tensions are maintained, and that brushes are 
checked for wear, then little trouble need be expected from 
slip-ring gear. 

The electrical engineer wiU sometimes find himself faced with 
a request to install a variable speed drive and here, for his own 
peace of mind, if he has to maintain the job and particularly if 
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the maohinM atre to be used' in corrosive atmospheres, he should 
make oertain that a variable speed drive is reaUj essential and 
cannot be avoided by some mechanical means. Motors which 
give an infinite variety of speeds over a given range are, of course, 
well known and in fairly common use, but they are expensive 
and require a fair degree of maintenance, probably no more than 
an average D.O. motor but still considerably more than a fixed 
speed A.C. machine. In addition, they are sometimes difficult to 
protect since on slow speeds at the bottom of the range or on 
high speeds at the top end of the range, very high currents may 
flow in certain parts of the circuit without there being any actual 
mechanical overload on the motor; thus it is difficult to set the 
overload trips at a value relative to the mechanical load, which 
will also protect the motor winding. Two main types of A.C. 
variable speed motor are on the market—the Sohrage tspes 'with 
movable brushgear to adjust speed and the Stator-fed type with 
fixed brushgear but with an induction regulator for speed varia¬ 
tion. There is little to choose between the two macl^es in the 
way of electrical performance; possibly the machine with the 
fixed brushgear gives slightly better commutation and longer 
brush life than the other tjpe, but it has off-setting disadvantage 
in that it requires a separate regulator and takes up more space. 
There is also very little difference in the cost of the machines 
although for oertain horse-powers and speeds one type of machine 
may show an advantage over the other, depending upon the out¬ 
puts allocated to particular frame sizes. An ini^te variation 
■peed over a range of 3 : 1 is obtainable with these machines 
and whilst greater ranges are possible the machines tend to become 
bulky and to have poorer electrical performances. Very often it 
will be found that an infinite variation of speed is not required 
but thet a fixed number of speeds is needed, and a gear-box will 
probably gi^e all the variety that is necessary. 

If cmly a small epeed variation is required and if the horse¬ 
power of the motor is not too large, say 10-15 h.p., then it may 
be expedient to use a wound rotor maol^e with a rotor regulator 
to vary the speed. This, of course, is an inefficient me^od of 
speed variation, sinoe the losses are proportional to the sto of the 
ipetor and the further the motor sp^ departs from i^ohrcmuqii 
the more energy has to be dissipated in the form of heat in tim 
rotor regulator. 

finally, if motors have to. run in an atmosphere uddoh may be 
oeuvodve, as in many chemical works, tb«i the motors slmuM 

costs very little pxtra but jki well worth trying. 
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Motor Startera 
A motor starter is a very important piece of apparatus and 

may have some very arduous duties to perform in the case of 
certain drives which involve frequent starting and stopping. 
Should a starter fail to function correctly in the event of overload, 
then the cost of the damage which may ensue to the driven 
machinery will usually outweigh many times the cost of the 
starter; thus it is bad policy to look for economy in motor 
starters and to install gear which is not robust and up to its job. 

The function of a motor starter is to control a motor and to 
trip it out in the event of an overload which may damage the 
motor if sustained unduly. It is not a circuit-breaker and should 
not be expected to deal with short circuits or wiring faults. If 
the short-circuit capacity of the network exceeds about 2000- 
8000 kVA, then the starter should always be backed up by a 
suitable ftise or circuit-breaker to interrupt the circuit before 
the starter attempts to open in the event of a short circuit as 
distinct from an overload. It must be remembered, however, 
that the starting current of the squirrel-cage motors switched 
direct-on-line may exceed 7 X full load current and the starter 
must be capable of dealing with this high current. 

It is laid down m the I.E.E. Regulations that starters for 
motors exceeding half horse-power shall be fitted with imder-volt 
coils to trip out on a supply failure and to prevent re-starting 
automatically on the resumption of the supply. Exceptions to 
this ruling are, of course, such drives as are automatically con¬ 
trolled by pressure or temperature controls or float switches and 
which are cutting in and out continuously in the normal perform¬ 
ance of their duty. It is also recommended that for each motor 
circuit means be provided for isolating the supply from the 
motor and starter during maintenance periods and for this it is 
probably best to incorporate an isolator in the motor starter 
which can preferably be locked in the ‘‘Off” position, so that 
whoever may be working on the motor or mechanical drive can 
lock off the isolator and retain the key in his own possession. 
This isolator should also be in a separate compartment in the 
starter so that, when it is in the “Off” position, all accessible 
parts of the starter are dead and any maintenance can be carried 
out in safety. 

Two main classes of starter are available, viz. oil-immersed 
and air-break, and the choice will be made according to the 
inclination of the engineer. In general, there is little to be gained 
by using oil-immersed gear unless there is a likelihood of corrosive 
^teosphere which woidd attack the contacts. Air-break gear is 
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more readily accessible for maintenance purposes and is cleaner 
in use since oil is always liable to be spilled during the filling or 
maintenance process. Oil-immersed starters are available in 
either the hand-oi>erated or automatic contactor type, whereas 
air-break starters are almost invariably of the latter type. Here 
again it is a matter for the individual preference of the engineer, 
since there are points in favour of both types. Hand-operated 
starters are generally more robust and positive in their action 
and in this respect are frequently better than the contactor type 
which sometimes vibrate and chatter in an alarming fashion if 
the magnet faces are dirty or rough. The contactor type of 
starter has the advantage of being easily adapted for remote 
control from any number of positions and can also be arranged 
to start up any number of motors in sequence automatically, a 
condition which is of considerable value in plants where the 
process is of a progressive nature and apparatus is required to 
come into operation stage by stage. Hand-operated starters can, 
of course, be arranged to incorporate ‘‘Stop” push buttons in 
series with the under-volt coil and can thus comply with Home 
Office requirements of having some means of stopping a motor 
close by the driven machine if the starter is remote from the motor. 

An ammeter or, better still, a wattmeter calibrated in horse¬ 
power, is a good investment and should be incorporated in the 
starter as an almost invariable rule so that the load taken by the 
drive can be constantly checked. If a single-phasing preventing 
device can be incorporated in the starter, then this is also well 
worth any small extra cost, since single-phasing is a fairly common 
source of trouble with polyphase motors and might be caused 
by some state of affairs extraneous to the starter such as one 
fuse blowing on a 3-phase supply. 

For overload protection some manufacturers standardise on 
magnetic and some on thermal trips, whilst at least one manu¬ 
facturer has an ingenious combination of the two. On a balance 
there is no outstanding merit to make the selection of any 
partiotdar type automatic. The main points are that the overload 
trip should be absolutely reliable and accurately calibrated. 
Magnetic trips will, of course, attempt to operate immediately 
the current exceeds the value to which the trip is set and some 
form of adjustable time lag is a necessary adjunct to a magnetic 
trip to give the motor starter stability during transient overloads 
and also to hold the starter in during starting up periods when 
the motor is taking a heavy current. Thermal overloads have 
certain attractive tiieoretical properties which xuifortunately are 
not always realized in practice* The condition which causes 



INSTALLATIONS FOR INDUSTRIAL BUILDINGS 73 

damage to motors is not so much excessive current as excessive 
heating caused by the heavy current and, if an overload trip can 
be operated by the thermal effect of the current, then this is 
apparently the best form of trip. In other words, if an overload 
trip can be devised to cut off the supply to a motor when the 
motor reaches a dangerous temperature, then this is the trip to 
use. However, with the overload trips incorporated in the starter 
this could only be achieved if the trip had exactly similar heat- 
dissipating qualities to the motor and provided the trip worked 
in the same ambient temperature as the motor. The former is 
obviously difficult to achieve unless each trip is carefully cah- 
brated to match its own particular motor, a procedure which is 
not practicable: the other point is worth bearing in mind and 
any starter which is fitted with thermal trips should be located 
in the immediate vicinity of the motor. Thermal overload trips 
have an inherent time lag which is inversely proportional to the 
current and no form of mechanical time lag should be necessary. 

For squirrel-cage motors three t3rpe8 of starter are used, viz.; 
direct-to-line, auto-transformer, and star/delta. The most 
common and cheapest type and, as suggested earlier, the one 
which ought to be used as much as possible is the direct-to-hne 
starter where the full supply voltage is switched straight on to 
the motor. Auto-transformer starters are expensive and heavy 
and are not now used to any large extent; the starting tap on the 
transformer may be adjusted to suit the starting torque required 
by the drive and the starting current is reduced in proportion to 
the applied voltage. If star/delta starters are used with the 
object of limiting current peaks during the starting period, it is 
quite probable that this object wiU not be attained and, in fact, 
it is possible to get worse peaks with a star/delta starter than 
with a starter which switches the motor direct on to the supply. 
This is due to the fact that, during the change-over period from 
star connection to delta, when the motor is actually disconnected 
from the supply, the magnetic field of the motor does not coUapse 
immediately; there is thus a residual voltage in the stator which 
might be out of phase with the supply voltage with the result 
that, when the motor is reooimected to the supply in delta 
connection, a heavy transient current flows which is likely to 
exceed in amplitude the peak which would have been obtained 
had the motor been switched direct-on-line. Thus very strong 
arguments can be put forward for the use of direct-to-line starters 
as often as possible. 

If slip-ring motors have to be used, then suitable stator and 
rotor starters must be installed. These comprise a stator switch, 

S-(T4a7) 
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complete with overload trips and imder-volt feature for connect¬ 
ing the supply to the stator, and a rotor rheostat which must be 
all in circuit when the supply is switched on and which is cut out 
in stages to bring up the motor speed. The stator switch may be 
air-break or oil-break, hand-operated or contactor type and the 
arguments given previously hold good. 

The rotor rheostat, which will usually be either of the wire 
wound or metallic grid type, may be either air- or oil-cooled and 
may be out out in stages automatically by means of a series of 
contacts operated by a timing device or alternatively it can be 
out out by hand operation, the latter method being the cheaper. 
For large motors of several hundred horse-power output it will 
be found necessary to use a liquid type of rheostat on account of 
the large amount of energy which must be dissipated in the form 
of heat during the starting up period and which can best be 
handled by a liquid type of starter. Whichever type of rotor 
rheostat is adopted the following points should be borne in mind— 

(а) Suitable interlocks should be incorporated to ensure that 
the motor cannot be started up tinless the rheostat is all in 
circuit and unless the brush-lifting and/or short-circuiting gear 
on the motor, if fitted, is in the correct position. 

(б) The rating of the starter is determined by the nature of 
the duty it has to perform and the frequency of starting should 
always be specified on ordering since, if a motor is required 
to be started fairly frequently, a rheostat must be used which 
can dissipate the extra heat which will be generated. 

(c) The starting torque which wiU be developed by the motor 
is a function of the rotor resistance and particulars of the torque 
required to start the drive should always be passed on to the 
starter manufacturer, to enable him to supply a suitable 
resistance. 

(d) Details of the rotor current and voltage should also be 
famished to the starter manufacturer—^it is an unfortunate 
state of affairs that these data vary considerably between 
different motor manufacturers for the same sizies of motors 
and thus a rotor starter bought for, say, a 60 h.p. motor of a 
certain make is very unlikely to be suitable for a 60 h.p« motor 
of a different make. 

Fowmslactor (toeciion 
Huoh oaa be done in tbe design stages of the instaDatkm to 

ATmd low power-factor by ensnrii^ that motors axe not too 
for the duly they hare to p^oxm. A weU-designed sydeitt 
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Operate at a power-factor of 0'8^’85 which should give the 
engineer little cause to worry. Any attempt to improve the 
system power-factor above these limits resolves itself into a 
question of balancing the annual cost of power-factor improve¬ 
ment equipment against the amount which would be saved per 
annum by reducing the wattless current of the network. It is 
generally agreed that it is uneconomical to try to improve the 
power-factor above 0-96 and whether the optimum may be set 
lower than this depends upon the tariff at which energy is bought 
and the current cost of power-factor improvement equipment. 

Apart from the aspect of saving expense on energy bill it may 
be expedient to improve the power-factor on a particular section 
of the network to enable feeders to carry an increased load or to 
reduce voltage drop along a feeder. 

Theoretically, the best place to attack low power-factor is at 
the source; this would entail the installation of condensers to 
each motor or other apparatus and would involve an unnecessarily 
high capital outlay if the apparatus was only in use intermit¬ 
tently. Power-factor improvement of a single machine is usually 
only attempted in the case of large machines and, generally, the 
condensers or other equipment are installed in sub-stations or 
switch houses where the benefits of diversity are apparent and a 
smaller total capacity of corrective equipment is necessary. 

The most common method of improving the power-factor of a 
system is to install a delta-connected bank of static condensers 
but, if there happens to be some large motor on the system which 
runs continuously, then it will be found expedient to use a 
synchronous or synchronous-induction motor on this drive which 
can be over-excited and run at a leading power-factor to improve 
the system power-factor. On very large induction motors a 
saving can usually be made on running cost by using some form 
of phase advancer. 

It is not possible to lay down any rulings with regard to power- 
&otor correction, since conditions vary according to the installa¬ 
tion under consideration and the energy tariff, so that each 
must be separately assessed under its own prevailing conditions 
before any decision can be arrived at. It is a comparatively simple 
procedure to weigh up the merits of power-factor improvement 
and it must be siSScient for the purposes of this book to indicate 
the various methods of attaining it. 

/ Much greater attention has been paid during recent times to 
the question of industrial lighting, axui modem conceptions of 
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good and adequate levels of illumination would have seemed 
quite fantastic a few years ago. Sufficient experience has been 
gained to demonstrate that the output of factory workers is 
definitely affected by the lighting conditions under which they 
have to work and, where adequate levels of lighting are main¬ 
tained to enable work to be carried out without any undue eye 
strain, the output will be at a higher level than where insufficient 
light is provided. It is quite likely that the maintenance of high 
levels of illumination will become obligatory in the near future 
and that the lighting load will form a good proportion of the 

Purpose of Building to be 
Illuminated 

Average 
Foot Candles 

Recommended 

Range 
(Foot Candles) 

Drawing Office ..... 35 25-60 
General Office ..... 12 10-16 
Assembling Shop— 

Rough Work .... 8 6-10 
Medium Work .... 12 10-16 
Fine Work ..... 20 16-26 
Extra Fine Work 35 25-60 

Machine Shop— 
Rough Bench and Machine Work . j 8 6-10 
Medium Bench and Machine Work . 12 10-16 
Fine Bench and Machine Work 20 16-26 
Extra Fine Bench and Machine Work 35 26-60 

Store— 
Heavy ...... 3 2-4 
Light ...... 5 4-6 

Fig. 18, Some Typioal Recommended Illumination Values iron 
Industrial Buildings 

(Extracted ftom the I.B.8. Table of Recommendatlone.) 

factory load, so that the electrical engineer will do well to consider 
which wiD be the best method of obtaining the requisite degree of 
illumination. 

The question of what constitutes adequate illumination will 
vary according to the natiue of the work to be carried out, and 
a table of recommended lighting intensities for many different 
purposes has been drawn up by the Illuminating Engineering 
Society and it is suggested that these standards be adopted.} 
Some typical lighting intensities recommended by the Illumin¬ 
ating Engineering Society are given in the table in Eig. 18. A 
wealth of technical literature is available to assist the electriciid 
engineer in designing his lighting installation and the writer does 
not propose to attempt to duj^cate this informatian, but lather 
to pass on some hints and advice which may be useM. 
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(At the present time the tendency is towards the adoption of gas 
discharge lamps as the light source and it is quite probable that 
metal filament lamps with their relatively low efficiency and short 
life will soon be superseded. The high quality of the light obtained 
from fluorescent lamps and their freedom from glare and excess 
heat would seem to indicate that this will be the particular type 
of gas discharge lamp which will find most popularity in spite of 
the fact that installation costs must inevitably be higher than for 
metal filament lamps, due to the additional gear necessary such 
as chokes, condensers, and starting switches. In designing his 
installation, the engineer should consider this form of lighting 
and it will often be found that the reduced number of lighting 
points necessary, due to the higher efficiency of gas discharge or 
fluorescent lamps, will more than offset the higher initial cost as 
compared with metal filament lamps> One unwelcome feature of 
gas discharge and fluorescent lighting is the stroboscopic effect 
which it produces and which can be irritating or even dangerous, 
when this form of lighting is used for illuminating moving 
machinery. In large buildings this effect can be almost completely 
eliminated by using a 3-phase supply for the lighting and by 
arranging adjacent lighting fittings to be connected to different 
phases. In the case of fluorescent lamps a special circuit has been 
developed whereby the lamps are connected in pairs, but only 
one lamp of the pair is provided with a power-factor correction 
condenser; by this means the flickering of the two lamps is thrown 
out of phase and the stroboscopic effect is thus very appreciably 
reduced. Another method of lighting buildings, more particularly 
high buildings, is to use floodlights, and there would seem to be 
great scope for the use of non-glare floodlights inside buildings. 
By this means a relatively few well-placed, high-powered flood¬ 
lights mounted in accessible positions will be found to be much 
more convenient for servicing than the usual large number of 
the normal type of lighting fitting. Floodlights are also very 
effective for yard lighting provided that they can be mounted 
in such a way as to avoid glare. 

(Rood lighting inside a factory follows normal street lighting 
practice except that it may be convenient to mount the lighting 
fittings on factory buildings or it may be possible to use floodlights. 
It is suggested that the best practice is to arrange road lights on 
entirely separate circuits from internal lighting and to control them 
by either time switches or some form of remote control system. i 

Having calculated the theoretical ideal lay-out of lighting 
points, the designer should convince himself of the accessibility 
of these. If lighting fittings are located in inaccessible positions, 
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then the time taken to install new lamps can easily give rise to 
exorbitant costs of re-lamping and it might be sounder economics 
to use more lower powered lights in accessible positions than to 
install the theoretical minimum of high-powered lights. 
[ The number of lighting points on a fuse-way should be restricted 

to a reasonable number depending upon the size of lamps used. 
Also the lights on a fuse-way should be scattered about the 
building so that, in the event of a fuse blowing or a circuit having 
to be made dead to allow re-lamping to be carried out, it is not 
necessary for a section of the building to be in complete darkness, 
with the consequent suspension of any process which may be 
pn)ceeding in that section of the plant. > 

V There is a big difference in the wiring space available in different 
makes of lighting fitting and frequently there is insufficient space 
to permit the looping of wires to be carried out on the terminals 
in the fitting. Certain makes of fitting also are inadequately 
ventilated and high temperatures build up in the caps, with the 
result that V.I.R. wiring soon perishes and has to be replaced 
by some form of heat-resisting cable. Engineers should look for 
these faults in lighting fittings and should avoid using any which 
show tendencies in these directions.^ 

Ettrihing 
The object of earthing metallic enclosures of electrical con¬ 

ductors is primarily to prevent the building up of dangerous 
potentials on these enclosures due to faulty insulation of the 
conductors, and to provide a low resistance path to earth to 
discharge any such unwanted voltage, and also to operate the 
protective device to isolate the faulty circuit. With this object in 
view, it will be appreciated that earthing is not a matter to be 
treated lightly, but that the securing of a good system should be 
regarded as important as securing good insulation since the safety 
of personnel is involved in this matter. 

The I.E.E. Regulations are fairly explicit and comprehensive 
in mving a guide as to what constitutes good earthing. Here it is 
laid down that the maximum resistance of the earth continuity 
path fipom the connection with the earth electrode to any point 
on the installation being protected shall be 1*0 ohm. The cross- 
sectional area of any copper earthing lead is also specified as being 
not less than 0*0045 sq. in. and, in general, not less than one-half 
that of the laigest of the conductors to be protected, provided 
that no conductor larger than 0*1 sq. in. oross^-sectional area need 
be used; the equivalent oross-seotional areas for non^copper 
iKUtductme would, of coume, be pied. In the avmmge installation 
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these conditions are not very diflSoult to achieve, and usually in 
steel-frame buildings earth resistances of considerably less than 
1‘0 ohm will be common, since the metallic enclosure to be pro¬ 
tected will be in fairly intimate contact with earthed metal at a 
large number of points. 

It is not generally necessary to run separate earth conductors 
for each circuit, since the conductivity of steel conduit or cable 
sheaths and armouring is usually quite adequate to comply with 
the above requirements. If in a particular instance it is found 
that the resistance of the earth path exceeds the 1-0 ohm value, 
then it is a simple matter to provide a special earth connexion 
for that circuit; but such cases are not numerous. In the case of 
multi-core cables the lead sheath, if any, should be securely 
bonded to the armouring and the armouring should be bonded 
to and across any breaks in its continuity as when a cable is 
broken through a starter on its way to a motor. When the cables 
or conduits converge to a distribution board, they can then be 
strapped together by a suitable copper strap and an earth strip 
can be taken from this point to a buried water main or some 
specially sunk electrode, either buried plate or pipe or driven rod, 
but preferably to a buried water main. 

It is not suggested that a multiplicity of sizes of earth con¬ 
ductor be adopted to meet the 60 per cent conductivity rule 
mentioned before, but that certain standard sizes be used. The 
main point to ensure in an earthing system is that good contact 
is obtained and maintained between earth clamps and metal to 
be protected, that contact faces are carefully cleaned to free them 
from rust and paint, and also that any joints in the earth con¬ 
ductor itself are of low resistance and preferably sweated. 

For the earth electrode it is possible to use the steel frame of a 
building, provided that it is ascertained that the steel frame is 
itself effectively earthed, and savings in earth conductor may be 
obtained by taking advantage of ttds dispensation; but it is the 
writer’s opinion that the best electrode to use whenever possible 
is a buried iron or steel water main. 

Situations may arise where it is extremely difficult to obtain a 
low earth resistance due to ground formation or some other 
reason, and in such circumstances the use of leakage trips should 
be considered. These are circuit-breakers introduced into the 
main conductors and which have incorporated in them a trip 
coil which is set to operate at a potential of 40 volts across it. 
This trip coO is connected between the metallic enclosure which 
has to be protected and the surrounding earth or nearby metal¬ 
work, so that any dangerous voltage building up on the metallio 
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enclosure -vrould operate the trip coil and disconnect thA circuit 
from the supply. / 

Testing Installations 
Before any electrical installation is made alive and put into 

commission, it should be carefully tested and the results of the 
tests should be recorded for future reference so that any deterior¬ 
ation in the installation can be checked by future testing. The 
insulation resistance between conductors and to earth should be 
measured by means of an insulation tester. The resistance of 
the earth continuity path should also be measured to ensure 
that it does not exceed the maximum pennitted value of bO ohm. 
Finally the installation should be carefully examined to make 
sure that it is properly finished off; such things as conduit box 
lids have a habit of being left off and odd cable or conduit clips 
are sometimes overlooked. When everything is in order, then 
the supply can be switched on and motors can be checked for 
direction of rotation before leaving the installation in commission. 



Chapteb V 

FLAME-PROOF INSTALLATIONS FOR 
HAZARDOUS AREAS 

It is well known that the materials used in certain industries 
jean, if they are present in the atmosphere in correct proportions, 
I give rise to very serious explosions should the mixture be ignited 
by any means. Many gases and certain fine dusts can set up these 
dangerous conditions, and it is quite possible for the explosive 
mixture to be ignited by some faulty electrical condition or even 
some normal electrical operation such as switching. The decision 
as to whether an explosion or fire risk is present in a factory is not 
primarily the responsibility of the electrical engineer, but he 
should be familiar with the materials which are likely to set up 
hazardous conditions, so that he can express his own opinion on 
the subject and take the precaution of installing suitable electrical 
equipment to eliminate the risk of an explosion caused by his 
installation. No statutory obligation is laid on the engineer to 
use certified flame-proof equipment in dangerous areas, but it is 
obviously in his interest to do so in order to have as safe an 
installation as possible as is required of him by the Factory Act. 

The requirements for obtaining a flame-proof installation for 
an industrial plant do not, as yet, appear to have been set out in 
any clear and concise manner so far as the writer has been able 
to find. British Standard No. 229—1946 gives a specification for 
the flame-proof enclosure of electrical apparatus, but this is not 
comprehensive, and it is to be hoped that before long a standard 
code of practice for flame-proof electrical installations will be 
available as it is probable that some installations are not as safe 
as they ohould be. 

The best principle to follow with regard to installing electrical 
equipment in hazardous areas is to avoid doing so as far as 
possible. This may appear to beg the question, but nevertheless 
it is soimd practice and very often, as the result of suitable co¬ 
operation with the plant designer in the initial stages of the design, 
it will be found possible to keep all electrical gear outside those 
areas where there is the possibility of an explosive atmosphere. 
Motors can be located outside the danger area and can be arranged 
to drive through walls by extension of the shaft of the driven 
inachine through a gas-tight gland in the wall; lighting fittings 
can be mounted outside buildii^s but arranged to shine through 
speiM windows and so illuminate the building; this form of 
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lighting can be very effective and in addition to being safe it 
makes the renewal of lamps very much easier. Installations of 
this type will probably entail longer cable runs, but the additional 
cost of these is quite likely to be more than counter-balanced by 
the fact that ordinary industrial types of equipment can be used, 
costing something of the order of half as much as their flame¬ 
proof counterparts. This form of installation, besides being less 
likely to cause an explosion, has the additional advantage that 
maintenance and tlie carrying out of extensions is much simplified 
and divorced from the explosion risk. It must always be borne 
in mind that, whilst it is quite possible to design and install 
electrical equipment suitable for use in dangerous areas, it is an 
entirely different proposition to maintain the flame-proof nature 
of the installation; screws have a habit of disappearing from 
gear which is accessible to irre8X)on8ible personnel, conduits may 
be damaged or joints disturbed by careless handling of ladders, 
and frequently the risk of corrosion is ever present; any of these 
conditions can negative the flame-proof value of an installation 
which may have cost a large sum of money to install. 

If, in spite of what has been said, the electrical engineer finds 
himself obliged to locate his equipment inside a hazardous area, 
he must ensure that his installation is as safe as it is possible to 
be and that it complies with the various British Standard Specifi¬ 
cations which have been issued for particular electrical apparatus. 
All motors, starters, switches, lighting fittings, conduit fittings, 
etc., should be properly certified as being suitable for use under 
the conditions which will obtain in his factory and aU this equip¬ 
ment should be assembled in the approved manner; there is no 
room for slipshod work in a flame-proof installation. It may be 
possible in certain circumstances to make use of the intrinsic 
safety of a special circuit to avoid explosion risk, by which is 
meant the inherent inability of the circuit to set up a spark of 
sufficient intensity to ignite the explosive mixture, but more 
about this will be written later. 

Tor purposes of classification and certification, the various 
explosive gases have been divided into groups according to their 
explosive properties and also according to the industries in which 
these gases are most commonly useX The following grouping 
has been adopted— 

Gkottp I—^which covers the coal-mining indusl^ and is 
mdnly concerned with methane or firedamp hazards; 

Qeoup n—which covers petroleum and cellulose paint , 
industries, and which is sometimes classed as the pentaiie 
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group. This group covers petroleum and acetone vapours and 
most of the risks encountered in chemical works. 

Group HI—^which oovers][the coal gas industry and includes 
coal gas and coke oven gas. 

Group IV—^which includes hydrogen, acetylene, and carbon 
bisulphide. These gases are considered to be particularly 
dangerous and it is recommended that no electrical apparatus 
be installed where they may be present. 

Sub-divisions are also made for Groups I and II to cover oil- 
immersed apparatus, since the gases evolved due to cracking of 
oil under electrical fault conditions—^viz. hydrogen and acetylene, 
make special treatment necessary for this type of equipment. 

The definition of a flame-proof enclosure for electrical apparatus 
is given in B.S.S. No. 229—1946 as “one which will withstand 
without injury any explosion of inflammable gas that may occur 
within it under practical conditions of operation wdthin the rating 
of the apparatus (and recognized overloads, if any, associated 
therewith) and will prevent the transmission of flame such as 
will ignite the inflammable gas which may be present in the 
surroimding atmosphere.” Typical pressures which are attained 
by the explosion of gases in the three groups are: Group I— 
Methane: 102 Ib./sq. in. above atmosphere, ^oup II—^Pentane: 
127 Ib./sq. in. above atmosphere. Group III—Coal Gas: 118 
Ib./sq. in. above atmosphere. It will thus be realized that any 
flame-proof enclosure must of necessity be very robust and this 
is further emphasized by its need to withstand, without damage, 
such rough handling as may come its way when it is installed in 
places such as mines. Since it is obvious that the enclosure 
cannot take the form of a solid envelope but must have joints to 
give access to the electrical apparatus and to enable connections 
to be made, it follows that hmits must be set for the gaps between 
the flanges forming these joints, since a joint may pass a flame 
in the event of an explosion taking place inside the enclosure. 
The maximum permissible gaps for joints for use in the main 
groups of gases have been determined by experiment and are 
specified in B.S.S. No. 229—1946 as— 

(a) (6) (c) 

Gboup"! 0*02 in. 0*02 in. 0*006 in. 
Group II 0*016 in. 0*016 in. 0*006 in. (for certain gases only) 
Group HI 0*008 in. 0*016 in. — 

Oolunm (a) refers to gaps between joint faces and to olear- 
anoes for operation rods spindles^ 
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CJolumn (6) refers to shaft glands for motors and generators 
other than labyrinth glands. 

Column (c) refers to gaps between joint faces and clearances 
for operating rods and spindles for oil-immersed apparatus. 

It must be realized that these are maxima and must never be 
exceeded, although smaller gaps are permissible. To ensure that 
these limits are never exceeded, metal to metal joints are stipu¬ 
lated and any foim of packing or jointing material is not permitted 
owing to the risk of deterioration of the packing, wdth the con¬ 
sequent excessive gaps between flanges; it is the responsibility 
of the user of the apparatus to ensure the maintenance of these 
limits. 

For the purpose of testing and certifying apparatus for use in 
hazardous areas a testing station was set up by the Mines Depart¬ 
ment of the Board of Trade in 1931 at Buxton, which place 
lends its name to the commonly used term “Buxton Certificate'* 
as applied to the oflSicial certificate issued when a piece of apparatus 
is approved for use in certain conditions. Any new development 
in the way of flame-proof electrical gear can be submitted to this 
testing station where drawings and specifications are inspected 
and, if necessary, the apparatus is subjected to rigorous tests to 
prove its safety for use in explosive atmospheres. If the author¬ 
ities are satisfied that the apparatus complies with requirements 
and passes its test satisfactorily, then they issue a certificate for 
that particular item of apparatus and other items made to exactly 
the same specification. This certificate states which gas group or 
groups the apparatus may be used in, and no extension of this 
limitation is permissible. No modification can now be made to 
this apparatus without submitting details of the proposed modifi¬ 
cation to the testing authority for further approval; non- 
compliance with this would invalidate the flame-proof certificate. 
Having received approval of the particular piece of electrical 
gear, the manufacturer can now market it as certified as being a 
flame-proof enclosure and can mark it with the official mark 
comprising a crown with the letters “FLP" therein. The appar¬ 
atus should also be marked with the number of the covering 
certificate and also the group number of the gases or vapours 
covered by the certificate. It will be realized that certification is 
made as ^e result of a type test and that the responsibility for 
during that all equipment manufactured subsequent to the 
appro v^ of the prototype rests with the manufoctorer; also 
that the responsibility for maintaining equipment in tihe 
same condition as whe^ submitted for test tests with the fsm 
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after he has purchased it. The user’s responsibility would, of 
course, inevitably be passed on to the electrical engineer. 

The requirements for a flame-proof enclosure as set out in 
B.S.S. No. 229—1946 and other British Standard Specifications 
have mainly been decided as the result of experiment, and their 
object is firstly to ensure that no flame set up as the result of an 
explosion inside the enclosure can pass outside the enclosure and 
ignite the surrounding atmosphere, and secondly to ensure as 
far as possible that the safety of the enclosure is not nullified 
by unauthorized interference. With the first object in view 
limits have been set for the width of flanges, joint faces, and 
glands for shafts or operating spindles to make sure that a flame 
set up inside the enclosure would be cooled and quenched by the 
Joint faces before it reached the outside atmosphere, provided that 
the maximum permissible gaps are not exceeded. These limits 
have been fixed at 1 in. for enclosures having a volume of more 
than 100 cub. in. and f in. for smaller enclosures; the presence 
of bolt holes can be ignored in measuring the width of a flange, 
provided that the edge of the hole is at least | in. from the inside 
edge of the flange. These hmits also apply to screwed joints in 
flame-proof enclosures such as joints in conduit runs, and in this 
case the dimension must be measured across the top of the 
threads, thus making the use of specially long conduit couplers, 
since the normal conduit coupler is only approximately If in. long. 

A further requirement for flame-proof apparatus is that the 
conductors, bringing the supply to that particular piece of equip¬ 
ment, must not pass directly through the wall of the flame-proof 
enclosure but must connect to suitable bushed terminals which 
pass through the wall and form an integral part of the apparatus 
as shown in Fig. 19. The line side of the terminals must be 
enclosed in a flame-proof box and the conductors, whether run in 
conduit or in the form of multi-core cable, must be terminated 
in an approved manner; thus if multi-core cable is used the cable 
end box must be compound sealed; or, if conduit is used, then it 
must be screwed for at least 1 in. An alternative means of con¬ 
necting the supply conductors to the apparatus is to use a flame¬ 
proof plug and socket with the base of the socket portion forming 
a flame-proof joint with the wall of the enclosure. 

Whilst on the subject of cable termination, it may be timely 
to make some suggestion as to the type of termination to adopt 
with a view to making future modifications to the installation a 
simple job. It is suggested that the use of compression glands, 
emtodying compressible lead sleeves or lead wool and avoiding 
tito necessity of wiped joints, will be found very convmiient, as 
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tiiis eliminatM the use of a blow-lamp which may be possible 
during the oonstruotion stages of an installation, but which might 
entail shutting down a plant should any alteration be required 
after the plant has been commissioned. Similarly, the use of a 
cold pouring, hard setting, sealing compound might be found 
advantageous although the ordinary type of compound can always 
be heated outside a dangerous area and carried inside to fill up 
a sesding box. 

The care and maintenance of flame-proof apparatus calls for 
special attention and should not be left to the inexpert, but 

Fio. Id. ABBAKosHsiirr of BtrsH2£> Tekmutai^s for CoinrscmNO 
SOPFLY TO FlAJCB-FBOOF GbAR 

should be given into the care of persons dtdy trained and author¬ 
ised to maintain such gear and who are fully aware of the risks 
involved and the necessity for maintaining the installation in a 
safe condition. To assist in this respect the heads of screws and 
bolts securing the parte of the enclosure should be shrouded, thus 
making the use of special spanners and tools necessary for dis- 
mantli^ the gear and so dii^uraging unauthorized interferenoe. 
It is alw advisable to interlock parts of switches uid similar 
equipment to ensure that the apparatus is properly and oom- 
pfetely assembled before it can be opmated. 

The feregoing covets the prinoipid requirements of individual 
^^eoes of flame-proof electrical gear,.but the questicm now arises 
as to what means should be adopted for eonneoMng it up. The 
ohcaee of system is not very reslxioted and moat stamlard fotms 
of wiring praorioa may be used with the ezo(q>tion of probal^ 
only daet wiring. Tlw obief reqtidremenfe are that theineteflatiMi 
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be robust and not liable to mechanical damage; it must be gas- 
tight and must be easily maintained in a safe condition. The 
choice will normally lie between V.I.R. conductors in conduit, 
multi-core cables with rubber, paper, or cambric insulation, and 
multi-core cables with a mineral insulation, and the salient 
features of these types of flame-proof installation can now be 
given. 

COMPOUND 
FILLING SPOUT 

(a) V J Jt. Conductors in Conduit 
This gives a very good job although it is somewhat expensive. 

Solid drawn, heavy gauge conduit only must be used, and all 
boxes, bends, couplings, etc., must 
be of the certified flame-proof type. 
Care must be taken that the con¬ 
duit does not allow inflammable 
gases to pass along it and so spread 
the risk of explosion to parts of 
the plant where it would normally 
be non-existent. To overcome this 
risk it is necessary to fit barrier or 
sealing couplings in the run of the 
conduit immediately it leaves a 
hazardous area and enters a safe 
area. These couplings are illus¬ 
trated in Fig. 20 and, when filled 
with compound, form a gas-tight 
barrier inside the conduit. If the 
cubic volume of the conduit in¬ 
stallation is likely to exceed 100 cub. in., then the threaded 
portion of conduit and fittings should be at least 1 in. long. 

RUBBER 
BARRIER 

Fio. 20. Abbangbmbjnt of Con¬ 
duit SEALiNa Coupling 

(SaonoNAL View) 

(6) Rubber-, Paper-, or Cambrio-insalated Cables 
These should be lead-sheathed and armoured to give the 

mechanical protection so necessary in this type of installation. 
No special technique is required to install these types of cable 

and a very sound installation is obtained vrhich ■wfll probably 
cost less than a conduit installation. 

(c) Minaral Insulated Cables 
These are very suitable for flame-proof installations by nature 

of their inherent non-inflammable diaraoter. Ttey are smaller 
M size than their equivalents in other types of cable and are 
tharefore less obtmnve and less likely to be damaged. Special 
types of ghupi must be used vrith flame-proof oonduit tosses. 
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The cost of an installation using this type of cable will usually 
be comparable with a class (h) installation. 

The final selection as to the type of cable employed will, of 
course, be decided by the economics of the case which will vary 
according to the nature of the plant, but any of the above- 
mentioned types will be a sound and reliable installation. 

The first essential in designing a flame-proof installation is to 
determine the nature of the risk involved and the group of the 
particular gas or gases giving rise to the risk. The tables in 
Appendix II give details of some of the materials which can give 
rise to explosive conditions and also give provisional grouping in 
certain cases, but it must be emphasized that an official ruling 
from H.M. Factory Inspectors should be obtained where any 
doubt exists as to the group to which a gas or explosive dust 
belongs. 

The electrical apparatus can then be purchased as certified 
for operating in the particular group of gases required. Motors, 
starters, and switchgear are marketed with certificates for 
operating in Group I and Group II gases, but not for Group III, 
since the very small clearances permissible for this group cannot 
be guaranteed with confidence for moving parts such as are met 
in these types of apparatus. Lighting fittings certified for Groups 
I and II gases and provisionally certified for Group III are 
obtainable, but the larger sizes are not available for Group III 
risks. 

As an alternative to flame-proof motors it may be fotmd 
expedient in certain instances to use ordinary totally enclosed 
machines and to feed air, nitrogen, or some inert gas under 
pressure, through the motor. By this means the atmosphere 
containing the explosive gases is prevented from getting inside 
the motor and the risk of explosion is obviated, but some auto¬ 
matic device would be necessary to cut off the electrical supply 
to the motor in the event of a failure in the supply of the inert gas. 
Care must also be taken in such a case to ensure that aU paits of 
the motor, including the terminal box, are purged by the inert gas. 

Motor starters and switchgear may be hand-operated or push¬ 
button operated, oil-immersed or air-break according to the 
nature of the plant in which they are to be installed. Where ther^ 
is the possibility of corrosion it will generally be found advisable 
to use oil-immersed gear but, otherwise, air-break gear will be 
found satisfactory and frequently less expensive than oil-immersed 
gear. A very good case can usually be made out for the use of 
ordinary, industrial type, contactor starters and installing these 
in soUie safe part of tite buildizig, whilst fiame-proof push 
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are located near the motor drive to control the starter. On the 
smaller size of motors, below approximately 10 h.p., it will usually 
be found that \this latter scheme is the most economical, since the 
difference in price between an ordinary and a flame-proof motor 
starter may easily more than offset the cost of increased lengths 
of control cable between flame-proof push buttons and the 
industrial t3rpe starter; it also has the added advantage that 
maintenance on the starter is made easier. 

Distribution gear should be located in a safe part of the plant 
or, if necessary, in a separate switch house or weather-proof 
enclosure outside the building since, were it situated in the 
dangerous area, it would be necessary to isolate an entire distribu¬ 
tion board before work could be carried out on any particular 
circuit, with the possible consequence of shutting down a number 
of motors for the sake of working on one only. This means that 
distribution boards will not be positioned at load centres, and that 
cable runs will be consequently longer, but these facts must be 
faced in this type of installation. Any non-flame-proof apparatus 
should be located at a safe distance—say not less than 20 ft.— 
away from any possible source of explosive atmosphere. 

In addition to the use of a flame-proof installation, there is 
another means of ensuring safe working conditions for electrical 
equipment in explosive atmospheres, and this is to design the 
electrical apparatus and the circuits feeding the apparatus so 
that they are intrinsically safe. The definition of the term 
‘‘intrinsically safe” as accepted for the British Standard Glossary 
for terms used in electrical engineering is as follows— 

(а) applied to a circuit to denote that any sparking that may 
occur therein in normal working is incapable of causing an 
explosion of the prescribed inflammable gas or vapour; 

(б) applied to apparatus to denote that it is so constructed 
that, when connected and used under prescribed conditions, 
any sparking that may occur therein is incapable of causing 
an explosion of the prescribed inflammable gas or vapour. 

Thus it is apparent that the securing of intrinsic safety must be 
approached from two aspects; the circuit conditions must be 
designed so that the voltage and current are Hmited to reduce 
the incendivity or “fatness” of a spark to safe limits, and the 
apparatus must be designed to ensure that it cannot give rise to 
dangerous sparking. 

Sufficient research on this subject has not yet been earned 
out to enable group certification to be applied as in the case of 
fiame^proof eqmpment, or to enable specifications to be drawn up 

^(T.4a7) 
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to ensure intrinsic safety. At the present, each circuit and its 
associated apparatus can be tested and certified only for operation 
in very definite conditions and in specific atmospheres. The 
Toltage of the circuit is limited to something under 30 volts and 
the current is similarly restricted either by inherent resistance 
as in the case of D.C. circuits supplied from dry or Leclanch6 
batteries, or by added resistance-as in the case of transformer fed 
circuits. By these means the circuit can be rendered intrinsically 
safe. 

With regard to the apparatus, the main thing to ensure is that 
dangerous sparking cannot be caused by inductive voltages when 
the circuit is interrupted. There are several ways of discharging 
induced voltages in coils, such as connecting a high resistance, a 
condenser, or a half-wave rectifier in parallel with the coil, or 
by winding a low resistance, short-circuited secondary on the 
coil, and the most suitable arrangement would depend on the 
circuit under consideration and whether it was fed from a D.C. 
or an A.C. supply. 

Owing to the severe limitations on voltage and current in 
intrinsically safe circuits and apparatus, it is not suggested that 
this arrangement is likely to have a very wide application in 
industrial installations, but it may be very useful for signalling 
purposes or for operating relays in automatically controlled 
processes where the use of standard flame-proof equipment would 
not be possible. 

Static Electricity 

The building up of static electrical charges on objects is quite 
a well-known phenomenon and it usually devolves upon the 
electrical engineer to take suitable counter-measures against it, 
although the causes are usually outside his jurisdiction. The 
most common cause of static is friction and it is quite possible 
for high potentials to be built up on objects xmtil the spark 
resulting from the discharge of these can be dangerous, particu¬ 
larly where explosive atmospheres may be present. It is fortunate 
that in this country we have a fairly humid atmosphere under 
average conditions and the building up of static charges is not 
so probable, sinoe the moisture film which forms on objects pro¬ 
vides a suitable low resistance path for the charge to leak away; 
it is possible, however, that operating conditions in certain 
processes may demand a Very dj^ atmosphere and in this case 
static electricity would be more pionounc^. 

The friction which causes the static charges to be built up mm 
talse place between solid objeMs^ sudk as between a iMbher 
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and its pulley or between liquids and gases flowing through 
pipes if these liquids and gases be non-conductors. Obviously, 
such charges could not accumulate on apparatus which was in 
conta ct with the earth, since the charge would under those circum¬ 
stances leak away to earth, and it follows from this that the best 
way to avoid static electricity is to ensure that such places as it 
is likely to occur are efficiently earthed. This can be done in the 
case of leather belts or conveyors by arranging an earthed, metallic 
comb to rest on the belt after it runs off the pulleys, the comb 
being, of course, as wide as the belt. Vessels and pipes containing 
liquids such as petrol, benzene, alcohol, etc., or gases such as dry 
steam, hydrogen, etc., which are likely to give rise to static 
charges, will usually be earthed through their supporting frame¬ 
work, but a separate earthing conductor should be used if any 
doubt exists as to the efficiency of the framework as an earth 
conductor. Metallic pipe runs should be inspected and tested if 
necessary to ensure that continuity is complete, as sight glasses, 
etc., are sometimes introduced which break the electrical con¬ 
ductivity of the pipe run, and in such cases it will be necessary 
to introduce a special bonding link across the break in the 
conductivity. In general, it will be found that continuity is 
effectively maintained at flanged joints in pipework by means of 
the flange bolts, but if the flanges and bolts should be badly 
corroded or should they have been painted, then it will be neces¬ 
sary to clean the flange faces and the under side of bolt heads 
and nuts to ensure good electrical contact; the use of serrated 
lockwashers to bite into the flanges and the bolts when the latter 
are tightened may be deemed advisable to secure good contact; 
but this is in the nature of a refinement. 

As has been stated, the electrical engineer's chief concern over 
static electricity is in areas where explosive atmospheres may 
exist and it is in such areas that such special precautions as have 
been described woidd be taken. A further step which is recom¬ 
mended is that the use of leather or fabric belt drives be avoided 
Completely in such areas and that recourse be made to chain 
drived, mechanical geared or direct coupled drives. Apart from 
the risk of static clmrges, oases have been recorded where fabric 
or leather belts have actually caught fire due to frictional heating, 
and the consequences of such an occurrence in an explosive 
atmosphere can be well imagined. 



Chapter VI 

MAINTENANCE OF ELECTRICAL EQUIPMENT 

The duties of electrical engineers attached to industrial concerns 
may be broadly divided into two categories—installing plant and 
maintaining it. In large companies these duties are sometimes 
split and allocated to separate engineers, whilst in other cases 
both devolve upon the same man. The interests of these two 
functions are not necessarily complementary, although they cer¬ 
tainly should be, but this much can be said, that the installation 
engineer who has also had the experience of maintaining electrical 
equipment is more likely to make a sound installation than the 
one who has not. When an installation engineer is contemplating 
the purchase of a piece of apparatus, he too frequently regards it 
purely from a functional aspect so that, providing it will perform 
its electrical duties correctly, it is satisfactory. The mamtenance 
engineer, however, would look beyond its electrical duties, and 
regard it as a piece of apparatus which would have to be dis¬ 
mantled and overhauled by some unfortunate individual (possibly 
himself) in the future, and he will assess the equipment from this 
additional aspect. In the event of a breakdown—^when time is 
money—then inaccessibility of electrical gear is fatal, and far 
too much electrical equipment suffers from this weakness. 

It is the duty of the maintenance engineer to ensure, so far as 
lies within his control, that a supply of electricity for the factory 
is always available, and that all electrical equipment is main¬ 
tained in a sound, safe, and serviceable condition; usually this 
means that it is his responsibility to ensure that the factory can 
maintain production. Much of his work is done behind the 
scenes with probably little to show for it beyond a steady output 
from the factory, and it is one of the misfortunes of his calling 
that the more efficiently he carries out his work, the less attention 
he attracts to himself and, frequently, the less appreciation he 
gains for his service. The writer has come to the conclusion that 
an occasional electrical failure often indirectly does a lot of good, 
but he is not prepared to advocate that any engineer should 
foUow a deliberate policy of occasionally shutting dpivn his 
factory in the hope of winning further recognition. 

The prime essentials for maintaining electrical equipment in 
good order are regularity of inspection, adequacy of reoordte# 
sufficiency of spares to enable running repairs to he carried out 
and, in addition, a fair amount of intdUigent anticipation <m ^ 

n 
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part of the engineer to pick out possible sources of trouble, and 
to take the necessary precautions. Regularity of inspection will 
figure prominently in what is written in this chapter, but it is 
appreciated that it is not always possible to carry out these 
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inspections at the suggested intervals, particularly in the case of 
dlectrioid geax installed in continuously running process plants, 
and the engineer will have to seize such opportunities as arise to 
oyeihaul and inspect his equipment, but nevertheless the sugges- 
^cms can be regarded as a target to be aimed at. The necessity 
dT Iteqping oonoke records of inspections ocmnot be too highly 
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stressed, since the past history of a piece of apparatus can often 
supply the reason for its failure and be a means of avoiding future 
recurrence of the trouble. Certain parts of electrical gear, such 
as contacts in motor starters and brushes in motors, can be 
regarded as consumable during the normal operation of the 
apparatus, and replacements would be carried in stock as a matter 
of course; certain other parts such as operating coils for con* 
tactors and bearings for motors are liable to fail in service, and 
the engineer should ensure that he has sufficient spares, especially 
for any apparatus which may be vital to the running of the 
factory. With regard to the intelligent anticipation of trouble, 
this is something which is only acquired by experience, and cannot 
be written in books. 

To assist him in maintenance work and in locating faults, the 
electrical engineer will require certain instruments, and the 
following are suggested as being the bare essentials— 

Multi-range ammeter. 
Multi-range voltmeter. 
Insulation tester and ohmmeter. 
Tong type ammeter. 
Tachometer. 

The ammeter and voltmeter can conveniently be combined in 
the one instrument, and some excellent universal test meters are 
now available, enabling voltage, current and resistance measure¬ 
ments to be read on the one instrument. In addition to the above, 
gome form of resistance bridge equipment will be found useful, 
as would also a phase sequence indicator. For large factories, 
where a number of integrating meters are installed, some form of 
check meter is well worth while to check the accuracy of the 
meters, whilst if a lot of oil-immersed equipment is installed, 
particularly E.H.V. equipment, some form of portable oil filter 
and high-voltage oil test set will be found to be indispensable 
if the oil is to be maintained in good condition. No doubt other 
equipment will be found necessary and useful in certain cases, 
but the above-mentioned will be found adequate for most 
purposes. 

Mectrical equipment is very reliable, and does not normally 
require a great deal of maintenance, and the following recom^ 
mendations are put forward as being suitable for the common 
items of electrical apparatus o^^rating imder average conditions* 

Oiven fair operating conditions within their normal riMsed 
load, and sufficient ventilation to avoid excees iemperstotoi 
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oil-immersed transformers will be found to give many years of 
trouble-free service. If calcium chloride or silica gel oil breathers 
are fitted, these should be examined regularly, say monthly, and 
re-activated when necessary. Samples of transformer oil should 
be taken annually, and tested for sludge formation, acidity, and 
breakdown value. A visual examination of the oil will indicate 
excessive sludge formation, whilst the acidity test laid down in 
B.S.S. No. 148—1933 can easily be appHed by the works chemist. 
For the breakdown test some form of pressure test apparatus is 
necessary, and several firms market suitable equipment. A small 
sample of the oil should also be boiled in a test tube, when any 
moisture in the oil would make its presence obvious by a loud 
(Tackling noise. 

It is recommended that some form of card record system be 
adopted to record the history of each transformer. The trans¬ 
formers can be given serial numbers, and a separate card can be 
drawn up for each equipment. On one side of the card can be set 
out such relevant data as is desired, whilst the other side can 
carry the history of the annual tests, so that any progressive 
deterioration in the condition of the transformer oil is readily 
discernible. The set-up of a card which has been found satisfactory 
is shown in Fig. 21, but the most important thing is that the 
progressive history of the oil condition should be easily noted in 
order that steps can be taken to deal with any rapid deterioration 
of the oil. 

If there are any signs of moisture or excessive sludge present 
in the oil, then it should be filtered to remove them. Several 
types of portable oil filters are on the market, but the writer’s 
personal preference leans towards those types which do not 
involve the use of filter paper which may introduce loose fibres 
into the oil. 

Increasing attention is being paid to the formation of acid in 
oils, since it has an adverse effect on transformer winding insula¬ 
tion, and on the windings themselves. A useful report on the care 
and treatment of transformer oil to reduce acidity, by D. V. 
Onslow, has been published by B.E.A.I.R.A., in which it m 
recommended that the oil shoidd be suitably treated if the acid 
value exceeds 0*5 mg KOH/g, and under no circumstances should 
tiie oil be used if its acidity exceeds 1*6. Figures as high as this 
should not be reached with proper running conditions and 
Ventilation for the transformers but, if they are reached, then it 
is ]!eoommen<led that the oil be drained off and returned to the 
oil suppliers for treatment. 

Wifii regard to pressure testing of oil little need be mid except 
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to stress its importance, particularly where the oil is being used 
in E.H.V. gear. The specified test for insulating oil as laid down 
in B.S.S. No. 148—1933 is to subject a sample to a pressure of 
30 kV for a period of one minute, to which the oil must stand up 
satisfactorily. 

If Buch-Holz gas relays are fitted on the transformers, then 
these should be examined periodically to see whether there is any 
accumulation of gas in the gas chamber. When transformers 
are first commissioned, it will usually be found that a ceHain 
amount of trapped air will accumulate in the Buoh-Holz relay, 
and it will take probably some days to be driven off, but after the 
transformers have settled down, any accumulation of gas should 
be tested. This can be done by bubbling the gas through a small 
bottle containing a 6 per cent solution of silver nitrate which will 
turn cloudy, due to the formation of silver acetylide should any 
acetylene be present in the gas, acetylene being one of the products 
of the decomposition of oil under fault conditions. 

The oil level in transformers should be checked periodically, 
although any leaks are almost bound to be self-evident. If 
explosion diaphragms are fitted, these should also be inspected, 
and if any signs of cracking are evident the diaphragms should be 
replaced, as otherwise the transformer would be able to breathe 
damp air, and so by-pass the breather. 

On the subject of oil filtering and also pressure testing, the 
writer is of the opinion that it is better to use portable filters and 
pressure-testing gear, and to handle the oil actually on the job, 
rather than have to transport it to some central filtering apparatus. 
In other words, it is better to take the gear to the oil than the oil 
to the gear, since rnider suitable weather conditions oil can easily 
deteriorate dui^g transit between a central filtering apparatus 
and the spot where it is required. This also applies to the treat¬ 
ment of oil for switchgear. 

Switchgear 
The suggestions made under this heading will be applicable to 

both oil- and air-break switchgear if the remarks dealing with oil 
are disregarded when considering air-break gear. 

The duties of mam switchgear under normal conditions are 
unspectacular, and it is easy to be lulled into a sense of false 
security by gear in commission which, to all outward appearances, 
seems quite healthy but which actually may be useless for clearing 
fault conditions due to the mechanism sticking, a run-down 
battery or a faulty relay. It is only by routine maintenance that 
any degree of confidence can be attai^d. 
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Location Duty Voltage 

Maker Type Maker's Serial No. 

Protection Rupturing Capacity 

1 TrATl f. Tr'rA n ofAt*ct 

Instruments 
LIX X OIX U XX cIXXdXUX XXXUX o 

PlI'mrtQA Rfl'fjA 

lype 
X WXX^vOO XwCvvXXX 

Maintenance Reoobd 

Kemarks Date Remarks 

Fio. 22. Suggested Abbangbmbnt of Switch Cabd 

Apart from routine inspection and maintenance, it is very 
strongly recommended that the first opportunity should be seized 
to overhaul any switch which opens under fault conditions. If 
the fault has been of any degree of severity, then the oil will 
idmost certainly be carbonized and wiU require to be filtered or 
replaced; contacts also will be burned and should be replaced or 
cleaned up. 
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The chief enemies of switchgear are rust and dust which can 
render mechanism inoperative and prevent the gear from func¬ 
tioning correctly. To combat these, it follows that gear should be 
installed in clean, dry places and, if in addition it is given an 
annual overhaul, little fear need be felt of unsatisfactory operation, 

A card system will be found very useful for recording infor¬ 
mation and details of inspections; each switch should have its 
own card, one side bearing such information as size, rupturing 
capacity, current transformer data and particulars of relay 
settings, whilst the other side could bear a dated record of over¬ 
hauls. The arrangement of card shown in Fig. 22 will be found 
suitable. 

It is suggested that each switch should be overhauled com¬ 
pletely at least once per year, and more often if it has frequent 
and heavy duty to perform. The switch tank should be lowered, 
and the oil should be pressure tested to ascertain its breakdown 
value. If there is any sign of excessive carbonization of the oil, 
it should be filtered. Switch contacts should be cleaned and 
checked for alignment, insulators should be examined and cleaned 
if necessary, taking care of course to use suitable dusters which 
are not likely to leave loose fibres and fluff behind. The operating 
mechanism should be tested and oiled, and any interlocks should 
be checked. Main plug and socket connections should be carefully 
cleaned, and lightly smeared with vaseline. Secondary wiring 
should be examined, and any slack connections tightened or 
dirty contacts cleaned. 

In addition to the above, which really amounts to a mechanical 
overhaul, if relays are fitted these should be cleaned and checked 
for operation. Small hand bellows will be found useful for blowing 
out such things as relays and instruments, whilst any more 
obstinate obstructions can usually be removed by means of a 
feather which is not likely to damage the delicate mechanism. 
The most satisfactory way of checking the operation of relays is 
by means of injecting a suitable current into the main primary 
connections of the current transformer by means of a transformer, 
but the apparatus for doing this is somewhat expensive, and 
could probably only be justified in the case of very large factories 
where many relays have to be checked. Although the primary 
injection method is advocated as the ideal to be used wherever 
possible, the next best method of checking relays is to open the 
secondary circuit and inject the requisite current to operate the 
relays, ^e secondary current is usually very much less than the 
primaiy, and the injection equipment is accordingly cheapo; 
it is, in &ot| quite an easy job to rig up a satisfactory equipnmt 
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using a low-voltage secondary transformer, with a suitable 
rheostat in series to vary the current, and an ammeter to measure 
the current flowing. The relay movement should be inspected to 
make sure that it is quite free and, if it is of the inverse time lag 
type, the time taken to operate should be checked against the 
various settings indicated on the relay. 

Any tripping or closing batteries should be inspected about 
every three months to ensure that the electrolyte is in good 
condition, and the battery fully charged. If the battery is kept 
on constant trickle charge, then little maintenance wiU be found 
necessary beyond this periodic check. 

Motors and Starters 
Here again it is suggested that a card system will be found 

extremely useful, particularly in the case of motors; and a typical 
motor card is shown in Fig. 23. In addition to routine maintenance 
records, any repairs to the motor should be briefly outlined on the 
card, so that the history of the motor can be seen at a glance. 
By this means, contributory causes to motor troubles, which are 
external to the machine, can often be diagnosed and corrected. 
Thus, if it is found that bearings have to be frequently replaced 
on a particular machine, it would probably indicate some faulty 
lining-up between the motor and its drive, or some out-of-balance 
in the driven machine. 

Modern motors are extremely reliable pieces of apparatus, and 
do not require a lot of routine maintenance if they are installed 
in good atmospheric conditions, and are not overloaded excessively. 
For all motors an annual overhaul should be all that is necessary, 
but slip-ring or commutator machines will require more frequent 
inspection to check up on the condition of the brushes, slip-rings 
or commutators. During the annual overhaul, the insulation 
resistance should be measured and recorded, and also the air 
gaps, and any dirt, fluff* or moisture inside the machine should be 
removed. The windings should be painted with a suitable 
insulating varnish if necessary, and the bearings should be washed 
out with paraffin, examined and renewed if there are any apparent 
signs of wear, or repacked with suitable lubricant. For the vast 
majority of motors this annual cleaning and repacking with 
grease is aU that is necessary for ball or roller tarings; the 
grease gun enthusiast should be severely kept in check, as he 
frequently does more harm than good with his grease gun and 
packs the motor up with grease until it eventually bums out 
due to overheating. 

When purchasing motors, the engineer should obtain from the 



100 mmSTBUAL BLBOTBmOATIOK 

Motor Serial No. 

H.P. Speed R.P.M. Volts Phase Cycles 

Maker Mekier’s Serial No. Type 

Enclosure Frame Size 

Drive End Bearing Non-drive End Bearing Out Board Bearing 

Type Maker Type Maker Type Maker 

Brushes Location 

No. per Set Type Maker Plant Drive 

Similar Motors: 

Fbont 

Maintenance and Repair Work 

Date Description Date Description 

Bactx: 

Fza. 28. SuoaimsB ov Mcmm Gams> 
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manufacturer full details of bearings and brushes used in the 
motors. These details should be entered on the respective motor 
cards and a sufficient quantity of spares should be ordered to 
cover running repairs to important drives. For those motors 
which are vital to the running of the plant or factory, it is well 
worth while carrying complete spare machines in stock, as the 
cost of a spare motor can usually be very quickly oiffset by the 
cost of time and production lost due to the failure of an important 
drive. If the practice of standardizing motors is followed as 
suggested in an earlier chapter, then the number of spares to be 
carried will not be excessive. 

Also, at the time of purchasing motors, the engineer should 
secure copies of test certificates for each motor. These should be 
examined and, if satisfactory, they can then be marked with the 
internal serial number which is to be allocated to the particular 
motor, and which will be marked on the motor and its card. 
Thus everything relative to any motor bears the same reference 
and can be easily located. 

At the same time as the motor receives its annual overhaul, 
its starter should be inspected. Little should be necessary in the 
way of maintenance for starters, beyond cleaning of contacts 
or fitting new ones if required, changing oil, cleaning magnet 
faces in contactors, and generally cleaning the apparatus. It is 
not suggested that a card system is necessary for starters. 

A useful practice in connection with motor starters is to mark 
a red line on the ammeter to indicate the full load current of the 
motor. Any overloading can then be easily noticed and steps 
taken to correct it. 

General Iffamtenaiice 
For satisfactory maintenance and speedy repairs at times of 

breakdown of the electrical system in a factory, it is essential 
that records should be complete and up to date. Drawings should 
be immediately available showing accurately the position of any 
underground cables, and bearing as much information as possible 
relating to cable sizes, position of joint boxes and how the phase 
colours or numbers connect up inside joint boxes. A diagram of 
the network is also necessary to assist in switching operations. 
In addition, lay-outs and diagrams for the installations inside 
plants and buildings should be kept up to date to facilitate 
extensions, and to assist repair work in times of trouble; such 
drawings should be readily accessible to maintenance electricians. 

It is assmned that the electrical installation generally will be 
Inspected fairly fiequently by the engineer during the course of 
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his tOTirs round the works, and many incipient troubles Oome to 
light during such tours. Bearing or brush trouble in motors cAh 
ofi^n be spotted and rectified during casual inspection, and hot 
switches or fuse-board troubles sometimes reveal themselves if 
the engineer makes his inspection something more than a visual 
one. 

Flame-proof installations call for a much more detailed inspec¬ 
tion owing to the greater hazards involved. Covers on switches, 
motors, lighting and conduit fittings should be carefully examined 
to ensure that all screws are intact, cables and conduits should 
be watched for any signs of deterioration or bad usage which is 
likely to open joints, and it is suggested that covers on motors 
and starters be opened periodically, say every three months, to 
make sure that the flanges are in good condition, and not rusting 
or giving rise to excessive gaps. Lighting fittings should be 
inspected for cracked or broken well glasses. 

Some of what has been written in this chapter may be regarded 
as being too ambitious or idealistic, and not capable of being 
practised in an industrial works, but, with suitable co-operation 
fipom all concerned, it will be found reasonably practicable. In 
the case of continuously running plants, periodic shut-downs are 
in the interest of the mechanical as weU as the electrical engineers, 
and it is surely sound sense to have a pre-arranged shut-down to 
enable maintenance work to be carried out than to have an 
unwanted and inconvenient shut-down due to lack of maintenance. 

Location and Correction oi Electrical Faults 
It is not proposed to attempt to enumerate and suggest remedies 

for the various electrical faults which can occur, but rather to 
suggest a line of attack to adopt when dealing with fault con¬ 
ditions, with the object of expediting their correction. The most 
important thing to do after the occurrence of a fault is to note 
the effects, and to try to get a true story of what was the state 
of affairs before, during, and after the fault. It is surprising how 
difficult it is to collect this information from witnesses because, 
even after making due allowance for the usually short space of 
time during which the events occur, there seems to be an inherent 
reluctance for men to offer lucid and correct statements of what 
swk place; their first inclination seemi^ to be to evolve soma 
ttatement which will clearly exonerate them of all possible connect 
tion with the occurrence, and their statements, whilst ftequentl;^ 
palpably incorrect, can ofteh draw serious **red hearings acrosa 
the track of the cause of the trouble. Hence, it follows that 
electridal engineer is fortunate]^ mtuated if he can pemuade Hi 
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staff to give a true picture of events after a fault has developed, 
and to make them realize that less blame will accrue to them if 
they are at all responsible for the fault than they would otherwise 
incur by deliberately offering misleading statements. Every 
effect has a cause, and by careful consideration of the effects of 
a fault, a correct diagnosis of its cause can usually be arrived at. 
Too frequently is time wasted by attempting to rush at the job 
of correcting fault conditions and, unless the reason for the 
trouble is immediately obvious, it is much better to give the 
matter serious consideration before adopting any particular 
course of action. 

A common failing among electricians is what appears to be 
an innate fear of wiring diagrams, when they are called to repair 
a piece of apparatus which includes a certain amount of secondary 
wiring. Instead of working to a diagram they will discoimeot 
wires at random, and then try to reconnect them as they were 
originally, but the total effect is frequently to leave the apparatus 
in a hopeless tangle which will necessitate stripping down most 
of the small wiring, and reconnecting it again. This may appear 
to be a libellous statement, and if any electrician should read this 
and resent it. then to him the writer offers apologies, but never¬ 
theless the fact is indisputable. The electrical engineer should 
make sure that wiring diagrams—^in as simple a form as possible 
—are available for his maintenance electricians, and that these 
men are fully acquainted with the diagrams, and understand 
them, even if the engineer has to explain them himself. By 
intelligent use of diagrams the cause of otherwise unexplainable 
events often becomes apparent. 

The above generalizations are perhaps as far as this subject 
can reasonably be pursued, but if they are accepted and, provided 
that suitable test instruments are available, then much valuable 
time can be saved in locating and correcting such electrical faults 
as are commonly encountered in industri^ installations. 



Appendix I 

OBADINO OF DEFIMITE MDUHOIK INVEBSE TDOE 
LIMIT RELAYS 

The modem definite minimum inverse time limit relay takes its 

% OF CURRENT SETTING 

Fio. 24. Chahaotebistio TiM»*cmBBENT CxnivB roB Deitkitb 
MmiHXTH Ikvebse Time Limit Relay 

movement necessary to close the contact which forms the definite 
minimum portion of the time and which is adjustable by variation 
of the length of travel; the second feature is an inherent property 
of the design which renders the operating time inversely pro¬ 
portional to the current in the relay coil. A typical characteristio 
curve for a relay of this type is shown in Fig. 24, which gives the 
relation between the operating current and the operating time 
for a maximum time setting value which is equivalent to a 
minimum opmating time of 2*2 sec. in this case. From this curve 

1^ 
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it is apparent that the relay will be inoperative for values of 
operating current less than 100 per cent of the setting value, but 
at currents slightly in excess of this the relay will begin to creep 
although taking a long time to operate. For the particular relay 
under consideration the current at which the movement just 
begins to creep is 130 per cent of the setting value, so that if we 
are dealing with a 6 amp. relay set at 100 per cent then this relay 
would commence to operate with a current of about 6-6 amps., 
but this figure should be checked from the characteristic curve 
of the type of relay being used. The current at which the relay 
begins to creep is usually termed the ‘‘pick-up'* current. As the 
relay current increases beyond the pick-up value, the operating 
time decreases until it reaches a minimum at about 16 x the 
setting value at which point the relay becomes saturated and any 
further addition to the operating current will not affect the 
operating time. It is thus obvious that adjustment of the operat¬ 
ing time of the relay can be obtained by variation of the operating 
current between the limits of pick-up current and saturation 
current, and this variation can often be achieved by suitable 
selection of the current setting plug position. Two variable 
adjustments are incorporated in these relays, a time setting 
adjustment which varies the length of travel of the relay, and a 
current setting plug which, in effect, alters the ratio of the current 
transformer; thus, if a 6 amp. secondary transformer is used and 
the current plug is set at 100 per cent, then 5 amps, plus the 
pick-up correction wiU cause the relay to operate, or if the current 
plug is set at 150 per cent, then 7*5 amps, plus the pick-up correc¬ 
tion would operate the relay, llie method of grading relays as 
outlined by Messrs. Gallop and Bousfield in their I.E.E. paper 
makes use of both these adjustments, instead of merely grading 
by means of the time-setting adjustment, and by this method 
much shorter operating times are obtained. 

In the application of this grading method use is made of a 
factor which is termed the “Plug Setting Multiplier" and which 
is simply the ratio 

Fault current in relay 
-Z— Ql* 

Belay full load current 

Fault current in primary of current transformer X 100 

Current transformer full load primary cmrrent X Relay 
current setting 

It can be shown that, for similar types of relay, provided that 
this Flog Setting Multiplier for any relay is always equal or 

*-<T4»7) 
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greater than that for the preceding relay in the grading sequence, 
then there is no chance of any wrong discrimination between the 
relays no matter what may be the operating current. If this 
proviso is not maintained, there is the risk of wrong discrimination 
with low values of fault current. 

To grade a series of relays, it is necessary to know the ratio of 
the current transformers which will be energizing the relays and 
also the short circuit currents for faults anywhere on the system. 
These should best be set out in tabular form as shown in Fig. 26. 
The settings for the relay most distant from the supply point 
are considered first, and this is given the lowest possible time 
setting and also the lowest possible current setting consistent, of 
course, with its stability and its correct functioning as a back-up 
relay, so that any protective system it may be backing-up should 
always tend to operate first. The Plug Setting Multiplier for this 
relay should now be calculated and listed in the appropriate 
colunm in the table. The preceding relay in the sequence can 
now be considered and the current setting for this should be 
selected to fulfil two requirements; it must operate in its minimum 
time for a fault between it and the most distant relay—^i.e. it 
must be saturated or as nearly saturated as possible—and it 
must have a Plug Setting Multiplier, equal to or less than the most 
distant relay to ensure correct discrimination throughout the 
range of operating currents. There will usually be a number of 
possible settings which would satisfy these conditions, but the 
lowest possible current setting should be adopted as tMs would 
give the highest possible Plug Setting Multiplier. If the system 
conditions are such that the fault currents and current trans¬ 
former ratios result, in the event of a fault at the remote end of 
the network, in the remote relay being saturated but the preceding 
relay being unsaturated, then it can be seen on reference to Fig. 
24 that there will be a difference in the operating times of the 
two relays provided that the time settings are the same and 
the remote relay will operate quicker than the other. If the fault 
currents have b^n tabulated for faults anywhere on the network 
as has been suggested, then it is an easy matter to read off the 
characteristic curve what the operating time would be for fhU* 
time setting and to determine to what the time setting should 
be adjusted m order to give the time grading interval of 0*6 sec. 
which, as has been stated earlier in this book, is the desicabte 
difference to maintain beti^een the operating times for successive 
relays in order to ensure correct dkcrimimtion. This process 
sho^d be continued for all the relays in the sequence when It 
will be htmA that ihe operating times fbr relays close to tto 
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souioe of sapply are very much shorter than they would otherwise 
hare been, if the grading had been carried out by adjustment of 
the time setting only. 

Perhaps the above can be made clearer by a brief description 
of an actual application of this method of grading to a network. 
A diagram of part of a system in which it was necessary to grade 
a sequence of overload relays is shown in Fig. 26. It will be seen 
to comprise 33 kV and 11 kV switchgear with overload relays 
acting as back-up protection at the points marked A, B, G, D, 
S, and F, and it is thus necessary to grade these relays in sequence 

-132 kV INCOMINO 
SUPPLIES 30 M.V.A. 132/35 KV. 

TRANSFRSx»10-56% 

7500 KVA. 33/,1 kV 
7RANSFRS.K»>87o 

2640 kVA. 
SYNCHRONOUS 
MOTORS X=23% 

Fio. 26. Diackah or 33 kV Ain> kV Netwobx 

commencing with relay A at the most remote point. The maxi- 
mpm short-circuit currents and also the short-circuit currents in 
other parts of the network for faults at the positions 1, 2, 3, 4, 
6, tund 6, were now calculated and the values were listed in tabiilar 
form as in Tables 1 and 2 in Fig. 26. The current transformer 
ratios are listed in Table 1, and from these and the maximum 
posable short-cirouit currents it is now possible to calculate the 
maximum permissible current setting of the relay to ensure that 
it will be saturated under conditions of a fault on the network 
ji|8t beycmd the relay position; it is assumed that anything in 
CToesB of 16 X full load current would saturate the relay. Any 
r^y settinip eqqal to or lower than this last-mentioned value 
wpiw cause the relay to operate in its minimum time for &ult 
comditiQns as just described, and this state of affairs should be 
aimed at in all relay aetiiogs although it is not always possiblB to 
attain. 
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The relay A, being the most remote from the supply source, 
would be given its settings first. The time setting would be given 
its minimum value of 0-06 and, although it will be seen that the 
current setting could be as high as 200 per cent to secure satura¬ 
tion, a current setting of 100 per cent would be satisfactory as 
giving stability under local conditions, and also giving the 
maximum Plug Setting Multiplier of 81-O. The operating tima 
for this relay imder conditions of a fault at 6 would be 0-05 x 2-2 
= 0-11 sec. 

Belay B can now be considered and it is required that this 
relay, under fault conditions at position 6, should have an 
operating time of 0*11 -|- 0-6 = 0-61 sec. to give correct discrimin¬ 
ation. It will be seen that the network conditions are such that 
the fault current due to a fault at 6 besides saturating relay A 
would also saturate relay B, and so the discriminating time 
must be obtained by adjustment of the time setting which should 

0*61 
consequently be set at = 0-28. The current setting can also 

be 100 per cent in this case which would give a Plug Setting 
Multipher of 30-6. 

For relay C it will be seen that the maximum current plug 
setting which would saturate the relay under fault conditions 
would be 76 per cent; but the minimum possible stable setting 
would be 100 per cent which gives a Plug Setting Multipher of 
12'3. On reference to Fig. 24 it will be seen that, for the maximum 
time setting, this relay would operate in 2-8 sec. under short- 
circuit conditions, whereas an operating time of O-Ol -f- 0*6 = 

M 
1*1 sec. is required. Thus a time setting of ^ = 0-393 or 0-4 

approx, can be used. It will be appreciated at this point that a 

time settmg of ^ = 0-5 would be necessary if the grading was 

being carried out by adjustment of the time setting only. 
The above process is carried on throughout the network imtil 

provisional settings have been determined to suit conditions of a 
fault at position 6, and the appropriate columns in Table II will 
be completed. The same procedure should be followed to suit 
&ults at the other positions indicated, and it may be found that 
some of the provisional settings will need to be revised to suit 
other fault conditions, but in t£e end a final set of relay settings, 
which will give correct discriminatiQn for all fault conditions, 
will be airi^ at. Ibe benefit of setting these calculations out 
in tabular form is that it is then an easy matter to run one’s eye 
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domi a column and to check up that all the Plug Setting Multi- 
plieni decrease correctly from the most distant relay to that 
nearest the supply source, and that the correct gra^g time 
interval of at least 0’6 sec. is maintained throughout the sequence 
of relays under all conditions. 

It will be readily appreciated that it would not be possible to 
grade as many relays as this by adjustment of the time setting 
device only and also that, by adopting this grading method, much 
shorter operating times are secured for relays close to the supply 
point where the short circuit conditions will be most severe. 



Appendix II 

PROVISIONAL OBOUFINO OF EXPLOSIVE OASES 
MOST COMMONLY USED IN INDUSTRY 

Gas Group Provisional Grouping of Gases having similar explosive 
characteristios 

I 
Methane Methyl Chloride, Hydrogen Cyanide. 

n 
Pentane 

Acetone, Methyl Ethyl Ketone, Ethane, Propane, Butane, 
Hexane, Heptane, Octane, Benzene (Benzol), Toluene (Toluol), 
Xylene, Cyclo-Hexane, Methyl-Cyclohexane, Methyl Alcohol, 
Ethyl Alcohol, Propyl Alcohol, Butyl Alcohol, Amyl Alcohol, 
Acetaldehyde, Methyl Methacrylate, Methyl Formate, Ethyl 
Formate, Methyl Acetate, Ethyl Acetate, Prcmyl Acetate, 
Butyl Acetate, Amyl Acetate, Ethyl Butyrate, Butyl Butjrr- 
ate, Cellulose Lacquer Spray, Petrol, Methylatea Spirits, 
Naphthalene, Paraf^, Blast Furnace Gas, Ethyl Chloride. 

m 
Town Gas Carbon Monoxide, Diethyl Ether, Ethylene, Water Gas. 

The above groupings are provisional only and are based on the 
similarity of the explosive properties of the gases. Where any 
doubt exists as to the official classification of any particular gas, 
then an official ruUng should be obtained from H.M. Inspector 
of Factories. 

The classification shown on page 112 is taken from Form 829, 
“Memorandum on Dust Explosions in Factories, 1930,” issued 
by the Factory Department, the classification being— 

Claas “A.” Dusts which ignite and propagate flame readily, 
the source of heat required for ignition being comparatively sm^ 
—e.g. a lighted match. 

Class “JB.” Dusts which are readily ignited but which, for the 
propagation of flame, require a source of heat (a) of large size and 
mgh temperature, such as an electric arc, or (b) of long duration, 
such as the flame of a Bunsen burner. 

Class “0.” Dusts which do not appear to be capable of pro¬ 
pagating a flame xmder any conditions likely to occur in a factory 
(a) because they do not readily form a cloud in air; (b) because 
they are contaminated with a large quantity of incombustible 
material; or (c) because the materii^ of which they are composed 
do not bum rapidly or produce inert gas. 

Ill 
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dassiflcatioii of Dosti from the Point of View of Explosion 
Haisarda 

Class “A’* Class “B” Class “C” 

Sugar 
Dextrine (Calcined 

Farina) 
Starch 
Cocoa 
Bice, Meal, £md Sugar 

Refuse 
Cork 
Soya Bean 
Wood Flour 
Malt 
Oat Husk 
Grain (Flour Mill) 
Syrolit 
Distillery Meal 
Spice Room (Cattle 

Food) 
Locust Bean Kernel 
Locust Meal 
Parboiled Rice Meal 
Cellulose Acetate 
Liquorice Root 
Maize 
Tea 
Compound Cake 
Grain (Grain Storage) 
Rape Seed 
Cornflour 
Flour (Flour Mill) 
Chioory 
Briquette 
Gramophone Record 
Pitch 
Ebonite 
Erinoid 
Gumgatto (Fine) 
Mimosa Bark 
Casoara Sagrada 
Gentian Root 
Balloon Dust 

Copal Gum 
Leather 
“Dead Cork** 
Coco-nut Oil Milling 
Rice Milling 
Saw Dust 
Castor Oil Meal 
Myrabolum and Valonia 

Nuts 
Paper Tube Works Dust 
Yellow Meal 
Heycol 10817 CA (Dye) 
Oil Cake 
Offal Grinding (Bran) 
Grist Milling 
Horn Meal 
Mustard 
Genatosan 
Shoddy 
Shellac Composition 
Gluten Feed 

Organic Ammonia 
Tobacco 
Spice Milling 
Bone Meal 
Lamp Black 
Sack Cleaning 
Retort Carbon 
Grain Cleaning 
Tapioca 
“Hooking Frame“ dust 
Era Chrome Brown 
Era Chrome Green 
Gumgatto (Coarse) 
Drug Grinding 
Cotton Seed 
Cotton Seed and Soya 

Bean 
Charcoal 
Foundry Blacking 
Brush Carbon 
Stole Coke 
Plumbago 
Bone Charcoal 
Mineral and Ivory Black 
Rag Paper Works Dust 
Alizarine Yellow “G“ 
Anachrome Brown 
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INDEX 

Acidity—oil, 96 
Air blast Bwitohgear, 31 
Air break switchgear, 33 

Back-up protection, 28 
Battery, tripping, 32, 39 
Buch-Holz rmay, 27, 96 
Busbar protection, 28 
Buxton Certificate, 84 

ClABXiES, method of running, 16 
-rating, 19 
—route, 17 
Cambric insulated cable, 62, 87 
Certificate, flame-proof, 84 
Conduit, 60, 87 
Conservator tanks, 38 

DiscmMiNATiOK of fuses, 68, 69 
Distribution, L.V., 14, 16, 22 
-boards, 67 

Earthino, 43-48, 78-80 
Earth electrodes, 46-48 
-leakage trips, 79 

Factoby Act, 2 
Fault location, 102 
Feeder, protection, 27 
-, radial, 12 
-, ring main, 12 
-, size, 9 
Fire protection, 40-43 
Flame-proof enclosure, 83, 86 
-equipment maintenance, 102 
Fluorescent lighting, 77 
Fuses, 68-69 

Gbadino, relays, 28 
Grouping of explosive gases, 82-83 

I*E,E. Regulations, 3 
Instruments, 94 
Ihteroozmeotors, 14 
Ihtrinsio safety, 89 
Isolating switches, 57 

liXOnxzNO^ 75-78 * 
voltfl^, 15 

lioad centre distribution, 54-55 

I Motors, 62-70 
I - breathing, 69 
- enclosure, 67-68 
- maintenance, 99 
- record card, 100 
- starters, 71-74, 88 
- starting current limitation, 

65-66 
Multioore cable, 61-62 

Network design, 8, 21 
Neutral earthi^, 44 

Oil, 38 
-acidity, 96 
-maintenance, 96-96 
Overhead lines, 16 
Overload protection, 26 
- trips, 72-73 

PAFEB-insulated cable, 61, 87 
Power factor, 74-76 
-correction, 76 
Protection, back-up, 28 
- busbar, 28 
- feeder, 27 
- system, 23 
-transformer, 26 

Relay, Buch-Holz, 27 
-grading, 28 
Rupturing capacity, 10 

Spares, 94 
Standard voltage, 7 
Star/Delta starting, 73 
Static electricity, 90 
Sub-station heating, 40 
- lay-out, 48-62 
- siting, 8, 10 
- size, 8 
-ventilation, 40 
Switchgear, H.V„ 30-33 
-, L.V., 33-34 
-maintenance, 97-99 
-record card, 97 
System protection, 23 
-voltage, 7 

Tbe-opf distribution, 65-67 
Testing, 80 
Thenx^ overload trix>8, 72-73 
Transformers, 36-39 
——^ cooling, 37 

MtJmmBXC overload trips, 72 
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Transfonners {contd.) 
-, efficiency, 39 
-, maintenance, 96 
-, protection, 26 
-, record card, 93 
-, size, 10 
-, tappings, 9, 38 
Tripping, battery, 32 

Undebobound cables, 16-18 

V.I.B. insulated cable, 61, 87 
Voltage, system, 7 

WiBiNG systems, 69-62, 87 88 
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