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NOTES ON ELECTRICITY IN MINING WORK.

BY SYDNEY F. WALKER, OF CARDIFF, ENGLAND.

When the writer was asked to conitribute a paper to the
TRANSACTIONS Of the Institute, his feeling was that he had far
more to learn from his confreres on the other side of the Atlan-
tic thani they could learn from him, and it is with considerable
diffidence thiat he now ventures to forward the following notes
upon a braneh of electrical work in which he has had some expe-
rience.

Electricity has beein used in mines in this country:
For signallinig on engine planies and in shafts.
For speaking fromn point to point of the minie.
For shot firing.
For liglhting; and for transmiiitting power to distant parts of

the mine, to work pLmnps. coal cutters, etc.
It should be mentioned that electric-al work in mini-es, so far

as the writer's experieniee goes, is diferent fron every other kind
of work that the electrical engineer lhas to deal with. The ap-
paratuis is placed in the liands of miieniwho are often altogether
ignorant of eleetricity and the conditions under which it has to
work are often many timnes more severe than anv that would be
met witlh elsewhere.

)ainp is in a great many mines a constanit feature, and so also
are falls of roof, darmage to roadways and maniy constantly recur-
ring accidents, such as ropes breakinig, horses taking clharge, etc.
Fu-rtlher, it has hlappened in this country that those who- have
designed apparatus for miines have never even seen one, and
would therefore consider what experience has proved to be the
ordinary requirements of successful working, silmnply ridiculous.
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The signals that have been used are for ringing the cage up
and down the shaft, and for ringing to the engine house and to
various points on the road, where mechanieal hauLlage is utsed.
The ability to stop a train of wagons instantly from aniypartof

the engine plane has proved of such imnmnense service that the en-
gine plane signal has been adopted almost universally in the coal
minies of the United Kingdom.

In this signal, as will be doubtless well known, connection is
made between two naked parallel iroin wires, which represent
opposite ends of the circuit. As many as eight bells have been
rung together on this plan, from any part of a haulage system
extending over several miles.

0 C

FIG- 1.

The great difficulties that have been met witli in maintaining
the engine plane signal are:-
The practical impossibility of keeping up the insulation, and

the therefore constant drain upon the battery from the leakage
current, etc.
The nlumerous joints that are made in the wires, owing to the

constant breakage; each joint introducing considerable resist-
ance into the circuit from its being not only insoldered, but not
even tightly twisted, or the ends of the wires clean.
The secret of success with this signal and with the shaft signal

has been, mnaking everything very strong, having a large reserve
of power everywhere, and making the battery of large cells.
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The electro-magnets, for instance, of the author's mining
bells, are turned ont of 2" and 2 " iron and with the battery
power used withi them would work tlhroughl50 mniles of the wire
employed-No. S S. (G. Batteries of the largest sized Leclanche
cells, if plenty of them be allowed, will stand well witlh these
bells-the signal often going on working for twelve months
without any attentioin beyo-nd repairing the wires when they are
broken.
The principal difficeulties with shaft signals are:
The wet which is always present at the bottom of the shaft

where the ringing key is placed, and the liability to dauiage of
the insulated wire that is used for line and battery wires, more

FIG. la.

particularly the latter. Falling coal damages the covering of the
wire, admits moisture and the wire is soon parted.
Wet also plays great havoc with the connections to the ringing

keys and with the contacts.
These difficulties have been overcome in the writer's practice,

by fixing strong and well-covered wires in the shaft, protecting
them with boarding, having no battery wire in the shaft, and by
the design of the key shown in Figs. 1, la and 16.
The key case is made of cast-iron and brass fitted together

with flanges to exclude moisture as far as possible, so that the
contact lever is unaffected by the ever-present damp.
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An external lever of iron operates the internal contact lever by
means of the sliding pin shown. The terminals of the key are
outside the case, so that the wires can be cleaned off from tinme
to time, and the signal kept going with little trouble. Where
the terminals are Ihidden, no matter how carefully they are pro-
tected, damp always finds its way to the connection and destroys
it, while the presence of the fault may be unsuspected.
The same remark as to batteries, that was mnade with reference

to engine plane signals, applies here. The cells should be of the
largest size and plenty of them, so that they imay stand the drain

< H .' 11~~~~F H, . f,7-1

FIG. lb.

of the leakage current often unavoidable, and of the incessant
ringing, without requiring too frequent attention.

Signials are also used on the surface, for locomotive or haulage
roads, but these can be dealt witlh in the samiie manner as ordinary
railway signals.
Tin and lead m:ineis lhave hardly adopted electricity at all in

any form, partly on accouLnt of the conservative tendency of the
owiners, and partly on account of the enormious qulantities of
water present, and of the peculiar nature of the working of
the mines themselves. The water present is usually strongly im-
pregnated with inetallic salts.
One tin mine in Cornwall tried a telephone between a level

some 200 fathoms down and the surface, but the whole of the
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working parts were dissolved away in no long timne. One tele-
plhone, however, has survived in a Cornish mine, between a level
600 fathomns deep and the surface, at Dolcoatlh, niear Cambornle;
ald a great boon it has been. Probably tlis fact has kept it alive.
Any one who lhas been (lown a few hundred fathomns, either by
ladder or muan engine, in a tin mine, will tlhoronghly appreciate
ti'is.

Teleplhoues lhave been very little used in coal nmiies, owing to
the monopoly wbhich has prevailed. In fact, they have only been
used for surface work, such as from colliery to shipping port and
tlherefore nieed no remarks here. The moInopoly being about to
expire, we are lhoping for big developmiients shortly.
For firing sihots b)y electricity small hland imagneto machines

giving from 20 to 4() volts are used, and they provicle current for
firing fuses forimed generally of two pieces of copper anid bedded
in gutta pereha, their ends being covered with a detonating coin-
pobition of highl electrical resistanice wliehi is fired by the passage
of the currenit tlhlouglh it.
The principal difficulties in connectioni with shot firing have

l)een
The loss of powel of the magnets, due to loss of inagnetisni

and the uncertainity as to the voltage required by individual fuses.
It wouild appear as if the fuses that are used in this coun-

try aire inade without any gauge so that it is no uncomnon thing
to find onie or two of a batch of fuses fire with as low a voltage
as two or three volts, while others require 30 and 40 volts anid even
more. This uncertainty in the voltage lhas led to considerable
trout)le at the mnines whlich use this systeim of firing shots. A
batel of fuses will be taken into a mine and perhaps none of
themn, or only one or two, will fire. The exploder is brought
out and tested, perhaps on a low voltage fuse, which it fires. It
is taken into the miine again, when it may fire sonme and not
others, and so on.

In a few mines where the electric light is installed, fuses have
been fired by branch carrents taken fronm the lighting service.
As the voltage used for lighting is now always 100 or 110 volts,
this plan gets over both difficulties, but in the writer's opinion,
and. he imagines, in that of inost -members of the Institute, the
practice is a very daangerous one. In some collieries in South
Wales, batteries have been entirely displaced for working both
the shaft and haulage signals, branches fr oin the lighting service
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supplying the necessary current. An iicandescent lamp is
generally inielucded in the circuit, so as to redcuce the strength of
the culrrent passing throughli the bell coils. The lamnp, which is
arranged to liglit only wlthen a signal is given, gives visulal notice
as well as tlhe audible niotice given by the lell. In one colliery,
the current for firinig slhots is tak-en from the end of one of the
iron signal wires. It has been founTd that only one connection is
niecessary, the other fuse wire being rnerely pushed into the
hole that has been drilled in the coal for the charge, inaking
contact, of course, witlh the body of the coal. This arrangement
necessitates tlhere being sufficient leakage on the lighting system
to allow of the imass of tlhe coal itself, witlh the rails, pulleys,
ropes, etc., in counectioTn with it, being used as a return.

In the instance mentioned, lhovever, the arraingemnent has led
to the somewlhat startling result, that the polarity of the dynamo,
placed on the surface, and at soine distance from the pit's
mouth, was twice rex-ersed, apparently by electric currenits
induced in the bed of the coal itself. In another imine in Staf-
fordshire, wlhere old wire ropes are used for electric liglhting
mains, the leakage cuirrent is used to work the electric signal
bells. In somiie of the South Wales collieries, wl-here a branch of
the electric light service is used to work the signals, it is no un-
comnmon thing to see one of the iron signal wires sparking
violently on the tops of a train of passinig iron coal trains.

For lighting, the almrlost universal practice in mnines is to have
at least one compound woound dynamo, driven by a separate
engine, laid down specially for the purpose.

In a few cases, the surplus power of the fan engine has been
used, but the plan is not to be recomnmetided, as it ties the elec-
tric light system too uncuh to the requireimients of the ventilating
system. Added to this, it leaves no margin for the variations
that occur even in the best made dynamos, between full load and
light loads.
The plan adopted by the writer for a large colliery in Lan-

cashire last suirmmer seems the one to be preferred Two dyna-
mos were provided, each having its own engine. The dynamos
were conistructed to give 200 lamps of 16 c. P. each, anid the en-
gines to work up to about 23 u. P. each. One dyniamo was arranged
to supply the surface lights and the other the underground
lights, or motors if they were used; but a simple set of switches
was provided, so that all the work, and each part of the work
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could be thrown on to either dynamno instantly, provided of
course that the latter was running and furnishing its proper
voltage. Fig. 2 shows the arrangement of the switch-board that
was used in this case and Fig. 3, 3a. the two way switeh. It will be
noticed that the latter has good rubbing surfaces, and that the
switch is completely locked on either side.
The engines in this case had only one cylinder each. They

were fitted with very heavy fly wheels, and with Acme governors.
The latter were arranged with adjustable springs afllowing for a
variation of 10 per cent. in the speed if required. This, how-
ever, was not found necessary, but as an instanee of the variation
heretofore referred to. The two dynam-os were made fromi the

0 0 0 0

0 C

FIG. 3.

same iron, the same copper anld by the same hands, yet one gave
the specified voltage, 110 volts, at 785 revolutions, the other at 810
revolutions. The writer prefers two cylinder engines for electric
lighting work, for the double reason that they work more stead-
ily-badly spliced belts are less noticeable with thein-and that
the higher speed obtained with the smaller engine, and shorter
stroke, enables coiintershafting to be dispensed with. It will be
understood that the two dynlamos were not connected electrically
at all. Each did its own work, whatever it might be. In prac-
tice this resolved itself into one dynamo and engine running for
40 hours, and then the other, and so on. The colliery not being
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fully developed did not require all the power provided. The
reason the dynamos were not connected electrically was, the
writer's experience has been that when this course is adopted, one
machine takes more than its share of the work, so that its arma-
ture becomes strained if it is supposed to be working near its
norinal output. Tlhough the two dynaimos are supposed to be
furnishing the same E. M. F. between their terminals, in practice
they never do; and if one be only one-half volt ahead of the
other, the latter not only cannot furnish any current, but
its coils furnislh a path for the current furnished by its more pow-
erful partnier.

Arc liglhting has been almost entirely abandoned for colliery
work, very largely, the writer believes, owinig to his persistent

I_

FIG. 3a.

effort in pointing out the solid advantages of large incandescent
lamps. The iniproveinent in the manufacture of 3'2 candle power,
.50 candle power and 100 candle power lamps, and the advent of
those of 200 candle power anid upwards, has renl(dered electric
lighting very simlple ; 1(00 eandle power, 200 candle power or
300 eandle power lamnps are n1ow placed over coaling screens and
on pit banks, whlere arc lamps were formerlv used, while in the
vards and among sidings from 300 canidle power to 600 candle
powier lamps aire generally employed.
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At the coal washing nmaehine of the Dowlais Iron Company,
where a powerful light is required for shunting trucks at night
and on top of the coke ovens, 600 candle power aiid 1000 candle
power lamnps are used.
Some difficulty has been experienced with the 1000 candle

power lamps in the open, owing, in the writer's opinion, to the
manufacture of glass not having kept pace with the requirements
of the lamnp.
For underground engine-houses, offices, etc., the standard 16

candle power lamps are used, with an occasional 050 candle power
or 100 candle power where a specially good light is required.

Callender's cables, with bitumen insulation, have been gener-
ally used for some years past for colliery work. Medium
insulation being used for about the pit top avid on the main roads
underground where it is drv-1heavy insulation where it is wet.

In the writer's opinion, this forin of insulation is quite equal
to the mnore expensive forms of rubber anid gutta perela, if the
wet be kept from it. For this purpose, for cables that lhave to
be placed in the slhaft, wlhere it is invariably wet, the writer has
the cable with heavy insulation v,erlaid with two thick layers of
jute, put on the reverse way, and then with two coatings of tape
soaked in waterproof material. This coverinig appears to stand
all the water that is found in a pit shaft for a good many years.
In the writer's experience, india rutbber will not stand for long
if the wet gets to it, nor will gutta percha unless it be very pure
and very thick. Since cable makers have taken to adding other
material to the G. P. they appear to have taken three parts out of
the life of the material, where damp is presenit. Of the few in-
stallations of arc lamps still working at collieries, one may be
mentioned wvhich was fitted up by the writer's firm in December
1882. It consists of five of the miechanical cominutatinig Brockie
lamps, worked from an old type Gramme dynamo, furnishing 200
volts and 10 amnperes at 1400 revolutions.
The lamp, as will doubtless be remenmbered, h-as no regulating

system, except an electro-nagnet actuating a grip clutch. The
electro-magnet is energized by a shunt current,-brought direct
from the dynamo, and this current is broken for an instant every
15 seconds, by a revolving corwmmutator, placed near the dynamo.
There are three shunt or feed wires for the five lamps, the

revolving commutator breaking each in succession.
The dynamo in this case is driven by a double-cylinder vertical

engiline. made by Tangyes of Birminghan, and the whole apparatns
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lhas not cost 1() for repairs in the eiglht years it has beein
running.

Old wire ropes, as already indicated, hlave been u-ised rather
extensively in two or three mlines. In some cases the old rope
has been used as a return, in others as both lead and return.
Mr. Sopwith, the manager of Cannock Chase Colllery has led the
way in this matter, and others hlave followed him. It appears that
when he determiiined to liglht his colliery by electric light, he
decided to do all the work himnself, and proceeded to study the
matter very carefully. A paper given by the wJriter to the
North of England Mining Institute had the honor of being well
thumbed amongst others. In the early days of lis apparatus,
however, Mr. Sopwith lbad trouble with some of his cables. Wet
got to them and parted them. He therefore decided to try old
wire ropes. These lhe has placed in wooden troughs in the shaft,
ald filled in the space round the rope withi a mixture of coal
dust and pitch. For distribution on the surface lie lhas had
brick troughs built, in which flat -wire ropes are laid, bedded in
the coal dast and pitch mixture. Underground, the writer be-
lieves, the old ropes are just laid in the coal dust. M1-1r. Sopwith
states that since he adopted the above plan his troubles have
ceased. Others who have followed him have not always been so
fortunate. In one case where the writer was asked his views on
the matter, he pointed out that there would be great danger of
sparks, and that it would not be necessary that the two ropes
should be in conitact with each other, or both with some other
conductor, for sparks to pass. One rope miglht be in contact
with a conductor, wlich, though niot touching the other rope,
touched another conductor, and the final contact or break of
contact, causing sparks to pass, mnight be in such a position that
it would be difficutlt to trace the connection.

l{e also pointed out, amnongst other tlhings, that wherever the
ropes or their supports encountered rnoisture, troutblesoine elec-
tro-chemical actions tending to destroy the rope woould probably
ensue.
Both of these predictions were verified almost to the letter.

Sparks were generated at the bottoml of the pit from julst suchi a
series of connections as he had foreslhadowed. One rope touched
a sheet of galvanized iron at the landing stage at the pit bottoin;
that is to say, sometimes it touched and sometimes it did not.
The iron sheet was bearing against an iron pipe which went a
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little way iinto the workings and this or somne other coniductor in
coninection with it was bearing against one of the insulated con-
ductors leading to the latmps and lhad rubbed its insulation through.
The result was that soinetimes the series of connections were
comnplete and thein broken, giving rise to sparks. lin the same
pit, one of the ropes before imenitionied was eaten right in two at
one of the landing stages ; and in another pit in wllih the pre-
caution was taken to fix oIne rope in the down cast and the other
in the up cast, the iron sllpports of one rope, where tlhey were
drivren into the pit props, were eateni inlto jllSt as if thievy had
formed part of a galvanic battery, or had bee i used as anocles in
a p)lati-ng bath. In another case where a naked iron rope was
used as a return, the writer heard of a mlan receivinig a very
severe slhock, while only 160 volts were in use on the system. It
was an electric pumLping planlt.
The writer's feelinig is therefore, that no naked conductors

for electric liglhting or power slhould on any account be used
in any part of the mine and that the insulation should at all
times be mnaintained as higlh as it possibly can be. Eveni for
cables uised to distribute current about the surface, the writer's
invariable practice is to use insulated wire, for fear that the wires
miay be brought accidentally into contact and the attendant
troubles ensue. The writer understands that in one mine in
Armterica, power was transmitted at a voltage of 280 or 300 volts,
the rails being uised as a return and lauips beinig worked from the
samne system, arranged two in series. If such an arrangement
were used in this country, he would expect trouble to follow
before long.
Not a great deal has yet been done in transmnitting power by

electricity for use in mines. There are several isolated pumping
plants at work, one or two haulage plants, and one or two coal
cutters.
The voltage used for pumlpinig lhas been 300 and 500 volts, in

one case as much as 700 bein-g used. The plan that has been
almnost universally adopted for eleetric pumping plants has been to
use a series wound motor, a slimint wound generator; both of suf-
ficient power for the largest amoLunt of work they may be called
upon to do; and a separate engine wlhose speed can be varied in
.accordance witlh the requiremnents of the work. The most fre-
1uent application of electrical pumping planits has been for raising
the water out of dip workings, which are often a long distance
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from the shaft, either to the sumnp at the pit bottomn whience it
would be raisecd by the mlain pumnping engine, or to the surface.
In dry seasons this water may not be mul-ch, so that the pump is
lightly loaded. In wet seasons the reverse would be the case.
Up to the present these requiremnents have beeni inet by an in-
crease or decrease of speed at the engine, giving rise to higher
or lower voltage at theltertminals of the geenerator and inotor,with
greater or si-naller driving power. The writer's view is that as
the use of electricity for transmnitting power becomes mnore gen-
eral, this systeml will give way to the simpler one, havinig only
two or three dynamos as generators, all running at the voltage of
the lamps; the motors for the puinps, hauling engines, etc., be-
ing connected in parallel, just as so imany lamps, and the varia-
tion of the loads on the mnotors being dealt with as so many lamps
turned in or out wouild be. The regulation of the inereased or
decreased load on the puLnp with varying seasons, cani easily be
dealt with ieclhanically and without any waste of electrical
power.
The largest return obtained fromn an electrical pumrlping plant in

this country has been 40 per cent. in actual work done in raising
water, of the brake horse power delivered to the genierator. It
is obvious, liowever, that the efficieTncy of the pump and the size
of the delivery pipes mnust have a imaterial effeet ulponl this figure.

In the majority of the pumlping planits that lave been laid
down in this coountry, thu pumiip has been geared up withi one or
two wheels and then driven by a belt fronif the shaft of the
mnotor. Quite recently, however?, Messrs. Gol(den & Co., of
London, lhave worked out self-eontained pumtaping, lhauling and
coal cutting plants; the mlotor, gearing and maclhine being all on
one bed-plate. Tlhis, it will be seeii, places electrical mining plants
mnore on a footing witlh steamt ald lhydraulie planits, as it is only
necessarv to place tIhe combined machine on rails, run it into its
place and connect the branelh cables. fii working this out, how-
ever, a somewhat unexpected difficult'y arose. It is one, the
writer believes, Amnericani engineers dealt with somne time since
in their tramn-car work, and it is one wlhieh it would have been
thought that skilled mechanical enigineers would have foreseen.
Wheni a belt was nio longer interposed between the mtiotor shaft
and the pumrp, so that the formner had to start against a dead load
without any flexible coupling between that would give few
arrmatuires could be got to stand the strain ; they broke up.
The reason of this was, of conIrse, the flimnsy nature of the
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mnechanical joint letween the armature spindle anid its core,
which for electrical reasons is usuallv provided. A sountd
mnechanical joint, properly distribnted, got over the difficulty -4
at once.

Messrs. Golden have also provided a spark protector in the
shape of a cover over the comimLutator, so that if gas is presenlt
where the mnotor is working it caninot get to the spark at the
comumutator.

K
r ARMATURE WIRE

LOCKING RINGJ,
FLAME TIGHT JOINT

COMMUT OR

r:~~~~~SG

FIG. 4. Stokes's Safety Commutator.

Thouglh this is, perlhaps, a necessary concession to the feelings
of mine owners; in the writer's opinion, it is both useless and
unnecessary. His view is, as lie expressed it at a recent meeting
of the Institution of Civil Engineers, that you cannot bottle up the
sparks, but you should reduce their tension below firinig point.

Mr. A. H. Stokes, H. Al. Inspector of Mines for Derbyshire,
has attacked the problem in another way. I-He makes the coni-
mutator hollow awa(l places the brushes inside. Experience will
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prove, of course, if this is sucecessful, but the writer's view is
that it will be found to give rise to inore trouble with the
brushes than it gives protection froin explosions. It will niever
be possible to see if the bruslhes are properly set, and any spark-
ing, which takes place within the very confined space available
will cause very serious trouble from tlhe heat developed (see Fig. 4).

In electrical haulage, the principal work has been done in
Yorkshire: 40 per cent. in weight of coal and trains drawn up
an incline has been obtained in one case, of the brake horse
power delivered to the generator.
The principal difficulties in coinection with hiaulage appear to

be the matters of variation of speed and reversal of direction.
Where the systetn consists of an endless rope always travelling
in one direction, the matter is, of course, much simplified ; but
for variations of speed the use of resistances in miines is a inatter
that requires great care, sitmple tlotigli it seems to trained elec-
trical engineers.

For reversals the writer's view is that the m-otoir should always
travel in one direction and the operatiorn of reversing be per-
formed mechanically. If the variation of speed can also be con-
veniently acconmplished by mnechanical means. it will be easier and
safer. In the mnatter of gearing for reducinig the speed between
motor and driving drumin or piuTnp, practice has settled down after
many trials in other fields, to wlhat Arnerican experience has
proved to be the best, viz.-spur gearing. A short timne since,
when tIme writer was studying this question, lhe senit to every inl-
stitute in the United Kinigdom for papers on the subject, but
none coinld help him out. The nniversal practice with otlher
applianices where redu-ction of speed was necessary was to use
spur gearing. Why was this? Why not worm gearing At last he
wrote to the Secretary of the American Society of AMechanical
Eingineers, who kinidly sent him a copy of a paper which
had been read before his society, which gave the solution
of the whole problein. Fromi a, careful series of experiiments inade
by Messrs. Sellers, it appears tlhat while you can get 98 per cent.
return of your power with spur gearing, and rarely less than 90 per
cent. without much wear; with worm gearing 75 per cenit.
was the utinost you could get by a-ny means, 6( per cent.
and less was more nearly the rule, and the wear was
very heavy. A namuesake of the writer's, Mr. J.
Blake Walker, the manager of one of the Yorkshire
collieries lhas introduced a system of electric haulage, in which
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the old wiie rope is used-as a conductor, the motor travelling
over it, and taking its eurrent fronm it. The object of this plali
is stated to be the saving of the power expended in driviirg the
rope; buit it appears to be forgotten that power is also expended
in driving an electric cuarrentt thioiylt a rope, just as in driving
the rope round a pullev. The writer hias not heard how far the
plan has been successfult or if there be any mairgin between the
above two figuires.
The onlv otler miiatter tlhe writer proposes to deal with is that

of the volt ige that slhould be used in mines. His view is that
while those engaged in a imne are becoming aceustomed to the
use of e]ectricitv, the voltage slhould be kept as low as possible;
and lie believes that tlhotogh low voltage mneanis a larger expendi-
tuLre for copper, the interest on the difference between the cost of
calbles inaider say 1OU volts and 500 volts, will be more than
balanced by the saviing in the cost of imiainitenance, owing to time
great difficulty of myiaintainiing the i nsulation with the higher vol-
tage. Added to whichl, it will be a great convenience to work
all the electrical apparatuis fromi one source of supply. As
already imidicated however his views on this point, though accepted
by, mininog engineers have not beein by electrical engineers. The
writer regrets that he will not be able to attend the reading of
his paper in person; but will be pleased to reply to any criticisms
or to aniswer any questions that mnay be asked; and may per-
haps at some futuire day hope to hiave the opportunity of meet-
ing his American fellow members.

DISCIJSSION.
[COMUMU5\INICATED BY HOLLON C. SPAULDING.]

[ have read AMr. Walker's paper with great interest, and I must
a(ld a little suLrprise, as showing a transition state which I had
imagined the British electric ulining enginieers to have suffered
from less than their American cousins. Certainly some of the
mnake-shift m-ethods described by AAr. Walker are not of the
ultra-conservative ways which have been held up to us on this
side of the water as tvpes of English practice in some lines of
scientific work.
While agreeing in general with the statements conitained in the

article, I may call attention at random to some points of differ-
ence in opinion and practice. In regard to the reversal of motors
for instance, the writer's experience would certainly warrant the
reversal of tIme armnature itself l)v electrical means instead of more
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cumbersome mechanical nietliods. From the smallest size -iP to
electric hoisting maclhines of 60 horse power brake capacity. for
example, no trouble has been experienced with this method, and
we certainly see no reason for turning to earlier devices for
accomplishing the same results.
While the questioni of spur vs. worm gearing is still an open

one, the advantages of compactness and silence go a good wavs in
recommending worm gearinig in some lines of work, and it is cer-
tainly a debatable point, whether the difference in efficiency
amounlts to more than a negligible quantity when a well lulbricated
worm and gear takes the place of the two pairs of spur gears. One
example in particular occurs to thle writer as an illustration. A 10
horse power motor having been in use for several months in a
travelling crane, the worm having a inaximumn speed of 1600
revolutions per minute and being placed ove7i the gear, both being
entirely encased in an oil tight jaeket amid the teeth of the gear
acting as paddles, delivering a constant supply of oil to the con-
tact point.

I cannot quite understand AMr. Walker's difficulty in operating
two or mora generators in multiple, both mnachines supplving
current to the same systern of feeders, from which may be
operated liglhts or muotors for various kinds of work. What is
known to our engineers as an " equalized bar," supplying a close
connection betweeni the armatures of various machines working
together, seems to answer every requirem-ent in the writer's
experience.
The switch-board shown, wlhile certainly ingenious in its

arrangement, would apparently not answer our American require-
ments as the switches are all single pole instead of double.
As to the voltage to be used in mining operations, the Amier-

ican practice of nothing higher than 2`() volts below the surface
seems to correspond most satisfactorily with MIr. Walker's ideas.
The development of a line of air and gas-tight motors and ac-

cessory apparatus is certainly most initeresting as increasing the
field of usefulness and safety in fiery mines, but, without going
into the subject in detail, is not the true solution of the problem
of electric installations in fiery mines, the provision of such a
thorough ventilating system as is offered to better advantage
than in any other way by the flexibility and ease of inanipulation
of a low voltage constant potential power and lighting system?
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4WALKER ON ELECTRWCITY 1XN MINING.

[COMMUNICATED BY H. WARD LEONARD.]

Alhnost every English electrical engineer, who has visited in
the Uniited States, has been reported as being very Liuch surprised
at the inferior quality of our construction work here, as com-
pared with that done in England. It is, therefore, with no small
amouit of surprise that I observe the methods whieh AMr. Walker
descr-ibes as being in use in the mines in England The clhar-
acter of the work which lie describes as having been done in con-
nection with signallinig svstem in mines in England is such that
it is ntot at all surprising that he states that only " one telephone
hias survived " which has been installed for mining use, and that
this one has survived is surprising, in view of tlle character of the
worklwhich he mnentions.
The following is a quotation from his paper:
" The great difficulties that have been met with in maintaining the engine

plane signal are: the practical impossibilities of keeping up the insulation, and
the therefore constant drain upon the battery from the leakage current, etc.
The numerous j Ants that are madle in the wires, owing to the constant break-

age; each joint introducing considerable resistance into the circuit from its
being not only unsoldered, but not even tightly twisted or the ends of the
wires clean."

This statement inidicates a lack of knowledge as to the necessary
conditions in order to seeLre success and a lack of proper mater-
ials for the work undertaken whieh it is difficult to conceive.
The quality of the inine fuses used in the mines in Enigland
appears to be inexcusably bad, judging by his statement that
these fuses vary so greatly in the quality as to require sometimes
two or three volts, while others require 30 or 40 volts at the
generator in order to supply sufficienrt current to fire them. It is
not surprising that this uncertainty hias, as hie states, led to con-
siderable trouble at the mine which uses this system of firing shots.

Another quotation is as follows:
" In one colliery the current for firing shots is taken from the end of one of

the iron signal wires. It has been found that onlv one connection is necessary,
the other fuse wire beingf iimerely pushed into the hole that has been drilled in
the coa for the charge, making contact, of course, with the body of the coal.
This arrangement necessitates there being sufficient leakage on the lighting sys-
tem to allow of the miass of the coal itself, with the rails, pulleys, ropes, etc.,
in connection with it, being used as a return.'

It is difficult to believe that such an instance as this can be
cited for any other purpose than to show how extremely unsatis-
fa tory the use of electricity will prove when installations are
made in total disregard of proper requirements and methods.
That any one having any knowledge of ttie subject should vol
untarily use a lealkage current from a lighting system for the
purpose of operating such important work as shafts and haulage
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1DISC USSION.

signals and the explosion of mine fuses seerns incredible to any-
one wlho has h-ad aniy conneetioin witlh the use of electricity for
inmportan-t operationis.

Alr. Walker mientions wlhat he very properly calls " a startling
result," namely that "the polarity of the dvnamo placed on the sur
face was twice reversed, apparently by the electric currents iniduced
in the bed of the coal itself." It is probable that the dynamnos for
ineandeseenit lighting are shunt-wound, as is commnon practice in
this country; and lhow any possible current produced by the dy-
namo, of the niature which lhe described, could reverse its field it is
difficult to understand; in fact, appears ridiculous, especially in view
of his statement that it was apparently by eleetric currents which
were " induced " in the bed of the coal by a continuous current.

It is rather surprising that one of the reasons advanieed by \r.
Walker why two-cylinder engines are preferable for electric
tric lighting work is that " badlv spliced belts are less noticeable
with thein." Belts wlich are so badly spliced as to occasion
flicker in the lights are a feature of electric liglhting work which
I ha-ve not seen in the past eight years in this country where the
plant hlas beeni installed by aniy ovne whlo has ever had any pre-
vious experience with the subject.

iAir. Walker states that lie found it iinrpossible, inl his experience,
to properly operate two dvnamos in Imultiple arc with each other.
He states that, " while the dynamos are supposed to furnish the
same F. AT. F. betweeni their terminals, in practice they never do."
Apparently Mr. Walker is totally unfamiliar with the methods
which are in use throuighouit the world for equalizing the E. M. F.
and consequenlt current of dynlamnos in niultiple are. It would
probably surprise A1r. Walker greatly to see what is common
practice with the Edison company in this country, viz: the oper-
ation of as many as twenty different dynamos, frequently of dilf-
erent sizes, all operating in multiple are and dividing the current
exactly in proportion to their sizes.

If we canl judge from iMr. Walker's paper, it is common prac-
tice in the mines in England to use the old wire rope for electric
conductors. That any such conductors should be used in a mine
is only less surprising than that a party, whonm he states studied
the matter very carefully, proceeded to insulate the old wire rope
by " a mixture of coal dust and pitch." Air. Walker states that
the gentleman who originated this niovel insulation met with entire
success; but I am not surprised at the further statement that
"4others who have followed himn have not always been so fortu-nate."1
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WALKER JX ELECTRICITY IN MINING.

In view of the character of the work which Mr. Walker de-
scribes, it is very amnusing to notice his statement, that he under-
stands that " in one mnine in America the power was transmitted
in a voltage of 2SO or 310 volts, the rails being used as a return,
and lamps being worked from the sanme systern, arranged two ini
series;" arid th:at " if suclh an arrangement were used in England
lie would expect troible to follow before lonig."

lfr. Walker states that a short time ago, whiile lhe was study,ing
the proper kind of gearing for haulage he " sent to every insti-
tute in the IUnited Kingdoin for information on the subject. but
none could help himi out." He seemed surprised to learn that, in
other appliances, where reduction of speed was necessary "spur
gearing was generally preferred," and he asks, "W hy was this ?
Why not worin gearing?" And it is rather pleasing to learn
that he at length secured "the solution of the whole problem"
by receiving a copy of a paper which had been read before the
American Society of Mlechanical Engineers, which apparently
had supplied to the English public, for the first tinme, data as to
the comparative efficiency of spur gearing and worm gearing.

It seems hardly possible that Mr. Walker, in his paper, has de-
scribed practice in electrical engineering whichl is commnon in
England; and yet one cannot avoid the inference that he hIimself
believes so. In view of the publications in the A merican jour-
nals-some of which have been copied in the English journlals-
regarding the character of mine installations in America, it seems
enltirely unnecessary to make any comparison between the kind
of work which is done here, and the kind of work whieh is de-
scribed by Mr. Walker. I can only say that no one of the diffi-
culties which AMr. Walker has pointed out as the principal ones
to be met with in mining has been considered as such by the
Edisoni company, and that the actual important ditflculties which
are met with in replacinig other power by electric power in inin-
ing installations lhave apparently been overlooked entirely by Mr.
Walker. The transinission of a large amuount of power over
several miles and its utilization at the point of use for the purpose
of operating concentrators, arc lights, incandescent liglhts, hoists,
pumps, locomotives and min-ing drills-both rotary and percus-
sion- involves problems in electrical engineering beside which
the difficulties wlhich Mr. Walker has touched upon fall into utter
insignificance; and yet it is work of this character which is going
on daily in this country by more than one of the leading com-
panies.
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