APKIL 1909.

ADDRESS BY THE PRESIDENT,
JOHN A. F. ASPINALL, ESQ.

I have to thank you for the honour you have done me in making
me your President.
I n considering upon what subject I should address you, I came
to the conclusion that as there are so many engineering interests
bound up i n the question of the Electrification of Railways which
mill lead sooner or later to a distribution of work of various kinds
amongst engineers, it might be useful to review some of the points
that have arisen and have had to be considered in connection with
a line of railway which has been convertel from a steam line
into one worked by electricity.
The success of the engineer
undoubtedly depends upon his being connected with works which
have a commercial value, and his avoiding those which, though
they may give him some temporary employment, are destined to be
pointed to in the future as failures due to the products of a too
speculative brain. No engineering subject requires more thoughtful
care than the mechanical and electrical working of railways.
There is nothing so coy as capital, and if it is to be won, it
must be by convincing arguments, and not by the doubtful
pleadings of conflicting interests. I t is probably certain that
what may be called the ‘‘ Battle of the Systems ” has had the effect
of causing railway companies to defer electrification until they could
see that engineers were not at variance as to the system t o be
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adopted. I have no intention of dealing with the controversial
point raised in the ‘‘ Battle of the Systems.” Those who are interested
will find in a recent short Paper, read by Mr. F. W. Carter before
the Rugby Engineering Society, a very clear statement of the kinds
of work to which the different systems can be applied with
advantage.
I n dealing Kith the general subject, I do not for one moment
suppose that I shall be able to give any additional information to
those railway and electrical engineers who have already made i t the
object of special study. Possibly any remarks I may make will be
of interest to those who have not hitherto gone into the question.
I t is too often stated that a general electrification of our railways
would be of very great advantage. A careful examination of the
subject, however, appears to show that while there are certainly
instances in which this work can be undertaken with great
commercial success, each individual case has to be considered with
the utmost care, not only on account of the costly character of the
work, but because the conditions upon which success or failure
depend vary in almost every place or district. The length of haul,
the density of the traffic, the necessity or otherwise of express
trains, the presence of steam trains, the proximity of signal boxes,
the density or scarcity of population at different points of the line,
and the continuity of the flow of traffic during those hours which
are not “rush hours,” and a variety of other circumstances will affect
the commercial prospects of such an enterprise. I n dealing with
the question of electrification before the ltailway Congress at
Washington in 1905, I said that the Lancashire and Yorkshire
Railway had not gone into the work to “save money but to make
money.” I further pointed out that it enabled us to defer for a
long time any increase in the capacity of our terminal stations.
I did so in the following words :‘‘ Every time a locomotivc train comes in and goes out you have
four platform operations and eight signal operations. First of all
the train comes in, then a locomotive follows it, that is two ; then
the train goes out, that is three ; then the locomotive which brought
i t in goes out, that is four platform operations, which means eight
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signal operations. The electric motor train comes in, that is one ;
the motorman goes to the other end of the train, and the train goes
out, that is two. You have only two platform operations, and four
signal operations. The result is that, by using motor-car trains
instead of locomotives, you double the capacity of your terminal
accommodation.”
T o warrant the electric equipment of a main-line of railway
dealing under present circumstances with long steam-hauled trains at
high speeds for long distances without a stop, some great commercial
advantage must be shown. The public are not likely to pay more than
they do at present, and it therefore becomes a question as to whether
electrical working would induce much larger numbers to travel and
to travel more frequently. What would be the advantage which
would weigh with them i n taking more frequent journeys? The
speed of trains, say between Manchester or Liverpool and London,
is at present very high, some trains doing the journey without a
stop, from London to Liverpool (Edgehill) at 55.3 miles per hour,
or from London to Manchester (Stockport) at the same speed. This
would appear to be quite sufficient to satisfy the ordinary business man
who can go and return from London and arrange his journeys so as
to have a clear five hours in town. I f we assume a most extravagant
figure and say that trains would be run at 120 miles per hour, and
the time occupied reduced by one half, the probability is that the
commercial gain to the traveller would be very small,$ while the
increased cost to the railway would be enormous. I n addition to
the great first cost, say some millions, and assuming such fast
trains to be run on the existing lines of way, the general usefulness
to the railway company of any one track would be materially
reduced, as the margins of time, before the approach of such trains
would have to be materially increased for the sake of safety, and
the slower stopping trains which are interwoven between the
expresses of to-day would, to a large extent, have to be carried on
other tracks. The earning capacity of what may be called, for the
sake of distinction, the express track would therefore be decreased.
The existence of a considerable population in two towns some miles
apart, without any large number of intermediate towns with a
2 H 2
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travelling population to feed a railway, would not be sufficient
warrant for electrifying an existing steam-road destined to carry
high-speed trains. I t is probable that with two towns twenty miles
apart such a railway could not in our present state of knowledge
succeed financially compared with a steam-worked road. The
cost of widening any railway, the capacity of which has, owing
to growing traffic, become too small for dealing with steam trains,
should be carefully compared with the cost of electrifying the
existing lines with a view of seeing whether the additional capital
required for electrifying would or mould not exceed the cost
of widening.
I n the case of many suburban lines from our
great cities, electrification w i l l at once double the train-carrying
capacity of the tracks, while in others it will allow for an increase
in capacity and yet leave a greater time space between trains which
may be utilized for the passage of steam-worked express trains
coming in from the more distant parts of the line. To elcctrify any
suburban railway and to arrange the time-table i n such a way as to
leave trains running at the same spced at which the steam trains
formerly ran, would be t o throw away most of the advantages of the
change, though the working costs could be kept very low. An
increase of speed, coupled with greater frequency of trains, will soon
begin in a populous district t o yield that flow of traffic which may
naturally be expected from such facilities, but it must at once be
recognized that higher speeds and more trains cost money. If,
therefore, the district is not one in which there is a probability of a
growth of traffic, nothing can be gained. I n a district where a
railway has had its tracks paralleled by tramways running for some
distance from the terminal of a great city, the creation of an electric
railway service will have the immediate effect of bringing back to
the line of railway large numbers of those passengers who have used
the trams in the early stages of their construction, but who find that
they cannot tolerate the great waste of time which results from the
very slow speed and the many stops due to the crowded streets
through which the trams have to run. I t must, however, be
remembered that unless an electrified railway can be continued for
somc distance so as to earn a good average fare, stations which are
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close together and but a short distance from the great city, will
yield very low fares without giving any opportunity of picking
up the ever-recurring penny paid by the short distance traveller on
the trams.
Sir Herbert Jekyll, in his Report to the Board of Trade on
London traffic, points to the fact that one railway running northwards
out of London is prohibited by law from stopping at intermediate
stations until it has got 9 miles out of London. Although this
distance is probably in excess of what might be termed reasonable,
such a railway, being electrified, would be saved the drawback of
having to start out of the terminals with a heavy train of great
seating capacity which would empty rapidly at the short distance
stations, and necessitate the haulage of a considerable weight of
empty stock to whatever distance the line might be extended. The
main object should be to induce a large number of people who have
business in the towns to live farther out, and so bring up the average
fare of the railway (which has to pay for its wayleave, its land, its
stations, and its signalling), to such a figure as will make it
profitable, leaving the very short distance traffic to the municipal
tramway, which has its right of way in the public streets and has
advantages which the railway cannot possibly obtain. Some of the
advantages of electrification for local services are :(u) High schedule journey speed.
(b) Much more frequent service when required.
( c ) Increased acceleration and deceleration.
(d) Greater possible mileage per train per day, increasing the
earning capacity of any given quantity of rolling stock,
and increasing the loading and unloading capacity of
existing platforms.
On lines of railway where third class carriages only are necessary
great advantages in operating are gained, but there are parts of the
country where the demands of the public are such that it is abfiolutely
essential to run two classes (first and third), and where this is the
case, and i t is necessary to provide smoking compartments for each
class, considerable difficulties in the reduction of train weights are
met with; but if care is taken in proportioning the seats to the
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requirements of the public, the higher fares obtained from the
superior class more than overbalance the additional cost of operation.
Any company which determines to convert its line from steam
working to electrical working must be prepared for some difficulty
in dealing with the less thoughtful sections of the public, who are
unwilling to recognize the necessity for some of those delays which
during the initial stages are inevitably connected with such a
considerable change in methods.
Notwithstanding these little
troubles, one may say with R. L. Stevenson, that“ T h e conditions of conquest are easy, we have but to toil
awhile, endure awhile, believe always, and never turn
back.”

Liverpool-Southport Railway.-In
describing the particular
instance of conversion to which I have referred, I propose to deal
with that section of the Lancashire and Yorkshire Railway which
has now been electrified for some time, and of which the working
results are known, and which has been commercially successful.
The Southport branch of the Lancashire and Yorkshire Hailway,
Fig, 1 (page 429), is a coast line 184 miles in length, having fifteen
stations upon it. The total length of‘ electrified line in and about this
district amounts to 4 miles of four tracks, and 25 miles of double
tracks, making a total, if sidings are included, of 70 miles of single
track. After leaving Liverpool all the stations are close to the sea.
Many of them are situated in the midst of attractive residential
districts, and are thus likely to produce additional traffic ‘if good
travelling facilities are provided.
For some distance from
Exchange Station, Liverpool (about 4& miles), the railway runs
parallel with the line of docks, near which there are several large
goods stations. To deal efficiently with the considerable goods traffic
as well as the numerous steam passenger trains, there were four
lines of way from Sandhills Junction up to Seaforth, and then two
lines of way on to Southport. On the length where four lines of
way existed there were four passenger stations, each having four
platforms, with all the necessary waiting rooms, etc. All these
platforms were required and were used in the days of steam trains.
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As a matter of convenience all four lines were electrified, and
two of them are lookcd upon as being desirable for spare lines
over which passenger traffic can be passed i n the event of any
obstruction occurring on the eastern lines, over which, with the
exception of one or two through trains, all thc electric trains are now
run. Although the frequency of trains has been more than doubled,
the rapid acceleration and the increase in the average speed of travel
has enabled the whole of the work, with the exception mentioned
above, to be donc on two lines of way, thus dispensing with the staff,
and enabling the waiting-rooms and othcr buildings on the western
lines to be shut up, and permitting the western lines to be used
almost wholly for the steam-worked goods traffic, allowing i t to flow to
and from tho various yards without m y interruption from passenger
trains. This may bc looked upon as u distinct gain to thc railway
in capacity for handling traffic. Hero thc cost of electrifying is a
set off against the necessity for nidcning and laying additional lines
through a most expensive district, sluich would in timc have becomc
nccessary if steam working had been continued for passenger trains.
During thc first gear of electrification, and at an early period when
the increased service hail shown the public the advantage of greater
frequcncy (with the result that 14 per cent. mom people were making
use of the trains), i t was interesting to note that the total weight of
the rolling stock moved in a day between 5.0 a.m. and 12 midnight
was 69,160 tons against 78,393 tons in the days when steam was
used. A diagram, Fig. 2 (page 431), has been prepared to illustrate
this, the dotted lines showing the weight of the steam trains including
the locomotives, and the full lines the weight of the electric trains
during differeut period6 of the day. A considerable addition to
thcse weights has been the natural result of an increase in traffic
since 1904.
T h e suburban service on the Liverpool and Southport electric
line is considered t o be the fastest service of such a character in
existence. A contrast between the speed of trains which i s expected
nowadays, and that which satisfied our forefathers, is found upon
looking at a rule of the Manchester, Bolton and Bury Railway,
which now forms part of the Lancashire and Yorkshire Railway.
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This rule, framed in 1841, reads,--“ That the greatest speed shall
be with the through or first class trains, 24 miles per hour, and
the least speed 17+ miles per hour, and with the stopping or
second class trains the greatest speed, including all the stoppages,
shall be 174 miles per hour, and the least speed 134 miles
per hour.”
The stopping trains on the Southport line run 188 miles, stop
fourteen times, and do the journey in 37 minutes. The express
trains, which are much easier to work, run the same distance i n 25
minutes. The trains get into speed very rapidly, and are running at
30 miles an hour in 30 seconds from starting, though this varies with
the number of cars. I f anyone were to compare the costs of operation
of such a railway with another electrical line working under altogether
different conditions as to speed and weight of trains and the number
of stopping places, the figiires would be somewhat misleading if they
were not studied with a knowledge of all the facts.
During the transition stage from steam to electrical working, there
came a period when it was necessary to run steam trains in between
the electrical trains at the same speed, in order to keep them out
of the way of thc latter.
This afforded an opportunity of
comparing the coal consumption of the locomotives and the power
house, and it was found that the six-wheeled coupled tank-engines
which did the work in 1904 consumed 80 lb. of coal per train-mile
with express trains, and 100 lb. with stopping trains. This excessive
locomotive consumption was due to the high acceleration required.
The consumption of coal at the power station in 1908 works out to
49 lb. per train-mile for the electrical trains, and the consumption
of current at the train is 49 watt-hours per ton-mile for the
express trains, 61 watt-hours per ton-mile for six-car stopping
trains weighing 196 tons, and 96 watt-hours per ton-mile for
three-car stopping trains weighing 117 tons, and 112 watt-hours
per ton-mile for express and stopping trains of varying weights,
including all the shunting and marshalling and other unremunerative
work for which no tonnage or mileage is recorded, and for all
lighting and heating and losses due to weather. The weights of
passengers are not included in any of the above figures.
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During the period of conversion, the work which is most likely
to interfere with the ordinary traffic is the laying of the high
tension cables in the ballast, and the fixing of the conductor rails.
On the Liverpool and Southport line the operation of cable laying
was proceeded with first, so that the cables were completed and the
ground filled up, leaving the way clear for men engaged upon track
work. The method generally adopted was to open out a long trench
in the day-time, and to lay the troughing ready to receive the cables ;
these mere brought down specially at night, the drums being mounted
in suitable wagons, and uncoiled so that the cables could be placed
in the troughs, and the remainder of the work completed i n the daytime. The track work, except at tho busier points, such as Liverpool
Exchange and Southport, was entirely carried out during the day-time,
unloading of rails only being done at night. The delays to trains
were never serious, and generally consisted of having to slow down
when approaching and passing over the places where operations
were being carried out for the time being.
The steam service from Liverpool to Crosby previous to
electrification was every quarter-of-an-hour, and to Southport every
half-hour in both directions, and with this number of trains
passing hardly any trouble was caused during the period of
conversion. The passing of goods trains had also to be allowed
for, and i t may be convenient to mention here that all goods trains
are still worked with steam locomotives.
The question of rapidity of conversion after a decision is arrived
at to electrify is very important, as it is desirable to reduce to the
minimum any interference with existing traffic. It is obviously of
great importance also, that where a large amount of additional capital
is being spent, i t should be made to earn money at the earliest
possible date so as to avoid loss of interest.
Once i t was decided by the company that, the line should be
electrified the work was proceeded with very rapidly, and the
following dates will give an approximate idea of rate of progress :-
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1. Order given,
.
2. Three sub-stations built,
3. High tension cables completed,
4. Power-house foundation and building
.
erected,
5. First engine and generator complete,
and H.T. current produced,
.
6. First sub-station complete and
ccrrent supplied to line,
7. First train run experimentally,
8. Third and fourth rail work
.
pract,ically complete,
9. Partial service for the public put
into operation,
10. Steam trains entirely withdrawn, .

.

.

.

.
.

.
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22nd Oct. 1902.
29th July 1903.
26th Nov. 1903.
26th Nov. 1903.
20th Dec. 1903.

.

39th Dec. 1303.
29th Dec. 1903.

.

28th Feb. 1904.

.

22nd March 1904.
13th May 1904.

Another aspect of electric lines must not be forgotten, and that is
the question of rating. The curious laws which deal with the rating
of railways, and the custom which speaks of a hypothetical tenant,
r c s d t in the steam locomotives of any ordinary railway becoming part
of the tenant’s capital and therefore lead to a deduction from the
rates, but in the case of an electrical road the fixed engines, boilers
and dynamos, etc., which supply the power, result in additions to
the annual expenditure, as they are rated separately.
Third Rail.-The position of the conductor rail, or third rail as
it is generally called, necessitated some agreement between all the
railway companies, so that electrically-propelled rolling stock could
work over various systems if necessary. A t a meeting held at the
Railway Clearing House i n March, 1903, it was decided that the
most advantageous position for the third rail was, that it should
stand up 3 inches above the track rail, and that the horizontal
distance between the centre of the track and the centre of the third
rail should be 3 feet 114 inches. A diagram, Fig. 3, illustrates this,
giving both the English and American practice. The distance
between the protection boards, which are only necessary near stations,
and the height they should stand up above the third rail were also
agreed upon. I n and about London the figure of 3 feet 114 inches
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for the horizontal distance has not been rigidly adhered to, but the
height above the track rail (namely, 3 inches) has been generally
accepted, as the rolling stock of all railways may at any time have to
pass over any portion of a main line which has been electrified, and
great care has to be exercised to see that no portion of the main
structure or any hanging coupling chains can come in contact with
the third rail. This looks an extremely simple question to settle,
FIQ.3.
Cross Section of Permanent T%y, showing Third and Fourth Rails compared with
New York Central R.R.
Dotted lines show position of protected third rail as used by the New York
Central R.R., and illustrate how this podition for the third rail would be in
the way of the platforms and certain bridge girders on an English Railway.
PC:llC &h.

whereas a careful examination of the figures of what are called the
loading gauge, the construction gauge, and the under gauge, show
how very limited i s the space within which a proper position can be
found for the third rail. I n fact, it is impossible in England to us0
the inverted and covered conductor rail as used on the New York
Central R.R., as both rail and covering would be swept away by
passing rolling stock, if it were placed in the only available space
left between the track and the platforms. If placed farther out,
as in America, immense alterations in bridge girders and platforms
would be required.
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Wear C

Corrosion of 3rd and 4tl~Rails L. Kc Y.Ry. L. C. & S. Line.
(See Appendix VLII, pages 484-5.)

L ~ L ~

BIG. 4.-LIVERPOOL.

4th Rail. Nain line.
Percentage loss
(corrosion).
i{7eight . . . 16.43 Exchange Junction.
3rd Rail. nfairi line. Area . . . . 15.43 3rd Rail. $lain line.
Percentago loss.
Percentage loss.
1Veight
. . 15.28
B
Wciglit
. . . 18.86
Area(wear) . . 5.87
Area (wear) . . .).a7
r Arru (corrosion) . 9.71
nrcu (corrosion) . 12.14

.

3rd Rail. Main line.
Percentage loss.
Weight
. . . 5'14
Area(wear) . . 1.86
Area (corrosion) . 3 . 5 7
'-

3rd Rail. Siding.
Percentage loss
(corrosion).

E

4th Rail. Main line.
Percentage loss
(corrosion).
Weight
.
. Nil.
Area . . . . Nil.

.
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Fourth Rail.-The fourth rail, or the return, is on the London
electric lines raised 13 inches above the track rails, and is carried on
insulators resting on the sleepers. This dimension of 14 inches was
settled at the same meeting of the Railway Clearing House mentioned
above. The possibility of the hanging coupling-chains of goods
TVmT

miti

Corrosion of 3rd mid 4tL Birils, L. & Y. E g .
(See Appendix YIII.)
FIG.

I,. C. c t S. Line.

G.-~OUTI~PORT.

4th Rail. Main line.
Percentage loss
(corrosion).
Weight
.
. 4.43
3rdRail. Xain line. Area
. . . 2.43
3rd Rail.
Percentage loss.
Crossover road.
Percentage loss
Weight
. . 11
H
(corrosion).
Area (wear). . 1.86
Area (corrosion) 7.42
Weight .
5.86
Area. . .
4-14

.

.

.

. ..

wagons fouling the fourth rail rendered it necessary to keep i t well
out of the way. I t was also necessary to keep i t above the track
rails somewhat to enable the contact shoes attached to the electric
cars to ride over any crossing without striking the track rails. On
the Liverpool and Southport line a fourth rail is used, but it is
below the surface of the track rails, is not insulated, and has no

FIG.7.-Diagrani

of Templates showing Tl'enr of Tr,tel:;Rails. Electrified Lines.

July 1903.
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Jan. 1907
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SOUTHI’ORT.

SEIBOIITII.

July 190.5.
Apr. 1908.
9’5
3’45

Up line.
Rising.

Connecting Line.
Laid
Taken out
Loss, lbs. per yd.
or Ibs. per yd. per annuill.
Gradient I in 395.
Radius of curve 7 chaillS.

Sept. 1905.
July 1905.
Apr. 1935.
8.9
3.23
Down line.
Falling.

4,274,988 tons electric passed over in 2%yrs.
(July 1905 to April 19W.)

1908.
4.86
1.55

KOV.

Down line.
Falling.

10,462,893
4F,S00

Laid
Still in road
Loss, Ibs. per yd.
or IIJs. per yd. per annom.
Gradient 1 in 3770.
Radius of curve 13 chains.

Tom electric
Tons steam

1890.
l9U8.
14.72
1.63
Up line.
Rising.

KOV.

14,020,004
13,485,400

10,509,192
Tons passed over
27,505,404
ill 9 yrs. 11 mths. (Jan. IS99 to Dec. 1908.)
in 3+ yrs. (Sept. 1906 to Dcc. 1938).
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shoes suspended from the cars in contact with it. The current is
returned through the car wheels to the running track, and from
the track rails by means of copper bonds to the central fourth rail.
This has the advantage of enabling the track rails to act as an
auxiliary return to the fourth rail. Any single length of fourth
rail or of track rail can be taken out for repairs without affecting
the trains in the next block seetion of line. Time has shown the
wear that may be expected in third rails by abrasion and corrosion,
and in fourth rails by corrosion alone, and the results are illustrated
by Figs. 4, 5 and 6 (pages 436 and 437), also in Appendix V I I I
(pages 484-5). All these rails are now carefully painted.
Track Rail.-The
wear of track rails has become a serious
problem on electric railways. The special rails which have been
introduced by Sandberg on some railways for the purpose of
preventing this wear are not the real cure for the difficulty, which
is one of construction. This does not mean that the value of those
rails is not appreciated, as their prolonged life would have its
commercial value in other directions. Diagrams, Figs. 7 and 8,
(pages 438 and 439), illustrate the wear at some important places.
Those who recollect the very early locomotives which were
built by Bury, Curtis and Kennedy, with their boilers carried
aB low down and as close to the axle as possible, their cylinders
coming within a few inches of the rail, and placed at such an
angle that the piston-rods were inclined upwards towards the
crank-axle, will remember the effect which they had on the
permanent way, and how they had a tendency to burst bhe track.
The modern steam locomotive with a high centre of gravity is a very
easy riding machine, and it is far less severe on the road,
notwithstanding its great weight. The more or less modern motortruck has all the defects of the older fashioned engines described
above, with its extremely low centre of gravity. The result is that
the rail wear and tyre wear are present, beoause the pressure which
should be carried by the tread is thrown on to the flange. This
is because there is no elasticity, in the form of a spring, interposed
between the wcight above and thc tyre below.
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Axle Load.-The construction of the steam locomotive which
enables the centre of gravity to be placed, according to the class of
engine, from 4 feet 6 inches to 5 feet 6 inches above the rail-level, has
advantages not possessed by the motor-.truck, in which the motor is
suspended. The centre line of the motor is in the same plane as
the centre line of the axle, with the result that while about onehalf the weight is siipported by the truck frame, and so obtains through
the springs a slightly elastic support, the other half is supported
directly by the axle and clipped on to it. This greatly increases the
weight which is not spring-borne. Each pair of wheels under the
motor-cars on the Liverpool and Southport electric line, together
with the other weights which are not spring-borne, makes a total of
about 3 tons per axle. A motor-car, with its four axles, has a total
weight of 12 tons which is not carried by the springs, the weight
of the entire vehicle being 46 tons 7 cwt. 1 qr. The serious sidewear of the rails which has taken place on the curves of railways
which have been electrified is, there is no doubt, due to the centre
of gravity of the motor trucks being so very low down. Except for
such difficulties as would be created by raising the motor itself, and
transmitting its motion by suitable mechanism to the axles, and so
blocking up the passages from car to car, there is little doubt that
the whole of the weight, except that of the wheels, axles and axleboxes, could be supported by springs. The centre of gravity would
then be well above the frames, with the result that the hard grinding
of the tyre flange which now takes place on curves would be
eliminated. The conditions would then be the same as with the
steam locomotive with which no such serious rail wear due to the
flange is perceptible. On the other hand, the great advantages of
the direct drive would be lost, and as practice has shown that the gears
wear extremely well and show an admirably smooth surface after
running many thousand miles, i t may be a more commercial method
to wear out the chcap rail instead of expensive mechanism. At the
same time it must be remembered that it has not been practicable to
operate steam trains at the same schedule as is frequently adopted
for electric services, and as a consequence, there is no information
as to how the tracks would have been affected if they had been so
213
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FIG.11.-Half of tlic $-Car Electric Train. Liverpool and Southport Line. I,. R. Y. Ry. (See also Proc. 1007. Plate 50.)
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operated. These faster schedules are necessarily brought about by
higher acceleration and deceleration than is usual with steam
conditions.
The division of the weights of the motive power between a
larger number of wheels, together with the advantage of the
motive power being absolutely in balance, cannot fail to have less
damaging effect upon the permanent way, provided that other
conditions are equal. I n the case of the Liverpool and Southport
electric line, the maximum weight per axle, that is, on a motor-car, is
11$ tons, or with such a vehicle loaded 122 tons. The trailer-cars
work out to about 73 tons per axIe. I n a four-car train, composed of
two motors and two trailers therefore, the rail loads would be eight
axles of 122 tons, and eight axles of 74 tons-fairly well distributed,
Figs. 10 and 11 (page 442). In the case of steam traction, and
taking as an example the heaviest tank-engines of the Lancashire
and Yorkshire Railway Go. used for suburban work, namely, sixwheeled conpled radial tank-engines with 19-inch cylinders, Fig. 9
(page 4421, there would be for the engine three driving axles
averaging 17 tons 9 cwt. each, and two radial axles, the leading
having 10 tons 125 cwt. and the trailing 14%tons, together with the
train of carriages of similar weights to electric trailers. This
engine, however, is not sufficiently powerful to run a regular service
to the electric schedule. I t will be seen that there must be heavy
stresses upon the track, due to the accumulated weight upon the
coupled wheels, the rigidity of such coupled wheeIs and the lack
of balance, which to some extent is bound to be present. Owing to
the heavy weights carried, a comparatively small wheel-base is
essential for a motor-bogie, 8 feet being about usual. The smaller
the wheel-base, the greater will be the amount of “hunting” or
sinuous action, the effect of this action being greater or less according
to the height of the centre of gravity of the motor-bogie, and its
relative freedom of movement, distinct from the body of the vehicle.
The advantage of a comparatively long wheel-base for bogies under
certain conditions is admirably dealt with by Professor Carus Wilson
in his Paper on the “ Predetermination of Train Resistance.” * Fig. 12

*

Proceedings, Institution of Civil Engineers, Vol. clxxi, 1907-1908, page 227.
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shows tho position of the centre of gravity in electric motor-cars
and locomotives.

FIG.12.-Diaqrcim skiowin!/ heiglits of Centres of Gravity.

r----

.

10-wliceled Bogie Passenger-Engine.

/ 8-whceled Radial Tank.

'

Liverpool and Southport Trailcr-Car.

Liverpool arid Southport Electric
Motor-Car.

Liwrpool and Southport Electric
Notor-Bogie.

Cam-The construction of the cars, Plate 9, which have to carry
large numbers of people is of considerable importance, and it might
seem at first sight as if numerous outlets in the form of doors would

APRIL

1909.

PRESIDENT’S ADDRE%.

445

prove a remcdy for delays at stations. A multiplicity of side doors
means that a larger staff has to be employed on the platforms if
they are to be safely closed, or if they are sliding doors worked
automatically there is some risk to the public of being caught by
them, and there is much greater risk of sliding doors being jammed
in case of accident. The system imported from America of having
men on each platform between each pair of cars to open the gates
and call out the names of stations, leads to an excessive train
staff being employed. This multiplication of labour is an economic
waste, and the effect on the public is that having so many people to
look after them they enter and leave the cars in a very leisurely
fashion, resulting in too much time being spent at stations. A system
of having large side doors at each end of a 60-foot car, which doors
are readily opened or closed by the public themselves, saves the
waste of labour, causeg the passengers to move quickly in and out of
the cars, and has shown in practice in the north of England, that the
trains may be got away from the stations in less time. The most
crowded cars are always emptied during the rush hours in about
50 seconds at terminal stations, while intermediate stops only require
15 seconds to pick up and set down passengers. Stopping trains, with
considerable amounts of luggage and parcels to handle, can be worked
with two guards and a motorman, while express trains need but two
men, a motorman and a guard. The great strength which is obtained
by having cars made with end doors only is of much importance,
frequent side doors making a very weak structure.
When the Liverpool and Southport line was operated by steam,
30 locomotives and 152 carriages with 5,084 seats were required to
do the work, this number including the necessary percentage under
repairs. The number of vehicles now required upon this length of
186 miles is 38 motor-cars and 53 trailer-cars with 5,814 seats.
I do not give a detailed description of the plant and equipment,
because that has already been very fully published in the techiiicd
journals. The special features, however, in connection with the
rolling stock on the Liverpool and Southport electric line are :( a ) Direct control of electric equipment on cars, as distinguished
from multiple-unit control, though multiple-unit control
has been used to a certain extent with some later cars.
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( b ) Adoption of the automatic vacuum-brake, which is the
brake in use upon the rest of the railway but with specially
added valves, for releasing the brakes rapidly after
application.
(c) Carriages of the exceptional width of 10 feet over all,
allowing a considerable area of floor space per passenger.
Plntfornm-Another
point which is worth consideration, leading
as it does to great saving of time, is that the platforms should be of
such a height as to be either level with the carriage floor or else to
require but one easy step, and that the doorways leading from the
carriages should be lighted over such steps, so that at night-time
the traveller may be quite certain of his foothold, as i t is
obviously undesirable for the passengers to leave a brilliantly
lighted interior for a badly lighted doorway. I f the passengers
can be induced, as experience has shown the majority may be, to
enter the car at the rear door and leave i t by the front door, a system
of circulation is kept up which leads to rapid loading and an absence
of confusioc. Such a system is only necessary at intermediate
stations and may be dispensed with at terminal stations. The
reasonableness of such an arrangement has been recognized by the
Board of Trade, who have sanctioned a by-lam requiring this
practice to be carried out. I n the steam-train days a larger platform
staff in the way of porters was required to open and shut doors, but
the larger number of electric trains required more guards. I t was
found that the increase in the latter balanced the reduction in the
former, and the total number of men remained the same.
Controllers.-No scrious attempts were made, previoiisly to 1903,
to design a main or direct controller capable of handling the amount
of cuiient required for very large trains. I n the case of four-car
Liverpiictl and Southport trains, weighing 144 tons, a maximum of
2,400 am1 eres is required during the period of acceleration. The
photograph of the interior of the motorman’s Compartment, Plate 10,
shows that, in addition to the main controller, the main switches and
circuit breakers and ammeter are placed in that compartment. The

man in charge is, as a consequence, able to realizo exactly what is
occurring on the train. These large controllers have justified the
forethought displayed in their design by the small amount of
maintenance required in their upkeep. Examination must obviously
be more simple and effective, since the whole of the control equipment
for eight 150-h.p. motors is contained in two motormen's compartments,
and can be inspected at any time without being put over a pit or
under cover from the weather. The credit for this design belongs
to the contractors who supplied the equipment.
Automatic Brakes.-A word might be added in reference to the
automatic vacuum-brake as used on these trains. With a line
operating on quick schedule and short stations stops, it is essential
that the brake should be released quickly. This has been met in a
simple way by fitting all stock with special reservoirs and valves,
which enable a train to leave a station in a few seconds after coming
to a stand, if necessary.
Cables.-Cables form a very costly part of electrical equipment,
and their accessibility when laid along a line of railway is one of the
points which requires the most careful consideration. The underground
railways of London are fortunate in possessing miles of tunnel walls
upon which their cables can be neatly fixed, and each one readily got
at without any necessity for touching the others. Experience on the
Liverpool and Southport line does not point to the practice of laying
the cables on the solid system in the six-foot way as being satisfactory,
and where a railway runs through an open district there seem to be
distinct advantages in having bare wires carried overhead on suitable
poles. The arrangement is cheaper to erect, can always be seen, and
is much easier to repair. It is to be assumed that a railway company
can generally find a path for an overhead transmission along its own
property. I f the line runs through a populated district and has
numerous telegraph and telephone circuits, with many signals and
junctions, and if the points at which the transmission line would
cross the railway are numerous, then there is no doubt that cables
are the safer and possibly the cheaper in the long run. This is
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because the conditions stated involve a capital expenditure on the
overhead line almost equal to that for cables, and are probably
accompanied by an atmosphere that will considerably increase the
cost of maintenance of the overhead line, owing to the carbon and
sulphur which will be deposited from the atmosphere. On the other
hand, if a fairly clear run can be obtained, there is no question as
to the large economy which can be effected by using overhead
conductors. I n modern practice largo spans are used, the number
of poles in some cases not exceeding ten per mile. I n the particular
instance of the high tension line connecting Aintree with Seaforth,
the cost per mile of the overhead equipment was 51,300, whilst the
cost per mile of the cable line was 52,030, the cost per kilowatt
transmitted per mile being-for overhead 51 * 25, for cable 22%67,
based on 500 amperes per square inch of conductor section. This,
however, does not represent the full saving which might be obtained
by overhead transmission, as the spans are necessarily short, and
for a certain distance erection was difficult as the line ran on the
top of a high embankment. Lightning arresters, a doubtful
requirement for the atmospheric conditions prevailing in this
country, are also included in the cost for overhead transmission.
Batterj Plant.-As may be realized, at the inception of pioneer
electrification such as I am describing, it was not easy to foresee
exactly what would transpire in the way of load upon the power
house and sub-stations. Eventually the fluctuations of load were
found to be extremely heavy, as can be seen from the diagrams,
Figs. 17,18,19 and 20 (pages 450 and 451). When regular working
conditions had been in operation for some considerable time, bearing
in mind also the fact that the development of traffic wouldnecessitate
sooner or later some increase in power house and sub-station plant, it
was decided in 1905 to install battery plants. I t was felt that these
were necessary, not only on account of mechanical requirements, but
also with a view to creating an almost absolute assurance that trains
could be run during the busiest hours of the day when a large
number of business people were using the railway, even if some
serious accident happened at the central generating station. The
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general idea was to put in B battery plant which would keep the
whole rail way going for one hour.
These batteries were of tho well-known buffer type, controlled
by automatic boosters to respond readily to the load, the main
objects and uses of these batteries being :(1) To equalize the load on the power house and sub-stations.
(2) To reduce the peaks of current and to act as the equivalent
of additional plant for such places.
(3) To improve the general load factor and efficiency, and 60
enable more economical production and distribution of
supply to take place.
The railway was originally equipped with a power station
containing five generators, four of 1,500 kw., and one of 750 kw.
capacity; four sub-stations, three equipped with four 600 kw.
rotaries, and one with three 600 kw. rotaries. The number of trains
in traffic was twelve, each being equipped with motors rated a t
1,200 h.p., and taking a maximum power during acceleration of
1,000 to 1,200 kw. To meet these heavy peaks i t was necessary to
run 5,250 kw. of power-house plant, though the average load was
only 3,500 kw. The fluctuations of load mere so great that at times
the engines would entirely cease to take steam, a vacuum being actually
produced in the high-pressure cylinders ; within a few seconds the
load would rise to 4,000 or 5,000 kw.,and superheated steam would be
admitted to the cooled high-pressure cylinders. This not only led to
uneconomical working, but produced severe stresses in the engines,
and it became obvious that the repair bill would be heavy unless
something mere done to steady the load.
I t may be asked why the policy of combined rotary and battery
stations mas not followed, which would doubtless have been done in
the case of a railway such as the London Tubes. I t would have
effected ti saving in wages and made it possible to have the load
more uniform still at the powor station.
About the time it was decided to introduce the battery sub-stations,
the traffic had considerably increased, and the lighting at certain
points was not all that could be desired. Also power was required
at Liverpool, and the drop in potential at the train was becoming too
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great. I t was therefore decided to place the battery sub-stations at
points intermediate to the rotary sub-stations, as this would enable
the conditions mentioned above to be met and improved. I t will
be noted from the map, Fig. 1 (page 429), that one is placed almost at
Exchange Station, Liverpool, and another at Southport ; the former
acts as a medium of supply for electric light and power to a large
goods yard, Exchange Station and hotel, in addition to its use for
tractive purposes. The one at St. Luke’s, which is 25 miles from
Birkdale, serves to take the load and general lighting at the
Southport end, and assist development in the Crossens direction.
These batteries were imtalled in September 1905, and the results
have amply justified the policy that was adopted. The momentary
peaks in the load were reduced from a maximum of 7,000 kw. to
4,500 kw.,and tho hourly peak during the rueh hours was reduced
from 3,800 kw. to 3,100 kw., enabling the load to be carried during
the winter with 4,500 kw. of plant, and during the aummer with
3,750 kw. of plant.
Four battery plants were installed aggregating 5,200 amperehours ; particulars of these are given in the following Table :-

Ctierge
or
1)iscliargc.

Particulars.

2

3

4

. . . .

1000

1600

1300

1000

Rateof dischargeon 1 hour
basis, ampere-hours
.

. ,)
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I
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97.7
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.
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The batteries have a guaranteed efficiency of 85 per cent. in
ampere-hours and 75 per cent. in watt-hours. Tests made in 1907
showed that 14 per cent. of the total rotary sub-station direct
current output passed through the batteries, the total loss
t
due to the batteries being about 3 . 5 per cent. of the rotary
sub-station output. I n addition to fulfilling the purposes for
which they were originally installed, the batteries have proved a
valuable standby in cases where one or more rotary sub-stations have
been temporarily disabled, and also for running special trains during
hours of shut-down. The coal consumption was reduced by
8 . 5 per cent., and the consumption for train services became
0.412 lb. per ton-mile.
The following Table shows the increase in the load since 1905,
and the variation of the load during rush hours :-

Year.

- 1905

,

'

I

Average load
rush hour.

Momentary
variation
peak to
minimum.

4,500

7,500-2,590

0.68

1

load
factor.

No Batteries
1906

3,600

4,500-2,500

0.90

1907

4,000

5,60O-8,100

0.98

1908

5,000

7,000-4,000

0.90

1908
Special test.

5,600
No Batteries

8,600-2,500
Variation within
1 minute.

Diagrams (Fig. 17, page 450, for 1 day, Fig. 18 for 1 hour)
show the total load on the power station under present conditions
for an ordinary weekday.
Diagrams (Figs. 19 and 20, page 451) shorn the effect of running
with and without batteries in 1908.
These diagrams are sufficient to shorn the great value of buffer
batteries as equalizers of load and the equivalent of generators and
sob-station plant of probably similar cost.
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li@iency qf Trnnsmission..--In J u l y 1906 investigations were
made as to overall efficiency of transmission. The direct-current
meters at the sub-stations were specially calibrated, and with a
daily sub-station output of 57,190 units, and a power-house output
of 63,819 units, the calculated losses were as follows :-

Pelcentage loss

Units.

Soiirco of Iioss.

on Power-House

output.

Cables

.

Transformers
Ilotnries

.

TOTAL

.
.
.

.

.
.
.
.

.
.
.
.

.
.
.

.

1,264

1.97

1,885

2.95

3,450
-_

-

(i,629

10.39

5.37

The overall efficiency of transmission from alternating current
bus-bars is 89.7 per cent. I t is exceedingly difficult to ascertain
the exact losses in live rails ; calculations made, however, in various
mays seem to indicate that these losses amount to about 9 per cent.
of the sub-stntion o u t p t . The total efficiency from altcrnating
curreiit bus-bars to circuit breakers on the trains is about 81 per cent.
I n considering the question of coal consumption per unit, the
most reliable figure to take for comparison is the coal burned a t the
power house per unit of dircct current delivered to the third rail,
that is with all losses duc t o conversion. This, for twelve months
ending 15th December 1908, was 3.28 lb. These figures for coal
consumption must not be confused with those given for the generating
stations (page 456).
iWaintenance.-One ot the necessities of a branch of a steamworked line being worked electrically is that there should be a
local workshop for repairs of the rolling stock close to one of the
terminal stations, and this must be considered as part of the cost
of equipment.
I t has been found to bo of the greatest importance to have careful
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periodical csamination of the different parts of the electrical
equipment, and experience has shown that the examination should be
specialized, different groups of apparatus always being dealt with by
the same workmen. Careful charts of these inspections are prepared
and afterwards examined daily by the foreman, so as to prevent any
portion of a car not being dealt with at the proper period. In
Appendix V (page 480) the average mileages of various parts of
the equipment between repairs, together with the costs of total
maintenance per motor-mile, are shown.
Extensions of Electrijed Line.-Since the Liverpool, Southport
and Crossens line was electrified cortain extensions have been made,
and a glance a t the map, Fig. 1 (page 429), is sufficient to show that
development in the direction of Aintree was likely to follow the
success attained on the Liverpool and Southport section. I n 1907
all the lines leading to Aintrce were electrified, and trains run
thereto from Liverpool, viu Kirkdale, and ria l!Iarsh Lane. A very
large traffic, which was previously taken away by the Municipal
Tramways, which run parallel with and not many yards from the
electric line, has now come back to the railway. A connection has
been made at Seaforth with the Liverpool Overhead RailFay, and a
service established from Aintree to the southern terminus of that
railway at Dingle. Through trains in the summer-time run from
Dingle to Southport.

Race trafic.-When the races at Aintree are run, and though these
occur infrequently, the handling of trains for them constitutes a
problem of importance. On the Grand National Day,which is the time
of maximum demand for this little section of the line, 13,000 people
leave Exchange Station, Liverpool, between the hours of 11.15 a.m.
and 2.0 Pam.,and in returning from Aintree after 4.30 p.m., a very large
proportion of these come with a rush. In themselves such numbers
do not represent much, but as an extra to roads already fairly wall
occupied, the matter required consideration to prevent undue expenbe
being incurred in additional stock and plant, for what may be termed
a peak period. The Airtree race trains, when worked by steam, had
2 3
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each a seating capacity of 502 persons, and necessitated change of
engines each journey. The present electric race-trains, each having
a seating capacity for 512 persons, are formed of electric motorcars at each end, each being equipped with four 150 h.p. motors,
with ten of the close-coupled vehicles originally used in the steam
trains placed between them. The only addition required to make
this conversion was the running of a few Gables properly protected,
over the roofs of the carriages to complete the electrical connections
of the two motor-cars. Pig. 21, Plate 11, shows one of tho electric
race-trains. Fig. 22 shows a bogie ready for the car.

Operating Costs.-Some details as to the cost of operation are
given below, which will be useful when comparing the work done
with that on other railways, whether slow moving electric trains
or the older steam-trains are considered.
The very great difference in cost involved in the initial
construction, and later, in the working of the generating plant and
sub-stations by difference of location, by rates and taxes, cost of
condensing water, and other important items which affect both tho
interest on capital outlay and the daily working expenditure, make i t
desirable to speak of “ works cost ” only, so that anyone familiar with
the working of any other installation can add their figures for all
items of general charges, and arrive at an approximate comparison.
On this basis it may be said that any railway company having the
opportunity of putting down its own plant in the country with ample
facilities for getting cheap coal and water should be able to produce
current at the generating stations at a “ works cost” of less than
0.35 of a penny per B.T.U., the coal consumption being under 3 lb.
pcr A.C. unit.
With such figures as these, i t is possible to work a high speed
service such as I have indicated at 9.5d. per train-mile, including
‘6 works costs ” for
the power-house, sub-stations, battery stations,
‘6 operating costs ” for motor and electrical equipment repairs, car
repairs, guards’ and motormen’s wages, lighting and heating of cars,
repairs of third and fourth rails, bonds and cables, and all working
stores. The cost per car-mile varies between 2.75d. and 3d. according
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to the number of cars run. The total current producing charges,
including conversion at sub-station, the cost of battery stations,
and depreciation of batteries, absorbs 4.5%. out of the 9 . 5 d
per train-mile. With the exception of the depreciation of batteries,
no sum is included for depreciation of plant, or for interest
on outlay. The above figures are not intended to, and do not,
include any part of the cost of maintaining the running track,
the passenger and goods stations, or costs for the platform staff, or
any other items required for the railway, whether worked as a steam
line or as an electric line. It follows that if track maintenance
becomes more expensive, for reasons referred to elsewhere (page 440),
any increase will have to be put down to electrical working, and
must be added to the above figure. The great economy to be hoped
for in the future for electrical railways, where no water power is
available, is in the production of electricity in very large quantities,
the total current producing charges indicated above forming so large a
proportion of the total operating cost. The other directions in which
economies may be sought for in future designs are mainly in such
improvements in the motors as w i l l lead to less repairs, and a very
careful consideration of the whole design of the motor-truck, with a
view to giving those large bearing surfaces a t every point where
the locomotive experiences of many years have shown them to be
necessary.
It should be remembered that steam-worked suburban trains are
generally hauled with one tank-eagine. Electric trains of the
weights I have spoken of have at least two motor-cars, one in front
and one in the rear. The first cost of the locomotive part of the
motor-car (omitting the carriage), is about equal to the cost of one
locomotive. Therefore, the two motor-cars cost twice as much as
one locomotive. The cost of the annual mainteuance of one motorcar is shown in Appendix V (page 479) ; i t is more than the cost of
maintaining a locomotive. But the average miles run per annum per
locomotive are 20,000, whereas the electric motor-car will run 50,000.
The general result is that the cost per train-mile run becomes less
for the electric motor-car, and l e ~ sagain per motor-car mile, if each
motor-car is looked upon as a separate locomotive.
2 ii 2

Brake gcar is :in expensive item, thc continual stopping causing
rapid wcar of all pins and brakc blocks, which, combined with the
dust and dirt of the road, all help t o increase the cost, and therefore to
ii:ake one hopc for tlic time when some form of rcgenerative control,
which w i l l be of a simplc character not involving the carrying of
extra weights and a complctc change of equipment, will be produced
by our electrical brethren.
Those items, which may be put down as giving no trouble
whatever are : controllera, commutators, steel spur-gearing, and tho
third rail. The last i s easy to lay, cheap to maintain, and has
proved by long experience to be the cause of very fern accidents.
A number of statistics relating to the Liverpool and Soutliport
clectric line are given in the Appendices hereto, and I must refer
those who are specially interested, to those figures, as I was
unwilling to burden the Address with tho dry technical details of
daily operation. Appendix X (page 487) is a newspaper record of an
interesting oxperiment conducted as far back as 1842.
The following is a list of thc various Appendices referred to :(I) Particulars of various Electric Locomotives and Lancashire
and Yorkshire Motor-Cars. (Pages 460-1.)
(11) Effect of High Schedule Speeds on Opeiation and Costs.
(Pages 4G2-471.)
(111) Rheostatic Losses. (Page 472.)
(IV) Train Resistance. (Pagcs 473-7.)
(V) Motor Miles, Motor Car Miles, and Cost of Repairs.
(Pages 478-480.)
(VI) Wcight of Electrical Equipment on Elcctric Trains.
(Pagc 481.)
( V I l ) Tcsts to shorn relative propirties of various Third Rail
Materials. (Page 482.)
(VIlI) Statement showing Wear and Corrobion of Third and Fourth
Rails. (Pages 484-5.)
( 1 s ) Besisiance of‘ Third and Fourth Rails. (Page 486.)
(X) Electio-Nagnetic Locomotive. (Pages 487-8.)
I believe many of the members already know, that the Summer
Dlccting will Le hcld in Liverpool, and I propose then to give
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members of our Institution who are intcrcstcd, an opportunity
of seeing the Liverpool and Southport linc a t work, and also of
visiting thc temporary workshops a t Southport, where the repairs
to the running gear and electric motors arc carried out, so that
the wear and tear of all the various parts may be observed just RS
thc vchicles have come into the shop.
I n conclusion, I venture to express the hope that any of those who
are interested in the subjcct of the Address mill remember, that all
the remarks I have made are the result of experience gradually
gained on a very busy branch of a railway on which many new points
of importance were constantly arising j that any difficulties were
gradually swept a ~ y and
;
that time has shown that, with the
exception of some minor points in the construction of the rolling
stock, there has been very little to alter, though obvious improvements
have been a3opted from time to time. I t has not therefore been
necessary to modify the general arrangement in such extensions of
the electric system as have been carried out.
This experience has convinced me that there arc a number of
suburban lines round our great cities, and especially near London,
which can be electrified with advantage to the public and to the
railway companies, though we must wait awhile before dealing with
long distance travelling.
The Address is illustrated by Plates 9 to 11 and 16 Figs. in the
letterpress, and is accompanied by 10 Appendices with 7 Figs. in the
letterpress.
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Particulars of various Electric Locomotives,
and L. & Y. Motor-Cars.

Name.

Maker.

No. of
Motors

3.P
of
:act

Tota
1i.P. Aengtl

-

-

Width

--

Metropolitan
Railway

Westinghouse

4

300

Max
1200

\Vestinghouse

Westinghouse

G

250

1500

45 0

9 8

North Eastern
Goods

British Thomson-Houston

4

__

-

37 11

s s

New York
Central and
1LR.R. Rly.

General Electric Co. of
America

4

2200

45 0

9

3000

Baltimore and
Ohio

General Electric Co. of
America
General Electric Go. of
America

4

550
nor.
750
nax
360

720

35 0

9 5

4

200

-

29 7

9 3*

General Electric Co.
Dick, Kerr,
and L. & Y.

4

350

1000

34 10

3 7

4

I50

GOO

-- --

,,

2

i 25

250

--

Baltimore and
Ohio

Paris-Orleans
Lancashire and
Yorksliire
Motor-Car
97

ft. in
45

a

ft. in.

-_

co.

8

--

- - -

I
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(concluded from opposite page) APPENDIX

I.

Particulars of vcrrious Electric Locomotives,
and I;. & Y. Motor-Cam.

Height.

V e iglii

Gear
Ratio

-

-

Draw-Bar Pul
IJb,

Remarks.

_ -

Tono.
-

-

-

17 0

735

1S/95

50,000 u p to
22 if.i’.Ir.

-

11 9

50

3.2s

-

17 0

135

lirect

34,000 max.

300 ton train @>
14 M.P.H. on
level. 1.50 ton
train start and
run 9 to 10
M.P.H. with 1
in 27 gradicnt
250 tons @j 60
M.1’.11.

14 0

SG

lirect

!S,000 fullloart
4S,000 starting

1900 IbS. @ 12
N.P.11.

14 9;

73

31/19

$5,000fullload
10,000 starting

1 of these units
are used together, giving

ft. in.

120 tons train
36 M.P.H.

.

Heforence.

Trunaway a?zd
R i i i 1 tu n y
IVorZd, vol.
17, p 530.
ElecCrzc Jour.i~aE, vol. 2,
p. 360.
Trumway a d
I1 a i 1 % a y
World vol.
17, 1’. 530.
L{gght Bail m y
und Tramway JOUTILUl, vol. 11,
p. 346.
Electric Rnilway Enyiw
eering,
p.
293.

12 9

_ _

49
46

22

-

i8/19

B/22

L1/19

-

24,000 Max.

.

12,400 Up tG
20 AI.P.I-I.
4,440 max.

double t h e
drawbar pull
300 tons @ 20

M.P.H.
2 motor cars take
a train of 170
tons total up
to 50 M.P.H.
3n level

31

,,

1)

,,

,,

,,
-

-
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APPENDIX 11.
E f e c t qf High Schedule Speeds on Operation mad Costs.

The steam services in operation previous to conversion ran to
tho following schedules :-

Stopping

( 1 I}
Liverpool
and
Soutltpor t

184

illiles.

SCCB.

17

30

20

30

44.5

-

* The Steam Service mas botmeen Liverpool and Crosby, but it is given
betmceii Liverpool ant1 Hall Road to compare with the Electric Service given
below.

The schedule for the stopping trains was increased considerably
when electric traction was installed, but the express trains
maintained the same service.
I n mnking comparisons between steam and electric traction for
coal consumption per ton-mile any increase in the schedule speed
should be taken into consideration. With a view of showing the
effect of s p e d on electric services, a series of curves, shown on
Fig. 23 (page 464), has been worked out for scliedules of 30, 2 7 - 5 ,
and 2.5 miles per hour respectively.

APRIL 1909.
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The following points have been assumed in working out the
speed time curves, Fig. 23 (page 464) for the various schedules :(1) For each schedule the train is accelerated at the same
rate under ordinary service conditions.
(2) For the 30 M.P.E. schedule the brake is applied immediately
after the power is smitched off.
(3) For the 27.5 and 25 M.P.E. schedules a certain amount of
coasting is done.
Electric Service.

I

Milee

fins.

Niles.

Miles.

8

0.89

16

26.75

30.0

15

14

1.32

37

30

33

15

1 (BI :dale:

25

45.5

-

-

Secs.

Liverpool
Hall Road
Liverpool
Southport
Express

{

Liverpool
anii
South port

-

The curves for acceleration, coasting, and retardation are based
upon actual figures obtained in tests, and from these time-speed
curves have bcen constructed for the three scliedules with stations
1, 2, and 3 iniles apart, and trains ranging from 2 t o 7 cars, the
slower schedules being obtained by more or loss coasting.
The kilowatt curves from 2 to 7 cars, Figs. 24 and 25 (pages 465
and 466), have also bcen constructed from ascertained data to the
same time base, and checked against actual runs for similar distances
and known consumptions. The points at which current is cut off are
indicated on the time-speed curves, s ) that it is an easy matter to
(Continued o n page 469.)
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2
&
c

e
'_.

2

465

APRIL1909.
25

5,o

KW.
1,20(

1,101

I\
boo(

900

eoc

70C

GOC

500

4.00

i\\

FIG.24.
Enlarged portions of Power
&rvesfor 2 to 7’-Car Trains on
leaving a Station.
(See also Fig. 25.)
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Kz low a t f J

I

I

I

’:
‘hl

7--

I

::

0

r--

r-

A r r t r ~1309.

Q
r(
N

I
1

I

Watt-Hours per Ton-Mile

I

467

3

8

30 8I.P.H. Schedule.

100

20

0

80

I.20

160

200

80

120

160

Weight of Train

203
ill

Tons.

80

120

1G0

200

340

5
W
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calculate the units pcr train-mile and watt-hours per ton-mile for
each case.
These results have been plotted out in curves, Figs. 26 and 27
(pages 467 and 468). Fig. 26 shows the watt-hours per ton-mile for
2 to 7-car trains with stations 1, 2 and 3 miles apart for 30.0, 2 7 . 5
and 2 5 . 0 M.P.H. schedules respectively, and Fig. 27 shows the
relation between the matt-hours per ton-mile for 3 0 * 0 , 2 7 * 5and 2 5 . 0
M.P.H. schedules with 2- to 7-car trains for stations 1, 2 and 3 miles
apart respectively.
Fig. 26 shows that the further the stations are apart the less
the energy per ton-mile required. This is especially the case with
the three left-hand curvcs (without coasting), and is due to the
high kw. input during acceleration having more effect on the average
for a short run than for a long one. It will be seen also that the
more the coasting the less the diflerence in watt-hours per ton-mile.
Comparing the three sets of curves side by side, there is a gradual
fall in energy consumption as the schedule is decreased, and this is
shown separately in curves, Fig. 27.
The following Table shows the chief comparisons between the
various schedules. From this Table i t will bo seen that the percentage
drop in energy consumption is approximately the same for any size
of train from 2 to 7 cars in each of the cases taken. The averages
are given in the last section.
Stations 1 mile apart.

1

!

I

~g:tr -

Schedule,
including excluding
stops.
stops.

2

*
3

Number of cam.
6

4
~~

Percentage watt-hours per ton-milo.

A1.P.H.

M.I’.Ii.

30.0
27.5
25.0

33.0

100‘0

30.0
27‘0

67.2
44,8

Two mutor-cars used in each case.

7

-170

APRIL 1000.

2
3I.P.I-I.

3

1

4

1

.

5

‘

; t i

7

l’erceiitsge watt-hours per ton-niilc.
100‘0
68.0
49.2

33.0
30.0
27.0

-

100.0
66.5
17.7

100.0
ti7.0

48.5

100.0
65.5
47.5

100.0
6 5 .3
47.I-

100.0
G.5
48.6

Stations 3 miles apart.
Ww,dulc,
indudiug
stops.

Averaqe
spcecl,
-.xclucliiig
ytops.

*

Nunibcr of cars.

2

3

4

5

ti

7

100’0

100.0

73.7

100.0
7Z.ti

56.5

55.1

100.0
72.8
5-1.0

100‘0

773.ti

100.0
74.0
55.1

R7.P.K.
33.0
30.0
27.0

5-1.5
I

73.4
54.4

,

I

Averages of the above.
Distance between Stations.
scllctlnlc,
incl~uliu:: stops.
1 ruilc.

30.0
“7 5
25’0

100.0
71‘1
4s ’ Ii
:&

i

2 niilcs.

100’0
GG.3

48‘15

Two motor-cars used in each case.

j

3 miles.

100.0
73.0
54.9
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This Table points out very clearly the great effect that any
increase in the schedule has on the energy, or what is the same
thing, the coal consumption.
A high schedule speed necessitates a high acceleration, and this
has an effect on the cost of maintenance of the motors. Other things
being equal the current through the motors will be proportional to
the acceleration, and therefore to the schedule ; but the heating
effect of this current varies as its square, and since there is no
coasting the motors have very little time in which to cool down.
This heating acts detrimentally on the insidation of the motor and
decreases its life.

472
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Percentage Loss i n
Run of‘ 1 Nile.

Percentage
Loss, Series
and Parallel.
Loss
per cent

Kw.
Hours.
Average Kw.
supplied to
train.

IKm.
Hours.
Averogc Kw.
useful.

Loss
per cent.
Km .
Hours.
Average Km.
supplied
to train.

Kw.
Hours.
Average E w .
useful.

No. of Cars.

0

0

0

3

A r m , 1909.

W

3
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APPENDIX IV.

TRAIN
RESISTANUE.

On account of the many difficulties of determining accurately
the resistance of electrical trains, tests were taken by running a
train up to full speed, shutting off the current, and allowing it to
coast until it came t o rest. Measurements of speed were taken at
5-second intervals, Fig. 28 (page 474).
The mean curves of several tests for 2, 3, 4 and 7-car trains are
plotted out on Fig. 29, and the chief figures are shown in
the following Table. I n each case allowance has been made for
the effect of gradients, and the tests were made in both directions to
eliminate as far as possible the effects of head minds.
It may be noticed that curves 2 and 3 do not follow paths
parallel to curves 1 and 4,but they are true representations of thc
figures obtained. They are probably due to sudden variations in
the wind.
Of course curves 1-4, Fig. 29, give the train resistance,
including the part used for locomotive purposes, but to compare
with steam stock this part should be eliminated, and this has been
done by taking the difference between two motor-cars and one
trailer, and two motor-cars and five trailers. Assuming the train
resistance of the two motor-cars and one trailer to be the same in
both cases, the train resistance in lb. per ton of the extra trailers
is shown in curve 5, and the chief figures in the following Table.
Curve 5 gives figures which are comparable with steam practice,
values of which are shown in curve 6, which is taken from the
Proceedings of The Institution of Civil Engineers, vol. cxlvii,
p&ge 155, ‘‘ Aspinall on Train Resistance,” for a train of 5 coaches
of similar weight.
2 L 2
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FIG%S.--Speed Time Cisruesf o r 2, 3, 4, 5, 6 and 7-Car Trains.

1

30

20

Arnrr, 1909.
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Tests for acceleration were carried out by running the trains up to
speed under service conditions, the speed being taken as before. I n
addition, readings were taken a t 5-second intervals of current, line
volts, and volts across the motor terminals.
From the speed curves thus obtained, the acceleration in feet
per second per second was obtained.

476

a

2

Particulars of Train Resistance.

P

See Figs. 28 and 29 (1)age 474).

Composition of
trains.
Curre
No.

No.
if cars.

Motorcars.

rrailercars.

Weight
of
train.

Train resistance at various miles per hour in
pounds pcr ton.

Length
of
train.

I

5

10

15

20

25

30

35

40

45

1

2

tons.
71.557

ft. ins.
121 8

s.5

8.0

8.5

9.0

9.5

0.75

12.5

14.0

-

2

3

117.175

183 4

7.75

7.75

8.0

8.6

9.0

9.75

10.5

12.0

13.7

3

4

143.275

248 G

6.5

6.0

6.5

7.25

8.5

9.25

10.0

11'0

12'0

4

7

221.575

430 0

6-25 5.75

6'23

7.0

7'75

8.5

9.5

10.5

11.5

5

4

104.4

246 8

4.52

3.55

4.1s

5.2

6.34

7.09

8 * 3'

8.8

9.4

285 0

-

3.3

-

5.0

-

7.4

-

10.5

-

6

5

Trailers only

*

Ordinary bogie
coaches

115.2

____

*

Xee Proceedings, Institution of Civil Engineers, Yo]. cxlvii, 1901, page 155.
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APPENDIX V.
Motor Niles and Notor-Car Miles.

lIalf Year
Ending.

June 1906
Dec. 190G
.June 1907
Dec. 1907
June: l9OS
Uec. 1!)08

I

1

Motor Miles.
150 H.P.
1,640,334
4,957 , O M

4,712,348
4,884,060
P,SGI,Gl"
rl,i88,910

I

125 HP.
153,642
413,109
575,440
710,066

618,862
699,2006

1

Motor-Car
Miles.
Miles.

4, 802,97G
5,370,473
:i,287,7SS
5,594,126
5,480,474
5,488,206

1,261,151
1,467,970
1,483,035
1,585,227
1.533,(iil
1,534,518

The following Table gives the cost for Repairs, Wages, Repairs
Materials, Stores, Jnspection, Gcneral Maintenance of all Electrical
Equipment and IKotor-Eogies, Electrical Equipment of Trailers, but
exclusive of trailers and the coach bcdies of the motor-cal s, ie., it is
a true iepiesentntiun of fhe cost of maintenance of the motive power
portion of Electric Rolling Stock :-

~

Materials.

Wages.

Yo. of

I
Kotorcars NO. of
it end &rotors
Per
of
Total. klotor- Total.
Halfmile.
year.
~

Half Year
Ending

June 1906

Wages and Materials.

Total

- m t per
Per
Hotormile.

mile.

Motor.
125
or
150

H.P.

Oil.
All
:laeses
per
1000
Motor.
miles.

~~

Average
NO.
of Miles
Per
Motor-car
per
annuin.

f

d

5

x

tl

li8

3,455

0.173

3,016

d
0.151

$

51

6,474

127

0.324

2
36.4

Galls.
0.605

49,456

.

52

180

4,SS.i

0.218

4,656

0.208

0,541

1S4

0.426

53.0

0.504

56,460

. . .

52

180

4,902

0.223

5,097

0.231

9,999

192

0.454

55.5

0.514

57,042

.

.

60

212

5,395

0.231

4,239

0.182

9,634

161

0.413

45.4

0.605

52,840

. . .

64

22s

5,16S

0.2%

4,154

0.183

9,352

146

0’409

41.0

0.730

4s,114

. .

64

225

4,362

0.191

3,119

0.136

7,481

117

0.327

32.8

0.777

45,598

December 1907
Junc1908

I

--

~~

. . .

Deceniber 1906
June 1907

~~

December 190s

.

-

-

-

IS0

PRESIDENT'S

ADDRESS.

nlilcage between Orerliaul.
-

Ildf Year
Ending.

T,ifo
Shoes.

Miles.

June
Dec.
Jiinc
Dec.
June
Dee.

1906
1906
1907
1907
lW18
1908

17,750
38,800
32,700
32,600
32,800
28,500

Miles.

' '

39,000
:38,000
-19,400
42,300
30,300

Miles.

-

124,000
115,000
87,300
125,000
171,030

Miles.

Miles.

Miles.

-

11,000
11,ljSO
12,titO
15?53u
13,300
10,900

-

-14,000
41,700
49,000
63,001)
87,100

112,500
127,300
116,000
78,500
10:!.000

Life
Brake
Blocks
Mileil.
1,683
1,784
1,915
2,150
2 , :\20
2,6SO

The original diameter of commutators was 17h inches, the
present average diameter being 163 inches, representing a loss in
diameter of f inch, or 'about 0-175 inch per annum, 0.003 inch
per 1,000 miles ; about one-half of this being due to wear, and onehalf to turning up. The commutators can be worn down at least
to 153 inches diameter, so that their total life will probably be about
twelve years.

APPENDIX V1.- Weight of Electrical Equipment

System
of
control.

Composition
of train.

----Motor-car .
Slotor-car

.

Notor-car

.

t’railer-car .
! motor-care,)
1 trailer J
? motor-cars.)
2 trailers . I
! motor-cars, I
3 trailers .I

.

on

Ratio
weight of
electriod
tquipment to
weight of

Weight or
electrical
equipment
including
motors.*

Weight
of
motors.

rno tors.

bogics.t
-- --Direct
Multiple un
Multiple
unit for
Liverpool
overhead
service

I

T. C. Q. Lb.
11 13 3 20
11 13 3 20
3 1 7 2

T. C. Q.
14 13 3

-

Electric Trnipzs.

T. C. Q.
17 15 2

-

T. C. Q.

-.__

46 0 0
50 10 0

1 to 1.26

Per cent.
31.95

-

66 and 69
68 and 80

22

0 0

1 to 1 . 7 s

32.85

70

0 0

-

0 0

1 tol.27

0.935
23.20

66,80, and 9(
204 and 215

-

0

6 14 0

Direct

23

7 3 12

0 5 3
29 13 1

33 16 3

26
118

Direct

23

7 3 12

29 19 0

3G

2 0

144

0 0

1 to 1.28

20.80

Direct

23

7 3 13

RO

4 3

36

7 3

170

0 0

1 to 1 . 2 9

17”0

-

-

7

4 3

-

and
{ 870,284
298
336,
350,
{ 364,and3TS
I

* The weight of auxiliary apparatus, such as vacuum pump motor, etc., is not included, since this does not form part of tho
electrical equipment for tractive purposes.
t Part weight of bogies is included, so as to make theweight of electrical equipment compare with steam practice. The traileroar bogies are taken as being sufficiently stroug for running purposes, and tlic extra weight of the motor-cur bogies as being
required for locomotive purposes.
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Lancashire
and
Yorlishirc
lhilwny.

nail.

,IUURIBS.

Piccadilly
ant1

Eastern
ltailn,ay,

Eiompti n.

.

23.7

22.1

Per
on 3inches
cent. cloiigation)
,
.

35.0

37-0

't'ensilc Tests :'Fans per
inch

.

.

Per cent. contraction

76'0

ti935

69.5

Impact test by Izod(
machine (foot-lb. J

12.2

9.9

2.0

1' 0

Tests
1.0

Rlctroliolitrin

13.1

(1* 7(1:;

0 .9.5 Y

0.tX

0'7(IF

0.6

0.5
0-755

Corrosion :Itelative loss in distilled water

1

1:elative loss in salt
watcr

1

.]

.

.I

.]I

Resistance comp:ired
with coppcr

'7, "3

I

1.71

1.5'7

1.71

1.18

1.03

1

7.29

8.39

APPENDIX VITJ.
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APPENDIX VIII. (continued on oppositepage).
Statement Shotving Wear and Corrosion of 3rd and 4th Rails.
3rd being Live Rail.
4th ,, Return Rail.
See Figs.

4, 5 and 6 (pages 436 and 137).
Date

Place.

Iiid.

'resen
weight
7er yti

'erccntage
of los-; of
weight.

I'resen t
see tional

area.

Reference.

-

Liverpool

.

Jan. /04

59.30

15.25

61.90

11.57

5s.50

1(;.4:;

B.

56 8

18.56

C.

,

65.00
65 ' 20

7.14
6.ST.

1

66' !)O

4 43

I
I

65.70
67.60

6.14
3.43

67.80

3 '1 4

67 ' 00

4.28
5.00
1.25

E.

Fig. 5 .

I
.(

I
Liverpool iiear 1
Ex. S t t '
Junctioi

"'?l

U'atorloo

Crosby

.

.

,

AItcar Riffc

Formby

I
.I

,

.(

I

.

.I

.

I

.I

Ainsrlale
15 M.P. .

.I

.

I
I

Southport

,1

I

.1

Qug. / O
Jan. /04

06

;io

6!).10

A.

Jal;/OF

(i!f

,Tali./04

70'10

5.1t
1.oo
Nl1

66.3

5.29

62.30
65.90

11 .oo

c;

5.86

I.

GG.90

4.43

€1

66 ' 40

::o

-

u.
P.

Fig. 4.

3,

,2

Fig. 6.

11
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(colacluded from opposite page) APPENDIX VIII.
Statement Showing Wear and Corrosion of 3rd and 4th Rails.
3rd being Live Rail.
4th ,, Refurn Rail.
Xee Figs. 4, 5 and 6 (psges 436 and 437).
'ercentage
'ercentage Loss of of loss of
area
of loss of
by
area.
by wear. area
wear.

Loss of
area by
:orrosion.

'ercentage
of 1038 of
area by
corrosion.

q. inch.
0.39

sq. inch.
0.68

9.71

0.70

10.00

15.43

-

1.08

17-71

0.39

7.14
7'43

0'24

15.28
10.00

5.43
7.71
3.57
4.28

Fig. 4

15.43

B.

7-

0.85

12.14

c.

,

0 * 2G

E.
D.

Fig. 5

0.52

:;.71
7.43

0 .Y8

5'43

0.25

0.29
0.25

4.14
3-57

0.30

4.28

0.23
0.33
0.14

3.29
4-71
2.00

092.5
0.15

Nil

3.57
2.14
X il

I

Reference.

hrrosion.

A.

-

-

Percentago
ratio of loss by

5.43
4.71
2.00

0'15

5.43
2.14
Nil

0'13

5.29
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APPENDIX IX.
Besistance of Third and Fourth Rails.

.

Weight of Rails
.
70 lb. per yard.
Area of cross-section
. 6.84 square inches.
Electrical Resistance (Average of 60 tests),
7 . 2 3 times that of pure copper.

.

c.

S.

Si.

P.

Mn.

Chemical analysis
0.045
trace
0.04
0.046
0.23
Resistance of 1 mile of unbonded main line
track (single) with ordinary fishplate
joints
.
. =2*8ohms.
. = 0.043 ohm.
Resistance of solid rail per mile
Resistance of 1,000 yards of 3rd rail,
including joints and bonds (average) . = 0.03416 ohm.
Ratio of Resistance of 1 foot of solid rail to
1 foot of rail containing a joint bonded
= 1 to 1.57
with new bonds
. = 1t o 2 . 4
Ratio with all web bond strands cut .
Ratio with all strands cut except 6
. = 1t o 7 . 2 6
Ratio with all strands cut, fishplatcs only . = 1 to 1182

.

.

.

The three last values demonstrate the valuc of good maiutensnce
on bonding.
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APPENDIX X.
Electlo-Magnetic Locomotive.*

A trial of this very ingenious machinc, constructed by Mr.
Davidson, was made last month on the Edinburgh and Glasgow
Railway, in presence of a number of gentlemen, many of whom
are eminent for their scientific knowledge. The carriage was
impelled along the railway about a mile and a half, and travelled at
the rate of upwards of 4 miles an hour, a rate which might be
increased by giving greater power to the batteries and enlarging
the diameter of the wheels. We understand that the carriage was
built at the expense of the Railway Company, and we cannot but
congratulate them in having the discernment to employ Mr. Davidson,
a gentleman of much practical knowledge and talent, to whose
genius great discoveries have been made in electro-magnetism, by
whom the carriage was projected, and to whose unwearied exertions
the practicability of the scheme is almost placed beyond a doubt.
The dimensions of the carriage are 16 feet long by 7 feet wide,
and it is propelled by eight powerful electro-magnets. The carriage
is supported by 4 wheels of 3 feet dirtmftter. On each of the two axles
there is a wooden cylinder, on which are fastened three bars of iron
at equal distances from each other, and extending from and to the
end of the cylinder. On each side of the cylinder and resting on
the carriage, there are two powerful electro-magnets. When the
first bar on the cylinder has passed the faces of two of these magnets,
the current of galvanism is then let on to the other two magnets.
They immediately pull the second bar until it comes opposite them.
The current is then cut off from these two magnets, and is let on to
the other two. Again, they pull the third bar until it comes
opposite, and SO on-the current of galvanism being always cut off
from the one pair of magnets when it is let on to the other.

*

Extract from the h’ailway Times, 10th December, 1842.
2111

488

PRESIDENT’S ADDRESS.

APRIL1909.

The manner in which the current is cut off and let on is simply
this : At each end of the axles there is a small wooden cylinder, one
half of which is covered by a hoop of copper ; the other is divided
alternately with copper and wood (three parts of wood and three of
copper). One end of the coil of wire which surrounds the four
electro-magnets presses on one of these cylinders, on the part which
is divided with copper and wood ; the other end of the coil presses
on the other cylinder in the same manner. One end of the wires or
conductors which comes from the battery presses constantly on the
undivided part of the copper on each cylinder. When one of the
iron bars on the wooden cylinder has passed the faces of two magnets,
the current of galvanism is let on to the other two magnets by one
end of the coil which surrounds the magnets passing from the wood
to the copper, and thereby forming a connection with the battery.
This wire continues to press on the copper until the iron bar has
come opposite the faces of the two magnets, which were thus
charged with magnetism. On its coming into that position, the
current is cut off from these two magnets, by the wire or rod of
copper passing from the copper to the wood, and thereby breaking
the connection with the battery. But when the wire or rod of
copper leaves the copper on the one cylinder, it leaves the wood and
passes to the copper on the other cylinder at the other end of the
axle, and in so doing connects the other two magnets with the
battery, and they pull the next iron bar in the same manner. At
the other end of the carriage there are four other magnets and
wooden cylinder with iron bars arranged in the same manner.
The battery which is used for propelling the machine is composed
of iron and zinc plates immersed in dilute sulphuric acid, the iron
plates being fluted so as to expose greater surface in the same space.
The weight propelled was about six tons. (Edinburgh Journal.)
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WILLIAM
H. WHITE,E.C.B., F.R.S.,Past-President, said the
Members had already by their applause signified their concurrence in
the Vote of Thanks that he was about to move to the President for
his most valuable and interesting Address. The President enjoyed
two great advantages in combination-he
was eminent as a
mechanical engineer; and he occupied a position in which he was
able to obtain the most detailed information, in his capacity as the
manager of a great railway. They owed him no small debt-and
those who were engaged specially in electrical engineering work
could best appreciate the value of the contribution for having in the
Address and in the Appendices (which had not yet been placed
before the Members) brought together a very large amount, of
accurate information which could not fail to be of the greatest
importance to those engaged in carrying out work of a similar
nature to that which the President had done. The President had the
art of clear description and most careful analysis ; he had given, as
they all knew he would, nothing but what he believed to be the
truth. They all congratulated Mr. Aspinall on having been
responsible for this great undertaking which now, after some years
of experience, could be described as a commercial success. I t was
unnecessary for him to say more than he had done, and therefore on
beLalf of the Members he ventured to express to the President their
sense of deep obligation for the labour which had been bestowed
upon the preparatioq of this Address, which was in itself an
admirable literary performance as well as a treasury of facts. They
hoped that his year of office, including the visit to Liverpool, when
the Members were to have the opportunity of seeing the working of
the Liverpool and Southport line, might be one of unchecked
success.

Mr. WILLIAM
H. MAW,Past-President, said i t was a very great
pleasure to him to second the Vote of Thanks proposed by Sir
William White. It was really unnecessary to say anything as to the
merits of Mr. Aspinall’s Address beyond tha remarks which Sir
2 M 2
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William White had made, but he did most thoroughly endorse all
that Sir William had said. He could assure the Members that when
they got the Address into their own hands and were able to read the
Appendices and to study the Address as a whole they \r~oiildvalue it
even more than they had done while hearing it read that evening.
The Address was one of very great value, and its value was not an
ephemeral value ; it would increase as time went on. This record of
what had been done by the Lancashire a d Yorkshire Railway in
developing the working of suburban traffic included a collection of
data which would be of very great value in the future. H e had
great pleasure in seconding the Vote which had just been proposed.

SIRWILLIAMH. WHITEthen asked the Meeting to signify the
Vote in the US^ way, which was carried with acclamation.
Mr. JOHNA. F. ASPINALL,President, said he was extremely
obliged to Sir William M’hite and Mr. Maw for the way in which the
Vote of Thanks had been proposed, and to the Members for the
way in which they had received it. He was only too glad to have
been able to give the results of their four years’ work on the
Southport Railway. This line had perhaps the advantage of being
the first case in which such results as those he had described could
be given, because exactly the same state of affairs had not hitherto
existed anywhere else. Other results of electrical working had been
given no doubt, but the Lancashire and Yorkshire Railway had
certain special conditions, and therefore i t was useful for those who
were going to follow in anything like the same line that they should
know what such conditions actually cost. He thought the Members
would find, when they Bad the Address before them, that there were
a great many more figures given as to details of cost, which would
be of interest to them. It was not usual to discuss the Address of a
President, but he hoped they would all-or at any rate as many as
could-go and see this line during the coming Summer Meeting.
They would be shown the parts which were worn out as well as those
which continued to wear well. A t the Railway Company’s main
works at Horwich they would see the construction of the new parts.
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After they had done that, if those who were interested in that class
of work would only take the trouble to write a Paper upon the
subject of suburban electric lines for the Institution, and criticize,
if they thought fit, the Southport Railway, some advantages would
be obtained which would be of use to the coming electrical engineers
who were going to do more work of that kind. He hoped, however,
that any criticism of the work which might be thought desirable
would be produced when they got to Liverpool. He thanked the
Meeting extremely for the way in which they had been good enough
to receive his Address.
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Liverjool-Southport Cars, L. G Y. Ry.
lO/t. outside width.

Fig. 13. First Class.

Fig. 14. Third Class.
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Plate 9.

Plate

Motonnun's Coinparlment. Liverpool-Southport Cars, L . G. Y ,Ry.
Fig. 15. Multiple Utbit.
Fig. 16. Direct Control.
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A Bogie readyfor Car.

