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LOCOMOTIVES DESIGNED AND BUILT AT HORWICH,
W I T H SOME RESULTS.

BY MR. GEORGE HUGHES, Member,
CHIEF MECHANICAL
ENGINEER,
LAKCASHIRE
AND YORKSHIRE
RAILWAY,
HORWICH.

Before discussing the desigu and performance of locomotives, the
critic must have some knowledge of the railway upon which they
run, and the nature of the work they perform. Particulars will be
found by referring to the Appendices (pages 598-620), and the
subjoined diagram Fig. 1 (page 5621, and statement, which give the
power and weight of the various locomotives operating this traffic.
The Lancashire and Yorkshire Railway Company possess 1,517
locomotives, 1,052 of which have been constructed at Horwich,
and there are about 1,100 engines in steam daily, varying, of course,
according to the demands of the traffic.
When the works at Horwich were opened, the company had
1,000 engines, namely, 353 passenger, and 647 goods. There were
29 different types of passenger-engines, and 26 types of goodsengines. Realizing the great importance of having as few classes
as possible, Mr. Aspinall, then Chief Mechanical Engineer,
resolved to reduce the number, and to introduce standardization, and,
wherever possible, interchangeabilit) . This policy, no doubt, from
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a commercial point'of view, is correct, but requires to be judiciously
handled, and at the right moment, otherwise it may have a tendency
to impede progress. After due consideration, and from the r m n i n g
experience of a number of engines, some fitted with J o y gear, and
others with the Stephenson link-motion, but otherwise of tbe same
design, Mr. Aspinall decided to adopt the Joy gear, as i t was found
that the mileage between repairs was greater, arid also that there was
a slight economy of coal per engine-mile. Conkequently, the Joy
motion was adopted for all future new engines, Figs. 11, 12, 13,
Plate 14. At the time this gear was designed, the cylinders were
173-inch by 26-inch stroke, with a working pressure of 160 lb. per
square inch, but bearing the fact in mind that the size of trains was
increasing rapidly, and having decided iipon interchangeability, the
motion was designed on such liberal lines that it has stood the test
of over twenty years, and has actually been used for engines with
2li-inch diameter cylinders, and a working pressure of 180 lb. per
square inch. Until the advent of the fast heavy passenger and
goods trains, this gave every satisfaction. However, the increasing
size of cylinders, demanded by heavier trains and accelerated speeds,
has now rendered i t necessary to strengthen this motion.
As regards interchangeability of boilers, the flanged plates were
common to each class for a number of yeara, with only a slight
difference in the lengths of the barrels, but this uniformity W&E
disturbed by the introduction of the larger types, and Figs. 14 to 23,
(pp. 564-566), illustrate the different boilers, and Fig. 24, PIate 16,
gives specimens of the flanged plates now in use. Interchangeability
was also extended to cylinders, valves, axles, axle-boxes, springs,
wheels, and boiler mountings.

Aspinall's Standard Radial Passenger 7'ank-Engine. (Built
Feb. 1889).-The first type of engine built was the %wheeled tankengine, four wheels coupled, with a radial box at each end, Figs. 33
and 37, Plates 17 and 18, an arrangcment possessing many advantages
for engines which have to work equally well in either direction. The
number of engines built of this class is 270, and their usefulness is
shown by the fact that they run 56 per cent. of the total passenger-
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engine miles. The cylinders are inside, with valves on the top, thus
giving ample steam-chest room and easy access to valve-faces. The
earlier engines of this class were fitted with unbalanced D valves,
but a number are now running with the Richardson balanced form
of valve, and some also with a circular balanced back-to-back valve
of Mr. Aspinall's design. Water is carried i n side and back tanks,
fitted with a scoop to pick up when running in either direction. The
lowering and raising of the scoop is accomplished by means of
Aspinall's well-known vacuum arrangement, which has been used
on all subsequent engines. These engines haul trains of 270 tons
behind the draw-bar, at an average speed of 36.5 miles per hour,
over grades shown on Fig. 6, Plate 13.
Aspinall's 6-zoheeZed Goods-Engine. (Built Sept. 1889).-The
next class of engine was the 6-wheeled coupled goods, Figs. 44
and 49, Plates 19 and 20. There are 440 of this class, 22 of which
are or will be fitted with the Schmidt systemof superheating.
The cylinders, with the exception of those fitted with superheaters,
are similar to those on the radial tank-engines, having either
unbalanced D valves or the Richardson balanced type. These
engines are employed in hauling goods loads up to 760 tons,
and, possessing a moderately-sized wheel, are very useful
for passenger traffic during the excursion sea8on. Being
simple in design, and the parts accessible, they are light on
maintenance, and easy to repair. Several are fitted for steamheating of carriages. The 6-wheeled tenders, which carry 1,800
gallons of water and three tons of coal, have the water pick-up
arrangement.

Aspinall's 8-wheeled Bogie Passenger-Engine. (Built March
1891).-These engines followed the goods-engines, Figs. 25 and 29,
Plates 15 and 16. They were designed to work the fast passenger
traffic between Manchester and Southport, Manchester and Liverpool,
Manchester and Blackpool, and Manchester rjnd Leeds, and have
similar cylinders to the goods-engines, and unbalanced valves.
When designed, they had the largest coupled driving wheels in
this country, namely, 7 feet 3 inches diameter. The tenders are
2 s
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interchangeable with those of the goods-engines. ’ The maximum
loads hauled are 220 tons over routes shown on Fig. 3, Plate 13, at
an average speed of 42.8 miles per hour. Forty of these engines
have been constructed.

Aspinall‘s Swiall 4-wheeled Shunting Tank-Engine. (Built Nov.
1891).-The next engine constructed was the small shunting-tank, or
Pug ” engine, Figs. 43 and 48, Plates 19 and 20. The aim in this
dosign was to attain lightness and power. They have outside
cylinders, with valves placed inside the frames, Stephenson motion,
and are employed t o work the traffic on the dock sides at Liverpool,
Fleetwood, and Goole. Possessing good hauling power for their
weight, and having a short wheel-base, they are useful for handling
the traffic round the sharp curves with which these dock sides
abound. There are 37 of this type.
‘6

Aspinall‘s &wheeled Coupled Outside-Cylinder Shunting TankEngines. (Built Oct. 1891).-These
engines are employed for
shunting purposes in the various goods yards, and for hauling the
traffic up the stiff incline from the Manchester Ship Canal Dock,
Figs. 42 and 47, Plates 19 and 20. They are fitted with outside
cylinders and Richardson’s balanced valves placed on the top. The
motion is a combination of the “ Allan ” type, with a rocking shaft.
In order to negotiate sharp curves, the weight is concentrated on a
short wheel-base. Twenty of this type have been built, and haul
loads of 1,000 tons on the level.
Aspkd1‘s Converted Tank-Engines for shulzting. (Nay 1893).Prior to the construction of locomotiveR at Horwich, the stock
for goods service comprised a large number of 4-foot 6-inch tenderengines, and a variety of designs of out-of-date tank-engines. T o
bring the shunting stock up to date, and meet the heavy demand for
this class of work, Mr. Aspinall decided to convert gradually the
4-foot &inch tender-engines into saddle-tanks, cutting up the obsolete
types, and using the tenders for new stock. The conversion
consisted of placing a saddle-tank on the boiler, and adding a short
length to the frames to carry a bunker, Figs. 59 and 60, Plate 22.
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The cylinders are inside, with valves between, actuated by
Stephenson's gear. The tank capacity is 1,000 gallons, and the
bunker holds two tons of coal. 230 of these engines are in service,
and have proved exceedingly useful.
Aspinall's 10-wheeled Bogie Passenger-Engine, " Atlantic " Type.
(Built March 1899).-To meet the persistent demands of the
traffic department for heavier trains, these engines were next
designed, Figs. 27 and 31, Plates 15 and 16 ; a sectional elevation
is also shown on Figs. 61 and 62, Plate 23. At the time
of construction they were the largest inside-cylinder engines
of this type in the country. The cylinders were of similar design
to those of the 8-wheeled passenger, radial tanks, and goods,
but were of larger dimensions, steam-jacketed," and had valves
of the Iiichardson type, exhausting through the back. Twenty were
first built, one of which was fitted with a superheater of
Mr. Aspinall's design. The tenders, which are larger than those
previously constructed, carry five tons of coal and 2,290 gallons of
water. A further twenty followed, not fitted with jacketed
cylinders, five of which had superheaters, similar to the one
previously built. The trains hauled by these engines are 375 tons,
being the heaviest and fastest on the line.
Aspinall's 8-wheeled Coupled Coal-Engines. (Built April 1900).The " Atlantic " type of engine was followed by the 8-wheeled coalengine, with Belpaire fire-box, specially designed to haul the heaviest
mineral and goods trains, Figs. 51 and 55, Plates 21 and 22. The
cylinders, 20 inches diameter, placed inside the frames, were the
largest yet employed by this company. The valves were of the
Richardson type, placed on the top, and exhausted through the back.
The employment of large cylinders and small driving-wheels renders
these engines extremely powerful for heavy haulage. They are fitted
with large tenders carried on four pairs of fixed wheels, with a capacity
of 3,600 gallons of water and five tons of coal. 108 of this type are
in use, and a further 21 have been constructed, but with corrugated

*

Proceedings, 1896, Part 4, page 466.
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flue boilers, March 1903, Figs. 53, 56, Plates 21 and 22, and
Figs. 18 and 19 (page 565). Originally the tube-plate of the corrugated
steel flue was %-inch thick, and steel tubes were employed, but
this combination was unsuccessful, owing to frequent tube leakage.
The tube-plate wa.i then taken out, and replaced by another
:-inch thick, with slightly better results. Steel tubes with copper
ends in combination with the {-inch plate were next employed,
and although improvement was effected, the leakage was not
entirely stopped. The thin plates were then replaced by copper
Lube-plates, 1 inch thick, and the trouble through leaky tubes
has disappeared. After 54 years' service, however, many are now
developing cracks in the upper and side portions of the tubeplate near the flange. I t was anticipated that the fire-box crown,
being subjected to the highest temperature, would be the point at
which drooping would first occur, but in some cases, contrary to
expectations, there was no droop ; but the crown actually moved
upwards and. flat places also appeared in other parts, notably in
positions from 12 inches to 18 inches on either side of the centre
line. Later measurements showed that there was a tendency for
the box to assume a more or less oval form. I t was calculated
that a deviation of 14 inch from the circle could be allowed as
a safe maximum; the defective part is forced back to its original
form by a 200-ton hydraulic jack. The first box attained a mileage
of 43,000 before this became requisite, and it was again jacked after
a further 19,500 miles. The second box covered 29,000 miles in its
first period. Up to the present, fifteen fire-boxes have been treated
in this manner, with an average mileage of 61,700, and experience
with these boxes indicates that the mileage becomes less each time
jacking is resorted to. I n this deflection from the circular form, it
has been repeatedly noticed that the movement when once started is
fairly rapid up to about one inch, after which it becomes slower.
The depressions in the crown are generally most pronounced over
the fire-bridge, while the tendency of the box to assume an oval form
is most noticeable about half-way between the fire-bridge and the
fire-hole door. After the first jacking, it was noticed that the weld,
which was placed at an angle of 45' on bottom of right-hand side,
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had just become vieible, but subsequent service did not affect it. An
experiment has been made to prevent this deformation by direct
staying of the flue to the outer shell, but with little success. The
most recent examinations of this type of flue show that comparatively
little wasting occurs on the sides and crown, but it is pronounced round
the ash-hopper. This wasting has reduced the plate thickness in
some cases y3c inch, the original thickness being
inch. Some
grooving has been observed at the junction of the tube-plate and flue
on the fire side. The usual pitting is encountered on the box and
shell. Tbe circulation in this type of boiler is poor, and compares
unfavourablg with the stayed fire-box boiler in this respect. Trouble
has been experienced with priming, ecjpecially when shunting.
Several appliances have been tried to obviate this, such as increasing
the size of the dome, baffle-plates across the boiler near the base of
the dome, perforated plates in the dome, etc., but none of these
removed the evil. Satisfactory results, however, have been obtained
by connecting the safety-valve manhole to the dome, with an antipriming pipe placed outside the boiler. An arrangement is also
under trial known as the Ross-Hokchkiss scum-collector and
circulator. Both the Belpaire and corrugated types are hauling
trains up to 1,000 tons.

HOIJ'S10-wheeled Radial Tank-Engines. (Built Oct. 1903)The next design was a 10-wheeled radial tank-engine, built for the
Manchester and Oldham Branch service, Figs. 36 and 40, Plates 17
and 18. The gradients on this section are as severe as 1 in 41,
eight stations occurring in 7!5 miles. Loads of 200 tons have to be
hauled at an average speed of 26 miles per hour, including stops,
and with a restricted time-allowance an engine possessing rapid
aGceleration was necessary. To obtain sufficient adhesion six wheels
coupled were employed, with a radial box at each end. The cylinders,
which are 19 inches diameter, are similar to those of the goods and
passenger engines previously described. Water is carried in side and
back tanks of 2,000 gallons capacity, and the double scoop apparatus,
similar to the 8-wheeled tanks, is used. The coal capacity is
3%tons.
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Hughes’ %wheeled Radial Tank-Engines with Belpaire Fire-boses.
(Built April 1905).-These
engines are similar to the previous
8-wheeled tanks, except that the fire-box is of the Belpaire pattern, and
the boiler has 20 per cent. more water-space and 40 per cent. more
steam-space than the ordinary round top type, Figs. 34 and 38,
Plates 17 and 18, this addition being obtained without altering
any other portion of the original design. These engines are
employed on the same work as the other %wheeled tanks, and
twenty are in service.
Thermal Storage TaiLks. (June 1902).-Six radial tanks of the
round top fire-box type have been equipped with the Druitt Halpin
thermal storage tank, Figs. 35 and 39, Plates 17 and 18. This
arrangement consists of a cylindrical tank mounted above the boiler,
and connected thereto by a saddle plate, Figs. 69, 70, and 71
(page 572), and is so well known that a further description is
unnecessary.
Where stopping-places are frequent on rising
gradients there is distinct economy. Certain tests were carried out
between Salford and Accrington, resulting in an actual saving of
one ton of water, and under similar conditions elsewhere the saving
was 12 per cent. When, however, these engines have to take their
turn on other sections of the line which are not so favourable the
all-round economy is brought down to 4 per cent.
Hughes’ Steam Rail-Motor-Curs. (Built May 1906).-13 steam
rail-motor-cars have been built, Figs. 54 and 58, Plates 21 and 22.
The engines have outside cylinders, 12 inches by 16 inches stroke,
and the valves are operated by the Walschaert gear. A locomotive
type boiler is fitted, similar in design to Figs. 33 and 37, Plates 17
and 18, which allows the employment of standard flanged plates and
fittings, thereby reducing the cost of manufacture. The adoption of
a comparatively large boiler gives additional heating surface, and
provides a good margin for starting purposes. The car-body is 47 feet
long, and divided into three sections, namely, a luggage compartment
with a capacity of 340 cubic feet, third-class accommodation for 56
passengers, and a driver’s compartment. The car is steam-heated,
and lighted by incandescent oil-gas lamps. A feature in the design
i s the collapsible steps at each doorway, which can be raised or
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lowered from the trailing end so as to form a staircase from the car
floor to the rail level, to enable passengers to board or leave at the
halts.” The ease of attaching or detaching the engine from the
car is another feature, thirty minutes being ample time for this
work. The car can be operated from either end, and electric bell
communication is also provided for signalling purposes between
the driver and fireman when propelling. These cars run on gradients
of 1 in 40 and 1 in 50, and attain an average speed of 35 miles per
hour, with an annual average mileage of 34,000.

Hughes’ Compound Coal-Engine. (Built April 1907).-Following
the rail-motors, ten compound coal-engines were constructed, Figs. 53
and 57, Plates 21 and 22. This step was taken after some exhaustive
tests with an engine which the author had converted into a compound.
This subject will be dealt with in a future Paper at an early date.
Schmidt’s Superheater.-In
November, 1906, two standard goodsengines were fitted with Schmidt’s superheating arrangement,
Figs. 45 and 50, Plates 19 and 20. Schmidt’s experience showed
the possibility of increased piston-area, and so the 18-inch cylinders
were replaced by cylinders 20 inches diameter ; the maximum steam
cut-off at the same time was reduced to 70 per cent.
With
superheating, a higher initial pressure is maintained in the cylinder,
and therefore a greater range of expansion is possible, whilst
condensation is less. The additional weight, by reason of fitting
this appliance, is about two tons, but the tractive force is increased
in a greater ratio than the adhesion.
Five passenger-engines and
twenty new standard goods-engines, with this arrangement, have been
built or are under construction, and the actual number in service up
to date is sixteen. This subject will be dealt with in a future Paper
at an early date.
Hughes’ Banking Engines. (Built march 1908).-For
heavy
banking service and coal-shunting in the neighbourhood of
Fazakerley, Liverpool, and Accrington, the author has put into
service five very powerful engines, Figs. 41 and 46, Plates 19 and 20.
They are equipped with the largest diameter of cylinders yet
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employed in a simple engine in this country, and, with their
comparatively small wheels, possess a high tractive effort-an
essential quality for shunting. In this design, owing to permanentway considerations, it was necessary slightly to increase the fixed
wheel-base beyond that of the 6-wheeled goods and 8-wheeled coal
engines. For ease in passing round curves the flanges of the two
middle pairs of driving-wheels are omitted and the tyres made wider.
Water is carried in side and back tanks of 2,000 gallons capacity.
Steam and vacuum brakes are provided.

Hughes' 4-Cylinder Passenger and Express Goods-Engine. (Built
June 1908)-Figs. 28 and 32, Plates 15 and 16. This design was
brought atbout by the further increased weight of trains and the
necessity for accurate time-keeping with the accelerated train
schedule of the Liverpool, Manchester, and Hull expresses, the
Leeds, Bradford, and Fleetwood boat trains, and to cope with
gradients on the Bradford, Huddersfield, and Sheffield sections.
The author also had in mind certain very important heavy express
goods-trains.
An engine embodying rapid acceleration, great
hauling power, with a suitable wheel-base for the easy negotiation
of curves, was essential, and as the 4-cylinder arrangement
possesses many advantages from a mechanical standpoint, such
as division of stresses and superior balancing, this type was
decided upon. The author also preferred a simple to a compound
engine, owing to the greater range of expansion obtainable with
express trains. T o obtain rapid acceleration and great adhesive
power, the wheels were made of moderate size and three pairs
coupled. The wheel-base was kept as short as possible by placing
the inside cylinders well in advance of the bogie centre, Figs. 63 and
64, Plate 24. Flexibility was attained by giving & inch lateral play
to the trailing coupled wheels, and the coupling-rods are provided
with ball-and-socket joints which give vertical as well as lateral
movement. The outside cylinder crank-pin and the coupling-rod pin
are in one, the former having 13inches throw and the latter 11 inches.
This diminishes the centrifugal force of the coupling-rod at sixty
miles per hour by 1 5 . 3 per cent. To allow for the 2 inches
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eccentricity the coupling-rod portion has to be of large dimensions.
The inside cylinders drive on the first axle, and a reasonable
The outside cylinders are
length of connecting-rod results.
fixed behind the inside, and about midway between the bogie
wheels; these drive on to the second axle. By this disposition
the steam and exhaust pipes can be kept within the smoke-box, thus
minimizing the additional condensation brought about by exposed
steam-pipes, and also obviating the increased back-pressure which
necessarily follows when the exhaust has to be led through long and
tortuous passages. Four cylinders, of a necessity, bring about steam
and exhaust pipe complications, but the author has been able to
dispose of this difficulty in an original may. The exhaust from the
inside cylinders is carried away between the cylinders to the front
leg of a breeches pipe, and the exhaust from the outside cylinders
passes through a duct cast in the smoke-box saddle-plate to the back
leg of this breeches pipe, this pipe being placed longitudinally in the
smoke-box, instead of crosswise, as is usually the case with twocylinder engines. This arrangement allows a ready access to the
tubes for the purpose of cleaning. The joint between the outside
cylinder exhaust and the saddle-plate is also of a novel character,
being formed by a ‘‘ making-up” piece slightiy taper, pressed and
held in position by two set-screws and a retaining plate. This mill
be better understood by referring to Figs. 72, 7 3 , and 74.
The pistons, piston-rods, crossheads, slide-blocks, slide-bars, and
slide-valves are all interchangeable. The last named are a new
departure in circular balanced valves, Figs. 75, 76, and 77.
The balanced ring is fitted with two piston-rings and terminates
with a small flange pressing against a rubbing plate, provided with
lugs at the sides to prevent any rocking action of the valve. Four
spiral springs are uscd for keeping up the balanced ring to the face
of the rubbing plate when tho engine is coasting. These valves up
to the present have given excellent results ; they have been examined
periodically, and have shown no signs of leakage. Any slight wear
on faces has been uniform. The standard J o y motion is used.
The crosshead between the valve-spindle and valve-rod is guided
between two bars with ample bearing surfaces. This crosshead is
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provided with a lug for attachment to the rocking lever for driving
the outside valves. The boiler has. been made of large proportions
to meet the demand of the four cylinders, and has been so disposed
that there is approximately the same weight upon each driving axlethe weights are thus obtained naturally and not by adjustment of
springs. Perfection in the design of this engine has been sacrificed
in order to obtain simplicity, and t o avoid interference with existing
workshop methods. Absolutely perfect balancing could have been
achieved without the aid of balance weights, if the angles of the
cranks, the disposition of the cylinders, and the weights of the
reciprocating parts had been arranged to neutralize amongst
themselves the reciprocating disturbing forces ; and then by
balancing the revolving masses, the variations of rail load, and
horizontal swaying couple, would have disappeared. The engine
would have then been perfectly balanced, except for a slight vertical
component produced by the obliquity of the connecting-rod. This
arrangement, known as the Yarrow-Schlick-T weedy system, introduces
complications from the fact that the disposition of the cranks involves
the use of an independent set of valve-gear for each cylinder. All
these refinements are extremely costly, and the author came to the
conclusion that the compromise arrived at was not only sound
commercially, but as near scientific perfection as common sense
dictated. A t the period when the author was considering this
question of balancing, his knowledge of marine practice caused him
to give the Yarrow-Schlick-Tweedy system some consideration. No
four-crank locomotive-engines have been built on this system in this
country ; the usual arrangement being to place the cranks a t right
angles. The reciprocating parts on the inside of the frames, moving
in an opposite direction to the outside, counteract each other, and the
engine is balanced so far as reciprocating parts are concerned,
except for a horizontal swaying couple, which is inconsiderable.
The crank-pins of this engine are arranged in pairs at about 180
degrees apart respectively, Figs. 78, 79, 80 (page 579). A slight
departure from this angle is caused by the inside and outside
cylinders having a slight inclination with each other for clearance
purposes ; the valve-spindle attachment to the crosshead, however,
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is provided with a fine adjustment to allow for correct valve-setting.
With the cranks set at 90 degrees apart round the circle, the
reciprocating massefi, if .equal, balance each other. The weights of
these reciprocating and revolving parts are as follows :-

TABLE 1.
Reciprocating Parts.

Connecting-rod, reciprocating portion

.

.

.

Piston-rod cotter and nut .

.

.

Piston-rod crossliead and pin

.

.

Piston and rings

.

.
.
.
.

.
.

.
.

Outside.

Inside.

lb.
251.75

180.8

156'5

156.5

105.5

104.5

Ib.

82.5

8245
~~

Outside.

Revolving Parts.

~

Inside.

Ib.

Ib.

.

187'0

252.2

.

438'8

433.0

Unbalanced portion of crank-sweeps, or crank.
bosses
. .
.
. .

.

109.0

513.0

.
.

115.3

57'0

258.0

-

Connecting-rod, revolving portion
Total weight of connecting-rod

Part of crank-pin

.

Part of coupling-rod

.
.
.

.
.
.

.

.

.
.

.

.

.

.

It will be observed that, with the exception of the connectingrods, the above reciprocating parts are equal, so that for all practical
purposes the reciprocating masses are balanced.
The revolving masses are balanced in the following manner :The inside revolving parts are balanced by prolonging the crankarms t o the opposite side of the axle to form a balance-weight,
Figs. 78, 79, 80 (page 579), and Fig. 90 (page 581), thus avoiding
loading of the axle with centrifugal force between the wheels, which
sets up a bending moment on the axle. The connecting-rod, which
partly revolves and partly reciprocates, cannot be perfectly balanced
by a rotating weight, but by dividing the masses of the rod between

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

JULY 1909.

HORWICH LOCOMOTIVES.

Crank AxLes.

Fig.90.
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the crank-pin and crosshead, as suggested by Professor Dalby in his
Balancing of Engines," the rod is perfectly balanced in the vertical
direction. The mass at the crank-pin was f o u n d from the expression

"

M2-F82BH,
M being the mass of the rod, BC and BH the respective
distances of the mass centre and the centre of percussion from the
small end, KB the length of the rod, the remainder of PII being placed
at the crosshead pin.
Particulars of the two connecting-rods are :-

-_
Centres

.

.

.

Outside.

Inside.

.

.

.

.

Centre of gravity from crosshead pin
Centre of percussion from ditto.

.

.

.

.
.
.

in.

in.

129

74

69.78

49

101.5

64.51

These connecting-rods are shown an Figs. 8 1 to 86 (page 579).
Balance-weights have also been placed in the leading and trailing
pairs of driving-wheels, opposite the crank-boss, Figs. 78, 79, 80
(page 579) ; the weights balanced in these wheels are :-

crank-pin

.

Portion of coupling-rod and crank-pin

144.9

137.4

The question of perfect balancing is extremely important. I n
two-cylinder engines the hammer-blow upon the rails sometimes
amounts to 25 per cent. of the static weight. By abolishing this
hammer-blow action, it is permissible to carry a heavier axle-load.
This arrangement of balancing reciprocating parts by opposite
reciprocating parts, and revolving weights by revolving weights, has
resulted in making this engine a very steady and smooth-running
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machine. A sectional elevation, and cross-sections of smoke-box and
fire-box are shown on Figs. 63 to 68, Plates 24, 25, and 26.*

DETAILS.
Boilers.--In the first boilers with round top fire-boxes, experience
proved that the tubes were placed too near the bottom and sides of
the barrels, as pitting soon developed, especially in the neighbourhood
of the smoke-box tube-plate. Subsequent boilers were built with
a fewer number of tubes, so as to give greater distance between the
tube and barrel, and more recently the distance between the tubes has
been increased from & inch to
inch. I n 1896 the Belpaire type
of fire-box was introduced into a number of shunting tank-engines.
This type of box had advantages in the way of increased steam- and
water-space, additional surface on the back plate for mountings,
and direct staying of the crown. A similar design, of suitable
proportions, was adopted for the l a r a engines. With these boilers
it was impossible to introduce the inside box from the bottom, and
Mr. Aspinall decided to pass it in from the back, and flange the back
plate outward, for convenience of riveting up by machine. This
method of flanging cured more than one evil, but resulted in setting
up severe stresses in the crown-shell along the line of rivet-holes
which join the back plate to the wrapper. There has also been much
grooving down each side of the plate along the waist. To relieve
the crown-plate of these stresses some engines have been fitted with
a row of flexible stays at the back end. The later boilers are now
being made with the back plate flanged inwards, the final operation
of riveting up this plate to the wrapper being done by hand. All
new fire-boxes of the larger classes since January, 1904, have had
wider water-spaces, which have resulted in increased mileage and
fewer repairs, paiticularly in the renewal of stays. The reduction of
grate surface, caused by increasing the spaces, has not interfered with
the steaming qualities of the engines.
I n the 10-wheeled passenger and coal engines the original boilers
had 239 tubes, 2 inches diameter, and the more recent boilers with
wide water-spaces have only 225 tubes. I n each top corner, a group

+&

*

See also page 643.

2 T
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of tubes, 15 in number, are reduced in diameter at the fire-box cnd to
minimize the fracturing between the tube-holes at these corners.
Copper and steel tubes are used, and their life, as in the case of
boilers, is influenced by several circumstances, but oves a, period of
8 years the average mileage works out as under :Copper, 1st period (new)
. . . . 110,000 milcs.

,,
,,

2nd
3rd

,,
,,

.

(stretched)
(pieced) .

.
.

.
.

.

Total

.

.

.

50,000
50,000

,,

,,

--

240,000

and subsequently 30 to 40 per cent. of those pieced are treated
so again.
Steel, 1st period (new)
,, 2nd ), (pieced)

.
.

.
.

.
.

70,000 to 50,000 miles.
30,000 to40,000 ,,

L i f e of Boilers.-It is difficult to make just comparisons. This
factor is influenced by many contingencies, such as pressure, constant
employment, severity of use, etc. The following Table may be of
interest :Remarks.

Boiler Pressure :Previous to year 1S55 the Boiler Pressures did not exceed 140 lb. per sq. inch

,,
,?

,,
,,

1899
,,
,,
3,
7,
160
1901
,
9,
175
Present practice 180 lb. per sq. inch.

9,

,>

,,

>>

Copper fire-boxes run from 150,000 to 275,000 miles, and copper
tube-plates last 32 to 7 years.
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I n all cases the life of the boiler is dependent upon the amount
of petching and renewals of wrapper and mouthpiece plates, and
restoring of tube, throat, and barrel plates.
Cylinders.-The inside cylinders of all engines are cast together
in one piece, with one steam-chest common to both, placed on the
top, and fitted with two steam-pipes. For the 18-inch cylinders the
exhaust is directed below the valve-faces to a central cavity. The
increased length of port employed on cylinders above 18 inches
diameter prevents the exhaust being carried away in this manner,
and so i t passes directly through the top of the valves, which are
of the Richardson balanced pattern. The unbalanced valves are of
phosphor-bronze, and for passenger-engines the same material is
used for balanced valves, with strips of cast-iron. A number of
goods-engines have balanced valves made entirely of cast-iron. The
cylinders and steam-chests are drained. Recently all cylinders have
been lagged with asbestos on the barrels and fronts, and in some
cases also on the backs. The slide-valves are lubricated by a sightfeed lubricator, which feeds into the regulator head.
Life of Cylinders.-Over a period of 20 years it is found that the
life of cylinders varies from 8 to 14 years. If they escape accident
their life is dependent upon the wear of the valve-faces.
The following two Tables give the average results of chemical
analysis, also foundry mixing of cylinder metal.
Foundry Mixing.

Chemical Analysis.

Per cent.

Combined Carbon
Graphitic Carbon
Silicon
.
Sulphur .
.
Phosphorus
.
Manganese
.

.

.
0.3
. 3'0 to 3.5
. 1'25t0l-6
. Under0.10

.

.

,,
,,

Goldendale .
Warner, No.5.
Clean Cylinder
Scrap

.
.

} .

.
.
.

L'wt.

. 7
. 7
.

6

1-0
0.S

I n regard to the tensile tests, sometimes these reach 14 tons per
square inch, but generdly, good cylindermetal mould be about
12 tons per square inch. Transverse tests are taken on bars 3 feet
21.2
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between centres, 2 inches deep and 1 inch wide, and give 28 cwt.
before fracture.
Cranlc-AzZes.-Thc crank-axles used on all engines built by this
company up to 1901 were of the soIid type without hoops, Fig. 87
(page 581). Tbe material was Siemens-Martin open-hearth steel,
having an ultimate tensile breaking load of 28 to 32 tons, with an
elongation of 25 per cent. on three inches, and the usual bend test.
Nearly all the flaws on these axles occurred on the inside of the
connecting-rod journal at the bottom of the radius, where it joins
the crank-web, due to the constant opening and closing of the
throws. The following diagram, Figs. 91, 92, and 93, and Table
below give the position and percentage of flaws :Fig. 91.

Diagram of Pmition o f f laws and Tab&of
Percentage of Failures of Solid Crank h k s , fmm 1891 t o

1909

These axles did very good service, averaging 250,000 miles
before being condemned. Having passed this mileage, axles
frequently attain a life of 600,000 to 700,000 miles. Standardization
and interchangeability caused the same type to be introduced in the
design of the 10-wheeled bogie passenger-engines, the 10-wheeled
radial tank-engines, and the 8-wheeled coal-engines, but the larger
diameter cylinders, increased boiler pressures, demand for higher
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speeds and heavier hauling capacity, soon proved that this axle was
inadequate to meet tho stress ; the built-up pattern therefore was
introduced in 1901, having the same dimensions in the bearings as
the solid type. This type has now been adopted as the standard
practice of the Lancashire and Yorkshire Railway Company.
The author thinks i t will be interesting to give his expericnce in
detail in regard to the design and manufacture of built-up cranks ; i t
may save some useless experimenting by members and others. The
first design, Fig. 88 (page 581), was made entirely of mild steel, solid
crank quality; the sweeps were made of figure 8 shape shrunk on
the connecting-rod journals, bearings, and middle part, being further
secured to the middle part and end portions by keys (14 inch by
1inch), rectangular section, and to the connecting-rod journals by
screwed plugs (14 inch diameter, 6 threads per inch).
The
shrinkage allowance was 0.009 inch, and the diameter of the holes
in the webs 8g inches. I n a considerable number of cases the results
were not satisfactory, as the tensile strength of the webs was unequal
to the strains placed upon them, and consequently thcy worked loose.
At the end of 1903 i t was decided to make the crank-webs of 0.35
carbon-steel, and straight, instead of the figure 8 shape. The
shrinkage was altered to 0.014 inch, and the holes in the
webs reduced to 8 i inches, thus giving a greater strength to
the webs round the crank-pin, Fig. 89 (page 581). These
changes effected a dccided improvement in one respect, as there
was a considerable reduction in the number of cranks working
loose at the webs. But a new difficulty developed: fractures were
found commencing at the keyways, and in several cases they
had extended a considerable length before being noticed. The
first attempt to prevent these fractures, towards the end of
1904, was to increase the radius at the centre of the axle
from 3 inch to 4fr inches, and also to put a small radius at the
bottom of the key-bed, the result being that there were no more
fractures in the centre; but as i t was not thought advisable to
reduce the surface of the centre bearing by extending the radius, the
trouble was still likely to occur at that particular part. The only
solution appeared to be the total elimination of the rectangular section
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keys. The first built-up crank-axle secured entirely with screwed
plugs was made in March, 1905, and at the same time the shrinkage
was increased to 0.018 inch. A short time previous to this change
taking place, a series of tests, to determine the tensile limits of the
crank-webs, was commenced ; several webs were prepared with special
pieces having a shrinkage allowance of from 0.010 inch to 0.016
inch. They were afterwards removed and records taken, which
demonstrated that the shop practice of allowing 0,016 inch was well
within the tensile limits of the webs. The next test, taken in
October, 1905, was an attempt to fracture the webs by an absurdly
high shrinkage allowance. The webs prepared had a shrinkage of
U.030 inch and 0.040 inch, and after being shrunk together, the
one with 0.040 inch was drilled and tapped at the usual position.
A special plug was driven in with extreme pressure and the web
struck with a large hammer. As no fracture occurred, the plug was
withdrawn, and the pieces pressed out. The records taken proved
that the elastic limit of the webs had now baen exceeded, as the webs
with 0.030 inch allowance required 318 tons each to move the
pieces, and those with 0.040 inch allowance took 298 tons.
230 cranks have been built by the present method, and sent into
service, and of these only two have been condemned. Briefly, it
may be stated that the mild-steel cranks were succeeded by those
made of 0.36 carbon-steel, the shape being altered from figure 8
shape to straight webs. Cranks with screwed plugs were introduced
in March, 1905. The shrinkage has increased from 0.009 inch to
0.018 inch, and the diameter of the hole i n the standard crank-webs
reduced from 88 inches to 8&inches. This shrinkage amounts to &
part of the diameter. The author does not propose to give the life of
condemned built-up cranks during the experimental stage, but the
subjoined Table 2 shows the average and maximum mileage of these
cranks in use on the heavier and more powerful engines at the
present time.
The heavier loads upon the axle-box journals of the 4-cylinder
passenger-engino have necessitated the adoption of a stronger crankaxle, but the same method of manufacture has been adhered to. The
webs, Fig. 90 (page 581), are extended to form balance-weights.
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Particulars of this balancing are given on pages 578-583. Heating
of journals or crank-pins must be spscially avoided in built-up
cranks.
Wear of Craaks.-The axle-box journals wear oval a t right
angles to the near web. This wear has never been found to exceed
-JT inch, and is not always on the same side. They also sometimes
wear taper, but this is rare, and not allowed to exceed & inch.
Connecting-rod journals also wesr oval, but never more than
& inch.
TABLE 2.
Diam.
of
Cylinders.

Class of
Engine.

10-wheeled)
bogie .j
10-wheeled

1

4 ft. 6 in.,
coal engine

.!

Diam.
of
Wheels

74-in. diam.
Journal.

8-in. diam.
Journal.

-

Boiler
Press.
Lverage

in.
19

ft. in.
7 3

Ib.
180

19

5 s

180

20

4 6

180

miles.

-

Maximum.
miles.

-

106,568 117,736

86,780

98,750

,verage
6
,
-

Maximum.

miles.
miles.
96,400 142,94

-

-

-

-

Straight AzZes.-The straight axles manufactured at Horwich
are of Siemens-Martin open-hearth steel, having an ultimate tensile
strength of 28 to 32 tons, with an elongation of 25 per cent. in
three inches, and to stand the usual percussion test. The life of
straight axles in the different classes of engines varies from 16 to
20 years, or from 250,000 to 500,000 miles.
Iron straight axles manufactured by the Lancashire and Yorkshire
Railway Company (previous to the manufacture of axles at Horwich),
Low Moor Iron Company, Monk Bridge Company, Taylor's, Brown,
Bailey and Dixon, had a life of from 18 t o 25 years. Steel straight
axles of Horwich make, Bolton Iron and Steel Company, Cammell’s,
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Vickers, the age was from 14 to 20 years. The life of tenderaxles ranged from 25 to 27 years ; steel bogie and steel radial axles
from 14 to 20 years. Straight axles do not give trouble. They
are not condemned on any age limit, but only when bent, or worn
below standard dimensions and for flaws. Straight engine-axles
are allowed to wear down 6 inch ;tender, 4 inch for light, and 2 inch
for heavy goods. Bogie axles of all classes are allowed to wear
& inch, and radial axles 6 inch. Straight engine-axles wear slightly

Fig. 94.

Fig 9 5

I

J

Gz

oval, never more than
inch. After 8 or 9 years they are usually
found to be wenring taper, but this is not allowed to exceed
& inch. The journals of radial and bogie axles wear oval and
occasionally taper ; the journals of the radial boxes wear outwards,
and the bogie journals inwards; all are turned up when -& inch
taper has developed.

WheeZs and Tyves.-The wheels of all engines are of cast steel.
Tgres rolled at Horwich nre manufactured of Siemens-Martin openhearth steel. For locomotive and tender tyres this material must
stand an ultimate breaking load of not less than 46 tons with a
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minimum of 20 per cent. elongation in three inches. The ultimhte
breaking load of carriage and wagon tyres is 35 tons, with 25 per
cent. elongation in three inches. Figs. 94 and 95 show the profile
and fastening of locomotive tyres.
Renewal of Tyres.-In the case of wheels up to 5 feet 8 inches
diameter, providing the tyres will turn up to 14-inch thickness
and are in sound condition, they are retained. For wheels over
this diameter the limit is 12 inches.
For the half-year ending
the 31st of December, 1908, out of 917 scrapped tyres, 674, or
734 per cent., were worn to the limit ; 123, or 13 per cent., scrapped
on account of slackness ; and 8 or 9 per cent. for thin flanges ; the
remainder for flaws, blow-holes, or wheel defects. Sone three or
four years ago, with wheels of the larger diameter, the minimum
tyre thickness allowed had to be increased, because a considerable
number of large tyres showed signs of slackness, thereby increasing
liability to fracture, lience the 12-inch minimum. At that time,
tyre material was generally 38 to 42 tons tensile, which has
gradually been raised from 42 to 48. This hardening of the
material, and in some ewes strengthening of the rims, where new
centres have been supplied, has been the chief step taken to prevent
tyres becoming slack. I n the 10-wheeled bogie passenger class,
which has the largest proportion of slack tyres, the main cause
of this tendency must be attributed to the comparatively weak
whee!-cent<re.
Practice re SIwinking.-Previous to November, 1908, the practice
with regard to shrinkage was not quite proportionate to the diameter.
Too much shrinkage was allowed in the case of small tyres, and
probably not eoough with large tyres. After some consideration,
the shrinkage was revised and now stands at &th of the wheelcentre diameter for all sizes.
Wear of Tyres.--Table 3 (page 593) represents the life and
reasons for scrapping a certain number of tyres.
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Diagram shewing War o f Tyres.
---Benotes Tyre wken nem --Denotes

Fig: 96.
Ez& Wheezed Passengp Engine.

ere when u~orn;-.-Benote3

Tyre after turnins.

Fig: 9%

Dn meeled Pusenger Eqnne.

Fig. 100.
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-98
90

66,201

100

M028

I07

5$635

\

14,009

17,000
132,402
2.500
80,942

7,004
14,711

9*'27Y
9J05

3,113

3,113

3 113

12.036
9,479
9,105

1%,03f?
-

16,570

9.479

3,502

8479

Y,J05

TABLE 3.
Average
Mileage.

Clnss.

Total
No. condemned
in 4 yrs.

Percentage
of Worn
Down.

Per
Cent.
Loose.

Per
ient. of iveragt
FhickThin
'langes. ness.

-

10-wheeled 1
bogie pass.

140,000

249

67

23

10

1.984

8-wh.ditto

227,500

144

30

56

14

1.953

10-wh. ra-1
dial tank J

148,650

2-1

80

-

20

1.875

8-wh. ditto

199,000

1,174

80

14

6

1.86

6-wh. ten-l
der goods)

170 ,000

1,700

S7

5

8

1.547

C o a l en-:
gines

.,

140,000

367

S76

la

3

1.5

P u g en-'
..
gines

56,000

126

99.2

-

0.8

1.3125

Radial tyrec

127,500

1,202

76

10

14

1.734

280,000

491

22

15

1.687

298,000

2,378

7

10

1.531

Bogie
Tender

,,
,,

822

83

---

Tank-engines of the shunting type, which work continually in
goods yards, wear their tyres faster than any other class. The
practice with coupled wbeels is to note that tyre which shows most
wear on tread or flange, and based upon that, turn up if possible, or
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TABLE 4 (continued on opposite page).
Statement showing nunlber of Springs repnired and average mileage
from July 1906 to December 1908.

- Class
of
Engine.

No.

T y

Of

Spring.

Cngines
~~

Titlth
of
lates

No.
of
late

-

-

Thivlruess
of
Plates.

Span.

-

ins.
8-whceled Radia
Tanks

270

laminated

4

14

1 plate
13 plates

Do.

270

do.

4

14

do.

Do.

270

elliptical

39

6

8-wheeled Radia
Tanks (Extendet
Smoke-box

20

laininatcd

4

14

1 plate
13 plates

D 0.

20

do.

4

14

do.

Do.

20

do.

48

12

8 in.
8 ,,

ft. ins

13 3
3 3

1 plate 3 in. 12 G
5 plates ,,

W ,,
3 ,,

l3
3

3

2 plates 2 in.
10
3 B. \:3 1
1 plate 8 in.
13 plates 3 ,, 13
))

10-wheeled
Radial Tanks

20

do.

4

14

Do.

20

do.

4

14

do.

3 3

8 in.

2 plates

Do.

20

do.

48

12

8-wheeled Bogie
Passenger

40

elliptical

39

14

), $ F. ;3 1
2 6
& in.

10-wheeled Bogic
Passenger

40

do.

34

14

7
16

6-wheeled
Coupled Goods

440

laminated

473

12

8-wheeled
Coupled Goods

138

do.

48

12

10

iu.

2 plates
10

3 in.

2

6

,, t ,,

l3

do.

3 1

-
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TABLE 4 (concluded from opposite page).
Statement showing number of ,!!prings repaired and average mileage
from July 1906 to December 1908.
No. of Springs
ftepltired per Year.
Load
on
Spring.

-.

dy/Of
to

IlY/O[
to
llp/Oi
__

ilverage
[ileage of
3prings.

ec./OE

in8 w t .

4

10
do.

5.10

488

436

202

32,370

leading radial

2

540

488

436

202

32,370

trailing radial

2

'driving and

6

18

L ,080

I ,446

L,394

640

20,739

! trailing

}

4

5'

0

40

43

27

17

31,548

leading radial

2

40

43

27

17

31,548

trailing radial

2

do.
6

3

80

132

112

43

19,107

(driving and)
trailing J

3

10

40

36

30

9

33,814

leading radial

2

5

10

40

43

35

9

31,123

trailing radial

2

7

2

120

182

149

68

17,006

6

1

160

261

256

117

21,676

6

6

160

261

256

117

20,202

5

12

2,520

2,360

2,360

1,090

23,972

5

6

1,104

730

921

-

275

25,341

(driving and)l
trailiug
{driving and]
trailing
{driving and)
trailing
leading,
trailing
leading,
driving,
intermediate
and trailing
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else renew the whole of the tyres. Sometimes a special tyre of full
or half section is substituted for the worn tyre. I t seems a h o f i t
impossible to arrive at any definite statement as to which particular
portion of the line most affects the wear of individual tyres. There
is, however, a good deal of evidence that engines running in a
particular district wear one radial tyre more than the other, and the
leading tyres occasionally become sharper than those on the coupled
wheels. I n turning up tyres it is important to leave a witness
mark. Figs. 96-103 (pages 592 and 593), give wear of tyres.
Axle-Boxes.-The driving and bogie axle-boxes are of phosphorbronze, cast with chambers on the top for oil and tallow. No
underfeed is employed, but recently, on the bogie boxes, the top
feed has been dispensed with, and the bottom sponge-box packed
with white waste soaked with oil. This method allows the bogies
to run for a considerable time without attention, but provision is
made for additional lubrication when necessary.
Springs.-All

bearin g-springs for driving-wheels are under-hung.

On the %wheeled radial tanks, %wheeled bogie passenger, and
10-wheeled bogie passenger-engines, the springs, for ease in changing,
are of the elliptical pattern introduced by Mr. Aspinall. For the
4-cylinder passenger-engine and the 10-wheeled radial tanks, also
tender, goods, and coal-engines, laminated springs are used. The
bogie springs are of the volute pattern, and radial springs are
laminatod and placed on the top of the axle-boxes. Elliptical springs
have also been introduced in a number of tenders. (See Table 4,
pages 594-595, for particulars of repaired springs.)
Bogies.-Previous
to the introduction of the 10-wheeled
“Atlantic” type of engine, the standard bogie mas of the cradle
pattern, Figs. 104-107 (page 597). The bearings are inside with
volute springs connected to the top of the axle-boxes by a crossbeam. The first engines of the “Atlantic” type were also fitted
with this bogie. Considerable rolling was experienced, and a sliding
pattern of bogie was tried with a single check-spring. This bogie
resulted in steadier riding engines, and is now adopted 8s standard.
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Radial AzItbx for
Tank En-.

Fig.115.
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With the advent of the 4-cylinder engine the wheel-base was
increased from 5 feet 6 inches to 6 feet 6 inches, Figs. 108, 109, and
110 (page 597). The standard design of bogie was adhered to, but
all the parts were strengthened, including the axles, on account of
the greater load.
Radial Axle-Boxes.-The standard radial axle-box used on tankengines, Figs. 111-115 (page 597), is of the design introduced by
the late Mr. Webb, and the side movement is controlled by a single
check-spring of the Timmis section.
The Paper is illustrated by Plates 12 to 26 and 58 Figs. in the
letterpress, and is accompanied by 3 Appendices with 5 Figs. in the
letterpress.

-

[ A supplementary Paper is in preparation by the author f o r an
early date, on COMPOUND~NG
AND SUPERHEATING
in Lancashire and
Yorkvhire Railway Locomotives.]

APPENDIX I.
CONDITIONS
OF SERVICE.
I t is important that some of the conditions under which a given
set of locomotives are designed and employed should be known;
consequently, the author gives in this Appendix an idea as to
gradients, obstructions, junctions, rolling stock required, character
of trains ncgotiated, and intensity of traffic, represented by miles
of line and quantity of rolling stock required.
The total mileage maintained by the Lancashire and Yorkshire
Railway Company is 585& divided as follows :Six or morelines

rivelines .
Four lines
Three lines
Doublelines
Single line

.

.
.
.

.
.

.

.
.
.

.
.

.

.
.
.

.
.

Total

.

.
.
.

.
.
.

.

.
.
.

.
.
.

Miles.

. 112

.
.
.

.
.
.

7%
64f
212
440%
392

5853
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A map of the railway is shown, Plate 12, and 337 miles of
gradients, Plate 13, and the following is a Table of gradients up
to 1 in 500 (Eoxton Junctiou to Preston, Maudlands Junction,
excepted) :Gradieots.
Underlin30
.
. .
1 in 30 aiid under 1 in 50
1 in 50
,,
1 in 75
1 in 75
,,
1 in 100
1 in100
,, 1 in 125 .
1 in 125
,,
1 in 150
.
1 in150
,,
1 in 175
1 in 175
,, 1 in200 .
1 in200
,,
1 in250
.
1 in 250
,,
1 i n 300
1 in300
,,
1 in400
1 in 400 and including 1 in 500 .

.

.

.
.

.
.
.

.

.
.

.
.

.

.
.
.

.
.

.
.
.

.

Total

..
.

.
.

.
.
.
.
.
.
.
.

Mlu. elms. yds.
1
5
7
12
1 19
49 22
3
61 17 10
54 33 17
36 52 14
38 15 16
21 16 4
41
3 20
28 55 20
56 61 12
29 21
6

. 428

67

16

Euxton Junction to Preston, Maudlands Junction :Gradients.
1 in 100antl uuder 1 in 125
.
1 in125
,,
1 in 150
.
1 in 150
,,
1 i i i 175
1 iu 200
,,
1 in250
1in 250
,, 1 in 300 .
1 in300
,,
1 in400
.
1 in 400andincluding 1 in 500 .

.
.
.

.
.

.

.
.

.

.

.
Signal boxes (L. and Y.)
,,
,, (Joint, maintained by L. and Y.)
Totals

.

.

.

.

Total number of tunnels
.
Total number of under and over bridges .
,,
,, ,, openings in same . .

.

.

.

.
. .
. .

Total

I

.
.

,

.

.

.

.

.
677
61

_. 538

Mls. chns. yds.
1
6 20
0 10
0
0
0
0
2
0

9

0

1G

0

72
5
67

0
21
- .-

~~

5

26

.

.
.

.
.

0

.

19

90
2,478
5,108

Ground frames
11

,,

58
2

60

2 n
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Fumber of block signal boxes betmeen :Liverpool and Wanohester
. .
RIanchesterandNormanton .
.
Manchester and Blackpool, via Bolton
Passenger stations’(L. aud Y.)
. . .
,>
,, (Joint, maintained by L. anti Y.)

.

Totals

.

.

.

.

.

.

.

.

68
102
107

Halts.

260
31

-_

3

,

291

.

.

.

16

2

IS

Junctions are frequent, and there are, from some of the
stations, rising gradients as severe as 1 in 50.
The traffic moving in and out of large stations is considerable,
as for instance at Victoria, Manchester, wherc 280 passenger trains
arrive, and 301 depart each day ; in addition to which, 6-2 passenger
trains and 80 goods trains pass through, but exclusive of specials
and empty trains.
The number of engine workings per day is divided as follows :Express passenger workings .
Slow
.
I,
9,
Passenger shunt engines
.
Express goods morkings
.
Slow
),
.
,,
All shunt workings
.
.

.
.

T(Jta1 .

.
.

.
.

106
273
21
163
341
199

.

.

.

.

.

.

.

.

.

.

.

.

.

.

. 1,103

Total stock :Locomotives
Carriages .
Wagons .

.
.

.
.

.
.

.
.

.
.

.
.

.

.

.

.

.

.

1,517
4,779
32,793

The following trains aro worthy of remark :Passenger :--2.10 p.m. Liverpool to Hull (Engine, Figs. 28 and
32, Plates 15 and 16).-This train is run in connection with the
Company’s steamers plying between Goole, Hull, and Zeebrugge,
and the other Continental ports. The train is formed of vestibule
corridor stock, and frequently comists of equal to 15 vehicles, or
375 tons behind the draw-bar. The connection from Preston and
East Laucashire district is attached at Brighouse, and a portion of
the train is detached at Wakefield, to be worked forward to York.
The train has five stops from Liverpool to Hull, and is run at an
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average speed on the total journey of 48.9 miles per hour. The
return traffic from Hull is worked by the 9.5 a.m. train, which
corresponds with the 2.10 p.m. from Liverpool. An engine that can
haul equal to 15 vehicles between Liverpool and Mauchester, 36 miles
1,653 yards, in 40 minutes, can do anything in this country.

10.55 a.m. Liverpool to Newcastle (Engine, Figs. 27 and 31,
Plates 15 and 16).-This train is worked by the Lancashire and
Yorkshire Railway Company between Liverpool and Pork. I t is
formed of vestibule corridor and dining-car stock, and is made up to
as much as equal to 11 vehicles, or 275 tons. The train has seven stops,
and the average speed for the total journey is 46.1 miles per hour.
The return train for this is the 12.42 p.m. from Newcastle, which
leaves Pork for Liverpool at 2.36 p.m. This train has four stops, and
the average speed for the journey is 48.9 miles per hour.
Leeds and Fleetwood Boat Trains (Engine, FigEi. 27 and 31,
Plates 15 and 16).-The 8.5 p.m. from Leeds to Fleetwood is run
in connection with the company’s steamers between Fleetwood and
Belfast. The train is formed of vestibule corridor and dining-car
stock, and is made up to as much as equal to 14 vehicles, or 350 tons.
The return traffic from Fleetwood is worked by B similar train
leaving Fleetwood at 5.55 a.m.
Blackpool and Manchester Service (Engine, Figs. 27 and 31
Plates 15 and 16).-The 8.10 a.m. from Blackpool to Manchester, with
the return from Manchester at 5.10 p.m., is an important express
train for business people residing in the Blackpool district. The
train is formed of vestibule corridor stock, and two special club
saloons, and is made up to as much as equal to 15 vehicles, or 375
tons. The first stop is at Lytham, and the speed between Manchester
and Lytham is 45 miles per hour. The 7.13 a.m. from Blackpool
Central and the 5.55 p.m. from Manchester are similar trains to the
above, and are composed of vestibule corridor stock, and made up to
as much as equal t o 143 vehicles, or 362 tons. The average speed
between Manchester and Lytham is 44.1 miles per hour.
2 v 2
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Southport and Nanchester Service (Engine, Figs. 28 and 32,
Plates 15 and IS).- The 8.10 a.m. Southport to Manchester, and the
5 .O p.m. back, are important business trains for residents in Southport
district. The trains are composed of vestibule corridor stock, and
are made up to as much as equal to 13h vehicles each, or 337 tons.
The average speed for the total journey is 47.1 miles per hour, and
43.7 miles per hour on the return. The 8.30 a.m. Southport to
Manchester and the 5.40 p.m. back are similar trains to the above,
the speed being 47.1 miles and 43.7 miles respectively.
Blackpool and Colne Service (Engine, Figs. 25 and 549, Plates 15
and 16). The 7.40 a.m. Blackpool to Colne is an important express
train for residents in the Blackpool district who have business in
the East Lancashire district. The train is composed of 8 ordinary
bogie stock, equal to 200 tons, and 4 bogie carriages are slipped at
Blackburn. After leaving Lytham the first stop is at Rose Grove,
a distance of 36 miles 215 yards, which diRtance is run at an average
speed of 42 * 1miles per hour.
Goods Trains :-11.30
a.m. North Docks t o Salford, and 2 . 0 p.m.
Salford to Liverpool.--These trains are worked by coal engines
(Figs. 51 and 55, Plates 2 1 and 22), and run from Aintree to Salford
and back, a distance of 374 miles, in each direction. On the return
journey from Salford the load is limited to 350 tons, which is equal
to 43 loaded wagons of goods, to enable the train to be run from
Hindley Junction to Aintree sorting sidings, at an average speed of
34 miles per hour. This includes travelling up the bank of 1 in 91
from Westwood to Orrell West. With 4-cylinder engines 6-wheel
coupled (Figs. 28 and 32, Plates 15 and IS), with loads of 50 wagons,
equal to 400 tons, much higher speeds have been attained, an average
speed of over 40 miles per hour having been run, and for a distance
of 6 miles 60 miles per hour. The goods, which are brought in
from the Manchester market the same morning, are loaded in the
Salford Yard up to a few minutes before the departure of the train,
and the quick transit to Liverpool is to enable them to bo shipped
on vessels leaving Liverpool the same day.
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10.40 p.m. Hull to Moston (Manchester).-This train is worked by
a coal engine (Figs. 51 and 55, Plates 2 1 and 22), and conveys traffic
from Hull and Goole, and also exchange traffic for the Hull and
Barnsley line. It is classified to work a load of 800 tons, equal to
100 loaded goods wagons, from Hull to Hebden Bridge, and 745 tons
from the latter point to destination. T h e train is frequently loaded
up to its maximum of 120 wagons, and its booked speed throughout
the journey averages 22 miles per hour. The train makes four traffic
stops throughout its journey of 95 miles.
8.40 p.m. Aintres to Horbury.-This train is worked by a coal
engine (Figs. 51 and 55, Plates 21 and 22), and conveys important
traffic from Liverpool for stations beyond Wakefield and North
Eastern line, York and Newcastle districts. I t is booked to run
from Aintree to Horbury without a stop, a distance of 71 miles, with
a classified load of 400 tons, or equal to 50 loaded goods wagons, at
a booked average speed of 23b miles an hour, and has to be hauled
up gradients of 1 in 85 and 1 in 97. Great importance is attached
to the prompt running of the train, and a good path is invariably
provided.
10.45 p.m. Goole to Liverpool.-This train is worked by a coal
engine (Figs. 51 and 55, Plates 21 and 22), and conveys Continental
traffic loaded a t the ports of Hull and Goole, which is consigned to
Manchester and Liverpool and surrounding districts. From Goole
to Liverpool, a distance of 102 miles, the train has one booked stop,
aud travels at an average speed of 23 miles per hour, with a load of
800 tons, equal to 100 wagons of goods, from Goole to Brighouse. a
distance of 4 1 miles, afterwards running the remaining 6 1 miles
without a stop, with a load of 745 tons, equal to 93 wagons of goods.
The greater portion of tho distance travelled is on the ascending
gradient.
10.20 p.m. Salford to Hull.-This
train is worked by a coal
engine (Figs. 6 1 and 55, Plates 21 and 22), and conveys traffic from
Salford and Manchester for Goole, Hull, Doncaster, and the Hull

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

TABLE Ei.-Summary
Passenger
or Goods.

Passenger.

99

9,

,,

Goods.

Train.

2.10 p.m. Liverpool to Hull

Load behind
draw-bar.

Average Speed.

Tons.

M.P.H.

375

10.55 a.m. Liverpool to Newcastle

375

55.4 Liverpool to Manchester;
48.9 tlironghout
16'1

12.42 p.m. Newcastle to Liverpool

275

48.9

8 . 5 p.m. Leeda to Fleetwood

350

-

8.10 a.m. Blackpool to Manchester

3i5

95.0

8.10 a.m. Southport to Manchester

337

47'1

7.40 a m. Blackpool t o Colne

200

42'1

2.10 p.m. Salford to North Dooks

350

31.0

800

22'0

400

23.5

10.40 p.m. Hull to Moston
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8.40 p.m. Aintree to Horburg

M
G

TABLE 6.-Load8
Coal Engines.

6-Wheeled Goods.

Figs. 51 and 55, Plates 21 and 22.

Figs. 44 and 49, Plates 19 and 20

Section
of
Road
On

Plate 13,

Hauled by Goods-Engines over Various Sections.

Through
Load.

Local Goods vary according to
grade.

From

-

Through
Load.

Local Goods vary acc
grade.

From

To
~~~

Fig.

Tons.

3

429

Tons.
429

Tons.
1000

Tous.
267

Toils.
267

4

790

790

1000

475

475

5

440

440

956

275

275

6

509

509

737

319

319

7

341

34 I

1000

210

210
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and Barnsley line. I t is booked to run from Miles Platting
(Manchester) to Pontefract, a distance of 55 miles, without a stop,
and conveys loads up to the maximum of 120 wagons, at a booked
average speed of 23 miles per hour. Throughout the journey from
Salford to Hull, a distance of 100 miles, there are four traffic stops.
The connectional traffic conveyed by this train is very important.
10.55 p.m. Aintree S.S. to Lee&.-This
train is worked by a coal
engine (Figs. 5 1 and 55, Plates 21 and 22), and conveys fruit and
other important market goods for the Halifax, Bradford, and Leeds
markets. To Leeds is a distance of SO miles, aud the first stop for
traffic purposes is a t Halifax, 638 miles ; a stop, however, is made
at Accrington for examination purposes. A through load of 575
tons, equal to 7 2 loaded wagons of goods, which is based on the
rising gradient of 1 in 100, from Bamber Bridge to Hoghton, is
conveyed by this train, and, as a good path is kept, a prompt arrival
at Halifax and Lee i s is regularly maintained.

APPENDIX 11.

WEARAND TEAROF BOILERS.
This may be divided under two headings, namely, Grooving and
Cracking, by reaeon of expansion and contraction ; and Pitting,
brought about by deposits which are carried in solution and
suspension in the water.
The pitting at the smoke-box end
is produced by chemical reactions going on in the mud which is
deposited, and pitting round the stays and sides of wrapper plates,
probably by chemical and electrical actions. The diagram (page 607)
shows the pitting and grooving of boilers and fire-boxes. So
serious, a few years ago, wag pitting i n the bottoms of boilerbarrels that the author decided to carry out a number of experiments
with a view to eliminating the same. For example, cementing the
bottoms of the barrels, using nickel-steel plates, inserting steel and
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TABLE 7.

I

I

I

I

Side of Bairel.

Bottom of Barrel.

Substance.
Centre
plate.

Fire-box
plate.

Smoke-box
plate.

Centre
plate.

Fire-box
plate.

Per ceiit.
4.5

Per cent.
6.0

Per cent,.
21.6

Per cent.
19'1

Per cent.
18.6

Oxides of iron and alumina .

60.0

26.5

9.9

21.9

6-9

.

5'8

48.8

1.9

4.8

2.2

.

18.3

4.2

21'5

15'3

10.7

-

-

29.9

10.1

3i.1

5.6

7'4

-

Smoke-box
plate.
~

Silica

.

.

Sulphate of lime
Carbonateoflime

Per cent.

.
.
.

.

Lime, other than carbonate
or sulphate, calculated as
. . .
hydrate .
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Hydrate of magnesia
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12.5

I

26.0

21.1
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copper tubes mixed, and also suspending zinc blocks, but without
any material improvement. Subsequently, he then selected a
number of boilers, and lined the barrel-bottoms with thin Low Moor
iron sheeting, also old copper plates and lead sheeting. I u three
years the Low Noor iron sheeting was completely eaten through,
and when examined resembled a riddle. The old copper plate, of
cour~e,remained intact, but the lead sheeting in twelve months’ time
had entirely disappeared. Before this disappearance, however,
complaints were made to the author that the gauge-glasses were
being coated with a white film, which obscured the water-levels, and
upon scraping sufficient from the inside of the gauge-glasses, in order
to make a qualitative analysis, it was discovered to be lead carbonate.
The author was induced to try lead on account of bis knowledge of
its acid-resisting properties ; as traces of acid had been found in some
of the waters used, he did not anticipate that carbonic-acid gas would
be generated in the bottoms of the boiler-barrels to such an extent as
to combine with the whole of the lead. From this discovery, a cycle
of chemical reactions was formulated, and recognised as a reasonable
explanation of the immense amount of pitting that goes on in
locomotive and other boiler-barrels. Table 7 gives the analysis of
deposit from six different positions of the boiler-barrel.

Pririiing.-To ascertain the real cause of priming, the author has
carried out investigations which may be of interest.
Observations were made on several boilers of different designs,
when it was found that design had little effect on priming, and that
the real cause (provided that care was exercised in handling the
engine, and the water-level in boiler not exceeded) depended on the
quality and quantity of water evaporated.
A chemical analysis of two waters experimented upon is given
overleaf :-
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Carbonate oflime
.
Carbonate of magnesia

.
.

.
.

.

Oxides of iron and alumina

.

.

.

.
.

.
.

’.

.
.

.

Scale-forming matter

.

Sodium chloride
Total dissolved solids

.

.

.

.
.
.

Sulphate of magnesia.

Sulphate oflime

1909.

Grains per gallon.
No. 1.
No. 2.

.
.
.
.

.
.

JULY

.
.

.

.

.

.
.

4.9

3-S

0.5
3.7
2.5
0.1

0.5
3.2
2.0
nil

-

-

-_

11.7

9.5

5.7
28.0

2.8
16.0

--

a

I t will be noticed that, so far as scale-forming matter is concerned,
there is not a great variation i n the two waters, but No. 1 cagsedpriniing much sooner than No. 2. The boiler fed by the former
primed badly at the end of four days’ work, whereas with the latter,
the engine ran six days before priming occurred. I n both cases the
daily evaporation was much the same. Seeing that priming occurred
much sooner in the case of No. 1 than No. 2, and that the proportion
of scale-forming matter was nearly the same in the two waters, the
conclusions drawn were, that these scale-forming constituents did not
produce priming.
The subject was next investigated in the light of salts other than
scale-forming. These are best described as soda (or soluble salts),
the predominating constituent being the sulphate.
I n order to
ascertain to what extent these particular salts influenced priming,
very accurate measurements were made of the water collected and
evaporated. It was also analysed for the quantity of solids carried
into the boiler.
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TABLE 8.
Showing the Gradual Concentration of Soluble Salts up t o tlte
Point (fPriming.
Urrtiiia of Soluble
Salts per Gallon

1

lut

I

Remarks.

Boiler.

46

2nd

117

3rd

164

4th

210

No priming.

After 4th day boiler washed out to prevent priming.

1st

127

No priming.

2nd

194

11

3rd

269

Primed badly.

1st

184

No priming.

2nd

266

Primed badly.

,I

1st

132

No priming.

79

2nd

230

Prinied 1)iidly.

Radial Passenger Tank.

-

APPENDIX 111.
SMOKE-BOXES,

BRICEARCHES,AND

Am-PANS.

The success of an engine entirely depends upon the boiler, and
the excellence of the latter turns on the subject of this Appendix.
The primary function of the smoke-box and its equipment is the
prodtiction of draught, to buru economically the fuel at a proper rate,
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and at the same time, to maintain satisfactory steaming when
working under all conditions of service. These qualifications are
dependent largely upon proper proportions ; the location and
diameter of blast-pipe nozzle; its relation to chimney and tubes,
and height and diameter of chimney. Blast-pipes require to have an
orifice sufficiently large to prevent back pressure in cylinders, and
at the same time small enough to produce efficient draught. A
proper disposition of the blast-pipe orifice, in its relation vertically
to the chimney top, together with its right height from the boiler
centre line and a correctly proportioned chimney, will enable the
orifice to be increased in diameter.
I t must be remembered that an enormous amount of air entors the
fire-box, and is immediately expanded six to eight times by rise of
temperature, and upon arrival at the smoke-box and exit from the
chimney, it is two or three times its original volume; and as the
office of the smoke-box equipment is to deal effectually with this air,
which is a variable quantity, 8 combination must be discovered for
each class of engine, which will produce the best all-round efficiency.
With a view of arriving at some conclusions on this question, the
author has from time to time carried out experiments on certain
classes of engines, with the following results :-

Long versus Short Smoke-Boxes.-To ascertain the value of long
and short smoke-boxes observations were taken on two radial
passenger tank-engines, Figs. 33 and 34, Plate 17. Particulm are
given in Table 9.
TABLE 9.-Long

cub.in.

v. Short Smoke-Boxes.

sq. in.
388.7
388.7

1 1 i: 1 :::::
sq. ft.
18.75

8 9 . in.
865.25

18.75 1919.6
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Both engines were equipped with identically the same blast-pipe,
chimney and hood, but the smoke-box of Fig. 34, Plate 17, had a
capacity 11 per cent. greater than Fig. 33. The smoke-box
arrangements of the two engines are shown by the following
diagram :Vacziurn in Smoke-Boz Tests.

Short Box.

Long Box.

nchester and Aoltoii.

Vacuum readings were observed at points A, B, C, through pipes
projecting into the smoke-box to the vertical centre line of the
engine ; the outer end of each pipe was connected by rubber tubing
with one leg of a manometer, or ‘‘ U ” shaped glass tube, partially
filled with coloured water, and the Table above gives a summary of
the results.
In perusing this Table i t will be noticed that the vacua are
even, all over the tube-plate, indicating that the position of blastnozzle, hood, and chimney, appeared to be about right. With the
extended smoke-box, a higher vacuum is recorded at C than at A and
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B, which tends to prove that the long box serves as a reservoir, thus
assisting the maintenance of draught between each exhaust, and 80
modifying the intermittent character of the blast. This is verified
by the action in the glass tubes. With the extended smoke-box
the water remains quite steady, and only moves when the steam
discharge up the chimney is altered; whereas with the short box
the water is in a constant state of agitation, rising and falling with
each exhaust. The vacuum in both smoke-boxes was about normal
for the cut-offs of 39 and 51 per cent. respectively, but steam pressure
WRS better maintained in the extended smoke-box engine.

Experimenfs to determine theHeights and Lengths of Hood and BlastPipe i n relation to Tubes.- A series of experiments were conducted on
one of the radial passenger tank-engines with extended smoke-box,
Fig. 34,Plate 17. Five different arrangements (page 615) were tested
as follows :A. Blast-pipe I' 24" below horizontal centre line of boiler ; hood 1' 11%' long.
B.
,,
1' 22"
,,
hood 1' 5;fi,"long.
c.
,,
l'Z$'
,,
without hood.
u.
,,
0'24"
,9
>,
E.
9,
0' !3&"
,,
hood 1' 5$' 1oIlg.

On the first four tests the loads were the same, namely, 160 tons
behind the draw-bar, but on test E the train hauled was 200 tons.
The same chimney was used on all trials, namely, 124 inches
diameter choke, tapered, and increasing 1.4 inch per foot towards
the top, length 2 feet 4$ inches. The blast-nozzle was 42 inches
diameter in all cases. Diagrams, letters A to E, show the different
arrangements tried, and the Table underneath gives the summary
of results. The best conditions were obtained from test E
arrangement, as regards the highest vacuum, and least variation in
the intensity of draught at the top and bottom row of tubes. Test C
was also very satisfactory, considering the low vacuum maintained.
This, however, is accounted for by the fact of the weather being calm
on that occasion, enabling the engine to be operated at an earlier
cut-off, and with less demand on the boiler.
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Position of centre Line of B l a s t - P b e in respect to Smoke-box
Tube-plate.-To ascertain the best position of the blast-pipe i n its
relation to the tube-plate, a number of experiments were carried out.
The diagram (page 617) shows the arrangement of the apparatus, and
the Table underneath gives the results of the tests.
The tcsts mere made under similar conditions in regard to route
and load. The reversing lever was moved at the same places on the
route, and vacuum readings taken accordingly. T h e weather W E ~ S
similar on all runs, and the same driver and fireman operated the
engine. The Table shows that No. 2 test gives the best results as
regards even draught; 60 it may be concluded that the blast-pipe
placed nearly midway between the door and tube-plate, commends
itself'.
The vacuum readings and smoke-box temperatures seem
to be high, but this must be expected, owing to the class of work.
Taking the four results, the moving of the blast-pipe further from
the tube-plate has no very serious effect on the steaming of the
engine ; and if convenience is a consideration in desiguing smoke-box
details, then the blast-pipe may be removed without serious
consequenceB.
Results of Experiments on 4-Cylinder Passenger Engine (Fig. 28,
Plate 15).-This engine when first put into service had a 5-inch
diameter blast-nozzle standing 8 inches below the centre line of
boiler. The chimney was only l2h inches diameter at the choke, and
had an extension in the smoke-box of 15 inches. This extension
carried a hood 1 foot 6 inches long. Further particulars are given
below :Length of smoke-box
. .
Capacity of smoke-box
.
Number of tubes
. . .
Length of tubes
.
.
Area through tubes
Grate area
. .
Air-space through grate .
Percentage of air-space .
Area through ash-pan, door open
R h i m u m area of ash-pan opesing

.

.

.
.

.
.

.
.
.

.
.

.

.
.

.
I

.

.

. 6s inches.

.

249,000 cubic inches.

. 235.

.
.
.

.

.
.

.

15 feet.
56'4.0 square inches.
27'0 square feet.
9.47 I ,
,)
35.
394.0 square inches.
63.0 square inches.
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On the first trial i t was evident that the nozzle was too small,
and it was decided to open i t out to 5% inches. This step, however,
at first had a detrimental effect on the steaming, until the author
tried a chimney of a different design. He retained the same pattern,
but cut down the extension portion, to penetrate into the smoke-box
2 inches only, which increased the choke to 134 inches diameter. He
also belled out the entrance to 18 inches diameter. I t was apparent
at once that this form of chimney, although not quite satisfactory,
improved the steaming ; therefore further investigations were
conducted on the best height of nozzle, and eventually i t was found
to be about 4 inches below centre line of boiler. During these
experiments, complaints were frequent that the fire burnt dead at
Ash-pan nnd Fire-bar Arrangementf o r 4-Cyliixder Passenger-Engine,

the back end of the fire-box, and conclusions were drawn that this
was due to the restricted air-space opening in the ash-pan, where it
is narrowed down in depth to clear the trailing axle. The author
next decided to give additional air-supply to the back end of grate.
He therefore connected the front and back portions of the ash-pan by
an air-duct shown on the foregoing page. This addition increased
the air-supply opening over 300 per cent., and has proved very
beneficial in promoting combustion.
A further experiment has recently been made with a larger blastpipe and chimney. The blast-pipe is cast with a bridge, so that
the exhaust from the inside and outside cylinders is led away
independently, and does not meet until near the top of the nozzle.
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The nozzle is 6 inches diameter, and the chimney choke 16 inches,
the same design of chimney with short extension being adhered to.
At first this combination was not successful, but after several trials
with varied heights of blast-pipes, a position was discovered (vie.,
6 inches below centre line of boiler) which produced an excellent
steaming engine.
These experiments go to prove the importance of ascertaining the
correct positions and proportions of blast-pipes and chimneys ; for
here is a case of an engine which would not steam with a 53-inch
blast-pipe, but which eventually, after numerous experiments,
steamed well with a 6-inch nozzle. Attempts have been made in
America to standardize front ends, with some amount of success ; but
i t appears to the author that each new design of locomotive demands
some experimental work, in order to arrive at the best steaming
position of blast-pipe, diameter of chimney, etc.
Smoke-box Doors.-These are much larger than ten years ago.
They cannot be kept perfectly tight by the single crossbar and
central bolt arrangement, and a number of dogs pitched equally
round the periphery of the door is essential. The wear and tear of
smoke-boxes has increased of late years, particularly that class with
the sides fastened to the main frames of the engine. The round
smoke-box, supported on a cast-iron saddle, has much to recommend
it. The author has adopted this design on several tank-engines, and
also on the 4-cylinder passenger-engine. This latter smoke-box has
been clothed with asbestos and a thin clothing sheet, for the purpose
of reducing cost of maintenance.

Brick Arches.-All engines are fitted with brick arches. These
extend from the tube-plate to about half the length of the fire-box.
The rake of the arch is governed to some extent by the position of
the fire-hole above the grate. When this distance is small and the
fire-box long it is necessary to incline the arch, so that there is no
chance of throwing the fuel upon it. With the fire-boxes which have
horizontal grates the arch slopes upwards, pointing to the top side
of the 'fire-hole. In the 4-cylinder engine the slope points to the
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top corner of the back plate. The function of the arch is to assist
combustion by maintaining a high temperature, and to direct the
gaRes round the fire-box, especially so that they impinge against the
top and back plates. The fire-hole deflector is used to prevent the
air passing direct to the tubes.
Ash-pans.-All
ash-pans are made of ample dimensions, so that
the accumulated ashes do not hinder air-supply. The damper doors
open as wide as possible to allow a maximum air-supply, and for
convenience of raking. The bottom is made to retain water for
quenching the ashes, a small pipe b e b g connected to the injector
feed-pipe, and led to the ash-pan for that purpose. The damper doorhandles are fixed on the fireman’s side of the engine, and have a
screw arrangement for adjusting the amount of air, and for closing
the door practically air-tight.
There is ample room for discussion and experiment on the
subject of this Appendix. I t is remarkable what a small amount of
information is available.

Discwsion.
The PRESIDENT,
before inviting discussion on the Paper, asked
the members to pass a hearty vote of thanks to the author for the
great trouble he had taken in preparing it.
The author had
referred to the faot that he had written a second Paper dealing
with results, which would be read during the next session ; he (the
President) therefore asked the members to remember, when they
came to discuss the second Paper, that they should do so with the
present one in their hands, so that they might know that the results
given in the second Paper applied to the locomotives which were
referred to in the Paper about to be discussed.
The vote of thanks was then put, and carried by acclamation.
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Mr. JOSEPE
ADAMSON,
in opening the discussion, said he was
particularly interested in that part of the Paper which dealt with
the boiler with the corrugated fire-box used in the goods locomotive.
It appeared from the author’s statement that some trouble had
been experienced from the bulging or collapsing of the flue in
the neighbourhood of the bridge. That was not an uncommon
experience. H e was sure marine engineers would agree that
the Scotch boiler had that trouble more or less. If the author
would take care that there was a rapid circulation round that
particular part of the boiler, he would get rid of his trouble so far
as the collapsing and the corrosion were concerned. Round the
bottom of the furnace in the neighbourbood of the bridge there
appeared to be in boilers with bad circulation an accumulation of
gas formed, or the water lay dead round the part immediately
underneath the bridge, and that led to the troubles referred to.
He assured the author that, in every type of locomotive boiler i n
which the water was allowed to become stagnant, if he used forced
circulation, much better results would be obtained, both i n
evaporative duty and in economy. Experiments had been made
during the last twelve or eighteen months at his own works on a
boiler, about which he hoped the members would hear something
shortly, which confirmed that view.

Mr. GEORGECAWLEY
said the only point to which he wished to
direct attention was one raised by Mr. Adamson, namely, the lack
of proper circulation of the water in many forms of steam-boilers.
A few years ago he made some experiments on the circulation of
water in boilers, and for that purpose used small model boilers of
the most common types fitted with glass tubes. Some lycopodium
or rape seed was added to the boiler water, and by this means the
direction and velocity of flow could be easily obeerved. The
object of the experiments was to observe the effect of establishing
a special communication, i n the shape of pipes, between various
The advantage of such pipes, as a
parts of the boiler.
permanent feature of the boiler, was made very apparent by the
experiments.
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In the case of locomotive boilers the results obtained were
specially striking, and greater than he had expected. At the time
these experiments were made he had the opportunity of carrying out
tests on full-sized locomotive boilers, fitted with pipes connecting
the bottom of the boiler-barrel at the smoke-box end with the lower
part of the fire-box shell. In one of the circulating pipes was fitted
a gun-metal casing containing a nest of glass gauge-tubeo, through
which the rate and direction of flow could be observed. I t was
shown by these experiments that, when the locomotive boiler was
i n ordinarily active work, it would be easily possible to get an
automatic circulation equal to a half-ton of water per minute
around the fire-box sides.
E e concluded that where such an arrangement could be
practically applied, the circulation obtained would be of great
advantage, both to the economy of the locomotive boiler and to the
life of the fire-box generally. His experiments with the Lamashire
and other types of boilers showed that circulation could be greatly
improved by simple special arrangements at a very small initial
cost. He entirely agreed with Mr. Adamson that many boilers
would give much better and more economical service if the question
of circulation were properly and efficiently carried out, and felt
that the question of the circulation of water in boilers was still a
somewhat neglected subject.

Nr. THOMAS
P. REAY,Member of Council, said he was pleased
to notice that the author’s experience of the Joy gear had been so
satisfactory. H e wished to impress upon the members that the
remarks he intended to make were in the capacity of a builder of
engines and not as a user of them, and sometimes as such received
painful information from the users of the engines as to the work
they performed. With regard to the circulation of the water in the
boiler, the author has presented to the Institution information of
considerable value, and there could be no doubt it was the want of
this circulation in the bottom of the fire-box of the corrugated form
that caused the trouble in the roof portion.
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H e did not know if any member had had thy etperience with a
type of boiler called the Brotan,” which had been introduced on
railways in Austria apparently with satisfactory results. I t was
composed of a rectangular box at the bottom, with nearly vertical
tubes passing into a circular chamber at the top, which formed also a
steam-receiver. From the bottom of the barrel of the boiler to the
rectangular chamber there were two or three large tubes introduced,
which seemed to give a very large area for circulation. The
circulation in the semi-vertical tube was very rapid indeed, and,
unless the bottom of the fire-box was fed with fresh water from some
other part of the boiler, rapid deterioration would take place.
His firm had thought sufficient of the boiler to give it a trial under
difficult conditions, the results of which, if they proved satisfactory,
he would be glad if the members would accept as the introduction of
quite a new design of boiler for locomotive work.
He thought there could be no doubt that the author was quite
right in the statement he made that the four-cylinder engine must
give better results than any two-cylinder arrangement which could
be designed. The crank or the path of the wheel could be divided
up into four ; light working parts, especially the reciprocating and
revolving parts were obtained, and they very nearly, if not entirely,
balanced each other. He would like the author to mention in his
reply whether he had tried any blast-pipe tops with an annulus,
which had been used by his firm in some difficult cases with marked
success. I t was necessary that some experiments should be made
with regard to the diameter and the position of the blast-pipe from
the base of the chimney that might be adopted.
The cylinders mentioned in the Paper seemed to give a fair
mileage, but he would be glad to know whether they were on the soft
side, and whether any trouble was experienced with cracking. I n
the life of crank-axles he thought there were two or three things
which engineers were liable to overlook at the present time,
especially some of the members who had been connected with
locomotives for some years. At the present time the strain on
crank-axles was much more severe than it was formerly ; they were
subject to hcavier weights, higher speeds, and a larger number of
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applications of a powerful brake, and strain due to higher steampressure.
He thought that some of the crank-axle failures
referred to i n the Paper, especially those with straight and not very
wide webs, were due to that fact. He desired to ask the author
whether he turned his built-up crank-axles in the lathe after they were
put together. With regard to the wear of the tyres, he noticed that
the corner of the web mas always made of rather small radius, and
the rail head made i t shorter. Why should not the radius of the
corner be made sharp to begin with, seeing that it was running under
that condition for the majority of its life ?
He desired to mention an experience of Messrs. Kitson’s in
connection with priming. The boilers were 4 feet 4 inches with the
fire-box 10 inches above the centre, leaving a very small amount
of surface for giving off the steam and a very small space for
containing it. In the working of the engines great difficulty was
experienced with regard to priming. A 5-foot boiler barrel was put
in, still keeping the same flue area and heating surface ; the top of
the box was lowered to 3 inches above the centre, and that made a
very considerable difference. The large amount of surface and the
small depth in which to give off the steam did not cause such a
rush of the particles of steam ; and a large boiler capacity for the
cylinders to take it away made a great improvement in the engines,
which were then found to be quite free from priming and worked
with a marked reduction in fuel consumed.
Mr. T. HURRYRIUHES, Past-President, said the author’s
interesting Paper dealt with a locomotive from start to finish, and
it was extremely difficult for an old locomotive man to attempt to
criticize it at all fairly without taking a long time to do SO. He
thought the younger members of the Institution, particularly, ought
to appreciate this very complete and most useful Paper. As Nr.
Hughes had stated, he had given the result of a large amount of
practical experience-experience
which it was not within the
possibilities of a large percentage of the members to acquire, but it
was information which was of vital importance to them, and ought
to save them years of worry.
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With regard to the question of corrosion in boilers, he agreed
generally with those who had already taken part in the discussion.
There was, however, one point that had not been mentioned in the
Paper, namely, the necessity of taking as far as possible all the
impurities out of the water before it was put into the boiler. That,
in his opinion, was one of the greatest desiderata with which the
engineer had to deal.
Another important point related to the necessity of having large
spaces between the internal and external fire-box for the circulation
of steam and water, and it was also most essential that the tubes
should be spaced as far apart as possible. He remembered trying a
very long time ago, the experiment of using the same number of
tubes, but of a smaller diameter, and spacing them $ inch farther
apart, and by that device they had overcome a great many of the
difficulties to which they had formerly been subjected on the Taff
Vale Railway. First of all the trouble in respect of priming
disappeared, and the corrosion was enormously decreased. H e
thought that pointed in one direction, namely, that engineers should
give the largest possible free room for the circulation of water and
of steam, wherever it was practicable, so as to avoid bringing into
close contact the steam with the heating surfaces of the tubefi or firebox. The question of corrosion was one which pointed to the
necessity of having the boilers frequently washed out. He admitted
it was extremely difficult sometimes to have sufficient spare gear or
spare boilers to enable an engineer to keep the boilers idle, thus
enabling him to clean them at proper intervals, but it was most
essential that that should be done. No engineer should allow his
boilers to get into the very dirty condition in which they were
sometimes seen; every engineer should do his best to give his
boilers proper rest and proper cleaning at frequent intervals.
Next, the blast-pipe in the smoke-box was far more important in
its position and dimensions in relation to the chimney and smokebox area than many people were apt to think. He thought the
measurements which the author had placed before them as to the
relative advantages of large blast-pipes, keeping them well down,
properly proportioning the chimney, keeping the petticoat down so
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as to prolong the chimney, but at the same time to enable the gases
in the top of the smoke-box to escape properly by the impulse or
suction of the gases passing, were useful. It was most essential that
the question should have thorough consideration. As a matter of
experiment he had carried out a good many of the author’s
suggestions, and he had been sometimes very much struck with the
extraordinary difference in efficiency that was produced by the very
small differences made in either the position, the height, the centreline, or the area of the blast-pipe compared with the chimney,
The author had also given a great deal of information on the
question of built-up cranks, but he agreed with a previous speaker
that locomotive men could acquire information on the subject from
their friends the marine engineers. I n marine work i t was now the
fashion to build up all large cranks, and if locomotive engineers
ascertained the results obtained with marine-engine cranks, sound
information could frequently be obtained which would enable better
results to be achieved than had been the case in many instances i n
the past. The built-up crank lent itself very readily to the balancing
of the engine ; and it was extremely useful for locomotive engineers to
be able easily to vary the balance when it was found that, owing to
higher speeds or different conditions, a slightly different balance was
required.

FOWLER
thanked the author for the information he
Mr. HENKY
had given to locomotive men, not only of his successful work, more
particularly in relation to built-up cranks, but of the failpres he had
experienced before arriving at his successful results. This was a
thing which it was very rare to find in Papers read before
institutions and societies. Reference was made in the Paper to the
solid cranks which were formerly in service as having a tenacity of
28 to 32 tons (page 586). H e thought that was a somewhat low test,
and he would be glad to hear whether the author had tried anything
rather harder for the journal portions of the built-up cranks. The
author had referred to the wear on thc axle-box journals ; they had
had no trouble with regard to oval wear on the Midland Railway,
but, as the author stated, the axle-box journals wore slightly tapered.
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A point which did not receive as much consideration as it should
do with locomotive cranks, was that of heat treatment. He would
be glad if the author could add to the information he had already
given by stating whether any special heat treatment had been
given to the material of which the cranks were built up. With
straight axles there was always some difficulty in ascertaining where
they were flawed. I t was a very rare thing to get a flawed straight
axle at all, but sometimes when it did occur, the flaw was found to
creep round the whole of the circumference of the axle, and i t would
be interesting to know if this was the direction of the flaws which
had occurred in the author’s experience.
One very instructive portion of the Paper which every locomotive
man, especially if he dealt with repairs, thoroughly appreciated was
how the life of a tgre was bound up in the wear of the flange. I t
had, therefore, come as a surprise to him that the author had not
mentioned if he had experimented with tyres of very much higher
tenacity than those referred to in the Paper, namely, 46 tons with
20 per cent. elongation in 3 inches. He believed some locomotive
superintendents were using tyre-steel with a tensile strength as
high as 65 tons to the square inch, with an elongation of about
8 per cent. in 2 inches. The shrinkage for tgres mentioned in the
Paper (page 591), namely, 1 in 750, was, he thought, rather high
compared with that generally in use. The shrinkage of the Midland
tyres was 1 in 1,100, and 1 in 1,200 was a very common occurrence.
He admired the author’s courage in compressing the question of wear
and tear of boilers into so small a space, because, after all, the lensth
of time taken for the repair of a locomotive was largely determined
by the length of time in which the boiler could be repaired or
another one put in its place.
He would be very glad if the author would state where the water
was put into the boiler, because he thought it was generally
understood that, wherever water was put in, there of necessity the
largest amount of pitting took -place. Not only was that the case,
but it governed to a very great extent the circulation of the boiler.
The figures given with regard to priming were of very
considerable interest. He presumed the author wauld say the
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priming occurred when the sodium or soluble salts exceeded
about 230 to 250 grains per gallon. That figure was below the
experience of some locomotive superintendents,more particularly when
they used Belpaire boxes with a very large space over the top of the
box. Reference was made (page 606) to an engine having a load up
to a maximum of 120 wagons, He thought it would be of assistance
to the members if the author gave a clearer definition of that load,
stating what was the maximum allowed behind the tender draw-bar
in tons.

Mr. E. R. DOLBY
said that, after the very valuable details the
author had given in the Paper, it seemed somewhat exacting to ask
for any further information.
He was, however, considerably
interested in the pitting and corrosion of boilers, the point to which
Mr. Hurry Riches had referred. H e would t-herefore like to ask the
author if the feed-water was artificially softened, and if so, what was
the amount of hardness of the artificially softened water. H e made
the inquiry because he had recently been installing some stationary
boilers, where he had used artificially softened water which had an
original hardness of about 18.5 degrees brought down to 3 degrees,
and tho water after softening was not acid. H e had had considerable
trouble in the boilers, not precisely with extensive pitting, but with a
considerable corrosion. H e was told by one engineer that he was
softening too low, that 4 degrees was the minimum that he ought to
go down to. H e had examined the insides of the two boilers, and
had found a considerable amount of rust which he had cleared off,
and the insides of the boilers had then been coated with (‘Apexior,” a
graphite paint, which he hoped would cure the evil. He would like
to have the author’s opinion as to what was the lowest desirable limit
to which feed-water for such boilers should be artificially softened.
Mr. J. F. L. CROSLAND
said he noticed that the author said
(page 571) that the Ross-Hotchkiss scum-collector and circulator was
under trial. He had seen a good many of these circulators at work
so far as the removal of deposit was concerned, and he knew the
apparatus had some merit as a circulator. He would be exceedingly
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interested to hear the result of the trials, and he would ask the
author whether he would be good enough at some future date,
possibly in his next Paper, to give the results of the use of the
apparatus. The effect of removing the deposit, which it did in a
very effective manner if combined with a considerable amount of
circulatory effort, might have a considerable influence on the
working of the boilers. He gathered from the Paper that the author
softened the water, because reference was made to the different
degrees of impurities on which the tests were made. The author
must therefore have some system of eliminating the impurities,
otherwise he would not give the relative points.
Reference was also made to the marked effect of the water upon
lead, the lead sheets being converted into carbonate of lead, which
was deposited all over the gauge-glasses and other parts, and the
author had made a number of experiments, from which a cycle of
chemical reactions was discovered, which had gone a long way
towards explaining the cause of the immense amount of pitting
which existed in boilers. I f the author could give that information
it would be of great value, because it had always been a very
difticult question, which no one had answered satisfactorily, why
plates pitted. One portion of a plate was found entirely free from
any sign of pitting, while another portion was seriously affected.
He was not surprised to hear the author’s experience with the
corrugated fire-box for a locomotive ; i t was just what he would have
expected, and had the author mentioned the subject to him, he
(Mr. Crosland) would have told him what would occur, because it
represented ordinary land practice.

Mr. J. D. TWINBERBOW
said he would confine his remarks to the
question of water-space stays. He noted that by increasing the water
space, and possibly by the adoption of the Belpaire style of fire-box,
the author seemed to have got over the difficulty of stay breakage. H e
would be glad if the author would supplement his Paper by giving
some particulars as to the number of stays broken annually. H e
knew something of the practice of a certain railway company which
had had experience of stay breakage like most others. I n July 1907
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it put into service two large Pacific-type locomotives with 48 square
feet of grate area and 2,800 square feet of heating surface. Those
engines were supplemented by sixty-eight additional engines of the
same type during 1908 ; and down to the beginning of the present
year, when the earlier engines had a mileage to their credit of
70,000, and the latter engines a proportionate mileage, there had not
been a single case of stay breakage. The Belpaire type of box was
usually considered to be the most perfectly equilibrated as far as
steam-pressure8 were concerned, but there were points where the flat
form of the roof and of the sides ran out into the circular form of
the barrel, where necessarily small areas of flat plate had no
counterpart in the shape of the inner box. There W ~ S ,therefore, a
resultant outward pull on the stays adjacent to those parts, which
tended to distress the flange of the tube plate, leading to incipient
fracture. The round top style of box had some advantages, in that
i t was lighter and cheaper, also it did not obstruct the outlook to
so great an extent, which was rather an important point in view of
the very limited load-guage. R e would illustrate the type of
construction which was used to a considerable extent in America.
Half cross-section
Wide Fire-boz with

Radial Stays.

Half cross-section
Narrow Fire-box with
Direct Stays.
I
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The left-hand diagram represented a half cross-section through a
wide fire-box with radial stays. The roof sheets of the inner and
outer boxes were connected togethe by a system of more or less
radial stays. He understood there were some large boilers running
in America with this style of staying which were giving a great
amount of trouble. That always appeared to him to be due to the
fact that there was present in that case a shell-plate which was
normally in equilibrium under internal pressure acting radially, and
that there was hung to that shell-plate the whole of the load upon
the roof, which amounted to 300 tons over a length of 8 or 9 feet,
and that one expected a plate 4 inch or 9 inch in thickness to remain
in equilibrium after so many disturbing conditions had been
introduced. The intensity of circumferential tension varied from
point to point, leaving resultant forces to act at the landings of the
individual stays, producing severe bending moments therein. That
had been carried to a still greater extent in other boxes constructed as
shown by the half cross-section in the right-hand diagram, in which
the roof load was taken by direct stays, and the water spaces were
supported by horizontal stays. The shoulders of the shell could
not be supported otherwise than by circumferential tension. There
appeared to be a resultant action whieh would amount to about 14 tons
to every row of stays, acting tangentially through the landings of the
stays in the shell-plate, and, as a result, very severe bending moments
were brought to bear upon the roof and side stays. That was borne
out, he thought, by the results obtained in practice. The remedy,
however, was sufficiently obvious. There was no reason why the
staying of the round top box should not be just as safe and as
durable as that of the Belpaire type.
The author stated that one of the reasons for his preference for
the simple over the compound type of engine was because of its
rapid acceleration. That, he thought, required a little qualification.
It might be stated almost as a general principle that for moderate
speeds the simple engine would accelerate more rapidly than the
compound of similar proportions ; but that the compound would
accelerate at higher speeds than the simple, the reason being that, as
one notched up, the valve action was impaired, and it was impossible
2 P
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with a simple set of gear to have exactly the valve action that would
be preferred for high speeds, having regard to the necessity for
providing for intermediate speeds. He thought i t might be said,
therefore, that a compound engine properly designed as regards
compression in the high-pressure cylinder, a thing which was not
always looked aftor, would be a freer engine for high-speed work
and would be capable of acceleration at higher speeds than a simple
engine. That was borne out by the fact that the speed records were
carried off by compound engines. R e did not know of any botter
performance than that of an engino on the Bavarian State Railway,
which, over an undulating road, had attained speeds of 96 miles an
hour; and on the Baden State Railway somewhat similar engines
had run 30 miles from start to stop, against adverse gradients
averaging 1 in 600 the whole way, at a speed equal to an average of
75 miles an hour. He did not think any simple engine had yet
equalled that performance.

Mr. H. GRAHAMHARRIS,Vice-president, thought the Paper
bristled with many most ioteresting points, which it was impossible
to discuss in the short time available. He wished, therefore, to
confine his remarks to the question of the cracking in the boiler
shells and in the crank-axles. The author pointed out that he found
the cracks almost invariably developed from a corner. I t was a
good many years ago since the late Sir Frederick Bramwell pointed
out in a Paper on “ The influence of Form on Strength,” read before
the Royal Society, that if there was a sharp corner anywhere in a
structure where rapid and varying stresses were experienced, failure
would inevitably commence at that corner. He thought the author’s
experiments had verified that statement ; and if this fact were borne
in mind he was sure that no engineer would make a crank-axle with
rapid, distinct, sharp changes of shape. Upon that point he
suggested that the older trade of locomotive building might learn
something from the younger trade of automobile building. I t would
be found in the latter trado that sometimes as many as eight
cylinders were employed in the engines, and eight cranks were
not uncommon, and the greatest possible precautions were taken to
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smooth away and round off every abrupt change of shape. Motorcar engines were subjected to much more rapid changes of direction
of stress than were the engines of a railway locomotive ; they ran at
very much higher speeds, and, having regard to the condition of
some of the roads upon which they ran successfully, he thought it
might be said that the roads were worse than the locomotive road,
and therefore that the stresses on the motor-car engines were
greater proportionately than those on the railway locomotive.

Mr. LOUISW. SMITH
as a younger member expressed his thanks
to the author for the volume of information contained in the Paper,
but nevertheless he was rather like the historical youth of Charles
Dickens when he asked for more. He had not had experience with
the locomotive proper, but he had had several years’ struggle with
the problems and difficulties of road locomotion work ; and having
used locomotive boilers with a corrugated fire-box, he would like to
ask the author whether he could state if such a box, with two or
three corrugatione on the top, would not also be suitable for the rail
locomotive. I n a five years’ experience, during which between two
and three thousand of such boilers were turned out, not a single
failure, to his knowledge, was experienced, and he understood that
for twenty years there had never been a failure in a single box.
The test with a hydraulic pressure of 300 lb. per square inch gave
a deflection, measured carefully on the inside of the box, of about
inch on a locomotive of 8 h.p. compound type, the box being 3 feet
9 inches long by 3 feet wide, and after the 300 lb. hydraulic
.pressure was taken off, the plate always returned within a few
thousandths of its original shape.
With regard to locomotive cranks, he had wondered whether it
would be possible for a rule to be formulated of the size of radius
to diameter, a subject to which the author had referred. I f a rule
could be discovered which could always be relied upon, giving a
certain percentage diameter of radius to the diameter of the crank,
it would be of inestimable value. If the usual good class steel of
28 to 32 tons tensile with 25 per cent. elongation was unsuitable for
cranks on account of shock, it would be of great value if the author

t

2 Y 2
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would state what class of material he would use, whether Low Moor
iron or otherwise.

Mr. MICHAELLONGRIDGE,
Member of Council, agreed with Mr.
Hurry Riches that the deformation of the corrugated fire-box was
due to overheating, owing to deposit rather than to insufficient
circulation. I f the cross-section of the fire-box and casing given in
the Paper were referred to, it would be seen that the water spaces
between the two were wider than in the ordinary stayed box, and
that there was every facility for the denser water to flow along the
bottom of the shell in contact with the comparatively cold surface of
the ash-pit, and for the steam bubbles to escape from the highly
heated plate above the fire-grate. Moreover, the positions of the
bulges on each side of the fire-box crown were characteristic of
overheating produced by the floury deposits of carbonates of lime or
magnesia.
With regard to corrosion, he thought many of those interested in
steam-boilers must have noticed that, since pressures had been
increased from 80-100 lb. to 160-180 lb., water containing
carbonates and sulphates of magnesium and common salt, which used
to be quite harmless, had become corrosive at the higher pressures.
Was i t possible that under the higher pressures and temperatures
magnesium carbonate and sodium chloride became magnesium
chloride and sodium carbonate, and thus brought magnesium chloride,
one of the most corrosive compounds that could get into a boiler, into
contact with the plates. The chemists he had consulted held
different opinions, and he wished experiments could be made to find
out what the corrosive agent in such waters was. He had tried to
devise experiments himself, but had not yet hit upon any satisfactory
method.
The blast-pipe of a locomotive was a very wasteful machine, but
so convenient that it was not likely to lose its popularity. But
could not its inefficiency be lessened without spoiling its simplicity ?
Since the inductive effect of the steam-jet depended, other things
being equal, upon the area of the surface presented to the gases, it
would not be reduced if the internal core of steam were replaced by
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a solid body, for the jet would then be a hollow instead of a solid
cylinder or cone of the same external surface as before. The steam
which formed the cone could then be used in another blast-pipe or
for heating food or warming carriages. Thus it seemed probable
that subdivision of the exhaust steam, say by allowing it to escape
through long narrow slits parallel to each other, would increase the
draught or give the required draught and leave steam available for
other purposes.
The advantage to be derived from lengthening the smoke-box
seemed to the speaker to depend upon the nature of the fuel, and
the speed of the train. Its effect was to reduce the fluctuation of
pressure in the box, and the difference between the maximum and
the mean pull upon the fire-grate. As the air supplied depended on
the mean pull, and the lifting of the fire upon the maximum pull, it
was clear that unless the fuel clinkered so much as to require lifting
by a sharp intermittent blast, there would be less coal thrown out
of the chimney of a slow-running engine with a long smoke-box than
with a short one. With fast trains the heat would be so rapid, that
he doubted whether the long box would be of much use except as a
reservoir for ashes.
Coming now to crank-shafts, he was glad to see that Mr.
Hughes had commenced to build them, but somewhat surprised to
find him using rectangular keys as supplementary fastenings of the
crank-webs to the shafts. A square keyway in a steel crank-shaft
was a source of danger. One of the two people killed by engines
which he had insured owed his death to a fracture starting from the
corner of a square keyway, Except as an expedient for holding
the crank temporarily in the event of its getting slack, no key was
needed, and if one were used for this purpose i t should be a round
pin with a hemispherical end driven or pressed into a hole bored
half in the shaft and half in the crank, with a small channel cut in
its surface to allow the escape of the air from the hole. He thought
the shrinkage originally allowed by Mr. H u g h 0.01 inch in8g inches,
or 0.001 inch per inch, was altogether insufficient. When cranks
were heated and shrunk on to their shafts and pins, shrinkages of
0.0025 to 0-003 inch per inch would, he thought, be found more
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satisfactory, and that with such shrinkages no keys would be
required. The better plan seemed to be to force the cranks on cold
by hydraulic pressure, for then the operator could tell exactly what
he was doing.
If P were the maximum tangential pressure upon the crank-pin in
pounds, 2 the length of the crank in inches, n the factor of safety
desired, then the twisting moment tending to twist the crank round
the shaft would be PI. T h e tendency to twist would be resisted by
the friction acting at the surface of the shaft, so that if w were the
pressure in pounds required to press the crank on to the shaft, and
r the radius of the shaft, w r should be equal to n P 1.
Whether 8 crank were shrunk or forced upon a shaft, it should
be remembered that it became when in place a shearing machine of
great power, and that unless proper precautions were taken to prevent
its edges shearing the skin of the shaft or pin, a crack would
be st8artedwhich would in time extend right through the body of
the material, especially if the material were steel. The proper
precaution was to enlarge the diameter of the part intended to
receive the crank and to let the crank entirely cover the enlarged
part, so that it might be free to compress but unable to cut or
shear.
He bad always preferred built to forged crank-shafts, and hoped
that Mr. Hughes’s example in adopting them for locomotives might
be followed by makers of gas-engines, the shafts of which were not
satisfactory in their present forms. His objection to forged shafts had
been increased by tests he had made recently with test-pieces cut
from the web of the crank of a gas-engine. The shaft broke through
the crank-web after running four months, during which it had made
about 35 million revolutions. Two standard test-pieces of 2 inches
gauge length gave :-

Yield-point
Maximum Inad

.
.

.

tons per sq. in.

.

IClongaticln on 2 in. per cent.

S?

>f

.

.

IG-8

16.12

28-4

27.9

21

25
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Three test-pieces 2 inches x # inch x & inch nicked and broken
by impact by Mr. Izod absorbed 3 * 2 , 3 * 2, and 2 * 5 ft.-lb.*
Six pieces 4 inches long by 8 inch diameter broken in Captain
Sankey's machine gave the following figures :-

First effort

.

.

,,

The first four specimens were cut parallel t o the axis of the cmuk-arm, the
last two parallel to the axis of the crank-pin.

The irregularities shown by the fatigue tests were no doubt
due to the composition of the steel which was : carbon 0.320,
silicon 0.018, sulphur 0.071, phosphorus 0.078, and manganese
0.360 per cent. But, in spite of the irregularities, the weakness of
the pieces cut parallel to the axis of the crank-arm was so marked
that test-pieces were cut in the two directions from the next shaft
that broke. Those marked B, B, were cut parallel to the axis of the
crank-arm, those marked D, D, to the axis of the crank-pin. The
results were as follows :-

Impact tests by

Ft.-lb. absorbed

. . .

I2088

machine.

Bl

B2

Dl

D2

5.2

4.75

10.2

10'2

* When correcting the proof of his remarks at the Meeting, Mr. Longridge
wrote to explain that his statement that test-pieces cut from this shaft parallel
to the axis of the crank-pin absorbed 17 ft.-lb. was incorrect. He was speaking
from memory of records he had not seen for some weeks, and on referring to
them after the meeting had found that the figure 17 ft.-lb. referred to a
specimen rut from another shaft. The general import of the figures given,
however, remain unaltered.
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Fntigue tests by Sunkey's machine.

Analysis :-Carbon 0,209, silioon 0,081, sulphur 0.020, phosphorus 0.038,
and manganese 0.603 per cent.

Here again the difference in resistance to impact and fatigue was
remarkable, and suggested that either the methods of forging crankshafts must be improved or very low unit stresses allowed in
calculating the strengths of crank-webs.

Mr. C. E. STROMEYER
thought the members should be exceedingly
thankful to the author for having given accounts not only of his
successes but also of his failures, because it was always possible to
learn a great deal from the failures of other people. With regard
to the question of corrosion he was coming more and more to the
conclusion that boilers might be harmed by using water that had
been over-softened, or at any rate had been subjected to a particular
form of softening. I t seemed to him that if one was dealing with
hard water containing sulphate of lime, and a large amount of soda
was put in to remove the lime, so as to prevent the formation of
scale, an electrolyte was being put into the water. The water
became a better conductor than it was before, and the electric
currents which were set up between, say, the iron scale and the iron
itself, were far more active than in the case of a pure water which
was a bad conductor of electricity. In the case mentioned in the
early part of the discussion (page 628) in which water was very much
softened, he would not be at all surprised to hear that that water
contained a large proportion of other salts, perhaps soda salts, chloride
of soda, and others.
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H e had recently seen several cases of corrosion, especially of
pitting, the latter of which was always due to a certain extent to
galvanic action, where there was a very large percentage of carbonate
of soda and other neutral salts mixed together in the water. The
pitting action seemed to be far more severe under those circumstances
than it was with pure water. Engineers would like to know how to
get rid of scale-forming salts, and to prevent the introduction of
other salts which produced corrosion. Ee thought the very effective
means for bringing that about was the addition to the hard water of
a chemical compound called aluminate of barium. This salt, of
which f lb. per 1 degree permanent hardness per 1,000 gallons
might have to be used, not only took out the lime salts, but also
removed itself, so that instead of obtaining a feed-water in which
lime had been replaced by soda salts, a water was obtained which
was comparatively free from both those salts.
before calling on Mr. Hughes to reply, said that
The PRESIDENT,
he was exceedingly glad the discussion had turned largely on boilers,
because from a locomotive point of view there was only one thing
which caused trouble, namely, the boiler. The engine part was
quite satisfactory and never gave any trouble, but the boiler was an
everlasting trouble. With regard to the wear of tyres, on which the
author had given some diagrams in the Paper, it might interest the
members to know that somewhere about 1887 a discussion took place
between the locomotive engineers and the permanent-way engineers
of the Lancashire and Yorkshire Railway as to what was the best
form of rail, having regard to the wear and tear on the tyres and on
the rail ; and the permanent-way engineers agreed to make the rail
with the flattest possible top, and to make the curvature a t the side
of the head of the rail exactly the same as that of the tyres. When
those rails were taken up after ten or twelve years’ service, they then
being practically worn out, sections were cut from rails which
occupied various places on the line in order to see what had been the
actual result of the practice, and when those sections of rail were
applied to the template of the tyres as turned when they were new
going out of the shops, they were found to fit absolutely line and
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line, showing that it was a wise measure to make the rails exactly to
the tyre section to begin with.
I n regard to the growth of locomotives which had taken place
during the past ten or twelve years, it was very interesting to refer
back to the year 1849, and to remember what Mr. McConnell said
was the right engine to build at Wolverton at that time for heavy
passenger work. Mr. McConnell was a great deal in advance of his
time, and after he had built the engines according to his design,
things went somewhat back again as far as dimensions were concerned.
I n 1849 Mr. McConnell built a large six-wheel passenger engine
with 18 inches by 2 1 inches cylinders ; 6 feet 6 inches driving wheels ;
190 tubes 2 inches in diameter and 12 feet 6 inches long ; the area
of the fire-bos was 136.3 feet; the area of the tubes 1,243.5 feet ;
the total heating surface 1,379.8 feet ; the area of the fire-grate
23.25 sq. feet, and the extreme centres of the wheels were 17 feet
22 inches. Even now that would be considered a somewhat large
locomotive, which went to show that Mr. McConnell foresaw the kind
of locomotive that would be wanted in the future, though he built
his somewhat early.
Mr. GEORQE
HUGHES,
in reply, first of all thanked the President
for the handsome manner in which he had proposed the vote of thanks,
and the members for the kind way in which they had received it.
He was particularly gratified that so large a number of members were
present, and that so many had discussed the Paper. He wished to
add that, in the strict definition of the term, he was never a pupil of
Mr. Aspinall’s but he had a great pride in claiming that, paradoxical
as it might seem, he was one of his most successful pupils.
Mr. Adamson and Mr. Cawley had pointed out the great value of
circulation, with which he was sure all the members would agree.
The author a few years ago made some investigations on circulation
which might be of interest. The experiments were made on a small
model boiler, consisting of a steel barrel, 18 inches long, by 12 inches
diameter, fitted with glass ends. Running from end lo end of the
barrel was a flue
inches diameter, the glass ends being cut out to
allow the flue to pass through. One end of this flue had a chimney

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

JULY 1909.

EORWICE LOCOMOTIVES.

641

attached for carrying away the products of combustion, and heating
was done by a Bnnsen burner. On the first experiment, the flue was
fixed central horizontally ;c inch from the bottom of the barrel.
With this arrangement it was impossible to create circulation, and
the conclusions formed were that it was due to an equal body of
water on each side of the flue. The next experiment was made with
the flue fixed half an inch out of centre; this time circulation
was created when the top and bottom thermometers registered 212" F.
and 204" F. respectively. After this the flue was moved to an angle
of 45", circulation this time began when the therometers registered
212" F. and 194" F. A further experiment was made with the flue
fixed central, as in the first test, but in addition a diaphragm plate
was inserted down the water space on one side of the boiler, the
same results were obtained as in the previous test, that is circulation
began when the top thermometer showed 212" and the bottom
thermometer 194". This apparatus was practically a model of the
corrugated flue boiler illustrated by Fig. 18 (page 565).
Mr. Reay had referred to the Joy valve-gear. During the last
year or two, thirteen steam rail-motors had been built with the
Walschaert gear. The same type of motion had been recently
introduced into four passenger engines with superheaters, but ever
since Horwich had been Rorwich, the locomotives had been equipped
with the Joy gear. I t would appear that the Stephenson motion
was dying hard. Accessibility and lightness of parts were the chief
claims for the Joy gear, the latter being of vital importance now
that locomotives had so much increased in weight and power. The
freedom of failure of this gear (he said that very advisedly, because
if one pin went wrong the whole motion dropped) and its small
expenditure on repairs, held the field as far aa he was concerned.
He was slightly acquainted with the ' I Br6tan " boiler which
Mr. Reay mentioned (page 623) ; it was evident that the present
design of the locomotive boiler, especially the fire-box portion, had
almost reached finality so far as enlargement was concerned, owing
to restrictions of the loading gauge, and probably the water-tube
boiler would have to be seriously considered. The chief characteristic
of the " Brotan " boiler was the substitution of a series of vertical
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water-tubes for the inside fire-box and its attendant stays. I t was
possible to get an increased heating surface by this arrangement, but
so far he had not been bold enough to introduce it. One or two
boilers with peculiar fire-boxes, such as the ‘(Wood ” and Jacobs
Schupert” mere being advocated by the American Press. Then
Mr. Reay referred to the blast-pipe with an annulus. He had not
had any experience with blast-pipes of that description, but associated
with the experiment on the four-cylinder engine, they carried up a
division to the orifice of the blast-pipe, so that the exhaust from two
cylinders passed up one side, and the exhaust of the other two
cylinders on the other side of that division, but on the whole i t was
found that the 6-inch plain orifice, as distinguished from the divided
jet, gave the best results. Mr. Reay had also referred to tyres and
rail heads, and he was exceedingly glad that the President had very
efficiently answered that point.
Mr. Riches had referred to corrosion and circulation, rend also to
water softening (page 625). He had not said anything in the Paper
about water softening, but the Lancashire and Yorkshire Railway
had had some little experience with regard to it. It was a wide
subject, on which a Paper of as large dimensions as the one under
discussion could be written, but generally speaking if every item of
expenditure was taken into consideration, and good Corporation water
could be obtained at 4d., 5d., or 6d. per 1,000 gallons, there mas not
much in water softening. With regard to blast-pipes, to which
Mr. Riches and other speakers had referred, it was an extraordinary
thing that scheme how one might, and apply all the knowledge that
was available, including the valuable formula introduced by Professor
Goss, it appeared from his own experience that when all had been
done and the engine turned into traffic, it was possible to improve
it by further experiment. Generally speaking every smoke-box
required its own particular blast-pipe, with its own particular
position.
Mr. Fowler had referred to the built-up crank-axles (page 626),
and the wear and tear on the journals, some of them wearing oval and
some taper, and had inquired whether any harder material had been
tried to obviate that trouble. As a matter of fact, as mentioned in
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the Paper, he had not done so, but nevertheless the wear and tear in
that respect was extremely small. With regard to heat treatment
Later Arrangement of Blast-pipe and Chimney on the 4-Gylinder,
6-wheeled Passenger-Enyine.

(Received August 1909.)

(Compare Plates 24 and 25.)

for built-up cranks, to which Mr. Fowler also referred, the only thing
which was done at Horwich was to anneal very carefully the whole
of the crank.
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He hoped when the members visited Horwich, they would take
particular notice of the fact that the pyrometers and recorders were
used, and diagrams posted up in prominent positions, from which it
would be gathered that considerable efficiency had been introduced
into the steel foundry by adopting a system of careful pyrometrical
measurements ; in fact the night watchman worked to the diagrams,
and kept the temperature of the annealing furnaces at a very regular
heat. Mr. Fowler also referred to wear and tear of tyres, and
inquired whether he had had any experience in regard to high
tenacity steel. He could not speak on this subject from any
extensive experience. It must be remembered that on the one
hand the locomotive engineer wanted a hard tyre to save his
material, whilst the permanent-way engineer, to save his rails,
advocated a soft tyre. He remembered discussing the subject with
Dr. Dudley of the Pennsylvania Railroad a few years ago, who
said that i t was best to consider the tyre as a pinion, and the
rail as a rack, and that the best condition of affairs would be that
in which the tenacity of the tyre and the tenacity of the rail
approximated to each other in such a way that the irregularities of
the teeth in the tyre accommodated themselves to the irregularities
in the teeth of the rail.
I n reply to Mr. Fowler’s question as to where the water was
put in, it was delivered at the smoke-box end, where most of the
pitting took place. Mr. Fowler also asked for a definition of
what he meant by 120 wagons. I n rating the haulage, 8 tons was
the accepted gross weight of a wagon ; the maximum allowable load
was 1,000 tons, and the train must not be made up of more than
120 wagons. Mr. Dolby had referred very extensively (page 628) to
the question of the hardness of water, and the softening of water, and
had inquired to what extent it ought to be artificially softened. He
could not honestly answer that question, but Mr. Hurry Riches had
informed him that he did not advise softening below 6 degrees ; thir;,
however, entirely depended upon the constituents. If the 6 degreeli
was permanent hardness, this figure would be objectionable ; on the
other hand, if it was temporary hardness, then no difficulty woi~ld
be met. Although Mr. Riches had very kindly volunteered this

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

JULY 1903,

645

HORWICH LOCOMOTIVES.

information, he (the author) would also like to embody a comparative
Table of what he considered ideal, typical, and bad waters :-

Comparative Table of Waters : in Grains per Gallon.
Bad.

-

Scale and

Priming.

Priming only.

0.17

31.6

3.3

1.6

Nil.

0.8

1-6

trace

0.97

10.2

trace

1.2

trace

12-9

0'4

1.6

. .
,, magnesia .

Carbonateof lime

,,

. . .
,, ,, magnesia .

Sulphate of lime

Max. scale-forming matter

. . .
Total dissolved solids .
Sodium chloride

Typical.

Ideal.

1.14

55.5

5.3

4.4

2.14

4.1

3.6

2.1

5.00

76.0

30.0

9.0

-

Unfortunately he had not had very many sources of supply of
either the ideal or typical waters, as most of his sources contained
above 10 grains to the galIon, even going as high as 50.
Nr. Crosland had spoken somewhat favourably of the RossHotchkiss circulating apparatus (page 628), but he (the author) was
not in a position to give any further details at the moment.
Mr. Crosland also asked for some further information with regard to
the cycle of chemical reactions that were going on at the bottom of
boiler barrels, by reason of the chemical change which took place in
the mud which was deposited there, assisted by the heat in the tube.
Those chemical reactions were represented by exceedingly long
formulae, some of which were given on the next page.
The deposits usually found on the bottom of locomotive barrels
consisted chiefly of carbonate of lime and magnesia, accompanied by
silica (derived from clayey matter), small amounts of oxides of iron
and alumina, sulphate of lime and inagnesia, and it was in these
deposits that the chemical reactions took place. The bottom
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portion of the tubes becoming immersed by the increasing amounts
of deposit, together with the heat passing through the tubes,
accelerated these reactions. In addition, there was a constant supply
of feed-water containing dissolved gases, such as oxygen, nitrogen,
and sometimes free carbonic acid gas. The greatest amount of
deposit was found in the neighbourhood of the delivery pipe at
the smoke-box end, the scale (consisting largely of sulphate of
lime, CaSO,, and magnesia, MgO) usually found at the fire-box
end was entirely of a different composition, and not subject to
decomposition.
The following are the reactions :-

+

Heat = Gases and Solids.
Gases consisting of CO,, O,, N,.

(1) Feed-water

(2) Reactions taking place in mud (deposits).
MgH, (CO,),
Heat = MgCO, H,O CO,.
CaH, (CO,),
Heat = CaCO,
H,O CO,.

+
+

+
+

+
+

(3) Inter-reactions(6)

4MgSO4+4CaH, (C03),=2MgC0,Mg (OH), 2H,0+4CaS04+6C0,
6H,O.

+

( b ) 2MgCO,Mg(OH), 2H,O
2C0, = 4MgC0,
(r) MgCO, H,O = Mg (OH),
CO,.

+

+

+

I t would be seen that, i n all the reactions, carbonic acid was
liberated; this, in conjunction with the free oxygen also liberated
from the water, formed the chief elements of corrosion and pitting.
Seeing that corrosion and pitting were always found at the bottom
portion of the barrel, being more pronounced a t the smoke-box end
and gradually tapering away towards the fire-box, and as deposit was
found to accumulate in this area, the conclusion formed was that
these reactions were entirely responsible for pitting and corrosion in
locomotive boilers. The above remarks applied to the barrel portion
only, and must not be confused with grooving brought about by
expansion and contraction.
I n reply to Mr. Twinberrow (page 629), who had referred more
particularly to wide water-spaces, stay-breaking, and so on, he
might say that generally as a result of the introduction of wide
water-spaces the longer stays were more flexible, and consequently a
less number broke. He had dealt with that subject in the Paper
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(pages 573 and 583). I n addition to what was stated there, it might
be useful to add that certain engines, fitted with narrow water-spaces
had run 17,000 miles, 31,000 miles, and 28,000 miles before they
required repairing in the boiler shop, and subsequently by reason of
the introduction of wide water-spaces, the mileage had increased to
38,000, or an average increase of over 50 per cent., and there was a
considerable reduction in the actual wages paid for maintenance of
the fire-boxes. H e rather gathered from the way Mr. Twinberrow
-had referred to the subject of rapid acceleration, that that gentleman
imagined that he (the author) had adopted the 4-cylinder engine in
order to get rapid acceleration. That was only part of the reason,
it being necessary to associate that statement with the one in the
Paper which read : “ To obtain rapid acceleration and great adhesive
power, the wheels were made of moderate size and three pairs
coupled ” (page 575).
With regard to the question of compounds and high speeds to
which Mr. Twinberrow also referred, that was a subject on which he
would not attempt to reply to on the present occasion. His experience
of compounds and high speeds 60 far was that excessive resistance
occurred against the high-pressure pistons when steam was cut off
earlier than about half stroke, and the resistance became more
pronounced with increasing speed. Frequently it was observed that
when running at high speeds, these cylinders did not develop a fair
share of the work. He would have something very considerable to
say about compounds later on.
Mr. Graham Harris had asked the members to arrive a t
conclusions by comparing locomotive building with automobile
building, especially in regard to change of contour. He hoped
every member when at Horwich would take the opportunity of
looking at a notice about 3 inches square, which appeared on every
drawing, calling the men’s attention to the great importance of’
rigorously observing the radii shown on that drawing.
Mr. L. W. Smith asked for some information with regard to
corrugations on the top of fire-boxes. H e could not give any very
extensive reply at that moment, but Mr. Smith’s remark reminded
him of some engines on the Paris and Orleans Railway, which had
2.z
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the fire-box tops constructed of a number of steel channel sections
riveted together, the other parts of the fire-box being of copper, and
an arch of the “ Ten Brink” type was used.
Mr. Michael Longridge had discussed the question of water
treatment, not from the point of view of treating i t before it was
delivered into the boiler, but from the use of boiler composition.
The matter deserved the great attention which it was receiving at
the present time, although he was not in a position to enlarge
further on the subject. Mr. Longridge’s remarks with regard to
crauk-shafts, square keys, and impact tests were very interesting.
Mr. Stronieyer’s remarks also bore upon the same subject, but he
did not think he could usefully lengthen his reply at the present
time by enlarging upon them.
I n regard to priming it might be interesting to add that the
milole question appeared to hinge on density. The steam generated
found its way through the water by means of the inter-molecular
spaces of the molecules. I f these became blocked up by dissolving
the soda salts, then the passage of the steam (gas) was more or less
impeded, therefore the escaping steam lifted the water in its effort
to find its way through, and priming ensued.
The information as to flaws in crank-axles (page 586), related to
651 cranks, and in answer to the question whether built-up cranks
were turned after assembly, this was so, a minimum of inch being
left on the journals and wheel seats for this purpose.

Communications.
Mr. JOHNBARRwrote that the analysis of cast-iron for locomotive
cylinders seemed to indicate that the metal was too soft-containing
too large a percentage of graphitic carbon and too small a percentage
of combined carbon, while the strength-28 cwt.-transverse test-bar
seemed low for a strong close-grained iron. I t was stated that the
life of the cylinder waa really the life of the valve-face ; he did not
know whether it was practicable to adopt a plan which his firm
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regularly adopted on valve-faces of pumping engines when slidevalves were used, namely: to pin a hard renewable face on the
valve-chest of the cylinder with screwed pins.
With regard to the strength of axles, it would appear from the
figures given that iron was superior to steel. He understood that
the latter was almost always used now, and he would like to know if
this was on account of the lower cost ?

Mr. SAM.BOSWELL
wrote that he regretted that time did not
permit of a prolonged discufision on Mr. Hughes’s masterly Paper.
He (Mr. Boswell) was specially interested in the subject of Wear and
Tear of Boilers given in Appendix I1 (page 606). About 40 years
ago, it was his privilege to cut up a large number of locomotive
boilers and fire-boxes, many of which were made by the pioneers of
locomotive building, and although of different makers, in every case
grooving was found as shown on page 607, but in many cases more
clearly defined. As he was then studying, these defects had a
fascination for him, and after watching and handling hundreds of
boilers and repairing them, he was confirmed in his opinion that
grooving, in every form known to exist in the locoinotive type of
boiler, was due to a mechanical action set up where the breathing
space was far too limited to accommodate the difference in the
expansion and contraction of the parts adjoining each other. Seeing
that this movement was ever present and uncontrollable, it must be
accommodated either by increasing the breathing area so far as
tube-plates were concerned, or by increasing the water-space to
relieve grooving round the screwed stays and raising the fire-bar
level at least 6 inches above the foundation ring, forming the bottom
connection of the fire-box and fire-box casing. As stated by several of
the speakers, an improved circulation-either natural or artificialwould do much to mitigate the evil. A connection from nnder the
barrel near the smoke-box end, coupled to the sides of the fire-box
casing near the bottom, would no doubt assist, but unfortunately,
the motion work of the engine precluded it. Wider water-spaces or
even a diaphragm down present spaces to create a distinct upward
current, separated from the downward flow (as in the Field Tube
2 2 2
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System), would materially assist. These diaphragms would, of
course, have to be fixed when new, and could never be taken out
until the fire-box was cut out, but, if under very special conditions,
such as very bad feed-water and heavy deposit, the diaphragm
could readily be pushed aside and rest against the fire-box casingplate, leaving the water-space clear and only & inch less than at
present. A slightly taper fire-box would be a move in the right
direction, the taper never being so pronounced as to interfcrc with
a perfect grip of the screwed stay.
As regards the grooving round the fire-box plates, and also tho
fire-box casing-plates along the edges of the foundation ring (as
shown in middle and bottom view on page 607), the writer was of
the opinion that this was entirely due to the rigid solid ring and
the fire-bar level being too low. I n many similar cases of semiportable locomotive-type boilers this grooving had been arrested in
its early stages by raising the fire-bars level with the first row of
stays. This, of course, tended to increase the grooving round these
stays in the water-space, but in severe cases leading to renewal of
stays, it was not a difficult or costly job. This solid and rigid
foundation ring also led to a trouble often experienced, but not
mentioned by Mr. Hughes, namely leaking at bottom corners. I t
seemed somewhat strange that locomotive engineers should havc
tolerated this ring such a length of time. Similar trouble led to
the introduction of the Y flange at the fire-hole, and the success of
this was now well known. Why should not the Y flange connection
be introduced? Sooner or later it must come, as such a rigid
connection could not be tolerated where elasticity was of such
importance.
The grooving on the tube-plates, and cracking from hole to
hole often experienced could be relieved by an enlargement of the
barrel at the smoke-box end, thus allowing it breathing space of at
least 6 inches between the tube-plate flange and the nearest tube.
Altogether the rigid shying of the locomotive was, in the writer’s
opinion, unwarranted, and the results of the greater freedom now
given in stationary boilers had quite justified the advance made,
and should encourage locomotive engineers t o follow in the same
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direction. Mr. Hughes’s information on smoke-boxes was invaluable,
and also that on priming, although the latter information would
have been more complete had information been given as to whether
or not the same feed-water was used in each case, and also as to ZL
guarantee that no oil had been allowed to enter the boiler.
Mr. W. F. PETTIGREW
wrote that the author had introduced so
much into his Paper that it was most difficult to discuss. His remarks
therefore would refer to only a few of the particulars mentioned.
The introduction of standardization and interchangeability was the
aim of all railway engineers, and this had been most ably done by
Mr. Aspinall and continued by Mr. Hughes in the locomotives built
at Horwich. I n referring to the author’s 4-cylinder passenger and
express goods-engines, one could not but appreciate the very excellent
arrangement of exhaust and steam-pipes described on page 576 ; in
engines with four cylinders this was very often most unsatisfactory
and complicated.
The details so fully described, commencing with the boilers
(page 583), were of great interest, and there was no donbt that the
author was right in increasing the distance between the tubes. Much
better results could be obtained from locomotive boilers with fewer
tubes, thus giving more space between them, and the custom of
crowding a large number of tubes into a boiler in order to obtain a
fallacious tube-heating-surface was a great mistake, particularly
where the water was bad. Increasing the distance between the tube
holes also allowed for a thinner tube-plate, which gave very much
longer life. This was proved some years ago by interesting
experiments made by Mr. Yarrow ;no doubt a tube-plate 3 inch thick
gave the best results. The introduction of wider water-spaces was
also a move in the right direction ; the regulation space of 3 inchos
was proved many years ago to be wrong. The wider water-spaces
decreased the repairs to the fire-box and the breaking of stays.
In discussing the life in years or mileage one must take into
account the work done by the locomotive-a certain weight hauled a
certain distance; also in the case of boilers and tubes the water
and coal used. The question sometimes to be answered was, h,w
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long should a boiler be allowed to work. On the Furness Railway,
copper fire-boxes had run for 29 and 30 years, arid iron tubes 17
years, before requiring t o be renewed ; in one locomotive, cylinders
had rnu 44 years, three cases 34 years, and many pairs 25 and 26
years. All locomotive engineers must heartily thank the author for
so freely giving his experience in the design and manufucture of
built-up cranks ; the information was both most useful and of great
value. I n the author’s practice of shrinking on tyres the amount
allowed appeared too much, and might lead to broken tyres ; donth
of the diameter of the wheel-centre had been found to give the best
results.
It would be very interesting t o have the author’s experience of
the use of nickel-steel plates for boiler barrels, as much use of this
metal was being made for so many purposes. There was no doubt
that water for the use of locomotive boilers should be purified before
it went into the boiler, and thus the use of zinc, lead, or chemicals in
the boiler would be obviated. The experiments made by the author
to determine the heights and lengths of the hood and blast-pipe, and
his conclusions, wore of great use a d interest, and would lead one t o
make careful tests in each new design of locomotive.
Mr. A. F. WEITE wrote that he thought one of the most
interesting parts of the Paper was that referring to boilers and
the fire-box. The author stated that there was a tendency for the
box to assume an oval form ; and in view of what frequently took
place in marine practice, this was what might have been expected.
Marine-boiler furnaces averaging 3 feet 6 inchcs diameter often
became oval in section; in fact there were very few truly circular
furnaces in exifitence after, say, one year’s working. From the
diagram of the boiler, it would appear that the size of the corrugations
was about the same as that generally adopted in marine boilers, but
the diameter of the furnace was much greater than that of a Scotch
boiler furnace. Surely it was only reasonable to assume that the size
of the corrugations ought to bear some proportion to the diameter.
While small corrugations such as those adopted might prevent local
deformation, he did not think that they made the furnace as a whole
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strong enough to keep truly circular under conditioris such as those
to which it was subjected. He would therefore suggest that a
furnace of this diameter should be strengthened by the fitting of, say
three Adamson rings, thus dividing i t into four parts in its length.
While these rings would prevent the withdrawal of the furnace
without disturbing the front plates, this would be of very little
importance as compared with the benefits which such rings would
obtain, and would certainly not be of so much importance as in thc
case of a Scotch boiler where the removal of the front plate with
three furnaces attached would be so much more costly. I t would be
interesting to know if such a design as that suggested had been tried
on a locomotive circular fire-box.

Mr. HUQHES
wrote that he noted Mr. Barr’s opinion in regard to
the cylinder metal being too soft, aud that i t was practicable t3 peg
on renewable faces, both to the cylinders and valves, but he did riot
recommend it for extensive use in locomotive practice.
With reference to axles, he thought Mr. Barr intended to use tho
word 6‘ life ” and not “ strength,” drawing his conclusion from the
comparison between steel with 16 t o 20 years’ life and iron with
18 to 25. The author would explain that the latter were used in
small engines, and during a less strenuous time.
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Fig. 24. Flanged Plates.

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

Plate 16.

HORWICH

LOCOMOTIVES.
F'Ig.33.

Eight

Wheeled

Rudial'

Tank

Engine.

F19.34.

Eight W7teeZed Redid Tank Engine unLh 'BeZpaire" Firehz.

Downloaded from pme.sagepub.com at IMECHE on February 25, 2013

Plate

17.

H0 RW I C H LOC0.M0TI V ES

.

Fig. 37. Eight- Wheeled Radial Tank-Engine.
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Fig. 46. Ten- Wheeled Banking-Engine,
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Fig. 55. Eight- Wheeled Coal-Engine.
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