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PREFACE.

——

Tue information contained in the following pages was
not originally intended for publication, but represents the
contents of an Engineer’s note book, collected for use in
his own Works during many years of practice.

The Author having been in the habit of compiling Rules
and Data, relating to his business, for his own use in the
practical construction of a great variety of modern engineer-
ing work, and having found his notes extremely useful,
decided to publish them-—after having revised them to
date—trusting that a practical work, suited to the daily
requirements of modern engineers, would be favourably
received by the public.

- Among many new and original features of this work will
be found the following :—

The weights of those metals usually rolled to gauge are
given to the New Imperial Standard Wire-Gauge,—the
Birmingham Wire-Gauge being no longer a legal measure.

The weights of sheet-iron, hoop-iron, and corrugated iron
are those rolled both to the New Imperial Standard Wire-
Gauge, and to the B. G. Gauge, or scale adopted by the
South Staffordshire Ironmasters, on March 1st, 1884, as the
Trade Standard for sheets and hoop-iron. The weights of
iron-wire, steel-wire, copper-wire, and brass-wire are to the
New Imperial Standard Wire-Gauge.

The tables of mixtures of metals, for castings of cast-
iron, gun-metal, brass, antifriction white-metal, and other
alloys, are the most extensive and complete ever published.

‘Weights are given of a great number of toothed-wheels,
and of pulleys for belts and ropes, also of shafting,
couplings, plummer-blocks and many other useful materials.

The strengths of materials are based upon the most
recent investigations. Particulars are stated of the
quantities of work turned out by machine-tools.



vi PREFACE.

A Vocabulary of Frenchand English Engineering Terms,
which it is believed will be found a useful feature, is added.

In order to make the very varied and extensive matter
given in this work readily comprehensible by all classes .of
readers, the use of algebraical symbols has been, with
one or two exceptions, dispensed with, the rules bei‘ng
expressed in words—many worked-out examples of which
are given—and the Author has endeavoured to impart the
information as clearly and briefly as possible, and to give
nothing but the most recent practical data.

In conclusion the Author takes this opportunity of ex-
pressing his indebtedness for some of his information to
the columns of “ The Engineer,” and “ Engineering,” and to
other sources, which are acknowledged where the quotations
occur.

PREFACE TO THE THIRD EDITION.

TuE rapid sale of the First and Second Editions of
this work, and the favourable’ manner in which it has
been reviewed, may, it is hoped, be taken as indications
of the usefulness of the book.

In issuing a Third Edition, the following among other
additions have been made, viz.:—Rules for the Propor-
tions of Riveted Joints in Soft Steel Plates, the Results of
Experiments by Professor Kennedy, for the Institution of
Mechanical Engineers,—Rules for the Proportions of
Turbines,—Rules for the Strength of Hollow Shafts of
Whitworth’s Compressed-Steel, &c.

In conclusion, the Author begs to state that having in-
vestigated the strength of Double Helical Toothed-Wheels,
and found the additional strength gained by using this form
of wheel-tooth to be much less than is popularly supposed,
he has briefly embodied the results of these investigations
in this Edition.

W. S. HUTTON.
4, SUNDERLAND VILLAS,

FoREsT HiLL, Loxpox,
Fune, 1886,
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STATIONARY AND LOCOMOTIVE STEAM
ENGINES, GAS ENGINES, &c.

WORK AND HORSE-POWER.

A Unit of Work is equivalent to one pound avoirdupoeis raised
vertically one foot. The units of work done in raising a given weight
to a given height, are found by multiplying the height in feet by the weight
in pounds. The units of work done in raising a weight up an inclined
plane, are equal to the work that would be done in raising the weight
vertically through the height of the plane.

The Modulusg of a Machine is the fraction which expresses the relation
of the work done to that of the work applied, or the percentage of the
power absorbed which a machine will give out in useful work.

MODULUS OF MACHINES. a

Centrifugal pump, small o 3 5 3 - JoRaRLolH
Undershot water-wheel . . . . . « ‘25 t0 °33
Paddle water-wheel c : . . . SO ZeR (oNe g
Inclined chain pump 5 5 5 5 d 2 T8
Oscillating pump . . . : s
Hydraulic ram—1lift 10 to I of fall : 3 5 g 4t
Centrifugal pump, medium size, low lift g 4 o b e
Common lift pump . X . 3 g : 3 850
Upright chain pump . . g 4 . ¢ TP 55
Pumps for drainage . . g c : . ‘55
Poncelet’s undershot water-wheel . g ¢ 5 S ARG
Fire engines . . . 3 iS5/
Endless chain and buckets—hft 9 feet . 3 g WY 150
Bucket wheel . c p . o Sl o 1360
Breast water-wheel q 5 ? . ] 60
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Turbine, with sluice half open . 3 8 . c 61
Pumps for mines and deep wells . . s o A N 5
Archimedean screw . 5 3 2 3 5 5 68
Centrifugal pump, large, low lift . E 4 . e 70
Overshot water-wheel . 3 5 3 % . L “Eye,
High-breast water-wheel 5 L g : d N 7,
Turbine, with sluice wide open . 5 4 - : 25
Hydraulic ram—lift 4 to Tof fall . . . J B TS
Hydraulic machines—4 to 1 . . o : : .75
Three-throw pumps e . 5 5 5 o) e¥g6
Waterworks pumping engine . 3 3 9 5 2 1i80

Horse-power.—A strong horse can travel 2} miles per hour and work
8 hours a day, doing the equivalent of pulling a load of 150 lbs. weight up
out of a shaft by means of a rope. 2z} miles an hour is 220 feet per
minate, and at that speed the load of 150 Ibs. is raised vertically the same
distance, that is equal to 300 Ibs. raised 110 feet high, or 3,000 Ibs. raised
11 feet high, or 33,000 Ibs. raised one foot high per minute. The unit of
power is the mechanical force necessary to lift 33,000 Ibs. one foot high in
one minute; but, in dealing with steam engines, two terms are used, viz.,
nominal Horse-power, and actual horse-power.

Nominal ‘Horse-power is a commercial term used by makers of
engines to denote only the size of an engine without regard to the actual
power it will exert.

Nominal Horse-power of Non-Condensing Engines.—The rule of
ordinary practice is to make the sectional area of the cylinder equal to
from g to 10 square inches for each nominal horse-power. The nominal
horse-power of non-condensingsengines may be found-by the following
rule, which accords with the best modern practice. Rule: Multiply the
square of the diameter of the cylinder in inches by 7, and divide the result
by 8o.

Nominal Horse-power of Condensing Engines.—Rule: Multiply
the square of the diameter of the cylinder in inches by 7, and divide the
product by 200.

Actunal Horse-power of an Engine.—To find the actual horse-power.
Rule: Multiply the area of the cylinder in square inches by the average
effective pressure in lbs. per square inch, minus 3 1bs. per square inch for
friction ; and by the speed of the piston «n feet per thinute. The product
will be the number of foot-pounds per minute which the engine will faise.
Next, divide the product by 33,000, and the quotient will be the actual
horse-power. " S

Power and Weight of Men and Animals.—In work'mg a crane
handle, a man can apply 2 force of 6o Ibs. in an emergency with difficulty,
ar a force of 30 Ibs. for a short time with difficulty, or a force of 20 Ibs. for
a short time easily, or a force of 15 Ibs. in continuous work at a velocity of
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220 feet per minute; hence the power of a man is 15 x 220=3,300 foot
pounds per minute, or one-tenth of a horse-power. A soldier on march
travels about 30 inches per step, and occupies a front of 21 inches in the
rank ; the average weight of men is 150 Ibs. each ; five men can stand in
a space of one square yard; the weight of ordinary crowds of people is
80 Ibs. per square foot ; the absolute force of a man in pulling horizontally
or pushing with his hands is 110 Ibs., his lifting power with both hands is
280 Ibs., and the greatest load he can support on his shoulders is 336 Ibs.
A horse will exert a pulling force of 120 lbs. at the rate of 2z} miles an hour
during 10 hours. A pony or mule will exert a pulling force of 6o lbs. at
the rate of 2} miles an hour during 10 hours. An ass will exert a pulling
force of 30 Ibs. at the rate of 2 miles an hour during 10 hours. - These
animals will each carry a load on its back equal to one-fourth its own
weight, at the rate of 24 miles an hour during 10 hours. A horse will draw
a load of one ton at the rate of 2} miles an hour during 10 hours. A pony
or mule will draw a load of 12 cwt. at the rate of 24 miles an hour during
10 hours. An ass will draw a load of 7 cwt. at the rate of 2 miles an hour
during 10 hours. These forces are for a straight pull ; when animals work
by pulling while walking in a circle, their pulling force is only about 6o per
cent. of their force for a straight pull; the diameter of the circular path
should not be less than 25 feet, and the velocity should not exceed 2 miles
an hour. The average weight of a cart-horse is 13 cwt.; a'eob, 7 cwt.; a
mule, 6 cwt.

Resistance of Carts and Waggons to Traction on Level Roads
and Rails.—The resistance to traction in proportion to the whole weight
is 7% on fields ; % on gravel and on broken-stone roads in bad condition ;
g5 on dry hard turf ; 5% on good macadamized roads; % on underground
tramways with 8-inch diameter wheels; g% on wood pavement; -% on good
London pavement ; 3% on street tramways with grooved rails; 115 on
underground tramways with rz-inch wheels on round top rails; 15 on
asphalte pavement; 11y on granite tramway ; 334 on railways.

The force required to drag a weight on a level firm wood floor without
rollers is # the whole weight, and with the weight placed on rollers 3 inches
diameter, it is -%; of the whole weight.

CONDENSATION IN STEAM CYLINDERS.

Condensation.—It is found in practice that nearly all steam engines
use half as much more steam than is theoretically required, and this loss is
mostly caused by condensation of the steam in the cylinder. When steam
enters a cold cylinder, it is rapidly condensed during the operation of
warming the cylinder and piston, and raising their heat up to the same
temperature as the steam, because the piston will not move until both it
and the surrounding surfaces are heated to a temperature approaching
more or less that of the steam. Re-evaporation takes place during the
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whole time of exhaust, because the steam, when exhausting after expansion,
being lower in pressure and temperature, cools the cylinder and steam
passages, and absorbs the heat. ‘The heat thus abstr.acted must be restored
to the metal by the entering steam, a portion of which must be condensed
to restore the heat thus lost, because, as already stated, until the metal is
considerably raised in temperature, the heat in the entering steam will be
expended in heating the surfaces, instead of moving the piston. Con-
densation also goes on in the cylinder, due to the performance of work
during expansion in driving the piston. The steam falls in temperature
owing to its change in volume during expansion, and the temperature of the
interior surfaces of the cylinder also falls during expansion, nearly with that
of the steam, parting with heat to re-evaporate the water formed. There-
fore, at the commencement of each stroke, a portion of the entering steam
must be condensed to restore the heat lost by condensation and the cooling
of the cylinder by re-evaporation during the previous expansion, as well as
the heat abstracted by the steam during exhaust.

The extent to which cylinder condensation takes place depends upon the
extent of the cooling surfacés opposed, and also upon the quantity of water
mixed with the steam and carried with it from the boiler; but part of the
water formed from the condensed steam is re-converted into steam during
expansion, and the heat necessary for its re-evaporation is supplied from
three sources.  First, from the heat stored in the metal which was abstracted
from the entering steam. Secondly, from the sensible heat given up by the
steam as it falls in pressure and temperature during expansion. Thirdly,
from the latent heat given up by the steam during condensation. So that
the action of condensation and re-evaporation is continually going on in the
cylinder. Condensation varies as the size of cylinder, for as the diameter
is increased, the condensing surfaces increase directly as the diameter ; but
the area and consequently the volume of steam increase as the square of
the diameter; the condensing surfaces of the piston and cylinder-ends
increase as the square of the diameter; but the volume of steam cut off at a
given proportion of the stroke increases directly as the length of stroke, so
that the loss from condensation diminishes as the diameter of cylinder and
the length of stroke are increased. Condensation also varies with the rate of

expansion ; the weight of steam condensed increases rapidly with each
increase in the ratio of expansion.

CYLINDERS.

Cylinder Condensation causes a great loss of both steam and fuel, and
forms an obstacle to working expansively; in fact, unless the cylinder is
protecte in some way, 50 as to keep up the temperature of the steam during
?xpansion to its initial pressure, little or no gain will be derived from work-
ing expansively. If steam could only be maintained at a suitably high
temperature during expansion, without condensation, then the reduction of
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pressure during expansion would be the exact equivalent of the work done
in expanding. It is found in practice that even in cylinders jacketed in
the best manner the loss from condensation is about from 14 to 2 Ibs. per horse-
power per hour, and in unjacketed but well clothed cylinders the loss
from condensation is from 4% to 5 lbs. per horse-power per hour.

Leaky Pistons are another source of loss, and the amount of steam
which from this cause escapes past the piston increases with the pressure of
the steam and also with the age of the engine, so that a quantity of steam
is continually passing through the cylinder without performing any work.

Leaky Valves also cause loss by admitting the steam after it is supposed
to be cut off, and the initial work of such steam is lost, the cause of leakage
being either want of stiffness in the valve, which allows it to bend into the
ports in passing over them, or the surface is made so small that capillary
attraction does not properly take place between the valve and its seat.

Clearance between the piston and the cylinder covers and the space
occupied by the steam passages cause considerable loss, because these
spaces are emptied of steam at each exhaust, and have to be re-filled at the
beginning of each stroke, and the steam thus used does no work during
admission, although it is not altogether lost, because it acts by expansion
during the stroke.

Compression.—The loss due to clearance and waste room in the steam
passages may be avoided by compressing the steam; this is accomplished
by closing the exhaust port a little before the termination of the return
stroke, and the advancing piston compresses the confined steam against the
cylinder end. This is motion against resistance, and the work lost by the
piston is imparted as heat to the steam, the compression of which raises its
temperature, and its pressure can thus be raised up to its initial pressure,
and heat will be applied to the cylinder covers and piston, which would
otherwise be abstracted from the steam from the boiler, and condensation
is prevented to that extent.

Cushioning.—Another great advantage from compression is that the
compressed steam acts as a cushion to the piston and prevents a sudden
shock at the end and beginning of each stroke, when the motion of the
piston is reversed and the power used in compressing the steam (with the
exception of loss from friction) is returned by the re-expansion of the
compressed steam on the reversal of the piston. By properly adjusting the
guantily of cushion, the momentum of the piston is balanced, and the engine
is made to run smoothly and noiselessly.

Back Pressure causes loss of power, the extent of which depends upon
the quantity of water mixed with the exhaust steam and also upon the
amount of resistance opposed to the escape of the exhaust steam from the
cylinder, in the shape of contracted ports and passages and bent exhaust
pipes. Bends and elbows in the exhaust pipe cause great back pressure,
but in non-condensing engines the back pressure is never less than the
pressure of the atmosphere plus the power required to expel the exhaust
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steam from the cylinder. In condensing engines, the condenser and air-
pump are employed to remove t_he back pressure or pressure of 1the atmos-
phere, but as a perfect vacuum is never obtained an.d there is al ways some
resistance to the escape of the steam from the. cylinder, there is always a
back pressure of about 2 Ibs. in condensing engines. -

Ratio of Expansion,—In order to obtain al} the available power, the
steam should be brought on to the piston at it§ highest pressure and cut off
quickly, so that the pressure does not f.all during thF closing of the port, as
expansion cannot begin properly until the port is closed, anfi the full
expansive force of the steam should be used as nearly as possible to the
end of the stroke, and then exhausted freely, therefore the steam must be
cut off at such a part of the stroke that it will expaqd to the lowest practica-
ble point before exhausting. It is found in practice that th.e best r«?sults
have been obtained by expanding the steam 6 times in smgle-cyhnfier
steam-jacketed condensing engines; 4 times in single.cylinder con_densmg
engines without steam jackets ; 3} times in single cylinder steam jacketed
non-condensing engines; 3 times insingle cylinder non-condensing engines
without steam jackets, but with well-clothed cylinders; 8 times in compound
condensing jacketed engines; 6 times in compound condensing engines
without jackets, but with well-clothed cylinders. In all cases the utmost
feasible ratio of expansion is the number of times the total back pressure is
contained in the total initial pressure.

Lowest Absolute Terminal Pressure.—In non-condensing engines,
the exhaust port being open to the atmosphere, there is a back pressure of
15 Ibs. per square inch, plus the power necessary to drive the engine
against its own friction, and to expel the exhaust steam from the cylinder,
which is on an average 5 lbs.; so that the lowest terminal absolute pressure
to which steam can be economically expanded is zo lbs. In condensing
engines, there is always a pressure in the condenser to be provided against,
as well as the resistance to the escape of the steam from the cylinder, and
the power necessary to drive the engine against its own friction, so that the
lowest terminal absolute pressure to which steam can be economically
expanded, is 8 Ibs. per square inch. When the steam is expanded to a
lower terminal pressure than this, the result will be loss of power.

Economical Working.—To secure the utmost economy, it is necessary
to work at a good rate of expansion with dry steam, and this can only be
obtained by keeping the steam in the cylinder at such a point, that it will
be as nearly as possible totally free from condensation; for this purpose the
steam jacket was designed.

Steam Jackets.—The object of the steam jacket is to prevent condensa-
tion in the cylinder, and its effect is to remove the condensation from the
inside of the eylinder, where it retards the effective working of the piston,
to the outside of the cylinder into the jacket, whence it can easily be drained
off and returned to the boiler. To enable the jacket to work properly, means
must be provided to keep it clear of both air and water, otherwise they will
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completely destroy its action. The best form of steam jacket 1s shewn in
Fig. 1, which is a section of a cylinder with both the cylinder and covers
jacketed. The jackets of the cylinder and cover should be connected by at
least 6 holes, and care must be used in making the joint to prevent these
holes from being filled up with red lead, but pieces
of tube screwed into the cylinder-cover effectually
prevents this taking place. The jacket is filled with
steam from the boiler, and condensation in the
cylinder during expansion is prevented by the heat
passing from thesjacket to the expanding steam.

Lead of a Valve.—It being important to obtain
the full pressure of the steam at the commencement
of the stroke, the eccentric is fixed a little in advance
of the position at right angles to the crank, which
causes the port to be slightly open before the piston
arrives at the end of the stroke, so that the moment
the crank has passed its dead centre the piston begins its stroke with the full
pressure of the steam behind it. The amount of lead required depends
upon the speed of the piston, the size of the ports and the quantity of steam
in the cylinder at the time the valve is opened.

Insufficient lead causes the piston to travel a portion of its stroke before
it receives the full pressure of the steam, and excessive lead causes an
irregular working of the piston, which receives a sudden shock, and the
entering steam is compressed, which causes back pressure and loss of
power, besides straining the engine.

Lap of a Valve.—In_ order to work expansively, the admission of the
steam is cut off and the steam is confined in the cylinder, when the piston
has only travelled a portion of its stroke, and this is effected with the
common slide valve by making it sufficiently long, when in middle position,
to overlap the extreme edges of the steam ports. The overlap is called
outside lap.

Inside lap, or lap on the exhaust side, when it exists to any.extent, is
given to the valve to delay the release of the steam, but in engines that
work at a good speed no inside lap is given more than is just sufficient to
cover the ports on the exhausting side to prevent leakage of steam when'the
valve is at its half stroke.

PROPORTIONS OF HIGH PRESSURE NON-CONDENSING
’ , STATIONARY ENGINES.

The speed of piston in feet per minute is found by multiplying twice
the length of stroke in feet by the number of revolutions per minute of the
‘crank shaft ; the usual speed is from 300 to 650 per minute. A piston with
a given pressure upon it, will exert power in direct proportion to its speed,
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therefore an engine to work economically should work at as high a speed
as is possible without heating and vibration. A high speed enables large
measures of expansion to be used, and gives asmooth and uniform motion.
A high speed engine requires wide bearings, and the momentum or force
stored up in its moving parts should be accurately balanced to enable it to
run steadily without tremor; the piston can be balanced by compression,
and the large end of the connecting-rod and the crank should be balanced
by a counterweight revolving opposite to the crank, so that beth may
revolve in the same plane of revolution.

Area of Cylinder.—g square inches of cylinder area are usually given
for each nominal horse-power.

Diameter of Cylinder.—Multiply the nominal horse-power by 9, take
the square root of the product and multiply by 11283, and the product will
be the diameter of the cylinder.

Thickness of Cylinder.—There is no rule for thickness of metal that
would be applicable to all sizes; the following are the usual proportions,
including allowance for reboring.

Diameter of cylinder, i

ininches . . 15/617|819|1ox11213/14/15/16 17 [18/20] 22 |2
Thickness of metal, | f | ' [

P 5 3

ininches. . . |§I§HIE %ﬁ%ﬁ%‘%i—ié’li—zll 1 I%I%F%‘Ia‘—slg

Thickness of Cylinder Ribs = three-quarters the thickness of metal
of cylinder.
Thickness of Cylinder Flanges=thickness of cylinder x 1°2 5.
Thickness of Metal of Steam Passages=three-quarters the thick-
ness of cylinder. "
Thickness of Cylinder Covers = thickness of cylinder-flange multi-
plied by -83.
Thickness of Sole Plate of Cylinder = thickness of cylinder mul-
tiplied by 1°25.
: Area of Steam Port = area of cylinder in square inches divided
Y 12.
. I.Sesngth of Steam Port = diameter of cylinder in inches multiplied
¥ 88. .
Width of Steam Port = area of steam port divided b
o port divide y the length of
Width of Exhaust Port = width of steam ipli
2 ; port multiplied by 2-zs.
Width of Bridge = width of steam port divided by 1°37. o~ :
" Azea. of Steam Pipe = area of cylinder in square inches divided
y 16.

" Area of Exhaust Pipe = area of éylinder in square inches divided
y 12,
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Diameter of Piston Rod = diameter of cylinder divided by 6-z.

Diameter of Piston Rod Stuffing-Box = diameter of piston rod
multiplied by 1°8.

Depth of Piston Rod Stuffing-Box = diameter of piston rod multi-
plied by 1°6.

Depth of Bush at bottom of Stuffing-Box = one-third diameter of
piston rod.

Thickness of Flange of Gland = one-fourth more than thickness of
gland.

Thickness of Metal round Stuffing-Box = thickness of gland mul-
tiplied by 1'5.

Diameter of Slide-Valve Spindle == diameter of cylinder divided
by ro.

Outside Lap of Slide-Valve = width of steam port multiplied by
*62. See also rule on page 21.

Inside Lap of Slide-Valve = -1 inch.

Stroke of Slide-Valve.—Add together the width of steam port and the
outside lap and multiply by 2.

Clearance between Piston and Cylinder-Cover at each end of
+ Stroke.—Divide the diameter of the cylinder by 32.

The cylinder should be cast from tough close-grained cold blast iron, as
hard as it can be properly worked, and the ends should be bell-mouthed.

Length of Stroke = diameter of cylinder multiplied by 2. Small
engines are frequently made with the length of stroke = diameter of cylinder
multiplied by 1°5.

Piston.—Width of piston = } the diameter of cylinder.

Taper of piston rod in the piston = % inch per foot.

Piston-Rings.—Cast-iron is a good material for piston-rings. An alloy
has been successfully used in marine engines, of copper, 15 parts; tin,
5 parts; these rings, it is said, require no lubrication, do not score the
cylinder, are very durable, and cause very little wear in the cylinder, which
they soon work up to a polished face.

Diameter of Crank-Shaft.—This should be proportioned to the strain
upon it, by the rule given further on; but in ordinary cases, the diameter
of a wrought-iron crank-shaft may be = to the diameter of cylinder multi-
plied by 4.

Diameter of neck of crank-shaft, recessed in the crank-shaft = Diameter
of crank-shaft multiplied by °8.

Length of neck of crank-shaft = diameter of crank-shaft multiplied by
1°6 for ordinary cases, and by 2 for high speeds.

Crank, Cast-Iron’—Diameter of boss for crank-shaft = diameter of
shaft multiplied by 2.

Depth of boss = diameter of shaft.

Crank to beyshrunk on and keyed on with a key in width = to th the
diameter of shaft.
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Thickness of key = width of key multiplied by “42.
Diameter of boss for crank-pin = diameter of crank-pin multiplied by
2°25.
Igepth of boss for crank-pin = diameter of crank-pin multiplied by 1°s.
Crank-pin to be shrunk in and riveted at back.
Thickness of web of crank = diameter of crank-pin, and a strong rib in
scentre should connect the two bosses.
Crank, Wrought-Iron.—Diameter of boss for crank-shaft = diameter
of shaft multiplied by 1°75.
" Depth of boss = diameter of shaft multiplied by -87.
Diameter of boss for crank-pin = diameter of crank-pin multiplied by 2.
Depth of boss for crank-pin = diameter of crank-pin multiplied by 1°4.
Thickness of web of crank = diameter of crank-pin.
Crank-Pin.—Diameter of crank-pin = diameter of cylinder multiplied
by -24.
yLength of crank-pin = diameter of crank pin multiplied by 1°5.
Eccentric.—Throw of eccentric when it works the valve direct = % the
travel of the slide-valve.
Width of recess for eccentric-strap = diameter of cylinder multiplied by
‘18, ’
Depth of recess in eccentric, from § inch to § inch according to size.
Thickness of flange on each side of recess,  inch to } inch according to
size.
Diameter of boss of eccentric = diameter of shafts multiplied by 1°6.
Depth of boss of eccentric = diameter of shafts multiplied by 7.
Eccentric-Strap.—Thickness = to its width multiplied by *67 for cast
iron. £
For brass multiply the width by *53.
When the strap is iron lined with brass, the brass lining should be % of
the thickness of strap in thickness.
Eccentric-Rod.—Diameter at slide-valve spindle-end = diameter of
slide-valve spindle.
Diameter at eccentricsstrap end = diameter of slide valve spindle multi-
plied by 1°3.
Feed-Pump. Diameter = § diameter of cylinder when 1 stroke of
piston ; and 4 diameter of cylinder when  stroke of piston.
‘Wrought Iron Cross Head, Fig. 2, for 4-slide bars.
Diameter of recessed part of boss A = diameter of piston-rod multiplied
by 1°75. .
Length of recessed part of boss A = diameter of piston-rod multiplied
by 12.
1 Diameter of collar at end of boss B = diameter of piston-rod multiplied
Yy 2.
. Width of collar at end of boss B = diameter of piston-rod multiplied
Y ‘42,
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Thickness of fork at the boss C = diameter of piston-rod multiplied by 6.

Thickness of fork below the boss D = diameter of piston-rod multiplied
by “42.

Diameter of the boss of the fork C = diameter of cross-head pin multi-
plied by 2.

Diameter of cross-head pin E = diameter of crank-pin multiplied by -75.

. + Width of fork F = diameter of cross-head pin multiplied by 1°2.

-Length of cotter-hole in boss = diameter of piston-rod multiplied by -8.

Width qf cotter-hole = diameter of piston-rod multiplied by ‘2z.

Diameter of slideblock-pin = diameter of crosshead-pin multiplied by
‘75

Taper of hole in crosshead for piston-rod = £ of an inch per foot.

Slide Block.—Width of sliding surface = diameter of piston-rod for

# A
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Fig. 2. Fig. 3.

wrought-iron slidebars ; and diameter of piston-rod multiplied by 1‘4 when
the slide bars are cast-iron.

Thickness of slideblock = diameter of shdeblock-pm multiplied by 1°8.

Length of sliding surface = width of sliding surface multiplied by 3 or 4.

Wrought-Iron Crosshead, Fig. 3.—For 2 slidebars, viz. one above
and one below the crosshead, the slide-blocks being adjustable by lock-
nuts on the slideblock-pin.

Width of slide surface of slideblock = diameter of plston rod multiplied
by 2.

Length of sliding surface of slideblock = width of sliding surface multi~
plied by 4.

From centre of the slideblock-pin to the centre of the crosshead-pin =
diameter of crosshead-pin multiplied by z'5. From centra of the slideblock
pin to the outside of the collar on the end of the boss of crosshead = diameter
of crosshead-pin multiplied by 2°s. The proportions of the fork and cross-
head pin may be found by the same rules as the other crosshead given
above.

Slide Bars, 4 in number, viz, 2 on each side of crosshead.
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Slide bars, width = to diameter of piston-rod wllen wrought—iron ; and
when cast-iron, width = to diameter of piston-rod multiplied by 1°4.
Thickness = to width -multiplied by ‘6 for wrought-iron, and by 4 for
cast-iron when made with a rib in the centre.
Depth of rib = width of bar multiplied by *7.
Thickness of rib = } of the depth of rib. .
Diameter of bolts for slide-bar = width of slide-bar multiplied by 4.
Slide-bars, z in number, viz. 1 above and 1 below the cross head.
Width = diameter of piston-rod multiplied by 2.
Connecting-rod with strap-end like Fig. 4. ‘
Thickness of strap at the end = diameter of bearing multiplied by 33.
Thickne-s of strap at the
side = diameter of bearing
,mltiplied by -24.
Thickness of strap at cot-
ter-hole = diameter of bear-
"ing multiplied by *4.
Width of strap = length of
bearing multiplied by -7.
Length of strap beyond
. cotter-hole = diameter of
bearing multiplied by ‘sa.
Distance from end of brass
bush to edge of cotter = dia-
meter of bearing multiplied
by -54.
Thickness of brass bush at the end = diameter of bearing multiplied by
435,
Thickness of brass bifsh at the side = thickness of brass bush at the end
- multiplied by -75. v
+  Width of gib and cotter at the centre = the diameter of the bearing.
Thickness of gib and cotter = diameter of bearing multiplied by -z2.
Taper of cotter, £ inch per foot. e
Depth and width of the clip of the gib, each = the thickness of the gib.
Diameter of t}e connecting-rod at the small end = the diameter of piston-
rod.
Diameter of connecting-rod at the large end = the diameter of piston-rod
multiplied by 125,
Diaméter of connecting-rod at the centre —
plus % of an inch per foot of length of rod.
Length of connecting-rod = twice the length of stroke.
Connecting-rod with cap-end like Fig. 5.
: Cap Bolts.—The sectional area of each bolt to equal one-half the sec-
tional area of the piston-rod.,

Thickness of cap = diameter of bearing multiplied by s.

A\

Fig. 4.

the diameter of.large end *
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Width of cap and*rod-end = length of bearing multiplied by *7.

Thickness of brass bush = diameter of bearing multiplied by -z.

Fly-wheel.—Diameter = length of stroke in feet multiplied by 33 to 4.

Weight of Fly-wheel in cwts. = nominal horse-power multiplied by 3.

Maximum safe velocity for cast iron = 80 feet per second.

Engine-bed when made Box-pattern, like the section of bed, Fig. 6.

Full width across the top = diameter of cylinder multiplied by 2.

Width of each side frame or box = diameter of cylinder multiplied by *5.

Width inside the two frames = diameter of cylinder.

Thickness of metal = thickness of metal of the cylinder multiplied by *7.

Depth of bed = diameter of cylinder multiplied by *5 to 6.

Weight of Foundation for an Engine.—In stone or brick = one ton
per nominal horse-power.

()

Horizontal High-pressure Condensing Engine§.~The object of the
condenser is to remove the pressure of the atmosphere which opposes the
advance of the piston in the cylinder, so that all the work performed by the
steam may be brought to bear effectually upon the piston, but there is
always a back pressure of about 2z lbs. per square inch in the cylinder due
to imperfect vacuum: In this class of engine, the condenser, with air-
pump and hot-well combmed in one casting, is usually fixed on the bed
behind the cylinder, the piston-rod of which is continued through the back
cylinder-cover to work the air-pump.

Diameter of single-acting air-pump = diameter of cylinder multiplied
by 6.

Diameter of double-acting air-pump = = diameter of cylmder multiplied
by 3.

Width of air-pump plston = diameter of air-pump multiplied by °3.

Diameter of air-pump rod = diameter of air-pump divided by 8.

Area of delivery and suction-valves = diameter of air-pump multiplied
by 7. i
Capacity of condensor = the capacity of the air-pump.

Diameter of injection-pipe = diameter of cylinder divided by 8.
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Diameter of cold-water pump = diameter of cylinder multiplied by °3,
when its stroke equals § the stroke of engine.

Diameter of feed-pump = diameter of cylinder divided by 10 when its
stroke equals one-half the stroke of the engine.

Quantity of injection-water required per nominal horse-power in cubic
feet per minute, equal temperature of the steam in degrees Fahr. multiplied
by ‘00304 ; approximately 5 gallons are required per nominal horse-power
per minute, or 2} gallons per indicated horse-power per hour.

Surface-Condensers require from z to 23 square feet of cooling or
tube-surface per indicated horse-power, and from 40 to 50 lbs. of cooling-
water for each Ib. of steam to be condensed.

ENGINE GOVERNORS.

The Action of a Governor is controlled by two forces, viz., centrifugal
force, or the tendency of the revolving balls to fly away from the spindle or
vertical axis, and centripetal force, or the tendency of the balls to hang in a
vertical line from the centre of the pin suspending the arm, due to the force
of gravity.

To find the centrifugal force of a governor in terms of the weight of the
balls. Multiply the square of the number of revolutions per minute by the
radius of the circle described by the centres of theballs in inches, and divide
the product by the constant number 35,226.

To find the centripetal force of a governor in terms of the weight of the
balls. Divide the horizontal distance of the balls from the centre of the
suspending pin, by the vertical height of the same,centres.

Ordinary Governors, Fig. 7—The centre of the suspension of the

Fig. 7. Fig. &

arms should invariably be placed in the centre of the spindle, unless it be
pla:ced beyond it, as in Fig. 8; becanse it is essential for a governor to work
with the least possible variation in speed, and the placing of the point of
s.usp.ension away from the centre of the spindle causes considerable varia-
- tion in velocity. The variation in velocity increases as the distance is in-
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creased of the centrelof the suspension-pin from the centre of the spindle.
Although wrong in principle, the arms are frequently hung away from the
centre of the spindle, as in Fig. g; and in calculating such governors, the
vertical height is to be taken from the plane line, P, to the top of the cone,
T, instead of the actual centre of suspension.

To find the power of a governor, multiply the weight of the balls in lbs.
by the vertical height they are lifted.

To find the vertical height, H, between the point of suspension and the
plane of revolution, P, divide the constant number 1875 by the number of
revolutions of the governor, and square the quotient, which will give the
height in inches.

Diameter of Cast-iron Balls for Ordinary Governors, B.—The
weight of the balls must be sufficient to overcome the resistance of the valve
and its connections. In ordinary cases the diameter of each ball may be
equal to one half the height of plane line, H, in inches.

Length of Governor Arms.—First determine the vertical height from

Fig. 10

the plane of revolutions to point of suspension of arm, H, Fig. 1o; then set
out the centre lines of the arms at an angle of 60°, as their position at the
proper speed of the governor, and where the said centre lines of arms cut
the plane line will be the centres of the balls, and the length of arm will be
the distance between the centre of suspension and the centre of the ball
thus found. The speed required to maintain the balls at that height is
obtained by the following rule :—

To find the speed of ordinary governors, divide the constant number,
187'5, by the square root of the vertical height in inches between the plane
of revolution and centre of suspension, and the quotient will be the numbe
of revolutions per minute required to maintain the balls at that height.

Governors are driven from the engine crank shaft by means of pulleys o
gearing, and the diameter of pulley or number of teeth in the wheel to pro-
duce the proper velocity may be found by the following rules :—

To find the diameter of pulley (or number of teeth in the wheel) on the
driving shaft of the governor. Multiply the number of revolutions of the
engine per minute by the diameter of pulley (or number of teeth in the

. c
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wheel) on the engine crank shaft, and divide by the required number of
revolutions per minute of the governor.

T find the diameter of pulley (or number of teeth in the wheel) on the
engine crank shaft. Multiply the diameter of pulley (or number of teeth in
the wheel) on the governor driving shaft by the number of revolutions per
minute of the governor, and divide by the number of revolutions per minute
of the engine.

Spring Governor.—In small engines, the governor is often placed hori-
zontally, the centrifugal force being balanced by a spring placed inside the
governor on the spindle. The tension of the spring is regulated by nuts to
suit the required speed.

Cross-armed Governor with Centre Weight, Fig. 8.—In this class
of governor, the centre of suspension must be calculated from the point
where the arms cross each other in the centre-line of the spindle, and the
vertical height is the distance from that point to the plane of revolution.
By crossing the arms in this way the governor becomes very sensitive;
when the speed is increased, the point of intersection of the crossed arms
rises at the same rate as the plane of revolution, and the governor balls will
remain in equilibrium in every angular position at the proper speed of the
governor. This kind of governor is run at a high speed ; the proportions
may be calculated by the following rules for centre-weighted governors.

ENGINE GOVERNORS WITH CENTRE-WEIGHT.

Governor with Centre-weight, Fig. 11.—This form of governor
requires to be driven at a high speed, so that the centrifugal force of the

balls may overcome the gravity of the centre-weight. Its advantages over
the ordinary governor are : its extreme sensitiveness, whereby uniformity of
speed is maintained under varying and sudden changes of the load on
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the engine; and its great power, enabling a much smaller governor to be
used.

To find the vertical height from the plane of revolution to the point of
suspension of a governor with centre-weight. First, fix upon the number of
revolutions, divide the constant number 187'5 by the number of revolutions
the balls will make when the engine is at its proper speed, and square the
quotiént, which will give the height in inches for an ordinary governor, H;
then add together the weight of the revolving balls and twice the
weight of the centre-weight, which sum multiply by the height, H (found
as for an ordinary governor), and divide the product by the sum of the
weights of the revolving balls, the quotient will be the height of a centre-
weighted governor. If the centre-weight is hung by links at a point in the
arm above the centre of the balls, like Fig. 12, then use the above rule, but
instead of twice the weight of the centre-weight named above, use the pro-
duct of twice the weight of the centre-weight, multiplied by the result of the
length between the centre of suspension of the arm and the point where the
link is hung on to the arm, subtracted from the length between the centre of
the ball and the centre of suspension of the arm.

T find the weight of the centre-weight. Find the vertical height by the
above ‘rule, both for a centre-weighted governor and for an ordinary
governor, both at the same speed, then multiply the weight of the two
revolving balls by the vertical height thus found for the centre-weighted
governor, and divide the product by the vertical height thus found for an
ordinary governor, which will give twice the weight of the centre-weight
plus the two revolving balls, then subtract the weight of the two balls from
that result, and divide the remainder by two, which will give the weight of
centre-weight required.

The diameter of the revolving balls for governors like Fig. 11 should be
equal to about ith of the vertical height from the plane of revolution to
the centre of suspension of the arm. The speed of these governors is from
200 to 300 revolutions per minute.

Lxample of the rules for Centre-weighted Governors.—A governor
like Fig. 11 revolves at 260 revolutions per minute, the weight of the balls
is 3Ibs. each, the weight of the centre weight is 84 Ibs, required the vertical

: 1875
height. 5

= 87, then §6—7 = 14’5 inches, vertical height. .Taking these particulars to

= 71, then *71 X 71 = *504, vertical height, then '5 (6 + 168)

find the centre weight, then 14'5x6 = 87 and % = 174, 174—6 = 168,

then l678-= 84 1bs., the weight of centre weight.
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STEAM PRESSURE.

Pressure of Steam.—The pressure of steam is equal in all directions,
therefore each square inch of surface exposed to its action must be equally
capable of bearing the given pressure. The pressure is measured from that
of the atmosphere, or 14'7Ibs. per square inch.

Effective Pressure.—In a non-condensing engire the pressure of the
steam is opposed by that of the atmosphere, therefore only pressures above
that of the atmosphere are effective for work, and a deduction must also be
made for the resistance due to back pressure, cansed by the resistance of
the exhaust passages, which may be reckoned at z Ibs. per square inch. In
a condensing engine the pressure of the steam is only opposed by a back
pressure of about 2 lbs. per square inch, due to imperfect vacuum.

The initial pressure of steam is its pressure when admitted to the
cylinder.

The final pressure of steam is its pressure when discharged from the
cylinder.

The mean pressure is the average pressure upon the piston through the
whole stroke.

The mean effective pressure is the mean pressure less the back pressure

The ratio of expansion is the proportion which the final volume bears t¢
the initial volume of steam.

The relative volume of steam is the volume of steam generated from a
given volume of water divided by this volume.

The absolute pressure of steam is the pressure of steam given by the
steam-gauge plus the pressure of the atmosphere.

T find the quantily of steam used by an engine, multiply the area of the
cylinder in square feet by the speed of the piston in feet per minute, and
divide the result by the nominal ratio of expansion. The result will be the
number of cubic feet of boiler pressure steam consumed per minute, to
which 10 per cent. must be added for the clearance of the cylinder and
capacity of the steam passages.

Zo find the pressure in lbs. per square inch of the steam at any point of
the period of expansion, multiply the initial pressure by the distance moved
by the piston when the steam is cut off, and divide the product by the dis-
tance of the given point from the beginning of the stroke.

Zo find the point to cut off the steam for a given actual ratio of expan-
sion, add the clearance to the length of stroke and divide by the ratio of
expansion ; from the quotient deduct the clearance, and the remainder will
be the point of the stroke at which to cut off the steam.

The temperature, weight, and relative volume of steam for various pres-
sures are given at page 337.
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LAP OF VALVE, ETC.

Lap of Valve necessary to cut the Steam off at a given part of
the Stroke.—Rule: From the length of stroke in inches, deduct the
distance in inches moved by the piston when the steam is cut off, divide
the remainder by the stroke of the piston in inches, and extract the square
root of the quotient, next multiply the result by half the stroke of the valve
in inches, and deduct half the lead from the product, the remainder will
be the required lap in inches.

Point of Cut-off of Steam from a given Lap.—ZRule : To the lap of
the valve on the steam side in inches add one half the lead, then divide by
half the travel of the valve in inches, and multiply the square of the quotient
by the length of stroke of the piston in inches; deduct the product from
the length of stroke of the piston in inches, and the remainder will be the
distance in "ches the piston moves when the steam is cut off.

Table 1.~—HyperBOLIC LOGARITHNMS.

Number. Logarithm. Number. Logarithm. | Number. Logarithm.
1f 2231 5% 17047 9% 22773
13 °4054 5% 17492 10 23026
13 '5596 6 17918 10} 23279
2 6931 63 18325 10} 23513
2 "8109 63 18718 10} 2°3749
23 ‘9162 6% 1°9095 11 2°3979
22 o116 7 19459 11} 24201
3 1'0986 7% 1-9810 ey 2°4430
S 1’1787 73 2°0149 11 2°4636
5 12528 73 2'0477 12 2'4849
3% 13217 8 20794 . 123 2°5262
3 1°3862 81 2°1102 13 2°5649
4 1°4469 8% 2°1401 14 2°6391
43 1°'5040 8% 2°1691 15 2'7081
43 15581 | 9 21972 16 2°7726
5 1'6094 o 2°2246 17 28332
5% 16532 OF 2°2513 18 28904

COMPOUND ENGINES.

The steam in a compound engine, after driving the piston in one cylinder
is exhausted into a second, and sometimes into a third cylinder, and acts
on their pistons before being condensed in a condensing engine, or before
being finally exhausted in a non-condensing engine. The saving of fuel
effected by compounding is about 25 per cent. To obtain uniformity of
rotative pressure upon the cranks they are placed at right'angles. Ina
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compound engine, the area of the low pressure cylind_er is calculated as if
all the power were to be developed in that cylinder, which tl}erefore requires
to be of the same area as the cylinder of a simple engine of the same
power. . .

To find the Area of the Low-pressure Cylinder.—Ru/e: Multiply
the number of horse-power the engine is required to indicate by 33,000,
which will give the number of footpounds required per minute, d‘ivide this
by the speed of the piston in feet per minute, and the result will be. the
total effective pressure on the piston at that speed to develop the given
number of indicated horse-power; divide the quotient by the mean
effective pressure per square inch on the piston, and the final quotient is
the area in square inches of the low-pressure cylinder,

The speed of the piston in compound engines is usually 420 feet per
minute.

The ratio of expansion is found by dividing the initial absolute pressure
of the steam in the high-pressure cylinder by the final pressure in the low-
pressure cylinder.

The mean effective Pressure on the piston throughout the stroke is
found thus.—Ruzle : To the hyperbolic logarithm of the total number of
expansions add 1, then divide by the total number of expansions, and multi-
ply the quotient by the initial absolute pressure of the steam (that is the
boiler pressure plus 15 1bs.) which will give the average pressure of the
steam expanded the given number of times, from which deduct the back
pressure, usually 3 lbs., and the result will be the mean effective pressure.

To find the Area of the High pressure Cylinder.—Ru/e : Multiply
the initial absolute pressure of the steam in the high pressure cylinder by
042, with which result, divide the area of the low pressure cylinder. In
order to provide for the loss due to the fall in pressure of the steam in
passing between the two cylinders, their areas found by the above rules
should be increased to the extent of from 10 to 20 per cent.

The steam skould be cut off in the high pressure cylinder when the
piston has moved 45 of its length of stroke, and in the low pressure cylinder
at one half the length of stroke. The final pressure in the low pressure
cylinder should be from 8 ta g Ibs. in theory, but in practice it is from 2 to
3 Ibs. more than that, and the lowest economical final pressure is from 10
to 12 lbs.

As an example of these rules.—Required the area of the cylinders for a
compound engine to indicate 100 horse-power : speed of piston 420 feet
per minute : boiler pressure 86 Ibs. per square inch—then allowing 5 Ibs.
for loss of pressure between the boiler and the cylinder, the initial pressure
in the high pressure cylinder will be 81 Ibs., and the initial absolute pres-
sure 81 + 15 = 96 Ibs.—presuming the steam to be worked down to a
final pressure of 12 Ibs.—it will give

96 initial absolute pressure in high pressure cylinder _ 8, ratio of ex-

12 final pressure in low pressure cylinder =i pansion.
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The hyperbolic logarithm of 8 is z'0794 + 1 = :”-bgi‘ =13840" XF96=

36:95, the average pressure in lbs. per square inch of steam of g6 Ibs.
pressure expanded eight times, and if 3 1bs. be deducted for back pressure,
it leaves 3395 lbs. mean effective pressure per square inch ; then

100 indicated horse-power required x 33,000

- - : = 7857°14 gross pressure on
420 speed of piston in feet per minute TSRS P

: 8571
tl ton at that ; 7057°14
e s H and33 ‘95 mean effective plessure 23134
area in square inches of large cylinder, and 96 x ‘042 = 403,
and 23[ 24 = 57'4 area of small cylinder, then if 2o per cent. be

added to provide against loss by the pressure falling during the passage
of the steam between the cylinders, the area of the low pressure cylinder
will be 231°34 + 4626 = 277°6 square inches, and the area of the
high pressure cylinder will be 574 + 1148 = 68:88 square inches,
or 18} inches diameter for the large, and ¢ inches diameter for the
small cylinder, being a cylinder ratio of 4 to 1, which agrees with the
best modern practice for that pressure of steam. If the initial absolute
pressure had been 75 lbs., the ratio of the areas of the cylinders would have
been 75 X ‘042 = 3'15, and for 60 lbs. it would have been 60 X ‘04z =
2's2; and for a high absolute pressure of 125 lbs, it would have been
125 X ‘042 = 5°25.

THE INDICATOR.

The Indicator.—The action of steam in a cylinder can only be correctly
ascertained by means of an indicator ; it shews the pressure of the steam at
each point of the stroke, the power and performance of the engine, the
amount of back pressure or force opposed to the motion of the piston, and
enables any imperfections to be detected in the construction of the valve
ports and steam passages. The best indicator is that known as Richards’
Indicator.*

Indicator Diagrams.—Supposing the indicator to be fixed to a cylinder,
and that the drum is connected by means of a cord to some part of the
engine, which has a motion co-incident with that of the piston, if the barrel
be allowed to rotate before the indicator cock is opened, a horizontal line is
traced, which is called the atmospheric line, and all portions of the diagram
above that line, represent steam pressures and all portions below that line
represent vacuum,

If the indicator cock be opened at the beginning of the stroke, when

* Richards’ Indicator is made by Messrs. Elliot Brothers, 449, Strand, London, who

sell Richards’ work on the Indicator, published by Longman & Co., to whlch the Author
is indebted for some of the above information on Indicator Dxagrams.
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steam enters the engine cylinder, the pencil moves upwards and -traces a
vertical line, and as the piston moves forward the indicator barrel rotates

and a horizontal line is traced until the steam is cut off ;

then, as the expand-

ing steam increases in volume, it declines in pressure, which causes the
pencil to gradually fall and describe a curved line until the exhaust _port is
opened, when the pencil immediately falls and describes the “toe” of the
diagram. On the return stroke the pencil traces the bottom or exhaust line
of the diagram until the closing of the exhaust port, when cushioning com-
mences, then the pressure rises and moves the pencil up and completes the

diagram.

Theoretical Indicator Diagram.—The rules for the expansion of
steam are based upon the approximately correct law of gases, viz. that the
pressure of gas varies inversely as the volume, or the product of the
pressure and volume of a gas is always a constant, other conditions being
unaltered ; and in order to ascertain the varying pressure and volume of

C D

&

0

F7Al
/ ///

Fig, 13.

steam during expansion, it is necessary to construct a

theoretical diagram

according to this law, the descending curve of which represents the de-
creasing force of the steam as it expands in volume. This curve is called a
hyperbolic curve, and is the standard by which the character of all expan-
sion curves in indicator diagrams is determined. To draw the theoretical
curve upon a diagram as shewn in Fig. 13, draw the line A F, representing
the line of perfect vacuum, parallel with the atmospheric line, and at the
proper distance below it to represent 14°7 lbs.; and perpendicular to the line
A F draw A O, representing the clearance space; draw the line C D, re-
presenting the period of admission of the steam; from the point D d’m\v
the vertical line D B; draw the line D E; from A to F represents the full
length of stroke; divide the distance D E into a number of parts, from
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which points draw diagonal lines to the point A ; from the points where the
diagonal lines cut the vertical line D B, draw horizontal lines ; and the
points where the vertical lines drawn from the points in the line D E meet
these horizontal lines, will be the points of the hyperboiic curve, which may
be drawn in by hand.

Indicator Diagrams, Fig. 14.—The lines forming the outline of a
diagram during one revolution of the engine are as follows :—

A to B, The admission line. D to E, The exhaust line.
B to C, The steam line. E to F, The line of back pressure.
C to D, The expansion curve. F to A, The compression line.

In Fig. 14, A is the point of pre-admission, the steam having becn

8 c

™

Atmospheric Line

£ /5
Luw of’ perfect vactaim

Fig. 14.

admitted a little before the beginning of the steam stroke, due to the lead
of the valve, to ensure having the full pressure of steam in the cylinder at
the beginning of the stroke.

Admission Line, Fig. 14—A to B is the admission line. This line is
formed by the rise of pressure in the cylinder as the port is opened for the
admission of steam ; the full pressure of the steam should come on to the

b,

Fig. 1s. Fig, 16.

piston at the beginning of the stroke, and the admission corner should be
sharp. When it is rounded as at A in Fig. 15, or when it slants, as at B,
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it shows that the steam is admitted too late and the momentum of the
piston at the commencement of the stroke is imparted by the engine. '_I'o
remedy this the valve requires more lead. When the valve ha.s excessive
lead, and steam enters too soon, it will produce a slanting line like C, Fig.
16 ; to remedy this the valve requires less lead.

Steam Line.—B to C, Fig. 14, is the steam line or period of admission of
the stexm. ‘This line is formed by the advance of the piston while the port
remains open for the admission of steam ; the full pressure of steam should
be maintained in the cylinder during the whole period of admission, and the
steam line should be straight and horizontal, or parallel with the atmo-

Fig. 17. Fig. 18.

spheric line up to the point of cut off; when this line falls, Iike D in Fig. 17,
the fall is due either to condensation in the cylinder, or to the ports and
steam pipes being"too small, which wiredraws and reduces the pressure of
the steam.

The Point of Cut Off, Fig. 14.—C is the point of cut off or suppres-
sion. As expansion does not properly commence until the port is closed,
the action of the valve in cutting off the stéam should be sharp and sudden,
and the pressure should fall as little as possible during the closing of the
port. The point of cut off should be sharp and clear. When this corner is
rounded, like'E in Fig. 18, it shows that the valve does not close quickly
enough, and that the expansion arrangements are defective. When the
steam is cut off slowly it causes a fall of pressure in the cylinder before the
port is completely closed. When this corner shows a gradually descending
line like F in Fig. 18, it shows that some steam has entered the cylinder
after it was supposed to have been cut off.

The Expansion Curve.—C to D, Fig. 14, is the expansion curve or
period of expansion. In a condensing engine this curve is partly above
and partly below the atmospheric line, but in a non-condensing engine the
whole of the curve is above the atmospheric line. This curve should
approach as nearly as possible in form to that of the theoretical diagram,
unless it be filled up by leaky valves, or diminished by steam leaking past
the piston. When the cylinder is not properly protected, there will be
great loss of heat from radiation, and fall of pressure during expansion,
which will cause the expansion curve to fall below the theoretical curve.
When the curve rises above the theoretical curve, it is generally due to
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a leaky vulve, owing either to the valve being defective in rigidity, which
causes it to bend into the ports in passing over them, or to the valve
being deficient in wearing surface. When the expansion curve rises above
the theoretical curve towards the end of the stroke, it shows that the steam
has been condensed at the beginning of the stroke, and evaporated by the
walls of the cylinder towards the end of the stroke.

Point of Pre-release.—D, Fig. 14, is the point of exhaust or pre-
release, the exhaust port being opened before the end of the stroke. The
pre-release should allow all the steam in the cylinder to escape before the
piston arrives at the end of the stroke, so that during the return stroke the
back pressure may be as low as possible.

Exhaust Line.—D to E, Fig. 14, is the exhaust line. The full expan-
sive force of the steam during the steam stroke, should be employed as
nearly as possible to the end of the stroke, and then the steam should be
discharged as rapidly as possible, so as not to hinder the return of the
piston. When the exhaust pipe and exhaust passages are cramped, or
when the exhaust is too late, all the steam cannot escape properly before
the end of the return stroke, which will cause a bad exhaust line, and the
expansion curve will be continued to the end of the diagram. The exhaust

Fig. 10, i Fig. 20.

line will be shown slanting gradually downwards, as at G, Fig. 19, as the
piston advances on its return stroke, instead of being horizontal. When
the exhaust is too soon, the exhaust line will slope down, as shown at H,
Fig. zo. :

Line of Back Pressure.—E to F is the line of back pressure, or period
of exhaust, during the return stroke. This line extends from the beginning
of the return stroke to the point at which the exhaust port is closed. In a
condensing engine the steam pressure will fall below the atmospheric line,
but in a non-condensing engine the pressure cannot fall to the atmospheric
line, because there is always an amount of back pressure, due to the force
required to expel the exhaust steam through the exhaust passages and pipe
afainst the resistance of the atmosphere. In a condensing engine, the
deeper the line of back pressure measures from, and the more nearly
parallel it is to, the atmospheric line, the better. In a non-condensing
enzing, the nearer and more parallel the line of back pressure is to the
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atmospheric lin’ the better, as back pressure not only means a loss of force,
but it diminishes the efficiency of the engine. 3 v :

Point of Compression.—F, Fig. 14, is the point of compression. This
line is formed by the closing of the exhaust port at some point before the
end of the return stroke. The advancing piston compresses the. conﬁrfed
steam into the clearance space and passages, and provides a cushion which
absorbs the momentum of the piston, and enables its motion to be reversed
without shock. The rise of pressure is shown by the rising curve at.F,
and the portion of the stroke between F and A is the perlqd of compression

or cushioning. Excessive compression

0 causes the confined steam to rise above

its initial pressure before pre-admission

commences, as shown by the loop at the

admission corner in Fig. 21; consequently,

when the port is opened, part of the con-

fined steam flows from the cylinder into

the steam chest, and the pressure is re-

Sra s duced and the steam line is lowered, as

shown in Fig. 21. In slow running engines

only a small amount of cushioning is necessary, but in high-speed engines

the cushioning should be so a {justed that the confined steam is compressed

up to its initial pressure. The compressed steam acts as an elastic spring,

and gives out by its expansion the work expended in compressing it. The

effect of compression is to fill the clearance space with compressed steam,
and save steam being taken from the boiler for that purpose.

The Line of Perfect Vacuum.—This line cannot be drawn by the
indicator ; it must be drawn by hand, parallel with the atmospheric line,
and at the proper distance below it to represent, say, 14'7 lbs. per square
inch, as the average pressure of the atmosphere, according to the scale of
the diagram. In measuring the diagram of a condensing engine, the
distance between the vacuum line of the diagram and the line of perfect
vacuum, will show the quantity of uncondensed steam in the cylinder or
the amount of back pressure due to imperfect vacuum, slightly varying
according to the barometric pressure. The temperature of the condensed
water is usually about 100° F., or 1 Ib. pressure per square inch; but the
pressure of air in the condensor prevents the pressure from falling below 2
Ibs. per square inch. The usual final pressure is from 4 to 5 Ibs. per
square inch.

The initial pressure of steam in a cylinder is always 4 or 5 Ibs. less than
the boiler pressure ; but when the fall of pressure is much more than this,
it is due either to bends in the steam pipes, or to the steam pipes being too
small, or to the steam ports being too contracted.

To find the indicated horse-power of an engine from an indicator dia-
gram. Divide the diagram at right angles to the atmospheric line into 10
equal parts, take the breadth in the middle between the divisions witk the
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scale of the indicator, add them together, and divide by 10 (the number of
divisions)—the result will be the mean or average pressure per square inch
on the piston during the stroke; then multiply the area of the cylinder in
square inches by the mean pressure, and
by the speed of the piston in feet per
minute. The product divided by 33,000
gives the indicated horse-power.

The speed of the piston in feet per minute
is found thus:—Maultiply the lengthof stroke
in feet by 2, and by the number of revolu-
tions per minute. A deduction of 2 lbs.
per square inch, from the gross diagram
must be made for the friction of the engine
alone ; but if the diagram is taken when
the load is on the engine, an additional
deduction must be made of 5 per cent. for
friction.

A constant may be found for any par-
ticular engine, which, being multiplied by

the mean pressure, will give the horse- 43
power. To find the constant multiplier :

multiply the area of the cylinder in square 45
inches, by the speed of the piston in feet

per minute, and divide the product by 45
33,000. The quotient will give the number

of horse-power which would be produced 37
by 1 Ib. of mean pressure.

Example.—~Required the power of the 322

engine from which diagram, Fig. 22, was
taken. Diameter of cylinder, 12 inches;
length of stroke, 2 feet; number of revolutions, 8o per minute. The mean
pressure according to the diagram is 32°2 1bs, from which deduct 2 lbs for
the friction of the engine, leaving 30°2'1bs. pressure ; the area of the cylinder

5 113X 302X 2X2 X80
is 113 inches; then SN IR Y
33,000

Fig. 22,

= 33, indicated horse power.

LOCOMOTIVE ENGINES.

The Adhesive Power of a locomotive depends upon the weight on the
driving wheels, and is in ordinary weather about } of the load on t.he
~ driving wheels ; in gocds engines the wheels are coupled, and the adhesive
force is due to the weight resting on the coupled wheels.
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Train Resistances.—Mr. D. K. Clark’s rules for the resistance on

railways are as follows :— 1 3
Resistance of engine,} R=8+ VAL Remsfance of} R'=6 + Qi

tender, and train . 171 train alone 240

R = total resistance of engine, tender and train in lbs. per ton gross;
R' = resistance of train alone in lbs. per ton; V = speed in miles per
hour. These rules are for a straight line of rails; and one-half more is to
be added for the resistance due to curves, imperfections of the road, and

wind.

Table 2. RESISTANCE oF TRAINS.

Speed in Miles per Hour. I 3 10. [ 135, ! 20, , 30. '40.'50.

P .|
Frictional Resistance in

Ibs. per Ton of Engine,

Tender, and Train . . 1272 |13 |14 [15'5/z0 [26,34(43'5| 551bs.
Frictional Resistance in
Ibs. per Ton of the
11°4{14°6(19 24/31°5] 36°61bs.

Train alone . ° .| 915 9'6110'5

24
i I

I

It requires a force of about 7 lbs. per ton, to keep wagons moving on a
i level line of rails, at a very slow speed after they are started.

The Tractive Power of a locomotive engine is found thus: Rule -
Multiply the square of the diameter in inches of one cylinder, by the
length of stroke in inches, and divide the product by the diameter in inches
of the driving wheel. The quotient will be the tractive force in pounds,
for each pound of effective pressure per square inch on the piston; and
this quotient multiplied by the effective mean pressure in the cylinder, will
give the full tractive force in pounds exerted by the engine.

The maximum boiler pressure of locomotives is about 140 Ibs. per
square inch, but the mean effective pressure is much less, owing to working
the steam expansively. The maximum pressure averages three-fourths of
the boiler pressure. :

T find the resisiance in Ibs. per ton of the train due to gravity, on an
incline. Rule: Divide 2240 by the rate of the gradient.

1o find the resistance in lbs. per ton due to the velocity of the engine,
tender, and train. Rule: Square the speed of the train in miles per hour,
and divide the result by 171 and add 8 to the quotient. To the sum, add
50 per cent. for resistance due to curves, imperfections of the road, and
wind.

7o find the load the engine can take, in tons, including the weight of the
wagons, but not that of the engine and tender. Rule: Add together the
resistance due to gravity, and the resistance due to velocity, with which
result divide the tractive force, and from the quotient subtract the weight of
the engine and tender in tons.
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As an example of these rules, required the load which a locomotive
engine with cylinders 17 inches diameter and 24 inches length of stroke,
with a driving wheel 3 feet diameter, will take on an incline of 1 in 70 at
the speed of 2o miles per hour, boiler pressure 140 Ibs. per square inch,
weight of engine and tender 55 tons. Z%e tractive force which the engine

LN 2
60

is capable of exerting is = 1156 Ibs. for each lb. of effective

pressure per square inch on the pistons. The boiler pressure of 140 gives
140 X § = 105 Ibs. effective pressure, which multiplied by the tractive
force in lbs. = 105 X 1156 gives 12,138 lbs. as the total tractive force

exerted by that engine.

The resistance due lo gravity is 7—0—-;:—:&31 = 32 Ibs. per ton.
20 X 20

The resistance due fo the velocily is

S + 8 = 10°34 lbs., and
with 50 per cent. added, gives 15°51 Ibs. per ton.

The load whick the engine will take will be WerERLe Sy
32 + 15'51
and taking 8 tons as the average gross weight of each wagon, the train would

— 55 = 200 tons,

consist of—zg—O = 25 loaded wagons.

The total weight of the engine, tender and train is 255 tons, and
the resistances due to velocity and gravity are 32 + 15'51 = 47°51 Ibs.
per ton, or 255 X 47'51 = 12115 lbs. for the train, the train moves
o, X 1769—@5' Xt = 1760 feet in one minute, and M5 Xty

6o minutes 33000
= 646 indicated horse-power.
The coal burnt per indicated horse-power would be 23 Ibs. per hour, then

M 8o Ibs. of coal per mile, or 80 X 20 = 1600 Ibs. of coal burnt
20 miles
per hour.

The evaporation would be g Ibs. of water per Ib. of coal, and it would
require — 16i0p. 922 Ihei & = 1440 gallons of water per hour.

10 Ibs. per gallon —
The number of revolutions of the driving wheel would be
ORI 003

60 x 5 feet X 31416

the piston moves twice the length of the stroke, and tke speed of the piston

would be 2 feet stroke X 2z X 112 revolutions = 448 feet per minute.

The total power the above locomotive engine is capable of developing at

17 diam. of cylinder x 17 diam. of cylinder

= 112 per minute; for each revolution of the wheel

’,
that speed and pressure is,

X 7854 ‘% 2 cylinders X 105 lbs. pressure X 448 ft. speed of piston
33,000
= 647 horse-power.
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Tocomotive Engine Specifications.—The speci@cations given in the
following pages are for probably the best engines of their class—both goods
and passenger locomotive engines.

IRE AND
ICATION FOR GOODS ENGINES, LANCASH
T YORKSHIRE RAILWAY.

Designed by Mr. W. BartoN WriGHT, Locomotive Supcrintendent of the
Line.

The Engines must be made to the dimen.sions given in the following
specification, and exactly to the drawings supplied by _thfa company’s loco-
motive superintendent ; any alteration or proposed d?watlon f‘rom the draw-
ings furnished must be first submitted to the locomotive supenntendel.)t, and
his sanction obtained in writing before it is carried out The materials to
be of the make specified in each case, and where no instructions are given,
thé workmanship and materials must be the very best of their respective
kinds. No advantage whatever is to be taken of any omission of details
or discrepancies that may occur in the drawings or specification, as th'e
contractor may obtain full information about any part of the work that is
not sufficiently explained. The engines must be finished in every respect
in the most complete manner, and to the entire satisfaction of the company’:;
locomotive superintendent, who shall be at liberty to inspect, either persor-
ally or by deputy, the work during its progress, and to reject any defective
or unsuitable materials or workmanship. The contractor is to pay all
royalties, and to be liable for all claims in respect of patent rights for any
article or part supplied under this contract, or required for its due perform-
ance. It must be clearly understood that the prices named in the tender
are to include everything required to be done by the conditions of contract
and specification, or by any drawings therein referred to, and also all such
work as is manifestly necessary to the proper completion of the contract,
though special mention thereof may have been omitted in the specification
or drawings. The contractor shall pay all costs attendant on any tests
which the company’s locomotive superintendent or his deputy shall require
to be made. In case of any dispute arising, either during the progress of
the work or at its termination, the decision of the company’s locomotive
superintendent is to be taken as final, and binding in every respect. The
engines are to be delivered by the builders free of charge to the Lancashire
and Yorkshire Railway Company, at Miles Platting, Manchester, fit and
ready for work in every respect; and prior to payment each engine will be
required to run 3000 miles consecutively, withont showing any defects in
material or workmanship, and the builders will be held responsible for all
such defects that may appear—accidents being excepted, until they have
run that distance.

Drawings and Photographs.—The contractor is to furnish with the
fifth engine two complete sets of detail and general drawings of the en-
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gines, exactly as made, on tracing cloth of double elephant size ; also twelve
large mounted photographs, showing the engines exactly as finished. The
cost of these drawings and photographs is to be included in the amount of
the tender.

Quality of DMaterials.—Iron: In all cases where “Best Yorkshire
iron” is specified, it must be wrought iron of the manufacture of either
Lowmoor, Bowling, Farnley Best Iron, Monkbridge, S. T. Cooper and Co.,
or Taylor and Co., and will be subject to being tested. The brand of the
manufacturer must be placed, wherever possible, so as to be seen when
finished. Brass: Where “brass” is specified it must be of good tough
metal. Gun-metal: Gun-metal must be composed of copper 5 parts, tin
1 part. White metal: White metal must be composed of tin 16 parts,
antimony 2 parts, copper 13 parts, Other materials to be obtained of the

M Afmanufacture specified under the respective heads, unless the consent of the
company’s locomotive superintendent be obtained to an alteration.

Boiler.—Boiler dome, smoke-box tube plate, and fire-box shell, with all

angle irons, rivets, and stays, to be made of Lowmoor iron in sixteen en-
gines ; of Bowling iron in sixteen engines; and the remainder of one of
the other firms before specified. Barrel to be telescopic as shown, and to be
made of three plates. Transverse joints to be single riveted; longitudinal
seams to be butt-jointed with inside and outside joint strips, and these
seams to be placed on each side of centre line of boiler at the top. Seam
joining barrel to fire-box shell to be zigzag riveted. The joint of the
middle and dome plate to be welded, and the thickness of this part to be
kept full the strength of the plate. A strengthening ring % inch thick to be
riveted to the inside of the middle barrel, as per detail drawing. Hole for
dome to be 19 inches only.

Smoke-box Tubeplate.—Smoke-box tubeplate to be secured to boiler
barrel by a continuous weldless ring of mild Siemens-Martin angle steel,
well annealed, manufactured by Messrs. John Spencer and Sons, of
Newcastle-upon-Tyne, or Vicars and Sons, Sheffield. To be faced, bored,
and turned to section shown on drawings, and shrunk on to the barrel and
double riveted. Two per cent. of these rings to be tested before leaving
the steel works by the company’s inspector.

Dome.—Dome to be in one plate, welded at the seams and flanged top
and bottom, and to be fitted with a wrought iron cover. Flanges of dome
and cover must be faced, so that a perfectly steam-tight joint can be
made.

Fire-box Shell.—The side and top to be made in one plate. The
front or throat-plate of fire-box shell to be* flanged forward and double
riveted to boiler. The back plate to be flanged to 6 inch radius outside,
and single riveted to sides and top ; the upper part to be stayed by a heavy
T-girder of best Yorkshire iron, double riveted to the inside of the plate =3
per detail drawing. A similar stay to be fixed to inside of smoke-box tube-

D
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plate, no gussets or longitudinal stays being used. ) Palm stays to copper
box, and other stays were shown on drawing. All iron used in any part of
barrel or fire-box shell must be best Yorkshire.

Manhole.—A wrought iron manhole, flanged top and bottom, to be
double riveted to the centre of the fire-box top ; to be fitted with a wrought
iron cover-plate 13 inches thick, on which will be mounted the safety valves.
Cover-plate and top flange of manhole to be accurately faced, so that a
perfectly steam-tight joint can be made.

Fire-hole Ring.—Fire-hole ring of best Yorkshire iron 2§ inches by
2} inches.

Foundation Ring.—Foundation ring to be 43 inches deep by 2§ inches
thick struck to 53 inches radius outside at the corners, at which parts
the side and end plates are continued the full depth to allow of double
riveting.

Wash-out Door and Mud Plugs.—A heavy cast iron seat and wash-
out door to be riveted to underside of boiler barrel, 16 inches in front of
fire-box shell. Hole s inches diameter, and lid to be made with coned
joint as per detail drawing. Thirteen brass taper mud-plugs to be placed
for purposes of washing out, viz., three on fire-box front, and three on fire-
box back, above bottom ring. Two on fire-box back above copper-box
roof, one on each side of fire-box shell, and three on smoke-box tube-plate,
as shown on drawings.

Workmanship.—All rivets must completely fill the holes, which must
be slightly countersunk under the rivet heads, and so punched that when
the plates are in a proper position for riveting, the smaller diameters of the
holes meet at the centre of the joint. All holesin the plates or angle-irons,
&c., must be perfectly fair with each other, and no drifting will be allowed
on any consideration whatever. Should any of the holes not come perfectly
fair with each other they must be carefully rimered until they become so;
care must be taken that, after rimering, the rivets completely fill the holes.
All the plates to be brought well together before any rivets are put in.
Outside edges of holes to be slightly countersunk, and all burs carefully
filed off. Holes in the angle iron must be marked off from the plates and
drilled, not punched. Pitch of rivets and lap of plates to be made to de-
tailed drawing. Edges of all the plates to be planed, turned, or shaped to
an angle of 1 in 8 before being put together, so as to have a full edge for

* caulking, which must be done with a broad-faced fuller,so as not to injure
the plates.

Testing.—The boiler before being lagged is to be tested by the cons
tractor in the presence of the company’s locomotive superintendent or his
deputy, to a pressure of 200 Ibs. per square inch with water, and afterwards
to 150 Ibs. with steam, and it must be perfectly tight under these pressures.
To receive a coat of boiled oil while hot. All fitting and studs must be
fixed complete before the boilers are tested with water or steam pressure.
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DIMENSIONS.

Centre of boiler from rails 3 5 ¢ o 3 k-6 8
Length of barrel between plates . 5 3 5 P RIOL 3
Diameter of barrel outside at fire-box end B 5 ?
Thickness of plates 5
Thickness of smoke-box tube p]ate 5
Length of fire-box shell outside .
Breadth outside at bottom

Depth from c. line at front .

OO0 O0WH+ 0 O+
~
=

- back 3
Thlckness of throat plate o ¢ o}
» sides, back, and roof . g S o}
Distance apart of copper stays - . & 4
Diameter . o ki e of

Number of threads per mch I

Inside Fire-box.—Copper fire-box and stays to be of the very best
quality, and obtained from Messrs. Pascoe Grenfell and Co. ; Vivian and
Co.; Bibby, Son, and Co. ; or other approved maker. To bear the test of
being doubled cold without showing any signs of cracking. Three brass
plugs, with fusible centres, to be inserted in crown of fire-box. The copper
stays to be screwed tightly into the fire-box and shell plates, the thread
being turned off the portion of the stay between the plates. Great care to
be taken in cutting off the ends not to injure the threads. Heads of the
stays to be larger on inside of box. Crown and sides of fire-box to be in
one plate, and the tube plate to be widened out, forming a pocket on side
plates, to allow a wide spacing of tubes. To be riveted together with
13 in. best Yorkshire iron rivets—see drawings. The roof to be stayed
with eight girder stays of “best Yorkshire iron,” as shown on drawing.
Fire bars of cast iron, as shown on drawing.

DiMENSIONS.
f in
Length of copper fire-box outside (top) . 5 3 5 23}
Breadth 55 7, 3 5 . 30
» 2 » S (DEtiOTR) I 3.4
Depth at front end . o o S 3 B g it
£ backis 4 3 5 e 3 3 11}
Thickness of sides and top s . . 5 = (6): (o1
i A | o s : 4 9 . 0 o}
% tube plate . . & s O
5 below tubes tapermg down 10k 1ovs Q- OF:

Tubes.—To be lap-welded iron tubes, with 6 inches of solid copper
brazed on to the fire-box end, the part passing through the copper tube
D2
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plate being rolled down to a smaller diameter; manufactured and brazed
by the Imperial Tube Company, Smethwick, near Birmingham. To be
expanded by a Dudgeon’s Tube Expander, beaded over, as shown on
drawings, by a Selkirk’s or Brisse's tube beader, and fixed with ferrules at
fire-box end only. At smoke-box end to stand through plate § inch, and
be rolled out by a Dudgeon’s tube expander.

DIMENSIONS.
f in
Number of tubes—194 spaced in vertical rows.
Length ~ : ) : J L . | . 10 10}
Diameter outside i o 5 g . o 1}
,, atfire-box end for a length of 13 inchonly . o 1§
Thickness o . . 2 . 13 B. W. G,

Ferrules.—Ferrules to be made from weldless steel tubing to be obtained
from the ¢« Weldless Steel Tube Co.,” Birmingham.

Fire Door and Deflector—A casting to be fixed both inside and out-
side round fire-hole ring, the two to be firmly bolted together. A wrought
iron plate to be hinged on the bottom to outside frame and a cast iron
deflector hinged to top of inside casting and worked from the outside by a
lever, as shown on drawings.

Brick Arch.—Fire-box to be fitted with a brick arch, supported by two
iron bars 23 inches by 1 inch thick, to be fastened with studs on side of
fire-box.

Smoke-box.—The smoke-box front to be made in one plate ; all the
plates to be specially clean and smooth and well ground over. All rivets
countersunk and filed off flush. To be fitted with a spark arrester. The
door to be circular and to fit into a recess, bedding on edge of an angle
iran ring 2} inches by 2} inches by } inch thick. The cross-bar to be
made to lift out. Double handle and gripping screw to be provided, as
shown. The tube plate to be flanged forward to smoke-box, and the front
plate to extend onwards across ends of leading sand boxes.

DnaExstoxs.

. in.
Radius of smoke-box outside 2 5%
Thickness of plates . o o}
% door . v o o}
2 liner plate o o}
Size of angle iron . . 5 o 2%
Diameter of rivets . 5 5 5 o o o}

Pitch of rivets 5 5 . . . ° o 3

Chimney.—The chimney to be of best Staffordshire iron, +'s inch thick,
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butt jointed with rivets countersunk on outside. To have a cast iron top
neatly finished. Height from rail to top of chimney to be 13 feet.

Ash-pan.—Fitted with one movable door worked from the foot-plate,
and arranged to contain water supplied by a tap on injector suction pipe
worked from foot-plate. Sides and door of ash-pan to be made of } inch
plate, and bottom of £ inch plate.

Safety Valves.—Two 3-inch Ramsbottom’s, placed on seating on centre
of fire-box shell. Adjusted to blow off at 140 Ibs. per square inch.

Regulator.—To be of cast iron; the upper portion being removable
and attached to the lower by a flange joint. The main valve to be of brass,
and to have an easing slide of brass working on the back, making it equili-
brium. The internal steam pipe to be of copper, and the end in regulator
to have a copper cone.

Steam Pipe.—The smoke-box steam pipe to be also of copper, and the
connection at the top of the T-pipe, and at the bottom to the cylinders, to
be also made of coned copper; ends brazed on and held in place with
wrought iron loose gland flanges and two bolts with brass close-ended nuts
as shown.

DiMENSIONS.

Dlameter m51de of internal steam pipe o 5 5 . ﬁ
> smoke-box steam pipe et
Thxckness of each . 5 5 5 5 q 5 . 7 WG,
Best brazed pipes.

Exhanst Pipe.—Of castiron, with loose top bored to 42 inches diameter,
and made with separate branch at base to each cylinder; fixed by four
studs only, with brass cover-ended nuts.

Cylinders.—To be of the best close-grained, tough, cold-blast cast iron,
as hard as can be worked, and perfectly free from honey-comb or other
defects. They must be accurately bored and bell-mouthed as shown on
drawings. All joints and surfaces to be planed or turned, and scraped to
a true surface, so that perfectly steam-tight joints can be obtained. Centre
line of ports to be raised 1} inch to give greater area for exhaust, as per
drawings. Top of cylinder castings to be protected by fireclay and bricks,
and bottom covered with } inch plate.

DinENsIONS.
ft. in.
Inside diameter of cylinders . o o 3 AmFaai Bl
Stroke of piston 5 5 3 5 . ) ¥ ol
Steam port, 15 inches by 1} mch
Exhaust port, 15 inches by 3 inches.
Centre to centre of cylinders_. 5 3 5 g 452

W P
)

» 2 valve spindles
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Glands.—The pistonrod glands must be in halves, notc}zed one into the
other, and made removable while rod is in place. T.he leading end of valve
spindle glands to be solid, and the two cast in one piece. .

Lubricators.—One of Dewrance’s patent piston lubricators to be fixed
on srhoke-box side, delivering into steam pipe, and two of Dewrance’s patent
window lubricators, viz., one connected to boss on centre of each cylinder,
as per drawing. f

Pistons.—To be of good, tough cast iron, made from cylinder metal,
and to be sound and free from all defects. Fitted with two cast iron rings
sprung into their places.

Piston-rods and Crossheads.—Solid with crosshead, and made of the
very best mild crucible cast steel, well annealed, manufactured by Messrs.
Vickers, or J. Spencer and Sons, of Newcastle-upon-Tyne. Ends steeply
coned, and secured by brass nut and cotter, as shown on drawing. At the
crosshead end the gudgeon must be of wrought iron, case hardened, and
be forced into place by screw or hydraulic pressure.

DiuEeNsIoNs.
in
Width of pistons . 3 ) , ’ L . . 4
Diameter of rod . s o 5 s : 3 SimaniZe
By gudgeon ° o . 3 5 3
» gudgeon ends . o o o 5 15

B

Side-blocks.—To be of good sound cast iron—chilled—perfectly free
from all defects. Surfoe of slide blocks, 14 in. by 22 in,

Slide-bars.—Of the very best mild crucible cast steel, manufactured by
Vickers and Co., or J. Spencer, of Newcastle-upon-Tyne. Section of slide
bars 2% in. by z in.

Slide-valves.—Slide valves to be of best gun-metal, of form shown on
drawings,

DiMEnsioxs.
Lap outside of valve . St o S 5 3 e
Lead in full gear . 5 . . 5 5 o S

Slide-valve Spindles.—Slide-valve spindles to be made of best York-
shire iron, as per drawings.

Valve-motion and Reversing Gear.—All motion work of  Best
Yorkshire Iron,” and all working surfaces to be well case-hardened, and
finished in the best manner. Expansion links to be lifted from the ton, the
weigh shaft being placed below, and worked by a screw reversing gear,
fixed on left-hand trailing splasher, and made to drawings. Reversi.g
screw and nut to be of steel ; all motion pins to be of * Best Yorkshire Iron,”
well case-hardened and accurately fitted. -

Valve-gpindle Connecting Rods and Guides.—The valve-spindle
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connecting rods to be circular on wearing surfaces, and the guides to be of
gun-metal, lined with white metal.
Excentrics.—Excentric tumblers to be cast, the two halves in one.
- Excentric straps of “ Best Iron” with white meta! liners. Ends of excen-
tric rods to be furnished with butt-ends for adjustment, as shown on
drawings.

DiMENSIONS.

E ft. in.

Diameter of excentrics . s ; g ot eigd S St
Breadthof ,, 3 c S 4 3 3 2. 02T
Throw of oy ¥ : 1 1 . ? bele) i

Radius of expansion links . : 3 : b S’ 4.8
Thickness of 5 ? 5 o SN OFZL

Centre to centre of pins of expansmn links 3 oo e B
Diameter of pins . . e P40 - b el Moy (©) 4,503
Diameter of reversing shaft at centre 5 5 ORI

i . bearings h o O3
Diameter of val»e spindle connecting rod guide . o 3%

I

Length of valve spindle connecting rod guide

[e}

Connecting-rods.—To be of Best Yorkshire iron, forged without weld.
Brasses of gun-metal lined with white metal at the large end, and brasses
of gun-metal, adjusted by wedge and screw at the small end, as shown on
drawings. Both ends to be supplied with buttons in oil cups.

Dimzxsions.
ft-on ains
Length of connecting rod, centre to centre . A SRNO SN2
Diameter of large end bearing . s \ b My O o
‘Width " 0 ¥ o4 Wio . o 3i%
Diameter of small end bearmg ; 3 . vi5lo)
Width - A s % 5 G . o='aibare!
Section of rod at large end 9 5 3 - . . O 4ibyi¥
,» smallcud . . - . g N EnI G
Thlckness of swelled part at large end 3 $ A SN2y
¥ - small end . g . o 3 bare

Coupling-rods and Crank-pins.—Coupling rods of Best Yorkshire
iron, forged without weld, and centre coupling case-hardened. - Crank pins
of best mild crucible cast steel, manufactured by Vickers and Sons, or
John Spencer and Sons, Newcastle-upon-Tyne. DBushes of solid brass,
lined with white metal, as shown on drawings, and forced into rods by
hydraulic pressure. Oil cups to be supplied with buttons,
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Diameter of joint pin . o o :
Centre of leading to centre of driving crank pin

= driving o trailing "

&
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DIMENSIONS.
ft. in.
Diameter of leading and trailing crank pins . o 33
Width 3 " » O 4
Diameter of driving crank pin . - o G
Width s T . o 4%
Diameter of pin in wheel boss o 43 (taper 1 in 100)
Length T - o 6% (finished)
o 21
7
7

3
9

Axles —Straight axles for the first twelve engines to be of the best
mild crucible cast steel, manufactured by Vickers and Sons only, and those
for the remaining engines of the best Bessemer steel, manufactured by
Cammell and Co.; Brown, Bayley, and Dixon; or the Bolton Iron and

Steel Co. ; all turned accurately to gauges. Two per cent. of the axles to
be tested by the company’s inspector before leaving the steel works.

STRAIGHT AXLES.

ft.  in.
Diameter in the middle . o 63
,»  of journals .o
Length 5 5 5 o o 5 @ L
Diameter of wheel-seat (to be made parallcl) o 8%
Length pa 0 o 2 o 7%
Centre to centre of journals ST

Crank Axles.—The crank axles for the first twelve engines to be of the
best mild crucible cast steel, manufactured by Vickers and Sons only ; those
for the remaining engines of the best Bessemer steel, manufactured by
Cammell and Co., or the Bolton Iron and Steel Company, and turned
accurately to gauges; the right-hand crank to lead. The axles to be
annealed after the sweeps have been slotted out, and to be tested in the
presence of the company’s inspector before leaving the steel works. For
specification of tests apply to the locomotive superintendent.

DiIMENSIONS,

CrANK AXLES.

Diameter in the middle . o
»  of crank pin journal S o ‘73
Width of & e 4 . ' . O 4
Diameter of journal SIS S SOWTL
Length of b i . % A o Crmele 7
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ft. in.
Diameter of wheel seat (to be made parallel) o 8%
Length of b - c c o 7
Centre to centre of cranks 3 2 4
s journals . 6 s 5 3 11}
Throw of cranks f 1 43
Section of inside crank arm . 5 : 0 eI in
» outside P . . 6 S % CIOBII >4t hiny

Axle-boxes.—DMade of gun-metal, with bearing surfaces of white metal,
and fitted with lubricating pad and trough, as shown by drawing.

Hornblocks.—Of crucible cast steel, horseshoe form, manufactured by
Vickers and Sons, Cammell and Co., or J. Spencer and Sons, of Newcastle-
upon-Tyne.

‘Wheels.—The best description of wrought iron solid bossed wheels
with balance weights forged in, as shown in drawings. Heads of spokes to
be forged solid. To be pressed on the axles with hydraulic pressure of
about 85 tons.

DiMENSIONS.

Diameter outside rim of wheel .
Width of rim . p 3
Thickness of rim . 5 o o 5 A
Diameter of wheel boss A
,»  wheel seat (to be made pual el)

Length of i 3 3 P
Throw of crank pins
Diameter of hole for crank pms
Number of spokes, 13.
Section of ~ , at large end Sbyr T

b . at small end . ; S G Dy L

10
43(taper1in100)

Q00O ~O00+P
w
)

o

Tires.—The tircs for the first twelve engines to be of the best crucible
cast steel, manufactured by Vickers and Sons only ; the remainder to be of
the best Bessemer steel, manufactured by Cammell and Co., or Brown,
Bayley, and Dixon, and to be stamped with the name of the maker. Two per
cent. of the tires to be tested, before leaving the steel works, by the com-
pany’s inspector. For specification of tests apply to the locomotive super-
intendent. Tires to be of the section shown on drawings, and fixed to
wheels by tire fastening, as shown.

L DIMENSIONS.
ft. in.
Diameter of tire on tread (when finished) 4 6
Thickness of 29 Y] 3 o 3
Width . 3 c . 5 2 . o -5
Distance between tlres e o5 3 » 5 Sl s
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Frames.—To be of good tough fibrous Yorkshire iron, frame plate
quality, and to be obtained from Messrs. Cammell and Co., or Sir John
Brown and Co., to be planed over entire surface on inside and outside, and
finished 1 inch full thick. All frames marked and drilled from one tem-
plate. All cross-stays and attachments to be planed where they abut on
frames. When the frames and cylinders, &c., are bolted together, the
zccuracy of all work must be tested by diagonal, transverse, and longi-
tudinal measurements.

DIMENSIONS.

ft. in.
Between frames . 4 y 2 3 3 4 b Lo
Total length of frame 5 > o 5 o <. 24970
Depth above leading horns . 5 g o o W i/ ]
o driving ,, TR

- trailing . 5 1 4}
Buffer beam to leading axle o
Leading axle to driving ,, 7S
Driving ,, to trailing ,, - I 7.0)
Total wheel base . 5 g 5 2 > . a5 (©)

Motion-plate.—To be of wrought iron r inch in thickness, with angle
iron stiffeners as shown on drawings.

Outside Frames and Buffer-beams.—A long angle iron frame,
4% inches by 2} inches by  inch, to extend on each side of the engine
full length of platform, on front curved downwards full depth of buffer
beam, and at back welded to plate forming footsteps, as shown on draw-
ings; buffer beams of wrought iron plate, at the leading end stiffened
by a heavy angle iron girder in the centre, and plate gussets behind
buffers.

DIMENSIONS.
ft. in.
Width over angle frames . R 1 . 7 4
e foot plate 5 l 3 . . 70
Thickness of ,, 5 8 o - o of
hS leading buffer beam ¢ o 1}
5 trailing - o oj

Buffers.—To be Turton's patent wrought iron buffer, B3 pattern, manu-
factured by Messrs. Ibbotson Brothers and Co., as per drawing.

Springs.—Tobe made of the best Swedish spring steel, and to be manu-
factured by Messrs. John Spencer and Sons, of Newcastle-upon-Tyne. Each
spring must be thoroughly tested before being put into its place by being
weighted until the camber has been taken off, and on the removal of the
weight the spring must resume its original form.
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DIMENSIONS.

ft.  in.
Length of leading springs (loaded) 5 3 q %% gida!
Camber %o s P o 0 3 O3
Breadth 3 3 e o 4%
Thickness—twelve plates, 3 mch full tth
Length of driving and trailing springs (loaded) - 3 6
Camber e 5 D b i=ialne
Breadth I ] . . O 4}

Thickness—twelve plates, > mch full thlck

Drawhook.—Drawhook to be provided with screw shackle, and to be
mounted with a Timmis’s spring, as shown on drawing.

Injectors.—To be two in number, of brass, Sheward and Gresham’s
patent, class G, No. 8 size, to be placed under foot-plate and delivering
into brass clack-boxes on back plate of fire-box casing. The clack-boxes
to be provided with screw cone stop-valve, so as to allow for removal of
pipes when boiler is in steam—see draw'ngs. The right-hand injector
must be provided vith an overflow valve, closed by gear from the foot-
plate, to allow for warming through to tender. All pipes to be seamless
copper.

Brake.—The engine to be fitted with a vacuum-brake, consisting of a
30 mm. ejector, Gresham and Craven’s patent; one starting valve, fitted
with sector and handle to regulate the admission of steam ; one asbestos-
packed cock, one vacuum gauge, one release valve, two 15 inch Hardy
sacks; the whole of which, including all wrought iron piping, elbows,
couplings, &c., for the above, are to be obtained by the contractor from the
Vacuum Brake Company. All copper piping to be furnished by the con-
tractor. The ejector to be fixed to the inside of cab, and connected by a
copper pipe to the starting valve, which is mounted on the asbestos-packed
cock, the latter being fixed on the fire-box top. The Hardy sacks to be
connected with the ejector by means of a copper pipe. The release valve
to be fixed at back of fire-box, and to be connected with the sacks by means
of a wrought iron pipe, and with the vacuum gauge by a copper pipe. The
Hardy sacks to be bolted to the underside of drag plate, and to be con-
nected by links to the levers of brake shaft. The entire arrangement of
brake and details, such as brake shaft, hangers, carriers, blocks, rods, and
cross-bars, must be made as per drawings supplied.

Platform or Drag-plate.—The platform behind fire-box to consist of
a heavy casting, forming drag-plate, and weighing three tons; to be firmly
bolted to frames, and have projections for brake shaft carrier, intermediate
safety chains, &c., &c.,—see drawings—to be covered with a timber platform
3% inches thick.

Cab.—To be made of % inch plates, and stiffened on the edges with
beading and angle iron, neatly polished. The front to be provided with
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two spectacle glasses, fixed in brass frames made to swivel on centre, as
shown on drawings.

Splashers and Sand-boxes.—To be made of % inch plate, the tops
curved to form flange for attachment to foot-plate. The leading splasher
to be continued forward to face of smoke-box ; this portion to be made of
cast iron, so as to form the front sand-boxes, which must be worked simul-
taneously from the foot-plate. Two sand-boxes also to form part of trail-
ing splashers, and to be connected so as to be worked together from the
foot-plate.

Safety-valve Casing.—To be of wrought iron, painted ; thickness, 14
B.W.G. ;

Dome Casing.—Made of iron plates, 14 B.W.G., and brazed up
solid.

Hand-rail.—Of iron piping, 1} inch diameter outside, polished, and
carried round front of smoke-box, as shown on drawings.

Lamp-holders.—To be fixed on smoke-box front, as shown on
drawings.

Mountings.—Each boiler to be provided with two whistles, two injector
steam cocks, one Schaffer and Budenberg’s patent steel tube pressure gauge,
one scum cock with copper pipe leading under foot-plate, one set of glass
gauge cocks, asbestos packed, Dewrance’s patent, and two gauge cocks, one
blower cock on face of fire-box with copper pipe through boiler—all made
on the screw cone principle, as shown on drawings.

Lagging.—The boiler and fire-box shell to be lagged with well seasoned
pine, tongued and grooved, and neatly covered with sheet iron, 14 W.G.,
and secured with hoops. Dome to be covered with “silicate cotton,”
instead of being lagged with wood. There must be two discharge cocks
to each cylinder, and one on steam chest, all to be simultaneously worked
from foot-plate.

Bolts, Nuts, and Threads.—All bolts, nuts, and threads to be made
to Whitworth standard. All brass work up to and including % inch diameter
to be screwed 14 threads per inch. All brass work above Z inch diameter
to be screwed 12 threads per inch. Copper stays to be screwed 11 threads
per inch.

Tools.—Each engine must be supplied with a complete set of screw-
keys and gland-keys, all case-hardened, and stamped with the company’s
initials and the number of the engine; also one large and one small
monkey-wrench, one heavy and small hammer, one lead and one copper
hammer, one large and one small pin punch, two drifts, three chisels, one
steel-pointed crowbar, one small steel pinch bar, one gland packing bar.
one ro-ton bottle-jack—to drawing—two head lamps to pattern, one hand
lamp 2nd one gauge lamp, one oil can, one large and one small oil feeder,
and one tallow kettle; also one shovel, one coal-pick, one hand-brush,

and a complete set of fire-irons; one tube scraper, and one wire tube
brush.
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Painting.—The boiler to receive two coats of oxalic paint before being
lagged with wood; after lagging, the boiler, frames, wheels, splashers,
handrail plates, and weather screen, to have one coat of lead colour, two
coats of stopping, three coats of filling up properly rubbed down, two coats
of lead colour sand-papered, two coats of green—to sample—picked out
with black, and fine-lined with white. Rim of tire to be black with white
line. The whole to be finished with three coats of varnish. Inside of
frames and axles to be finished with one coat of vermilion and one of
varnish ; outside of frames, rail-guards, &c., to be finished brown, picked
out with black, and fine-lined with white. Front buffer beam and buffers
to be finished vermilion and varnished. Number of the engine to be placed
in gold leaf on engine front and tender hind buffer planks, and a brass
number plate to be fixed in centre of handrail plate—see pattern. Smoke-
box, chimney, back of fire-box, platforms, steps, &c., to be painted black;
two coats inside of cab to be prepared similar to boiler and frame, and
finished in brown and linad.

Tank.—Of horseshoe form ; the sides each made of one plate, and all
vertical rows of rivets countersunk. The tank plates to be made of BB
Staffordshire or Yorkshire iron. The bottom plate of tank to form foot-
plate of tender, and the sides and back of tank to be well stayed to the
bottom plate with T-irons, angle irons, and stay plates, as per drawing.
The sides and back of tank to be finished with a wrought iron half-round
moulding piece, as per drawing.

DimMEeNsIONS.
R in

Length of tank sides . 18 4
Width . o In6NG
Height above frame : .4 275
Thickness of tank sides and end . o of

o 5 top o of and }inch.

34 5  bottom o of%

Cab.—The tender is to be fitted at the front end with Sharp’s, of Shef-
field, patent arrangement of cab, tool-box, and filling-hole combined, as
shown on drawings. The feed pipes to be protected by a perforated copper
sieve. Feed cocks to be of brass, asbestos packed, Dewrance’s patent, as
per drawings.

Axles.—To be of thé best Bessemer steel, manufactured by Cammell
and Company ; Brown, Bayley, and Dixon ; or the Bolton Iron and Steel
Company; to be all turned accurately to gauges. Two per cent. of the
axles to be tested by the company’s inspector before leaving the steel
works.
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DIMENSIONS.

n.

Diameter in the middle . 5 . 0 A 3
,,  of wheel seat (to be made parallel) . o

Length of 5 : 5 0

Diameter of journal .

Length A 5

Centre to centre of journals

1

P

>0 0000F
gl

WO B

Axle-boxes.— Made of hard cast iron, with gun-metal bearings, to be
fitted with lubricating trough and pad, as per drawings.

Hornblocks.—To be made of hard cast iron, planed and fitted, and
riveted to frame, as shown on drawings.

‘Wheels.—Wrought iron of the best description ; to be made in the same
manner as those of engine.

DIMENSIONS.

Tt in,
Diameter outside rim of wheel 3 3 1}
Width of rim . 5 o Mo o ° . o
Thickness of rim . 3 © %
Diameter of wheel boss . . : 5 1 of
2 wheel seat (to be made parallel) . o 6}

Length 1S . . . ©)

Number of spokes—10.
Section of spokes at large end—3% inches by 1§ inch.
EA > small end—3§ inches by 1§ inch.

Tires.—To be made of the best mild Bessemer steel of special quality,
manufactured by Cammell and Co., or Brown, Bayley, and Dixon, and to
be stamped with the name of the maker. Two per cent. of the tires to be
tested, in the presence of the company’s inspector, by percussion, and to be
deflected 2 inches to each foot of external diameter, and to bear a strain of

35 tons per square inch., To be fixed to wheels by tire fastening, as shown
on drawings.

DIMENSIONS,
ife. in.
Diameter of tires on tread (when finished) . SN
Thickness of 5 H o PRE3
Width A - o 5%
Between tires 3 4 5%

Frames.—To be of good tough fibrous Yorkshire iron, of frame-plate
quality, and to be obtained from Messrs. Cammell and Co., or Sir John
Brown and Co. Each frame to be made of one plate, and all holes
marked and drilled from one template. Drawbar arrangement, safety

s
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chains, rolling pieces between engine and tender, intermediate buffers and
ball-joint connection to be fixed as per drawings. Drawhook to be provided
with a screw-shackle the same as for the engine, and to be mounted with a
Timmis’s spring.

DiMENSIONS.
ft. in
Distance between outside frames . 5 . . . 5 8%
Length of . P . y § o L5 9 1(0), 1 o)
Thickness of - 4 4 y . SN
Distance between inside frames 3 3 o o B
Length of R A $ A 3 - A1l AR (o
Thickness of p o Of
Distance from leading axle to front end of frame 43
9 B3 ) ,» to centre axle . 5 GRN3!
5 ,» centre axle to trailing ,, o B g
- ,» trailing axle to hind end of frame S ol

Buffer-beams.—To be of wrought-iron, frame-plate quality, as per
drawing.

Buffers.—To be Turton’s patent wrought iron buffer, B 3 pattern, manu-
factured by Messrs. Ibbotson Brothers and Co., as per drawing.

Springs.—Of the best Swedish spring steel, and to be manufactured by
Messrs. John Spencer and Sons, of Newcastle-upon-Tyne. Each spring to
be tested in the same manner as described for the engine springs.

DiMEensIoNs,

f. o
Length of leading and trailing springs (loaded) 2 9
Camber e i 5 4 o 3
Breadth ot () &
Thickness—top plate{-— inch, 14 plates %mch
Length of centre springs (loaded) . ? 3
Camber - P 3 4 F " y sao)." (3
Breadth - 5 . . . 0 33

Thickness—top plate, % mch 16 plates 3 mch

Brake.—Tender to be fitted with a vacuum brake, consisting of two
15-inch Hardy sacks, which, together with wrought iron piping, elbows,
and couplings, and flexible hose-pipe connection between engine and
tender, are to be obtained by the contractor from the Vacuum Brake Com-
pany. A solid angle iron ring for carrying the sacks to be fixed to under
side of tender at front end between longitudinal stretchers, as shown on
drawings. Sacks to be connected by links to the levers of brake shaft,
which is to be also provided with a lever for hand brake. The entire brake
arrangement and details, such as handle, brake, screw, brake shaft, hangers,
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blocks, carriers, rods, and cross-bars to be made in accordance with draw-
ings supplied.

Handrail.—Handrail of iron piping 1} inch diameter outside, polished
and fastened by two brackets to end of tank Two handrail pillars to
be placed on each side of foot-plate and fixed to tank, as shown on
drawings.

Lamp-holders.—Two to be fixed on back of tender, as shown on
drawings.

Bolts, Nuts, and Threads.—To be of Whitworth standard.

Painting.—The inside of the tender tank to have two coats of good
thick red lead ; the outside of the tank, cab, and tool-box to be prepared
and finished in the same manner as the engine boiler covering. The inside
of the cab to be treated exactly the same as the inside of the engine cab.
Inside of frames to have two coats of lead colour. Outside of frames and
wheels to be prepared and finished identically the same as those of the
engine. Hind buffer beams and buffers to be finished vermilion and var-
nished, Coke space, foot-plate, bottom of tank, and brake-work under
tender to have two coats of black.

SPECIFICATION FOR FOUR-COUPLED EXPRESS LOCOMOTIVE,
GREAT EASTERN RAILWAY.

Express Locomotive Engine, designed by Mr. T. W, WorsDELL,
Locomotive Superintendent, Great Eastern Railway Works, Stratford.

CYLINDERS.,

ft. in.
Diameter of cylinder g 1 6
Stroke o ZNC)
Length of ports 5 o 11}
Width of steam ports o 1}
Width of exhaust ports . 5 a o @ 14
Distance apart of cylinders, centre to ccntre . s 54 ®
Distance of centre line of cylinders to valve face PO ¢
Distance of centres of valve spindles . A6
Lap of slide valve . S o I}
Maximum travel of valve 5 (o
Lead of slide valve . . 3 . o o
Motion, Joy’s patent, to drawi mg
Dlameter of piston-rod . 5 5 5 RO
Length of slide blocks J 3 . ST
Length of connecting-rod between centres 3 3 35 (o)
Length of radius rod

v e A i g Se cieis il
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WHEELS AND AXLES.

f o
Diameter of driving-wheel . 0 . . . ZRAC
Diameter of trailing-wheel d 5 ° o 5 7 o
Diameter of leading-wheel 4 O
Distance from centre of leading to dnvmg 5 SN S G
Distance from centre of driving to trailing . 8 ¢
Distance from driving to front of fire-box £ SESAlr o
Distance from leading to front buffer-plate . ¢ BT
Distance from trailing to back buffer-plate . A X

CraNk AxLES.

f. in
Diameter at wheel seat . 3 5 . o . AL )

Diameter at bearings 5 o : d 3 A O T
Diameter at the centre . . N 3 C J o 7
Distance between centres of bearings - . 3 3 10
Length of wheel seat . . . . 2 o S LONS
Length of bearing . 2 . 4 s - Jal.fi0s g

TRAILING AXLE.

fr. in
Diameter at wheel seat . 5 . - . : . 09

Diameter at bearings 5 c . . c ok s B 1ol
Diameter at centre 3 5 3 8 3 . . o
Length of wheel seat o o - - $ NGRS
Length of bearings 5 5 5 5 o9

Diameter of outside couplmg pins . ¢ c . . o 4}
Length of outside coupling pins . ° 5 . pile)
Throw of outside coupling pins o c & 3 ST

LEaDING AXLE.

ft. in

Diameter at wheel seat . 3 5 3 c 5 OIS
Diameter at bearing . 5 o o b o o

Diameter at centre g 5 3 5 3 3 . o 6%

Length at wheel seat 3 5 o 3 : o ®
Length at bearing . 3 > 5 5 2 3 . 011
Centre to centre of bearings . 5 . 3 5 3 8
Thickness of all tires on tread . c ° : e oM. )

Width of all tires on tread 5 o : ¢ S s ToNah

Frames.

ft. in
Distance apart of main frames 2 8 o v d=ic
Thickness of frame (steel) 3 5 2 5 e O
x
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WEIGHT OoF ENGINE IN WORKING ORDER.

Leading wheels o 5 . : 3 . it Tsz ;vgn 14
Driving wheels . 5 ; 5 4 2 S ) o)
Trailing wheels g L d : 4 . oMo 1k
Total . : . o : 5 el A6 ()
WeienT oF ENGINE Expry.

tns. cwt. qr.
Leading wheer : 5 s o o 3 S o i

Driving wheels . - : 5 5 3 5 . 12 15
Trailing wheels . : I, sk . 4 N Ity
Total . 5 o " . 4 38T

The tender holds 5 tons of coal and 3200 gallons of water.

SPECIFICATION FOR EXPRESS ENGINES, LONDON,
CHATHAM, AND DOVER RAILWAY.

These engines were designed by Mr. W. KirTLEY, Locomotive Super-
intendent of the line, for working heavy trains at express speed for
Continental trafic.

The engines described in the following specification are known as class M.
The following are their leading dimensions :—Diameter of cylinders, 174
inches ; stroke of cylinders, 26 inches; diameter of bogie wheels, 3 feet 6
inches; diameter of coupled wheels, 6 feet 6 inches; total wheel base of
engine, 21 feet o} inch; total wheel base of tender, 12 feet; heating surface
of tubes, 962 square feet; fire-box, 107 square feet; total heating surface,
1069 square feet; grate surface, 16°3 square feet; capacity of tank,
2550 gallons.

Quality of Materials.—Where ““brass ” is specified it must be good
tough metal. Gun-metal must be composed of five parts of copper to one
part of tin. White metal.—This must be composed of —T'n, sixtcen parts;
antimony, two parts; copper, one part and a-half, Other materials to be
obtained of the manufacture to be hereinafter specified, unless the consent
of the company’s locomotive superintendent in writing be first obtained to
an alteration.

Boiler.—Barrel, dome, fire-box casing, and smoke-box tube plate, and
all angle irons, rivets, and stays to be made of Lowmoor, Bowling, Taylor's,
or Coaoper’s (best Yorkshire) iron. Barrel to be made in three plates as

E2
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shown, transverse joints to be made with a butt strip ring, and to be single
riveted, the longitudinal seams to be butt jointed, and to have inside and
outsidestrips, and to be double riveted; seam of middle plate to be welded,
and to be strengthened by a liner plate riveted on inside under the dome
flange. Tube plate to be attached to barrel by ring of angle iron, bored,
faced, and turned on edges, and zig-zag riveted to both. The dome to be
in one plate welded at the seam, and flanged at the bottom to fit barrel, to
which it is to be double riveted ; to have an angle iron ring in the top, and
to be fitted with a strong wrought iron cover. The cover and angle iron
must be accurately faced so as to make a perfectly steam-tight joint. The
foundation ring to be of the form shown, so that the casing plates may be
double riveted at the corners, and having lugs to carry the ash-pan and fire-
bar brackets. The fire-hole to be circular, and both the fire-box and
casing plates must be kept well clear of the inner edge of the ring. A
girder stay is to be fixed to the smoke-box tube plate by an angle iron of
the section shown, and also to be flanged and riveted to the barrel in the
manner shown on drawings. Double gusset stays must be securely riveted
to the back and top plates of the fire-box casing. All the plates are to be
planed or turned on the edges before being put together. The holes must
be drilled or punched slightly countersunk, and rhymed out perfectly fair
with each other in all plates and angle irons; drifting will under no circum-
stances be allowed ; care must be taken that the smaller diameters of the
holes come together, that all burrs are carefully filed off, and that the plates
are brought well together before any rivet is put in. All rivets must com-
pletely fill the holes, and the heads must be perfectly true and central.
Any caulking that may be required must be done with a broad-faced tool,
so that the plates may sustain no injury. Fifteen brass wash-out plugs, and
four mud doors of wrought iron are to be placed in the positions shown on
drawings ; the latter are to be fitted in position before the fire-box is put in.
Before being lagged the boiler is to be tested in the presence of the com-
pany’s locomotive superintendent, or his inspector, to a pressure of 200 Ib.
per square inch with water, and afterwards to 160 Ib. per square inch with
steam, and it must be perfectly tight under these pressures.

DiMENSIONS.
f  in.
Length of barrel . .10 2
Diameter, outside 4 3
Thickness of plates o o
5 tube plate o o}
3 dome plate o of%
Diameter of rivets . 3 . 5 3 . o oy

Fire-8ox SHELL.

Length, outside . 2 3 : 3 g S ol )
Breadth at bottom, outside R o f 4 S sy
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Bottom of foundation ring below centre line of boiler ;L 2
Thickness of side, top, and bacL-plates o'\og
- throat-plate o o}
Diameter of rivets o ol
o foundation ring nvets ! . oG
Height of centre line of boiler from rail 3 . AN

Fire-box.—The fire-box plates to be of copper of the very best quality,
obtained from Messrs. Everitt and Sons, Grenfell and Sons, Vivian and
Sons, or other approved makers. The stays and rivets to be made from
the very best soft rolled copper bars, by the same makers as the plates.
The plates to be annealed both before and after flanging, and to stand a
test of being doubled cold without showing any sign of fracture. The
sides and crown to be in three plates, the crown plate to be curved as
shown and stayed to roof bars by bolts turned taper where they go into the
plate ; these bars are to be connected to angle irons on the casing plate by
sling stays. Great care must be taken to bed the ends of the roof bars
accurately on the fire-box plates, also that the sling stays are the correct
length. The copper stays are to be tightly screwed into the fire-box and
casing plates, and to be neatly riveted over at the ends, the thread being
turned off the portion of stay between the plates. Six palm stays to be
placed on the barrel of boiler in the positions shown, the outer ends of the
copper screws in tube plate to be countersunk and neatly riveted over. A
brass plug with fusible lead centre to be inserted in the crown of fire-box.
A brick arch to be built in the fire-box, supported on studs in the manner
shown on drawings.

DiuENsIONS. R
Length at top, outside . 5 O3
1 bottom ,, 0
Breadth &y
Depth, inside . 6 o
Water space at boltom all round o 3
Thickness of plates o o}
o o
Thickness of tube plate 3 : : J 2 { and
o o}
Diameter of fire-hole A . SN BN o
Section % ring—33} mches by 3 mches.
Roof bars—No., 8.
Depth—Six to be 6 inches, two to be 5 inches.
Thickness—Two plates each o o}
Diameter of roof bar bolts 4 ; A s oMeT
& copper rivets . 3 o . . . 0 01}
E copper stays ; o of
Distance of copper stays apart, about . o 4
Diameter of copper screws of palm stays . SUORRT
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Tubes.—To be of copper, solid drawn, of either Everitt’s, Green’s,
Wilkes’, Birmingham Battery Company’s, Broughton Copper Company’s or
other approved make, 9 BWG at the fire-box end tapering to 12 BWG at
the smoke-box end. To be secured by a roller tube expander—great care
being taken that the tubes are not cracked—and fixed with ferrules at the
fire-box end. Ferrules to be of ferrule steel, and to go into the tubes a tight
driving fit. The tubes are to project through the smoke-box tube plate
% inch.

DiMENSIONS.
f i
No. 200 5 3 5 . 3 o . —_——
Length between tube plates 3 . or o 5 < HOMA6
Dlameter, outside . 2 c o G T

o ,, at smoke-box end for a length of 4 inches o 1%
Thickness at fire-box end—No. 9, BWG.

v smoke-box end—No. 12, BWG.
Distance apart of centres, about 5 5 o L0 o emOlk2

ol

Smoke-hox and Spark-arrester.—Plates for smoke-box and door to
be of BB Staffordshire iron, having a perfectly smooth surface. The rivets
are to be countersunk outside and filed smooth. Wrought iron liners are
to be placed against the tube plate, and the sides and front of smoke-box.
The door to be dished as shown on drawings, and fitted with baffle plates
and suitable dart, handles, and hinges, the latter to be finished bright.

A cast iron grate for arresting sparks to be supported in the smoke-box
in a horizontal position just below top of blast pipe. Care must be taken
that this grate fits accurately round the steam and blast pipes.

DimENsIoNs.

e f  in,
Length of smoke-box, inside . 5 Z[RB:
Width on centre line of boiler, inside 4 11
Thickness of plates o of
Section of angle iron—2% mches by o mch'~s by 3 mch

5 ring round door hole—3 inches l‘y % inch.

Diameter of rivets . : 5 . 3 . o o}
Pitch of rivets, about 8 TN L RO

Chimney.—To be of BB Staffordshire iron; joint to be made with a
butt strip, and the rivets to be countersunk, and filed smooth on the out-
side. The bottom to be quite free from hammer marks, and to be carefully
fitted to smoke-box. The top, of cast iron, to be made to drawing.

DEnsioNs.

y . fr.  in,
Height of top of chimney from rail 13, 3%
Diameter inside at top 1 6

hy bottom 1 4%
'lhlckness of plates , g 1o o o}
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Ash-pan.—To be made to hold water, and fixed to lugs on the founda-
tion ring as shown on drawings; to be fitted with a damper, front and back,
each to be worked separately from the foot-plate ; the damper rods to be
on the right-hand side of foot-plate.

DIMENSIONS.
ft. in.
Thickness of plates of ash-pan . = ! : .-0 o
Depth of ash-pan . g c : 4 d YRS DI
Width ) : 3 4

Safety-valves.—To be of the kind known as “ Ramsbottom’s duplex”
safety valves, to be fixed on the fire-box casing. The columns to be of
brass turned bright, fixed on a cast iron manhole cover. The springs (of
approved manufacture) and gear to be made accurately to drawing, and set
so as to blow off at 150 lb. per square inch. The seating to be of wrought
iron, carefully fitted to the fire-box casing. All the joints must be accu-
rately faced, so as to be perfectly steam-tight.

DIMENSIONS.

f.  in
Diameter of valves o 3%
Distance apart of columns 0 105
Height of brass columns 1 ok
Diameter of spring steel . o ok

. manhole cover . 1 6

Thickness of seat o 1}

Regulator and Steam-pipes.—Regulator to be of cast iron, the head
to be fitted with double valves. The steam pipes to be of copper sheets
hard soldered together on the inside. Flanges and cone to be brass.
Steam pipe in boiler to be fixed to tube plate by a turned ferrule of best
steel and to regulator by means of three claw bolts. Elbow pipe in smoke-
box to be of cast iron.

DiMENSIONS.

eSS
Diameter of steam pipes, inside . . q . o Gl

Thickness—No. 7, BWG.

Blast-pipe.—The blast pipe to be of cast iron fitted with an adjust-
able nozzle to be worked by suitable gear from the right-hand side of foot-
plate.

§ DimensIoNs.
£ i
Smallest diameter of nozzle A o 4}
Height of nozzle above top row of tubes @7

Frames, Inside.—Inside frames and front buffer plate to be of York-
shire iron, frame plate quality, made by Taylor Brothers, Cammell and Co.,
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Brown and Co., Parkgate Iron Co., or other approved makers. Each frame
plate must be in one length—vithout weld—and it must have the brand of
the manufacturer legxbly stamped on its outer side. The plates are to be
planed all over on the inner side, and the outer side must be finished with
a good smooth surface. All holes to be marked from one template, and
drilled and rhymed out to the exact size given. The frames to be set in
and thoroughly well stayed together by the buffer plate, and with plates
and angle irons at the leading end in the manner shown on drawings, the
front foot-plate to be thinned at the edges as shown. A plate is to be
placed horizontally under the cylinders to carry the bogie pin, and must be
firmly bolted to angle irons on the frames. A transverse stay arranged to
carry the back ends of motion bars and the intermediate spindle guides,
and a vertical stay in front of the fire-box casing must be placed in the
positions shown. Over the trailing axle a horizontal flanged stay is to be
securely bolted to the frames, and at the hind end of frames a cast iron
foot-plate arranged for the tender couplings, is to be placed. All these
stay plates and angle irons to be of BB Staffordshire iron. The casting
and the transverse stays must be securely fastened to the frames by turned
bolts. The rubbing pieces for tender buffers to be well case-hardened.
When finished the frames must be perfectly true and square in all direc-
tions. The foot-plate to be of BB Staffordshire iron, and the rivets to be
countersunk on the top. Guard bars of the form shown are to be securely
boltzd to the frames and buffer plates.

DiMENSsIONS.
ft. in.
Thickness of frames, finished o Iyy
Depth over leading bogie wheels . 1 2
» between cylinders and driving horns . I 6
» between driving and trailing wheels, open IIr
Greatest depth of plates 2 11}
Distance from centre of bogie to front end of frame 5 o
% - &5 to centre of driving axle . ¢ 10
3 »  driving axle to centre of trailing axle 8 4
»  trailing axle to hind end of frame 4 O
Extreme length of plates 3 2702
Distance from centre of driving axle to front of ﬁre-box
casing . 1 10}
Distance between frames at leadmg end 3.0
from cylinders to traxlmg end 4 ©
Hewht of top of frame from rail . . 4 1%
Depth of buffer-plate 1 4
Length -, 7 6
Thchness . o 1}
Thickness of foot-plate o o
Extreme width of foot-plate 7 10
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Outside.—To be of BB Staffordshire angle iron—the step plates to be
riveted on—and to be stayed to the inside frames as shown on drawings.
All the rivets to be countersunk outside. Section of angle iron for frames
6 inches by 2% inches by % inch.

Buffers and Drawgear.—Buffers to have wrought iron cases and
plungers, with india-rubber springs, No. 2, of George Spencer and Co.s
make, and to be in all respects similar to drawings supplied. Draw-bar to
be of best chain cable iron, to be arranged to radiate, and to be fitted with
shackle and coupling chain and screw coupling, and to have an india-
rubber spring, No. 6, to drawing, of George Spencer & Co.’s make.

DIMENSIONS.

Height of centre line of buffers from rail .
Distance of centres of buffers apart
Diameter of draw-bar

owniwP
n own F

Cylinders.—To be made of the best close-grained, hard, and streng
cold-blast cast iron, twice cast, as hard as can be worked, and perfectly
free from honeycomb or other defects. They must be bored out perfectly
true, the ends being bell-mouthed. The cylinders are to be made with
loose covers at each end, the back cover having provision for carrying the
front ends of slide bars. All joints and faces to be machined and scraped
to a true surface, so that a perfect joint can be obtained. The cylinders to
be set as shown on drawings, and to be attached to the frames by flanges—
the holes in which and in the frames are to be rose-bitted—and secured by
turned bolts a driving fit. The front flanges and covers are to project
through the frames as shown on drawings. To be provided with waste-
water cocks and gear worked from the right-hand side of foot-plate. The
top of cylinders to be covered with thin fire-brick or cement; the bottom
flanges to be planed perfectly true, so that the bogie pin-plate may bear
truly against them.

DimENsIONS.
ft. in,
Diameter . i L
Stroke . 202
Distance of centres 2
. valve spindle centres o 3%
Thickness of metal o o}
Length of ports. Nz
Width of steam ports o 13
,»  exhaust poits o 3%
Thickness of bridges o1
Length of working face o II
Distance from centre of dnvmg axle to centre of exhaust
port 9 9%

Ircline of cylmders-—x in 25.
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Pistons.—To be of tough cast iron, made from cylinder metal, and to be
sound and free from all defects. To be accurately fitted to cones on ends
of piston rods, and fixed with nuts as shown on drawings. Piston heads to
be turned yinch smaller than bore of cylinder. Packing rings to be of
cast iron, turned only on the outside and on edges, and made inch larger
in diameter than cylinder bore, and ther. cut and sprung into their places.
When finished the whole must be an easy but accurate fit in the cylinder,
so that the piston and rod can be moved backwards and forwards by
hand.

DiMENSIONS.
ft. in.
Width of piston X - 4 ©) oYy
7 rings, two in each piston . o o}
Thickness of rings o of

Piston-rod—To be of the best mild cast steel, manufactured by
Taylor Brothers, Vickers, Sons, and Co., Cammell and Co., or other ap-
proved makers, with cone and nut for fixing to piston; the cone at cross-
head to be enlarged, as shown on drawings.

DmuENsIONS.
f. o
Diameter of rod . . 5 5 5 5 . 5 @B
Length between cones 2 1ol8

Taper of cone in crosshead—1 in 16,
~ e piston—1 in 6.
No. of threads per inch piston end—6.

Crossheads and Gudgeon-pins.—To be of best Yorkshire iron, and
to be finished bright ; the gudgeon pins to be keyed in the crossheads and
well case-hardened.

Slide-bars and Slide-blocks.—Slide bars to be of cast steel from
the same makers as piston rods, and to be provided with brass oil syphons
to drawings. The slide blocks to be of cylinder metal, sound and free
from all defects.

DiMENSIONS.

f. in

Width of slide bars (2) 3
Thickness X 4 y o 2}

Length . . = 41 of

»  of slide block . . 1 2
Distance between slide bars vertically i 3 ORN3E
y oy e horizontally . 3 o e

Connecting-rods.—To be of best Yorkshire iron, forged solid in one
length. The brasses to be of gun metal, those for the big ends to be lined
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with white metal. The cottars to be of steel, and the bolts of the best
Lowmoor iron forged from the solid, the heads must on no account be
welded on.

DIMENSIONS.

\ ft. in.
Distance of centres. 2 5 = 5 . . LGB
Diameter of big end bearings . o 5 : 5o @y Y

! o small end bearings . s d . < Jlo} 43

Slide-valves and Valve-spindles.—The valves to be of gun-metal,
with §inch holes drilled in the face. The spindle frames and intermediate
spindles to be of best Yorkshire iron, of the form shown on drawings, the
latter to be well case-hardened.

The intermediate spindle guides to be of cast iron, bushed from either
end with gun-metal bushes, and to have oil boxes cast on as shown.

DIMENSIONS.
FE8 Fin!
Lap of valve . © 4L
Lead, in full gear o o
Centre line of valve above centre line of cylmder ©. &
Diameter of valve spindle . o 1}
LN intermediate spindle (o] C7
Length of sy - guides 1 o

Valve-motion.—The valve-motion to be made from the best scrap
iron, and the working and rubbing surfaces to be thoroughly case-hardened,
and provided with oil syphons and grooves, and finished in the best manner.
Expansion link to be supported at the top from the forward excentric rod
pin, the reversing shaft being below the motion and behind tbe link. The
motion pins to be of best iron, thoroughly case-hardened and accurately
fitted. Excentric sheaves to be in two pieces, the smaller piece being of
best scrap iron, and the larger piece of cylinder metal. Excentric straps to
be of wrought iron, solid with the rod, and to be fitted with white metal
liners.

DiMENSIONS.

Length of expansion link between centres
,»  excentric rods
, lifting links
Diameter of motion pins
# excentric sheaves
Throw

O = O = =P
'

Wh oW e

W i o O] ol F

» »

Reversing-gear.—Reversing to be performed by means of a screw
arrangement, firmly supported on the right hand side of foot-plate.
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Coupling-rods.—To be of Bessemer steel of approved make with solid
ends and syphons, and to be fitted with phosphor-bronze bushes. Each
rod to be forged solid in one length, and finished bright.

DIMENSIONS.

Distance of centres 5 . 3 o 5 : . gl
Section of rod—43 by 1§ in.

Coupling-rod Pins.—To be of wrought iron case-hardened, accurately
turned to gauge, and to be exact duplicates; to be tumed' to a taper of 1
in 50 and forced into the wheels by hydraulic pressure, the inner end to be
afterwards riveted over ; the outside end of pin to be fitted with a washer
and taper pin as shown on drawings. ;

Bogie—William Adams’ Patent.—To have four wheels, and to be in all
respects of the form and dimensions shown on drawings. The frames to
be of Yorkshire iron by the same makers as the engine frames, the brand
to be on the outer side, raised as shown over the axles, the inner sides to be
planed all over, and the outer sides where any attachment is made. The
carrying girders to be of best Yorkshire angle iron bent round and securely
riveted to the frames, and machined on the outer sides, clearances being
made where shown; steel bearing-plates planed and scraped to a good
working surface are to be riveted to the angle irons. The ends of the
frames are to be stayed by flanged plates of BB Staffordshire iron placed
vertically, and bolted to the frames by the horn block bolts. When finished
the frames must be perfectly true and square. The sliding block is to bear
on the steel plates and wotk between the angle irons before mentioned, the
side play being controlled by suitable india-rubber springs arranged as
shown on drawings. The leading end of engine is to be supported on an
india-rubber pad, through which and into a corresponding hole in the
sliding block passes the bogie pin. A sheet brass dish is to be inserted
between the india-rubber pad and the sliding block. The bogie pin to
have a projection on it fitting into a corresponding hole in the horizontal
plate under cylinders before mentioned, to which it is to be securely bolted,
and to have a wrought iron safety pin with washer, nut, and cottar through
it. The sliding block to be of tough cylinder metal perfectly free from
honeycomb or other defect; the bogie pin to be of cast steel of approved
manufacture, thoroughly annealed. These castings are to be machined on
all working and bearing parts, and the sliding block is to be scraped to a
good working surface on the sliding portions, and to have lubricators fixed
and oil grooves cut where shown. The spring cradles are to be made of
best Yorkshire iron, with cast iron saddle pieces at each end, shaped to
bear on the axle-boxes, and cored, out for oil syphons as shown. The
main spring pins are to be of best Yorkshire iron forged from the solid,
and securely riveted to the frames with turned cold rivets of Lowmoor
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iron. The india-rubber pad and the check springs to be of George Spencer
and Co.’s make.

DiMENSIONS.
f. in.
Bogie wheel base . 5@
Thickness of frames, ﬁmshed o I
Depth at centre o 10
, ¢ horns 1 73
Length of frames . 3 7 6%
Dlstancc between frames . 20 7L
Section of angle iron for carrying glrders——7 mches by
7 inches by 1 inch.
Section of steel bearing-plates—7 inches by § inch.
Bength. . . . . : o 2 6}
Thickness of end stays o o}
Depth i o 10
Total side play of bovxe . © 2
Diameter of india-rubber pad unloaded 2 o
Thickness ., s 3 H e O s
Diameter of hole in mdla-mbber pad . o 3 . o 8
S cast steel bogie pin o' ol ® B
R wrought iron safety pin 8 SONEZ11
Section of iron for spnng cradles—s inches by I mch
Diameter of mainspring pins J 5 c o 2%
% india-rubber check springs unloaded 0 o 5%
Length u 3 . i o IIf

Springs and Connections.—The springs to be of the very best spring
steel, manufactured by Messrs. Turton and Sons, or other approved makers.
Before being put in position, each spring is to be fully tested until the
camber is taken out, and the spring must afterwards resume its original
form. The bogie springs are to be inverted, the buckles being connected
direct to the pins before mentioned, on the bogie frames; the ends of
springs are to be connected to the spring cradles by hooks. The driving and
trailing springs are to be under-hung, and the buckles are to be connected
to the axle-boxes by T-links. The ends of driving springs are to be con-
nected to wrought iron liners on the frames by adjustable links; the ends
of trailing springs are to be connected to wrought iron brackets firmly
bolted to the frames by links of the form shown on drawings. All the
brackets, links, hooks, buckles, and pins connected with the springs must
be of best Yorkshire irén, and the working surfaces must be thoroughly
case-hardened.

DiMENSIONS.

BogrE.
Length loaded . o . . 3 c 3 SR
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i
Camber . ] y . - . 3 ' S e O\ 3
No. of plates—i4.
Thickness of plates 5 5 o g 5 . . o o}
Driving AND TRAILING.

fr. in.
Length loaded 3 4
Camber ,, o o 3
Breadth of plates . o 4%
No. of plates—13.
Thickness of plates . o o}

Axle-boxes.—The axle-boxes to be of the very best gun-metal, lined
with white metal, and fitted with cast iron keeps and spring lubricating
pads, and suitable covers. Every axle-box must be made accurately to
dimensions, so as to be interchangeable in any of the engines.

Horn-blocks and Horn-stays.—The horn-blocks to be of crucible
cast-steel of Vickers’, Cammell’s, Taylor’s, or other approved make; the
bogie horn blocks to be fitted with cast iron distance blocks and securing
bolts as shown. The driving and trailing horn blocks to be solid, and pro-
vided with adjustable wedges and securing bolts. The horn blocks must
be accurately bedded to the frames, and secured by turned bolts a driving
fit. The horn stays for the driving to be of wrought iron ; those for the
trailing to be the form shown on drawings, of cast steel, by the same
makers as the blocks; care must be taken that these stays fit the horn
blocks accurately.

Axles.—To be of crucible cast steel of Vickers, Sons, and Co.’s make ;
the webs of crank axle to be hooped ; all corresponding parts to be of an
exact size and made to template, so that they may be interchangeable, and

. each axle must be clearly stamped with the maker’s name. The journals
are on no account to be swaged down, but in all cases turned from the
solid. The wheel seats must be accurately turned to a taper of 1 in 100.

DIMENSIONS.

BoGIE AxLEs.

ft. in.

Diameter in middle o s5i

% on wheel seats o 7%
»  of journals 5 o 6
Length » 3 d k 2 . o 9
Distance apart of centres of journals . 5 ey
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CRrANK AXLE.

ft. in
Diameter in middle . 0 < A 4 ! ()i
ox on wheel seats . o ) s J o 9

3 of journals . J g 4 . 2 o 73

Length % 3 5 g o 7%

Diameter of crank pin ]ournals ¥ J 5 o 7%
Distance apart of centres of cranks o 3 2
- journals . . 4 ©

C ross sections of crank arms—i12 mches by 43 mches and
12 inches by 43 inches.
Throw of cranks . 0 o o . S o P W
TratLing AxiE.

: ft. in.

Diameter in middle . g b OR 7
k. on wheel seats C P > o 9

i of journals . . c . 3 o o 0 @ R

Length s : 3 3 Son7 L
Distance apart of centres of ]ournals < . : RO

Wheels.—To be of wrought iron, of the best materials and workman-
ship, with solid rims, spokes, bosses, and balance weights. The spokes
must be forged with solid T ends, and welded in the centre. The surfaces
of rims and spokes to be shaped so that the whee!s are exactly balanced.
Each wheel is to be bored taper and put on the axle, before the tires are
shrunk on, by hydraulic pressure of not less than 60 tons, and then properly
keyed on. Great care must be taken that the keys fit accurately.

DiMENSIONS.
Bogiz.
ft. in.

Diameter on rim . : . ¢ 5 5 5 . 3 0
Width of rim . 9 . 0 a3
Thickness of rim o 1}
No. of spokes— 10.
Section of spokes at boss—4 inches by 1§ inch.

i 5 rim—33 inches by 1% inch.
Diameter of boss . 5 : o 3 g 3. AR g
Width of boss : . : c 5 . 2=
Diameter of hole in boss 51k e, Lk Ead Seaieanidioll ik
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DRIVING AND TRAILING.

f. in.
Diameter on rim J 5
Width of rim . o 4}
Thickness of im . . c . o o o 5 @ 5k}
No. of spokes—2z.
Section of spokes at boss—41 inches by 1} inch.

% - rim—3} inches by 1§ inch.
Diameter of boss . 5 o . . 5 5. 8 By
Widthof boss . . . . o 7%
Diameter of hole in boss . c o . e s .g @B
Centre of wheel to centre of coupling pin 1 o
WHEEL CENTRES.

f i
Trailing to driving . ° o . 3 5 8 4
Driving to centre of bogie . . 0 0 o . 9 10
Bogie wheel base . . 59
Total wheel base of engine . o o o 5 .21 o}

Tires.—To be of crucible cast steel, of Vickers, Sons, and Co.’s extra
manufacture, and to be of the section shown on drawing; to be shrunk on,
and to be fixed to the wheel by lips on the outside, and by screws  inch
diameter, placed between each spoke. Each tire must be clearly stamped
with the maker’s name and the brand “ Extra.”

DIMENSIONS.
Bogiz.

| f. in
Diameter on tread 5 0 o o o o 300
Width . 5 c . o o o 5 : o s
‘Thickness, finished 5 . . . o o @ 2
Distance between tires 4 53

Driving AND TRAILING.

. . i
Diameter on tread . 6 g.
Width . . c o st
Thickness, finished o 3
Distance between tires 4 5%

Cab and Splashers.—The cab and splashers for trailing wheels to be
made of best Staffordshire plate % inch—full—thick, the former to be
fitted with two plate-glass windows in brass frames, to be made to open.
The splashers for driving and bogie wheels to be made of best Staffordshire
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plate % inch—full—thick. All rivets to be countersunk and filed smooth.
A brass number plate, to pattern, is to be placed on each wing plate.
DIMENSIONS.

Width of cab . .
Height at centre

N o
0O o

Sand Boxes.—To be of cast iron, four in number, and fitted with valves
and substantial gear for working from footplate. The leading boxes to be
fixed on to the splashers of driving wheels, and the valves are to be coupled
together so as to work simultaneously.

Lagging.—The boiler and fire-box shell to be lagged with well seasoned
pine, and covered with smooth iron sheets—r14 BWG—supported on a light
wrought iron frame, and secured by belts in the usual manner.

Brake.—A powerful steam brake to drawing to be fitted to the engine,
having cast iron balanced brake blocks to the driving and trailing wheels.
All pins and working parts of the brake gear to have large bearing sur-
faces, and to be thoroughly case-hardened. Diameter of brake cylinder,
03 inches.

Dome and Manhole Casings, &c.—To be of the form shown on
drawings, of charcoal iron 14 BWG thick, thoroughly well finished. Brass
moulding pieces are to be arranged round the back of smoke-box and fire-
box casings.

Hand Rail and Lamp Irons.—A neat hand rail to be provided round
the boiler, supported by polished wrought iron standards. Lamp irons to
be fixed on the smoke-box, footplate, and fire-box casing, in the positions
shown.

Injectors.—Two injectors, Friedman’s (brass) No. g, to pattern, to be
suitably fixed on the ash-pan sides.

Boiler Mountings, &c.—A brass stand-pipe to be fitted on to fire-box
casing, to carry two whistles, two injector steam valves, and one pressure
gauge cock. Pressure gauge to be Bourdon’s manufacture (Paris), with
solid drawn tube (to sample to be supplied), to indicate from 1 to 200 lb.
per square inch. A blower to be fixed on right-hand side of smoke-box,
and worked from foot-plate. Two glass water-gauges, two ball clack
boxes, 2 Furness lubricator to each cylinder, a displacement lubricator, oil
boxes for axle-boxes and glands, lubricators for bogie sliding block, and an
ash-pan water cock to be suitably fixed, the whole to be made of brass, in
accordance with drawings, and of first-class finish.

DiuEnsions, &c., or Pipgs.
Diameter ‘Thickness,
BWG.

inside,
Main steam pipes in boiler and smoke-box s iny 7
Injector suction and delivery pipes . . . . 1fin 10
i steam pipes . . . 4 S Eatin. i0

b 4
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Diameter Thickness.
inside, BWG.
Blower pipe in smoke-box, copper solid drawn & in. 12
Furness lubricator pipes in smoke-box, copper
solid drawn . 3 5 . #in 1z
Oil pipes c ﬁ in. 15
Pressure gauge plpe, copper sohd drawn & 5 in 15

Bolts and Nuts.—To be made to drawings and gauges, and all threads
to be Whitworth’s standard, except where otherwise specified or shown on
drawings. Every nut of the same description, to be exactly the same size.
Gland nuts to be case-hardened. All nuts in the smoke-box to be of hard
brass, and made with a cap. All union nuts to be made exactly to
drawings.

No. or THREADS PER INCH.

Brass work of } in. diameter and upwards . o 3 . 1z

Mud plugs . . o 5 5 5 c g e 132

Copper fire-box stays . 5 o o S o : o 155

Piston rods, piston end . 5 . . . o 5 o B
TENDER.

Tank.—Tank to hold about 2550 gallons, to be of the horseshoe form
with a well, with angle irons, stays, manhole, and coping as shown on
drawings, to be constructed entirely independent of the frames and foot-
plate. The whole of the plates, angle irons, and stays to be of BB Stafford-
shire iron. All the joints to be made with butt strips, and the rivets to be
countersunk on the outside and filed smooth ; care must be taken that the
holes are perfectly fair with each other in all plates and angle irons, and
that the rivets completely fill the holes. The manhole to be fitted with a
lid and strainer. Two water-tight tool boxes of wrought iron, lined with
wood, are to be fixed on the tank. The mouths of feed pipes to be pro-
tected by copper rose-boxes. The feed cocks of hard brass are to be
provided with suitable sectors and handles worked from the foot-plate. The
tank is to be fixed to the framing in the manner shown on drawings.

DIMENSIONS.

Length of tank, outside . . . . ?'8 l;'
Width 3 . q ; o S o o e T
Height ,, 'Y i . . - r 206
Between arms of horseshoe o o 5 4. 3 6
Length of ,, 8 g 4 o 7 o

2 well outside 5 s : o S R0
Width ,, 2 (e RSNSOI 3 6%
IUEptIE 3 3Ed 4 e 0
Height of copmg above tank FERAC 5 o 10
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Thickness of side, back, and coping plates E ﬁb mi
* inside of horseshoe and top and bottom plates o o

Section of angle iron for tank—2z% in. by 24 in. by § § in.

B ,»  stays—2% in. by 2% in. by } in.

s stays——6 in. by % in.
Diameter of rivets . o o}
Pitch @ o 1}
Diameter of manhole, 1nsrde . 3 it o (0
Height - above tank o 9

Frames.—Outside frames and buffer plates to be of Yorkshire iron,
frame-plate quality, by the same makers as the engine frames ; each frame
to be in one length, without weld, and finished with a good smeoth surface,
angle irons of the sections shown to be securely riveted to the frames. Inside
frames, vertical and horizontal transverse stays of BB Staffordshire iron,
draw pin washers, and foot-steps, are to be placed as shown on drawings. All
holes are to be marked from one template, and drilled and rhymed out to
the exact size.

DimENSsIONS.
ft. in,
Thickness of outside frame @ @
Depth 58 5% open ; 2 11
Distance from front end of frame to leadmg ax]e 4 O
" leading axle to middle o (61 +@
5 middle ,, trailing 6 o
S trailing ,, hind end of frame 3 4
Extreme length . - 19 4
Distance apart . SRS
Height of top of frame from ra11 . . ST
Thickness of inside frame o 5 5 S SR Gy
1 6
Depth B ) o & 5 3 { { and
S S
Length " 0 p ' R . $ Sl 7oL
Distance apart . WIS

Thickness of vertical and honzontal transverse stays ook
Section of angle iron for stays, 2§ in. by 2} in. by § in.

Length of buffer plates . 5 3 o 7 6
Depth " o . . Tdivs
Thickness ,, »° leading end o o}
5 5 5 trailing end o 1
Thickness of foot-plate . 5 p 5 o of%
Extreme width of foot-plate 7 10

Buffers and Draw-gear.—Buffers on trailing end of tender to be in
F32



‘e

68 THE WORKS MANAGER'S HAND-BOOK.

respects similar to those on the engine; buffer spindles at leading end to
be of wrought iron case-hardened, and to be guided in cast iron sockets.
The draw-bars, safety.links, and coupling chains to be of best chain
cable iron. Trailing draw-bar to be arranged to radiate, and to have an
india-rubber spring, No. 6, of George Spencer and Co.’s make, and to be
fitted with a shackle and coupling chain, and screw coupling.

DiMENSIONS.
ft. in.
Distances of centres of buffer spindles apart . o d 33
L buffers apart . . . o . 58
Helght of centre line of buffers from rail . . A s 85

Hand-rail, Pillars, Lamp-Irons, &c.—A hand-rail and pillar to be
placed on each side of the foot-plate, as shown, and fixed to the tank and
foot-plate. Three lamp-irons, one gong-iron, pulleys for communication
cord, and a brass number-plate, to be fixed on the tank in the position shown
on drawings.

Springs.—Bearing springs to be of the very best spring steel, by the
same makers as engine springs, and to be similarly tested. They are to
be connected by links to brackets riveted to the frames by turned cold
rivets of Lowmoor iron. Brackets, links, buckles, and pins, to be of best
Yorkshire iron, and the working surfaces must be well case-hardened. A
laminated buffing spring of similar quality to the bearing springs is to be
arranged at the leading end of the tender, as shown on drawings.

DiMENSIONS.

BEARING SPRINGS.

fER Sind
Length, loaded 3 6
Camber 5 ®
Breadth of plates o o 4
Thickness ,, . o o}
No. of plates in leadmv and mlddle sprmgs—x Ie

B - trallmg springs—1iz2.
BurriNe SrrinG.

ft. in.
Length screwed up 3. g
Camber > . o 31
Breadth of plates . o 3%

Thickness—1 plate % inch and 16 platea 2 1nch

Axle-boxes.—Axle-boxes to be of good tough cast iron, and to be care-
fully fitted with gun-metal bearings lined with white metal, wrought iron
covers, and keeps of cast iron arranged for spring lubrlcatmg pads.
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Horn-blocks.—Horn blocks to be of cylinder metal as hard as can be
worked, secured to the frames by turned bolts a driving fit ; they are to have
cast iron distance blocks and securing bolts, as shown on drawings.

Axles.—To be of crucible cast steel of Vickers’, Cammell’s, Taylor’s, or
other approved manufacture, all corresponding parts to be of the same size,
and made to a template, so that they may be interchangeable, and each
axle must be clearly stamped with the brand and the maker’s name. The
journals must on no account be swaged down, but turned from the solid
metal.

DIMENSIONS.
f. i
Diameter in middle o 6
> on wheel seat o 62
o of journal o 5%
Length of journal P o 9%
Distance apart of centre of ]ou.mals 6 4

Wheels.—To be of wrought iron, of the best materials and workman-
ship, with solid rims, spokes, and bosses. The spokes to be made in a
similar manner to the engine wheel spokes. The wheels to be put on axles
—before the tires are shrunk on—by hydraulic pressure of not less than
60 tons, and then properly keyed.

DmEnsions.
£ in

Diameter on rim 3
Width of rim o 5 o 4%
Thickness of rim . . 3 5 : < 2o ® i
Number of spokes—r11.
Section of spokes at boss—j in. by 1§ in.

5 rim—3% in. by 1} in.
Dlameter of boss . o 5 5 5 5 LN 2
Width of boss 5 3 6 5 o o OB
Diameter of hole in boss 3 - 5 . S (G

Tires.—To be of crucible cast steel of Vickers’, Cammell’s, Taylor’s,
Monkbridge, or Bowling Iron Company’s manufacture, of the same sec-
tion as driving and trailing tires, and to be fixed to the wheels in a similar
manner.

= DIMENSIONS.
fr. in.
Diameter on tread . $ § 3 - 3 3219
Width . 3 3 4 % e Oh A5
Thickness (ﬁmshed) OHES
Distances between tires . . 5 3 3 Bt I e
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Brake.—A powerful brake to be fitted to the tender, having a brake
block to each wheel ; to be worked by a screw, as shown. All the brake
gear to be of best scrap iron, and the pins and working surfaces to be
thoroughly case-hardened. The handle for the brake to be on the left-hand
side of tender, and to work in a cast iron column attached to the tank.

Bolts and Nuts.—To be similar in all respects to those used on the
engine.

Painting.—Fach engine and tender is to be ‘painted in the following
manner :—The boiler, before being lagged, to receive one coat of boiled
oil and one coat of thick red-lead ; the inside of tender tank to have two
coats of thick red-lead. The lagging plates, cab, splashers, outside frames,
tank plates, and wheels to have one coat of lead colour, then to be thoroughly
stopped and filled up and rubbed down, one coat of lead colour, two coats
of olive green, then to be panelled and lined to pattern, and afterwards to
have three coats of best engine copal varnish, to be properly rubbed down
between each coat. The buffers and buffer plates to be similarly prepared
and painted vermilion ; inside of frames and axles to be finished with one
coat of vermilion and one coat of varnish. The frames, smoke-box, chimney,
fire-box casing, ash pan, coal space, foot-plate, bottom of tank, brake work,
&c., to have three coats of japan black.

SPECIFICATION FOR LONDON AND NORTH WESTERN
RAILWAY.—COMPOUND EXPRESS LOCOMOTIVE ENGINE.

Designed by MR. Francts W. WEBB, of Crewe.

TareE-cYLINDER CoMPOUND ExprESs PASSENGER LOCOMOTIVE.

CYLINDERS,
) in.
Two high-pressure outside cylinders . . { L b} )
Stroke S ~ |
One low pressure inside cylinder . 5 {Dlameter oic.
Stroke O Ty

Joy’s Valve Motion.

WHEELS.

b

Diameter of leading wheels, with radial axle-box
Diameter of front driving wheels (low-pressure cylinder).
Diameter of hind driving wheels (high-pressure cylinders)
Distance between leading and front driving wheels
Distance between front driving and hind driving wheels .
Total wheel base , , ,

-
N OO O D

Nw a Aoy
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BoILER.
ft. in

Length of barrel . . e s o e R
Mean diameter of barrel, outsxde 5305 L A
Length of fire-box, inside—4 ft. 9} in. at top, 4 ft. 10} in,

at bottom.
Width of fire-box, inside ; b S G
Height of fire-box from top of ﬁre-bars to crown L rinh A5t
Length of tubes between tube plates . 5 3 .10 1
Diameter of tubes, outside . . o . R OB T
Number of tubes—198.

HEeating Surrace.
square ft.
Fire-box ° 5 5 5 o Bl . 5 47 o I CET
Tubes 3 3 o 5 9 4 s d 3 287080
Total . 3 c 3 > 3 5 B 4 . 10835
Area of fire-grate 5 . IO .
Ratio of heating surface to grate area = 6335 to 1.
WEIGHT.

Weight of engine when empty . 3 0 - . 3475 tons.
Weight of engine when in working order—

Leading wheels . 3 g . 10°40 tons,

Front driving wheels . 3 . . 1420 tons.

Hind driving wheels 5 z . 1315 tons.
Total . 5 5 3 . 3 5 4 . 37'75 tons.

The high-pressure slide valves are of the Trick or Allen type, which give
double the lead shown at the edge of the port when the piston is at the
end of its stroke ; they have a travel of 3% inches in full forward and back-
ward gear. The lap is { inch and the lead 13 inch ; the port opens £ inch
for admission, and closes at 70 per cent. of the stroke. The sizes of the
ports in the cylinders are, steam, 13 inch by g inches; exhaust, 22 inches
by g inches. The low-pressure cylinder : the travel of the valve in full
gear is 43 inches; lap of valve, 1inch; lead, % inch ; the por* opens 1 inch
for admission, and is closed at 75 per cent. of the stroke, and the exhaust
closes at 93 per cent. of the stroke. The sizes of the ports are, for steam
2 inches by 16 inches; exhaust, 33 inches by 16 inches. With regard to
the degree of expansion at which the engine is worked, in practice the
low-pressure cylinder is kept nearly in full gear, while all the expansion is
done in the small high-pressure cylinders, so that no more steam is used
than is absolutely necessary to do the work. The two high-pressure
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cylinders have their steam-chests placed underneath, in order to allow the
valves to fall from their faces; so that there is no wear when the steam is
shut off. These two cylinders are attached to the outside frame plates
immediately under the foot-plate, about midway between the leading and
middle wheels, and are connected through their piston-rods and connect-
ing-rods to the trailing wheels. The low-pressure cylinder, which has its
steam-chest on the top, is placed directly over the leading axle, and is
carried between two cross steel plates, one at either end, securely fixed
between the main frames; its connecting-rod lays hold of a single throw
crank on the axle of the middle pair of wheels. The steam is supplied
through the regulator in the dome to a brass T-pipe on the smoke-box tube-
plate, and thence by two 3-inch copper steam pipes, first running parallel
to the tube-plate, then through the back-plate that carries the low-pressure
cylinder, and between the plates of the inside and outside frames, to the
steam-chests of the high-pressure cylinders. The exhaust steam from
these cylinders is returned by two 4-inch pipes, running parallel with the
high-pressure pipes, through the back-plate that carries the low-pressure
cylinder and into the smoke-box ; following round the curved sides of the
smoke-box nearly to the top, each pipe passes across to the opposite side,
and enters the steam-chest of the low-pressure cylinder through passages in
the cover. Thus the exhaust steam becomes superheated in these pipes by
the waste gases in the smoke-box, while the large capacity of the pipes them-
selves obviates the necessity for a separate steam receiver. The final
exhaust escapes from each side of the steam-chest of the low-pressure
cylinder into the blast-pipe, and thence to the chimney in the usual way,
the only difference being that there are only half the number of blasts for
urging the fire compared with an ordinary engine; yet the compound
engine steams very freely, and has a blast pipe of 43 inch diameter for the
final exhaust, compared with 4§ inches in engines of the ordinary type. The
steam-chest cover of the large cylinder is provided with a relief valve, so
adjusted that the pressure admitted may never exceed 75 Ib. per square
inch; and a small pipe, which is connected to the low-pressure steam pipe,
and carried back to a gauge fixed inside the cab, shows at a glance the
actual pressure of steam being used in the large cylinder. Arrangement
is also made whereby steam direct from the boiler can be admitted to the
low-pressure cylinder, which is useful for warming up before starting. The
journals of the leading axle are 10 inches long and 6 inches diameter ; while
those of the front driving-axle are 133 inches long and 7 inches diameter,
with crank journal 53 inches long and 74 inches diameter ; and the trailing-
axle journals are g inches long and 7 inches diameter. The average con-
sumption of coal, per train mile is 266 lbs.



v/

EXPRESS LOCOMOTIVE—GREAT WESTERN RAILWAY,

73

SPECIFICATION FOR EXPRESS LOCOMOTIVE ENGINES—

GREAT WESTERN RAILWAY.

These Engines were made at the Swindon Works of the Great Western
Railway Company, from the designs of the late NIR. ARMSTRONG,

Locomotive Superintendent.

THE PRINCIPAL DIMENSIONS ARE AS FOLLOWS :—

BOILER.

Length,—Lowmoor iron
Diameter, inside
Thickness of plates .

»

Angle iron

of tube plate .

Diameter of rivets . 3 3 . o
Distance of centres
Number of stays, 7; diameter

Ovrsipe FIrE-Box.

Description—Lowmoor iron.
Length, outside 4 g p -

Breadth,

Height above bonler—ﬂush

Depth below

» . .

Thickness of plates

Diameter of rivets . J s
Distance of centres o
Number of stays, z; gusset.
Distance of copper stays apart

Diameter

InsipE FIrE-BOX.

Description—copper.
Length, outside

Breadth,

From top of box to grate 5 5 . .
From bottom of box to top of grate s .
Side water spaces? .

} 3in

Front ,,
Back ,,

Thickness of plates—-—Back plates, % in.
of tube plate—3 in. at top, § in. at bottom.

»

Fire door

S O

[ele] - 0 0w

?

oOwniwwm

; lapping do. % in.

5

WO O
B9l 19 i

15 inches X 12 inches
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ft. in.
Number of stays, 104 ; vertical stays, diameter £ o 1}
Number of fire bars, 44 ; distance apart o 5 SR Gy
Diameter of rivets . 5 5 L 5 o o}
Distance of centres . . . « . . . . O If
Area of fire-grate . . c 5 . o sq.ft. 17 o
Superficial area of box . . . . .sqfti33 o
Diameter of steam pipe, inside . 5 o 5 . O 4

TusEs.

ft. in.
Description—iron.
Length . : . c . . . o o o R CE
Diameter, outside . . . . 5 > : B ) i
Distance of centres, 2} in. vertical, 2 in. horizontal.
Number, 15 W. G.
Number, 250.

Sectional area 0 o o o 0 . sq.ft. 1145 6
Superficial area o . o 5 . . sq.ft.1278 6
Smoke Box.

. o ’ ft. in.
Description—circular.
Length, outside 5 o o o o omioo 8
Breadth, outside . . ° 5 5 o 5 . 5 0
Depth below boiler . . . . . . . o 4%
Thickness of plate. 5 o . . 5 ° ., 0 ok
Diameterof rivets . . . . . . . . o of
Distance of centres. . 5 o 5 5 o ® g

CHIMNEY.

) ft. in.
Diameter, taper . . ° o . 1ft.ginto 1 6
Height of top from rail . 5 : o o - . 1z _10%

2
Thickness of plate . ° : g o o}
Brast Pree
Description—cast iron. i
Diameter at top, inside . . 3 5 d . . O 5%
Size at bottom . . o o : 5 0 . I'sXg}
Height . . . . . o 5 . 3 5.8 1@
Injectors, two No. 8.
SAFETY VALVES.
Description—brass, I lever, 1 lock. e
Diameter . 3 X . 3 s a 3 Sow
Centres of valves . 5 . ! : 3 oo G5
2

Centres of levers 3 +; in., 2 ft. 8 12 in,
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CYLINDER.

f. i

Diameter 3 3 3 3 . i - : s
Stroke . o o 5 5 3 5 g EPRLIL7 5
Distance of centres 3 5 . 1 3 S . 2 6%
Distance below boiler . ! . . 2 o EY FH 2
Distance of centres of valve spindles . . % R OR Sk
Diameter of ,, - » r 0"
From centre of cylinder to centre of valve spindle 1 of
Number of bolts in front flange, 14 ; diameter 5 g Vet
' baek 12 8; diameter . S ORL G

Thzckness of cylinder . 5 M- b 5 3 o Ok

Diameter of piston rod . 3 3 : ; 5 o &

Depth of piston . 5 P 3 2 4 5 SO

Description—cast iron.

Depth of packing ring . 3 3 4 g o1 o @ G
Distance between inside of ports . - . . 2 H
» » » of covers . 5 - SRS O
PorTs.

fr.
Size of steam port . 5 5 5 . 16 inches xo 1%
SizejoffexhaustpOr SR SE N IS S 16 inches X0 33
Thickness of bridge . 3 z 5 0 5 SURLOMRT

SLIDES.

Travel . 5 5 . AR on L
Lead—fore gear, < in. back gear,

Steamioverlapsii. S B e S OSe T
Eduction overlap—:7.

From face of slide to centre of spindle . o ol ip 0 B

EXCENTRICS.

ft. in.
Description—cast iron.
Throw . o 3 . . . . S . . 0 34
Diameter . . 3 5 5 5 5 5 il 1, 327
Number, 4.
Brealdths St 8t by ¥ o ot T e
Diameter of weigh bar,for lifting excentr:c rod 3 . o 3}

REGULATOR.
. . . ﬁ‘ iﬂ.
Description—cast iron.
Steam way—two ports . s ¥ . . 1inchxo 6%
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MotioN Bars.

£
Length inside g o 5 8 o o 5 SPNigSEE L
Breadth . o o 5 o o o o g6 © 5
Distance apart . 5 5 o 5 3 5 ONIO
Depth at centre . 5 5 o ¢ o 5 3 o 2%
, atends . . . 5 . 8 o 1
Length of block o o o g 5 g o 12
CROSSHEAD.
fr. i
Diameter of pin for blocks . 5 . . 2 21O S5
Diameter of boss for piston rod . . . a1 @ 25
Diameter of socket for connecting-rod . o a . 0 3
Length of - » I o 5 - 500 @Ry
Driving WHEELS.
f. i
Diameter o 0 o o 5 o . o o W ®
Breadth of outside tire . . ' o 5 5 10 ® G
Thickness of outside tire o . o 5 o o (© E
Height of flange o o o o o o . o o}
Inside tire—breadth . . o o o 5 SO
,» i thickness 0 0 . 0 o oo @5
Spokes—flat, 4} in. at boss; 3% in. at rim.
Number of spokes, 24.
Thickness at top 5 5 5 5 5 3 o @
" at bottom . . . . . . . . o 1%
Distance of wheels apart 5 Mic . . o T o 4
Cone of wheel, 1 in 15,
Distance oF CENTRES OF WHEELS.
Centre wheels from front wheels . . . o | ‘}8‘ G‘m
Centre wheels from hind wheels . a 5 0 o 0@

The Driving Axle is 6 inches diameter in the middle, and 8} inches
diameter where the wheels are on.—Crank Pin 7} inches diameter, and
4 inches long, inside bearing 7 inches diameter, and 6 inches long. Out-
side bearings, 6 inches diameter, and ¢ inches long. Frame—extreme
length, 25 feet; extreme breadth, 6 feet g inches; distance of centres of
frame—inside, 4 feet ol inch; outside, 6 feet 6 inches; depth, 1 foot
3 inches; thickness, % inch inside; % inch outside. Front wheels, 4 feet
diameter ; height of buffers from rail, 3 feet 4 inches: distance of centres
of buffers, 5 feet 10 inches.

Weight of engine in working trim, 32 tons 10 cwt.

do. do. empty, 28 tons 10 cwt,
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SPECIFICATION FOR MIDLAND RAILWAY, FOUR-COUPLED
BOGIE EXPRESS PASSENGER LOCOMOTIVE ENGINE,
NUMBER 1668.

Designed by MR. S. W. JounsoN, Locomotive Superiniendent.

Cylinders— ft. in, T oo o ft. i:;
i f cylis . 5 . o ickness of butt strips, outside . « .0
Is)t:‘]!::t el:o c’_’ mdf“ I ey : Z ‘Thickness of butt smps: insidle . . . o
Length ?f T ol il T R oAl L lg Widthof buttstrips . . . . . o 7
‘Width of steam ports . 543 Sich 1
W)dzh of exhzu:ft ports o o 3 . Ohg 7 :""&‘;’ Sheli—
rt of cyl centre t tre 2 © ength outside . £ bt
Lap of fshl;{t;, v:;:‘l’e i s %deth m;:nde at centre line of boiler . . 4 ;*
Lead of slide valve . . . . . © off itto at bottom . . ) . .
! Thickness of front plates . o A 3 of%

Motion—Joy's— Thickness of back plates . . . . o gi
Diameter of piston-rod (steel) . . . o 2} %hu:kness of Sldef plates « + +.0O
Length of slide blocks & o 10 istance apart of copper stays . . . 0 4
Length of connecting-rod between centres 6 2} Diameter of copper stays . . .« . 0 0}

Wheels and Azles — Inside Fire-box—

Diameter of driving wheelontread . . 7 o Length at bottom, inside - . <4 e Sh3
Diameter of trailing wheelontread . . 7 o Width at bottom, ‘inside . .. 3 4
Diameter of bogie wheelson tread . . 3 6 Top of box tojnside of shell ~ .~ . 1 1 3
Distance from centre of bogie to driving . 10 o Depth of box inside, front . . « e« 5 ui
Distance from centre of driving to trailing 8 6 Depth of box inside, back . . . - 5 4
Distance from driving to front of fire-box . 1 8}
Distance from centre of bogie to front Tubes (Copper)—
buffer plate SIN3, i o

Distance from trallmg to ba.ck buﬁ’er p]ate o4 ’373 dhai e ‘; g
‘Wheel base of bogie . .. 60 = Y

Total No. of tubes, 205

Crank Axle (Iron)y— Thickness, 11 and 13 b.w.g.

Diameter at wheel seat . . .« .« o 8 | Diameter of exhaust nozzle . < . O 48

Diameter at bearings . . . o 6 o Height from top of top row of tubes . . 0

Diameter at centre . o (G} Height of chimney from rail . o o « I3 N

Distance between centres of beanngs . F3ET0

LL::gt;xl ot; wheel seat . 5 3 5 . o 6§ Heating Surface— sq. ft.
gth of bearings ) . « + 09 Tubes . 3 9 . 5 . . 10II°%459

Trailing Ale (Steel— Fire-box o B S e 01 6
Diameter at wheelseat . . . . o & Total . . . . . . maréa
Blametcr a@bearingstt . Y. TSR SR 3 o)l 7y Area of grate o a8 TY AN 17%

lameter at centre . . . . . O 7 b
Length of bearings ol SaNo) LEngine Emply— tons. cwt. qrs.
:E:‘metel' ‘g outside couphng P“"S o 49 QE Bogich Sl i = T R SR T

. -« + «.03 |D M, Sed s B S
Throw of dmo o« . 31 RN ) G T:;K:,i N e T :2 1: :

Bogie Axles (Ironm)— Totalbfe ., A7 NN ol 7Ty
Diameter at wheelseat . . . . o
Diameter at bearings . o o « . O § Engine in Workmg Order—

[iliswweterat centre, o+ b .4 o . 0 B} Bogie . . . dn o T 16T !
Lengthat wheelseat . . . . . o0 6 IDEVIEE: <o gl %1 B ELE 15 o 3
Length at bearing . .09 Traling: |5F .1 o LA 8 1atma s
Distance between centres of beanngs 5oy
‘Total g a o 0 e0 42 16 1
Tires— ’
Thickness of all tiresontread . . . o ni Tender Empty—
Width of all tires . . . . « .« 0§ Leading . : = . A 6 10 o
Mitleg TR, Lo, IR (5 w5 5

Frames— 4 Trailing . . . 0 q o
Distance apart at leading end - ClcK S
Ditto at trailing end s o & T Total St L300 T8l ™17 X0
Thickness of frames (u'on) o % o .01 g o

Tender in Working Ovder—

E‘"l"_‘— _ Leadingls 1€ s NG 27 10 17 3
Centre of boiler fromrail . . . . 7 4 Middle . e e Tr- T L R Ut 1
Length of harrel A a .10 6 Trailing o o q 5 . 12 o o
Diameter of ring next to fire-box . . 4 3 _—— -
Thickness of plates (i % S0} Total A o S (ETNIE e S
Thickness of smoke-box mb: pla!c - o
11535 }:)f Flates's a S RRes) 2% o f Ib.

of rive o O s . 01 esion . . 12,544
Diameter of rivets . . . o o} | Tractive power at 100 Ib, mean presure 11:173
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These engines are employed in working the express traffic between
London and Nottingham, the average speed being 53'5 miles an hour,
with loads of nine to ten coaches. The consumption is only 27 Ib. to
29 lb. per mile, of common Derbyshire coal. The valves are placed on
the top of the cylinders, as there is no room between them, and are worked
by Joy’s Valve-Gear.

Joy’s Valve-Gear, shown in the annexed sketch, dispenses with eccen-
trics and is less costly than the ordinary link-motion. The main valve-
lever E is pinned at D to a link B, one end of which is fastened to the con-
necting rod at A and the other end maintained by the radius-rod C, which
is fixed at the point C. The centre or fulcrum F of the lever E, partaking
of the vibrating movement of the connecting-rod at the point A, is carried
in a curved slide J, the radius of which is equal to the length of the link G,
and the centre of which is fixed to be concentric with the fulcrum F of the
lever when the piston is at either extreme end of its stroke. From the
upper end of the lever E, the
motion is carried direct to the
valve by the rod G. By one
revolution of the crank the lower
end of the lever E will have im-
parted to it two different move-
ments_ one along the lower axis
of the ellipse, travelled by the
point A, and one through its
minor axis up and down, these
movements differing as to time
and corresponding with the part
of the movement of the valve
required for lap and lead and that
part constituting the port opening
for admission of steam. The former of these is constant and unalterable,
the latter is controllable by the angle at which the curved slide J may be
set with the vertical. If the lever E were pinned direct to the connecting
rod at the point A, which passes through a practically true ellipse, it would
vibrate its fulcrum F, unequally on either side of the centre of the curved
slide J, by the amount of the versed line of the arc of the lever E from
F D: itis to correct this error that the lever E is pinned at the point D,
to a parallel motion formed by the parts B and C, the point D performing
a figure which is equal to an ellipse, with the error to be eliminated added,
so neutralising its effect on the motion of the fulcrum F. The lap and
lead are opened by the action of the valve-lever acting as a lever, and the
port opening is given by the incline of the curved slide in which the centre
of that lever slides.
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SPECIFICATION FOR EXPRESS PASSENGER LOCOMOTIVE
ENGINE, LONDON AND BRIGHTON RAILWAY. NUMBER 214.

Designed and constructed by MR.W, STROUDLEY, Locomotive Superintendent
of the London, Brighton, and South Coast Railway, for working
Jast trains.

CYLINDERS (1 IN 11} INCLINATION).

ft. in
Diameter of . 3 d z o 1 6}
Stroke . o 3 g o S 5 B2
Length of ports T3
Width of steam ports 5 5 5 o 1%
Width of exhaust port . 5 . o 2
Distance apart of cylinders from centre to centre z 1

VALVES (I IN I5 INCLINATION).

fr. in.
From centre to centre of valves . c 3 TINS5
From centre to centre of valve spindles 1 o}
Lap of slide valve . . o o}
Lead 5 . o o
Maximum travel of valve 5 9 C . 3 o 3%

Morion.

f. in.
Link, radius . 3 5 o 5 . o o ol G
Link, centres . 3 . S 5 o RO
Intermediate valve rod, d:ameter 5904 5 o 3%
Valve spindle, diameter . 5 o . . c o 2
Excentric rods, length . > g 3 L 5 4 7
Excentric pulleys, diameter 1)
Width of forward excentric o s o 2%
Width of backward excentric . 5 : g 5 0 2.
Throw of excentric 3 3 3 5 5 o 5%
Connecting-rod centres 5 5 - 6 6
Diameter of piston rod . 5 . S . o 2}
Slide block, length : o S . 5 o 11
Slide block, width . 3 . 3 A . o o 3

FraMEs (STEEL).

ft  in
Distance apart . : 2 . ¥ ! 5 . 4 1%
Thickness of frames . . . . . . i) (OB
Distance of foot-plate from rail . v 7} . . 4 O
Width of foot-plate . 3 . o 8 3 ety )
fEhickness of footplate, s - wiwa i g G T LRGSO GE
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BoiLEr.
Centre of from rails g g 5 3 & A
Length of barrel
Diameter outside . 5 . - A

Thickness of plate, iron

Thickness of smoke-box tube plate

Lap of plates, circular seams

Pitch of rivets 5 3 o c s
Diameter of rivets

LONGITUDINAL SEAMS.

Double butt straps, double riveted, 93 in. wide by % in.

thick.
Diameter of rivets .
Pitch of rivets
Strength of joint, 82 per cent of strength of plate

Fire-Box SHELL (IrON).

Length outside
Breadth outside, bottom 5 :
Depth below centre line of boiler at back

» atfront
Thickness of front plates
e back plates .
i side and top plate
Distance of copper stays apart . . . .
Diameter of copper stays . o 3 5 o

InsipE Fire-sox (CoppER).

Length inside, bottom ] s : . N N
Breadth ,, As
From top of box to msxde of shell 5 . 3
Thickness of plate . s e 5 J .
Tube plate, & in. and 1 in.
Depth of box inside, front .

» » back

TuBEs (StEEL).

Number of—331.
Length over all
Diameter, outside

£ in.
ZASS,
10 2
4546
3 @ @3
o 1
. o 2%
o 2
o of
f. in,
o o%f
o 3
f in.
6 8%
4 1
4 3
5 6
o of
o of
o o}
So% 2%
(& (o
fr. in.
5 113
3 4%
14
o of
N0
-4 62
fr. in.
.10 8%



EXPRESS LOCOMOTIVE—LONDON AND BRIGHTON RAILWAY. 81

i
Thickness, No. 14 BWG. #
Diameter of blast pipe . o 4}
Height from top of blast pipe to bottom of chlmney 1 63
Height of top of chimney from rail $ 4 : Iz 2
HeaTING SURFACE.
sq. ft.
Of tubes . c o 3 3 y 3 3 BN1272102
Of fire-box . . . R 3 5 b R 1 1254
Total g . 5 3 3 . . . 1485740
Erateiarea’ . oL L 3 : o : SN 20'65
WHEELS AND AXLES.
e in
Diameter of driving wheel 6 6
Diameter of leading wheel 6 6
Diameter of trailing wheel 4 6
Distance from centre of leading to dnvmg wheel 7
Distance from centre of driving to trailing wheel 8 o
Distance from driving wheel to front of fire-box . 1 108
Distance from leading wheel to front buffer plate 5 10
Distance from trailing wheel to back buffer plate 4 4
CraNk Axre (STEEL).
fr. in
Diameter of wheel seat . ! c . 5 o o éni
Diameter of bearings o 8
Diameter at centre o 7%
Diameter of crank journal . o 8;
Distance between centres of bearings 3 11}
Length of wheel seat o 74
Length of journal . ] o ) 3 o 8%
Length of crank journal . o o 3 s o 4

JTrarmiNg AxLE (Irow).

8

™

Diameter at wheel seat .
Diameter at bearings
Diameter at centre
Length of wheel seat .
Length of journals

0O o0oO0CO0OOR
O~ O 00 GO
I_,mp.-
ol

Wi

LeapiNe AxiE (IRON).

o
i

Diameter of wheel seat .
Diameter at bearings O 4 DAY OF e

o]
@ 0 oy
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ft. in.
Diameter at centre o
Length at wheel seat o 74
Length at bearing . o 8
Centre to centre of bearings 3 11}
Thickness of all tires on tread o 3
Width of all tires on tread o 5%
Diameter of outside coupling pin o 4
Length of outside coupling pin . o a3
Throw of outside coupling pin o 9
WEIGHT oF ENGINE IN WORKING ORDER.
tons cwts,
Leading wheels . o c 5 5 2 2 . 13 16
Driving wheels . o 5 . . - . o o IS 610)
Trailing wheels . o 5 5 . : . .10 8
Total s ° o 5 5 . o . 3814
TENDER—TANK.
ft. in.
Length outside . , . 20 ©
Breadth outside 6 o
Depth outside 3G
Thickness of side plates o o
Thickness of top plates . o o
Thickness of bottom plates o o
Total capacity in gallons—2250.
Coal bunker capacity—2 tons.
Frames (SteeL).
ft. in.
Distance apart of 4 1}
Thickness of frames o of
Distance of foot-plate from ra11 4 O
Width of foot-plate 7 6
Thickness of foot-plate o o
WHEELS AND AXLES.
Diameter of centre wheels 2' &‘“
Diameter of leading wheels 4 6
Diameter of trailing wheels 4 6
Distance from centre of Ieadmg to centre of centre
wheels . 7 o
Distance from centre of centre wheels to centre of traxl-
ing wheels LSS : ¢ : g Q7
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AXLEs.
fi. in,
Diameter at wheel seat . 3 . > 5 SO
Diameter at bearings . b 5 5 . : i JORR7!
Diameter at centre . o . 5 4 o L (Fe
Distance between centres of bearmgs c et TN Y
Length of wheel seat o o o 8 : . . 0 7%
Length of journal . o 5 : ; . s SO
WEIGHT IN WORKING ORDER.
. tons cwts. qrs.
Weight on leading wheels ; 2 . . b O e s

Weight on centre wheels . . . . oo D B hiy
Weight on trailing wheels. . . . . . 9 2 1}

Total Weight . " A Y . .27 7 O

.

Table 3.—Dimensions, WeiGHTS, AND CaracITIES OF RaiLway Wagons
oN DIFreRENT LINES.

< DiMENsIONs oF Boov. | Caracary. | WHeeLs. | JourNALs. |
Q |
Namg or| & ' S| 8% [
Rawwav.| '3 5.8 5% = 88 < q p
0 5 G | w = ) £ = - B
3|53 |5% Bis|s|%al8y £ | 5| 2| 35
- (3] FERREER S R R 3 g | 8 55
i [ el e ) |5 Z S| A =
ft. in.| ft. in.| ft. in.| ft, in.{ ft. in.| ft. in. ins. | ins. toms, cwt.
London and

North- |Low-sided .

Western.| open .[1s o|7 1} 1 8|« 107 o .. 4 6 3 4 o
Ditto. .[Covered .1210(6 6(6 2|5 6|83 5486 o 4 6 3 5 t
[London and

o [ 36 6 s sulley 6

‘estern .| Ditto , .15 9|7 © 1|5 1122|654 4 4 Ee 5

. High-sided
IDitto . .| open Jis 017 2|5 3|3 3|[107 6[456 10| 4 7 3% 5 18
[London,

Brighton,

andSouth|

Coast

Railway.|Ditto . Jis 6{7 5|14 2|2 3115 of373 9 4 8 3§ 5 11
Ditto . JCovered .[16 o|7 1|5 1x|5 8113 4661 1 4 8 3 [ 2
IDitto.  .|Low-sided.|x3 6 (611 |1 9|71 9|93 4| .. 4 6 3 4 o
Midland .|Covered .|13 0|6 7|6 2|5 5|85 7/495 4 4 6 3 4 18
Ditto.  .|High-sided . ’ o G

open |13 5|6 11 ol3 9|92 9l4o9 7 0 3 8200,
Ditto.  .|Low-sided
open 17 6|7 2|o1x{oax (125 5 .. 4 7 33 5 6

Super-elevation of Rails on Railway Curves.—All moving bodies
have a tendency to continue their motion in a straight line; therefore, when
a railway train moves in a curve the centrifugal force produced by the
velocity urges the carriages towards the outer rail, which it is necessary to
elevate above the inner one in order to counteract the centrifugal force.
The super-elevation of the outer rail required for trains of different speeds

is given in the following table :—
¢z
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Table 4.—SuPER-ELEVATION OF THE OUTER RamL oN Rarrway CURVEs.

Maxmum SPeeD IN Miuks pErR Hour.
Rapius oF CURVE.
25 40 l 6o
Miles. Chains. Super-elevation of the outer Rail.
Inches. Inches. Inches.
§ 10 33
15 275
1 20 1 43
A 25 Iy 3%
8 30 Iy 3
o | = | e s
E] 40 I 216 5%
45 3 2 4%
& 50 7 43
55 9 Ll . -
by 60 1 13 3k
65 i 1 3%
3 70 E 15 3
I 8o 3 1l 2%
90 <= I 23
13 100 i 1 2k

GAS ENGINESX*

Until within the last few years a strong prejudice existed amongst
engineers against the use of gas engines. This arose from the unsatisfactory
working of the early engines of this kind. Since the introduction of the
“Otto” gas engine this prejudice has been gradually disappearing. The
great success of the “ Otto” engine, since its introduction by Messrs.
Crossley Bros., of Manchester and London, shows that whilst the steam
engine has almost reached its limit of improvement, the gas engine offers a
possibility of improvement in efficiency and economy, about double that
attainable by the steam engine.

Apart from their superior economy, gas engines possess many advantages
over small steam engines. No boiler is required for a gas engine; it can
be started at a moment’s notice on lighting a gas jet and turning a fly
wheel, and stopped by turning the gas off. No extra insurance is charged
by the leading insurance companies. Gas engines can be fixed in the
upper storeys of a building without danger from fire. They are more
regular in speed and more €asily managed than a steam boiler and engine.

L* él'he Author is indebted for this information to Mr. Robert Wilson, 24, Poultry,
ondon,
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In instituting a comparison of the consumption of fuel in a gas engine
and a steam engine, nothing may be more misleading thanto take the cubic
feet of gas and the pounds of coal respectively, per horse-power when the
engines are working up to full power. A steam engine, and a boiler that
consumes 5 Ib. coal per horse-power when working up to 1z horse-power
may consume fully one half that amount when driving the engine itself
only. Butin the case of a gas engine the quantity of gas required to drive
the engine only is but X to § of that required to drive it with all its work
on. Invarying and mtermxttent work, the quantity of fuel consumed varies
according to the work done much more nearly in a gas engine than in
a steam engine. It is this fact, so often overlooked, which accounts for
the unexpected superior economy of the gas engme.

The following explanation of the manner in which a gas engme works
may not be altogether out of place. It is known to every one that if a gas
tap is left turned on overnight and the gas is allowed to escape into the
room, the striking of a match or bringing a lighted candle into the room
will probably cause a violent and disastrous explosion. A mixture of from
7 to 1z parts of air to 1 of gas may be ignited at atmospheric pressure.
Such a mixture forms an explosive compound which may prove dangerous
when filling a room, but may be made a very useful servant when confined
in a cylinder with a movable piston.

If ignited under pressure considerably above that of the atmosphere, still
weaker mixtures can be employed. This is one reason why compression
engines like the “ Otto ” are more economical than the non-compression
engines, which are not, as a rule, made in sizes over 2 horse-power.

The “ Otto” may be regarded as the parent or prototype of gas engines
over 2 horse-power, and as the makers guarantee an economy of from 25 to
70 per cent. over other engines it may still be considered the best.

In general appearance it resembles a horizontal steam engine, but here
the resemblance ceases. It is single-acting, the cylinder being open at the
front end. The engine acts alternately as a pump for drawing in and
compressing its charge, and as a motor for utilising this charge when fired.
The fly-wheel makes two complete revolutions for every charge of gas
admitted. The first outstroke draws in the compound charge ; by the first
instroke the charge drawn in by the previous outstroke is compressed to
about one-third its volume ; at the end of this first instroke or the beginning
of the second outstroke, the compressed charge is ignited, when the expand-
ing gases propel the piston to the end of the stroke ; and the second instroke
expels the products of combustion and completes the cycle of operations
which are continually repeated when the engine is working up to its full
power. When the engine is working within its power, the gas is temporarily
cut off by the governor, and the engine simply works as a pump for
drawing in, compressing and expelling the air.

The “Otto” engine differs also in other respects from all other gas
engines previously made. The charge to be ignited is not a uniform
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mixture of gas and air, but consists of a compound charge of incombustible
gas, 7.c. combustion products or air next the piston combining gradually
with a mixture of gas and air that becomes stronger and more readily
ignitable as it reaches the point where it is fired. The effect of this
so-called stratification is that whilst the charge is as easily ignited as a
uniform charge of highly explosive mixture, the presence of a large
quantity of diluent, causes the combustion of the complete charge to be
effected gradually. The result of this is most important. In the first place
it prevents the sudden shock that occurs when a uniform mixture isignited,
and which is a sure indication of waste. In the second place, it ensures
the pressure being sustained to the end of the stroke.

The “Otto” is the first gas engine in which the whole length of the
stroke has been utilised for propellmg the piston.

The initial pressure of the gas in the cylinder when 1gmted at the be-
ginning of the stroke is about 170 Ibs. per square inch. The gases expand
to a pressure of about 35 1bs. at the end of the stroke. The average pressure
is about 70 lbs. per square inch on the piston.

The consumption of gas varies from 18 cubic feet per indicated horse-
power in the largest sizes of engines to 25 cubic feet in the smallest.
With gas at 4s. per 1000 cubic feet, this corresponds to a working cost of
about one penny per indicated horse-power per hour. For engines work-
ing up to 20 horse-power, the cost of working is generally greatly in favour
of a gas engine with coal and gas at the respective prices prevailing in
London. For engines of larger size, in order to compete in economy with
steam where coal is comparatively cheap, gas other than that supplied for
lighting must be employed, such as the Dowson Economic Gas. This is
a so-called water gas, and can be made at a cost of three-pence per 1coo
feet. In an “ Otto” using this Dowson gas, the consumption is as low as
1} Ib. of anthracite coal per indicated horse-power per hour,—an economy
of working not yet reached by a small steam engine.

Table 5.—THE “ OTTo ” ENGINE IS MADE OF THE FOLLOWING SIZES :—

2 Approxi- . m
T || NEVER | omme | Sng D] S
ower. Horse of Engine. TS by Engine. Gas Pipe. | Meter.
Power.
Diameter. Width.

o cwts. grs. lbs. [Inches. Inches.Ft. In. Ft. In.| Inch. !

1 19 12 0 0|10 X 5§ ox3 6 3 5 light
1 2'7 1) e N I8 3 S0 R AN TSR 1) $ | 10,
2 396 |26 o o|17 x 6 |8 10x4 4 e 10 ,,
33 5°9 32 2 ol20 %X 7 |8 1w0x4 6/ 1 200
6 II'57 | 52 0 0|24 X 10 |10 8%X6 6 1} £l
8 D457 54 2 0|27 X 12 {10 8x6 6/ 1} |30,
12 24 74 0 o[36 X 12 {10 8x7 o e S
16 40° I31 0 O|54 x 18 |12 6x8 8 21 |150,,
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With the exception of the 4 and 1 H.P. sizes, which run at a speed of
180 revolutions per minute, these engines are all speeded to run at 160
revolutions.

Instructions for Fixing the ‘ Otto” Gas Engine.—Always leave
plenty of room to get at the fly wheel for starting. These engines, with
the exception of the larger sizes, are frequently fixed on the upper floors of
buildings, where they require no special foundation. When fixed on the
ground floor or basement, no special foundation is necessary if the floor is
concreted. Where there is only loose earth, stone blocks of from 9 inches
to 12 inches thick should be laid at each end, or about 6 inches or g inches
of concrete for the smallersizes. For the larger engines, concrete 12 inches
to 24 inches thick, or a stone bed about 24 inches thick, is required.

For holding down, Lewis bolts are used with stone. When new concrete
beds are laid, it is advisable to place a tube about 2 inches diameter
temporarily round the bolt when filling in, to allow it to have a certain
amount of play when the tube is withdrawn, so that the bolt can adapt itself
to the position of the hole in engine bed when it is let down over the bolts.
In cases where the concrete is already laid, bolts of sufficient length may
be firmly fixed by arranging them head downwards in a hole made large
enough to receive a stout washer, 4 inches to 6 inches square, which rests
on the head at the bottom of the hole. This is filled in with cement,
which holds the bolt firmly in position.

As gas engines are often placed in dwelling houses, underneath offices,
and in other places where no one would dream of fixing a steam engine
and boiler, great care is often necessary to prevent the noise that is inse-
parable from the working of quick-running machinery, being conveyed to
portions of the building where it would be objectionable. This can gene-
rally be effected by isolating the engine bed completely from the walls of
the building, and by insulating any pipes or other material that is likely to
convey the sound.

The Sizes of Gas-Pipes for the various engines are given in the table
of the sizes of gas engines. In fixing gas-pipes, all sharp elbows should be
avoided.

The Pipe for the Slide-Light should be taken, if possible, from a
separate meter, or at some distance from the gas-bag if taken from the same
pipe that supplies the engine. This is to provide against the possibility of
the slide-lights being sucked out by the working of the engine itself.

The Exhaust-Pipe should be carefully kept away from all woodwork,
and on no account should the exhaust-box be placed on or close to wood,
as the heat is likely to char it. The exhaust-pipe should be laid in such a
manner that the water from condensation can easily flow away, and not
lodge in the pipes to cause back pressure. The exhaust-pipe should dis-
charge into the open air, not into a chimney, flue, or drain, lest damage
arise from an accumulation of gas therein.

The Water-Pipes should be arranged with an inclination of about
1 inch per foot from the engine to the water-vessel.
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During frosty weather, a gas jet should be kept burning close underneath
the cylinder, to prevent the water in the jacket from freezing.

The engine is provided with a governor, which performs two distinct
functions ; it cuts off the gas both when the proper speed is exceeded, and
when the engine stops. The piston is so constructed as to be capable of
perfect adjustment, it beirig of primary importance that the piston should
not leak.

Consumption of Gas.—Regular working requires a certain proportion
of gas to air, when the engine is working full power. The movement of
the finger of the gas meter may be watched and the number of explosions
counted, thus:—A  nominal horse-power engine should make, say, 145
explosions per cubic feet of gas bumed and a 1 horse-power say 95
explosions ; a 2z horse-power, say, 55 ; a 33 horse-power, say, 40; a 6 horse-
power, say, 19; an 8 horse-power, say, 16 ; a 12 horse-power, say, 11; and
a 16 horse-power, say, 6 explosions. One explosion occurs after each lift of
the small gas valve. When full gas is used, the engines indicate much
beyond their nominal power—a 16 horse indicating up to, say, 40 horse,
and others as stated in the above table.

Fine sperm oil is found to be the best lubricant for gas engines.

Table 6.—SHOWING THE EFFICIENCY OF AN “Orro” Gas ENGINE coM-
PARED WITH A STEAM ENGINE, EACH DEVELOPING 6 AcTUAL HORSE-

POWER.
Otto Gas Engine, 6 Horse Power, actual. Steam Engine with Tubular Boiler, 6 Horse Power,|
‘Working one week of 54 hours. actual. Working one week of 54 hours.
£ s d £ s d.
Gas at 25 cubic feet per Coal at 6 1bs. per horse
horse power per hour . power per hour =
8100 cubic feet at 3s. G 8 17 cwt. 1 gr. 12 lb.
per thousand . at 1ss.perton . . O I3 ©
Water for water vessel 0 o 6 Feed water at 5 gallons
Lubrication o 2 6 per horse power per
Wages for occasional hour=162z0 gallons o 2 o
attendance . d o 5 o | Lubrication ‘ o (T ®
Depreciation at 10 per Engine man’s wages . 1 6 o
cent. per annum on Depreciation at 124 per
cost, £174 . o 6 8 cent. per annum on
Tnterest on capital at 5 cost, £120 . OS50
per cent. per annum Interest on capital at 5
on £174 . ohd @ 2 /) per cent. per annum
onfizo . . . 0 2z 3
Weekly expense of gas Weekly expense of
engine . . Lz 2z 4 steam engine . . £z 11 O










SECTION IL
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HYDRAULIC MEMORANDA: PIPES, PUMPS,
WATER POWER, &c.

Water is composed of oxygen and hydrogen, in the proportion of one
part of hydrogen and eight parts of oxygen, by weight.

WeicHT AND CaraciTy OF WATER.

A cubic inch of water = ‘0361 Ib.

A cubic foot of water = 62°42 lbs.

A cubic foot of water = ‘557 cwt.

A cubic foot of water = 028 ton.

A cubic foot of water = 6°24 gallons.

1 cwt. of water = 1°8 cubic feet.

1 cwt, of water = 11°2 gallons.

1 ton of water = 35°g cubic feet.

1 ton of water = 224 gallons.

1 Ib. of water = 27°7 cubic inches.

1 Ib. of water = 016 cubic ft.

1 cylindrical inch of water = 0284 1b.

1 cylindrical foot of water = 49°10 lbs.

1 gallon of water = 10 Ibs.

112 gallons of water = 112 lbs.

224 gallons of water = 2240 lbs.

1°8 cubic feet of water = 112 Ibs.

35'84 cubic feet of water = 2240 Ibs.
277'274 cubic inches = 1 gallon.

353 cylindrical inches = 1 gallon.

Cubic inches multiplied by '0036 = gallons.
Cubic feet multiplied by 6-24 = gallons.
Cubic inches divided by 277274 = gallons.
Gallons multiplied by 16045 = cubic feet.
Cylindrical feet multiplied by 4:895 = gallons.
1 cubic foot of town’s sewage = 62°42 lbs.
1 cubic foot of ice at 32° = 58 Ibs.

1 1b. of ice at 32° = 30°06 cubic inches,
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1 1b. of ice at 32° = "o17 cubic ft.

Water in freezing expands to the extent of 8% per cent.

The specific heat of ice is one-half the specific heat of water.

Ice 3 inches thick, will bear the passage of infantry; 5 inches thick, of
cavalry and light guns.

A cubic foot of fresh snow = 6 lbs.

Snow has twelve times the bulk of water.

A cubic foot of sea water = 64°10 lbs.

Weight of sea water = 1°027 the weight of fresh water.

35 cubic feet of sea water = 1 ton.

1 cubic yard of sea water weighs 15 cwt. 1 gr. 2o lbs.

A column of water 1 inch diameter and 12 inches high = *341 Ib.

A column of water 1 inch square and 12 inches high = 434 1b.

The capacity of a cylinder 1 inch diameter and 12 inches long = ‘034
gallon.

The capacity of a cylinder 12 inches diameter and 12z inches long =
4895 gallons.

The capacity of a cylinder 1 inch diameter and 1 inch long = "00283
gallon.

The capacity of a 1-inch cube = *0036 gallon.

. The capacity of a 12-inch cube = 624 gallons.

The capacity of a sphere 1 inch diameter = ‘00188 gallon.

The capacity of a sphere 1z inches diameter = 326 gallons.

The cube of the diameter of a sphere in feet multiplied by 3-26 =
gallons.

Or the cube of the diameter of a sphere in inches multiplied by ‘co188
= gallons.

A column of water produces approximately a pressure of half a lb. per
square inch, for every foot in height.

Pressure of Water.—The side of any vessel containing water sustains a
pressure = to the area of the side in feet multiplied by half the depth in
feet, that product multiplied by 62°5 will give the pressure in Ibs. on each
side of the vessel.

The pressure in Ibs. on the bottom of a vessel is = to the area of the
bottom in feet multiplied by the depth of water in feet, that product multi-
plied by 62's will give the pressure in lbs.

Contents of Cisterns.—7v find the number of gallons contained in a
cistern. Multiply the length, width, and depth together, all in feet. This
will give the contents in cubic feet, which multiply by 624, and the pro-
duct will be the number of gallons. If the dimensions are in inches use
*'003607 in place of 6-24.

Two dimensions of a cistern being given fo ﬁmz' the third, to contain a
given number of gallons, multiply the required number of gallons by
‘16046 if the dimensions are in feet, or by 277°274 if the dimensions are
in inches, and divide the result by the product of the two given dimensions.
The quotient will be the third dimension required.



PUMES, 03

To find the number of gallons contained in a cylinder, multiply the
square of the diameter in feet by the length in feet of the cylinder, and
multiply the product by 4895 ; or multiply the square of the diameter in
inches by the length in feet, and multiply the product by "034 ; or multiply
the square of the diameter in inches by the length in inches, and multiply
the product by ‘00283.

The diameter of a cylinder being given, to find the length, multiply the
number of gallons by ‘2043, and divide the product by the square of the
diameter in feet, and the quotient is the length in feet.

The length of a cylinder being given, to find the diameter, multiply the
number of gallons by ‘2043, and divide the product by length in feet, and
the square root of the quotient is the diameter in feet. If the dimensions
are in inches, use 353 in place of ‘2043.

Reservoirs for Cooling Condensation-Water for condensing engines
should equal in capacity 130 gallons of water per indicated horse-power
per hour. The area of the surface of the water should equal 75 square feet
per indicated horse-power for an engine working 12 hours per day, or 150
square feet if working 24 hours, or day and night,

PUMPS.

Lifting Pumps.—When a pump lifts water it withdraws the pressure of
the atmosphere from the surface of the water inside the suction-pipe, and
the pressure of the atmosphere outside the suction-pipe forces up the
water until the pressures inside and outside the suction-pipe become
balanced. The distance the water is lifted is equal'to the height of a
column of water weighing 15 lbs. per square inch of area at its base, which
is theoretically 34 feet; but, as it is impossible in practice to make perfect
joints and prevent leakage of air, a perfect vacuum is never obtained, and
28 feet is the greatest distance above the level of the water from which a
pump will lift water, although at that distance it will be liable to lose its
water when the barometer is low. To prevent occasionally having a dry
pump, the supply should never be drawn through a greater height than
25 feet; but, as the efficiency of a pump varies with the distance it lifts the
water, the suction-pipe should be made as short as possible, and 15 feet is
the maximum safe distance above the level of the water for a pump to work
well and uniformly and’draw its proper quantity of water at each stroke;
but if the pump works quickly, better results will be obtained by making
the distance 10 feet. The quicker the speed of the pump, the shorter
should the suction-pipe be.

Load on a Hand-worked Pump.—In a common hand-pump, with
lever-handle, the leverage is generally 6 to 1, and the resistance on the
handle, exclusive of friction, is found by dividing the weight due to the
column of water by 6—the leverage.

Load on a Hand-Power Lift-Pump, with Crank and Well-Frame.
—The radius of the winch-handle of a well-frame is generally 16 inches,
and the leverage is found by dividing the radius of the winch-handle by the
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throw of the crank (or half-stroke of pump). Thus a pump, with 8-inch
stroke, and with 16 inches radius of winch-handle, would have a leverage
of 4 to 1, and the weight of the column of water it has to raise, divided by
4, will give the resistance to be overcome, exclusive of friction.

YLoad on Hand-Power Geared Well-Frames.—When gearing is
applied to drive the crank of a well-frame, what is gained in power is lost
in quantity in a given time. Thus, if a wheel and pinion of 2 to 1 are
added to the above frame, only one-half the power will be required, but
only one half the quantity of water will be raised at each turn of the
handle.

To find the resistance in working a geared well-frame, divide the radius
of the winch-handle by the throw of the crank (or half-stroke of pump),
and multiply the result by the proportion of the wheel and pinion, and with
the product divide the weight of the column of water, which will give the
resistance to be overcome, exclusive of friction.

The power exerted by a man in turning the winch-handle of a pump may
be reckoned at zolbs. In a single-barrel pump the whole lift comes at one
half of the turn of the handle; but in a double-barrel pump it is distributed
over the two halves of the turn; and in a treble-barrel pump the work is
still more equalised. Therefore, it is easier to work a pump with two barrels
than with one barrel, when the united capacity of the two barrels is the same
as that of the single barrel.

Suction and Delivery-Pipes of Pumps.—The suction-pipe of a
pump should always be larger than the delivery-pipe, because the friction
has to be overcome in the suction-pipe by the pressure of the atmosphere
only; but in the delivery-pipe the friction is overcome by the power of the
pump. The suction and delivery pipes should never be less than one-half
the diameter of the pump-barrel. A good proportion for the suction-pipe is
two-thirds the diameter of barrel. In quick-working pumps it is sometimes
necessary to make it as large as the barrel. A long suction-pipe should
fall evenly along its length towards the well, as, if any portion of it is
higher than the pump-end, a trap will be formed in which air will accumu-
late, and from which it cannot easily be drawn away. A long suction-pipe
should have a retaining or foot-valve placed near the water to prevent it
losing its water, and to obviate the charging of the suction-pipe at each
stroke. .

Pumps for Hot Water.—A pump will not lift hot water efficiently,
because the steam destroys the vacuum ; therefore the pump should be
placed at the same level as the supply tank, so that the water may flow into
the barrel by its own gravity. The valves of hot-water pumps should be
made one-half larger in diameter than the ram, in crder to obtain a large
escape for the water with a small lift of the valve.

Force-Pump.—The barrel of a force-pump should be as close to the
ram as possible, otherwise air will accumulate and impair the working of
the pump. The diameter of the valves should never be less than three-
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fourths the diameter of the ram; but it is preferable to make them of the
same diameter as the ram, which they should be placed as near to as con-
venient, and they should only lift sufficiently to deliver their full capacity of
water.

An air-vessel should be placed on the delivery side of a pump—and
also on the suction side of fast-moving pumps the air in which becomes
compressed, and its elastic force causes the water to flow uniformly into the
barrel, and ensures the barrel being properly and continuously filled at each
stroke. The neck of the air-vessel should be long and narrow, to prevent
the action of the pump disturbing its water-level. An air-vessel also greatly
reduces the percussion and wear and tear of the valves.

Calculations for Pumps.—In addition to the weight of the water,
allowance must be made for the friction of the pump and the friction
of the water in the pipes, and also for the weight of the valves and for the
resistance caused by the water passing through the valves, and likewise for
the “slip,” or water lost by the pump, as all pumps throw considerably less
water than their capacity. In the following rules allowance is made for
these contingencies. ‘

Capacity of a Pump.—The capacity of a pump with piston or bucket
is the product of the area of the barrel multiplied by the length of stroke,
and the capacity of a pump with a ram is the product of the area of the end
of the ram multiplied by the length of stroke.

Gallons of Water delivered per Stroke.—Multiply the square of
the diameter in inches of the pump-bucket, or ram, by ‘034, and by the
length of the stroke in feet, and the product will be the number of
gallons which-the pump will deliver per stroke, provided the barrel gets
properly filled with water at each stroke. But as all pumps throw consider-
ably less than their capacity, deduct one-third from the number of gallons
thus obtained for leakage, or “slip,” and the remainder will be the actual
quantity of water delivered per stroke, provided the pump is in first-rate
order. But if the pump is of second-rate quality, it will be necessary to
deduct one-half instead of one-third for “ slip.”

Actual Horse-power of Pumps.—Find the number of gallons per
stroke by the above rule, and multiply it by 10 (the weight of a gallon of
water), and by the number of strokes per minute. The product will be the
weight of water lifted per minute, which multiply by the height in feet from
the water to the point of delivery. The product will be the total work done -
per minute in foot-lbs. Divide by 21,780, then add ith for the friction of
the engine itself, and the sum will be the actual horse-power of the
engine required to drive that pump.

Nominal Horse-power of a Pump.—Find the total work done per
minute, as in the last rule, and divide it by 32,670, then add ith for the
friction of the engine itself. The product will be the nominal horse-power
of the engine required to drive that pump. i

In calculating the horse-power of deep-well pumps, the weight of the
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spears and spear-plates, rods, bucket, &c., must be added to the total work
per minute before dividing by the above given divisor.

The effective work done by a pump is equal to the product of the weight
of the water by the height it is raised, and the efficiency of that pump is the
ratio of the effective work to the total work expended in driving it. In ordi-
nary pumps the efficiency is about 66 per cent.

Diameter of Pump.—To find the diameter of a pump, multiply ‘034
by the length of stroke in feet, then multiply by the number of strokes per
minute, and divide the number of gallons to be delivered per minute by
the said product. The square root of the quotient will be the diameter
of the pump in inches ; but as all pumps throw considerably less water than
their capacity, add a third to the area of the pump, to allow for leakage or
“slip;” this allowance for “slip” only applies to pumps in first-rate
order ; if the pump is of second-rate quality, it will be necessary to add
one-half instead of one-third for slip.

The length of stroke of pump, is found thus—Divide 277'27 (the
number of cubic inches in one gallon) by the area of the pump-barrel,
which will give the length of stroke for each gallon. Multiply this by the
number of gallons per stroke, and the product will be the length of stroke in
inches of that pump.

The velocity of the water in feet per minute in a pump, is found by
multiplying the length of stroke in feet by the number of strokes per minute,

Centrifugal Pumps are particularly adapted for irrigation, drainage,
and sewage works. The maximum distance they will effectively draw water
is 25 feet, but 15 feet will give better results ; and the maximum height from
surface of the water to the point of delivery to which they will lift water
effectively is yo feet. High lifts require very high velocities and large
pumps.

TaBLE 7.—HORSE POWER REQUIRED FOR CENTRIFUGAL Puxps.

DIAMETER IN INCHES OF SUCTION AND DELIVERY PipEs.

o

T z|3|‘4‘5 74181} 9 10 | 12 | 14 | 25 | 16

Quantity of |
Water  in
Gallons de- +| 16 | 50 | 100 | 200 |300{500700 800 1000 1500 2000 2500 3000,3500 4200
livered per
Minute.

Horse-power
required for
each foot in
Height 012|025 056 085(°16|25(°35[°40| *50 | 75| 1* [1°2| 1°3 [ 16| 2*
which ~ the
water is
lifted.

Hydraulic Ram.—This useful self-acting apparatus is used where
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there is a good flow of water with a moderate fall, to raise a small portion
of that flow to a greater height than the fall. About 1o gallons of water must
pass through the ram for every gallon raised, and the elevation to which
water can be raised by the ram is in proportion to the fall obtainable,
generally equal to ten times the fall.

The following are the usual proportions of the supply pipes and delivery
pipes to the number of gallons.

Number of Gallons to be raised in z4

Hours 500 | 1000 | 2500 | 4000 | 6000
Diameter of Fall or Supply Plpe in
Inches . 1342 Ra L [E g 4

Diameter of Rmng Main or Dehvery
Pipe in Inches . 5 . .

e
=
i
3]
L)

The efficiency of hydraulic rams rapidly decreases, as the height to
which the water is to be raised increases above the fall, as will be seen from
the following table.

TasLe 8.—FErricieNcy oF Hypravric Rawms.

Number of times the
height to which the
Water is to be raised
contains the fall . . | 4| 5{ 6 7| 8 9|roi1x|12{13|14|15/16{1819|20(25

Efficiency per cent. . |75|72|68/62{57/53(48|43(38|35|32|28|23]17|15|12| O

Speed of Pumps.—The greatest speed at which water will flow through
a suction-pipe, is 500 feet per minute; but, in practice, water should notflow
through a suction-pipe at a greater speed than 200 feet per minute to ensure
the pump-barrel being properly filled at each stroke, that is zoo feet of the
suction-pipe should hold as much water as the pump will deliver per
minute, and the pump should work at such a speed that it will deliver per
minute the quantity of water contained in 200 feet of its suction-pipe. For
pumping engines, the most economical speed is from 4 to 5 strokes per
minute, the length of stroke being generally 8 feet for small pumping
engines ; 10 feet for medium size ; and 12 feet for large sizes.

Proportion of Cocks.—D = the internal diameter of pipe. Square of
plug = D x '5. Heightof square =D X *5. Length of handle =D x 6.
Diameter of plug at the centre = D X 1°25. Length of taper part of plug
= D x 2 to 2% for solid bottom gland cocks, and D x 3 to 33 for plugs
with screw bottom. Height of water-way in plug = D x 1°25. Width of
water-way in plug = D x *7. Taper of plug on each side = 1 inch in
9 inches for small cocks, and 1 inch in 12 inches for large cocks.

H



THE WORKS MANAGER’S HAND-BOOK.

98

2646 | 0ogg | goSS | zS€¥ | 9z€€ | vige | €Stz | LSoz | oolr | gif1 | 6gor 2€g | z19 | 92V | 24z | €S1 | ooz
1086 | 65¥9 | 2€2S | ¥€1v | 091€ | Gelz | 1€€z | ¥S61 | Sigr | gofr |¥E€or | 26/ | zgS | tob | 6Sz ob1 | obr1
218g | 6119 | 956 | 916€ | €66z | SgSz | goze | zSgr | ofS1 | 6€z1 | 646 | 6v4 | 2SS | €g€ | Svz | g€r | ogr
z28g | 64LS | 1g9Y | 669€ | Lzgz | z¥vz | Sgoz | ghir | S¥vr | 2411 | S26 | Lol | ozS 29€ | 2€2 | of1 | ol1
z2€g/ | 6€VS | gob¥ | 2gv€ | 299z | g6zz | €961 | gvg1 | 09€r | zor1 |olg | 999 | o6 | ob€ g1z | vz1 | og1
€484 | 660S | ofr¥ | ¥9z€ | Sbbe | SSiz | obgr | €vS1 | Sler | €€o1 |grg | bzg | 6% | gr€ | voz | Srr | ofx
€59 | 654t | SSg€ | gtof | ge€e | z1oz | L1l1 | ob¥r | ob1x | ¥96 |zgl | €8S | 62% | L6z | 261 | Lot | ob1
votg | 61%¥ | 0gSE | bzgz | zg1e | Logr | S6St | LEE1 | Sorx | Sbg |LoL | Z#S 86€ | 9lz | Lix | 66 ofr1
vigs | 6Lov | #0SE | 219z | 9661 | ¥zir | eivr | ¥€z1 | ozor | gzg [€Sg | 0oS | gof | SSz | +o1 | 26 oz1
Sg€S | obLE | 6z0€ | €6€z | begr | ogSx | 6¥€1 | z€11 | SE6 | gSZ | 668 gSt | g€€ | €€z | oS1 | Sg oI
S6gv | cov€ | ¥Siz | 9hrz | €991 | 9E¥1 | Lzzx | 6zox | oSg | 6gg |¥¥S | grb 90€ | z1z | 9f1 | 4L 001
9obY | ogof | gl¥z | gS61 | L6¥1 | €61 | vorr | 9z6 | Soi | ozg |[obYy | §4E | glz | 261 | §z1 69 06
916€ | ozlz | €ozz | zbir | 261 | 6¥11 | 286 | €28 | ogg | 25§ 9% | €€€ | g¥z | o1 | 6o1 | 29 og
Lz¥€ | ogfe | gz61 | vzS1 | vo1x | goor | 6Sg | ozl | S65 | zgv |zg€ | z6z | S1z | 641 96 | ¥S ok
L€6z | ovoz | zSor | gofr | g66 | zog | 94 | 19 | 01§ | €1t |4z | oSz tgr | gzr | zg | of 09
gvvz | colr | LLE1 | ggor | 2€g | 614 | Y19 | S1& | Sev | S¥E |ziz | goz | €SI go1 | g9 | 6€ oS
8561 | og€1 | zorx | zig | 999 | S4S | z6% | z1v | ovE 94z [g1z | Lor | ¥zr | Sg | S§ | z€ ot
69t1 | ozor | gzg | €S9 | 66 | z€% | gof | gof | SSz | Loz ¥91 [ Szr {26 | vg9 |zv | €z. | of
og6 [ogg | 2SS | ofy | €€€ | ggz | gbz |goz |oir |gEr |6or | +g z9 [€v |gz |o1 oz
e6v | 1¥€ | g4z [grz | Lot [ tb1 | €er | for | Sg 69 SS eb 128 |zz [¥v1 | g or
sqI sqp sqr sq1 sqp sqp sqp sq1 sq ar | osqr | ocsqr | sqr | ossap | osqr | sqr | oo
zx o1 6 8 4 o 9 §s s 114 ¥ € € = z §r “woyog
1 "Rk
'SHHON] NI 1I¥VE dUNd 40 YALAWVI(Q vh-.uﬂHWMh—UMM
*STAIJ FHL NI NOILOINJ EHI J0

FASATOXE ‘STAMAVE-IKNJ NI TWOJYTAO T4 OL AVOT EHI ¥O “YALVAY 4O NKANTOY) V 40 IHOIAA\ THL ONIMTHG—G 18v],




SINGLE-, DOUBLE-, AND TREBLE-BARREL PUMPS.

9

TABLE 10.—SHEWING THE QUANTITY OF WATER DISCHARGED PER MINUTE
BY SINGLE-, DOUBLE-, AND TREBLE-BARREL PumPs AT vARIOUS

SPEEDS, EXCLUSIVE OF Strrp.

SINGLE BARREL. DousLe BARREL? TREBLE BARREL.
Diameter Le:)‘fg'h
of Pump. | 6 roke, 30 Strokes | 4o Strokes | 30 Strokes | 40 Strokes | 30 Strokes | 40 Strokes
per Minute. | per Minute. | per Minute. | per Minute. | per Minute. | per Minute.

Inches. | Inches.] Gallons. Gallons. Gallons, Gallons. Gallons. Gallons.

319 g 23 3% 43 43 i
219 3 4 61 8 9 12
23| 9 43 61 93 1z 14 19
3 9 63 133 18 20 27
3| 9 91 123 18y 25 28 37
4 9 12} 16 243 3z 36 48
431 9 151 20% 32 42 46 62
519 19 253 38 5o 57 76
531 9 23% 32 463 62 69 92
6 | 9 273 37, 55 73 82 110
2| 10 31 4% 6 9 10 13
23 | 10 5% 7 10 14 15 22
3 |10 71 10 15 20 22 30
33 | 10 104 133 20 27 32 42
10 13% 18 27 36 40 54
43 | 10 17 23 34 45 52 68
5 | 10 22 28 42 56 63 84
53 | 10 251 34 51 68 7 102
6 |10 308 40 62 82 92 122
2 | 12 4 5 8 10 1z 16
T 63 8 12 17 19 25
BRaI1Z 9 1z 18 24 27 36
33 | 12 123 16 24 33 37 50
4 | 12 162 22 32 43 49 65
43 | 12 203 27 42 55 62 82
ST 2 251 33 50 68 76 100
5% | 12 30%L 42 62 82 92 123
61 12 363 49 73 97 110 146
o0l 12 43 57 86 114 129 172
a2 50 66 100 134 149 199
12 57 » 76 114 152 171 229
8 | 12 65 87 130 174 195 262
oF IF'12 82 110 165 220 246 330
10 | 12 102 134 202 268 303 404
12 | 12 146 195 294 390 440 588

Water Supply.—15 gallons per head per day, for domestic purposes;

10 gallons per head per day, for manufacturing purposes;.s gallons per

actual horse-power per hour, for feeding boilers; 5 gallons per nominal
horse-power per minute, for injection water for condensing engines.

H2
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BURSTING PRESSURE OF PIPES. 101

The Strength of Steam-Cylinders, Water-Cylinders, pipes, and
tubes of all kinds subject to internal pressure, may be found by the following
rules. In the case of steam cylinders, allowance must be made for wear
and for boring and re-boring.

Thickness of Metal for Pipes.—Rule : Multiply the working pres-
sure inside the pipe in lbs. per square inch, by the internal radius of the
pipe in inches, and divide the product by the safe working tension given in
the table below for the material of which the pipe is made, to which
quotient add the constant number C., and the result will be the thickness
of the pipe in inches. The value of C. ranges from ‘13 to 1'0, according
to circumstances, for cast-iron pipes for water, C. is *3; and for steam-
pipes ‘s, the working pressure in each case being taken at 133 lbs. per
square inch, to allow for contingencies in making stock sizes of pipes.

Example : required the thickness of a cast-iron pipe 8 inches in diameter,
suitable for a working head of 300 feet water-pressure, or 133 Ibs. per
133 lbs. pressure X 4 (radius of pipe)
2500 safe working tension of cashron

*512 inches thickness,

:Bu.rstmg Pressure of Pipes.—Rule . Multiply the bursting tension
in lbs. per square inch—given in the table below—of the metal of which the
pipe is made, by the thickness of metal in inches, and divide the product
by the internal radius of the pipe in inches, the result will be the bursting
pressure in lbs. per square inch,

Example, required the bursting pressure of the 8-inch pipe given in the
15000 bursting tension X ‘stz thickness of pipe _

4 inches internal radius of pipe i

square inch, then = 212 + '3

last example, then,

1920 Ibs. bursting pressure.

TABLE 12.—STRENGTH OF MATERIALS FOR PIPES FOR THE ABOVE RULES,

Material of which the Pipe, or Tube, or Cylinder Bursting Tension Safe Working

is composed. in lbs. Tension in lbs,
Mild Bessemer-Steel . 5 . S 71680 11940
Phosphor-Bronze . . s 53 56000 9330
Homogeneous Metal . 3 56000 9330
Lowmoor or Best Yorkshire Iron . . 53760 8960
Solid-Drawn Wrought-Iron Tubes . 49200 8200
Good Ordinary Wrought-Iron 5 2 47040 7840
Copper, Wrought . : S L 33600 5600
Best Bronze . b A : 3 33600 5600
Gun-Metal . : 3 3 T 31360 5200
Good Brass LRI Sl 15wl i 18000 3000
Common Brass . . s S 16000 2670
Cast-Iron . d o o 4 (s 15000 2500
Zine . 1T, . ! § 3 o o 6720 1120
Lead p 4 3 4 b 5 2240 370
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CAST-IRON SOCKET-PIPES FOR WATER.

Pipes should be cast from good grey metal, twice run, of such quality
that a bar of the same 2 inches deep X I inch thick placed upon supports
3 feet apart will not break with a less load than from 28 to 30 cwt. sus-
pended at the centre, which weight will cause a deflection of about § inch.

Strength of Metal.—The tenacity of the cast-iron of which pipes are
usually made, averages 15000 lbs. per square inch, which divided by the
factor of safety, 6, gives a working strength of 2500 Ibs. per square inch.

Thickness of Metal of Pipes.—Besides making the thickness suffi-
cient to bear the water pressure, allowance must be made for hydraulic
shocks due to the closing of cocks, &c., as well as for the strain due to
weights falling upon, or passing over them after they are laid underground ;
the following two rules are used by makers of water-pipes, both of which
give good and nearly the same results.

Rule 1.—Multiply the internal diameter of the pipe in inches by the
working head in feet, divide the product by 10,000, and add the constant
number, ‘30, to the result, which will give the thickness of metal (cast-iron)
in inches.

Rule 2.—Multiply the working pressure in lbs. per square inch by the
internal radius of the pipe in inches, and divide the product by the work-
ing strength of the metal 2500, then add the constant number ‘30 to the
result, which will give the thickness of the metal of the pipe in inches; this
constant number is added for the allowance to be made for shocks, &c.,
mentioned above, and may be varied to suit circumstances.

The Depth of Socket is varied a little by different iron founders; a
good proportion is to make the inside depth according to the following
rule. Multiply the internal diameter of the pipe by °13, and add the
constant number 3 to the result. The space for the lead joint should be
+% inch for small pipes, § inch for medium-sized pipes, § inch for large
pipes, and # inch for very large pipes.

Testing Pipes.—Pipes should be tested to double their working pres-
sure—but not beyond that—otherwise the metal is liable to be strained and
weakened; and, while under pressure, they should be struck moderately
hard with a hammer to represent the shocks they will be subject to after being
laid underground.

Deviation in thickness and weight.—A deviation in thickness of ; inch
for small, and % inch for medium sized, and -3 for large sizes, is sometimes
permitted, and a deviation in weight of about 1 1b. per inch in diameter is
permitted.

Weight of Socket-Pipes.—The weights of ordinary sizes of pipes for
water are given in Table 13.

The first two sizes are suitable for a working head of 100 feet water
pressure, the 1} to g-inch pipes are suitable for 150 feet water-pressure,
and the pipes above that size are suitable for a working head of 300 feet
viater-pressure—the proof strain being double these quantities.
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TABLE 13.—WEIGHT OF ORDINARY SIZES OF CAST-IRON SoCKET-PIPES.

Length of . Length of .
Internal |y ‘Thickness| Average Internal |p: Thickness| Average
Dismeter (P26 &Xl0- of Sfal | Weightof || Diameter |Fi®SXCl| of Meal | Weight of
in Inches. | g qcp in Inches. Pipe. in Inches. Socket., |iB Inches. Pipe.
Feet. cwt. qr. 1b, Feet. 2| cwt. qr. lb.
4| | & |00 ]| 9 | &|s0oo
1 6 % 0 0 24 I 9 45| 5 2 4
1} 6 gt || @it 12 9 2 655210
1% 6 2 |le mia 13 9 3 7 o 6
13 6 < |o 110 14 9 1 8 124
2 6 < |0 115 15 9 1] 9 o 22
23 6 ¥ {0 I 21 16 9 4 j10 2 O
25 6 5 |0 2 1 18 9 ;Tg 13 2 21
3 9 &% |0 3 22 20 9 Ll 15, T8
31 9 % [1 o16 21 9 e R OR TN
4 9 4 |1 116 24 9 1 18 2 14
s | o | [z 12| 27| 0 | 1|25 2 4
43 9 %8% 1 214 30 9 11’ﬁ 31 2 16
o 9 Fg IR AR 9 14 |36 220
53 9 § [2 1 of 36 9 15 (44 o014
6 9 $ |2 115 39 9 I% {o), & @
7 9 1ol 2R L5 42 9 155 |59 o ©o
8 9 3 ST 45 9 12 | 66 o 10
9 9 3 [4 0of 48 9 13 175 2 0

Note.—The Length does not include the Length of the Socket, but the Weight includes
that of the Socket.

Table 14.—WEkicHT oF ORDINARY STocK SizEs oF Cast-IroN FrLaNnGE-
Pipes ForR WATER, PROVED TO THE SAME WATER PRESSURE AS THE
SockeT PrpEs GIVEN IN TABLE I3.

. Diameter
Size Length |Thickness Diameter |Thickness| Number | Diameter| of circle [Average Weight
inside 4
IDiameter.| Of Pipe. | of Metal. of Flange. |of Flange.| of Bolts. | of Bolts. | of Centre of Pipe.
of Bolts.

Im:hei' Feet. Inc%xes. Inche,s‘. lnchles. Bolts. Inches. { Inches. | cwt. gr. 1b.
13| 6 i 4 % 3 3 3%|o 1 6
| 6 | & | sf| | B | §| 4|0 16
z 6 E:T 63 —',:—, 4 4 44|01 18
e e R S 5 HOSZRIE
3 9 is 73 16 4 SINIEREOslo
33 9 ﬁ 8¥ § 1 70 [reoRz2
41 9 T 92 1 4 7¢ |1 120
o T O S S e S
5 9 £ 103 % 4 : 8 2 o015
6 9 3 12 4 6 3 o)l AEet T
7 9 P i4 I 6 3 113 | 3 o 23
8 9 = 15 I 6 3 12723 A Soile
9 9 1 I6§ 1}-10— 6 % 145 | 4 2 20

] r Y Py L L
10 9 16 173 | Is 6 IOl 358 13 a0
11 9 = 19 Iﬁ— 6 1 162 1 6 o 10
12 9 ¥ 20 13 6 1 173557 CENG
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Table 15.—WeicHT oF ExTrA STRONG Cast-IRON FraNnGE-Prres.

Diameter

e | L (Thckase Riameter ThCknes) S SPGB

Diameter, of Bolts.

Inches. Feet. Inches. | Inches. | Inches. | Bolts. | Imches. | Inches, | cwt. qr, Ib.
2 6 63 % 4 1 4% & 'g
25| 6 7 5 4 55| 0 3 4
3 9 73] | 4 6 [ 1 o0
3| 9 s 83 | | 4 7 1 2z 8
4| 9 95 | 1 | .4 7| IS
5 9 oy | § | 4 - 8| 2 115
6 9 12 + 6 : 10 3Rz
7 9 14 1 6 113§ 4 115
8 9 15 1 6 122 | 5 210

1 1y 1
9 9 163 | 145 6 c 145 | 6 1 13
10 9 175 | 1% 6 % 150 | 7 o o
11 9 19 I3 6 I 163 9 o o
12 9 20 1% 6 1 173 o 3 8
13 9 21 I3 6 1 183110 2 o
14 9 22 13 8 13 1954 Tt Wigto)
15 9 23 13 8 1% 203 |12 1 ©
16 9 245 | 15| 8 1} 22 |12 3 10

Weight of Pipes and Cylinders.—A simple rule to find the weight of
pipes and cylinders of cast-iron is:—From the square of the outside diameter
subtract the square of the inside diameter in inches, multiply the result by
7 and divide that product by 3, which will give the weight in Ibs. approxi-
mately of one foot in length of the pipe. To find the exact weight, use 7°4
as a multiplier instead of 7 given above.

To find the weight of pipes and cylinders of other metals, multiply the
result found by the above rule by 105 for wrought iron; 1-08 for steel; 1°2
for gun metal; 1°15 for brass; 1°21 for copper; 1-004 for tin; 1°56 for
lead ; and by 988 for zinc.

Contents of Pipes.—To find the number of gallons contained in a cir-
cular pipe, multiply the square of the diameter in inches by ‘034 ; the pro-
duct will be the contents in gallons in a foot length of pipe.

To find the weight of water in Ibs. in a circular pipe 1 foot long, square
the diameter in inches and multiply the result by *34.

To find the weight of water in Ibs. in a pipe 3 feet long, square the
diameter in inches. )

Thickness of Cast-Iron Gas-Pipes.—The thickness of metal given
in Table 13 for water pipes, is also suitable for gas pipes up to 6 inches
diameter, but above that size, the thickness is too great for pipes for this
purpose, and the correct thickness of metal for cast-iron gas-pipes may be
obtained by multiplying the thickness given in that Table,

by *86 for cast-iron pipes of from 7 to 13 inches diameter.
76 Do. Do. 14 to 20 Do.
*70 Do. of 21 inches diameter and upwards.
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Table 16.—SHEWING THE CONTENTS IN GALLONS AND WEIGHT IN LBS. OF
Warer 1IN PrpEs axp WELLS 1 r0OT IN DEPTH.

Diameterin| Number of Weight in Diameter in Number of Weight in
Inches. Gallons. 1 Feet. Inches. Gallons. 1bs.
x 54 ‘34 L 14'99 129194
2 ‘13 136 S ) 16°45 164°56
2 .30 3°06 TRRNICE 17°88 17886
4 54 544 z o 19'58 19584
5 -85 850 2R0; 30°60 30600
6 qe220 12°24 g @ 4406 440604
7 1'66 1666 3 6 59'97 59976
8 2'17 21°76 4 © 7833 783°30
9 &5 27°54 4 6 9914 991°44
10 3'4 3400 5 o© 122°40 1224°00
11 4'11 4114 6 o 176°25 1762°56
12 489 4896 g @ 239°90 239904
13 574 57°46 8 o 313°34 313344
14 6'64 6664 9 o 396°57 396576
15 765 76'50 10 ©O 48960 4896°0c0
16 870 8704 TZIe10) 705°02 7050°24
17 9'82 98260 ySH ) 1101°60 11016°00
18 11°01 110°16 18 o 1586°30 1586304
19 12°27 122'74 2o O] 195840 1958400
20 13°60 13600

To find the pressure in Ibs. per square inch of water in pipes, multiply
the head of water in feet by *443.

Table 17.—SHEWING THE PRESSURE IN PrpEs wiTH VARIOUS
Hraps or WATER.

lHead of | Pressure per || Head of | Pressure per ' Head of | Pressure per || Head of | Pressure per.
Water in | Square Inch || Water in | Square Inch | Water in | Square Inch || Water in Sqqar]eb;nch
in in

e
Feet. in Ibs. Feet. in Ibs. Feet. Ibs. Feet.

10 4'43 160 7088 | 310 | 137°33 460 | 20378
20 8:86 170 75°31 320 [ 141°76 470 | 20821
30| 1329 180 7974 || 330 | 146°19 || 480 | 212°64
40 | 17772 190 8417 || 340 | 15062 || 490 | 217°07
50 | 22°15 200 8860 | 350 | 15505 500 [ 22I'50
60 | 2658 210 9303 | 360 | 15948 | 550 | 24365
70 | 3101 220 97746 | 370 | 16391 || 600 | 26580

80| 35'44 230 | 10189 | 380 | 16834 || 650 | 287795

90 | 39'87 240 | 10632 || 390 17277 || 700 | 310°10
100 | 44730 250 | 110°75 {| 400 | 17720 | 750 | 332°25
110 | 4873 260 | 115°18 || 410 | 18163 | 800 | 354'40
120 | 5316 270 | 119°61 || 420 [ 186°06 || 850 | 37655
130 | 57°59 280 | 124704 | 430 | 190749 || goo | 39870
140 | 62°02 290 | 12847 440 | 194°92 950 | 42085
150 | 6645 || 300 | 13290 | 450 [ 19935 { I00O | 443°00
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Injectors for Feeding Boilers.—For the average temperature of feed
and height of lift of ordinary injectors, the quantity of water delivered in
gallons per hour by an ordinary injector feeding the boiler from whence its
steam supply is derived, may be found by Mr. Hey’s rule. Multiply the
square of the diameter of the injector nozzle in millimetres by the square
root of the pressure of the steam in lbs. per square inch, and multiply the
product by the constant number 2.

WATER WHEELS.

The Driving Power of flowing water being gravity, the power exerted
by a weight of water falling from a given height is equal to the product of
the weight of water in Ibs., and the height of the fall in feet. But, in driving
a waterwheel, a percentage of the power is absorbed by friction, by over-
coming the resistance of the waterwheel, and by the loss due to leakage.
The efficicncy or power given out varies from 3o to 75 per cent. of the power
of the water, according to the class of waterwheel employed. A horse-
power being 33,000 lbs. raised one foot high in a minute, or 550foot Ibs. per
second, ke theoretical force in a fall of water is found thus :—Multiply the
weight of a cubic foot of water, 624 lbs., by the number of cubic feet
falling per second ; multiply that product by the height of the fall in feet,
and divide the result by 550; the quotient will be the available theoretical
horse power of that fall.

Overshot Water-wheels.—The water is generally laid on this class of
wheel at a little below the top of the wheel from the side at which it ap-
proaches. The current of water being reversed in the pentrough, it is called
a pitch-back wheel; diameter of wheel from 1 to 1} the height of fall;
speed of the circumference 4 to § feet per second ; efficiency from 6o to 70
per cent. of the waterpower expended.

High-Breast Water-wheel.—The water is laid on to this class of
wheel about 27° from the top ; diameter of wheel 1} times the height of the
fall ; speed of the circumference 5 feet per second ; efficiency 75 per cent.
of the waterpower expended.

Breast Water-wheel.—The water is laid on to this class of wheel a
little below the level of its axis; diameter of wheel equal to about twice the
height of fall; speed of the circumference from 5 to 6 feet per second;
efficiency from 55 to 60 per cent. of the waterpower expended.

Undershot Water-wheels with radial floats are used when the fall is
under 5 feet; diameter of wheel from 12 to 20 feet; speed of the circum-
ference = ‘50 of the velocity of the water ; efficiency from 25 to 33 per
cent. of the waterpower expended.

Paddle Water-wheel.—Wheels of this class are fixed on boats moored
in an open current; diameter of wheel from 14 to 20 feet; speed of the
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circumference = ‘50 of the velocity of the water ; efficiency from 25 to 33
per cent. of the waterpower expended.

Poncelet’s undershot Water-wheel with curved floats is suitable for
falls under 6 feet ; diameter of wheel from 10 to zo feet ; speed of circum-
ference from 8 to 12 feet per second ; efficiency 55 per cent. of the water-
power expended.

Diameter of the Journals or necks of cast-iron main shafts of water-
wheels.—Ru/e to find : Multiply three times the width in feet of the water-
wheel by its diameter in feet, and the cube root of the product will be the
diameter in inches of the neck or journal. Example : required the diameter
of the neck of a main shaft for a water-wheel of 15 feet wide and 20 feet in
diameter ; then 15 X 3 X 20 = 9oo; and ¥/ 500 = 9°65 inches, diameter
of neck.

Length of neck or journal = 1} times the diameter.

Horse-power of Water-wheels.—To find the effective power of a
water-wheel.——Ru/le - Multiply the quantity of water expended in cubic feet
per second by the effective height of the fall in feet, and divide the product
by one of the following divisors :—viz., 11°7 for high breast water-wheels ;
13 for overshot; 15 for "breast; and 22 for undershot water-wheels.
Example : required the effective horse-power of a high breast water-wheel
requiring 20 cubic feet of water per second, the effective height of fall

being 29 feet 3 inches; then, ﬁ’_):_r?li = 50 effective horse-power.

FLOW OF WATER.

Flow of Water through Orifices.—To find the velocity of the
discharge in feet per second of water flowing from the side of the cistern.
Rule : Multiply the square root of the height in feet from the centre of the
orifice to the surface of the water by 8. To find the height in feet.—Rzu/e -
Divide the square of the velocity in feet per second by 64.

To find the quantity of waler in cubic fee! per second discharged through

an orifice—~Rule : Multiply the area of the orifice in square feet by the
number of seconds, and multiply the product by five times the square root
of the height in feet from the centre of the orifice to the surface of the
water. .
T find the quantity of walter in gallons per second discharged through
an orifice—Rule - Multiply the area of the orifice in square feet by the
number of seconds, and multiply the product by 31°5 times the square root
of the height in feet from the centre of the orifice to the surface of the
water,

The above rules apply to the discharge from a hole cut in the side of a
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cistern. If 2 short pipe be fixed inside the cistern, the discharge will be
diminished to the extent of one-fifth; if a short pipe, in length equal to
4 times its diameter, be fixed on the outside of the cistern, the quantity
discharged will be increased to the extent of about one-third, the quantity
slightly decreasing as the length of the pipe is increased beyond a length
equal to 4 times the pipe’s diameter until it reaches a length equal to sixty
times the diameter, when the discharge equals that of a simple orifice.

Time required to fill a Cistern when a known quantity of water
per houris going in and a known quantity going out. Templeton’s Rule is :
Divide the contents in gallons of the cistern by the difference of the quantity
going in and the quantity going out, and the quotient is the time in hours
and parts that the cistern will take in filling.

Time required in Seconds for a Cistern to empty itself.—Mr.
Banks’ Rule is: Multiply the square root of the height in feet of the surface
of the water from the orifice, by the area of the falling water surface in
square inches, and divide the result by 37 times the area of the orifice in
square inches.

Flow of Water over Weirs.—Ejytelwein’s Ru/le is : Multiply the square
root of the depth in feet from the surface of the water to the bottom of the
orifice, or top of dam, by the sectional area of the water passage in square
feet and multiply the product by 3°4. The result will be the discharge in
cubic feet per second. )

Flow of Water in Open Streams.—The velocity of water in a stream
or river is greatest near the surface at the centre of the stream, and less near
the sides and at the bottom. The surface velocity may be ascertained by
placing a thin wood float on the centre of the stream and noting the time it
requires to pass a measured distance; then the mean velocity will be ‘8 of
the surface velocity. The available quantity of water in the stream may
be found by this Rule: multiply the sectidnal area of the stream in square
feet by the surface velocity in feet per second and multiply that product by
*8, the result will be the discharge in cubic feet per second.

The Hydraulic Mean Depth is the quotient of the sectional area of
a stream or river, divided by its wet perimeter; in circular pipes running
full, the hydraulic mean depth is one-fourth of the diameter of the pipe.

The Velocity and Discharge of Water through pipes and channels
running wholly or partly filled, may be found by Mr. Beardmore's Rule -
Multiply the hydraulic mean depth in feet, by twice the fall in feet per mile,
and multiply the square root of the product by 55: the result is the mean
velocity of the stream in feet per minute, which result multiplied by the
sectional area in square feet, gives the volume or discharge in cubic feet
per minute, and this product multiplied by 6-24 gives the number of gallons
discharged per minute.

Loss of Head due to Friction.—The loss of head arising from the
friction of the water against the sides of the pipe may be found by the
following Rule (Prony’s) : Multiply 225 times the length of the pipe in miles
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by the square of the velocity of the water in the pipe in feet per second,
and divide the product by the diameter of the pipe in feet: the result will
be head of water in feet required to balance the friction. The friction of
water increases nearly as the square of its velocity. When calculating the
diameter of a pipe for water supply, the quantity of water should be
increased to the extent of from 33 to 50 per cent. to provide against the
reduction of the flowing section due to encrustation.

Bends in Pipes.—The above rules apply to straight pipes onmly; as
bends in a pipe diminish the velocity of a fluid equal to ‘0039 times the
sum of the sines of the several angles of inflection, sharp turns should be
avoided. In the report on the supply of water to the Metropolis, it is
stated that the time necessary for the discharge of a given quantity of water
through a straight pipe being 1, the time for an equal quantity through a
curve of go° would be r°1r1; with a right angle 1'57; two right angles
would increase the time to 2°464 ; and two curved junctions to only r°23.

Mr. Blackwell’s rules for pipes are very convenient, as they make allow-
ance for bends and other irregularities in pipes of considerable length;
they are as follows* :—

To find the Velocity in Feet per Second.—Ruz/le . Multiply the
diameter of the pipe in feet by the inclination of the pipe in feet per mile,
divide the product by 23, and extract the square root of the result.

To find the Diameter of the Pipe in Feet.—Rux/z: Multiplythe
square of the velocity in feet per second by 2'3, and divide the product by
the inclination of the pipe in feet per mile.

To find the Inclination of the Pipe in Feet per Mile, to be given
to overcome friction.—ZRu/le - Multiply the square of the velocity in feet per
second by 23, and divide the product by the diameter of the pipe in feet.

Farr or INcLiNATION OF DRAINS, SEWERS, WATER CHANNELS AND RIVERS.

Inch. Feet.
Minimum inclination for drains for houses k S Riniis12
» 5 o land o Kigp s il
£ o submain drains for houses B P s o
main drains for houses 1, I00
Fall of mountam torrents . & 3 I ; +I50
" ! riers with rapid current SR AL
=, e pe strong current 1, 28
» ordinary rivers with good current T 340
& - winding rivers, subject to mundatlons
with slow current . 4 I, 440
Fall of water channels, supply plpes to Teservoirs and
small canals . o 9 P 3 W 80T e 480
Fall of large canals . I ! I, 570
Very slow current, nearly approachmg to stagnant
water %, 5 o N 0 R [0)0,9)

* .See Hughes on Waterworks. Crosby Lockwood & Co.
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Mill Race.—In order to prevent deposits and the growth of plants, the
mean velocity of water in a mill race or water channel, should not be less
than from 1 to 12 feet per second.

Limits of Velocity.—To prevent injury to the bed and banks, the
velocity of water in feet per minute in a channel should be proportioned to
the tenacity of the soil :—in soft alluvial deposits, 25 ; in clayey beds, 40;
in sandy and silty beds, 60 ; in gravelly beds, 120 ; in strong gravelly shingle,
180; in shingly beds, 240 ; in shingly and rocky beds, 300 to 400.

Velocity of Water.—The velocity in feet per second at which various
substances are carried off :—river mud, °3 ; gravel, fine, *4 ; clay, s ; gravel,
coarse, *6; yellow sand-7; river sand, 1°0; gravel, size of beans, 1°2;
shingle, small, 2-3; shingle, large, 26 ; angular stones, size of an egg, .
3'0; rock, soft, 570; rock, seamy, 6°0; rock, hard, 10'0.

Turbines.—The following are Mr. Nystrom’s formule for Jonvals
turbines, but the principal formula will answer for any kind of turbine.

Kvk.p & ., KvEk  _2KQ _ o ., _46KQ _D, D m
D Dl PR A e S e b e el e e S
¢=1:/2;¢—m];:Q,a— 436 Dr; a=m'rs; &' =mrs; a' = ‘8a;Q = "*/" s Q= zoK”

D
e 54/D.m’4sJD'b=—:,5;;c jD,s—BﬁS d=D+r+Y5id=D+ar; w_Es_"

H = '1134 Q 4, natural effect of fall. H = 32 > H=2AVE actuzlhafsc-powu, 66 per cent. of the

a* 267°5 natural

Where Q = cubic feet of water passed through the turbine per second ;
% = height of fallin feet ; D = diameter in inches of circle of effort in the
turbine; ¢ = area in square inches of the conduit passage into the turbine
wheel; & = depth in inches of turbine buckets; ¢ = depth in inches of
leading buckets; r = breadth of turbine buckets in inches; 7 = number of
buckets in the turbine wheel; 7' = number of leading buckets; » =
number of revolutions of turbine per minute; S and s = height of conduit
and discharge in inches ; 7= thickness of steel-plate buckets in 16ths of an
inch: H = actual horse-power of the turbine; /= length in feet, and J the
diameter in inches of conduit pipe; &' =the diameter in inches of the
discharge pipe; W = hydraulic pressure on the turbine wheel bearing on
the end of the shaft; K = gso.

MEMORANDA FOR CALCULATING FLow oF WATER, &c.

Discharge in 24 hours divided by 1440=discharge per minute.

Discharge in cubic feet per minute multiplied by gooo=gallons per day
of 24 hours.

Discharge in cubic feet per second multiplied by 2-2=cubic yards per
minute,

Discharge in cubic feet per second multiplied by 6:z4=gallons per
second.

Discharge in cubic feetper second multiplied by 133 =cubic yardsper hour.
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Discharge in cubic feet per second multiplied by 375 = gallons per
minute. ¥

Discharge in cubic feet per second multiplied by 2400 = tons per day
of 24 hours.

Velocity in feet per second multiplied by ‘68 = miles per hour.

Velocity in feet per second multiplied by 60 = feet per minute.

Velocity in feet per second multiplied by zo0 = yards per minute.

Pressure of water in lbs. per square foot = head in feet multiplied by
62°32. )

Head of water in feet = pressure of water in Ibs. per square foot multi-
plied by -o16. f

Discharge of Sewers.—The discharge of sewage pipesis less than that
of water pipes, the flow being retarded by the rough surface of the pipes
caused by deposit. Mr. Blackwell’s rules given above will apply to sewage
pipes by using a constant of 2°8, instead of 2°3 used for water pipes.

Hydraulic Press.—To find the pressure on the ram of the press in
tons.—~Rule - Multiply the area in square inches, of the press ram, by the
length of the pump handle, from the fulcrum to the point the force is
applied, in feet, and multiply the productby the force in Ibs. applied to the
handle, and call the result A. Next multiply the area in square inches, of
the pump-plunger, by the distance in feet, between the fulcrum and the
centre of the pump-plunger, and multiply the product by 2240, and call the
result B.; then divide the result A. by the result B., and the quotient will
be the pressure in tons on the ram.

Thickness of Metal for Hydraulic-Press Cylinders.—Cast-iron
¢ylinders for hydraulic presses are generally made in thickness = to one-
half the diameter of the ram for a working permanent strain of 2 tons per
square inch. Barlow’s Rule for the bursting pressure of thick cylinders is :
—multiply the cohesive strength of the metal in tons per square inch by the
thickness of metal in inches, and divide the result by the sum of the
internal radius of the pipe, and the thickness of metal in inches. ZFor
the thickness of metal it is :—multiply the internal radius of the pipe in
inches, by the internal bursting pressure in tons per square inch, and divide
the product, by the quotient of the internal pressure, in tons per square inch
of section, subtracted from. the cohesive strength of the metal, in tons per
square inch.

Example: "A hydraulic-press cylinder of cast-iron 5 inches thick,
with ram 10 inches diameter, cohesive strength of metal 7 tons, would
7 tons X 5 inches thickness of metal
5 inch radius + 5 inches thickness of metal
The bursting pressure should have by the last rule, a thickness of
el S inch radius X 3°s tons bursting pressure

3°5 tons—y7 tons cohesive strength of metal
Jor finding the cokesive sirength required for a given pressure is—add the

burst with

3 A ORES

= 5 inches. Zke rule
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internal radius in inches of the pipe to the thickness of the metal in inches ;
multiply the result by the internal pressure in tons per square inch, and
divide the product by the thickness of metal.
Taking the above example, the cohesive strength would be
5 in. rad. + 5 in. thickness of metal X 35 tons internal bursting pressure
5 inches thickness of metal

= 7 tons.

The Accumulator.—The accumulator is used for storing the pressure
of water, for working hydraulic cranes and machines. It consists of a long
cast-iron cylinder, fitted at the top with a stuffing box and gland, through
which a solid ram works ; at the bottom of the cylinder are two pipes, one
of which is connected to a pump, and the other to a hydraulic machine.
On the top of the ram a cross head is fixed, which supports an annular
cylinder, loaded with scrap-iron. The pump forces water into the cylinder,
which raises the ram, and so long as the ram is upheld, the pressure of the
water in the cylinder, and pipes connected to it, will be determined by the
area of the ram, and the load upon it.

To find the pressure in pounds per square inch on the water in an accu-
mulator : Rule,add the weight in pounds of the ram to the weightin pounds
of the cross head and weighted cylinder, and divide the sum by the area of
the ram in square inches. J

The usual working pressure of hydraulic cranes is 700 lbs. per square
inch, and of other hydraulic machines from 1500 lbs. to 2000 Ibs. per
square inch.

Pipe Coverings.—The loss of heat and power by radiation of heat from
steam pipes is considerable, but it may be reduced to a minimum by
clothing the pipes with a good non-conducting material, such as hair felt,
which—being light and fibrous—is a good confiner of air. Organic sub-
stances are good non-conductors, but they should be protected from char-
ring by encasing the pipes with tin-plate, so as to form a § inch air space
round the pipe, the air in which makes an efficient insulatot of hear.

Steam Saved by Non-Conducting Coverings for Steam Pipes,
relatively to the bare pipes, Each composition being wrapped twice round
with paper, with an outside cover of double wrapped canvas painted with
two coats of paint. Total thickness of each covering 1% inches.

PER CENT. PER CENT.

Hair felt, wood lagged . . . . 96 Clay, sawdust, paper-pulp, flour . . 8o
Slag wool, wrapped in feit . oo GES Flax fibre, clay, paper shavings, flour . 79
Paper, hair felt . J 5 5 . 03 Moss, hair, sawdust, flour . . .
Air space, hair felt . . 5 o &G Thin hair felt, straw rope . . o
Chopped straw, silicated . . . gz | Chalk, hair, flour . . . o
Bgan, silicated, thin felt . f o O Charcoal, sawdust, hair, flour o . 76
Air space, bran, hair . 5 5 . % Peat, sawdust, hair, flour . . . .. 74
Fossil meal and hair plaster . o o £ Pumice stone, sawdust, clay, flour . . 74
Air space, fine wool . . 5 - 8 Ashes, hair, cement . . . « .72
Air space, fine cotton g . . 87 | Asbestos paste, paper . . .. 7t
2:; space, goat's halu- ha.lr 2 5 - 86 Brick dust, sand, flax, cement T gg

\ir space, paper-pulp, o d o 3 Air space, tin-plate case, paper . .

Clay, hair, flour, flax fibre 3 . 8 Clay,p flax refuge < ‘pe a . e
- Larch turnings, hair, flour . . . 82 | Asbestos paper, brown paper . . . 68









SECTION III

—_—

MILLWORK: SHAFTING, GEARING,
PULLEYS, ETC.

TOOTHED WHEEL GEARING.

Wheel Gearing.—Where motion has to be transmitted with precision,
toothed wheel gearing must be used. The teeth should be so formed that
the wheels will work together with the smallest amount of friction, and
work smoothly and uniformly with a constantly equal power and with com-
paratively little noise, in the same manner as if two plain cylinders were
rolling upon each other by the friction of their own pitch circles. As a
wheel acts as a lever of a length represented by its radius, the leverage is
governed by the diameter ; but in making calculations, the number of teeth

is used instead of the diameter. As fine-pitch wheels have a smoother and
more uniform action than coarse ones, the pitch should always be made as
fine as possible, consistent with the power transmitted. In calculating gear-
ing, the diameter of the pitch-circle is taken as the diameter of the wheel,
and when the wheels are properly in gear their pitch-circles meet and roll
upon each other.

12
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Bevel and Mitre Wheels must be regarded as two cones rolling upon
each othur, and the teeth are drawn upon the same principle as those of spur
wheels, the maximum pitch diameter being always taken as the diameter of
bevel and mitre wheels. ,

Form of Teeth of Wheels.—The following simple method of form-
ing the teeth of wheels gives good results. Teeth thus formed and wheels
made to the following proportions work accurately and smoothly together,
wear uniformly, maintain their shape, and make very little noise in working.
The utmost strength being given to the roots of the teeth, the liability to
breakage and wear and tear is reduced to a minimum, and all wl;leels of
the same pitch work properly together.

When the flank—or side of the tooth below the pitch line—is curved, the
radius of the flank equals the pitch of the tooth, and the point from which
this radius is struck is % part of the pitch in depth below the pitch line, as
shown at Fig. 23.

The radius of the point or face of the tooth,—or that portion of the tooth
above the pitch circle,—equals % the pitch for wheels with less than 21 teeth,
and 1} the pitch for wheels with upwards of 2o teeth. The point from
which each radius is struck, is % part of the pitch in depth, below the pitch
line; the radius of the curve at the root of the tooth is 2 the pitch. The
flank of the tooth may also be made flat or parallel, and joined to the rim
with a curve at the root of the tooth having a radius of % the pitch, for
wheels with more than 20 teeth ; but for wheels with flat flanks with less
than 21 teeth, the flanks should radiate towards the wheel centre, and the
roots of the teeth should join the rim with a small curve.

ProrortioNs oF IroN ToornEp WhEEL Grarine. See Fig. 23.

t Divide the pitch into 15 equal parts, then take the following proportions,
viz. :—
From the pitch line of the wheel to the top of the tooth = 5 parts.
Frém the pitch line of the wheel to the bottom of the tooth = 6 parts.
Thickness of the tooth at the pitch line = 7 parts.
Space between the teeth at the pitch line = § parts.
Thickness of the rim = 7 parts. :
Depth of feather or rib under the rim = 8 parts.
Thickness of feather or rib under the rim = 7 parts.
Thickness of the arm = 7 parts.
Thickness of the feather or rib on the arm = 4 parts.
Depth of the feather or rib on the arm = 3 parts.
Diameter of the boss = twice the diameter of the shaft.
Depth of the boss = 12 times the width of face of the wheel.
Depth of the feather or rib round the boss — 8 parts.
Thickness of the feather or rib round the boss = 7 parts.
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Radius of curve at the root of the tooth = 2 parts. See Fig. 23.

Radius of the point or face of the tooth of wheels with upwards of 20
teeth = 11 parts.

Radfus of the point or face of the tooth of wheels with less than 21 teeth
= ¢ parts.

Point below the pitch line of the wheel, from which the radius of the point
or face of the tooth is struck = 1 part.

Breadth of the arm at the rim = 1 the pitch of the teeth, when the wheel
face does not exceed 2% times the pitch in width; and = 2 times the pitch
for widths of face from 2} to 3 times the pitch; and = 3 times the pitch
for widths of face equal to 4 times the pitch.

Breadth of the arm at the boss, should be increased by tapering the arm
Jdown from the rim to the boss, at the rate of } inch per foot, on each side
of the arm. The tendency of the strain bemg to twist the arm, the power
acts with the greatest effect near the boss.

Fig. 24 shows a form of tooth used for crab wheels, called knuckle gear.

- Fig. 24.

Fig. 25 shows the way to project a pair of bevel wheels, with their shafts
at right angles,
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Fig. 26 shows the way to project a pair of angle wheels, or bevel wheels,
with their shafts at an angle of 65°.

Fig. 26.

Number of Arms.—Wheels under 2 feet diameter should have 4 arms;
wheels from 2 to 7 feet 6 inches diameter, 6 arms ; wheels from 8 to 12 feet,’
8 arms; and wheels from 13 to 16 feet diameter, 10 arms.

Width of Face.—The least width of face necessary to resist the full
transverse strain on the tooth is 1% times the pitch, but for the sake of
durability the width should not be less than z times the pitch ; 23 times the
pitch is the usual width. The following are good proportions :—
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Mortice Wheels.—The wood teeth of a mortice wheel are made thicker
than the teeth of its iron fellow, to compensate for the difference in strength
of the material ; consequently the thickness of the. iron tooth has to be
reduced, and the length of tooth is also reduced so as to be in proportion
to the thickness. »

Thickness of wood cog = g parts, or +% of the pitch.

Thickness of tooth of iron wheel or fellow = 6 parts.

From the pitch line to the top of tooth = 4 parts.

From the pitch line to the bottom of the tooth = 5 parts.

Thickness of the rim = the pitch of the teeth multiplied by 1°2.

Width ef face of wheel same as for spur and bevel wheels given above.

Width of mortice or shank of wood cog = % inch narrower than the face
of the tooth.

Thickness of metal at each end of mortice = 6% parts.

No clearance is required; the wood cogs should be trimmed to fit accu-
rately between the iron teeth,
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When a pair of wheels of large diameter and quick speed work together,
the larger one should have wood teeth, and the smaller one iron teeth.
Wood teeth wear out sooner, but are not more liable to break than iron
teeth. Hornbeam and crab-tree are the best woods for making the cogs,
and when working they should be smeared with a mixture of soft soap
and plumbago.

Worm-Wheels.—When the shafts are at right angles, the action of a
worm and worm wheel is similar to that of a rack and pinion, and the
formation of the teeth at the section “at the centre of a worm wheel, should
be the same as those of a spur wheel of the same diameter, and the section
of the thread of the worm should be the same as the teeth of a rack of the
same pitch of tooth. Each revolution of the worm, turns the worm-wheel,
to the extent of one tooth with a single thread worm, and 2 teeth with a
double thread worm. The teeth of worm-wheels are made shorter than
spur wheels. The amount the teeth are angled or skewed is equal to the
pitch of the teeth.

Thickness of tooth = 7 parts, or % of the pltch

Space between the teeth = 8 parts.

From the pitch line to the top of the tooth = 4% parts.

From the pitch line to the bottom of the tooth = 5% parts.

Radius of the point or face of the tooth = g parts.

Flank of tooth, straight and flat.

Width of face of tooth = 1} times the pitch.

Pitch of Small Wheels.—The pitch of change wheels and other
small wheels, is reckoned on the diameter of the pitch circle, of the wheel
instead of the circumference, and it is called the pitch per inch—thus 8
per inch, 10 per inch, and so on.

To find the number of teeth, in a wheel of a given diameter and pitch per
inch :—

Multiply the diameter of the pitch circle in inches, by the given pitch per
inch,

To find the diameter of the pitch circle, to contain a given number of
teeth of a given pitch per inch :—

Divide the number of teeth by the required pitch per inch.

TaBLE 18.—PrrcH PER INCH IN DIAMETER AND CIRCULAR PiTcH

COMPARED.
Pitch per Inch Nearest Circular Pitch per Inch Nearest Circular
in Diameter. Pitch in Inches. in Diameter. Pitch in Inches.
3 I¥s 9 rand 5
4 fand % 10 T
5 ! 12 i
6 T 14 4 and 1;:?
7 1% 16 § 1is
8 2 20 +and §5
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The pitch per inch in diameter (Table 18), bears the same ratio. to the
circular pitch, as the diameter to the circumference, a diametral pitch of
f inch, corresponds with a circular pitch of 3'1416 inches; hence to find
the circular pitch divide 3'1416 by the given diametral pitch, and to
find the diametral pitch divide 3-1416 by the given circular pitch. The
outside diameter of a wheel—over the top of the teeth—is found by
adding two parts of the diametral pitch to the pitch diameter, for instance a
wheel of 48 teeth, 8 per inch pitch, is 6 + jths = 6} inches diameter out-
side. The depth of tooth of these small wheels is usually = $ths the pitch.

Angular and Circumferential Velocity of Wheels.—The angular
velocity of a revolving body, is the velocity of a point at a unit’s distance
from the centre of motion, or the angle swept through in a second by aline
perpendicular to the axis of motion, the angle being expressed in circul‘ar
measure, Every point of a revolving wheel has a different velocity in
proportion to its distance from the centre of motion, for instance in a
revolving pulley, the boss will make the same number of revolutions as
the rim, but the angular velocity of the rim will be greater than that of the
boss.

7o find the circumferential veloctly of a wheel:—DMultiply the circum-
ference in feet by the number of revolutions per minute, the product will
give the space passed through by any point of the circumference in feet
per minute, which divided by 6o will give the velocity in feet per second.

7o find the angular velocity of a wheel, or the number of revolutions
made in a given time:—Divide the circumferential velocity per second,
(found by the last rule) by the circumference in feet, the result will give
the angular velocity, which multiplied by 6o will give the number of revo-
lutions per minute.

The Centre of Gyration is a point in a revolving body in which the
momentum, or energy of the moving mass, is supposed to be concen-
trated.

The radius of gyration of a fly-wheel (including arms and rim) and of
gearing may be assumed in practice as the radius of the inside of the rim.
To find the amount of force, to apply at the radius of a wheel, to cause it to
make a certain number of revolutions, in a given number of seconds,
Rule : multiply the number of revolutions by the weight of the wheel in Ibs.,
and multiply the product by the square of the distance in feet from the
centre of motion to the centre of gyration, and call the result A. Then
multiply the constant number 1535 by the number of seconds during which
the force is applied, and multiply the product by the radius in feet on which
the force acts, and call the result B.; lastly, divide the result A. by the result
B., which will give the required force in Ibs.

The Radius of Gyration of a solid wheel of uniform thickness, or of g
a circular plate, or of a solid cylinder of any length, revolving on its axis, is
= to the radius of the object multiplied by *7071.




SPEED OF WHEEL GEARING. 121

SPEED OF GEARING.

The ratio of the numbers of teeth in a pair of wheels, must be the same
as that of their diameters.

To find the speed of the driving wheel :—Multiply the number of
teeth in the driven wheel, by the number of revolutions it makes per
minute, and divide the product by the number of teeth in the driving
wheel.

To find the speed of the driven wheel.—Multiply the number of
teeth in the driving wheel, by the number of revolutions it makes per
minute, and divide the product by the number of teeth in the driven wheel.

To find the final speed of a train of wheels.—Multiply the number
of revolutions per minute of the first driving wheel, by the product of the
number of teeth in the driving wheels, and divide the result by the pro-
duct of the number of teeth in the driven wheels.

To find the number of teeth in the driving wheel.—Multiply the
number of teeth in the driven wheel, by the number of revolutions it makes
per minute, and divide the product by the number of revolutions of the
driving wheel.

To find the number of teeth in the driven wheel.—Multiply the
number of teeth in the driving wheel, by the number of revolutions it
makes per minute, and divide the product by the number of revolutions of
the driven wheel.

To find the relative numbers of teeth in a pair of wheels, when
the speeds of the driving and driven shafts are given. Divide the speed of
the driven shaft, by the speed of the driving shafts; the quotient is the ratio
of their speeds ; and the numbers of teeth in the wheels must be in the
same ratio.

To find the diameters of a pair of wheels, the distance between the
centres, and also the speed of each shaft being given. Multiply the speed
of one shaft by the distance between the centres in inches, and divide the
product by the sum of thg speeds of the two shafts, the result will give the
radius of one wheel, which doubled, will give its pitch diameter in inches.
The radius of this wheel subtracted from the distance between the centres,
will give the radius of the other wheel.

To find the pitch of a wheel.—Divide the diameter of the wheel at the
pitch circle, by the number of teeth, and multiply the quotient by 3-1416.

To find the number of teeth in a wheel.—Divide 3:1416 by the
pitch, and multiply the quotient, by the diameter of the pitch circle in
inches.

, To find the diameter of a wheel at the pitch circle.—Divide the
pitch by 3°1416, and multiply the quotient by the number of teeth.

Wheels and Pinions.—A wheel should not have more teeth than
6 for 1 of its pinion. Large pinions are desirable, because when a large

.« ..
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wheel drives 2 small pinion rapidly, the teeth of the pinion moving in a
small circle, abruptly meet the teeth of the wheel, and cause an uneven
jolting motion. When wheels drive pinions, no pinion should have less
than 20 teeth, and in millwork not less than from 35 to 45 teeth, to enable
them to work properly, and have a sufficient number of teeth in gear at
the same time. When pinions drive wheels no pinion should have a less
number than 13 teeth ; rather 16 or 18. When quick speed is required
instead of using a large wheel and very small pinion, it is better to get up
the speed by using an intermediate shaft with wheel and pinion, and the
friction will not be materially increased thereby.

POWER OF WHEEL GEARING.

Power of Wheel Gearing.—The pressure on the teeth of wheels varies
inversely as the number of revolutions and directly as the power trans-
mitted. Thus, if the same power be transmitted by two wheels at different
velocities, say one at 30 and the other at 120 revolutions, the strain on the
former will be four times that of the latter; or if one wheel transmits 10
horse-power and another 20 horse-power at the same velocity, the strain onthe
latter will be double that of the former. Again, the power transmitted bya
wheel depends upon the number of teeth in gear at one time and also upon
its velocity.

Power of Spur Wheels.—The horse-power of ‘the ordinary spur
wheels used in machinery and millwork is given in table 19, which has
been deduced from cases in practice. In cases where wheels are subject
to unusually great strains they are made of other materials than cast iron.

Good Malleable Cast-Iron Wheels have double the strength of cast-
iron wheels.

Good tough Gun-metal Wheels, have double the strength of cast-iron
wheels. i

Wrought-Iron Wheels, are three times as strong as cast-iron wheels,
when made of best iron, with the grain of the iron in the direction of the
circumference of the wheel.

Good Cast-Steel Wheels, are four times as strong as cast-iron wheels.

Shrouded Wheels, or wheels with two flanges, are from one-third to
one-half stronger, according to the form of tooth, than plain wheels.

The Power of Bevel and Mitre Wheels may be taken from
table 19, but instead of the maximum, the mean diameter and pitch must
be taken; for instance, a bevel wheel 36 inches maximum diameter, with
6 inches face, has a minimum diameter of 30 inches, the mean diameter is
therefore 33 inches, the pitch is 3 inches, but the rainimum pitch is in pro-
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portion to the diameter; thus

3 :6 305 2'5 minimum pitch, and the mean

pitch will therefore be -3-%’: 275 mean pitch, and in looking for

the horse-power in the table, it must be called 33 inches diameter x 23
inches pitch.

Power of Mortice-Wheels.—When running at a good speed, mortice-
wheels are quite as strong as iron toothed wheels, but at a low speed they
are weaker than iron wheels.

Power of Crane Gearing.—When wheels work at very low velocities
lifting heavy weights, as in cranes, the safe working load should not
exceed +%; of the breaking weight, and the strength of the teeth should be
calculated accordingly. A bar of good cast-iron 1 inch long, and 1 inch
square, loaded at the end, will break with 60co Ibs., and the tooth of a wheel
is similar to a beam loaded at one end and fixed at the other, hence the
following rule :—

To find the Breaking Strain of each Tooth in a Wheel.—Multiply
the square of the thickness of one tooth by its width, then by 6ocoo, and
divide the result by the length of tooth, the product will be the breaking
weight in lbs. of each tooth.

LExample : A crane to lift 4 tons, has a wheel 4 feet diameter, with a
barrel 12 inches diameter, measuring to the centre of the chain. The
pressure at the pitch-line of the wheel will be the weight to be lifted in lbs.,
multiplied bythe diameter of the barrel in feet, and divided bythe diameter of

8960 X 1

the wheel in feet: then = 2240 lbs. actnal strain, and suppose

*75* X 4 X 60oo
1'125

= 11,786 lbs, the breaking weight of one tooth, and if two teeth are in

gear at the same time, the breaking strain of two teeth will be 11,786 x 2

the teeth to be £ thick x 1% long x 4 inches wide, then

= 23,572 lbs,, the ratio of which to the actual strain is 22325422 = 10+ t0I5

which is ample for safety. Machinery subject to shocks from sudden
change of speed and irregular strains, must have an excess of power in the
gearing to provide against accidents. This rule for obtaining the actual
strength of teeth applies to wheels working slowly and lifting heavy weights
—the following rule is used for ordinary gearing.

Horse-Power of Gearing.—70 find the horse-power of ordinary iron-
toothed spur wheels, used in machinery and millwork. Ru/e: Multiply the
square of the pitch of the teeth in inches, by the width of face of the teeth -
in inches, multiply the product by the diameter of the wheel in feet at the
. pitch circle, and multiply that product by the number of revolutions per
minute, and divide the result by the constant number 240, the result will be
the actual or indicated horse-power which that wheel will properly transmit.

.
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CRANE GEARING.

To find the strains at the pitch-lines of a train of wheels, such as the
crane gearing shown at Fig. 27.
The power exerted by a man at the
handle of a crane, working con-
tinuously, is 15 lbs. at a velocity
of 220 feet per minute ; the strain
at the handles worked by 4 men
will be 15 X 4 = 6o lbs., and
assuming the gearing to be as
follows :—

1st pinion A, 6 inches diameter.

1st wheel B, 36, 49

2nd pinion C, 10 ,, »
2nd wheel D, 60 ,, »
3rd pinion E, 20 ,, »

3rd wheel F, 80,

Diameter of the barrel at the
centre of the chain=20 inches.

i Radius of the handles=16 inches,
60 1bs. strain at the handles X 16 radius of the handle Ib
3 inches radius of first pinion A =oaalLa:
strain at the pitch lines of wheels A and B.
320 Ibs. x 18 inches radius of first wheel B
5 inches radius of second pinion C
pitch lines of wheels C and D.
1152 lbs. X 30 inches radius of second wheel D
10 inches radius of third pinion E
pitch lines of wheels Eand F.
3456 Ibs. X 40 radius of third wheel F
10 inches radius of barrel at the centre of the chain
the chain,

13824
OF 3240
double the power, about 12} tons would be lifted by the 4 men.

Double Helical Toothed-Wheels, shown in the engraving on the next
page, possess a strong and durable form of tooth; they work smoothly and
almost noiselessly, without vibration, and the teeth always keep in the right
plane of revolution. As angular teeth of this form approach to, and
recede from each other more gradually than ordinary straight teeth, a more
perfect rolling motion is obtained. A good angle for the teeth is 30° from
the straight line or 60° from the side of the wheel, but the angle may be
varied.

= 1152 lbs. strain at the

= 3456 Ibs. strain at the

= 13824 Ibs. strain on

=6-126 tons, and as the snatch block, or running pulley, will
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The Strength of Double Helical Toothed-Wheels with teeth at
an angle of 30°, is 20 per cent. greater than the strength of ordinary toothed-
wheels of the same pitch and width.

8 BT

The Horse-power of Double Helical Toothed-Wheels, having teeth
at the above angle, may be found by this Rule. Multiply together the
square of the pitch in inches, the width of face ininches, the diameter of the
wheel at the piteh circle in feet, the number of revolutions per minute, and
divide the product by the constant number 200, the quotient will be the
actual or indicated horse-power which that wheel will properly transmit.

Frictional Gearing.—The pitch of frictional gearing varies from § inch =,
to 1 inch; the driving power is one- ;
sixth of the interpressure between the
wheels. Fig. 28 is a full size section
of teeth 1 inch pitch—which is the
pitch generally used for hoists—and
represents the exact form of tooth
found to answer best in practice for ¥
this purpose. Thickness of tooth =
$ths the pitch: width of space between the teeth = 2ths the pitch: depth of
tooth = 4ths the pitch : angle of point of tooth = 70°

Rope-Gearing. — Rope

driving-gear isused for trans-
mitting power from the fly-
wheel of engines, &c.; it is
best adapted for ‘driving
shafts which run at high and
uniform speeds, such as the
main shafts of factories.
For such purposes its cost /
is about one-third that of
belt-gearing. The ropes are 4 Fig. 25
generally made of hemp of 4% inches circumference for small powers, and

\
|
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5+ and 6} inches circumference for large powers. The slack or return
side of the rope should be at the top, and the tight or driving side at the
bottom of the pulleys. The ropes are never tightened to run straight over
the tops of the pulleys, but hang with a good sag between the pulleys.
Fig. 29 shows the form of pulley used for rope gearing. The sides of the
grooves below the centre of the rope are inclined at an angle of 45°; the
distance between the centres of the grooves isequal to from °45 to one-half
the circumference of the rope ; the distance of the centre of the rope from
the top of the pulley, and also from the bottom of the groove is Iths of the
diameter of the rope. The circumference of the smallest pulley should not
be less than thirty times the diameter of the rope. The circumferential
velocity of the flywheel may be from 3000 to 5000 feet per minute—but a
speed of 4500 feet gives, probably, the best results in practice. The shafts
should be from 30 feet to 8o feet apart. The splice of the rope should
be about 10 feet long.

Weight of Pulleys for Rope-Gearing.—The weight of cast-iron rope
pulleys—turned and finished—made to the above proportions, may be cal-
culated approximately by the following rule : Multiply the square of the
pitch of the grooves in inches by the number of grooves, and by the diameter
of the pulley in feet, and divide the last product by one of the following
constant numbers, viz., by 13 if the pulley is cast whole; or by 10if it
is split—that is, in halves and bolted together ;—and the quotient will be
the weight in cwts.

WEeiGHT oF Cast-IRoN RoPE-PULLEYs—TURNED AND FINISHED—FOR
Rores z IncHes DiameTerR.—Pitch of grooves, 2% inches; the sizes
above 8 feet diameter being in halves and bolted together.

Diameter, in feet. .1 5] 6|7 8| gfro [xx{r12z] 13| 14 15
Bore of pulley, ininches . | 5| 6| 63| 7| 8| 8} 9[10| 11| 12| 13
Number of ropes. s| 7|/ 8| 8] 9|9 |10|10| 10| 12| 14
Weight, in cwts. 15 | 26 |35 | 40| 66 [74 | 90| 99 |107|1309|173

Horse-power of Rope-Gearing.—To find the number of indicated
horse-power transmitted by rope-gearing. Rule: Multiply 8 times the
square of the circumference of one rope by the number of ropes, and
by the circumferential velocity of the driving pulley in feet per minute ; and
divide the product by 33,000.

Strength of Ropes for Rope-Gearing.—The breaking strength of
the untarred or white hemp-ropes used for rope-belts, varies from 6,400 lbs.
to 1,100 Ibs. per square inch; the average breaking strength being 8,700
Ibs, per square inch. The working strength is one-sixth of the breaking
strength or 1,450 Ibs. per square inch.
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Weight of Rope-Belts.—Rope-belts, 1% inches diameter, weigh about
3 Ibs. per yard, and rope-belts, 2 inches diameter, weigh about 4 Ibs. per
yard, the weight of the rope in lbs. per yard being approximately equal
to the square of the diameter of the rope in inches.

Friction of Rope-Belts.—The friction of a rope working in a taper
groove on a cast-iron pulley is three times greater than that of a rope
working on a cast-iron pulley without a groove. The co-efficient of friction
for arope on a cast-iron pulley without a groove being *28; that of a rope
working in a taper groove on a cast-iron pulley is ‘28 x 3 = ‘84, when the
groove is not greased. If the groove be greased the co-efficient of friction
is reduced to the extent of one-half.

WEIGHT AND HORSE-POWER OF TOOTHED WHEEL GEARING.

The weight of cast-iron toothed-wheel gearing may be found
approximately by the following rule. Multiply the number of teeth by the
square of the pitch in inches, and by the width of the face in inches;
and divide the product by one of the following constant numbers, which
will give the weight of the wheel in lbs.

22 for spur mortice wheels complete with wood teeth.

2°4 for iron toothed spur wheels.

2°6 for bevel and mitre wheels complete with wood teeth.

2°g for bevel and mitre iron toothed wheels.

The weight of cast-iron spur wheels, cast from a good set of patterns, is
given in table 19 ; the weight of cast iron bevel and mitre wheels, is one-
sixth less than the weight of cast iron spur wheels. The weight of spur and
bevel mortice wheels complete with wood teeth, is one-tenth more than
similar wheels of cast iron.

The horse-power of an ordinary spur wheel may be found by multiplying
the horse-power given in Table 19 by the number of revolutions the wheel
will make per minute.

The weight of small spur wheels, commonly called change wheels,
is given at page 299.

Machine-Moulded Wheels vary much in weight, and are usually made
unnecessarily heavy,—wheels being sold by weight, many ironfounders
make them as heavy as they can—their weight being generally from z5 to
50 per cent. heavier than pattern-moulded wheels. The weight of machine-
moulded toothed-wheels may be found approximately by adding 30 per
cent. to the weight of the pattern-moulded wheels given in Table 19, this
percentage being the average overweight of a large number of machine-
moulded wheels.

The Weight of Cast-Steel Wheel-Castings may be found by adding
11b. for every 12 lbs. weight of similar wheels of cast-iron. The Breaki.ng
strain per square inch of section of good ordinary mild-steel castings varies
from 28 to 34 tons, with from 10 to 15 per cent. elongation.
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TaBLE 19.—WEIGHT AND HORSEPOWER OF CasT-IRON SPUR-WHEELS.
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41 |2 83 7 1 13(53]2 11101 of 833 34130 8|20
4z |2 9§ 72 8({54]|3 o102 of ‘85| 3 4if13 1 16]1°24
432104 73 o553 13103 6873 513 3 10f1°26
44211 | 7322|563 23/110 o83 6140 o130
45| 2 11f| 80 20(s8}3 33111 4f|91]3 7|14 2 o134
46 |3 o3 8 1 16[60)3 ai[11 2 of-93]3 7il14 3 10|36
4713 13| 82 4613 sij1x3 6|-95]3 8150 18140
48 |3 24| 82 20(63|3 6120 of 97| 3 9ofl153 o|r4z
49|13 3| 83 6|624]3 612 x 5| °99|3 10316 0 O[1'a4
sof3 3% 90 z25[65|3 7% 122 ofror|3 11316 z ofray
51|13 43 91 15(66]3 82123 6|ro3f4 of163 o|r's0
52|3 5§ 92 10[68|3 93130 ofro5| 4 13170 14152
533 631 93 10{69]3 108131 ofro7]s 23173 ofrss
54|13 7|100 o}|70]3 11 |13 2 51094 3518 1 4|r6o
55 |3 74100 20|72 4 off13 3 8irxrfa4 43/18 2 14|1°63
5613 83101 16|73 (4 14 0 ofr'13| 4 5319 0 o|r66
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TABLE. 19 ¢con.—WEIGHT AND HORSEPOWER OF CasT-IRON SPUR-WHEELS,

PrrcH 2} IN., Face 8 In. Wine [PiTcn 24 Iv,, FAcE 9 IN. Wipe |PiTcH 3 In., FACE 10 IN. WiDE

dg Wy | S

yEd 58 g8¢

s Diameter | Weight of g%_é Diameter| Weight of %-—:_?_: Diameter| Weight of E%g
E.é of Pitch | Spur Wheel | & 551 of Pitch Spur Wheel | & 251 of Pitch | Spur Wheel | Zé
e Circle. Casting. gpla) 5 Circle, Casting. ﬁﬁ P Circle. Casting. $ey
i 5] 8 Fa

ft, in. [cwt. qr. Ib. ft. in. |ewt. qr. 1b. ft. in. [ewt. qr. Ib.

5713 9%102 4|74]4 1Z 141 ofribfs 6% 19 1 o|r6g
58 |3 10103 of 75| 4 2314 2 8|118] 4 7819 2 18|72
59 | 3 114{10 3 18| 77| 4 3314 3 10(1'20| 4 8F20 0 oOf1'75
60 )3 11311 0 10| 781 4 43(15 0 7|r'22|4 93201 Ofr'77
61)4 o111 20| 79| 4 s5¥15 1 8|124] 4 10420 2 14181
624 13{1x218]81]a 6152 g|r26]4 11% 210 o|r'84
63 |4 2% rx310|°83]4 73153 10[128]5 off2r 1 8|8y
6414 3|12016|84]4 8|16 010|130} 5 1d{21 2 16(1°g0
65| 4 3% 121 20|85})4 8161 olr32|5 2|220 oOfro3
6614 4312 2 12|°86)4 9316 2 41355 3|22 1 8|rgh
674 si123 ol 87| 4 10316 3 12|1°37]5 4 |22 2 6|rgg
6814 6123 15| 894 135/17 0 10|1°39] 5 5|23 0 Of2'02
694 7130 5{'90|5 oi17 1 g|rra0ls 6|23 1 ofz'06
704 73131 6|-92|5 13172 8lraz)s 6%l23 2 o|zog
711 4 8} 13 2 10| 93] 5 2817 3 10|1°45| 5 73|23 3 ojz'ir
72 | 4 9313 3 14| 94| 5 3|18 0 20(1°47| 5 8%l24 0 o214
7314 10|14 0 o 95]5 3318 1 20|1'49| 5 93[24 1 o217
74 | 4 104 14 0 18| 96| 5 43|18 2 22{1'51| 5 103/ 24 2 ©O|220
75 | 4 11214 1 14] '97] 5 5318 3 24|r'52| 5 11g{25 0 ©O|2'23
76 | 5 oi|14 2 10| 98} 5 63|19 1 10|1'55] 6 oO3|25 z O|2'25
7715 1+ 143 8|-99]s5 7% 19 2 20(r57] 6 13/26 0 o|2'29
785 2|150 6|ro3|s 8izoo 21|r'59] 6 23|26 2 02’32
7915 2% 15 1 olrog] s oilz20 z 24(161| 6 33|27 0 01235
80 |5 33153 4|rob|s5 10 (2r 1 4|r63]6 45|27 2 of2'38
81 |5 4i|16 0 o|roy]s 1021 2 o|r65] 6 5528 0 o241
8215 52|16 0 14|rrog| 5 11221 3 10(167| 6 6528 2 O|2'44
83|5 6|16 1 ofrio] 6 o2z 0 8|169] 6 7329 0 Ol2'47
84)s 62116 1 16|rr11| 6 1ij22 1 20|171] 6 8429 2 of2'50
85 |5 7316 3 8|r1z| 6 23223 s5|i73] 6 of300 02’54
86 |5 8il17 0 6(r14| 6 31 23 o 10|1'75] 6 103/30 2 Of2'57
8715 o9i 17 0 20|r15]| 6 4%|23 1 20(r77| 6 11 (310 © 260
88z 10 |17 1 10|r'16| 6 5 |23 2z z0|r79| 7 o |31 2z ofz62
89 |5 10317 2 161'17| 6 5% 24 0 16(181] 7 1320 O 265
go |5 113117 3 20{1'18} 6 63|24 1 20(182)7 2322 O 268
91 {6 o318 1 3|r'z0| 6 73 24 2 21{185] 7 2§33 0 02’71
92|6 1|18 2 ofr21|6 83250 10187} 7 3333 2 ©0|2'73
03| 6 2|18 z 23(1'22| 6 9% 25 1 10189 7 4§|340 O 276
94| 6 2218 3 13|1'23] 6 10}|25 2 20|91 | 7 5%{34 2 ©|2'79
9516 3ll190 olrzs| 6 11if26 o 24193) 7 6335 0 0|23
96 | 6 2319 0 18|127| 7 o |26 2 20|r95]| 7 7§(35 2 © 2'86
97| 6 sil19 1 10|28 7 ofjz7 0 olrg7]7 8360 © 2'89
9816 6|19z alrzgl7 1327 1 20{1°99] 7 9336 2 ©0|2'92
99| 6 6319 3 10|1'30] 7 2§ 27 3 1ofzro1] 7 105137 © O 2'96
o0 | 6 7; 200 0O|1'3217 3 28 2 12204 7 115{37 2 ©|3'00
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‘TABLE 19 con.—WEIGHT AND HorsEPOWER oF CasT-IRoN Spur-WHEELS,

Prrca 33 IN., FACE 11 IN. WinE.JP1TcH 33 IN., FACE 12 IN, WiDE.|PITCH 4 IN., FACE 14 IN. WiDEY
ggd EE‘; =go
5 [Diameter | Weight of %—;_E Diameter| Weight of %%_gfnmm Weight of |32 2
55 | of Pitch | Spur Wheel | & B of Pitch | Spar W & 25 of Pitch | Spur Wheel | §5
£ & | Circle. ting, | ga y] Circle. | Casting, |gafs) Circle. | Casting. |gpiy
i3] 59l §g& Sed
z o8 =8 - =
f. in. jowt. qr. Ib f in |owt. qr. Ih ft. in |cwt gr. b
1301 13| 43 20]53]x 23 53 of 731 43 9 1 20[1°26
14| 1 23 5112|5711 33 6 2 10| 78] 1 53|10 O 16136
15| 1 33 5216|611 43 72 20| 85}1 7 [1x0 ojr46
16]1 43 6 1 o] 65]1 5% 8 o0 10|81 821z o0 14|56
17]1 531 63 of 691 65 83 of 951 93130 o|1'66
181 6% 71 6f[73]1 8| 9o 8|ror|1 10f14 0 8176
19 73 73 ol 7711 9% 9 z 10|06 z oif15 0 9|86
20| 1 83| 81 8| 82|1 10}{100 oO|r'14| 2 1i{16 0 O[1.96
21 |1 o3 8 2 20| *86] 1 11§{10 2 7|19} 2 2% 16 2 o206
221103 9o 0|90l z off110 oOfr'z4]2z 4 |17 0 g|216
23 1 113| 91 0| -94]2z 1xf{1r 2 ofi'30}2z siHiy 3 o226
24| 2 o} 93 o| 98]z 2} 120 olr'35]2 618 020|235
2512 1flior 7|toz)z 3f12 2 8{rar|z 7i 19 0 ofz4s
26 | 2 2f|10 2 olrro7]z 5130 OfI47] 2 g |20 0 of2's55
272 3%103 s|riolz 6|13 2 olr'5z] 2 103f21 0 10(2°65
28 2 5|11 116|152 73 14 0 oO|1'57| 2 118} 22 0 14275
29|z 6|11 3 a|1'z0] 2 8} 14 2 g[r64] 3 Of23 0 ofz'85
301z 7120 o|i'z4| 2 9f{15 0 14|1'71] 3 2i|24 0 ©0|2'95
31{2 8 |121 o|r'28] 2 10{{15 2 20{178] 3 31|25 0 10|3°05
32| 2 9 |12 2 14|1732| 2 11316 2 01'84| 3 43[26 0 8315
33}z 10§{13 1 8|136] 3 off170 10|1'89| 3 6|27 0 0325
34 | 2 11§{13 2 21|1'40| 3 1% 17 3 10(1°94]| 3 73{28 0 19(3°35
35| 3 o3]14 0 16|1a4| 3 3|18 3 20(1°98]| 3 829 0 7(3'45
36 |3 13|14 2 18|148] 3 4 |19 2 0|203]| 3 9330 0 20(3'55
3713 23151 o|rsz|3 53200 o|2z08} 3 11 (303 0]365
3813 33153 4|1'56]3 6i202 of2'14] 4 of 31 2 0|375
3913 43(16 1 oj161}3 78210 oO|2'z0] 4 13320 0385
403 5§16 3 7|165|3 8521 2 8|2:25]| 4 10f{33 0 ©O[3'95
41| 3 6317 1 3|1'69] 3 93|22 0 of2:31| 4 4ii34 0 104705
42 | 3 738(17 3 4|173]| 3 103|22 2 o237} 4 5i[35 0 21415
4313 8318 1 of176] 3 11f{23 0 6|2:42| 4 6336 0 oOla'zs5
44 |3 93(18 3 7|181|4 1232 of248]4 8370 oOla'35
4513 103(19 1 6|1'84] 4 2}/24 o 8|254] 4 9}{38 0 15445
46 | 3 113(19 3 4|1'88| 4 3}/24 2 of2z'59| 4 10i[39 0 o455
47 |4 og{z01 7|193] 4 af|250 of265| 4 1140 0 0405
48 |4 130203 o|rgbf4 silzs 2 olz7i|s 1 (41 0 17472
4914 23211 8|z00|4 6326 0 of2:76]5 28§42 0 0482
5014 3221 3 15]2'04] 4 73(26 2 7(282] 5 3343 0 O[492
5114 4322 1 of208]4 83270 o0|289| 5 4344 O o502
52 |4 531223 9|2013| 4 off27 2 16|295] 5 6 |45 o 16/5'10
5314 63(23 1 7|2r17|4 1128 1 8|300]5 71146 0 of520
54 |4 7§23 3 8|220]5 o}28 3 20(305] 5 8%47 0 o530
55| 4 8524 1 ol2r25|5 1129 3 243115 10 [48 0 17540
56 | 4 9324 3 9|229] 5 2830 2 18(3'17] 5 11%{49 0 o550
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TaBLE 19 con.—WEIGHT AND HORSEPOWER OF CasT-IRoN Spur-WHEELS,

PrrcH 3} IN., FACE11 IN, WiDE.JP1TCH 33 IN., FACE 12 IN, WIDE.[PiTCH ¢ IN., FACE 14 IN. WiDE|
254 LER aIe
6 |Diameter| Weight of 32 2| Diameter| Weight of | 23 E| Diameter| Weight of S
g | of Pitch | Spur Wheel & £ of Pitch | Spur Wheel |& £5| of Pitch | Spur Wheel |& £33
28 Circle. Casting. zmv P Circle. Casting. ﬁm‘) P Circle, Casting. %{m i
E ilE: £ ) ZE | = §
ft. in. [cwt. gr. Ib. ft. in. |ewt. qr. Ib. ft. in. |cwt. qr. b,
5714 11 {25 1 7(2'35] 5 33/31 010|325} 6 o350 0 ol560
58 |5 o253 4[240y 5 4331 3 10(3'31| 6 15T 0 Ol570
59|5 1261 ol244]5 5532 2 14(3'35) 6 3 |52 0 12580
60]5 2 {263 o|2a8]5 63(33 3 ol340]6 43530 of590
61ls 3 (271 al252]5 7Zl34 1 ol345] 6 s5%i54 0 o600
62 |5 4327 3 5|256| 5 9134 3 19(350| 6 64|55 0 o610
63 |5 5328 1 o|2760| 5 10|35 2z 20(3'55} 6 8 |56 0 10|6°20
645 6328 3 ofz64]| 5 114{36 1 0[363] 6 9357 0 o630
65 |5 7329 0 ofz68] 6 of}36 2 24 [3768| 6 10§58 0 o640
66 |5 83293 7|272| 6 13537 3 o737 ©,|50 0 0650
6715 o301 olz76] 6 2538 1 ol378]7 1% 6o o o|6'60
68 | 5 10330 3 5(280] 6 3338 3 22(3'84| 7 23/61 0 o670
69 |5 113{31 1 ol|284) 6 4%|39 3 4l390]7 3362 0 15(6'80
70| 6 of{31 3 6|288| 6 6 |40 0 10(3796] 7 5363 0 0690
71| 6 1332 1 8|2792| 6 7 {40 3 20l401]7 6364 0 ol700
72 | 6 23/32 3 olzg6| 6 8413 olso6]7 7565 0 16(7°10
73| 6 3333 1 10[3°00] 6 o9il4z 0 olsrz]|7 8% 66 0 o|720
741 6 43|33 2z 17|3704| 6 10%|42 2 204'17| 7 10 |67 O 11|7°30
75| 6 5334 0 12|3708| 6 11|43 3 8|4'24] 7 11368 0 o740
76 1 6 6334 z 8|3'12] 7 03|44 0 10{4'30] 8 0f|69 0 20|7'50
7716 78135 0 of3'16]7 1i{a5 3 o[435|8 2|70 0 20(7°60
78 | 6 8235 2 21|3720] 7 2Z[46 2 ol4'41] 8 33[~s0 of770
79| 6 93|36 1 of324|7 4 |47 0 ol446|8 4372 0 17(780
80| 6 10336 3 24(3728] 7 s5ila7 3 olas2| 8 5373 0 0[7'90
81 |6 11337 3 ol3'32|7 6i[48 0 o[4s8]8 7474 0 o800
82 |7 o038 2 22(336| 7 7%48 2 10]4'64| 8 8§ 75 0 10[8'10
8317 13391 6{340]7 8349 012|470} 8 9gi76 1 © 8'20
84 |7 2839 2 10[345| 7 oil49 3 4l|a75| 8 10§|77 0 18[8'30
8517 4|200 10f351| 7 10550 1 6480 g o {78 0 16{837
86 |7 5 |40 2 17]3:56] 7 11350 3 18(486] 9 13|79 0 o847
8717 6ls10 of36o) 8 oifstozolsgr|g 248 1 0857
8817 7|41 2 12[364] 8 2 |51 3 20497/ 9 3 |8ro0 O 867
89 |7 8ls20 of368)8 3il523 olso3|9 4i|8z0 of877
9|7 94z z 15|372| 8 4i|s3 0 ofsog| g 6383 1 o 8.87
91 | 7 10443 1 17(376| 8 53|53 2 14(514| 9 7584 0 0897
92 | 7 115/43 3 25(3'80] 8 6354 I 10/5'200 9 9 85 2 20 9°07
93| 8 olils4s z 20(3:84] 8 7i|55 0 10(5°25| 9 10§86 3 ©[9'17
94| 8 145 1 10(388| 8 81|55 3 12(530| 9 113|187 3 20(9'27
05 | 8 23|45 2 14(392| 8 o9i{56 3 2453610 of/8g9o0 © 9_36
96 | 8 33|46 1 71396| 8 10§[57 3 ©|5'42ft0 2491 2 20 9.46
97 | 8 4%|46 3 18|s400l 9 o[58 0 ol548|to 3392 3 10 9.56
98 |8 sil47 2 24ls04| 9 13[58 2 10(554ft0 4394 2 09760
99 | 8 6248 2 20(4'08) 9 21|59 1 ol5°60]r0 6 195 3 20 9.76
10018 7ilsoo ols1s] 9 3360 0 2056610 7§97 © © 9'86
D 24
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FRICTION OF SHAFTS.

Friction of Shafts.—Friction is governed by pressure, and is inde-
pendent of surface, and the friction of a revolving body is nearly indepen-
dent of its velocity. Shafting should be made as light as possible con-
sistent with strength and stiffness, because the friction of shafts on their
bearings is directly proportional to their weight. The friction of any two
surfaces when no lubricant is interposed, is directly proportional to the
force with which they are pressed together, and is entirely independent of
the extent of surfaces in contact’; so that the power absorbed by friction
does not increase with the length of bearing. But when the surfaces in
contact are lubricated, then the amount of friction depends upon the
adhesive nature of the lubricant, and the effect will be in proportion to the
extent of the surfaces between which it is interposed. Therefore, to
diminish the power absorbed by friction as much as possible, and to secure
easy working, it is important to use the best quality of oil.

Machinery Oils.—The best lubricant for high-speed machinery under
light pressure is sperm oil ; for heavy machinery at low speeds, rape oil ;
for general machinery, olive oil ; for general light machinery, equal parts of
sperm oil and good mineral oil; for heated machinery and pistons, neatsfoot
oil mixed with tallow and plumbago.

Resistance due to Friction.—The amount of friction between two
surfaces, is found by multiplying the weight or force in Ibs. with which they
are pressed together by the co-efficient of friction in the following table.
The co-efficient of friction, means the resistance from friction, between two
surfaces, due to a pressure of 11b.

The power absorbed by Frictiom, is found by multiplying the
resistance due to friction, found by the above rule, by the space in feet
passed through by one surface upon the other.

The power absorbed by friction in footpounds, on round shafts in one
revolution, is found thus: Multiply the diameter of the shaft in inches by
*26, and by the product of the weight of the shaft by the co-efficient of
friction ; which will give the power absorbed for one revolution in foot-Ibs.

The weight of pulleys and the load due to the pull of belts must be
added to the weight of the shafting in calculating the power absorbed by
friction. Shafting 2 inches diameter, making 100 revolutions per minute
with the ordinary proportional number of pulleys upon it, but without belts
on, requires about 1 horse-power to drive it alone, for every 120 feet in length.

Horse-power absorbed by Friction on arevolving shaft with parallel
necks is found thus: Multiply the power absorbed in one revolution, found
by the last rule, by the number of revolutions per minute, and divide the
product by 33,000.

The co-efficients of Friction for ordinary shafts and shafting, under
ordinary conditions, deduced from the. experiments on friction, by the
Institution of Mechanical Engineers, are given in the following Table.
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Table 20.—FRICTION OF SHAFTING AND SHAFTS IN MOTION UPON
WELL-FITTED AND EFFICIENTLY LUBRICATED BEARINGS.

Revolutions per Minute.

Surfaces in Contact. 150

300 | 400

Coefficients of Frictjon.

| Wrought Iron on Gun Metal Bearings.
Wrought Iron on Cast Iron Bearings

Cast Iron on Cast Iron Bearings . 202 §53 "004
Cast Iron on Gun Metal Bearings .
Gun Metal on Gun Metal Bearings . .| ‘003 ‘004 ‘006

These data apply to Horizontal Shafting with Parallel Necks, The Friction
of Upright Shafting is 20 per cent. less.

The above co-efficients X the Nominal Load = Nominal Friction
Resistance per square inch of Bearing. The Nominal Load per square
inch, is the total load on the Bearing divided by the product of the diameter
in inches, and the length in inches of the Bearing.

SHAFTING.

Strain on Shafting.—Shafting is subject to two forces—twisting and
bending. The twisting force is due to the power transmitted, and increases
in proportion to the power; but decreases in proportion to the velocity.
The bending force is due to the weight of the shaft, also to the strain of
belts upon it, and the weights of pulleys and gearing. When the weight
is distributed along the length of a shaft, it only causes one-half the quantity
of deflection that it would if placed on the middle of the shaft.

Torsional Strength of Shafts.—The strength of round shafts to
resist being twisted asunder is in proportion to the cubes of their diameters,
and is independent of the length. A bar of wrought-iron of average
quality, 1 inch diameter, is twisted asunder by a weight of 8co lbs. at the
end of a lever 12 inches long, or at the pitch-line of a wheel 24 inches
diameter ; and a cast-iron shaft is twisted asunder by a weight of 450 Ibs.
applied in the same way. From these data, any other diameter can be
calculated, the strength increasing as the cube of the diameter. But the
power of a bar to resist a load is in inverse proportion to the length of
lever; thus a lever 24 inches long, only requires one-half the weight to
break a bar, that would be required with a lever 12 inches long.

Safe Torsional Strength of Shafts.—To find the safe working
strain in bs. that may be put on to the circumference of wheels and pulleys
fixed to shafts, Mr. Fairbairn’s rule is: multiply the cube of the diameter
of the shaft in inches, by 1765 for wrought iron, or by 980 for cast iron,
and divide the product by the radius of the wheel or pulley in inches. If
alever or crank is employed, use the length of the lever or crank as a
divisor in the above rule. For steel shafts, use a multiplier of 2500.
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Hollow Shafts.—To find the relative value for transmitting power of a
hollow shaft, from the cube of the outside diameter deduct the cube of the
inside diameter; the result will be the relative value of that shaft.

The Diameter of Hollow-Shafting of Whitworth’s Compressed-
Steel may be found by this rule.—Maultiply the indicated horse-power the
shaft is required to transmit by go, divide the product by the number of
revolutions per minute, and the cube root of the quotient will be the external
diameter of the shaft in inches; the infernal diameter of the shaft to be =
the external diameter of the shaft multiplied by -56.

Torsional Stiffness of Shafting.—Stiffness in shafting is more im-
portant than strength; when the length of a line of shafting does not exceed
100 feet, the tendency is greater to bend than to twist ; but a long line of
shafting of from 140 to 200 feet long is very elastic, and when driving
machinery at the extreme end, it has a great tendency to twist, so much
so, that the driving end may make nearly a revolution before the extreme
end begins to turn. A shaft that bends or yields to the strain, will take
more power to keep it in motion, than would be required by a heavier shaft,
stiff enough to resist the same strain. Consequently, when long lines of
shafting are employed, sufficient stiffness should be given to them to with-
stand the torsion at the extreme end, by making the lengths of shafting
increase in diameter towards the driving end, each length being made stiff
in proportion to the anticipated stress. A shaft may be strong enough to
resist the twisting strain, but may not be stiff enough to drive steadily
without vibration. The torsional stiffness of shafting varies as the fourth
power of the diameter divided by the length. Shafting of 5 inches diameter
and upwards, which is strong enough to resist the torsional strain, will be
stiff enough to work properly ; but, below that size, a larger shaft should be
used than is necessary to resist the torsional strain, in order to ensure proper
stiffness and steady driving power.

Rerative STRENGTH OF METALS T0 REsisT ToRsION, THAT OF WROUGHT-
IRON BEING I.

Wrought Iron . 3 .100 | Brass . L 3 27!
Cast Iron . f . . ‘g0 | Copper . i Y. b2l
CastySteel Fo& : . 195 | Tin 4 3 s P 5 15)
Gun Metal . 5 w35 || Lead'. 5 2 oL Xhe T

POWER OF SHAFTS.

Size of Crankshafts.—The size of a crankshaft should be determined
by the maximum strain it has to resist, which may be found as follows:—

1. Find the maximum of pressure on the crank exclusive of friction, thus :
multiply the area of the piston in square inches, by the pressure of steam in
Ibs. per square inch.
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2. Find the breaking strength in lbs. by multiplying the pressure on the
crank, found by the last rule, by the number of times the breaking strength
is to exceed the working strength—say 6.

3. Find the strain in lbs. due to the leverage of the crank, thus: divide
the constant number 800 for a wrought-iron crankshaft, or 450 for cast-

“iron, or 1100 for steel, by the length of the crank in feet.

4. Divide the breaking strength by the strain due to the leverage of the
crank found by the above rules, and the cube root of the quotient will be
the diameter in inches of the shaft required.

The Nominal Horse-power of shafts may be found by a modification of
Murray's Rule, thus: multiply the cube of the diameter of the shaftin inches
by the number of revolutions per minute, and divide the product by 170
for wrought-iron, or by z60 for cast-iron, or by 85 for steel.

o find the diameter of a shaft suitable for a given nominal horse-
power, multiply the horse-power by 170 for wrought-iron, or by 260 for
cast-iron, or by 85 for steel, and divide the product by the number of
revolutions per minute; the cube root of the quotient will be the diameter
of the shaft in inches.

To find the speed necessary for a given nominal horse-power, with a
given size of shaft, multiply the horse-power by 170 for wrought-iron, or
by 260 for cast-iron, or by 85 for steel, and divide the product by the cube
of the diameter of the shaft in inches: the quotient will be the number of
revolutions per minute. These rules for nominal horse-power apply to
shafts above 4 inches diameter; below that size something must be added
to the result given by the above rules, if a long shaft is employed, in
order to obtain sufficient stiffness, which is of more importance than strength
in a long shaft, and the proper]size of shaft may be found from Table 21,
which has been deduced from cases in practice.

The Nominal Horse-power of Crankshafts may be found thus:—
Multiply the nominal horse-power of ordinary shafts found by the above
rules, by 1°57 for a single engine, or by 1°11 for a pair of engines coupled
at right angles.

Power of Crane Shafts of Wrought-Iron.—When shafts work at
very slow speeds and lift heavy weights, such as crane shafts, the safe
working load should not exceed <%th of the breaking weight, and the
diameter of the shaft must be proportioned to the strain, according to the
following rule. A bar of wrought-iron, 1 inch diameter, is twisted asunder
by a weight of 8co Ibs. applied at the end of a lever 1z inches long, from
the centre of the shaft, therefore—

1. Divide the constant number 800 by the length of lever, or radius of
the wheel in feet, and the quotient will be the breaking sttain in Ibs.

2. Multiply the weight or strain on the shaft in Ibs. by 10 (the factor of
safety), and divide the product by the breaking strain, and the cube root of
the quotient will be the proper diameter in inches of the shaft of wrought-
iron,
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TasLE 21.—NomiNAL HoORSE-POWER oF WRouGHT-IRON, Cast-IRON,
AND STEEL SHAFTS.

WrouGHT- | CAsT-IRON STEEL WRrouGHT- | CasT-IRON STEEL
IRON SHAFT.] SHAFT. SHAFT. IRON SHAFT.| SHAFT. SHAFT,

Di?mﬁt:r Di;}u:;:er - —

of the . . 0 O B . o

Shaltin |y o o ower Horse Fower| SBa8 18 0N on o v Bower Hove Bowe]
at one at one at one at one at one at one

Revolution | Revolution | Revolution Revolution | Revolution | Revolution

per Minute. | per Minute. | per Minute. per Minute, | per Minute. | per Minute.
1 ‘001 *0006 *'002 4 ‘34 ‘21 ‘51
1k ‘002 ‘001 *003 4r ‘44 *29 66
1r *'003 ‘002 *005 43 56 *36 ‘84
13 004 *003 006 43 04 41 96
I 006 *004 ‘009 5 73 ‘47 1°09
1% ‘009 *006 ‘013 5% 85 '54 127
13 ‘013 ‘008 ‘019 5% ‘97 62 145
23 ‘016 ‘010 ‘024 6 127 81 191
2 ‘021 ‘013 *031 63 161 103 2°41
3 ‘027 ‘017 "041 7 20 1°28 3°01
2z § 235 ‘024 ‘052 73 HE 1°56 364
2§ *046 ‘029 *069 8 30 1'92 451
23 "053 034 | ‘079 9 v 2’71 6'33
2 066 ‘042 *099 10 5-88 385 8:82
2 077 ‘049 ‘115 11 7:83 5°03 1174
27 "095 ‘061 ‘142 12 10°16 653 15°24
3 I ‘07 ‘160 13 12°91 8:28 19°36
3 ‘14 ‘09 *21 14 | 1614 | 1037 | 2461
3% 16 P ‘24 15 19'85 12°76 2977
3% ‘19 12 ‘28 16 | 24009 | 1548 | 36713
3% ‘22 ‘13 ‘32 17 289 1857 | 42'13
3% °28 217 ‘AT 18 | 343 22'05 | 5142

To find the nominal horse-power of a shaft, multiply the horse-
power given in this table by the nnmber of revolutions per minute at
which the required shaft is to work. This table applies to all shafting and
shafts, except crane shafts and crank shafts.

Actual or Indicated Horse-power of Shafts.—The actual or indi-
cated horse-power, which a shaft is capable of properly transmitting, may
in a géneral way, be taken at from 60 to 100 per cent. more than the
nominal horse-power found from the above Table.

Distance between the Bearings of Shafting.—The distance be-
tween the bearings, should be arranged to suit the load to be carried, butin
a general way, the distance between the bearings of shafting carrying its
own weight only, and also of shafting carrying the usual proportion of
pulleys or gearing, may be according to the table No. 22. Couplings and
gearing to be fixed close to bearings. :
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Pressure on the Necks, or Journals of Shafts.—The pressure
on the necks of shafts, should not exceed 350 1bs. per square inch, measured
on the surface or circumference, for necks of ordinary length ; for extra
long necks, it may in unavoidable cases be from 500 to 600 Ibs. per square
inch. Should the pressure exceed the latter amount, the surfaces of the
neck and bushes will be brought into such close contact, that the surfaces
cannot properly retain oil, and the bearings will be liable to heat and cut.

Corners of Shaft-Necks.—The corners of necks of shafts should
always be rounded, because square corners reduce the strength of the neck

-to resist strains, to the extent of one-fifth.

Actual Horse-power of Shafts.—To find the actual horse-power of
a shaft, multiply the load by the distance in feet, through which it travels in
one minute, and divide the product by 33,000.

7o find the load, multiply the constant number 800 for wrought-iron, or
450 for cast-iron, or 1100 for steel, by the cube of the diameter of the shaft,
in inches, and the product will be the breaking weight in Ibs., which divide
by 6 (the factor of safety) : the result gives the safe working load in lbs. #

To find the distance through whick the load travels, multiply the
circumference of the pitch circle of a wheel, or the circumference of a
pulley, or circle described by a lever or crank, in feet, by the number of
revolutions per minute.

Crank Shafts of Engines.—A crank shaft has to resist a varying
strain, and its strength must be in proportion to the maximum strain
upon it.

The average pressure upon a crank,is found thus: multiply the pressure
upon the piston, by the distance through which it travels in making a double
stroke, and divide the product by the distance through which the crankpin
travels in the same time. The distance the piston travels equals twice the
diameter of the circle described by the crankpin ; the distance the crank
travels is 3°1416 times the diameter of the circle described by the crank-

pin ; therefore, the mean strain on the piston = 1'-'24—'5 = 1’57 times the

driving pressure upon the crankpin. The power exerted by the piston,
varies with every change of position of the crank, but the varying strain on
the crankshaft is equalised by the fly-wheel. But, that part of the crank-
shaft between the crank and the fly-wheel, has a greater strain upon it in
the ratio of 1°57 to 1 than the part of the shaft behind the flywheel.

The Speed of Shafting for driving machine-tools and general
machinery is usually from 9& to 100 revolutions per minute, anfl for
driving wood-working machinery it is generally 240 revolutions per minute.

Hire of Steam Power.—The price charged for the hire of steam
power and use of shafting is usually £12, per indicated horse power per
annum.—The price charged for the hire of a portable engine is usually £18,
per nominal horse power per annum.
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CAST-IRON COUPLINGS FOR SHAFTS.

Cast-Iron Flange-Couplings, Fig. 30.—In order to keep the shafts
in line with each other, the end of one shaft projects from one half-coupling
to a length equal to } the thickness of one flange, and enters the other half-

/////\*

&f_

Fig. 30. Fig. 31

coupling. Each half-coupling is keyed on with a sunk key, and after-
wards turned true in its place. The bolt-heads and nuts are sometimes
counter-sunk, in which cases the flanges must be made proportionally
thicker.

Table 24.—PrororTIONS OF Cast-IRON FrANGE-COUPLINGS.

k] w88 1%5,.8.1% |4
Diameter | Diameter |Thick Eg .: g'g Z"E %% 3 g c @ R Weight of
of of |ofeach | 88| Bim | 29SA| ¥3 | 2% Coupling
Shaft. | Flange. | Flange. | 5= | §82 | 8525 57 | 5% |widel D Gl
Q ._]ﬁﬁ Q E Q z 1de. eep.| witl olts.
Inches. Inches. | Inches. | Inch. | Inches. | Inches. | Inch. Inch. | Inch. |cwt. gr. 1b.
13 7 5| 3| =% 5| 3| 3| 75| e |0 ©23
13 74| 33 2 si| 4] 3 & |o 110
2 8| 11 4| 2% 6 £| 4 + |lo 1 26
22 | o | x| wd A | 7| E] s 110 218
23 10 14 5| 23 Do e I 5 (o 3 12
23 10} | 1% Nz 8- |1 4| 2150 3 25
3 11} | 14 OE|EY 3 8% | 1 4] §|5 |1 o013
i 13 13 71 3% 10 |1 ol W e S e e
4 143 | 13 8{ 32 el 6| k| ‘% 2 ola0
4% 16 1L 9| 4% 13 (3] 611|%8 |2 2 9
s | wrg| 2 |tof 6 | w |id| 6|d| 1]z 3
6 208 | 2% | 12| 5% 163 1% 6|12 | $ 13 214
7 23 28 | 14| 6 18 13| 6]1%| %2 |4 o118

L
Muff or Solid Cast-Iron Couplings, Fig. 31.—For best work, the
ends of the shafts should be swelled and joined together with a half-lap
joint, which takes the driving strain. Taper of joint, 1 inch per foot. A
hollow key, is used to key on the coupling.
L
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Table 25.—PrororTioNs oF Murr-COUPLINGS, FOR SHAFTS WiTH HALF-

Lap JoinT.
5 a ;. Kevway.

P e g | mps i | Lo | i
Shaft. Swell. Swell. Lap. |Coupling. Couplmg.i Width. | Depth. upling.
Inches. | Inches. | Inches. | Inches. ’ Inches, | Inches. | Inches. | Inches. |[cwt. gr. Ib.

13 2| 3§ | 1§ 5 7 Ee e ORS O RN GE
1 3 43 | I3 53| 8 el o St
2 33| 4%| 12 6 SIS <2 b S
23 33| 53| 2 63| o [ = o 1 25
23 4 58| 2% 73 | IO 1 o 2 22
23 43 6% 23 8 11 13 o Mg
3 43 6% 23 9 12 13 1.3 g
33 51 7+ | 3 10 13 I 3'+h a8
4 6 8 33 11 14 I 2% o =2l
43 63 8% | 4 12 15 I AL a e
5 7t 9 41 13 16 1 ST
6 9 k| 5 16 18 2 5 2 18
7 10} | 12 6 18 21 2 7.3 18

Muff-Couplings for Shafts with Butt-Ends, Fig. 32.—Where price
is an object, muff-couplings are used with shafts without swells, and the
ends of the shafts butt together, instead of being half-lapped.

Table 26.—Murr-CouprLINGS FOR SHAFTS WiTH BurT-ENDS.

KeEvywav.
Diameter of | Diameter | Length of Weight of
the Shaft. | of Coupling. | Coupling. Coupling.
Width. I Depth.
lnc}z‘s. Inchcls. Inches. Inches. | Inches. ; cwt. qr. lb.
I3 43 63 w| T © o 17
13 5 : 73 % o o 21
2 5% 7% | e e
21{ 51 8% i ORSiTa=173
23 73 9% 5| o 2 6
3 1 5
23 6§ 9% % | o 2 14
5, 7 | 1o % | o 310
3z 8 12 1 B (Bl 1 oW
4 9 133 % 4 Ta 28O
43 93 uy | 14 o (R L
5 10% 153 1 = ZEFG W17
6 12 18 I $ BRNE T
1
L 7 13 197 |t Hlas 1 o ;
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Cast-Iron Claw-Coupling, Fig. 33.—This is a very strong coupling,

| ©

Fig. 32. Fig 33.

and is suitable for heavy work ; it can alsobe constructed as a disengaging
coupling.

Table 27.—PrororTIONS OF CasT-IRON Craw-CoUPLINGS.

EXTRA LENGTH TO
BE ADDED TO
ONE-HALF OF THE

Length | _COUPLING wHEN S1zE oF

Diameter . i,
ofshatt | Qutide | 1y, fof Flange Digmctr | ol Boss 17 USRS, 008

where | Diameter of t! von.

Coupling | of Claw. of Claw. atRb:ceka:f Boss, the Courrine,

is fitted. Flange.

Thlckne |
Width of |
Width. | Depth.
Groove. | &0 4

Inches. | Inches. | Inches, | Inches. | Inches. | Inches, | Inches. | Inches. | Inches.| Inches.
1 ) 3 2 s

3 2 | & Si 2 I3 8 16
4 10 25 I 7% 2% 15 1 1 H
5 | 12| 3 15 3 (3 2 oI5|
b6 15 3 2 I3 | 3% 2} T 1 2
7 | wE| 4 2§ | 133 | 4 2 | 13 | 19| ¢
8 20 4 23 143 | 43 2§ I 2 ot
9 225 | '5 3 165 | 5 2 1 2 3
10 25 6 3§ 18% 5% 2 I 2 2
11 275 | 6 33 205 | 6 2 1% 23 %

12 BONY 7 4‘1 21 63 3 2 3 1

13 | 323 8 4o [ME23 N 5578 e[ E02 5 s L
14 | 35 | 8 43 | 25 | 7k | 3t | % |3 N%
15 | 37| 9 5 27 | 8 35 | 23 |3 |1

The Dynamometer or Friction Brake is used for testing the power of an
engine, and consists of a horizontal lever having at one end, a strap of
iron lined with wood,—which embraces a pulley keyed on the engine
shaft—and at the other end a suspended scale for weights. If the
reputed power of the engine is known, a weight corresponding to that power
is placed in the scale, and after the engine is started, the strap is gradually

tightened, and the wood is drawn tightly against the surface of the pulley,—
2
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which is kept cool by a stream of water. When the engine is running atits
proper speed, with the correct pressure of steam,.the lever will be raised
slightly above its horizontal position ; if the lever be raised considerably, the
power will be in excess of the calculated power, and the weight in the scale
must be increased so as to obtain the maximum power.

To find the Dynamometrical horse power. Rule: Multiply the circum-
ference in feet described by the lever, by the number of revolutions per
minute and by the weight suspended, in lbs., and divide the product by
33,000.

To find what weight must be used to test an Engine. Rule: Multiply
the horse power by 33,000, and divide by the product of the circumference -
in feet described by the lever, multiplied by the number of revolutions.-
The weight of the lever must either be balanced, or provided for in the
calculation.

Table 28.-——PrororTiONs oF KEYSs FoR WHEELS, ETC.

|
Size oF Kev. Size or KEv.
Di Depth | Depth Di Depth Depth
o‘!‘gi;:“;‘ ; sunk in | sunk in oi!‘Sli;:f:‘ 3 sunk in | sunk in
Breaditi 12::5 Shaft. | Wheel, Breadth. 1;&::5- Shaft. | Wheel.
Inches. Inch. Inch. Inch. Inch, Inches. | Inches, | Inches. Inch. Inches.
5 1 L Dol e 1 z 3 s
] 8 16 16 3% 8 16 16
3 tl 3 a 1 1 1 1
1§ Lu 153 115 18 :2‘
R R b T i
" % 3
1 16 L 16 18 4 X s
1 555 2 Ao 3 4_1. I L
180 % 16 135 2
R I s 0 U gk IR 1
Iy 8 15 1 Ts 53| I 4
3
o I ol T I N B
5
1 w1 y 5 63| 1 § el
I 3 Ts Ts 7o 1
Ig 15 3 -% 75 2 1
2 g 3 + 81 2 13
2g g T SININN2 1
23 g 3 i 91 2 13 3
Zy 3 3 1 98 | 2 s % ¢
2z 7 15 o5 Io1 2 13 & ¥
F 5
- g e A B el B B
¢ e Ml 0 I R R R
2 3 15 5 115 3§ 1 o 1
3 5 ] = o5 12 3% Iy o 1

Note,—The depth §unk.in the shaft or wheel is measured at the side of the key.
When keys are made with gib-heads, the depth and length of the gib-head should each
be equal to the thickness of the key. Taper of keys, & inch per foot in length.
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PLUMMER-BLOCKS.
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Wall-Plates for Plummer-Blocks should equal, in length, 7 times
the diameter of the neck ; in thickness = diameter of neck multiplied by °4 ;
in width = twice the diameter of neck, and the centres of the holding down
bolts in same should = 5} times the diameter of the neck. Depth of boss
for bolt-holes, and also the depth of the joggles for holding the wedge,
should = three-fourths of the thickness of base of plummer-block.

DIAMETER AND SPEED OF PULLEYS FOR BELTS.

To find the speed of the driving pulley, multiply the diameter in
inches of the driven pulley, by the number of revolutions it makes per
minute, and divide the product by the diameter in inches of the driving
pulley.

To find the speed of the driven pulley, multiply the diameter in
inches of the driving pulley, by the number of revolutions it makes per
minute, and divide the product by the diameter in inches of the driven
pulley.

To find the final speed of a train of pulleys, multiply the number of
revolutions per minute of the first driving pulley, by the product of the
diameters of the driving pulleys, and divide the result by the product of the
diameters of the driven pulleys.

To find the diameter of the driving pulley, multiply the diameter
in inches of the driven pulley, by the number of revolutions it makes
per minute, and divide the product by the number of revolutions of the
driving pulley.

To find the diameter of the driven pulley, multiply the diameter
in inches of the driving pulley by the number of revolutions it makes
per minute, and divide the product by the number of revolutions of the
driven pulley.

To find the diameters of two pulleys, when the speeds of the driving
and driven shafts are given: divide the speed of the driven shaft by the °
speed of the driving shaft, which will give the ratio of their speeds, and the
diameters of the pulleys must be in the same ratio.

Friction-Cone Keys, for fixing pulleys on shafting, are used for
pulleys not made in halves, which require to be passed over swells on
shafting. They are also fitted to split pulleys in cases where they have to
fit different sizes of shafts. A cast-iron cone is turned to a taper of § inch
in diameter per foot in length, and the pulley is bored to suit it. The cone
is split after being turned, into three pieces. The minimum thickness of
metal at the small end of the cone, should be £ inch.

Strain on Bearings due to Pulleys and Pull of Belts.—The
gross weight of shafting per foot in length, including the weight of the
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pulleys, and the load due to the pull of the belts, is equal to about two and
one-half times the weight per foot in length, of the shafting.

. PULLEYS FOR BELTS.

Proportions of Pulleys.—The arms of pulleys are mostly made
straight, and when made according to the proportions in the following
table, they will not break from contraction in casting ; the diameter of boss
varies with the diameter of the pulley as well as with the diameter of shaft;
the proper size is given in the following table.

Number and Shape of Arms.—Pulleys up to 17 inches diameter
should have 4 arms; and from 18 inches to 8 feet, 6 arms; and above
that size, 8 arms. The section of the arm should be of oval shape, struck
from a radius equal to § the width of arm, and the edges should be rounded
off instead of left sharp.

Round Face of Pulleys.—When a belt is to work constantly in one
position on the face of a pulley, the face should be rounded to the extent
of § inch per foot of the width of the rim. But when the belt is to be
shifted along the face of the pulley to drive fast and loose pulleys, the face
should be turned flat.

The Width of Face of a pulley should be about one-fourth more than
the width of the belt it has to carry.

Pulleys with Curved Arms.—Fig. 34 shows the way to project the
curved arm of a pulley. Draw the horizontal centre-line, A B, and from it,

A /J\

o |

.

Fig. 34.

with a radius of 1th the diameter of the pulley, draw the centre-line of the
arm for the bottom curve. From the point where the said radius is struck,
draw a vertical line, and on that line, with a radius of ith the diameter of
the pulley, draw the centre-line of the arm for the top curve. The
dimensions of the arm can be taken from Table zg.
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WEIGHT OF PULLEYS AND RIGGERS FOR BELTS.
Table 31.—WE16HT oF CasT-IRoN PurrEy Casrtines, BoTH WHOLE, AND

SpLIT, THAT 1S IN HALVES, BOLTED TOGETHER,

Split.

M940m54ﬂ| m7300l3(¢84 O m 0%606406900243452840640480080“0
-

- RS R ]
32[0323l320[3213131201130123022003210

2 018
2
I
3
2
3
3
o
3
3
2
I
o
2
2
02

-
N
22222122123223223233224.23433534635657858968m79“9"nv"_..ham

WEIGHT,

Whole,

0450802064006000520544486400!38..382530623000003706000
= ) N o

2 24
2 02

-3
3[0!]22133200200321.0-l2.l32203301023[220]220123002200]2
-

222I12112!23123-12322322323424534546757858968m8mmmmn4w
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Belt-Pulleys or Riggers.—The preceding table gives the weight of
pulley castings, cast from a good set of patterns. The rims of main driving

Yl i,

Fig. 35

pulleys, may be strengthened without materially increasing the weight, by .
casting a rib about £ inch square, round the edge of the inside of the rim,
like Fig. 35.

The weight of turned pulleys. may be found by deducting 12 Ibs. for
every cwt. in weight of the casting, which is the average reduction in
weight due to turning and boring the same.

POWER OF BELTS.

The motion transmitted by a belt, is maintained solely by the frictional
adhesion of the belt to the surface of the pulleys. Belts will not communi-
cate motion with precision, on account of their liability to slip on the
pulleys. When one pulley is larger than the other, an open belt will slip on
the smallest one first, becanse the arc of contact is smaller ; but if the belt be
crossed, the arc of contact will be ‘the same, whatever the diameter of the
pulleys may be. A belt will always climb to the highest point of a pulley,
and the position it takes upon a driven pulley, is determined by the side
of the belt which moves.towards the pulley.

A long horizontal belt increases the tension and arc of contact, by its
own weight forming a curve between the pulleys, therefore it should drive
from thé under side,then the slack side is on the top and drops between the
pulleys. A belt running on a pulley on a vertical shaft requires to be
stretched very tightly overjthe pulleys, because its weight lessens its contact,
and it should therefore be made broader than a honzontal belt.

The wprhng tension of leather belts should not exceed 330 lbs. per
square inch of the section of the belt. The adhesive grip of a belt, is the
same on castiiron pulleys whether they are turned or not, but it is greater
" on a wooden than on a cast-iron pulley.

The strain in lbs. upon the driving side of a belt, due to the power
transmitted, independent of the initial tension producing adhesion between
the pulley and the belt, is found thus: Multiply the number of the horse-
power by 33,000, and divide the product by the velocity of the pulley in
feet per minute. The velocity is found by multiplying. the circumference
of the pulley in feet by the number of revolutions per minute. e

The Actual Horse-power of a Belt is found thus.—Multiply the force
in Ibs. transmitted to the surface of the pulley, by its velocity in feet per
minute, and divide the result by 33,000.
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The Nominal Horse-power of Single Leather Belts is found thus:
—Multiply the diameter of the pulley in inches, by the width of belt in
inches, and multiply the product by the number of revolutions per minute,
then divide by the constant number due to the arc of contact of the belt,
which is given in the following table. G

To find the Width of a Single Leather Belt.—Multiply the nominal
horse-power, by the constant number due to the arc of contact of the belt,
and divide by the product of the number of revolutions per minute, and the
diameter of the pulley in inches.

Table 32.—MULTIPLIERS FOR THE ABOVE RULES FOR THE HORSE-POWER
oF SINGLE LEATHER BELTS.

Portion of the circumference of |
the pulley in contact with the

belt 1 3 H § i
Constant multlpher or divisor for

the above rules . g . .| 5715 | 4737 | 4000 | 3590 | 3297 |
x

The arc of contact, of the smaller of two pulleys, must be taken in
calculating belts, when an open one is employed, but when a cross belt -
is employed, the arc of contact will be the same for both pulleys, and the
arc of contact; of either of them may be taken,

Double Belts.—A double leather belt will drive double the power of a
single one, and consequently it only requires to be one-half the width of a
single belt, to drive the same power. ]

Table 33.—WEIGHT IN LBS. OF 100 FEET IN LENGTH OF SINGLE AND
DousLE LEATHER BELTING.

Width of Belr, ) ! g |
Inches. i a| 24 3| 33 4| 4 s Bl 7 8 9| | 1] 12, 14| 26

Strong, Ibs.. | 14 | 19 [ 25| 31 | 38 | 43 [ 50| 54| 67| 78| x00 ] 110 | 130 | 140 | 260 | 200 | —
Medium, Ibs, | 12 | 17 | 23 | 29 35,40 47 | st 64 74| 94| 100|120 | 130 | 150 | 3180 | —
Strong, lbs.. { 30 | 35 -46 59 70 80 | go | zoo | 110 | 150 | 175 | 200 | 230 ) 260 | 280 | 340 | 3

Double  Belt, 3
Medium, Ibs. | 24 { 30 | 40 [ 53! 64 | 74 | 84| 93| 103 | 142 | 265 | 190 { 220 | 250 | 270 | 325 | 3

e ¥

The safe working tension of Leather Belting is 20 lbs. per inch in
width, for each one-sixteenth of an inch in thickness of the belt, or 40 lbs.
per inch in width, for each one-eighth of an inch in thickness.

The Breaking Strain per square inch of section, of best

quality leather belting is . 4 . 3,360 Ibs.
* The breaking strain, per square inch of sectlon, of best quahty
stout stitched cotton belting is . 5 2 5 . 6,800 lbs,

The breaking strain, per square inch of sectlon, of best quality
stout solid-woven cotton belting is . 3 . . . 10,420 lbs.
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The belts for use in wet or damp piaces are :— Ibs.
Waterproof Linen Belting—4 ply—Breaking strength per square in. 12,000
India-rubber Belting—4 ply, % inch thick, with canvas layers—

Breaking Strain per square inch . . 1,020

The strengths of belting only refer to new be]ts of best quahty

The Co-efficients of Friction for Belts and Ropes, from the
experiments of M. Morin are as follows :—

For new belts on wooden pulleys . o . . 250
For leather belts in ordinary condition on wooden pulleys . . 47
For belts in ordmary condition on cast-iron pulleys, either turned or

not 2 5 0 : o ° « 28
For wet belts on cast-iron pulleys . 2 o 5 o .. 2
For hemp-ropes on wooden pulleys . . c : 3 S . 50

A rope when wound round a Barrel with a rough surface, offers very
great frictional resistance to sliding, the resistance being the following
number of times greater than the pull at the slack end : viz.—

24 when the rope is wound once round the barrel.
111 when the rope is wound 1} times round the barrel.
535 » ” 2 ”» »

2575 »” 2” 2% ” »”

Transmission of Power to Long Distances.—Power may be
efficiently transmitted to long distances by M. Hirn’s system of flexible
wire-rope gearing. The wire-ropes are from $ to 1 inch diameter, and
consist of a number of strands of iron wire, wound round a core of hemp,
each strand consisting of 6 or more fine wires wound round a coreof hemp.
The wire rope runs at a speed of about 60 feet per second, on grooved
pulleys of from 12 to 15 feet diameter; the bottom of the groove is round
in shape and is composed of willow wood, sunk into the casting of the
pulley. Thedistance between the pulleys should not be less than 70 yards,—
because short wire ropes do not run steadily in working—and it may be
any reasonably greater distance, guide pulleys—spaced about 70 yards
apart—being used to support the rope in long distances. The rope rests
upon the bottom of the groove, clear of the sides; the following are good
proportions for the groove, viz. : Depth of groove from where the rope rests
to the top of the rim of the pulley = 21 times the diameter of the rope:
Width of groove at the top = 4 times the diameter of the rope: Radius of
the bottom of the groove on which the rope rests = the diameter of the
rope : Thickness of wood at the bottom of the groove = the diameter of the
rope : Weight of the rope in Ibs. per yard, in length = four times the square
of the diameter of the wire-rope, in inches. )

Horse-power of Wire-rope Gearing.—To find the number of indicated
horse-power transmitted by wire-rope gearing. Rule : Multiply the strain
in Ibs. at the circumference of the pulley, by the velocity of the rope in feet
per second, and divide the product by 550. The strain in lbs. at the
circumference of the pulley is equal to 550 times the horse power divided by
the velocity of the rope, in feet, per second.









SECTION 1IV.

—_—

STEAM BOILERS, SAFETY VALVES,
FACTORY CHIMNEYS, &c.

STEAM BOILERS.

Effect of Heat upon Water.—When heat is first applied under a
boiler, the material of the boiler absorbs and transfers the heat to the
water, which causes the water to circulate. The water at the bottom
becomes heated first and expands, and being lighter than the rest, is forced
upwards by the greater density of the colder water above it, and a current
of colder water descends and takes its place, and in turn becomes heated ;
afterwards the particles of water expand, and form themselvesinto bubbles
of steam (that is, the heat becomes enclosed in films of water), and gradually
ascend until they are robbed of their heat by the colder water, which they
come in contact with in their ascent; then they condense and disappear.
When the water becomes uniformly heated, the bubbles increase in size and
number, and ascend higher as the heat increases, until the temperature of
the whole reaches 212° Fahr., when the water will boil, and all subsequent
additions of heat, will be carried off by the water in the form of steam.
This is called convection, and is the only way water can be heated, as,
being a bad conductor of heat, water cannot be heated by conduction.

Fresh water boils under atmospheric pressure at z12° F., and one cubic
inch produces about one cubic foot.of steam, equal in pressure to that of
the atmosphere, or 14°7 Ibs, per square inch, and until this point is reached
steam will not rush into the atmosphere ; therefore, unless the pressure of
the atmosphere is removed, only pressures above 15 lbs. are available for
performing work. The boiling point is always constant for the same
liquid under the same conditions; but foreign substances, held in solution
with it, considerably affect it. The boiling point rises in a closed vessel,
as the pressure of the steam increases, because the tension of the vapour
has to overcome a greater pressure, before it can escape from the water;
but the temperature of steam is always the same as the water, which
produced and is in contact with it, and there is a fixed temperature and
density, to each pressure of steam when in contact with water.

The Expansive Force of Steam is nearly inversely as the volume;
thus, if steam at 15 Ibs. pressure occupies one cubic foot, the same quantity
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at 30 Ibs. pressure would only occupy about half a cubic foot. Steam
contains about 5 times as much heat as water; at atmospheric pressure,
steam is 1,700 times the volume of the water which produced it.

The Elastic or Mechanical Force of Steam increases in 2 much
greater ratio than its temperature; thus, at 212° its force is, in round
numbers, 15 Ibs. per square inch, but if its temperature be raised to 283°
the force is 52 lbs. As small additions of heat produce a rapid increase
of force, so small abstractions of heat rapidly reduce the elastic force.

Saturated Steam.—When steam is in contact with the water from
which it was generated, it is called saturated steam.

Superheated Steam.—When steam is isolated from the water which
produced it, and further heat is applied to it, it is called superheated or
gaseous steam, because its temperature is raised above that of saturation.
The extra heat thus applied to the steam is sensible heat, and it increases
the volume of the steam in proportion to the increase of the absolute tem-
perature. The object of superheating is to dry the steam, to prevent partial
condensation in the cylinder; but only sufficient extra heat should be im-
parted to it, to barely dry the steam, because a little moisture is necessary
in the steam to lubricate and reduce the friction of the surfaces, and to
prevent the packing becoming charred. Superheated steam is usually
produced by means of a superheater, composed of tubes, placed between the
boiler and the chimney, and heated by the waste products of combustion ;
the steam passes through the superheater before entering the cylinder.

Combustion of Coal and the Evaporative Power of Fuels.—
The total heat per Ib, of coal may be expressed in units of evaporation, a
unit of evaporation being the quantity of heat required to convert 1 1b. of
water of 212°into steam at the same temperature ; or in units of heat, a
unit of heat being the quantity required to raise the temperature of 1 Ib. of
water 1° Coal is composed of carbon,—1 Ib. of which yields 14,500 units
of heat, and of hydrogen,—1 Ib. of which yields 62,032 units of heat, and
of sulphur,—1 lb. of which yields 4,032 units of heat. From the results of
Government experiments on 98 samples of coal, the average composition
was deduced by Mr. D. K. Clark, as follows :—

Carbon . ‘80 or 8o percent. | Sulphur ™7 ‘o125 or 1} per cent.
Hydrogen . ‘05 or ;5 5 Oxygen . 08 or 8 »
Nitrogen . ‘o1z or 1} 5 Ash . e ey, Lol o
From this we find that the total heat of combustion of coal is :—
Units of heaf
Carbon, 14,500, multiplied by *80 = . A 3 £ 11?600 L
. *
Hydrogen, 62,032, multiplied by ('05 — -985) =k A2 481
Sulphur, 4,032, multiplied by ‘o125 = . 3 h i 50
Total . 5 3 % . o b T, 100

. * A portion of the hydrogen combines with the oxygen and forms water, and a deduc-
tion from the hydrogen of a quantity equal to § of the oxygen must be made to provide
for this condition.
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By dividing this quantity by the units of heat required to convert 1 Ib. of
water of 212° into steam of the same temperature (14,131+966), we have
14°63 units of evaporation, or 14°63 Ibs. evaporated from and at 212°,

Coke contains ‘86 carbon, but no hydrogen or oxygen, and yields (14,500
multiplied by ‘86)=12,470 units of heat.

Wood, when dry, contains 50 carbon, and the hydrogen and oxygen
combine without yielding heat; and yields (14,500 multiplied by *50) =
7,250 units of heat per lb.

Peat contains about one-third more units of heat than wood. These are
the maximum heating powers of the above combustibles, for which at
least 10 per cent, must be deducted for imperfect combustion. In prac-
tice it is impossible to utilize all the available heat, and it is distributed as
follows :—

Heat lost by radiation—10 per cent.

Heat lost by ashes falling unburnt through the fire bars—10 per cent.

Heat lost by gases escaping at a high temperature to the chimney—zo0
per cent,

Heat used in producing steam in internally fired boilers—60 per cent.

In externally fired boilers the loss is 10 per cent. greater.

The average evaporative power, of different kinds of fuels, is as
follows :—

1 1b. good coal will evaporate g Ibs. water which has been raised to 212°

% Ib. of petrolenum—Ditto. ditto, ditto.
2 Ib. of dry peat—Ditto. ditto. ditto.
23 bs. of dry wood—Ditto. ditto. ditto.
31 lbs. of cotton stalks—Ditto. ditto. ditto.
3% 1bs. of brushwood—Ditto. ditto. ditto,
3% Ibs. of wheat or barley straw—Ditto. ditto. ditto.
4 Ibs. of megass or sugar cane refuse—Ditto.  ditto. ditto.

The consumption of coal per indicated horse-power per hour, in first-
class compound condensing engines, is from 1§ to 2 lbs.; in single cylinder
condensing engines, 23 to 3 Ibs.; in locomotives, z3 lbs.; and in high
pressure non-condensing engines, 3 to 4 lbs.

CYLINDRICAL STEAM BOILERS.*

Boiler-Shells.—The resistance of a boiler-shell to internal pressure,
varies inversely as the diameter. A shell 2 feet diameter, will bear double
the internal pressure of one 4 feet diameter, the thickness being the same in

* The Author is indebted for some information on steam boilers to Mr. Robert
Wilson’s excellent work on Steam Boilers, and to the Reports of the Manchester Steam

Users’ Association, by Mr. Lavington E. Fletcher.
Y
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both cases. The resistance of the plates varies as their thickness. A shell
of % inch thickness, will bear double the pressure of one § inch thickness,
the diameter of the shell being the same in both cases. The thickness of the
plates should be in proportion to the diameter of shell. A shell of 6 feet
diameter, will require plates double the thickness of one 3 feet diameter,
to resist the same pressure. The pressure of steam being equal in all
directions, the pressure inside the shell of a boiler, acts uniformly all round
its circumference, and tends to maintain its form perfectly circular, and also
to restore any departure of its shape from a true circle. The shell cannot,
however, be made perfectly circular, owing to the plates overlapping each
other at the longitudinal seams, but the amount of deviation caused thereby,
is so small that it need not be taken into consideration. The circum-
ferential strain, being the greatest from the pressure inside the shell,
the plates should be placed lengthways round the circumference, that
is, the fibre of the iron should run round the circumference, because
the plates are strongest in the direction in which they were rolled. The
longitudinal seams should not be in line from end to end, but they should
break joint, thereby considerably increasing the strength of the shell, and
the longitudinal seams should be placed away from the centre line, along
the top and bottom of the boiler. The transverse joints, requiring only half
the strength of the longitudinal seams, only require to be single-riveted ; but
the longitudinal seams should be double-riveted. !

Longitudinal Strain on Boiler-Shells.—The strain inside'a boiler-
shell, tending to rupture it longitudinaily in lines parallel to its axis, is found
by multiplying the diameter in inches by the length in inches, and then by
the pressure of steam per square inch.

Transverse Strain on Boiler-Shells.—The strain inside a boiler-
shell, tending to rupture it transversely in lines at right angles to its axis, is
the amount of pressure against each end of the shell, and it is found by
multiplying the area of the end of the shell in square inches, by the
pressure per square inch.

Length of Boilers.—The strength of a boiler is not affected by its
length as regards internal pressure, but the liability to strain increases with
the length; short boilers do more work~in proportion than long ones.
The minimum length of Cornish and Lancashire boilers, for confined
positions, should be 2} times the diameter, and the maximum, and best
working length, should be 4 times the diameter.

Cornish and Lancashire Boilers are more used than any other form
of boiler, and cannot be surpassed for accessibility, simplicity, durability and
economy: they are steady and good steam producers, they will burn the
commonest qualities of fuel, and with a good draught they will burn any kind
of refuse fuel. They should always be made with Galloway tubes, which
strengthen the flues, increase the heating surface ard circulation, and keep
an equal temperature throughout the boiler. and thus prevent unequal expan-
sion and contraction.
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Cornish Boilers.—Cornish or single flue-tube boilers, are made from
310 5feet in diameter. The flue-tube is generally made one-half the diameter
of the shell, and is fixed so as to leave a depth of 6 inches, between the
bottom of the flue-tube, and the bottom of the shell, which is ample space
for the proper circulation of the water, and leaves sufficient depth of end
plate, to allow it to yield to the expansion and contraction of the flue-tube.
When less depth of water-space than this is allowed, the bottom part of the
end plate is liable to crack, for want of sufficient flexibility, to allow for its
springing during unequal expansion, owing to the top portion of the flue-tube
becoming much hotter, and expanding more than the bottom portion, which
causes the end plates to be forced out at an angle ; to provide for this un-
equal expansion, the end plates should be made as flexible as possible.

Lancashire Boilers.—Lancashire, or double flue-tube boilers, are gene-
rally made from 5 feet 6 inches to 7 feet 6 inches diameter; the space between
the two furnace-tubes should not be less than 5 inches, and that be-
tween the furnace-tube and the side of the shell should not be less than
4 inches.

End Plates of Cornish and Lancashire Boilers.—The back end
plate may be attached to the shell by an inside angle-iron, but in order to
increase the flexibility of the front end plate, it should be attached to the
shell by an outside angle-iron. The end plate should be made out of one
piece of iron, and the openings for flues should be cut out in a lathe.

Gusset-Stays.—The end plates of Lancashire and Cornish boilers
should be stayed to the shell by gusset-stays, of single plates and double
angle-iron. The number of stays will depend upon the size of boiler;
large boilers should have 5 at each end above the flue tubes: 2at the
front end, and one at the back end below the flues; two of the gusset stays
should be secured to the second belt of plates of the shell, and the bottom
of the gusset-stays, should not go nearer to the flue than 8 inches, from the
bottom rivet in the stay, to the rivets of angle-iron connecting the flue-tube
to the shell, so as not to injure the flexibility of the end plate.

Longitudinal Stay-Bolts.—The end plate of Lancashireand Cornish
boilers, should be stayed with two longitudinal stay-bolts, one on each side
of the centre gusset-stay, ata good height above the flue, so as not to injure
the flexibility of the end plates. The screwed part of the stay-ends, should
be larger in diameter, than the body of the stay, so that the diameter
at the bottom of the thread, may not be less than the plain part of the stay.
The stay should be secured to the end plates, by nuts and washers both
inside and outside.

Internal Flue-Tube.—As the pressure acts all round the circumference
of a flue-tube, in order to make the pressure uniform the flue should be a
true circle ; any deviation therefrom, seriously weakens it, and the external
pressure tends to increase the amount of deviation from the true circle, and
to collapse the flue. When the plates overlap each other in the longitudinal

seams, the flue cannot be made perfectly circular, and the amount of devia-
M2
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tion caused thereby, reduces its strength to resist external pressure, to the
extent of 30 per cent.

Longitudinal Seams of Internal Flue-Tubes.—When the work-
manship can be relied upon, the longitudinal seams should be welded,
otherwise they should be made with butt joints double riveted, with the
strip on the outside of the flue.

Diameter of Flue-Tube.—The resistance of internal flues to collapse,
varies inversely as the diameter, a tube 12 inches diameter, being double
the strength of one 24 inches diameter, and as wrought-iron will sustain
double the force to tear it asunder, that it will to crush it, the diameter of
the internal flue should never exceed one-half the diameter of the boiler.

Length of Flue-Tube.—The resistance of wrought-iron flues to
collapse, varies inversely as the length, a tube 5 feet long being double the
strength of one 10 feet long; but as flues are constructed with several belts
of plates, the ring seams add considerable strength to the flues, and by
strengthening the ring seams the length is practically reduced to the distance
between each ring seam ; the best mode of strengthening the ring seams is
the Adamson flanged seam, or the Bowling expansion hoop.

Longitndinal Expansion of Flue-Tube.—The flue expands more
longitudinally than the shell, and unless provision is made for this expan-
sion, the tube in expanding will become arched, and likewise will cause the
end plates to spring out. This can be prevented by making the ring seams
of the flue with Adamson’s flanged joint, shewn at Fig. 43, which will allow
the flue to expand sufficiently, and the strain on the end plates will be
reduced ; by using these flanged joints, besides strengthening the flues,
the edges of the plates, and the rivet heads, are placed out of reach of the
fire.

Strengthening Flue-Tube over the Fire.—In order to assist the
flue-tube to retain its shape, in case of over-heating, and also to increase its
resistance against collapsing pressure, strengthening rings, 3 feet apart,
should be placed round the flue at the furnace end; they should be made
of light angle iron of best quality, and riveted to the flue tube with rivets
at not more than 6 inches centres, passed through ferrules 11 inches deep,
5o as to leave a water space of that depth.

Man-hole.—The man-hole of Cornish and Lancashire boilers should be
guarded with a strong wrought iron raised mouth-piece, welded into one
piece, flanged at the bottom, and riveted to the boiler with a double row of
rivets,—the diameter inside should be 16 inches, the height 8 inches, the
thickness of the body should be equal to double the thickness of the shell
of the boiler, and the flanges should be one-fourth thicker than the body.
Cast-iron should never be used for this purpose, because it elongates much
less with the same stress than wrought-iron, and as they both must stretch
together, the cast-iron will give way long before the breaking strain comes
on the wrought-iron. When a raised mouth-piece is not used, a wrought-
iron ring equal in thickness to not less than 1} the thickness of the shell,
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and in width to 12 times the thickness of the shell, should be riveted on
with rivets, at centres equal to 4 times the diameter of the rivets.

Mud-holes.—The mud-hole at the front of the boiler,.beneath the
furnace-tubes of Lancashire boilers, should be guarded with a strong
wrought-iron mouth-piece, and the small mud-holes of vertical and other
boilers, should be guarded with a strong mouth-piece, raised sufficiently
to form a flat face for the cover to bed against.

Boiler Fittings for Cornish and Lancashire Boilers.—Every
boiler should have two safety-valves, and two water-gauges : the one acts
as a check on the other. The water-gauges should be fixed, so that the
lowest visible point of the glass, is 5 inches above the highest point of the
internal flue; the average working height of water above flues is from
9 to 1o inches. Height of deadplate above floor 2 feet 8 inches.
Inclination of boiler towards blow-off cock, § inch in 10 feet. Inclination
of fire-bars towards back of boiler, 1 inch in 12z inches. The height of
the bridge at the back of the fire-grate, should be made such, as to leave
a passage over it, equal to one-sixth of the area of fire-grate. The mouth-
piece of the furnace should be made of two wrought-iron plates, with an
air-space between, the door of which should have a sliding grid on the
outside and a perforated box baffleplate on the inside, for admitting air
above the fire. Thesize of the perforations should not exceed § inch in
diameter, and the sum of their areas should not be less than 3 inches per
square foot of fire-grate surface.

Boiler Setting.—Cornish and Lancashire boilers, should rest upon
fire-brick blocks, set on side ‘walls, the width of bearing surface for the
boiler, on each side, should be £ of an inch, for each foot in diameter of the
boiler, each side flue should be 6 inches wide, carried up to the level of
the furnace crown, and down to the level of the bottom of the boiler, the
width of the bottom flue under the boiler, should be equal to one-half the
diameter of the boiler, and the depth of the flue should be about 2 feet.
When thus set, the flame after leaving the furnace-tube, passes under the
bottom of the boiler, and returns to the chimney along the side flues. The
face of the brickwork, at the front of the boiler, should be set back 6 inches,
s0 as to leave the angle-iron and its rivets open. Fire-clay, instead of lime,
should be used throughout, in setting the boiler.

Staying Flat Surfaces.—In a flat surface, such as the side of a loco-
motive firebox, each stay sustains the pressure on the square area of plate
which surrounds it, whose side is equal to the distance between the centres
of the stays; and the strain on the flat surface between the stays, is found,
by multiplying the area in square inches between the adjacent stay-rods by
the pressure.

The diameter of staybolts, for flat surfaces, should not be less than
twice the thickness of the plate, and should never exceed three times the
thickness of plate.

The working steam pressure of staybolts, per square inch of



166 THE WORKS MANAGER’S HAND-BOOK.

section at the threads, should not exceed 4,300 lbs., to provide against
wasting from corrosion.

The distance of centres of staybolts is found thus: Multiply the
constant number, 4,300, by the area of the staybolt, and divide the product
by the working pressure ; then take the square root of the quotient, and the
answer will be the proper centres. The usual pitch for locomotive fire-box
stays is 4 inches centres, irrespective of the thickness of plate. :

The dished end of a cylindrical shell, such as the top of a dome, ;
should be dished to a radius equal to the diameter of the cylinder, in order
to make it equal in strength to the cylinder, a hollow sphere being twice as
strong as a cylindrical shell, of the same radius and thickness.

Position of Feed Delivery in Boilers.—In Cornish and Lancashire
boilers, the feed should be introduced on one side of the front end plate,
about 4 inches above the furnace crown, through-an internal dispersing
pipe, carried inside the boiler to at least one-third of its length, and per-
forated for the last half of the pipe’s length; and in vertical boilers, the
feed should be introduced through a short perforated pipe, so as to deliver
just below the water-level, but clear of the fire-box and tubes. When the
feed is introduced below the furnace crown, if anything gets into the back-
pressure valve to prevent its closing, the pressure in the boiler will force the
water back through the feedpipe, and the furnace crown will become bare
and overheated.

Heating Feedwater.—In order to prevent unequal expansion and
contraction, by keeping an even temperature in the boiler, and also to save
fuel, the feedwater should always be heated. In heating by exhaust steam,
the feedwater should not be allowed to come in direct contact with the
exhaust steam, but the steam should pass through pipes around which the
feedwater should be made to pass. One great advantage of a feedwater
heater, is, that it arrests the substances held in suspension by the water, and
scale, &c., is deposited in the heater, which would otherwise form in the
boiler. The exhaust steam from a non-condensing engine, will heat the
feedwater to within a few degrees of the‘boiling point (212°), and a saving
of about 13 per cent. will be effected over cold water.

In condensing engines the feedwater is generally taken from the hot
well, at about 100° effecting a saving of about 4% per cent. over cold
water.

Nominal Horse-power of Boilers.—The nominal horse-power of a
boiler is estimated by its size, and may be found by the following rules
deduced from practice :—

Nominal horse-power of plain, cylindrical, or egg-ended boilers:
Multiply the diameter in feet by the length in feet and divide by 6.

Nominal horse-power of Cornish boilers: Add the diameter of the
shell, and the diameter of the flue together, in feet, and multiply the sum
by the length in feet, and divide the product by 8.

Nominal horge-power of Lancashire hoilers: Add the diameters of
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both flues, and the diameter of the shell together, in feet, multiply the sum
by the length in feet, and divide the product by 8.

Nominal horse-power of vertical cross tube boilers: Add together
the diameter of the shell, the diameter of the fire box, the diameters of all
the tubes, and the diameter of the uptake tube, all in feet; multiply the
sum by the length in feet, and divide by 10.

Nominal horse-power of vertical tubular boilers, with vertical
tubes: Add together the diameter of the shell, the diameter of the fire box,
the diameters of all the tubes, all in feet; multiply the sum by the length
in feet and divide by 12.

The actual horse-power of a boiler is estimated by the number of
cubic feet of water, evaporated into steam per hour. The simplest way of
ascertaining the actual evaporation of any boiler is as follows. When the
boiler is working satisfactorily, feed the boiler up to the top of the water-
gauge glass, then shut off the feed, weigh all the coal used after this time,
and observe the time occupied in reducing the water, from the top to the
bottom of the glass, fire carefully, and see that the same quantity of fire, is
left at the end, as at the beginning of the test. Then the evaporative
power may be ascertained, from the data obtained in the above test, by the
following rules :—

To find the number of cubic feet of water evaporated per hour
Multiply the number of square feet of water-surface, by the evaporation in
inches of gauge-glass, multiply the product by s, and divide the result by
the number of minutes occupied in evaporation.

To find the quantity of water in 1bs. evaporated per lb. of coal:
Multiply the number of cubic feet of water, evaporated per hour, by 62°5,
and divide the product by the quantity of coal in Ibs. consumed per hour.

Heating Surface.—The evaporative power of a boiler depends upon
the efficiency of its heating surface, the values of which are as follows :—

All horizontal surface abgve the flame . y

4 vertical surface Y . c . . [ Being taken as effec-

1} the diameter of tubes or round flues .{ tive heating surface.

11 convex surfaces above the flame ' .

Horizontal surfaces beneath the flame, are of no value as heating
surfaces. = .

The Dome should be equal to one-half the diameter of the boiler in
diameter, and in height, and the hole through the plate should not be larger
than a manhole ; the edge of the hole should be strengthened by riveting a
strong ring to it; but as a steam-dome weakens the boiler shell, and is apt
to leak at the base, it is better to dispense with it, and take the steam
through an internal perforated pipe, about 6 feet long, fixed close to the top
of the shell.

Cornish and Lancashire Boilers of 5 feet in diameter and upwards,
should have the longitudinal seams double-riveted. The plates over the
fire in the flue, should be of Lowmoor iron, to a length of double the
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length of the firegrate ; the shell should he Staffordshire Best plates, and
the ends Staffordshire Best Best plates, or of equal quality.

In fixing Galloway tubes, the welded part should face the back end of
the boiler.

The Galloway Boiler in its present improved form is an excellent and
economical steam producer—an 8 hours test of one with 70 Ibs. pressure of
steam, was conducted as follows:—steam being raised to 70 Ibs., the
height of water in the boiler was noted, and the fires drawn: the fires were
then re-lighted, all the fuel used was weighed, allowance being made for
unconsumed fuel in the fires at the end of the test. Calorimeter observa-
tions were taken, a certain weight of steam being condensed in a given
quantity of water, the dampness of the steam being determined by the
increase of weight and temperature in the water, the feed-water was
measured and also weighed. The boiler evaporated 11+72 lbs. of water at
212° F. per lb. of coal, or 2603 lbs. of water per hour, with a heating
surface of 973 square feet: the boiler power being 41°64 horse power, at 1
cubic foot of water evaporated per hour, percentage of water in steam °5:
. coal burnt per hour 283 lbs., or 7°269 Ibs. per square foot of grate per
hour: temperature of gases leaving the boiler 324°: cubic feet of water space
per horse-power, 14 10: cubic feet of steam space per horse-power, 4°04.

To find the Number of Gallons of Water a Boiler will hold.—I:
a plain cylinder without tubes, multiply the square of the diameter in feet
by the length in feet, and by 4'89; the answer will be in gallons. Or.
multiply the square of the diameter in inches by the length in feet, and
by ‘034. Or multiply the square of the diameter in inches, by the length
in inches, and by ‘00283.

To find the Number of Gallons in a Cernish or Lancashire
Boiler.—Multiply the sectional area of the boiler shell in inches, by the
length of the shell in inches; multiply the combined sectional area of the
flues in inches by their length in inches; subtract this product from the
first, and divide the remainder by ‘1728 ; this will give the number of cubic
feet of water the boiler will contain, which multiplied by 6:24 will give the
contents in gallons.

VERTICAL BOILERS.

The Firebox should be of Lowmoor iron, the crowns, cross tubes ard
uptake should be Staffordshire Best Best plates, and the shell should be
Best Staffordshire plates, or equal quality; there should be one mudhole
opposite the large end of each cross tube, and mudholes should be placed
round the bottom of the boiler. The diameter of firebox given in the table
is at the bottom ; the top should be less in diameter; the taper should be
about 1 inch per foot in height. A

The Cross-Tubes should be lower at the small end than at the other,
and their seams should be placed away from the fire,
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Table 39.—WEiGHT oF oNE Foor 1v Lexeta oF WRroueHT-IRON
BorLer-TusEs.

Thicknessf bg' I:II‘hic}(b:essr 1713
‘Wire-Gauge. ‘Wire-Gauge.
Inches. Inches.
14 14 100 5% 8 8:81
13 13 1°25 55 7 10°52
i 13 130 5% 7 11°25
12 13 1°46 6 7 12'16
13 12 1°95 6% 6 13°25
1t 12 2°17 63 6 1400
2 12 2'32 62 5 15°10
21 12 240 7 5 16°00
2z 11 278 7% 4 17°47
25 11 3°06 7 - 1842
2} 11 532 nch.
3 I ggx 7% % L9359
3% 10 150 81 H 2054
3 10 491 81 37 23.75
3% 10 5:16 9, 31 26.25
4 9 619 93 6 30°28
41 9 670 ue v 32'57
s 9 731 10} i1 36.58
4 8 705 I 7%; 3906
5 8 825 11} £ 44°10
12 3 4664

Weight of Boilers.—The weights of bojlers of different kinds, are
given in tables 34 to 38; the weight of other sizes may be calculated from
the weight of boiler-shells, table 40, and a rough approximation of the

weight may be obtained by the following rules.

Approximate Weight of Boilers in Cwts.

Vertical Cross-tube Boilers

Egg-ended Boilers .
Cornish Boilers 5
Vertical Tubular Boilers
Lancashire Boilers
Return-tube Boilers .

Portable Engine Boilers,

under 10 horse power

Portable Engine Boilers, 10
horse power and upwards

= Diameter in feet X
= ditto X 50 X
= ditto X 95 X
= ditto X 110 X
= ditto X 1°34 X
= ditto X 2°00 X
= ditto X 2°20 X

ditto

X

270 X

Length in feet.
ditto
ditto
ditto
ditto
ditto

Length in feet

{ of the barrel.

{ ditto
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Table 41.—ArrroxiMATE WEIGHT OF ONE FooT 1N LENGTH oF WROUGHT-
IroN Lap-WELDED TUBES.

Internal | Thicl Thick Thic) Thic) Thickness | Thich Thickness
IDiameter. 2 Inch. v Inch. $ Inch. v Inch. % Inch. + Inch. % Inch.
inches. Ibs. Ibs. 1bs. Ibs. 1bs. Ibs. Ibs. )
ST I T I B S N R R
3 i 403 5 593
10 28§ 35 413 go 58 6g ggg
12 34 42 50 0 70 Ve
14 39% 49 58% 70 813 91 | 102§
16 45 56 665 8o 93 104 17
18 51 63 |- 75, 2| o | 117 1 138
1 1
22 g% ;c7> 9%%— I?O 1;7% 1,3;(3) ;21
24 68 84 100 120 140 1560 176
26 73+ 91 108} 130 1513 169 191
28 gg% 98 116% 140 1?3 182 205%
30 5 105 124} 150 1743 195 220
32 90 112 1334 160 186 208 234%
34 963 119 1417 170 197% 221 249
36 102 126 150 180 210 234 264
38 | o7y | 133 | 158% | 190 | 221} | 247 | 279
40 114 140 166% 200 2324 260 293%
Bl ug | | B | e |k | B |
6 1301 161 1913 758
4 301 9 230 2073 299 3373
48 136 168 200 240 280 312 352
54 153 189 225 270 315 351 3953
gg Igo 210 250 300 350 | 390 4go
167 231 275 330 395 429 484
72 204 252 300 360 420 468 528

The Tensile Strength of Good Boiler Plates when the strain is
applied in the direction in which they are rolled, or along the grain, is
21 tons per square inch of section ; when the strain is applied across the grain
it is only 18 tons. The tensile strength of Lowmoor and Best Yorkshire
plates is 24 tons per square inch of section lengthways of the grain, and
22 tons across the grain.

Riveted Joints are liable to fracture in 4 different ways: (1.)
The rivets may be shorn off—the force required to shear a rivet being the
shearing strength of the iron multiplied by the area of the rivet. The
strength of rivet-iron to resist shearing is about that of the plate to resist
tearing, or 21 tons per square inch of section. The strength of the rivets
in a joint, may be found by multiplying the area in square inches of one
rivet by the number of rivets, and multiplying the product by 47,000 for
ordinary rivets, and by 53,760 for Lowmoor Iron rivets.

™
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(2.) The plate may tear along the line of rivet-holes as shown at A B,
Fig. 36, that is, between the rivet-holes. The strength of the plate between
the rivet-holes is impaired by punching to the extent of 20 per cent; and
the strength to resist fracture between the rivet-holes is found thus :—first
find the area of plate between two rivet-holes, which is found by sub-
tracting the diameter of the rivet from the pitch of the rivets in inches,
and multiply the remainder by the thickness of the plate in inches, giving
the area in square inches between two rivet-holes. Multiply this by
38,700 when the rivet-holes are punched and by 44,000 when the rivet-
holes are drilled. The answer will be the strength of metal left between
two rivet-holes.

(3.) The plate may crusk in front of the rivef asshown at Fig. 37. The

~—"\

b~
Fig 36. Fig. 37. Fig. 38.

resistance offered by a plate to the crushing strain of a rivet, is one and
three-quarter times the amount of the tensile strength of that plate, or say
37 tons. The area which resists the crushing strain, is found by multiply-
ing the diameter of the rivet by the thickness of plate in inches; and the
strength of the plate between the rivet-hole and the edge of the plate is
found thus :—multiply the diameter of the rivet by the thickness of plate in
inches, and multiply the product by 82,800.

(4.) The plate may break across in front of the rivet asshown at Fig. 38,
and the strength opposed to resist this transverse fracture may be found
thus : Multiply the square of thé distance between the rivet-hole, and the
edge of the plate, by the thickness of the plate, then divide the product by
the diameter of rivet, and multiply the quotient by 48. The answer will be
in tons, which multiplied by 2240 gives the strength in lbs.

Example of the above rules.—Required the strength of the riveted joint
of two plates, each 412 inches wide X % inch thick, fastened with zorivets
1 inch diameter X 2 inch pitch; in punched holes £ inch from edge of
plate.

(1.) *4417 X 20 X 47,000 . Rivets shearing off . . 415,198 lbs,
(3.) 2—75 = 125 x 437 X

38,700 X 20 } Tearing between rivet holes } 422,600 ,,
l 5

N
ks
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(3.) 437 X 75 x 82,800 x }Crushing in front of rivet} 541,500 THR

205, . 3 oS holes 5 " ey

703’800 ”

48 7x5 R rivet holes .

The strength of the solid plate will equal its sectional
area X 47,000, or 413 inches wide X 437 thick X } 852,340
47,000 lbs. tensile strength . . 3 3 ST

. 2 .
(a)) 130 X 437, 3274 X }Breaking across in front of}

The Weakest Part of the above Seam is the resistance offered to the
rivets shearing off. The strength to resist tearing between the rivet-holes,

SR W,

Fig. 20. % % @
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Fig. 40
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Fig. 42.

Fig. 41,

is also very small compared with the strength of the solid plate, the
strength of the joint with punched holes and single riveted, being only
equal to one-half of the solid plate. The efficiency of the joint is the ratio
of its strength to that of the solid plate, which Mr. Fairbairn found to be
for single-riveting 56 per cent., and for double-riveting 70 per cent. of the
strength of solid plate.

Fig. 39 shows a single-riveted lap-joint; Fig. 40 a butt joint with single

§  \\
S o
AN [ N ol D
ﬂ//}}b‘wyﬂ ”!;WM-
Fig 4.

covering strip ; Fig. 41, butt joint with double covering strip; Fig. 42,2
double riveted lap joint with zigzag rivets; Fig. 43, Adamson’s flanged
seam for furnace-tubes: Fig. 44, Expansion hoop for furnace-tubes;
Fig. 45, Angle iron hoop, or strengthening ring for furnace-tubes.
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The Pitch of Rivets for boilers, varies considerably in practice.
The proportions of riveted joints given in Table 103, page 280, give good
results.

Bursting Pressure of Cylindrical Steam Boilers.—To find the
strength to resist—in a line parallel to its axis—the internal bursting pressure
of a cylindrical boiler shell. Rule: Multiply twice the thickness of the
plate in inches, by one of the following constant numbers, and divide the
prodyct by the diameter of the boiler shell in inches, and the quotient will
be the bursting pressure in lbs. per square inch.

26,000 constant number for single-riveted joint of wrought-iron,

32,500 =3 o double-riveted joint of wrought-iron.
40,500 % " single-riveted joint of steel.
50,625 3 3 double-riveted joint of steel.

Table 42 has been calculated by these rules. It gives the bursting
pressure in pounds per square inch of lap-jointed wrought-iron cylindrical
boiler shells, of from 2 feet to g feet diameter, of various thickness of plates,
both single and double-riveted.

Bursting pressure of Spherical Shells.—To find the bursting
pressure in lbs. per square inch, of a wrought-iron spherical shell, take
double the bursting pressure of a cylmdrlcal shell, of the same radius and
thickness.

To find the Collapsing Pressure in 1bs. per Square Inch of boiler

tubes, or flues of wrought-iron, of perfectly circular shape, ornot more than
the thickness of plate from the true circle. Rule: Multiply the square of
the thickness of the plate in 32nd partsof an inch, by the constant number
800, and divide that product, by the product of the length in feet, multiplied
by the diameter of the tube in inches. In calculating elliptical tubes, the
diameter of a circle, equal to the largest circle of curvature of the tube,
should be used in the above rule, for finding the collapsing pressure.
- Table 43 has been calculated by this rule. It gives the collapsing
pressure in pounds per square inch of wrought-iron cylindrical boiler flue
tubes, of from 12 inches to 42z inches diameter, of various thickness and
length.

Factor of Safety for New Cylindrical Steam Boilers, which have been
tested by hydraulic pressure to twice the working pressure. When the
quality of the materials and workmanship is known to be first-class, a
factor of safety of 6 may be used, but when this condition is not complied
with, the following additions should be made to the factor of safety 6, viz.,
*25 if the holes are not good and fair in the circumferential seams’; *5:if
the seams are not properly crossed ; “5 if the holes are not good and fair
in the longitudinal seams; 1°0 if the longltudmal seams are single-riveted ;

and 2'0 when the quality of the materials and workmanship is doubtful.
N2



THE WORKS MANAGER'S HAND-BOOK.

180

+a1nssaxd Sunsing Y} JO YIXIS-OUO PIIVXS 194U pInoys amssaxd Junjiopy oy 1 — £jes Jo 10308 J—TLON

0z§ |12t | 1Sv | 19€ | €1y | 1€€ ) oif | 10€ | €€ |olz Joof |obz | €9z | o1z |Szz {ogr |ggr | oS1 o 6
LSS | ovr | giv | g€ mmv oS€ |g6€ | g1€ |8SE |ogz | g1f | SSz |glz | €zz f6Sz 161 | 661 | 6SI 9 8
z6S | vi¥ | LoS | qob ov | 2lE |ty | g€€ | ogE | Yof | gf€ |olz |96z | L€z | €Sz | foz | 112z | 691 o g
1€9 | boS J1¥S | €e¥ Joov | L6E | 1S¥ | 196 | oo | Se€ | zof |ggz | S1€ | zfz folz | g1z | Szz | ogr 9 £
Llg | 1vS JogS | vob | zES | Szb | €gb | ogf | SE€¥ | gv€ | og€ | 60f | €€ | olz o6z |zfz | 1vz | €61 ORI
6zL | €8S |Sz9 |o0oS J2lS | gSt |ozS | o1b |gor [ SLE o1 | EEE fHof | 162 |zi€ | oSz |ogz | goz 9 9
68L | 1€9 | Lo | 1¥S |ozg | 96¥ | ¥oS | 1S¥ | LoS | go¥ | 1Sh | 198 | ¥6€ | SiE €€ | olz | zgz | gzz o9
vzg | 859 fool | ¥oS | i¥g | g1§ mwm 1Ly | oES | €z¥ | 1iv | ol Jziv | 62€ S€ |ege | voz | S€z 6 S
198 | 689 |8EL | 068 | 4Llg | 1¥S 19 |26y | €SS |€vh |26 | ¥6E€ Jofy | v¥E ] 69 | Séz | Lof | gvz (GRS
206 |zzl | ViL [g19 | 604 | LoS | V¥ | S1S JogS | tov | S1S |erb { 1Sy [ 19€ | ig€ | 60f | ze€ | gSz RS
gv6 | 854 |z1g [oSq | ¥bL | S6S | Lig [z¥S | Gog | Lgy | 1¥S | €€v | viv | 6LE | oob | Sz€ | gt€ | 1iz o §
866 | g6L | VSg | vgg | VgL | Lzg | zii |oLS |1vg | €15 | oLS | oS¥ | 66v | 66€ | Lev | z¥E€ | oSE | Sgz 6 ¥
zSo1 | ebg | zo6 | zzl | 4zg | 299 | 2SL | zo9 |oklg | xbS | 109 | 1gt | ozS |1zt | 1St | 10€ | 9lf | 10€ 9 Vv
virr | z6g | 956 | voi | o9ig | 104 | 9b6L | 9tg | oxk | €4S | LE9 | o1§ | LSS | o¥v | git | zgE 6¢ | g1€ € Vv
vgrr | gb6 | Stor | zig | 1€6 | S¥L | ovg | Ll9 | 194 | 609 | LL9 | 1¥S | 26S | ¥iv | LoS | gob zv | gfE oV
zgz1 | goo1 | zgor | 998 | €66 | Y64 |zo6 |zzi lzig |o0Sg | Yzl | LLS | 1€9 | oS | 1¥S | EEY | 1St | 19E 6 ¢
¥S€1 | zgor | ogrr | gz6 | voor | 1Sg | 996 | zL4 Jolg | 969 | €LL | 619 | Llg | 1¥S JogS | to¥ | €g¥ | og€ QMIC:
85h1 | gg11 | oSzx | ooor | Stixr | 916 | obor | 2€g f LE6 | oSL | €€g | 999 | 624 | €gS | Szo |ooS |ozS | g1 b
84S1 | zoz1 | ¥SE€1 | zgor | 1bzxr | €66 | gzir | zob | S1or | zig | eob |zzl |6gl | 1€9 | il | 1S | oS | 1S¥ OFIE
zzlt | gL€1 | olbr | ogix | ¥SE€x | €gor | ofzx | ¥86 | Loxx | 983 | ¥g6 | ggL | 108 | 689 | g€L {068 | Si19 | z6b 612
9681 | 9151 | Yzor | oof1 mm.v_ 1611 | ¥S€1 | bgor | grex | SL6 | €go1 | 998 | gv6 | 54 | zig | oSo ] lig | z¥S 9 z
Yoiz | ¥gor | vogr | ¥hbx | SSo1 | ¥z€1 | voSt | vozx | €S€1 | €gor | €ozx | €96 | zSor | zbg | zo6 | zzl | 2SL | zog T
89tz | 96g1 | ofoz | vegr | zggr | o6vr | 2691 | ¥SEx | €281 | grer | ¥S€1 | €go1 | g1r | gv6 | Sto1 | z1g | o¥g | Li9 oz
sq1 sq[ ‘[ sqr qr sq[ sq “sqp “sq “sqq ~q1 sq] sq ‘sq] sq1 “sq1 sqr sq] RSy
29 | B | PY | Bn | @Y nw |9 | Bu | PO | Pul]? 170 B A7) 3=} 2% 99 | Bu

ST\ TeldE|Ge|FEGE|FY | Te|GE\Ge|fY|Gy|iE|GeliE|cE|fY

AR | Ee JER [ Ee | BF | Ro | &5 | B0 | BF | B9 | BF [ &5 | &5 | &% | &F | 5 | BF | 7 | meus

d3jawel,

‘saLvi1g ¢ ‘SALVIJ ¥ sALVIg $t *saLV1J § SHLVIJ & 'SELVI § SELVIJ % ‘saLvig § SALVTJ b

‘manssENg ‘munssav g ‘AANSSAAJ ‘aunssang ‘munssaug ‘aunssavg ‘aunssad g ‘@unssaY ‘aunssINg

ONLLsiNg ONILSuAY ONILSANg ONILSHOE ONILS¥NGg ONILS¥NY ONLLSENg ONiLsung ONILS¥Ng

*STTIHG-YATIOF ‘TVOMYANITAY) NOYJ-LHONOUA\ QEALNIO[ dV-] 40 HONJ AAVNDG ¥Ad *SAT NI TASSAEJ ONILSYng—'2Z¥ 9[qe],




COLLAPSING PRESSURE OF STEAM BOILERS., 181

TABLE 43.—COLLAPSING PRESSURE OF WROUGHT-IRON CYLINDRICAL
TUBES IN LBS. PER SQUARE INCH, WHEN NOT MORE THAN THE THICKNESS
oF THE PLATE FROM BEING A TRUE CIRCLE.

LencTr oF TUuBE

AND THICKNESS DiAMETER or TUBE, IN INCHES,
OF PLATE.

Length. [Thickness| 1o, 15 18, 21, 24, 27. 30. 33 36. 39. 42.

feet.  inches. | Ibs. | Ibs, | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. [ Ibs. | Ibs. | Ibs. | Ibs.

¥ | 711| 568| 474| 406] 350| 316| 284| 258| 237| 218 203
1111| 888| 740! 634) 555| 493| 444| 404| 370| 341| 317
1600|1280|1066| 914| 8o0| 711| 640| 581 533| 492| 457
2177|1742{1451|1244(1088| 967| 871| 791| 725| 670| 622
2844|2275(1896|1625|1422|1264|1137|1034] 948| 875| 812
3600|2880{2400|205 7| 1800/ 1600|1440|1309|1200{1107|1028
4444(3555(2962|2539|2200(1975|1777|1616/1481(1367|1269
833} 666/ 555/ 476| 416| 370 333) 303 278] 256 238
1200| 960| 8oof 686| 600| 533 480| 436| 400] 369| 343
1633|1300|1088) 933 817| 725| 650 593| 544] 502| 467
2133|1706/1422(1219{1067| 948| 853! 770| 711| 656] 609
2700|2160(1800|1542|1350|1200|{1080| 981| goof 830| 771
3333/2666(2222[1910(1667(1481{1333|1212{1111|1025| 955
666| 533| 444| 380| 333| 296| 2607| 242| 222| 205| 190

76

[o’o N oo NeNo o Nv oo Reo We We e W Yo Yo ¥

10 96o| 768| 640| 548| 480| 426 384| 349| 320| 295| 274
10 1306|1045 871| 746 653| 580| 523| 475| 436] 402| 373
10 1706|1365|1137| 975| 853| 758| 683 620| 569| 526| 488
10 2160{1728|1440[1234|1080| 960| 864| 785| 720| 664| 617
10 2666|2133|1777|1523|1333(1185(1067| 969| 889| 820| 762
12z 8oo| 640! 533| 457| 400| 356 320| 290| 267| 246| 229

1089| 871f 726| 622| 544( 489| 436| 306| 363 335 311
1422|1138| 948| 813| 711| 632| 569 517| 474| 438 406
1800|1440|1200{1029| goO| 800| 720| 655| 600| 554! 514

] i Y L RRETE g N R T T
ke w]o:m{ov‘.}c “l“n[“ coloscole a}c »p-‘alq oleccolen a!@ M]uniﬂm{wolm wlette bl allo ol o gl alec gl

1z 2222(1778|1481|12609{1100| 88| 889| 808| 742| 684| 635
14 685| 548 457 391| 343| 304| 274| 248 229| 210 196
14 033| 746| 022| 530! 467| 414| 373| 339 311 287| 205
14 1213 975| 812| 696 607/ 541| 488 443| 406} 375 348
14 1542(1234|1028| 881| 771| 680 617] 561| 514 475 440
14 1904|1523|1269|1088| 52| 846 761| 696 635 586 544
16 600| 480| 400| 343| 300| 267| 240| 219| 200| 185| 172
16 75 | 817] 650| 544] 467| 209| 363| 325| 297| 272| 251 234
16 1 |1067| 853| 711| 609| 534! 474| 426| 385| 356 328| 305
16 +% |1350|1080| goo| 771{ 675| 600| 540f 491} 450| 415 386
16 % |1667.1333|1111| 955| 834] 741| 667 606| 556( 513| 478
18 % | 533 427| 356| 305| 267| 237| 214] 194} 178 164! 153
18 %5 | 726 581| 484| a15| 363| 322| 290| 264/ 242 223| 207
18 1 | 048] 758! 632| 542| 474 421| 374| 345| 316 292| 271
18 5 |1200| gbo| 8oo| 686| 600| 534| 480| 436 400| 369 343
18 %+ |1481|1185| 988| 846 740| 658| 593| 539| 494| 450| 423
29 5 | 480| 384| 320| 274 240| 213| 192 175| 160| 148|137
7
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653| 523| 436| 373| 327| 290| 262| 238 218 201 187
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Table 43 continued —CoLLAPSING PRESSURE oF WrouGHT-IRON Tuses.

Lencta or Tuse
AND THICKNESS DiameTER OF TUBE, IN INCHES.

OF PLATE.

Length. |Thickness| rz. 15, 18. 21. 24. 27. 30. a3 36. 39 42

feet. Ibs. | Tbs. [ Mbs. | tbs, | Ibs. | Tbs | Tbs [ M= | Ibs. | Tbs. | Ibs.
853 683( 568| 488 427| 379| 342| 310| 285| 263 244

inches.

20 ¢~ L

20 X % [1080f 864 720| 617! 540| 480| 432| 393| 360| 332| 309
20 x % |[1333]1067| 889| 762| 667 593! 534| 485| 445| 410 381
22 X § | 432] 346( 295| 247| 216] 192 173| 158( 216| 134] 124
22 x <L | 588) 471| 393| 336] 294| 262] 236 215/ 197| 181| 168
22 X 3 | 768] 6x5] 512| 440| 384] 342| 308| 279! 256| 237| 220
22 X % | 972| 778! 648) 556| 486| 432] 389| 354| 324 299| 278
2z X g |[1200| 961| Bo1| 686 600| 535 481| 437| 400| 369 343
24 X § 400! 320| 267| 229( 200| 178| 160| 145 134| 123| 115
24 X % | 545( 436| 363| 311 272 245| 218| 193| 182| 168| 155
24 X 5 | 711] 569| 474] 407| 356 316| 285| 250 237| 219| 203
24 X % | 900] 720| 600| 515/ 450| 400| 360| 328| 300| 277| 257
24 x ¢ |1111} 889l 741f 635| 550| 494| 445| 40a| 371] 342| 318
26 X § | 369| 295| 246] 210| 185| 164 148} 134| 123| 114] 105
26 x % | 500 402| 335/ 287| 250| 223| zo1| 183| 168| 154] 144
26 X E: 656 525/ 437 374| 328{ 291| 263| 238| 219 zo1| 187
26 X % | 830f 664| 553( 474f 415| 369| 332| 302( 277| 255| 237
26 x ¢ |10z5] 820| 83| 586| 512| 455| 410| 372 342| 315| 293
28 x  § | 343| 274 229| 196 172| 152 137 124| T14| 105| 98
28 X o | 467 373| 311| 265) 234 z07| 187| 169| 156 144| 133
28 x 3 | 607| 488 406, 348| 304! 270| 244| 222| 203| 188| 174
28 x % | 771} 617| 514| 440( 386 340| 309| 280| 257| 238] 220
28 X § | 952| 762 635| 544| 476| 423| 380| 348 318! 293 272

NoTE.—Factor of Safety. The working pressure should never exceed one-sixth
of the collapsing pressure,

This Table shows how weak long cylindrical tubes are, to resist external
or collapsing pressure, and the necessity of strengthening the flue-tubes, of
Lancashire and Cornish boilers, with strengthening rings of angle-iron, and
also by using Adamson's flanged seams at the joint of each belt, or at least
of alternate belts of plate, whereby the length of tube is practically reduced
to the length between the strengthening rings.

The Strength of Corrugated Furnaces with corrugations 1} inches
deep, may be found by the following formula, given by Mr. Parker, of
Lloyd’s. Where T=thickness of plates in sixteenths of an inch, D=greatest
1000 x (T—2) {Working pressure in lbs.

diameter of furnace in inches, D = per square inch.

SAFETY-VALVES.

A Safety-Valve should be capable of discharging considerably more
steam than the boiler can generate, by the combustion of 21l the coal that can
be burnt upon its fire-grate, to prevent the blowing-off pressure being materi-
ally exceeded, and the area should be proportional both to the fire-grate

-
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surface and to the pressure of steam. The lower the pressure the larger must
the safety-valve be. When steam flows through an orifice with a square
edge such as a safety-valve, its flow is considerably reduced, and the weight
in Ibs. of steam discharged per minute, per square inch of opening, corres-
ponds nearly with three-fourths of the absolute pressure in the boiler, when
that pressure is not less than 25 lbs., or 101lbs. above the atmosphere. The
area of opening requisite for the discharge of any given constant weight of
steam, is in inverse ratio of the pressure; that is to say, it requires an
orifice of three times larger area, to discharge steam of 30 Ibs. pressure, than
is required to discharge the same weight of steam per minute at go Ibs.
pressure.

The opening for the escape of steam, through a conical valve with cone
of 45° is about one-third less than the lift.

To find the proper area of a Safety-Valve, multiply the area in
square feet of fire-grate surface, by one of the following multipliers,
corresponding with the pressure at which the safety-valve is to blow off,
and the product will give the area in square inches of that safety-valve ; to
which must be added the area of the wings of the valve, when the valve
is constructed with wings.

Pressure as shown by the steam gauge 101bs., constant multiplier 1°4

» ” ” ” Is » »” ”» 12
» » ” » 20 »” » » I .04
” ”» ” »” 25 ” » » ‘9
” ” » » 30 17 ” ” -8
” » ” ” 35 » ” » .72
” » ” » 40 » ” ”» -66
” » » » 45 » » ”» ‘6
» ”» ” ” 50 ” 2 » '56
”» » » » 55 » » » ‘54
» »” » » 60 » » » .52
”» » » » 70t0801, » ” '5
” ” ” ,’SOtOlm” ” ” '48

Direct Load upon the Valve.—When the valve is loaded by a weight
or spring, placed direct upon the valve, without the intervention of a lever.

To find the necessary weight in lbs. to attach, or the amount of tension
to put upon the spring, to prevent the valve blowing off before the blowing-
off pressure is reached, multiply the area of the valve in square inches
by the pressure of steam in Ibs. per square inch, and to the product add the
weight of the valve.

To find the pressure in Ibs. per square inch, divide the load in Ibs. upon
the valve, by the area of the valve in square inches.

Safety Valve with Lever.—The centre of gravity of the lever, is the
point at which it will balance, when placed upon a knife-edge. In Fig. 46,
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T is the fulcrum, or joint where the lever is fixed, V is the centre of the
valve, W is the weight.

The best angle for the seat of the valve is 45°; the width of mitre should
not exceed < inch; the lift of the valve should not exceed 5 inch; the
distance between the fulcrum and the centre of the valve, should equal the
diameter of the valve; the pivot should bear upon the valve considerably
below the level of the valve-seat. When a weightis used the total length of
lever should equal one-third the diameter of the boiler; when the lever is
held down by a spring-balance, the distance between the fulcrum and the

w

=

Fig. 46.

centre of the valve should equal the diameter of the valve, and the distance
between the fulcrum and the spring-balance, should equal as many times
the diameter of the valve, as there are square inches in its area.

Safety-Valve Loaded by a Lever and Weight.—When a lever and
weight are employed to load a valve, it is necessary to find the resistance
due to the weight of the lever and the valve. This may be ascertained by
securing the valve to the lever with a piece of wire, and attaching a spring
balance directly over the centre of the valve, which will give the load due
to the weight of the valve and the action of the lever. This result divided
by the area of the valve in square inches, will give the pressure in Ibs. per
square inch, at which the steam will raise that valve.

To calculate the action of the lever when the above method cannot be
employed, Approximate Rule : Multiply the weight in lbs. of the lever, by
the distance between the fulcrum and the centre of gravity, and divide the
product, by the distance between the fulcrum and the centre of the valve;
which will give the approximate resistance in Ibs. due to the action of the
lever, to which result add the weight of the valve and pivot.

To find the pressure in lbs. per square inch, at which the valve will
begin to blow off :—

1. Multiply the weight in Ibs. of the ball, by the distance in inches it is
placed from the fulcrum. i

2. Multiply the weight in Ibs. of the lever, by the distance in inches
between the centre of gravity and the fulcrum,



SAFETY-VALVES. 185

3. Multiply the weight in lbs. of the valve, by the distance in inches
between the centre of the valve and the fulcrum.

4. Multiply the area of the valve in square inches, by the distance in
inches between the centre of the valve and the fulcrum, then add together
the first 3 products, and divide the sum by the 4th product.

To find the position of the weight on the lever, so that the safety-
valve will blow off at a given pressure :—

‘1. Multiply the weight in Ibs. of the lever, by the distance in inches
between the centre of gravity and the fulcrum.

2. Multiply the weight in lbs. of the valve, by the distance in inches
between the centre of the valve and the fulcrum.

3. Multiply the area of the valve in square inches, by the pressure of the
steam in Ibs. per square inch, and multiply the product by the distance in
inches between the centre of the valve and the fulcrum ; then add together
the first two products, and subtract the sum from the 3rd product, and
divide the remainder by the weight of the ball in Ibs.

To find the weight to place on the lever, so that the valve will blow off
at a given pressure :—Multiply the area of the valve in square inches, by the
required pressure of steam in lbs. per square inch, from which result deduct
the weight of the valve and action of the lever in lbs.; then multiply by
the distance from the fulcrum to the centre of the valve in inches, and
divide the product by the distance in inches, between the fulcrum and the
point of the lever at which the weight is placed.

PROPORTIONS OF STEEL SPRINGS.

Spiral Springs.—The proportions of spiral springs for safety valves
loaded with direct springs, may be determined by the following rules :—

The internal diameter qf the cotl, should equal 4 times the thickness of
the steel of which the spring is composed.

The lift of safety valves for all sizes, may be taken at one-tenth part of
an inch.

The compression or extension of the spring, to produce the initial load,
should be forty times the lift of the valve, or 4 inches for all sizes of valves
with the above lift.

To find the diameter of round steel, or side of square of square steel,
for springs :—

* The Author is indebted for the above rules for safety-valve :gnngs, and for some of
the information on safety-valves to a report on safety-valves in the Transactions of the
Institution of Engineers and Shipbuilders of Scotland.
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Find the load, by multiplying the area of the safety-valve in square
inches, by the pressure of the steam in Ibs. per square inch ; then multiply
the load by the diameter-of the coil, from centre to centre of the steel;
divide the quotient by the constant number 3 for round steel, or by the
constant number 4°29 for square steel, and the cube root of the quotient
will give the size of steel in sixteenths of an inch, that is, the diameter when
round, and the side of the square when square. '

To find the compression or extension of one coil in inches:—
Cube the diameter in inches of the coil (from centre to centre of the
steel), then multiply by the load in lbs., and divide the product by the
product of the fourth power of the diameter (or side of square if square)
of the steel in sixteenths of an inch, multiplied by the constant number
22 for round steel, and 30 for square steel.

To find the pitch of a spiral spring:—The distance between
neighbouring coils should be equal to twice the compression (or extension
as the case may be), found by the last rule, and the pitch will be twice
the compression added to the diameter of the steel when round, or the side
of the square when square.

To find the number of coils :—Divide theinitial compression of spring
(or 4 inches for all sizes) by the amount of compression, or extension of
one coil (found by the above rule), which will give the effective number
of coils. :

To find the length of spring, multiply the number of coils found by
last rule by the pitch of spiral, and add two more coils, to allow for the two
end coils serving as bases for the spring.

The above rules are for valves loaded with direct springs, but the same
rules apply to springs acting at the end of levers, in which case the lift of
the end of the lever where the spring is attached, must be taken instead of
the lift of the valve.

Laminated Springs for Locomotive Engines, railway carriages and
waggons, and conveyances.—The thickness of steel plate for springs under
3% to 4 feet span, should not exceed § inch in the smaller, and from -5 to
£ inch in the larger sizes ; for larger spans the thickness is generally % inch,
with the two top plates § inch thick. The deflection per ton of load, is
about § inch for railway waggons, £ to 1 inch for locomotive engines,
13 inch for horse boxes, and from 1% to 2} inches for railway carriages.
The following are Mr. D. K. Clark’s rules for laminated or plate springs.

Let D = the deflection in sixteenths of an inch per ton load.
S = the span of the spring in inches when loaded.
6 = the breadth of the spring plate in inches, considered uniform.
# = the thickness of plates in sixteenths of an inch.
7 = the number of plates.
W = the working strength of spring in tons, or safe load.
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CHIMNEYS FOR FACTORY STEAM BOILERS.

The source of power for the draught of a chimney, is the difference
in weight of a vertical column of cool air outside the chimney, compared
with that of a vertical column of the heated gases inside the chimney.
These two columns of air being of unequal weight, motion ensues. The
best draught takes place, when the temperature of the gases inside the
chimney is at 552° which weighs only one-half the weight of the air out-
side the chimney when at 62°. A quantity of heat is absorbed in pro-
ducing draught, but only about one-fourth the quantity of the heat is
required to raise 1 Ib. of air one degree, which is required to raise 1 Ib. of
water one degree, and the heat carried off by the gases may be found
thus : Multiply the weight of air per 1b. of coal, by the difference in tem-
perature between the gases in the chimney and the external air, and
multiply the product by *238. The quantity of air required is 24 lbs. for
each 1b. of fuel. The usual rate of combustion is 12 Ibs. of coal per
square foot of grate-area per hour in Cornish and Lancashire boilers.

Proportions of Brick Chimneys—TFor an ordinary factory chimney,
say, one for a good-sized cotton factory, the thickness of brickwork is
9 inches at the top; 14 inches at a distance of one-fourth the height from
the top ; 18 inches at one-half the height; 23 inches at a distance of three-~
fourths the height from the top; ‘and 28 inches at the base.

To find the area in sqnare feet at the top of a chimney for a given
boiler : Rule, multiply the area of the fire-grate surface in square feet by
‘80, and divide the product by the square root of the height of the chimney
in feet.

To find the maximum horse-power of a chimney, when the inside
area at the top, and the height, are given, divide the area in square inches
by 70, and multiply the result by the square root of the height in feet.
This will give the maximum horse-power, but a chimney should always
be made about one-third larger than necessary, to allow for contingencies.

Flues.—The horse-power of a chimney reduces with the length of
flue. The power with longer flues than 50 feet, may be found by
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THE PREVENTION OF SCALE IN STEAM BOILERS.

Hardness of Water is caused by the water coming in contact with
various mineral substances, as it passes over or through the ground, and
which it partially dissolves and holds in solution. These substances are
chiefly sulphate of lime, bicarbonate of lime, and carbonate of magnesia.
These, as well as various other impurities, are contained more or less in all
river, lake, and well water. The action of heat in a boiler makes these
substances insoluble, and causes their deposit on the boiler-plates in the
form of scale, which, being a non-conducting material, retards the trans-
mission of heat from the iron to the water, and also renders the plates
liable to be burnt, by preventing the water from coming in contact with the
plates. The loss of fuel caused by incrustation has been observed to be
about 15 per cent. for every % inch of thickness of scale. For softening
water and preventing incrustation, pure caustic soda has been found to
be the most effective; its strength should be 98 per cent., that is,
containing only 2 per cent. impurities. Some caustic soda has only 6o
per cent. strength, and contains common salts and sulphur salts,.which
injure the boiler plates. The pure caustic soda in powder should be dis-
solved in water, and introduced continually with the feedwater, by con-
necting the suction-pipe of the pump with the vessel containing the com-
position. The proper amount is, for very hard water, 1 oz. to every 5 gallons
of water, and for water of medium hardness 1 oz. for every 1o gallons, and
for fairly good water 1 oz. for every 15 gallons. In using caustic soda,
the boiler should be frequently blown off.

Soda-ash is sometimes used, but it is not nearly so effective as pure
caustic soda ; besides, soda-ash often contains impurities which injure the
plates.

Proportions of Fire-Bars.—Fire-bars should be as short as con-
venient; thin bars keep cooler, stand the fire better, and do not twist so
much as thick ones. The dimensions for all lengths of bars (except in
the middle, which is given below) are :—

Thickness at the top == § inch; thickness at the bottom = § inch; the
sides to be parallel at the top to a depth of about § inch, and then to
be tapered downwards; endsand centre rib 13 inches thick, so as to leave
an air space of } inch; ends 1} inches deep X 1§ inches long.

Length of fire-bar, in

inches . 3 . |xr2l15 [18 (21 24|27 |30 {33 |36(39 {42 |45 |48
Depth at the centre, in
inches 2| 2}f 23] 23| 3| 3| 33| 33| 4| 43| 45| 48]

P biio 2
Weight of the bar,inlbs. | 5| 7| 8 {10 12|15 |17 |19 |22(26 |29 [32 |36
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THE CARE OF STEAM BOILERS.

The following isa copy of a skeet of instructions to boiler attendants,
issued to their clients by the MANCHESTER STEAM USERS’ ASSOCIATION.

INSTRUCTIONS TO BOILER ATTENDANTS.

Getting up Steam.—Warm the boiler gradually. Do not get up
steam from cold water in less than six hours. If possible, light the fires
overnight.

Nothing turns a new boiler into an old one sooner than getting up steam
too quickly. It hogs the furnace tubes, leads to grooving, strains the
end plates, and sometimes rips the ring-seams of rivets at the bottom of
the shell.

Firing,—Fire regularly. After firing, open the ventilating grid in the
door for a minute or so. Keep the bars covered right up to the bridge.
Keep as thick a fire as the quality of coal will allow. Do not rouse the
fires with a rake. Should the coal cake together, run a slicer in on the top
of the bars and gently break up the burning mass.

It has been found by repeated trials, that, under ordinarily fair conditions,
no smoke need be made with careful hand-firing.

Cleaning Fires and Slacking Ashes.—Clean the fires as often as the
clinker renders it necessary. Do not slack the clinkers and ashes on the
flooring plates in front of the boiler, but draw them directly into an iron
barrow and wheel them away.

Slacking ashes on the flooring plates corrodes the front of the boiler at
the flat end plate, and also at the bottom of the shell where resting on the
front cross wall.

Feed-Water Supply.—Set the feed-valve so as to give a constant
supply, and keep the water up to the height indicated by the water-level
pointer. v

There is no economy in keeping a great depth of water over the furnace
crowns, whilst, at the same time, the steam-space is reduced thereby, and
the boiler is rendered more liable to prime. Nor is there any economy
in keeping a very little water over the furnace-crowns, whilst the furnaces
are thereby rendered more liable to be laid bare.

Glass Water-Gauges and Floats.—Blow through the test-tap at the
bottom of the gauge hourly, as well as through the tap in the bottom neck,
and the tap in the top neck twice daily. These taps should be blown
through more frequently when the water is sedimentary, and whenever the
movement of the water in the glass is at all sluggish. Should either of the
thoroughfares become choked, clean them out with a wire. Work the floats
up and down by hand three or four times a day to see that they are quite
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free. Always test the glass water-gauges and the floats thoroughly the first
thing in the morning before firing up.

It does not follow that there is plenty of water in the boiler because there
is plenty of water in the gauge-glass. The passages may be choked. Also,
empty gauge-glasses are sometimes mistaken for full ones, and explosions
have resulted therefrom. Hence the importance of blowing through the
test-taps frequently.

Blow-out Taps and Scum Taps.—Open the blow-out tap in the
morning defore the engine is started, and at dinner time when the engine
is at rest. Open the scum tap when the engine is running, before break-
fast, before dinner, and after dinner. If the water be sedimentary, run
down half an inch of water at each blowing. If not sedimentary, merely
tarn the taps round. See that the water is at the height indicated by the
water-level pointer at the time of opening the scum tap. Do not neglect
blowing out for a single day, even though anti-incrustation compositions
are put into boiler.

Water should be blown from the bottom of the boiler when steam is not
being drawn off, so that the water may be at rest and the sediment have an
opportunity of settling. Water should be blown from the surface when
steam is being drawn off, so that the water may be in ebullition and the
scum floating on the top. If the water be below the pointer, the scum
tap will blow steam ; if above the pointer, the scummer will miss the
scum.

Safety-Valves.—Lift each safety-valve by hand in the morning before
setting to work, to see that it is free. If there is a low-water safety valve,
test it occasionally by lowering the water level to see that the valve begins
to blow at the right point. When the boiler is laid off, examine the float
and lever and see that they are free, and that they give the valve the
full rise.

If safety-valves are allowed to go to sleep, they may get set fast.

Shortness of Water.—In case the boiler should be found to be short
of water, draw the fires, if practicable, and draw them quickly, beginning at
the front. In some cases it may be more convenient to smother the fires
with ashes or with anything else’ready to hand. If the fires are not drawn,
leave the furnace doors open, turn on the feed, lower the dampers, shut
down the stop-valve if the boiler be one of a series, and relieve the weight
on the safety-valve so as to blow off the steam. Warn passers-by from the
front of the boiler.

Drawing the fires must be done with discretion, and ought not to be
attempted if the furnace crowns have begun to bulge out of shape. At
Clay Cross, near Chesterfield, on Thursday, January 14, 1869, as the at-
tendant was in the act of drawing the fire from a furnace overheated from
shortness of water, the crown rent, when the torrent of steam and hot
water that ensued blew him backwards to a distance of 25 yards, rake in
band, and killed him on the spot.
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Use of Anti-Incrustation Compositions.—Do not use any of these
without the consent of the Manchester Steam Users’ Association. If used,
never introduce them in heavy charges at the manhole or safety-valve, but
in small daily quantities along with the feed- water.

Many furnace-crowns have been overheated and bulged out of shape
through the use of anti-incrustation compositions, and in some cases ex-
plosions have resulted.

Emptying the Boiler.—Do not empty the boiler under steam pressure,
but cool it down with the water in; then open the blow-out tap and let
the water pour out. To quicken the cooling the damper may be left open,
and the steam blown off through the safety-valves. Do not on any account
dash cold water on to the hot plates. But, in cases of emergency, pour
cold water in before the hot water is let out, and mix the two together
so as to cool the boiler down gradually and generally, and not suddenly
and locally.

If a boiler is blown off under steam pressure, the plates and brick-
work are left hot. The hot plates harden the scale, and the hot brick-
work hurts the boiler. Cold water dashed on to hot plates will cause
severe straining by local contraction, sometimes sufficient to fracture
the seams.

Cleaning Out the Boiler.—Clean out the boiler at least every two
months, and oftener if the water be sedimentary. Remove all the scale and
sediment as well as the flue dust and soot. Show the scale and sediment
to the manager. Pass through the flues, and see not only that all the soot
and flue dust have been removed, but that the plates have been well
brushed. Also see whether the flues are damp or dry, and, if damp, find out
the cause. Further, see that the thoroughfares in the glass water-gauges
and in the blow-out elbow pipe, as well as the thoroughfares and the per-
forations in the internal feed dispersion pipe and the scum pipe, are free.
Take the feed pipe and scum troughs out of the boiler if necessary to clean
them thoroughly. Take the taps and the feed valve to pieces, examine,
clean, and grease them, and if necessary grind them in with a little fine
sand. Examine the fusible plugs. Do not put any blocks under the pipes
in the hearth pit.

Putting blocks under the pipes in the hearth pit robs them of their spring,
strains them, and sometimes breaks them.

Preparation for Entire Examination.—Have the boiler cooled and
carefully cleaned out as explained above. Show both scale and sediment
to the inspector, as well as the old cap of the fusible plug, and tell him
of any defects that may have manifested themselves in working, and of
any repairs or alterations that may have been made since the last ex-
amination.

Unless a boiler be suitably prepared, a satisfactory entire examination
cannot be made. Inspectors are sent at considerable expense to make
entire examinations, and it is a great disappointment when their visits are
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wasted from want of preparation. The Association is always happy to
afford information to boiler attendants by means of its printed monthly
reports, and to help them in the discharge of their duties, and expects them
in return to do all they can to promote a thoroughly sound inspection of the
boilers under their charge.

Fusible Plugs.—Keep these free from soot on the fire side, and from
incrustation on the water side. Change the fusible metal once every year,
at the time of preparing for the Manchester Steam Users’ Assaciation annual
entire examination.

If fusible plugs are allowed to become incrusted, or if the metal be worked
too long, they become useless, and many furnace crowns have rent from
shortness of water, even though fitted with fusible plugs.

General Keeping of Boiler.—Polish up the brass and other bright
work in the fittings. Sweep up the flooring plate frequently. Keep ashes
and water out of the hearth-pit below the flooring plates. Keep the space
on the top of the boiler free, and brush it down once or twice a week. Take
a pleasure in keeping the boiler and the boiler-house clean and bright, and
in preventing smoke.

Remarks.—Shortness of water generally arises from neglect of the boiler
attendant, and ought not to occur. It is by no means easy to give precise
instructions as to what should be done to put things right when shortness of
water has occurred, so as to meet every case. Drawing the fires when the
water is out of sight must always be a matter of more or less risk, as
there is a difficulty in determining how far and for how long a time the
furnace crowns have been laid bare. If it is known that the water has only
just passed out of sight, say from the sticking fast of the blow-out tap when
attempting to shut it, the fires may be drawn with safety. But if an empty
gauge glass has been mistaken for a full one, and the boiler has been
worked on in this state for some time, the case will be different. Again,
there would be more risk in drawing the fires from a plain furnace tube, or
from one made of ordinary plates, than from one strengthened with en-
circling rings and made of ductile steel, or of ifon equal to Lowmoor or
Bowling. In the Manchester Steam Users’ Association Museum there is a
photograph of a pair of steel furnaces, strengthened with flanged seams,
which have bulged down to the firebars through overheating from shortness
of water, without rending. Also there is a pair of furnaces made of Low-
moor iron and strengthened with flanged seams, which, though seriously
overheated through shortness of water, have rent for a limited extent only
in the neighbourhood of the flanged joint, the opening formed measuring
about 7 inches in length by 1 inch at the widest part. On the other hand,
there are in the museum two furnaces from different boilers, neither of
which is strengthened with encircling hoops, nor made of ductile steel
or of Lowmoor or Bowling iron, both of which have rent right across,
forming an opening 12 inches wide in one case and 63 inches in the other.

Thus it will be seen it is difficult to give precise instructions to suit all cir-
°
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cumstances. A fire may be safely drawn in one case and not in another.
Discretion must be exercised.

It should be borne in mind that the rupture of a furnace crown is not
only dangerous to the fireman, but in many cases to those outside the
works, as the torrent of steam and hot water that ensues frequently carries
away the furnace mountings along with any brickwork lying in its course,
and scattering the debris like so much grape shot, severely injures, and
sometimes kills persons on their own premises. Thus boiler attendants
must remember that shortness of water endangers other persons’ lives as
well as their own.

The best advice the Manchester Steam Users’ Association can give to
boiler attendants with regard to shortness of water is—Do not let it occur.
Keep a sharp look-out on the water-gauge.

Wood Fuel for steam boilers requires one-third more grate-surface, and
two-thirds more cubical space in the furnace, than is required for coal, for
equal generation of steam. Two cords of wood will evaporate about the
same quantity of water as one ton of coal. A cord of dry pine-wood, 4 feet
X 4 feet x 8 feet = 128 cubic feet, weighs 17 cwt.

Expansion of Water by Heat.—Water attains.its maximum density
at 39°1 Fahr.—or say 40° Fahr.—from which point, any rise or fall of
temperature is accompanied by expansion.

‘Temperature, Volume, Temperature, Volume.
12° Fahr. . 5 . 10024 | 110° Fahr. ¥ s . 1'01I00
Z2SA . = S (OOC T 120 S ! ] or o LOTRGH
32° Freezing point . . 1'0003 | 130°. d 5 . . 1°0146
WG, ; . . . 10000 | 140° . 3 " . e TICTHES
50°. : 3 3 . 1°0004 | 150°. 5 3 o . 10206
62° Mean temperature . 1'001z | 160° . 5 3 . . 1'0240
7o 5 & SR st co 2 8| BT80S 5 s © 10297
3OS, o & . . 10038 | 212° Boiling point - . 10460
90°. 6 . i . 1'0053 | 250°. . H 5 . 1'0592

100° . s 3 . . 1'0074 | 300° . 5 a . . 10863

Sea Water requires more heat to boil it, than is required to boil fresh
water. No salt passes away with the steam. Its average boiling point is
213°2° F.  The proportion of salt held in solution is 5% part of its weight,
or about 4 ounces of salt per gallon of sea water. The point of saturation
is 33, when the water is full of salt, and will hold no more. Salt water
varies in density, and in the nature of its ingredients in different seas. The
composition of average sea water is—water, g66 parts: chloride of sodium
2:6; chloride of magnesia, *4; sulphate of soda, *37; carbonate of lime,
*02 ; sulphate of lime, ‘o1. The ice of sea water contains no salt.









SECTION V.

-

IIEAT, WARMING, AND VENTILATING ; MELT-
ING, CUTTING, AND FINISHING METALS;
ALLOYS AND CASTING; WHEEL-CUTTING;
SCREW-CUTTING, &c.

HEAT.
Unit of Heat.—The amount of heat necessary to raise the temperature
of one pound of water at 32° one degree Fahrenheit (thatis from 32° to 33°)
is called the standard unit of heat.

Table 45.—Specirrc HEaT oF Sorip anp Liquip BoDIES, BEING THE
FRACTION OF A UNIT OF HEAT NECESSARY TO HEAT ONE POUND OF
THE BODY ONE DEGREE FAHRENHEIT. FROM THE EXPERIMENTS OF
ReeNauLT aAND Durone.

i
Water at 32° . . . 1000 | Marble S RS2 Tl
Ether . : 3 . . ‘660 | Chalk . . J . 214
Pine wood 3 5 . ‘650 | Sulphur . S zo2
Alcohol 3 3 . . ‘620 | Graphite, natural . . 201
Oak o o . . 570 | Coke . . ‘200
oiF . o o . . ‘520 | Brickwork and masonry gL
flces. 0 5 . ‘504 | Glass . 0 o . ‘190
Birch wood , . . 480 | Phosphorus . . . 182
Steam, gaseous o . 475 | Burnt clay . 3 .=1. 1 180
Qil of turpentine . . . ‘472 | Carbonate of iron . . 180
Beeswax . g c . ‘450 | Cast-iron . o LU TZ0
Petroleum . P . . ‘434 | Cast-steel . . . 118
Nitric acid L 3 . 426 | Wrought-iron . S BLI
Sulphuric acid . . .. °'333 | Nickel . o 0 . ‘108
Spermaceti . 5 . 320 | Cobalt . ® . 106
Steam, saturated . . . 305 | Zinc 5 o o . '095
Nitrate of soda 5 . 278 | Copper o o . . ‘095
Coal . . E . . ‘277 | Brass . E 3 48603
Charcoal . 5 ! . 263 | Silver . . 0 (017
Carbonic oxide . 8 o L ; 3 ), S¥c50
Nitrogen . L 3 . 244 | Cadmium . ! . . ‘o056
Carbon ° S . . 241 | Antimony s g VS350
Air . o 0 5 . 237 | Mercury . 0 bk Oy okl
Salt . s 5 . . 225 | Gold ] . 2 . ‘032
Oxygen . . . . ‘218 | Platioum . . . . ‘032
Carbonic acid . . . 216 | Lead . . g 51 fokis
Quicklime s ; . 216 | Bismuth r o BRURR 7o
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The Specific Heat of a body is its power of storing up heat, and the
number of units of heat necessary to heat one pound of the body 1° Fahr.
is its specific heat, water being used as the standard of comparison. Thus,
to heat 100 Ibs. of water 80° requires 100 X 80 = 8cco units of heat, and
to heat the same weight of wrought-iron requires 100 X 8o X ‘113 = 904,
or only about 1th of the heat necessary for the same weight of water.

Table 46.—ExpaNsioN oF Liquins AND GASES IN VOLUME BY THE
appITION OF HEAT FROM 32° TO 212° F.

1000 parts of mercury become . o . 1018
1000 parts of water become . . . . 1046
1000 parts of salt water become . : . 1050
1000 parts of oil become . 5 5 . . 1080
1000 parts of alcohol become d . . I1IO
1000 parts of air become 5 5 .. 1366
1000 parts of hydrogen become . . . 1366
1000 parts of nitrogen become 5 o oo e
1000 parts of carbonic acid become . . 1368
1000 parts of sulphurous acid become . . 1384

Table 47.—HeaT-conpucTING PowER OF METALS, &C.—LATENT HEAT.

= Latent Heat of Lignefaction or umits
(Wiedemann.) of Heat absorbed by one Ib. of the
Silver . . 100 |Platinum . . 84 ﬁz‘u‘;““‘"Md"“g from Solid to
Copper . . 73°6|German Silver . 6°3
Gold . . 532|Bismuth . . 18|Lead . .. 974
Brass . . 236|Marble . . . 2z'4|Bismuth .o.o2277
Tin . . 145|Porcelain . . r12z|Tin . . . 2560
Iron . . 1rrg|FireClay . . r1fZic . . . 506%
Steel . . 116 | Terra Cotta . 11| Silver s . 3803¢
Lead . . 8s5|Water . . . c-g|Castdiron . .23304&

Table 48.—ExpansioN IN LENGTH oF MeraLs, &c., BY HEAT PER
DEGREE FAHRENHEIT FROM 32°.

Fire bricks . . ‘00000235 | Roman cement . . 0000080
Stock bricks . . "ooooo306 | Copper 4 ‘0000101
Granite . 5 . "00000439 | Bronze and gun metal ‘0000104
Glass . g . . 00000460 | Brass . N . . ‘oooo1ob
Platinum . . 00000484 { Gold . . . ‘0000108
Antimony . . . "ooo000617 | Silver . 2 . . ‘0OOOII2
Cast-iron . . coooocobso | Tin . 5 . ‘0000132
Steel . . . . 00000668 | White solder . . 0000143
Wrought-iron . . 00000681 | Lead 3 . . 0000159
Iron wire . . . 00000745 | Zinc . 0000173
Bismuth . A . 00000762 | Ice,from—1 7°to + 30 0000286
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Table 49.—RADIATION, ABSORPTION AND REFLECTION oF HEaT.
From THE EXPERIMENTS OF PROVOSTAGE AND DESAINS.

Radiating
and Reflecting
Absorbing Power.
Power.

Smoke-blackened surface . p - B .| 100 o
Carbonate of lead . o 5 : . R IGo o
Writing paper ; ivory; jet; marble . 2 5 98 2
Glass . . o o . . o o 90 10
China ink ; ice . $ 2 5 . o o 85 15
Gum lac c o o o 3 o o 72 28
Silver-foil, on glass 5 o 3 o o 27 73
Cast-iron, polished brlghtly 8 0 3 o X5 25 75
Mercury . . 5 : o 23 77
Wrought-iron, pohshed R o 0 o 5 o 23 77
Zinc, pollshed o o 4 ' E 19 81
Platinum, pollshed also steel o 5 5 o 17 83
B . . o . 14 86
Metallic mmors, slwhtly tarmshed s ) 17 83
Brass, cast, imperfectly polished . o o . II 89
Brass, hammered, dead polished 9 91
Brass, highly polished 5 93
Brass, cast 3 7 93
Copper, coated on iron 57 83
Copper, varnished . 5 14 86
Copper, hammered or cast . 7 93
Gold plating . 5 95
Gold, deposited on pohshed steel 3 97
Sllver, hammered and well polished 3 97
Silver, cast and well polished 3 97 .

Superficial expansion or expansion in two directions, is twice the linear
expansion; and cubical expansion, or expansion in three directions, is three
times the linear expansion. N

The Quantity of Heat given in Table 5o for each material named, is
deduced from experiments on the transmission of heat through plates of
metal, which were heated on one side by hot water, and cooled on the other

'side by water at a low temperature. The quantity of heat in units, trans-

mitted through one square foot of plate, per hour, may be found thus:
subtract the temperature of the cooler side, from that of the hotter side of

the plate, then multiply the result by the number in Table so corresponding

to the material used, and divide the product by the thickness of plate.
Thus an iron plate z inches thick, having a temperature of 60° on one side
20 X 230
el

and 80° on the other, will transmit 8o—60 = = 23co units of

heat, per square foot per hour.
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Table 50.—QuANTITY OF HEAT IN UNITS TRANSMITTED PER SQUARE FOOT
PER HOUR, THROUGH A PLATE 1 INCH THICK, THE DIFFERENCE OF
TEMPERATURE BETWEEN THE TWO FACES BEING 1° F.—FROM THE
EXPERIMENTS OF PECLET.

Materials. Say Materials. g
in Units. in Unuts,
Gold 5 5 5 . | 625 Gutta percha . 3 i See
Platinum . o S S(6eo India rubber . Rl T
Silver . 5 o . 1595 Brick dust, sifted . Ll Sres
Copper s 3 . .|s520 Coke, powdered . < ie {120
Iron 5 K% 5 H|230 Iron filings . ; . | 7°26
Zinc . 4 . OIS Cork . : 3 MR L (-
Tin A . N & | 87 Chalk, powdered . ! 86
Lead . . 5 a2l - 113 Wood charcoal, powdered | 63
Marble . 5 . S| 2! Straw, chopped 3 .| 56
Stone . . i N s ¥ Coal, small sifted o o ol
Glass . . . o 66 || Wood ashes . 5 .| 53
Terra cotta . 3 e 4'8 || Mahogany dust . o 70
Brickwork . N . 4'8 || Canvas hemp, new . Locgn
Plaster . . s 38 || Calico, new Y Sl ionc.
Sand . 5 o X 2'17| White writing paper o
Oak, across fibre . o= o 17 || Cottonwool & sheep’s wool | 32
Walnut, along fibre . . 1°4 || Eiderdown . 5 el
Fir, along fibre . .o 1'37| Gray blotting paper . .| °26

HEATING ROOMS BY HOT WATER.

A Hot Water Boiler with its flow and return pipe, resembles an
inverted syphon; the motive power in the circulation of hot water, is the
difference in weight between the columns of water, ascending from the
boiler through its top outlet, or flow pipe, and returning to the boiler
through its bottom inlet, or return pipe. As the water in the boiler is
heated it expands, becomes lighter and ascends to the top of the boiler in
the direction of the flow pipe, and is replaced by colder and consequently
heavier water from the bottom or return pipe; this in turn gets heated,
ascends, and is replaced by more cold water from the return pipe, and this
circulation continues so long as the fire is kept up, the hot water continu-
ally ascending, and the cold water descending. Mr. Hood, who is an

authority on this subject, gives the following tables for heating rooms by
hot water.
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Table 51.-—DI1FFERENCE IN WEIGHT OF TWO CoLuMNs oF WATER, EACH
1 FOOT HIGH AT VARIOUS TEMPERATURES ; ASSUMED ACTUAL TEMPE-
RATURES FROM 170° To 190° F.

Difference ;?)f i DIAMETER OF THE PipE. v]:&"f;ﬁ"ocl'e;;;
gESituo Columns. 1 Inch. 2 Inch. 3 Inch. 4 Inch. s%‘:.l:r'z'i;‘c’f:

Fahrenheit. Grains, Grains. Grains. Grains.

2, 1’5 63 143 2574 2028

4° 3'1 10257 288 5I1°1 4068

6° 47 19°1 433 767 6108

8° 64 256 57°9 102°§ 8160
10° 80 320 72'3 1281 10°200
12° 9'6 385 870 154°1 12°264
14° 11°2 4570 1017 1800 14328
16° 12°8 5I°4 11673 2059 16°392
18° 14°4 57°9 131°0 231°9 18456
2¢° 16°1 64's 145°7 258'0 20532

Table 52.—LexGTH oF 4-INcH PrrE To HEAT 1000 CuBic FEET OF AIR
PER MINUTE; TEMPERATURE OF THE PipE 200° F.

TEE“FBMTURB G TEMPERATURE AT WHICH THE ROOM IS REQUIRED TO BE KEPT.
XTERNAL AIR.

¥abrenhelt. § 45¢ 1 50° | 55° | 60° | 65° | 70° | 75° | 80" | 85° | 90°
Feet, | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet.

10° ...... | 126 | 150 | 174 | 200 | 229 | 259 | 29z | 328 | 367 | 409
OGRE:. ... 119 | 142 | 166 | 192 | 220 | 251 | 283 | 318 | 357 [ 399
A ¥E. ..o 1121135 | 159 | 184 | 212 | 242 | 274 | 309 | 347 | 388
DO ... 105 | 127 | 151 | 176 | 204 | 233 | 265 | 300 | 337 | 378
S e <« 98 | 120 | 143 | 168 | 195 | 225 [ 256 | 290 | 328 | 368
2Ol .. .. 91 | 112 | 135 | 160 | 187 | 216 | 247 | 281 | 318 | 358
271 T 83 | 105 | 128 | 152 | 179 | 207 | 238 | 271 | 308 | 347
e LA 76 | 97 | 120 | 144 | 170 | 199 | 229 | 262 | 298 | 337
BORY. ... 69 | 9o |11z |36 | 162 | 190 | 220 | 253 | 288 | 327
BRE ... 61 | 82 | 104 | 128 | 154 | 1381 | 211 | 243 | 279 | 317
302 ...... 54 | 75| 97 | 120 | 145 | 173 | 202 | 234 | 269 | 307
Rt 47 | 67| 89 {11z | 137 [ 164 | 193 | 225 | 259 { 296
Bas=..... 40| 60 | 81 1104 129 |155 | x84 | 215 | 249 | 286
BT . 32 ) 521 73| 06 | 120 | 147 | 175 | 206 | 239 | 276
S 25 | 45| 66 | 88 | 112 | 138 | 166 | 196 | 230 | 266
o8 - .. 18| 37| 58 | 80 {104 | 129 [157 [187 | 220 {255
42° ......| 10| 30} s0{ 72| 95 | 121 {148 | 178 | 210 | 245
v/ S 3| 22| 42| 64| 87 | 112 |139 | 168 | 200 | 235
iR e .| 15| 34| 56| 79 |103 | 130 | 159 | 190 | 225
13 SO rd 71 27} 48| 70| 95 {121 | 150 | 181 | 214
SO R we| o] 19] 40| 62| 86 | 112 |140 | 171 | 204
e e IR KR 6 o o B P R B o RS o T il 7 S ]

* Freezing point.
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To find the length in feet of iron pipe required for heating the air in
a building. Ruzle: Multiply the volume of air in cubic feet, to be warmed
per minute, by the difference in temperature in the room, and the external
temperature, and multiply by 1°12 for 2-inch pipes, by *75 for 3-inch pipes,
by 56 for 4-inch pipes, and divide the product by the difference of the
internal temperature and that of the pipes.

Table 53.—LENGTH OF 4-INCH PIPE REQUIRED TO WARM VARIOUS

Buirpines.
(Divide the cubic contents of the room in feet, by one of the following
divisors.)
Description of Building. cn]gilg Izgo%{e?)‘u 'Il;;'anrtzr:nt:dn
Feet. Fahrenhext.
Churches and large public rooms 3 o 200 55
Schools and lecture rooms 3 o 5! 5 170
Dwelling rooms . 5 : z 150 60
Work rooms and manufactories 5 S 125 60°
Halls, waiting rooms, and shops . o o 100 60°
Leather, &c., drying rooms . . - 40 100°
Greenhouses and conservatories . o o 30 60°
Horticultural forcing houses . 5 4 o 20 75°
Ditto ditto o b 5 18 80°
Laundry drying rooms . o : o g 8 110°

3-inch pipes require to be one-third longer than 4-inch. pipes, to heat the
same number of cubic feet; and 2-inch pipes require to be double the
length of 4-inch pipes, to heat the same number of cubic feet.

Table 54.—CooLing oF IroN PrpEs.

Temperature of room, 67°; maximum temperature of thermometer, 152°

T“““g;‘;““ RUSTY SURFACE. B"Acé{uz:::fmm WHITE SURFACE.
Front To. Observed | Calculated | Observed | Calculated | Observed | Calculated
£ Time. Time. Time. Time. Time. Time.
I52° | 150°| 2’ 30" | 2" 21" | 2! 26" 2! 16" | 2/ 19"| 2! 24’
0 ' U, U [ ! n
1527 1 148° | 5" 0" 440" | 4" 38" 4/ 36"} 4 53" | 4 SIY
1520 1460 7’ 45:’ 7: 12" 7: 28" 7: 3" 7: 28, 7’ 22”

" " , P’ "

152° | 144° | 10/ 15 9' 44" | o' 45" | o 27" | 10 13| 9558
152° | 142° | 12 457 |sx2! meiiir el Variliy 1 sa 12! 577 | Taieae
152° | 140° | 15’ ©" | 15’ 14’ 32" | 14' 32" | 15’ 22" | 15’ 22"
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Table 55.—RATE oF CooLING BY RADIATION FOR THE SAME BODY,
AT DIFFERENT TEMPERATURES.

VELociTY oF COOLING WHEN THE SURROUNDING
R cess oF: MEDIUM 1S AT THE UNDERMENTIONED TEMPERATURES.)
T

o° 20° 40° 60°

220° 881 10°41 1198 o8
200° 740 858 10°01 1164
180° 610 704 820 9's5
160° 489 | 567 661 768
140° 388 | 457 532 614
120 302 3'56 4'15 484
100° 230 274 3'16 368

Table 56.—SHowING THE QUANTITY OF CoAL USED PER HOUR, TO HEAT
100 FEET IN LENGTH OF PIPE OF DIFFERENT SIzES.

D1FFERENCE BETWEEN THE TEMPERATURE OF THE PIPE AND THE Room

Diameter IN DEGREES OF FAHRENHEIT.

of Pipe
in Inches.

150|145|140|135/|130|125|120[115[110[105[100{ 95 | 9O | 85 [ 80

Ibs. | Ibs. [ Ibs. | Ibs. | Ibs. [ Ibs. § Ibs. | ibs, | Ibs. | Ibs. | Ibs. | Ibs. [ Ibs. | 1bs. | bs.
4 47 45| 4°4| 4°2] 471| 39 37 3'6 34| 32| 31| 2°9 28| 26 25
3 13834|33|31}30| 29| 2:8| 2'7] 2°5] 24| 2°3| 2°2 2'1| 2°0[ 1°8
2 | 23| 22| 2°2| 2°1{ 20| 1°g| 1°8| 1°8] 1°7] 1°6| 1°5| 1°4] 1°4} 1°3| 1°2
1 |ryrrrfrolzo|l o g g9 8 8 ‘7| 7[ 7 6 6

When pipes are laid in trenches covered with grating the loss of heat

\ amounts to about 10 per cent., which passes into the ground. ;

Boiler Power.—For heating purposes by hot water, the saddle boiler
gives good results. One square foot of boiler surface exposed to the direct
| action of the fire, or three square feet of flue surface, will heat 4o feet of

4-inch pipe.
| The Quantity of Air to be Warmed per Minute is from 4 to
5 cubic feet for each person, with the addition of 1} cubic feet for each
square foot of glass in habitable rooms ; for conservatories and hot-houses
| the quantity of air to be warmed is 1} cubic feet per square foot of glass
| per minute ; as iron frames and sashes radiate as much heat as glass, their
| surfaces are to be measured with the glass. For wood frames deduct § from
| the gross area of surface.
| Heating Rooms by Steam at 212° F.—A r1-horse-power boiler is
:‘suﬁicient for 48,000 cubic feet of space. To heat a room to 60° F. the
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length of steam-pipe may be found by the following rule. To find the
length in feet of steam-pipe : Multiply the volume of air in cubic feet, to be
warmed per minute, by the difference of temperature in the room and the
external temperature, and divide the product by 304 for 4-inch pipe, or by
228 for 3-inch pipe, by 152 for 2-inch pipes, and by 76 for 1-inch pipe.

Exzpansion of Steam and Hot-water Pipes.—An expansion-joint
should be added to long lengths of steam-pipes, to allow for their increase
of length from expansion. The quantity of expansion can be found thus:
Multiply the coefficient of expansion given in Table 48 by the difference in
temperature of the outside and inside of the pipe, which result multiply by
the length of pipe. Thus with a cast-iron steam-pipe 160 feet long, with
the temperature of the air at 60° and the steam at 324° F., the difference of
temperature will be 324—60 = 264°, and the increase in length due to
expansion will be "00ooo6s rate of expansion X 264° temperature X 160
feet X 12 inches = 3°294 inches.

VENTILATION, &c.

The Amount of Air required for the proper ventilation of apartments
is from 4 to 5 cubic feet of air per head per minute in winter, and from
6 to 10 cubic feet in summer. A man makes about 17 respirations per
17 X 40 X 60

1728
hour ; for respiration and transpiration 2 man requires 215 cubic feet of air
per hour. A man generates about 290 units of heat per hour, 100 units of
which go in the formation of vapour, and the remaining 190 units are
dissipated by radiation to the surrounding objects and contact with cold
air. An ordinary gas burner consumes about 5 feet of gas per hour, and
requires for combustion 12z cubic feet of air per cubic foot of gas, or 60
cubic feet per hour for each gas burner; each cubic foot of gas burned
emits about 6go units of heat; each pound of candles or oil burnt requires
160 cubic feet of air for combustion, and emits 16,000 units of heat.

The Quantity of Air required for the proper ventilation of various
buildings is given below :—

minute each of 40 cubic inches, or = 23°6 cubic feet per

. Cubic feet per head per hour,
For apartments with healthy occupants . 3 . . 300
For apartments with sick occupants : 5 5 . . 1200
For prisons and workhouses . o 3 2 3 . 350
For churches and assembly rooms 5 5 5 . . 550
Hospitals, ordinary, and barracks . 3 3 0 . 2200
Hospitals for infectious diseases . q 3 . . 4500

‘The Space provided for each Bed in the wards of ordinary hospitals,
should not be less than 1800 cubit feet, and in hospitals for infectious
diseases not less than 2500 cubic feet. Thespace provided in dwelling houses,
should not be less than 300 cubic feet for each person in a room, whether
children or adults, as children require as much space as adults.



VENTILATION. 20§

Ventilation of Mines.—The quantity of air required for the health
of each person underground is 100 cubic feet per minute; in addition to
this, in fiery mines air is required in the proportion of 30 cubic feet for
each cubic foot per minute of firedamp given off.

Space Required for Animals.—A pig requires 10 square feet of floor
space ; a sheep, 15 ; a bullock, 70; a cow, 100; and a horse, 120 square
feet of floor space. The cubical space should equal 13 times the given
floor space for a horse, and 10 times the given floor space for each of the
other animals above mentioned.

Furnace-ventilation.—The power obtained is measured by the differ-
ence between the weights of air in the downcast and upcast shafts. The
length of column in the downcast shaft, which would be equal in weight to
the difference of the weight of air in the two shalfts, is called the motive
column. To find the motive column.—Rule: From the temperature of
the upcast shaft, subtract the temperature of the downcast shaft, and divide
the remainder by the product of the temperature of the upcast multiplied
by 459 ; multiply this quotient by the depth in feet of the downcast shaft.

To find the weight in Ibs. of a cubic foot of air.—Divide the number 519
by the product of 459 multiplied by the temperature, and multiply the
quotient by *0765546. By multiplying the weight of one cubic foot. of the
air in the shaft by the cubic area of the shaft, the total weight of the air in
the shaft is obtained.

Weight of one cubic foot of pure Air under a pressure of one
atmosphere.

1bs. Ibs.
At o° Fahr. = -0866 At 300° Fahr. = ‘o525
» 12° = ‘0845 » 400° = ‘0465
» 222 » = ‘0826 » goo: ”» = '0413
PR32 Rl e = -0808 » 800° =1 03[
620 = ‘o762 , 1200° ,, = ‘0242
102 M S — 0700 20002 n o =itio165
, 162° = 0640 125000 1 = -o136
®212°  ,, "0 =0 ‘0502 200088 3l =1 oo

Atmospheric Air is increased in volume by elevation of temperature,
as follows.

At 32° Fahr, volume =-~1'000 | At 180° Fahr., volume = 1°310
P 42° ”» = rozr o o » = Ir'370
» Soo ”» » = 1040 » 3000 ) » = I'550
» 60: ”» » = 1060 | ,, 40°: » » = 1726
» 70 ” » = 1080 » 500 » ”» = 1960
o, » e[ Rteie » = 2’570
Bioo® . = 1120 | , 1200° S = 3386
w 100° » = 1140 | , 1600° ”» = 47200
» 120° » » = r18o » 2000° I » = 5’020
» 150° » TE 203 B 3000, ”» = 7058
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WIND PRESSURE ON RAILWAY STRUCTURES.

The following is an extract from the report of the committee appointed
to consider the question of wind pressure on railway structures in 1881 :—
In the case of high winds, with which alone we have to deal, it was found
that the greatest pressure recorded in an hour was tolerably well propor-
tional to the square of the mean velocity during the hour, and that the

empirical formula—5 = P, where V= maximum run in miles of the wind
I

in any one hour and P = maximum pressure in pounds on the square foot
at any time during the storm to which V refers, represented very fairly the
greatest pressure as deduced from the mean velocity for an hour. We
have accordingly given a table calculated from the above formula for
deducing maximum pressures from observed velocities.

Table 57.—WiND VELOCITIES AND PRESSURES.

Maximum Maximum Maximum Maxi; Maxis Maxis

hourly run pressure in hourly run pressure in hourly run ssure in

of the wind Ibs. on the of the wind Ibs. on the of the wind bs. on the

in miles. sq. foot. in miles, sq. foot. in miles. sq. foot.

40 160 61 3772 81 656
41 16-8 62 « 384 82 672
42 176 63 397 83 689
43 185 64 41°0 84 706
44 19°4 65 42°2 85 72'2
45 20°2 66 436 86 740
46 21z 67 449 87 757
47 23T 68 462 88 77°4
48 230 69 476 89 792
49 24’0 70 490 90 810
50 25°0 71 50'4 9I 82'8
51 260 72 51°8 92 84°6
52 z7'0 73 533 93 . 86°s
53 281 74 54'8 9 884
54 292 75 562 95 903
55 302 76 578 96 922
56 314 77 59'3 97 94'1
57 325 78 608 98 960
58 330 79 624 99 980
50 348 8o 640 100 100°0
6o 360

From the consideration we have given to the subject, we are of opinion
that the following rules will sufficiently meet the cases referred to us :—

(1) That for railway bridges and viaducts a maximum wind pressure of
56 lbs. per square foot should be assumed for the purpose of
calculation.

(2) That where the bridge or viaduct is formed of close girders, and the
tops of such girders are as high or higher than the top of a train
passing over the bridge, the total wind pressure upon such bridge
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or viaduct should be ascertained by applying the full pressure of
56 1bs. per square foot to the entire vertical surface of one main
girder only. But if the top of a train passing over the bridge is
higher than the tops of the main girders, the total wind pressure
upon such bridge or viaduct should be ascertained by applying
the full pressure of 56 lbs. per square foot to the entire vertical
surface from the bottom of the main girders to the top of the train
passing over the bridge.

(3) That where the bridge or viaduct is of the lattice form or of open
“construction, the wind pressure upon the outer or windward girder
should be ascertained by applying the full pressure of 56 lbs. per
square foot, as if the girder were a close girder, from the level of
the rails to the top of a train passing over such bridge or viaduct,
and by applying in addition the full pressure of 56 lbs. per square
foot to the ascertained vertical area of surface of the ironwork of
the same girder situated below the level of the rails or above the
top of a train passing over such bridge or viaduct. “The wind
pressure upon the inner or leeward girder or girders should be
ascertained by applying a pressure per square foot to the ascer-
tained vertical area of surface of the ironwork of one girder only
situated below the level of the rails or above the top of a train
passing over the said bridge or viaduct, to this scale, viz. :—

“ (&) ¥ the surface area of the open spaces does not exceed two-
thirds of the whole area included within the outline of the.
girder, the pressure should be taken at 281bs. per sq. foot.

(2) If the surface area of the open spaces lie between two-thirds
and three-fourths of the whole area included within the
outline of the girder, the pressure should be taken at
421bs. per square foot.

(¢) If the surface area of the open spaces be greater than three-
fourths of the whole area included within the outline of
the girder, the pressure should be taken at the full
pressure of 56lbs. per square foot.

(4) That the pressure upon arches and the piers of bridges and viaducts
should be ascertained as nearly as possible by the above rules.

(5) That in order to ensure a proper margin of safety for bridges and
viaducts in respect of the strains caused by wind pressure, they
should be made of sufficient strength to withstand a strain of four
times the amount due to the pressure calculated by the foregoing
rules. And that, for cases where the tendency of the wind to
overturn structures is counteracted by gravity alone, a factor of
safety of 2 will be sufficient.

The Pressure of Wind on Roofs of buildings seldom exceeds 4olbs.
per square foot in this country, except in great storms, when it may be solbs.
per square foot. In countries subject to hurricanes the wind pressure
is sometimes from 60 to 7olbs. per square foot.
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Pressure, Power and Discharge of Gas.—The total heat of coal gas
is 690 units per cubic foot, its evaporative power is 1 lb, of water from 62°
per cubic foot of gas. The pressure of gas is measured in inches of
water ; the pressure at the gas works is from 2 to 2§ inches of water, ora
pressure of under z oz. per square inch, Gas weighs about 240 grains per
cubic foot, or less than half the weight of air, which weighs about 560 grains
per cubic foot. Gas has an ascending power equal to one inch of
water for every 100 feet in height; it increases y% inch in pressure for
every rise of 1o feet in height and decreases at the same rate in pressure
for a descent. Each gas-burner consumes 5 cubic feet per hour, and the
quantity of gas that can be supplied by various sizes of pipes at various
distances from the supply pipe is given in the following table, which is
useful for fixing gas stoves, &c.

Table 58.—NumBEr oF Curic FEET oF GAS DISCHARGED PER HOUR BY
PrrEs oF VARIOUS S1zES AND LENGTHS AT A PRESSURE OF 4.

Length from INTERNAL DIAMETER.
the Supply T &3
Pipe. FIn | 3In |G In. | $4In. [ §In | 3In (110 | x}In. | 2310, | x30n. | 21In,

1ofeet. | 40| 63 | 93 |130|228|360!738| 1291 | 2037|2995 | 4185

20N 28 { 45 | 66 | 02 [161{254|522| 91314402118 /2952
o th 23 | 37 | 54 | 75|131|208{426| 745|1176| 17292415
40 ,, 20| 32| 46| 68[114|180]|369]| 6451018 1497|2090

5 ORI 18 | 28 | 41 | 58| 102|1060(330| 577| 911 [1339( 1871
60 2%, 16 | 26 | 38 | 53| 931147(302| 527| 832|1223|1707
DS 15 | 24 | 35| 49| 86]136|279| 488| 768 (1132|1583
8ol 14 | 22 .33 | 46| 8o|127|261] 456| 720|105¢| 1478
OONNG, 13 | 21 | 31 | 43| 76{120]246] 430| 679| 9981396
TOONT, 12 | 20 | 29 | 41| 72{114[233| 408| 644 947{1322
125 11 | 18 | 26 | 37| 64|101|209| 365| 576 847|1184(-
TGOS 1016} 24 33| 58| 93/190{ 334| 528 773| 1080
7S gy 9|15 (22| 31| 54| 86|176| 308| 487| 716/ 1000
200 ,, 9| 14|20 29| 51| 80|165| 288| 455| 669| ¢35
225 o |13 | 19 | 27| 48] 761156| 274| 430| 630| 880
25007 ,, o1z |18 | 26] 46| 72{147| 258( 407| s599| 836
300%"; o | e | 17| 24| 41| 65(137| 236| 376| 547| 764

Lifting Power of Gas.—About 30 cubic feet of coal gas, or about 13}
cubic feet of hydrogen gas, will lift 1 Ib. weight.

Cupola.—One lb. of carbon'burning to carbonic acid develops 12,906
units of heat, and the quantity of coke required to melt cast iron may be
found thus:—2z190, melting point,—s50, temperature of the iron, X ‘13
specific heat, = 2782 units of heat to raise 1 lb. of metal to the melting
point, and 2782 + 233, latent heat of liquefaction of cast iron, = 511°2,
total amount of heat required to melt 1 Ib. Therefore, one ton of cast

2240 X 511°2, total heat per lb. o
12906 X '8z per cent. of carbon in the coke
108°2 Ibs. of coke, or nearly 1 cwt. of coke per ton of metal melted

iron will require
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The most advantageous speed in lineal feet per minute, for planing,
shaping, slotting, and turning metals, is, for copper 120 feet, brass 5o feet,

wrought-iron 20 feet, cast-iron 18 feet, steel 12 feet.

By dividing these

numbers by the circumference in feet of the work to be turned, the number
of revolutions of the lathe-spindle is obtained. For boring work in a lathe,
the speed is limited by the overhanging of the tool, to from 6 to 10 feet per
minute ; for screwing bolts and tapping nuts the surface-speed is from
The speed of cutters for wheel-cutting and
milling machines should not exceed 18 feet per minute at the largest cutting

4 to 8 feet per minute.

diameter.

Table 59.—CUTT1NG SpeEDS FoR LATHE WORK.

WRoUGHT IRON. CasT IRON, - STEEL.. BRASS. CorPER. 1
Diameter |~
of the Work Number of Number of Number of Number of Number of
in Inches. Revolutions per | Revolutions per | Revolutions per | Revolutions per | Revolutions per
Minute of the Minute of the | Minute of the | Minute of the | Minute of the
Lathe Spindles | Lathe Spindle. | Lathe Spindle. | Lathe Spindle. | Lathe Spindle.

1 76 68 45 190 456

I3 50 45 30 127 300

Z 38 34 22 95 228

23 30 27 18 75 180

R 25 22 15 63 150

3% 22 19 13 55 132

4 19 17 11 47 114

5 15 13 9 38 90

6 12 11 76 30 72

7 10 9 65 25 6o

8 9 86 57 23 54

10 ey 68 458 19 46

12 63 57 383 16 37
x5 50 4’5 3395
18 4°24 38 2'54
21 363 3'27 218
24 318 285 191
30 2°54 229 1°52
— 36 212 191 127
42 1°81 1:66 1'10
48 1'59 1°44 *96
54 1°41 127 -85
6o 127 1’14 76
e 1°06 ‘95 63
84 ‘90 2282 ‘54
96 ‘79 A 47
108 70 63 ‘44
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The feed or advance of tool suitable for the speeds given in the table
of cutting speeds for lathe work, is given in the following table for roughing
cuts. The finishing cut should be aslight as possible, with a broad advance
or feed of cut.

Table 60.—FEEp or Apvanck oF Cur ror RoucHinG CuTs IN
LaTHE WORK. :

ADvANCE OR TRAVEL OF THE TooL TO ONE REVOLUTION
Diameter of Work, OF THE LATHE SPINDLE.
in Inches.
Wrought-Iron. | Cast-Iron. Steel. Brass. Copper.
) Inch, Inch. Inch. Inch. Inch.
Ulnder 1} inches s—‘l,- ,—i, T:o 7:; Tl‘
1pto 2 » 7 36 37 kX3 5
25025 Ex T 25 5 5
giost o, T & | % | sk | =
6torz b 3 Ts 35 77
13 and upwards 3 ks 5 = .

As each revolution of the lathe moves the tool forward the portion of an
inch given in this table, a 3-inch shaft making 25 revolutions per minute
25 revolutions

would be turned with a rough cut at the rate of
16 advance

= 1 inch

in length per minute.

The feed or advance of the tool of a planing machine should be 14 or
12 cuts per inch for roughing cuts, and the finishing cuts should be done
with a broad tool having an advance for each cut of from } to § inch.

Speed of circular saws for cutting metal, for brass 3s5o lineal feet per
minute, for cast-iron 19o feet per minute, for wrought-iron 150 lineal feet
per minute.

The speed per square foot of surface at which metals can be
cut, depends greatly upon the efficiency and rigidity of the machine tools,
as well as upon the softness and quality of the metal; some iron is very
scaly and dirty, and soon blunts the tool. In the following table is given
the time -required to finish work, including one roughing cut and one
finishing cut, the average of a great quantity of work done by ordinary good
tools : the finishing cut being light with a broad advance.

Lathe Centres.—The usual angle for lathe centres is 60°; but for
heavy work a more durable angle is 75°. For heavy work the centre should
have a small hole bored up its centre, and another hole drilled at right
angles to meet it, by which means the bearing surfaces can be properly
oiled without stopping the lathe.

Cutting Angle of Lathe Tools.—The cutting angle best adapted
for turning tools for soft wood is 30° for hard wood 40° for wrought-iron
and steel 60°, for cast-iron 70°, for brass 80° for very hard metals 84°, for gun
metal 85°, for hard brass and hard gun metal go°, and for chilled rolls go°

The angle of clearance of these tools is 3°
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SPEED FOR WOOD-WORKING MACHINERY, &o

Table 62.—~SrEED FOR CIRCULAR SAws.

D Nt | B | i Kot o Rt
of Saw. per Minute. Gt per Minute. of Saw. per Minute. of Saw. per Minute.
Inches. Inches. Inches. Inches.

10 3500 24 1500 38 920 54 6oo
12 3000 26 1300 40 870 56 580
14 2500 28 1200 42 830 58 560
16 2200 30 1150 44 800 6o 540
18 2000 32 1100 |- 48 700 62 520
20 1800 34 1050 50 670 64 500
22 1600 36 1000 52 640 66 480

Table 63.—SpEED AND HORSE-POWER REQUIRED TO DRIVE WOOD-WORKING

MACHINERY.
Number of Horse Power|
Description of Machinery. Revolutions | required
per Minate. | to drive it.
Circular saw bench. Size of saw, 14 in. diameter | 2500 1
Ditto ditto 24 % 1500 2
Ditto ditto 30 0 1150 3
Ditto ditto 36 % . 1000 4
Ditto ditto 42 s 830° 5
Ditto ditto 48 700 6 -
Band saws. Diameter of saw pulleys, 24 inches . 500 4
Ditto ditto 208 5 450 52
Ditto ditto A5 400 [ <
Ditto ditto 42 350 i3
Vertical timber frame to saw 12 in. logs. Speed of
crank shaft 180 3
Ditto ditto 18 ditto bs) BN 160 4
Ditto ditto 24 ditto o 140 5
Ditto ditto 30 ditto ® 130 7
Double deal frame for deals 11X 3 in. & 400 4
Ditto ditto 14X4 o 350 5
Ditto ditto 18x4 4 300 7
Single deal frame for deals 11x3 ,, Jod 400 2
Ditto ditto 14X 4 5 350 33
General joiner . 5 .| 1500 3
Boring, chamfering, and shapmv machine. Speed | 4000 i
Planing and mouldlng machine . 5000
Rate of feed for planing and mouldmg machlne,
20 to 30 feet per minute.
Angle of plane and moulding irons, 25° for soft
wood ; 35° for hard wood.
Breakmg strain of band saws= 176 lbs. for each
% inch width of blade.
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Table 64.—SpEED oF GrINDsTONES FOR GrinpIiNg Toors, &c.

Diameter of the grindstone, in

inches g . o . | 24{ 30(36(42(4854/60/66]|72|78/84]|90/96
Number of revolutions of the g ? e W

stone per minute . . [139 106|‘88 75(66/58|52(48(44(40(37/35(33]

SPEED AND PROPORTIONS OF FANS.

Speed of fan for smithy fires 185, and for a cupola 270 feet per second
of circumference.

Fan blades = } diameter of fan each way.

Inlet = } diameter of fan,

Outlet = area of blades.

Length of neck of spindle = 43 times the diameter of the spindle.
+ To find the horse-power required for a fan.—Ru/e - Divide the square of
the velocity of the tips of fan in feet per second by 1000, and multiply the
result by the density of the blast in ounces per inch, which product multi-
ply by the area of discharge at the tuyeres in square inches, and divide the
result by 963.

To find the density of fan blast in ounces per inch.—ZRu/e : Divide the
velocity in feet per second of the circumference by 4, square the result,"and
next divide by the product of the diameter of fan in feet by 120.

WHEEL CUTTING.
.

The Dividing Wheel on the mandrel of a wheel-cutting machine, is a
worm-wheel, having usually 180 teeth; the change-wheel on the end of
the worm-shaft is called the tangent-wheel, which is geared with an inter-
mediate wheel or wheels; to the wheel on the end of the division-plate shaft.
When convenient, the tangent-wheel should have the same number of teeth as
that of the wheel to be cut, and the wheel on the division-plate shaft should
have half the number of that of the dividing wheel, then two turns of the
handle if the worm has a single thread, and one turn if it has a double
thread, will give the required number of teeth to be cut. When this
arrangement is not convenient, the change wheels may be found thus,
Find the ratio between the number of teeth in the wheel to be cut, and
that of the dividing wheel, which may be divided by any suitable number,
when the numerator will represent the driver or division-plate wheel, and
the denominator the driven or tangent-wheel. Thus, to cut a wheel with
180 dividing wheel + 2

90 wheel to be cut = 2
of the handle if a single-thread worm, or with half a turn if the worm has
a double-thread, Y

9o teeth =29 the wheels required, with one turn
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Table 65.—TABLE oF CHANGE WHEELS FOR A WHEEL-CUTTING
MacHiNE HAVING A DivipiNe WHEEL WITH 180 TEETH.
INumber| Number| Wheel Tangeml Number|Number| Wheel {Tangent] Number“ Numbcri ‘Wheel |Tangent]
of * of on | Wheel of of on Wheel of of on heel
Teeth | Turns [Division] on Teeth | Turns [Division| on Teeth | Turns Division| on
tobe | of the | Plate { Worm {| to of the | Plate | Worm || to of the | Plate | Worm
Cut. |Handle.| Shaft. | Shaft. || Cut. |Handle.| Shaft. | Shaft. || Cut. |Handle.| Shaft, | Shaft.
10| 4 go| 20| 53| 2 go| 53 96| 1 go | 48
11| 4 9| 22| 54| 2 9| 544 97| 2 9 | 97
12| 4 | 75| 20 551 2 | gof 551 98| 1 | go| 49
13/ 4 | 90| 26 56| 2 | gof 56} 99| z | go| 99
14| 4 go| 281 571 2 go| s7] 100 I go| so
15| 4 6o| 20 s8] 2 go| 58 | 101 | 2 go | 101
16| 4 go| 32| 59| 2 go| 59 ff 102 ] 1 6o | 34
171 4 gol 34| 60| 2 go| 6ol 103 | 2 90 | 103
18| 4 so{ 20 61| 2 go| 61| 104 1 45 | 46
19| 4 goi 381 62| 2 go| 62| 105 ]| 1 6o | 35
20| 4 45| 20| 63| 2 go| 63 106 | 1 9o | 53
21| 4 90 | 42 || 64| 2 go| 64 | 107 | 2 9o | 107
22 | 4 Q| 44l 65| 2 goj 65l 108 | 1 6o-| 36
23| 4 go| 46 || 66| 2 go| 66| 109 | 2 9o | 109
24| 4 3o 6 67 b2 go| 67| 110 | 1 9o | 55
25 | 4 45| 25| 68| 2 go| 68 | 111 | 1 6o | 37
26 | 4 90| s2 || 69| 2 go | 69 || 1x2 | x go | 56
27| 4 40 | 24 701 2 9o | 70 || 113 2 9o | 113
28| 4 45| 28 71| 2 go | 71|l 114 | x 9 | 57
29| 4 o[RS 85172 5| 2 go | 7z | 115 | 2 go | 11§
30| 4 6ol 40| 73| 2 go| 73 |l 116 | 1 go| 58
Rl = go| 62 || 74| 2 9o | 74 | 117 | 1 6o 39
32| 4 gol| 64 75| 2 9o | 75| 118 | 1 90| 59
2 3Rtz 9o} 33 76| 2 go| 76| 119 | 2 9o | 119
34| 2 | go| 34 771 2z | 9o 77f120| 1 | go| 60
BN go| 35| 78] 2 go| 78 || 121 | 2 go | 121
36| 2 9o} 36 79| 2 go| 79 |f 122 | 1 go| 61
3748z go| 37| 8o 2 go| 8o 123 1 |120| 82
381 2 go| 38| Br} 2 go| 81 ffrz4]| 1 45 | 31
39| 2 9o | 39| 82| 2 go| 8z 125 | 1 72 | 5o
40| 2 go| 40| 83| =2 go| 83§ 126 1 6o | 42
Askal. 12 9o | 41 84| 2 go| 841 127} 2 9o | 127
a2 2 go| 421l 8| 2z go| 85| 128 1 45 | 32
43| 2 go | 43| 86| 2 go| 86| 129 1 6o | 43
44 | 2 90 | 44 Sz go| 87 130]| 1 go | 65
45| 2 go| 45| 881 2 go| 88| 131 | 2 9o | 131 ]
46| 2 go| 46| 89| 2| g9o| 89| 132 | 1 45 | 33
47| 2 9 | 47| 9o 1 9o | a5 | 133 2 9o | 133
48| 2 9o [ 48 91 2 9o | or || 134 1 go | 67
49| 2 90| 49 | 92| 2 90| 92| 135 1 6o | a5
5O¥II2 90 504 93 |2 90| 93136 1 45 | 34
5 40 I go| 51| 94| 1 9o | a7l 137 2 9o | 137
52| 2 go| 52| 95| 1 72 | 38 138} 1 6o | 46
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Table 65 continued —TaBLE oF CHANGE WHEELS.

N...:fbu Nu:}bcr V'Vz;el Tva,nhg;\;tl Nm:f‘xer Nu:;ber W‘;l;eel Ta]nhgeee?t[ Nu-;zibct Nu;n{b:r ng:el '[;;/";::l‘
B | Ot | Bmeer| Woarm | cove | ofiim | Bimer| Wonma | Sake: | afiha. |- Sse | Woe
Cut. . (Handle,| Shaft. | Shaft. Cut. Hoandlec, Sh:.f: Shoarﬁ.m t&}’: T—?:r:;llen sli.]:}f. ‘Svhoa‘x.‘
139 | 2 go | 139 || 164 | = 45| 41 || 189 | 1 6o | 63
140 | I 45| 35 || 165 | ¥ 60| s5 190 1 90| 95
141 2 go | 141 [ 166 1 9o | 83 | 191 2 9o | 191
142 | 1 gof 71|l 167 | 2 9o | 167 Il 192 | 1 30| 32
143 | 2 9o [ 143 | 168 | 1 45| 42 193] 2 9 | 193
I44 | 1 45 | 36 | 169 | 2 9o | 169 || 194 | 1 9 | 97
145 | 1 72| 58 || 170 | 1 9o | 85l 195 | 1 6o | 65
146 | 1 go] 73171 | 1 6o | 571l 16| 1 go | 98
147 | v | 6o| 49172 1 | 45| 43| 197 | 2z | 9o | 197
148 | 1 45| 371 173 2 9o | 173 |l 198 | 1 90| 99
149 | 2 90 | 149 || 174 | 1 6o| 58| 199 | 2 9o | 199
150 | 1 6o| s0il175| 1 36| 35| 200| 1 45 | s0
st | 2 go | 151 | 176 | I go| 88 | zo1 | & 6o | 67
152 1 I 45| 38 |l177] 1 60| 59| 202 | 1 9o | 101
153 | I 60| srff1z8| 1 90| 89 || z04 | 1 6o | 68
I54 | I go| 771l 179 | 2 9o | 179 | 205 | I 36 | 41
155 | 1 36| 31180 | 1 9o | go | 206 | 1 9o | 103
156 | 1 45| 39181 2 | .90 | 181 | 207 | = 6o | 69
157 | 2 gol 157 || 182 1 90| o1 || 210 |- 1T 6o | 70
158 | 1 go| 79183 1 6ol 61212 | 1 45| 53
159 | I 6o| 53184 1 45 | 46 || 213 | 1 6o | 71
160 | 1 go| 8o | 185 | « 308 [r370[" 2Tt e 9o | 107
161 | 2 go | 161 | 186 | I go| 93 fl 215} 1 36 | 43
162 [ 1 go | 81l 187 | 2 go | 187 | 218 | 1 go | 109
163 | 2 go | 163 || 188 | 1 45| 47|l 220 1 36 | 44

Rule to prove the correctness of change wheels for the above wheel-
cutting machine :—

Divide the number of teeth in the wheel on the division-plate shaft, by
the number of teeth in the wheel on the worm-shaft ; multiply the quotient
by the number of turns of the handle, and the product will be equal to the ;
quotient of the number of teeth in the dividing wheel divided by the humber
of teeth in the wheel to be cut.

SCREW-CUTTING.

A SingleTrain of change wheelsfor screw-cutting consists of 3 wheels :—
viz., 1 wheel on the lathe-spindle, called the driver ; 1 wheel on the lathe’s
leading screw called the driven wheel, and one intermediate wheel to
connect these two wheels, called the stud-wheel. In a double train,
4 wheels are used: a stud-pinion gearing into the leading screw-wheel,
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being keyed on the same socket as the stud-wheel. The wheel on the
lathe-spindle is the first driver, the stud-pinion is the second driver, the stud-
wheel is the first driven wheel, and the leading screw-wheel is the second
driven wheel.

The Number of Teeth in the change-wheels must have the same
proportion as the number of threads per inch of the leading screw has
to the number of threads per inch of the screw to be cut. Thus,to cuta
screw of 8 threads per inch with a leading screw of 2 threads, wheels are
required in the ratio of 4 to 1; say a wheel with 20 teeth on the lathe
spindle, and a wheel with 8o teeth on the leading screw, connected with
anintermediate wheel. When the number of threads to be cut does not
exceed 12 per inch, a single train of wheels can be used. To cut a screw
of a finer pitch than the leading screw, the following rules will give the
required wheels:—

Rule 1. Place the number of threads per inch of the leading screw for
a numerator, and the number of threads per inch of the screw to be cut fora
denominator, thep add a cipher to each, which will give the required change
wheels. Thus, to cut a screw of 8 threads perinch, with a leading screw
2 threads in leading screw

2 threads per inch: .
phiaethreads p 8 threads in screw to be cut

; addingacipher=

20 driver
8o driven’

The wheel representing the numerator is placed on the lathe-spindle, and
the wheel representing the denominator on the leading screw.

Rule 2. When the number of threads to be cut is uneven: say
22 threads per inch, multiply the whole number by the denominator of the
fraction ; and multiply also the number of threads per inch of the leading

2 threads per inch in leading screw X 4
2% threads per inch in screw to be cut X 4

80 driver ’
110 driven

When the numbers of teeth of wheels as found by this rule are too large,
they may be reduced by dividing theni by any suitable common divisor;
and, if too small, they may be increased by multiplying them by any
suitable common multiplier.

When a double train, or 4 change-whéels, are used, fix upon any
3 wheels for the lathe-spindle and stud-wheels, and the fourth or leading
screw wheel may be found by the following rule.

Rule 3. Multiply the number of teeth in the wheel on the lathe-
spindle by the ratio of the screw to be cut and the leading screw ; and
by the number of teeth in the second driver or stud-pinion ; and divide
the product by the number of teeth in the first driven wheel. Thus,
to cut a screw of 16 threads per inch with a leading screw of 2 per inch,
the ratio is 8 to 1. Lathe-spindle wheel 20 teeth, stud-pinion or second
driver 50 teeth, stud-wheel or first driven wheel 8o tecth ; .required the

>

screw by the same multiplier

= %1—:‘ Add a cipher =

- B
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number of teeth in the leading-screw wheel. ”’1_78.453 = 1oo teeth.

. The above arrangement will cut a right-hand thread. ¢

'y

To cut a left-hand thread, place another wheel between a driver and
a driven wheel to reverse the motion of the saddle.

Rule 4. The wheels may also be found by assuming a pair of wheels in
conjunction with Rule 1, say 139, and by dividing one of the drivers and
one of the driven wheels by any suitable number. Thus, to take the screws
in the last example %, add a cypher, Y20 ditve

100 driver 160 driven’
—————, then by dividing the first driven wheel and the second driver by
100 driven

two, the required wheels are: 20459 <CIIVE) dr'lver v
80 100 driven

Rule 5. To prove the correctness of the change-wheels when the screw
to be cut is of finer pitch than the leading screw, multiply the driving
wheels together, and multiply the driven wheels together; and divide the
greater product by the less. The quotient multiplied by the number of
threads per inch of the leading screw, will give the number of threads perinch
of the screw to be cut. To prove the wheels in the last example, 32X190 _
8 x 2 = 16 threads per inch in the screw to be cut. s

To Cut Coarse-Pitch Screws.—To find the change-wheels to cut a
screw of coarser pitch than the leading screw, it is necessary to assume as
many pairs of wheels as will sufficiently reduce the size of the first driver, the
ratio of the wheels being the numerator (instead of the denominator as used
for pitches finer than the leading screw in the above rules) in coarse pitches.
Rule, multiply the pitch in inches of the screw to be cut, by the number of
threads per inch of the leading screw, which will give the number of threads
of the leading screw, in a length equal to the pitch to be cut, and
therefore the ratio of the wheels required to cut the pitch. Thus,tocut a
screw of 2o-inch pitch/with a leading screw of 2 threads per inch, zo X 2
= %P the ratio required, the denominator must be increased by multiplying
it by some suitable number to obtain a wheel of proper size, and the nume-
rator must be increased in the same proportion, say zo, then, 4‘::2::
—————800 et d‘ilver. If two pairs of wheels are assumed, it will stand thus:

20 first driven - 3 ;
800 first drllver, 100 second dr.lver, 100 thl'l'd dr.wer ; to reduce the size of

20 first driven, 100 second driven, 100 third driven
the first driver, divide the first ‘driver and second driven by four, which
will give wheels %99, 120, 109 and to still further reduce the size of the

Assume a pair of wheels,

first driver, divide the first driver and last driven by four, which will give.

o) i E
S @,M‘%‘ﬁi the wheels required.
20 25 25 driven
Rule, to prove the correctness of the change-wheels for coarse-pitch
screws, the screw to be cut being coarser in pitch than the leading screw.

Multiply the driving wheels together, then multiply the driven wheels

+

v

- *

‘together, and multiply the product of the driven wheels by the number of &
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threads per inch of the screw, with which product divide the product of

the driving wheels. Thus, to prove the wheels in the last example :—

50X100=100 _, 500000 . 55 jnches pitch.

20X 25X 25X 2 25000
To Cut French Millimetre Pitches of Screws.—One millimetre

pitch is the v part of a metre. One metre is approximately 39§ inches,

and a leading screw of }-inch pitch, or two threads per inch, has 393 x 2=

7875 threads in one metre of its length; hence the proportion is —%%25,

which, if reduced':bg, say, multiplying by -8, gives ﬁg‘-fﬁ:gz %%, and the v
numerator 63 is a constant number, by which the number of millimetres,
in the pitch of the screw to be cut, is to be multiplied.

Example :—To find the change wheels to cut a pitch of 8 millimetres,
with the above leading screw: 8 x 63 = 504, then £9% resolved into frac-

800
tions becomes gg:so and by adding a cypher to the number 8 and another

to the number 10, the required wheels to cut 8 millimetres pitch, are
63 % 8o drivers
100 X 80 driven

To find the angle to be given to
a tool in order to'cut a square-thread
screw without injury to the sides of the
threads. In Fig. 47, draw the line
AB, equal to the pitch of the screw; draw the perpendicular line BC, equal
to the circumference of the screw, then draw the line AC, which gives the
angle of the screw-cutting tool.

Price of Machined-Work, &c.—The price charged per hour for the
use of machine-tools,—workmen’s wages and trade expenses being covered
by the charge—is usually as follows, viz. :—

Grindstones, 1s. 34. per hour—Emery Wheels, 1s. 64.—Glaziers, 2s. od.
—TLathes, 6 to 8 inch Centre, 1s. 6d.: ¢ to 12 inch, 2s.0d.: 13 to 16 inch,
2s5.6d.: 17 to 22 inch, 35.: 24 to 30 inch, 45.—Surfacing Lathe, medium
sized, 4s.: large, 55.—Planing Machines, 13 to 23 feet wide, 2s.: 3 to 4 feet
wide, 3s.: 43 to 53 feet wide, 45.: 6 to 8 feet wide, 55.—Shaping and
Sletting Machines, 4 to 6 inch Stroke, 1s. 64.: 8 to 1z inch Stroke, 2s.:
13 to 15 inch Stroke, 2s. 6d.: 16 to 18 inch Stroke, 3s.: 20 to 24 inch
Stroke, 4s.—Vertical Drilling Machine, small, 1s. 6. : medium sized, 2s.:
large, 3s. 64.—Radial Drilling Machine, small, 2s. : large, 3s. 64.—Cylinder
Boring Machine, small, zs. 64.: medium size, 4s.—Slot Drilling Machines,
2s.—Screwing Machine, up to_ 1% inches, 2s5.: up to 2 inches, 25 6d.—
Milling Machine, 2s. 64.—Wheel-Cutting Machine, 35.—The price of Fitters’
Best Work per day is equal to double the wages for ordinary work ; 23 times
for special or intricate work ; and 3 times the wages for very exact work.
Planing work per square foot, for large flat work, 4s.: for small ditto, 6s.
5s. for angles; and 6s. for undercut work. Turning work per square foot
for large plain turning"and surfacing work = the same prices as for planing.
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Table 66.—CHANGE WHEELS FOR SCREW-CUTTING. LEADING Screw,
2 THREADS PER INCH.

Number of 4 d Number of - ’
'{:Crehags 1:: gx;e Drivers, Driven. 'ﬁlcrliatdos I;xe‘ ?urtm Drivers, Driven,
40 20 40 | . Q581N ..
I Solliigrers (3 qon i 43 20 | 100 | 50| 95
-~ SQuft=90 | 30| 75 30| 100 | 75) 95
ro i I P 208 50 101
I% Eall sl soifiy . 5 F ol OOl BRC R
40| 80| 20| 100 50| 6o | 75| 100
6o 45 40 | ... | 105
11 Sou[4iss 1= 6011 ... 5+ 20| 8 | 60| 70
40| 60| 20| go 40| 60| 70| go
40 g5 T 20 55i |-
13 8o |l ezl 704l ... 5% 40 |1 = [irTol i
6o | 40| 30| 70 20 6o | 30 | 170
20 MRZOR . .. VTR B T G 0
2 0a [ «3.{1 9ot ¢ ... 5% 20| 40| zo0| 11§
30| 8 | 40| 6o 20| 60| 30| 115
40 45 20. 6o
21 8! |4 a1 | | oot 6 30| a1 igok g
40 [ 100 [ 50| gO 30| so| 6o 75
40 SOT | 40, [ITe 30 [Hz 0
2% 60|95 [ 75a1% . .. 6% 20| 60| s0{ 75
30| 8 | 50| 60 40| 60| 75! 100
40 55 20 | 65
23 S0y [ tess(ronl e i 6% 40 | wo li1zom iy
40 | 100 | 50 | 110 40| 60 65| 120
30 45 40 [ oo [ ToER
3 $okiise |1 607 2 .. 63 20| 40| 30| go
30| 8 | 40| go 40| 80| 9o 120
40 Gk [ 207| .o (IF7CRITEE
3% SoR Il =2 " [fT300 | ... ) 30| 40| 60| 70
60| 8 | 65 | 120 40| 45| 70| 9o
40 70 40, |1 & {YTac [ FEs
3% (7, 11 FET et s 73 20| 80! . 40| 145
50| 60| 70| 75 30| 60| 45| 145
MO R (Y75 [ st 20 | .. 75 [,
33 60| 8 | go | 100 74 30| 60| 75| 9o
40| 60| 45| 100 30| 8| go | 100
20 40 L 40 e . (W TSER e
4 401 ..} 8o .| =7% 50| 6o | 75| 155
30| 8 | 40| 120 30| 60| 45| 155
AEEE 1] 85 =i, 2opliisaee (1580 (BT
4% 20| 8| 4| 8| 8 257|* et l§ 160 A
30| 8| 60| 85 20| 60| 40| 120
20 45 | .- 20| 8| 60| 110
4% 40y Il 94| v L. 81 20| 40 30| 110
30| 60| 45| 90 20| 60| 55| go
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TABLE 66 continued.—CHANGE WHEELS FOR SCREW-CUTTING, LEADING
ScrEw, 2 THREADS PER INCH.
Number of 3 Number of :
Threads in One Drivers. Driven. ‘Threads in One Drivers. Driven,
Inch to be cut, Inch to be cut.
2021 RSN K18 5 B F5 20| 25| 50| 85
8% 301 50| 75| 85 17 20| so| 85 100
40| 50| 85 | 100 20| 45| 85| 9o
260 FTE T oo | 5. 20| 30| 60} 9o
9 20| 8 | 60| 120 18 25| 30| 751 9o
30| 8| go| 120 30 40| 9o} 120
2o [ 2] Bos | Leee 20| 30| 60} 95
9% 30| 40| 60| g5 19 25| 30| 75 95
40| 45| 90} 95 30| 40| 951} 120
20| | NG, .- 20| 25| 50| 100
10 25| h-Sulazs 1. 20 20| 30| 60| 100
30| 40| 75| 8o 20| 60 | 100 | 120
20 | ... | 105 20 30 70 90
10y | 20| 40| 60| 70 21 20| 40| 70| 120
30| 40| 70| go 20 | 25 | 7ol 478
20| EEE oSl kL. 20| 30| 6o {110
11 20| 30| 55| 6o 22 25| 30| 75 { 110
20| 45| 55| 9o 30| 40 | 110 | 120
2008428 s | e 20| 25| 50 115
II%— 40 | 50| 100 [ 115 23 25| 30| 75 115
25| 40| 50| 115 20| 30| 6o | 115
zo il Il l1zo | . ... 20| 25| 75| 8o
12 30{ 40| 80| 9o 24 20| 30| 8| 9o
30| 50| 9o | 100 20{ 40| 8o | 120
2041 F RN i2g ]l 55, 20| 25| 50| 125
121 20| 60| 75 | 100 25 20| 30| 75| 100
20| 40| 50 | 100 25 | 40 | 100 | 125
20{ 30| 60| 65 20| 45| 9o | 130
13 20| 45| 654 90 26 20| 30| 6o | 130
25 | 40| 65| 100 20| 40| 80| 130
20| 40| 60| go 20| 40| go| 120
1312— 20 40 45 | 120 27 20 25 75 90
20| 80| 9o | 120 25| 30| 75| 135
20, |1 25 |50 | iv0 20| 30| 70| 120
14 20| 45| 70| 9o 28 20| 25| 70| 100
20| 40| 70| 8o 25 | 30| 100 | 105
20 |4y | SN 5. . 20 | 20| 40 | 145
143 20| 30| 30| 145 29 20| 40| 80| 145
30| 40| 6o} 145 20 | 45 90 | 145
- 2L N B o 20| 40 | 100 | 120
15 20| 40| 501} 120 30 20: | 1208} ‘7548
30| 40" 75 | 120 20| 251 75 | 100
251 30| 75| 8o 207 25| 8o | 100
16 20| 50| 8o | 100 32 4 20| 30| 8o 120
-20| 75 | 120 | 10O 25 | 30| 100 | 120
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LEADING SCREW,

::g}b;r Wheel w‘)::d Nu;r;ber Wheel Stud o W:neel
P e | ol | T, | i | B | x g
1 60 20 10f | 2o 70
1L 6o 25 11 30 A e
1] 6o 30 rriiF o R ST
13 6o | 35 12 20 8o
2 6o 40 123 | 30 G o) L
2% 6o 45 13 30 oo |l e
2% 6o 50 133 | 30 b || T
2% gg 25 14 30 50 70 | 100
3 0 15 20 w. | 100
31 6o 65 16 20 40 30 8o
3 6o 70 17 20 40 30 85
32 6o 75 18 20 40 20 6o
4 30 40 19 20 40 30 95
43 60 85 20 20 50 30 8o
4% 30 45 21 20 6o 30 70
43 60 95 22 20 40 30 | 110
5 30 50 23 30 40 20 | 115
53 6o | 105 24 20 40 30 | 120
55 30 55 25 20 50 30 | 100
g : 68 I é 5 :g 20 25 30 8o

3 o 20 0 30 90

6% 6o | 125 28 20 70 30 8o
6% 30 65 29 20 40 30 | 145
7 30 70 30 20 60 30 | 100
gg 30 g5 32 25 go 30 1c8>0
30 o 34 30 o 15 5

8% 30 85 32 30 go 15 90
Gt | 30 | 55 |do | 3o | 6|5 |
10 30 | 100 48 20 8o 25 | 100

Whitworth’s Standard Screw-Threads for Engineers’ Taps.—
The change wheels for cutting these threads are given in Table 83, page

251 ; and the proportions of screws and bolts in Table 89, page 255.

. Whitworth’s Standard Gas Screw-Threads, for gas piping.—The
change wheels for cutting these threads are given in Table 86, page 253.
Whitworth’s Standard Screw-Threads for Hydraulic Pipes, and
gas and water pipes—and the correct thickness of metal for these pipes—
are given in Table 88, page 254.
Whitworth’s Standard Screw-Threads for Watch and Instru-
ment Makers are given in Table go, page 256. -
Whitworth’s Standard Sizes for Nuts and Bolt Heads are given
in Table 108, page 285.
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Table 68.—CuANGE WHEELS FOR SCREW-CUTTING. LEADING SCREW,
4 THREADS TO THE INCH.

ey (RN & g:| g - g | e

AL IR R
1 80! 20| 9| 8|30 |15| gof 34 |30]45] 15| 85
1} | 8o| 257 10| 60| 25| 15| gofl 36 (40| 60| 15| g0
15| 80| 30| 1x| 803015110} 38}30}45]| 15| 95
1 80| 35| 12 {100| 60 | 15| 751 40 ] 30|50 15| 9o
2 |90l 45 13| 80| 60| 15| 65| 44 |30)55]| 15} 9o
2} [ 80| 45| 14| 60| 35|15 9off 48| 20|40 15| 9o
2 80| 50l 15| 80} 45 | 15 100 | 50| 20| 50| 15| 75
23 | 80| 55 16| 60f45| 15| 80| 54| 201 45| 15| 90
3 |100} 754 17 | 60| 45 | 15 |- 85 || 57| 20| 45 | 15 | 05
33| 80| 65| 18| 8o| 6o |15 | gof 60| 20| 50| 15 | 9o
33480 70/l 19| 80| 6o | 15| 95| 66| 20| 55| 15| go
33 | 8| 75| 20| 60| 45 |15 | 100 701 20| 70| 15| %5
4 90| 9o 21| 40f45 15| 70| 76130 90| 15| 95
47| 8| 85 22| 60| 45| 15| 110 | 80| 30| go| 15 | 100 f¢
43 | 80| 9o | 24| 40|45 | 15| 75| 96|20 80| 15| go
5 80| 100 || 26 | 60| 65 [ 15 | go [[-100 | 20 | 75 | 15 | 100
55| 80| 110'|| 28 | 60| 70 | 15 | go || 110 | 20| 75 | 15 | 110
6 60| go [ 30| 60|75 |15 | 9o 134 | 20| 90| 15| 95
7 | 40| 70| 32| 30[ 40| 15| 9o |l 120 | 20 [ 9o | 15 | 100
8 40| 80| 33| 40|55 |15| go | 132 | 20| 9o | 15 | 110

The above table will suit a lathe with a leading screw of % inch pitch by
dividing the mandrel wheel by 2.

Cutting Right-hand and Left-hand Screws.—In cutting a right-
hand thread, the tool in a lathe travels from right-hand to left-hand, and in
cutting a left-hand thread, the tool travels from left-hand to right-hand.

Double and Treble Threads.—The distance between the centres of

the threads of a screw is only one-half the actual pitch in a double-thread .

screw, and one-third the pitch in a treble-thread screw. To cut double or
treble threads, find the wheels to cut a screw of the required pitch with a
single thread, and multiply the number of teeth in the lathe spindle-wheel
by the number of threads to be cut—that is, by 2 for a double-thread, or by
3 for a treble-thread—the product will be the number of teeth in the lathe
spindle-wheel ; the other wheels to complete the set will be the same as
for a single thread. In cutting a double-thread screw, a single thread is
first cut, 2 mark is then placed on a tooth of the lathe spindle-wheel and on
the space it occupies in the first driven wheel, the change wheels are
thrown out of gear and the lathe spindle is turned round, and the wheels
are re-placed in gear at one-half the number of teeth of the wheel beyond
the marked tooth ; the lathe is then ready for cutting the second thread.
The wheels for cutting three or more threads can be found in a similar way.
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Table 69.—CraNGE WHEELS FOR SCREW-CUTTING. LEADING SCREW,
% IncH Prrch.

Nun;ber Number
Ihfeads Drivers. Driven. 'I.'h:;ds Drivers, Driven,
Hnche Hnche
I o IEToll s ) L8 30| 40| 60| go
1 80 |100| 50| 75 12% .| 20, | ¥ 4ol iSsen = 75
1 80| 100 | 50| go| 13 20| 40| 60| 65
13| 40| 8] 30} 70| 133 | 20} 8 | go| 9o
2 8o X5 60 v 14 20| 40| 60| %0
2 60| 8| go| 45| 143 | 20| 40| 75| 58
2 (o Fs pd (C/ S| e 15 20| 40| 50| 90
2 go 80| 30|10 153 | 20| 40| 62| 75
5 fe} 90 16 20| 40| 60| 8o
35| sof 8 | 65| 75| 16%| 20| 40| 55| 9o
35| 30| 8| 45] 70| 17 20| 40| 60| 85
32| 40| 80| 60| g5 | 18 20| 40| 60| go
4 40 6o 19 20| 40} 60| 95
s 43| 40| 8| 60| 85| 20 20| 30| 50} go
43| 20| 8 | 30| go| 21 20| 40 70| 9o
4] 40| 80| 60| g5 22 20| 40| 60| 110
5 40 75 23 20| 40| 6o | 115
si| 20| 80| a5 | 70 24 20| 40| 8o go
s3] 30| 8| 45| 110 || 25 20| 40| 75 | 100
54| 40| 80| 6o | 115 26 20| 40| 65| 120
6 30| 8 60| go| 27 20| 40| 9o | 9o
63| 40| 60| 65 go | 28 20| 30| 70| 9o
7 40| 6ol 701 go| 30 20| 401 go | 100
Fanlessortesal B 7st Il oo |z 20} 25| 75| 8o
8 30 90 34 20| 20| 6o | 85
831 30| 40| 45| 85 [ 36 20| 20| 60| 9o
9 20| 8| 60] go| 38 20| 20| 6o | 95
95 | 20| 40| 30 95| 40 20| 20| 75| 8o
10 20| 8o 6o | 100 42 20{ 30| 70| 9o
10| 20| 80| 70| go|l a4 20} 30| go} 110
11 20| 80| 60| 110 | 48 20| 30| 9o | 120
113 | 20| 40} 30{115| 50 20| 30| 75| 150

The above Table will suit a lathe with a leading screw of £ inch pitch by
dividing the first driving-wheel by 2.

Weight of Screws.—The weight of a screw with a singl hread is
approximately equal to that of a solid bar, whose diameter isféqual to the
_ diameter of the screw minus the depth of thread. Thus, the we:ght of a
single-thread screw, of 3 inches diameter, with a thread § inch deep, would
equal that of a solid bar—of the same material—of 2} inches diameter.
The Strength of Screws and Bolts is given at pages 283 and 284,
The proportion of V and square threads are given at page 256.
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Table 70.—CuaNGE WHEELS FOR CurTING WHITWORTH'S SCREW THREADS
FoR Gas, WATER, AND Hyprauvric IroN PipiNe. LEADING ScRrEw,
2 THREADS PER INCH.

Internal Number ‘Wheel on Wheel on .
Diameter | of Threads |  Lathe | Leading | [tgymediate | Stud
of Pipe. per Inch. Spindle. Screw.
Inch.
i 28 20 120 70 30
= 19 20 95 60 30
3 19 20 95 6o 30
3 14 20 8o 70 40
2 14 20 8o 70 40
2 14 20 8o 70 40
.
% 14 20 80 70 40
1 1x 20 110

NoTE.~—All larger sizes of piping have 11 threads per inch.

Table 71.—CHANGE WHEELS rOR CUTTING SCREWS FrROM 3 INCH TO
4 Incu Prrcu, LeapiNG Screws, %, €, aNp & Incr Prrch.

Pitch of | LEADING Screw } IN. Prrcu.| LEapiNG Screw ¢ IN. Prrcu.| LEaDING ScreEw } IN. PiTch,

Thread

o be Cut. Drivers. Driven. Drivers. Driven. Drivers. Driven.

Inches. ;
i 50 50 50 75 50 100
o5 50 40 40 48 50 80
2 60 40 50 50 45 6o
o 70 40 70 60 35 40
3 50 25 40 30 50 59
5% 45 20 45 30 45 40
% 50 20 50 30 50 40
] 55 20 55 30 55 40
2 60 20 60 30 60 40
1 65 20 65 30 65 40
. 70 20 70 30 70 40
s 75 20 75 30 75 40
1 40| 50| 20| 25| 40| 50} 30| 25| 80| 50| 80| 25
17 go| 6o| 60 | 20] go| 6o} 60 | 30| 9o| 60| 6o | 40
1L sol 80| 40| 20| 50| 80| 40|30 | 50| 80| 40 | 40
I3 40|110| 40 | 20| 40|110| 40| 30| 40{110| 80 | 20
1 so| 6o} 25 | 20| 40| 6o| 30| 20§ sO| 60| 40 | 25
1 70| 65| 20| 35| 65| 70| 30| 35| 65| 70} 35| 40
1 70| 8of 40| 20] 70| 80| 40| 30| 70| 8o} 8o | 20
2 120 80| 30| 40| 120| 80| 40 | 45| 120} 80j 40 | 6O
2y | 120| 9o| 30| 40 | 120| 9o 40 | 45| 120| go| 40 | 60
23 | 120|100| 30 { 40| 120|100 40 | 45 | 120|100| 40 | 60O
23 | 120|110| 30| 40 | 120|110 40 | 45 | 120|110 40 | 60
3 120|100| 20 | 50 | 120| 9o| 30 | 45 ] 120| go| 30 | 60
4 120 |100) 25 | 30| 120 80| 20 | 45 | 120| 80| 20 { 6o
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Table 72.—CHANGE WHEELs ¥OrR CUTTING PircHES IN MILLIMETRES,

FOR LATHES WITH LEADING ScREWs OF 1, 3 aND 2 INcH PrrcH.

Leaping Screw } Inci | LeapinG Screw 3 Incu | Leaping Screw } Incu
Pitch of PrrcH, PrrcH, Prrcn

Screw to
be Cut.

Drivers. Driven. Drivers. Driven. Drivers. Driven.

 Millimatres.
5 36 | 35| 80 [100| 36 | 35|100[120] 36 | 35|160( 80
2 35| 45| 50 {100] 35 | 45| 75[100] 63 | 20|100| 80
3 63| 30{50]| 863 30| 75! 80| 63 | 30|100| 80
4 63 1 40| 50| 80| 63 | 40| 75| 80| 63 | 40|100]| 80
5 63 | solso| 8o) 63| s0f 75{ 80| 63 | 50| 100 80
6 63 | 60} 5o | 8o] 63| 60| 75| 80| 63 | 6o|100| 80
7 63 | 70[ 50| 80} 63 | 70| 75| 80] 63 | 70| 100 80
8 63 | 80of 50| 8] 63| 80| 75| 8o 63 | 80100 80
9 63 | 9o 50| 8o} 63| g9o| 75| 8o 63 | 9o 100| 80
10 63 [100| 50 | 80 63 |100| 75| 80| 63 | 100 100! 80
11 63 |110| 5o | 8o} 63 {110| 75| 8o 63 |110|100] 80
12 63| 60| 50| 40| 63| 60| 50| 60| 63 | 60| 100| 40
13 63| 65|50 | 40| 63 | 65| 75| 40} 63 | 65| 80| 50
14 63 70| 40| s0} 63 | 70| 75| 40} 63 | 70| 80| 50
15 | 63| 75| 40| 50] 63| 75| 75| 40| 63 | 75| 80| 50
16 631 80| 40| 50] 63| 80| 60| 50} 70 | 45| 50| 50
17 63| 85| 40| 50| 63| 85| 75| 40] 63 | 85| 80| 50
18 63| 9ol 40| 50} 63| 90| 60| sof 63 | go| 8of 50
19 | 63| 95{40| 50| 63| 95| 60| 50| 63 | 95| 80| 50
20 63 [100] 40 | 50| 63 [100| 60| 5O} 63 |100| 80| 50
21 63 | 105| 40 | 50| 63 |105| 60| s5O] 63 | 105| 80f 50
22 63 [ 110} 40 | 50|} 63 [110| 60| 50O] 63 |110| 80| 50
24 63 | 60o] 20| 50} 63| 60| 30| 50} 63 | 60| 50| 40
25 70 | 9o{ 40| 40} 70 | go| 40| 60] 70 | go| 8of 40
26 63 | 65) 25| 40| 63 | 65| 25| 60} 63 | 65| 50| 40
28 63 | 70| 20| 50} 63 | 70| 30| 50] 63 | 70| 50| 40

o

32 63 go 30| 25} 63 | 60| 45| 25] 63 | 60| 50| 30

34 63 | 85| 40| 25} 63| 85| 60| 25] 63 | 85| 8o} 25

35 63 | 70| 40| 20} 63 | 70| 60| 20] 63 | 70| 8o 20

36 63| 9ol 50| 30} 63| 90| 50| 30] 63 | 90| 50§ 40

38 |63 IR 25) 63 | 95| 6o| 25|63 | 95| 50| 40
o

42 63 {105| 40 | 25| 63 |105| 60| 25] 63 |105| 40 50
44 63 [110| 40 | 25| 63 [110| 60| 25| 63 j110| 40| 50
45 63 | 9ol 40| 20| 63 | 90| 60| z0] 63| 9o| 80| 20
46 63 {115 40 | 25| 63 |115| 60| 25| 63 |115| 80| 25
. 48 63| 90| 30| 25| 63 | 90| 45| 25| 63 | 60| 40| 25
50 63| 75( 30 | 20| 63 | 75| 45| 20] 63 | 75| 40| 6o

Millimetre pitches are the best for small screws. Where very great
accuracy is required, a wheel with 127 teeth should be substituted for the
63 wheel in the above table, and the remainder of the set of wheels altered
accordingly. - Q
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CAST-IRON AND IRON CASTINGS.

The Brands of Iron usedinfoundries for ordinary castings are Nos. 1,
2, 3, and 4, which are grey cast-irons. The quality of the iron can be judged
by inspecting the fracture. When the colour of the fracture is a uniform
dark grey with high metallic lustre, the iron is tough ; but when the colour
is dark grey, mottled, and without lustre, it is very weak. When the colour
is lightish grey, with high metallic lastre, the iron is tough and hard; but
when the colour is light grey, without metallic lustre, it is hard and brittle.
‘When the colour is dull white, the iron is harder and more brittle than the
last named one. When the colour is greyish white, with small radiating
crystals, the iron is extremely hard and brittle. No. 1 has a dark grey
fracture, with high metallic lustre ; it is more fusible and more fluid than the
others; but being deficient in hardness and strength, it is only suitable
for very light castings. Nos. 2z and 3 are used for ordinary castings, the
colour being a lighter grey, with a less degree of lustre than No. 1.

The Brands used for the manufacture of wrought-iron are Nos. 4, 5,
6—grey forge-iron ; No. 7 is a mottled iron; and No. 8 is a white cast-
iron.

Strength of Cast-iron.—The average strength of cast-iron to resist
a crushing or breaking strain of compression is 42 tons per square inch of
section, and its safe working strength in compression free from flexure is :—
for cast-iron pillars, girders, and similar castings carrying dead weights, 1th
the breaking strain, or 7 tons: for pillars and machinery subject to vibration,
$th, or 57 tons ; and for cast-iron arches, {;;th of the breaking strain, or
3 tons per square inch of section. The average tensile strength of cast-iron,
is 6 tons per square inch of section, and its safe working strength in tension,
is ith the breaking strain, or 1} tons per square inch of section.

Testing Cast-iron.—A bar of good cast-iron, 1 inch square X 3 feet
6 inches long, placed upon supports 3 feet apart, should bear a gradually
applied weight of 7 cwt. In contracts for castings, it is usual to specify
the weight which a test-bar, cast from the same metal as the castings, shall
carry, the usual stipulation being that a test-bar of cast-iron, 3 feet 6 inches
long X 2 inches deep X 1 inch thick, placed upon supports 3 feet apart,
shall bear in the middle a gradually applied weight of from 27 to 30 cwt.,
which will cause a deflection of about § inch. The permanent set, caused
by the deflection, is not taken notice of.” These test-bars generally break,
when a weight of from 31} to 32 cwt. is applied in the middle. . The
average breaking strain is usually taken of several test-bars, to guard against
the effect of flaws in the castings. Cast-iron should be twice run, of fine
grain, uniform, and of even grey colour, easily filed, and soft enough to be
slightly indented when struck with a hammer.

Castings.—The mixtures of cast-iron, found in practice to be most suit-
able for different kinds of work, are given in the following table.
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Table 73.—MixTURES oF METAL FoR VARIOUS CAsT-IRON CASTINGS.

Very tough and hard | Hematite, No. 3 . . - it shapart
cast-iron, for anvils, Pontypool No.4 . 3 3 v ol i
for steam hammers, ( | Clyde, No. 4 6 o 6 ) AL
and similar work . )| Monkland, No. 8 . . 4 N T
Chilled cast - iron

rolls, a mixture
\Vthh chills about

# inches deep

Hematite, No. 5 . p L . SIS
Lilleshall, Cs B. b : 2 . NG
Cleator white L 4

Chilled cast - iron g‘f{; ag;tﬁ, go'BS 10 parts
rolls, a mixture Ll »
Wthh chills about g};itl%rowhlte v y b L :L »
Eches deep Pontypool white . . . i 43 ::
Chiled  cast - iron Hematite, mottled 3 # Lo paﬁ
rolls, a mixture { | proouie’ No. sy 7
which chills about Blaenavon or Pontypool, C 13, R

2% inches deep

Chilled cast - iron
rolls, a mlxture

23 to 3 inches deep

Cleator white .
Brymbo .
Lilleshall, C. B.
Hematite, No. 3 .
Pontypool, No. 3

Tough and durable
cast-xron, for wheel
gearing

Barrow hematite, No. 2
Glengarnock, No. 2z
Good clean scrap

©oh 0| v AOA B

Tough and durable
cast-iron, for cylin-
ders up to 1 inch
thick

Pontypool, C. B. No. 4 10 cwt.

Clyde, No. 4 o into pigs in order
o . . »

{Melted and cast
to mix properly.

Tough and durable
cast-iron, for cylin-

Pontypool, C. B.No.4 7 cwt.} Melted and cast

;
|
j
|
%
=
8
}

Clyde, No. 4 . . 7 , ¢into pigs in order
?lircsk above I inch Gartsherrie, No. 3 . 6 ,, ) to mix properly.
Good mixtureof cast-) | Scotch mixed brands 5 cwt.
iron, for ordinary ;| Weardale 5 : % A o
castings Good clean scrap 3 4 o dei s
Goodmixtureof cast-) | Scotch mixed brands 5 cwt.
iron for light cast- Glengarnock, No. 1 o 3 6
ings. .) | Good clean scrap 3 s ) (0

The strength of cast-iron is increased by remelting, up to 10 meltings.

Q2
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GUN-METAL AND BRASS CASTINGS.

Brass Furnace.—A simple and effective brass furnace is shown in
Fig. 48. Itis 15 inches square X 28 inches deep inside. Hole for flue,
7 inches X 10 inches. Chimney, 10 inches square inside by not less than
15 feet high; the furnace to be built of brick, lined with firebrick; the
front fire-bar bearer is moveable, and slides forward to let the fire-bars
drop down, when required. This furnace will melt about 8o Ib. of metal
quickly and easily. A. shows the tongs for pouring the metal, and B. the
tongs for lifting the crucible off the fire.

Brass Melting.—The process of melting may be briefly described
thus, After the fire is lighted, the crucible is placed over it, upside

down, until properly heated, when it is put in its place with its bottom
resting on a firebrick, to keep it off the bars. Coke is then filled round
to steady it. Copper cut into small pieces is then placed in the crucible
and melted. Afterwards tin is added, melted and mixed. When the
metal comes to a proper heat for casting, if a piece of zinc be dropped
into the crucible, it will immediately flare up; if it does not flare up, the
metal is not at its proper casting heat. When ready, the rubbish is
skimmed off the top, and the metal is poured into the moulds. The
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moulding-boxes are opened as soon as the metal is poured, and the
castings are sprinkled with water and cooled as quickly as possible, which
makes the metal softer and more uniform than if left to cool slowly. The
metals have also a tendency to separate, and the heaviest metal to sink to
the bottom of the casting when the cooling takes place slowly. When old
brass is melted down, no tin is necessary: but a small quantity of zinc is
added. When a mixture of part old brass and part copper is melted, tin
is added in proportion to the new copper, and zinc in proportion to the old
brass. The tenacity of gun-metal varies considerably, because it depends
greatly upon the manipulation of the metal both in the crucible and in the
casting.

Copper loses its colour and softness when alloyed with other metals.
Copper and tin mix well in all proportions. The addition of tin increases
hardness, and, in order to be malleable, copper must be mixed with less
than 1o per cent. of tin. A mixture containing one-third of tin is very brittle.
Lead has the tendency to separate from copper, and cannot be used in
larger proportions than § Ib. to 1 Ib. of copper. The tenacity of wrought-
copper is 30,0co Ibs. per square inch. In making castings of pure copper,
to prevent blown castings, use a flux of  Ib. zinc for 501bs. copper.

Bronze or Gun-metal is the best alloy for bearings and general
castings where toughness and durability are required. A good mixture
is: copper, 9 parts; tin, I part. . Its tenacity per square inch averages
28,000 Ibs. The weight of one square foot 1 inch thick is 45 Ibs., and of
a piece 12 inches long X 1 inch square, is 3% Ibs, approximately.

Good Brass, for light bearings and castings, consists of : copper, 7 parts;
tin, 1 part; zinc, 1 part. Its tenacity per square inch averages 22,000 lbs.
The weight of 1 square foot 1 inch thick is 44 lbs., and of a piece 12 inches
long x 1 inch square 3-66 lbs. approximately.

Common Brass consists of: copper, 4 parts; tin, 1; and zinc, } part.
Its tenacity per square inch averages 20,0001bs. The weight of one square
foot rinch thick is 43 Ibs., and of a piece 12 inches long X 1 inch square,
3'55 Ibs. approximately. ]

" Yellow Brass, of best quality, consists of: copper, 2 parts; zinc,
1 part. Its tenacity per square inch averages 18,0co Ibs. The weight of
one square foot, 1 inch thick, is 42 Ibs., and of a piece 12 inches long X
1 inch square, 33 Ibs. approximately. i

Statuary-Bronze, or metal for statues, consists of : copper, 91°4 parts;
tin, 1'7; zinc, 553 ; and lead, 1°37 parts. Another statuary bronze con-
sists of : copper, 83 parts; tin, 4; zinc, 10; lead, 3 parts.

Aluminiam-Bronze consists of : copper, go parts ; aluminjum, 10 parts.
Its tenacity per square inch is about 70,000 lbs., or more than double that
of gun-metal ; but it costs about four times as much as gun-metal, and
is used chiefly by instrument makers. It is not liable to rust, and may be
forged either hot or cold.

Sterro-Metal is a special metal for making heavy guns. Its tenacity
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per square inch is about 60,000 lIbs., and consists of various proportions,
one of which is: copper, 60 parts; zinc, 35 parts; tin, 2 parts; wrought-
iron, 3 parts.

Muntz Metal consists of: copper, 3 parts: zinc, z parts. It is used
for sheathing ships. Tenacity, 49,000 Ibs. per square inch.

Malleable Brass can be forged either hot or cold. Consists of: copper,
56 parts; zinc, 42 ; wrought-iron, 2 parts.

Phosphor-bronze is a superior metal for bearings, wheels, and other -
castings, where great strength, toughness, and durability are required. The
tenacity per square inch of the toughest quality is about 56,000 Ibs. : great
care is required in the production of castings from this alloy. Unlike
ordinary bronze, it can be remelted without injuring its quality. A steel
journal well fitted into phosphor-bronze bearings is much less liable to
heat than any other known materials that can be used for such a purpose
for heavy work.

A Non-corrosive Bronze is manufactured by the Phosphor Bronze
Company, in sheets, rods, and tubes, and also in wire for overhead
telegraph and telephone-wires and springs. Its tenacity when rolled and
drawn into wire is from 100,000 to 150,000 lbs. per square inch.

Silicium-Bronze is a new special alloy, manufactured by the Phosphor
Bronze Co. for electric conducting wire. It can be made to possess the
strength of best iron wire with the conductivity of pure copper, or the
strength of steel wire with twice its conductivity. :

Compressed Bronze.—The compression of the metal while in a fluid
state, by closing the blow-holes, caused by the formation of gas, increases
tbe density and tenacity of the metal. The tenacity of compressed bronze
is about 65,000 Ibs. per square inch.

Ormolu is a metal used for ornaments of stoves and artistic metal work.
It can be got up by finishing to a brilliant gold-like surface. It consists of
from 2} to 3 parts of copper, according to the depth of colour required, to
1 part of zinc. The castings after being polished are dipped in acid, and
then brightened by means of a wire scratch-brush, and finally lacquered to
prevent tarnishing. ¥

Rolled and Wire-Drawn Brass is stronger than cast brass. The
metal during these processes becomes dense and hard, and requires to be
frequently annealed, which is effected by heating the metal and allowing it
to cool slowly. - The tenacity of the best quality of brass wire is 80,000 lbs.
per square inch.

o
T BRASS WORK.
Brass Work.—The proportions of a variety of the alloys, found in prac-
tice to be most suitahle for different kinds of work, is given in the following
table, containing 100 different alloys.

3
a
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Table 74.—MixTurES oF METAL For BronzE, Gux MeraL, Brass, AND
OTHER CASTINGS.

Numser oF PARrTS oF
Description of Work the Alloy is suitable for.

Copper. Tin. | Zinc. |Lead.

Hard bronze . 3 . 4 3 - - S 82, 17%
Ordnance metal . 5 .1 o1 8%
Metal for piston rings, reqmres no lubrication . .l 15 5

Good locomotive brass boiler tubes; 1 fine spelter | 2 | ... | ...
| Brass tubes for condensers and heaters ; 3ospelter | 70 § ..o | .l
-/ Admiralty gun metal for bearings, &c.; very tough | 88 | 10| 2

" | Indian-railvay gun metal for bearings . R LRSI 3 R S
—~a :
Bearings for locomotive engines . 64 il D feeae
Gun metal for locomotive engine beanngs, and for

valves and glands . 84 |16
Gun metal for railway carriage and wagon bearmgs 85 |15
Gun metal for bearings and details of locomotives 5 1
Gun metal for cocks and valves for steam 9
Gun metal bushes for lathes and engines, and for

all kinds of heavy bearings A )
Gun metal for general castings for best work . . 9 1
\/ Gun metal bushes for plummer blocks and |
4 machinery bearings G 8
Metal for glands, spindles, and eccentnc straps 8
Gun metal for railway camage envme, and

machinery bearings d . 7 M el s
Metal for slide valves . Y 41" 1T
Metal for pumps and other hydrauhc purposes R0 Sl il
Metal for lining pumps for acid liguids . o 97 2 |4 e
Metal for covering iron rods, such as pump rods, &e. | 16 | 2| % 1
Gun metal for foot-steps of vertical shafts . ¥ 820 5
Metal for piston rings . 93 brass e o s
Metal for cocks, valves, and taps for water A 14 1 1}
Metal for embossing press . ? c R T e s
Metal for rolls J Y g 5 S SR80 HETZE e
Hard metal for bearings . 5 5 3 2 £ % 187 I O

| Hard gun metal . g 3 PR IR | T 1 e o 1 25
Soft gun metal . 3 3 > & S o o | E e 5
Hard brass castings ; SR W | ey s
Tough brass for bolts and nuts, and whels . .| 16 1A
Good brass for railway carriage and for engine 7

and machinery bearings . 7R T
Good brass for all ordinary castmgs for engmes

and machinery .. 7 e b b |
Good brass for pump buckets, plungers, valves,

and seats of pumps . W 244 3 ]
Common brass for light . castmgs 3 3 > 4 1 il
Metal for axle boxes of carriages and carts Rl L0 vl et |

Metal for ornamental brass castings . 5 . 2Ol e SR
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Table 74 continued—MixTurREs oF METAL For Bronze, Guy METaL,
Brass, AND OTHER CASTINGS.

Numeer oF PArTs oF
Description of Work the Alloy is suitable for. -
Copper.| Tin. | Zinc. | Lead.
Copper flanges for pipes 5 g6 RV |
Anti-corrosive metal to stand acnds 7 antimony | 63 { ... | ... | 30
Anti-rust metal (Baily’s metal) for instruments, &c. | 16 | 23 1
Naval brass, very tenacious, used by the Admiralty
for bolts, &c. . 371 spelter 6233(5 | o
Metal for bearings exposed toheat . 18 S Bt o
,\/,. Metal for toothed wheels o £ o et 192 Sl
Metal for statues S A " P . .| 88 L i
Spelter . 3 . h 0 SRR P0G o
Pot metal for commonest water taps . B . B ]l
Brass for gas fittings 5 1 3 ] S 7 (o)l S SN 7 (o) I
Yellow brass . 1 d : g 3 . 28] & A e,
Sheet brass . 3 > ; c - e S| Y |
White brass 3 : 4 5 3 ! .| 10 |[10] 80
Red brass . 3 5 3 o 3 IR L LI | e
Brass wire . . J H]=674 k=2 5l538 g
Bristol sheet brass ; 5 solders well ~ . 1 e fax6. ] S Iy SO MRS
Brass which solders well . L . ; .| 16 b 3
Brass for mathematical instruments 5 B e ¢ 3¢ jo %! :
Brass for watch-makers, malleable 4 : 3 4 5 R
Brass for watch-makers, not malleable . ot 8 1| .| 2
Turner’s brass . 5 5 ; . .98 brass | ... | Lol SIS
Button-maker’s brass . 2 . . 8brass | o] | s N0E
Brass for making brass pans; very hard . 25 a8 ol g
Brass for cymbals and Chinese gongs . e 4 10 R
Metal for cymbals ; worked hot . . : .| 8ol | 19dfi.:. HS
Malleable brass ; can be forged hot 1 A 33 | oo | 25 Bl
Jeweller’s metal . 10 brass ‘30 7. |-,
Metal for punches for ]e“ellery and instruments . 833 | 763 TR
Metal for screw propellers . 5 .| 83 | 10 [ 75|,
Gilding metal 3 . s : 8 D it
Lap alloy . 3 : S 5 5 o A L R o S T
.| Metal for brass rivets . X p 3 SN TG 2| 1.
Metal for copper rivets g 5 . o S o S B
Dipping brass 1 ! 4 1 5 el oo R - ¢
Dipping brass, another 5 g ...6 spelter-| 19} oo el NEE
Mosaic gold metal . 5 5 R s g b OS] R IR -
Manheim gold metal . 3 3 3 ek 3 o | JTH
Pinchbeck . A . ) k el 5 Juia] L oniie
Mivtormetal o= L o RTEGoel ) i SR 68 | St
Speculum metal . g . 5 3 . .| 43 {20
Bronze medals . > 3 5 d 3 <97 3
Bronze medals, another . 5 A v <524 »00 PR EoRted B |
Bronze medals, another . 2 A & | =89 | 8:|ighlsees
]

.
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Table 74 continued —MixTurEs orF METAL For Broxzr, GuN MEgTar,
Brass, AND oTHER CASTINGS.

NuMBER OF PARTS OF
Description of Work the Alloy is suitable for.

Copper.| Tin, | Zinc, ILead.
Bronze medals, another . s . 3nickel | 8 3%
Dutch metal . 4 . : : 5% 1
Bath metal . ; 3 : f : 3_-, brass | ... 9
Princes metal - 5 3 3 : 1 1
Blanched copper né s arsenic | 8 | o | o
Bronze coins, English and French R 2 e 05 4] 1
Gold coins, French . ? : . gogold | 10 .
Silver coins, French y o 3 g0 silvers|EroRtFE S RSt s
Shot metal . : o o e -z arsenic (SVUESIRTREINSESI NCS
Bullet metal . . Tantimony: [F USRS R
Metal for nails for Shlp s sheathmor 4 . .| 86%] o] 4%
Bell metal for musical bells . > - BN N L i
Bell metal for small clock bells . 3 ) e Z5 5
Bell metal for gongs . c o 4 12 53
Bell metal for house bells . 3 . L[k 25 6
Bell metal for larger bells for factones, ik ol fc il 25 63
Bell metal for small church bells . 3 o S 125 7
Bell metal for the largest church bells . Sy iz T
Metal for barometer dials 5 . = 30sarsenics (7o [T S
Imitation gold g f 3 - 74platina; (TSNS S S
Ring gold . . " . s5gold: gsilver | 6
Standard gold . o 3 . 11 pure gold 1

Table 75.—WEIGHT oF BELLs.

Diameter of
bell,ininches [6{718 101214 16/20(25|30!35| 40 | 45 | 50 | 60 | 70 | 8o | 91}
Weight, in Ibs. (43 63(11 16'22| 568197 _595| 45900‘1345|x795 25802920/7952/11256/18228

Thickness of Bells.—To obtain variety of tone, the thickness of house
bells should range from %th to %;th of their diameter. Clock bells and
dinner bells should be-not less than +sth of their diameter in thickness.
Large church bells and peals of bells range from ;th to ith the
diameter in thickness at the sound bow. The clapper of small bells
should be about 3%, and for large church bells from -; to % the weight
of bell. .
The largest bells in England are:—Great Paul, of St. Paul’s Cathedral,
which is. composed of 13 lbs. of copper to 4 lbs. of tin, and weighs
37,383 Ibs.; Great bell of Westminster, weighs 30,352 lbs.; Manchester,
18,256 lbs.; Tom of Oxford, 17,360 lbs.; Tom of Exeter, 13,440 lbs.;
Tom of Lincoln, 12,096 Ibs.; and Tom of St. Paul’s, weighs 11,474 lbs.
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WHITE METAL.

White Metal being one of the best alloys for reducing friction, is com-
monly called antifriction metal. It is cheaper than gun-metal, but it is
much softer and is liable to crush and spread out, unless cased in an iron
box. Babbit’s original receipt was: 4 lbs. copper; 8 Ibs. antimony; 24 lbs.
tin = 36 Ibs. This was called hardening. For every Ib. of the above he
added 2z Ibs. more tin, making altogether 108 Ibs.

A great number of other mixtures are now used by brassfounders, and
a collection of those most generally used is given in the following
table, containing 72 different alloys. ;

Table 76.—ANTIFRICTION WHITE METAL AND OTHER ALLOYS.

NuMBER OF PARTS OF
Description of Work the Alloy is suitable for. ¥
Tin. | Copper.| AP | Lead,
White metal for filling perforations in slide valves { 82 | 6 | 12
Antifriction white metal for bearings of engines,
millwork, machine tools, and general machinery | 96 | 4 8
Antifriction white metal do. do. 9o | 2 8
Antifriction white metal do. do. 8| 5 |10
Antifriction white metal do. do. 84| 6 |10
Antifriction white metal do. do. 785|910 2
Antifriction white metal ~ do. do. 6o | 3 6
Antifriction white metal do. do. 6o| 731 9
Antifriction white metal ~ do. do. 508 we3 4
Antifriction white metal do. do. 50| 1 5
Antifriction white metal do. do. so|l 13| 5
Antifriction white metal do. do. 50| 3 5
Antifriction white metal do. 1 bismuth | 42 3 5
Antifriction white metal for bearings of engines,
shafting, tools, millwork, and machinery . .[40 (| 5 | 10
Antifriction white metal  do. do. 364 3 leg
Antifriction white metal for bearings . 3 _\R28H]. 2 3
Antifriction white metal do. 2025 | 1 2
Antifriction white metal, used for lmmg locomo-
tive axle boxes, and beanngs of machine tools . | 16 | 13 | 2
Antifriction white metal for bearings of shafting,
implements, &c., and general machinery . IS T RN SR R
Antifriction white metal ~ do. do. 201 .. | 20 | oK@ M
Antifriction white metal do. do. 20 R B | . i
Antifriction white metal  do. do. 32| 5 | 10|18
Antifriction white metal do. do. b 38 R B &
Antifriction white metal do. do. 20| e | 20028
Antifriction white metal do. do. 8 | i2 .| 204428
Antifriction white metal do. 1z bismuth | ... | ... | 1|20
Antifriction white metal for bearings of machinery | 16 | 2 3| 4
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TABLE 76 continued —ANTIFRICTION WHITE METAL AND OTHER ALLOYS.

NuMsER OF PARTS OF
Description of Work the Alloy is suitable for. 5
Tin. |Copper. :;‘:y Lead

Antifriction white metalforlight machinerybearings | 13| ... | 1| I}
Antifriction white metal for machinery bearings 8] 1 24 [l
White metal for models and instruments 1 brass 2 A8 (I
Hard white metal 20, brassj;fsispeltery [T RS S TINN LS
Hard white metal, another i6brass; gzinc | 1| .. |..[ I
Hard white metal, another . - . 13zinc | 23 35 3] ... | ...
White metal . . g 0 « o 13 gincy [ (ORI SFTE NN (e
White metal . . - 2 + X3 zine e 30 Te NN
White metal for sockets . 3 E 5-2inc |, 81 [SisA RSN/ S
White metal for rolling . 91! 3 o il e
White metal for spinning 94| 1 S {8
Metal for vice clams . 3 d ool ad |G R [T (S
German silver for castings . 20 nickel; 20zinc | ... |60 | ... | 3
Imitation silver o . 1 metallic arsenic | ... | -9
Imitation silver, another  § oz. tm, 1 Ib. copper | ... | ...
Imitation silver 3 3 . rzinc [T 5 | f g bt
Pewter I00 | ... [ Nzlieees
Metal for organ plpes 50 | ...8|5 "S55
Pewter, common 8 ol c {79 | oA arAlEES
Pewter, fine . 3 . 1bismuth | so | 1 4
Metal for ornaments and lamps A 5 . Gt 4 2ol £
Metal for ornaments and small statues zozinc | 64| ..} .. | 16
Nickel alloy for candlesticks, &c. 1 zinc; 1 nickel | ... | 2 | .. | 23
Nickel alloy for spoons and forks 1 zinc; 1 nickel | ... | 2z | ... | ..
Nickel alloy for knife handles 2 zinc; 2 nickel | ... | 43 [ ... | ...
Nickel alloy in sheets -y =2 zinc zrmickelr | .05 LS (NS
Nickel alloy for models, &c. 5zinc;3nickel | 1|10 |...]| §
White metalforbucklesand buttons 16brass; 2zinc | 1| .. | .. | ...
Electric amalgam . 4 mercury; 2zinc | 1 FERA PP o C
Electrum 3 f 3 phizine;" 82 nickelr | =721 SIS
Queen’s metal . S a & .Ibismuth{ 9| ..} 1} 1
Britannia metal 5 & IR b T
Type metal 5 5 5 . 52, 1HET
Stereotype metal . 5 . 2 bismuth | ... 4|18
Imitation platinum 8 pale brass; 5 spelter | ...
Tutenag . ¢ 3 . 1bismuth | 2
Metal for medals 6 1 3 (e
Alloy for fu51b1eplugs,softensat366°,melts at 372°F 2 a2
Alloyfor fusible plugs, . 373 » 383° 2 proe il
Alloyfor fusible plugs, YA S oL Zal! [T
Alloyfor fusibleplugs, ~ ,, 396° ,, 408° 2 2o hels
Alloy that expands in cooling . I blsmuth z2{ 9
Alloy that melts at boiling water heat 202

used for taking impressions . . 8 bismuth 3 Ptk
Alloy that melts in hot water . 1zinc; 1 bismuth | ... Ry - I
Standard silver . 92} pure silver 7
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TaBLE 77.—Msrring PoiNTs oF Arroys AND METaLs, &c., FROM THE
ExpERIMENTS OF PouiLLET, CLAUDEL, &c., AND FrEEZING POINTS OF
Liquips, &c.

Tin. | Lead. | Bismuth. | Melts at. || Tin, | Lead. | Melts at. Metals, &c. Melts at.!

k Fahe, F§hrb it Ic“)aénr.o
2 I 22| 4| 38 atinum . : B o
1 :;’ 4 2(9)?° 4| 5| 390° || Wrought iron ¥ 291 2
31 5 811 2r2P 1= 8] (11 | "400° " Nickel™ L =t . Z8neN
Bl 7, 8 | 220° || 16 | 25 | 410° || Steel, maximum . | 2552°
33 8 8 230° || 4| 7| 420° || Steel, minimum . | 2372°
5| 8 8 | 240° || 8| 15 | 430° || Pure gold . . | 22828
71 8 8 250° 4 8 | 440° || Castiron . . | 2190°
81 9 8 | 260° || 8] 17 | 450° || Gold coin . . | 21568
8| 12 8 [ 270°| a| 9| 460° || Copper. : . | 2050°
8|13 8 290° | 4 | 10 | 470° | Pure silver .. . | 18308
14 | 14 8 | 300° || 8 23 | 480° || Bronze . : . | 1690°
8 [ 16 8 | 310° || 4| 14| 490° | Brass § .. . | 16508
24 | 20 8 | 320°| 8|33} 500° | Aluminium . . | 13098
24 | 26 8 | 330°{ 4| 19]| 510° | Antimony. . .| ‘SreR
S| S s B S o Rl A ¥ 2 & s ZoP il Zinc . 2 . | Ve
TOF | Salie ti 350° || 41 30| 530° || Lead 5 . .| 6288
13| 4| .. | 360°( 5] 38| 540° || Bismuth . .| 5078
17| 4 370° | 4 | 48 | 550° || Tin . 3 .. | 44068
! Cadmium . 4 442:
3 o Sulphur . . - | 239

g?iigco?lcld congials at. = ;20_ Fa’}’lr. Beeswax, white . | 1 54:
Water freezesat . . . 32° Beeswar, yellow .7 1427
Milk ) : giyanais = § Stearine . 109°to | I 20°
Vinegar  , . ) SIHTE Phosphorus . - | 1097
Sea water ,, AR +2285 Ly ’(I)‘:fllllofwt e 1lf Uy 925
Strong wine freezes at . b PRZO5 s I : Of turpirll] g I 48
Mercury congeals at ¢ RB0% o roncf S anl v 7
Greatest artificial cold . —g1° II\IZ‘r]g\‘l‘; el o I 380
Phosphorous burns . . .—43°. ,, Mercur; boils© Lot

Temperature of Furnaces, &c.—When the fire is at red heat =
1,300; at cherry red heat = 1,700 ; at orange colour = 2,000; at bright
white heat = 2,500; and at a dazzling white heat = 2,800 degrees
Fahrenheit. Temperature of the hot blast for melting iron, from goo to
1,200° F. Welding heat of iron, 2,700° F. Iron is bright red in the dark
at 752° F. Iron is red in daylight at 885° F. Metals are red in daylight
at 1,077°F.  Wrought iron boils at 5000° F.: cast iron at 3,350° F.; sul-
phur at 570° F.; and phosphorus at 556° F. Temperature of Bessemer
furnace, 4,000° F. ; puddling furnace, 3,500° F; cupola, 3,000° F.; com-
mon fire, 790° F. ; of ignition, 637° F.; of common oven, 460° F.; disin-
fecting chamber for clothing, 240° F.; laundry drying rooms, 110° to
150° F.; of the human body, 981° F.; and of a comfortable room. 70° F.
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Metals when hot are weaker than when cold. Iron loses strength by
every increment of heat above 550° F. Copper loses strength by every
increment of heat above 32° F., the loss of strength being 5 per cent. at
212°; 20 per cent. at 450°; 30 per cent. at 600°; 50 per cent. at 800°;
75 per cent. at 1100°; and at 1335°it loses all tenacity and becomes a soft,
viscid mass, although it does not melt until it reaches 2050° F.

Table 78.—SHEWING IN SuccEssIvE ORDER THE PROPERTIES oF METALS,
viz. :—Malleability, being beat into thin plates;
Ductility, being drawn into wire ;
Tenacity, resistance to pulling asunder.

Malleability. Ductility. Tenacity, _'
Gold. Gold. Wrought iron.
Silver. Silver. Wrought copper.
Copper. Platinum, Platinum.
Tin. Wrought iron. Silver.
Cadmium. Copper. Gold.
Platinum. Zinc. Yellow brass.
Lead. Tin. Cast iron,
Zinc. Lead. Zinc.
Wrought iron. Nickel. in®s
Nickel. Palladium. Bismuth.
Palladium. Cadmium. Lead.
SOLDERS.
Table 79.—SOLDERS FOR SOLDERING AND BRAZING.
Soft Solders. Parts of | Farts ol Farte gl reniade
Fahr,
Bismuth solder . 3 5 3 202°
Bismuth solder . 2 2 5 22¢°
Bismuth solder . . 5 2 I 2 236°
Bismuth solder 5 . 5 1 I I 254°
Bismuth solder . 5 C o8 3 b 310°
Bismuth solder b ol | =¥ 4 1 320°
Tinman'’s coarse solder M2 2 .- | 3242
Tinman’s fine solder " ik 1 340°
Plumber’s fine solder ¢ I 2 441°
Plumber’s coarse solder . 0 e fh 181 3 482°
Solder for soldering lead S ST 1}
Solder for soldering tin . Al 2
Solder for soldering pewter . 2 1 o
Soft solder for soldering pewter 3 3 4 2 B
Hard solder for soldering pewter . 2 1 I e

Bismuth expands considerably during solidification.
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In preparing solders, to prevent oxidation, soft solders should be melted
under tallow, and hard solders under a thick layer of powdered charcoal.

Fluxes for soldering.—For iron or steel, borax or sal-ammoniac ; for
tinned iron, resin or chloride of zinc. For zinc, spirits of salts: for lead,
tallow, or resin : for lead and tin pipes, and for pewter, resin and sweet
oil : for copper, gun-metal, brass, silver, &c., borax or chloride of zinc. :
for aluminium, paraffin.

Finishing and Burnishing Gun Metal and other Metals.—It
is frequently requisite to give a very high finish to metals: for in-
stance, to prepare them for receiving a coating of silver or nickel-plating.
This is accomplished by burnishing the articles on buffs revolving at
a high speed, for which purpose the following buffs and burnishing
compositions are the best.

Burnishing Bronze, Gun-Metal, Brass, Copper, and White
Metal.—The articles, after being well polished with a fine powder, made .
from old burnt plumbago crucibles, are finely polished by buffing on a
leather buff, with rottenstone and oil, or crocus powder and oil, and are
then burnished, by buffing with finely-powdered unslacked lime, or dry
crocus powder, on a calico buff.

Burnishing Iron and Steel Articles.—The article, after being
highly polished with fine emery, is burnished by buffing on a leather buff,
first with glass-cutters’ sand and afterwards with Trent or finer sand.

Buffs.— Calico buffs are made by cutting a great number of pieces of
coarse calico into discs ; they are then firmly pressed together, and screwed
up on a mandrel, with a nut at each end, between two thick leather discs,
with a brass washer at the end of the leather.

Leather buffs are made of a number of discs of walrus hide glued
together to the required thickness, and firmly clamped until the glue is
set, when they are turned up true, on a mandrel having a nut and washer at
each end.

Finishing Brass Work by Acids.—Intricate brass work, which cannot
be finished in the ordinary way, is finished in the following manner by
acids,—viz., the work is first cleansed by heating and dipping in washing
soda and water, and afterwards well rinsed in clean water ; it is next plunged
for not more than 10 seconds into a solution of water, 1 part, nitric acid,
2 parts ; then taken out and plunged, first into clean cold water, and then
into hot soap and water, and dried in hot sawdust. Boxwood sawdust is the
best, as it does not contain resin. :

Clonding Brass.—A solution of charcoal and water is poured on to the
surface of highly polished brass, so as toproduce circular marks; slate pencil
may be used to fill in part of the cloud. The work when dry, is lacquered.

The Weights to the New Imperial Standard Wire-Gauge of
sheet-copper, brass, gun-metal, white metal, zinc, and lead are given at
pages 290, 291, and the weights of bars of copper, brass, lead, and zinc,
at page 301,
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BLUEING, COLOURING, TINNING, BRONZING, LACQUERING,
SILVERING AND JAPANNING PROCESSES.

Blueing Iron and Steel Articles.—Fill an iron pan with either clean
brass filings, sand, powdered charcoal, or mahogany sawdust; heat the
same to a dull red heat, and pass the article through it, in and out,
until the required colour is'obtained. The article to be well polished, free
from grease, and not to be touched with the fingers before inserting. The
higher the polish the better will the colourbe. For very light articles, such
as spectacle frames, hot sawdust is preferable. To take away all traces of
grease, the articles should be rubbed with powdered quicklime before
blueing.

Blueing Iron and Steel by Boiling.—Place the articles in the fol-
lowing solution, kept at boiling heat. Dissolve 4 oz. hyposulphite of soda
in 1} pints of water, and then add a solution of 1 oz. acetate of lead in 1 0z.
of water.

Brown Tint for Iron and Steel.—Dissolve in 4 parts of water, 2
parts of crystallised chloride of iron, z parts of chloride of antimony, and
1 part of gallic acid. Apply the solution with a sponge and dry in the air.
Repeat the process according to the depth of colour required.

Browning Gun Barrels.—The barrels to be well polished and free
from grease, and not to be touched with the hands during the process. First
rub with powdered quicklime to remove all trace of grease, then apply with
a sponge one of the following solutions :—

Solution No. 1.—Mix in 1 pint of rain water, } oz. blue-stone; % oz.
muriate tincture of steel ; § oz. spirits of wine; } oz. strong nitric acid;
1 oz. muriate of mercury.

Solution No. 2.—Sulphate of copper, 1 0z.; sweet spirits of nitre, 1 0z.3
rain water, I pint.

Solution No. 3.—Aqua fortis, § oz.; sweet spirits of nitre, } oz.; tincture
of muriate of iron, 1 oz.; spirits of wine, 1 oz.; sulphate of copper, 2 o0z.;
water, 30 OZz.

Solution No. 4.—Tincture of muriate “of iron, $ oz.; spirits of nitric
ether, 1 oz. ; sulphate of copper, z scruples; rain water, % pint.

When dry, polish off the rust with a wire scratch brush, and repeat the
process until the required depth of colour is obtained. After the last appli-
cation pour boiling water over the barrels, dry, and while still warm polish
with a little beeswax and spirits.  Varnisk jfor gun barrels after browning
shellac, £ oz.; dragons’ blood, % oz.; rectified spirits, 1 pint. Warm the
barrels before applying.

Browning Iron and Steel Articles.—Immerse in a solution of tinc-
ture of iodine, with one half its bulk of water.

Japanning Metal.—A coat of thick coloured varnish, called japan, is
laid on to the metal, and dried by baking in a suitable oven, heated to
about 300° F. The high temperature evaporates the solvents of the japan,
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and causes the residue to adhere firmly to the metal. This process is re-
peated several times until the required depth of colour, and hardness and
finish of the surface is obtained. 7%e varnish used consists of, methylated
spirit, 1 quart ; shellac, 4 oz.; resin, 4 oz., dissolved, and coloured with
one of the following mixtures: for dlack colour, with ivory black, or with
black made of asphaltum, 1 1b.; balsam of copaiba, 1 1b.; melt and thin
with hot oil of turpentine. Another black consists of : asphaltum, 3 oz.;
boiled linseed oil, 1 gallon ; burnt umber, 8 oz. ; melt, mix, and thin with
hot oil of turpentine. Another black consists of : amber, 12 o0z.; as-
phaltum, 2 oz. ; resin, 1 oz.; boiled linseed oil, % pint; melt and mix, and
when cooling add 1 pint oil of turpentine. Fellow colour, king's yellow
White colour, white lead, ground up with a sixth of its weight of starch ; thin
with copal varnish,

Iron Lacquer.—Amber, 12 parts; turpentine, 12; resin, 2 ; asphaltum,
2; drying oil, 6. Another iron lacquer.—Asphaltum, 31bs.; shellac, 3 Ib.;
turpentine, 1 gallon.

Black Finish for Small Articles of Iron and Steel.—Boil 1 part
of sulphur in 10 parts of oil of turpentine, paint the article with it thinly,
and heat over a spirit lamp until the required depth of colour is obtained.

Tinning Small Articles of Iron, Brass, or Copper by the Boiling
Process.—First clean well and pickle in a bath of dilute muriatic acid,
and rinse well in fresh clean water; then immerse for a short time, and
stir with a zinc rod, in one of the following solutions, which must be
boiling hot :—

Solution No. 1.—Ammonia alum, 171 oz.; soft water, 123 lbs.; proto-
chloride of tin, 1 0z.

Solution No. z.—Bitartrate of potassa, 14 oz.; soft water, 24 0z.; proto-
chloride of tin, 1 0z.; and clean zinc in strips, 3 Ib.

Solution No. 3.—Soft water, 1 gallon; grai tin, 2 Ibs.; cream of tartar,
1} Ibs. 1

Tinning Zinc.—Dip in a solution of distilled water, 1 gallon; pyro-
phosphate of soda, 3} oz. fused protochloride of tin, § 0z.

Galvanizing Iron.—Pickle the articles for 8 hours in water containing
1 per cent. of sulphuric acid, held in a wooden vessel ; then scour well, rinse
in clean water, and immerse them in a bath of melted zinc, kept covered
with a layer of melted sal ammoniac to prevent oxidation of the zinc.

Black Finish for Brass.—Dissolve copper wire in nitric acid, add
3 parts of water to one of the acid, make the article hot and dip it in the
solution ; then heat the article over a spirit lamp until the desired depth of
colour is obtained, and give one coat only of lacquer.

Black Finish for Brass.—Reduce nitrate of copper to the oxide, warm
the metal slightly and apply with a brush, and then heat the article until the
required depth of colour is obtained.

Black Finish for Brass.—Make a strong solution of nitrate of silver
in one dish, and of nitrate of copper in another; mix the two together, and

R
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plunge the brassinto it; remove and heat the brass evenly, until the required
depth of colour is obtained.

Black Finish for Brass.—Another way is to immerse the brass until it
turns black in a mixture of :—white arsenic, § lb. ; sulphate of iron, 3 lb.;
hydrochloric acid, 6 lbs.; when the required depth of colour is obtained,
rinse well in water, dry in sawdust, polish with black lead, and lacquer. In
some cases brass is simply blackened by laying on a mixture of vegetable
black and french polish.

Another way to blacken brass is, first to polish it with tripoli, then wash
it with a mixture of 1 part of nitrate of tin and 2 parts of chloride of gold ;
allow this wash to remain for nearly a quarter of an hour, and wipe off with
a linen cloth.

Bronzing Brass, Copper, and other Metals.—Copper bronze :—
fuchsin, 10 parts; aniline purple, 5 parts; methylated spirit, 100 parts;
heat, and, when solution takes place, add benzoic acid, 5 parts; next boil
the whole for 10 minutes, or until the colour of the mixture changes to
bronze colour.

Antique Bronze can be imitated by using the following mixture :—
muriate of ammonia, or sal ammoniac, § oz. ; salts of tartar, or carbonate of
potash, 13 drachms; vinegar, 1 quart. Apply with a sponge and repeat
several times until the proper tint is obtained. Brown, and every shade to
black : use a mixture of 5 drachms nitrate of iron in 1 pint of water. Choco-
late colour is obtained by steeping iron wire in aqua fortis for a quarter of
an hour before dipping; then dip the brass in the same.

Chinese Bronze.—Powder and make into thin paste with vinegar, ver-
milion, 2 oz.; verdigris, 2z oz.; alum, 7 oz.; sal ammoniac, 5 oz.; after
using, gently warm the article; afterwards wash and dry, and repeat the
process until the required tint is obtained. By adding a little blue vitriol
to this mixture a chestnut brown is obtained, and a little borax gives a
yellow tint.

Lacquering.—This process is varnishing metals to protect their colour.
The work is first thoroughly cleaned, and then pickled for two hours in a
pickling solution of 3 parts water and 1 part nitric acid, contained in an
earthenware vessel, and afterwards scoured with fine sand and water, applied
with a brush. )

Dipping Brass.—After pickling, the work is dipped for 3 seconds in
pure nitric acid, and afterwards instantly plunged into a solution of whiting
and water, or of water and common washing soda, which removes the acid,
and the work comes out a fine gold colour; next dry and lacquer. The
work should be held with tongs made of brass, when dipping. The lacquer
to be warmed and applied with a camel’s hair brush to the work, which
should be previously heated to 212°

Dissolving Metals.—Copper, bismuth, nickel and zinc, dissolve in
nitric acid. Lead and antimony, dissolve in a solution of nitric acid,
1 part ; hot water, 2 parts, Tin dissolves in hydrochloric acid.
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Table 81.—ComposiTiON oF LACQUERS.
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To remove lacquer from brass, boil for 20 minutes in a solution of
water, 1 gallon; potash, § Ib.; withdraw and plunge into cold water.

Silvering Brass, Iron, and other Metals.—First clean and pickle
the articles in the same way as for tinning, as given above, then immerse
them for a few seconds in a solution of cyanide of silver. Another process
is: heat 1 oz. nitric acid until it boils, then add a few pieces of silver; as
soon as they are dissolved add a handful of common salt to kill the acid,
then make it into a paste with whiting, and apply with water and wash leather.
Another process is: mix 1 part of dry chloride of silver, finely powdered, with
3 parts of pearl ash, 1 part of chalk, and 1 parts common salt ; rub on with
water and wash leather.

Gilding Brass, Bronze, and Other Metals.—Apply the following
mixture at boiling heat:—cyanide of potass, 2§ lb.; carbonate of potass,
5 0z.; cyanate of potass, 2 oz. ; the whole diluted in 5 pints of water, con-
taining in solution % oz. chloride of gold; and afterwards varnish the gilt
surface.

To Whiten Silver.—Boil in a solution of :—I part cream of tartar;
2 parts common salt, and 50 parts water.

To Dead-Whiten Silver.—Boil in a solution of alum and water until the
desired tint is obtained, and wash well with a brush in hot water with soap
and carbonate of soda.

Silver Paint.—Gum lac is dissolved in 4 times its volume of alcohol,
and to this thick solution, silver powder is added, in the proportion of
1 part powder to 3 of the solution. The surface to be coated, is covered
with spanish white, the metallic mixture is applied with a brush, and
when dry, is burnished with a steel or stone burnisher. Bronze gold, or any
other metal powder, may be used in the same way.

Whitening Brass.—Make a mixture of 2 lbs. grain tin, 1} lb. cream
of tartar, and 1 gallon of water ; boil and immerse the brass for a few minutes
at a boiling temperature. -

Frosting Silver.—Apply with a brush, a solution of water half a pint;

cyanide of potassium, 1 ounce.
R2
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" Lacquer Varnish for Colouring Metals.—Mix turmeric and annatto,
with lac varnish, to the required depth of colour. 4

Zinking, or Coating Small Articles with Zinc.—First clean and
pickle, next dip the articles in a mixture of zinc dissolved in hydrochloric
acid, to which a little sal ammoniac is added; then dry and dip in melted
zinc and shake off the superfluous metal.

Coppering or Bronzing Iron and Steel Articles,—Clean and im-
merse in a solution of sulphate of copper, 3% oz.; sulphuric acid, 3§ o0z.;
water, 1 gallon.

Tinning Iron and Steel.—Clean and immerse in hot oil or tallow,and
then immediately dip into melted tin.

Moire Metal.—Clean and heat the tin over a clear fire, until water will
fizz on its surface ; then dip it quickly into a mixture of—water, 4 parts;
muriatic acid, 1 part; nitric acid, 1 part; rinse in water, dry quickly in hot
sawdust, and varnish while hot.

HARDENING, SOFTENING, AND TEMPERING PROCESSES.

Case-hardening Wrought-Iron.—Pack the articles to be hardened,
in a box, filled to the top with small pieces of bone and wood charcoal, and
a few pieces of burnt leather, the heaviest articles to be placed at the bottom
of the box. Make the lid of the box tight, with a lute of equal parts of clay
and sand. Subject for 10 hours to a red heat in a furnace, and quench the
articles in water.

Note.—Articles to be case-hardened before placing in the box, should
have the threads of screws and nuts, and other parts which require to be
left soft, plugged with clay.

Hardening Wrought-Iron with Potash.—This process only hardens
to a very slight depth. Heat the article to a bright red, rub the surface
well over with powdered prussiate of potash, or with a mixture of 3 of
prussiate of potash, to 1 of sal ammoniac reduced to powder, and allow it
to cool to a dull red, then quench in water. By repeating the process, a
slightly deeper hardening will be obtained, but it is much inferior to case-
hardening.

To harden Malleable Cast-Iron.—Heat the article to a bright red,
rub the surface well over with a mixture of equal parts of potash, saltpetre,
and sulphate of zinc, allow it to cool to a dull red, and quench in water.

To harden Cast-Iron.—Heat the article to a bright red, and quench in
a mixture of 3 gallons of water, § pint oil of vitriol, and 2 oz. saltpetre.

Another mixture for quenching consists of salt water 10 gallons, salt -
1 peck, oil of vitriol } pint, saltpetre 3 Ib., prussiate of potash % 1b., cyanide
of potash 3 Ib, ; by repeating the process cast-iron may be made harder.

To harden Cast-Iron.—Another process is to heat to bright red, and
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rub the surfaces with a mixture of equal parts powdered prussiate of potash,
saltpetre and sal ammoniac. Allow the article to cool to red heat and
quench in a mixture—4 oz. sal-ammoniac and 2 oz. prussiate of potash per
gallon of water.

To anneal or soften Finished Iron or Steel Work.—Laute an iron
box with clay, and place the articlesin the box, full of turnings or borings,
of the same metal as the articles are made of. Make the lid of the box
tight with a lute of clay. Heat slowly to ared heat in a furnace, and let the
fire die out.

To soften Steel Forgings, &c.—Heat toa low red heat, and cool in
lime or whiting.

To soften Steel Forgings, or Hard Steel or Iron.—Another process
is to pack the articles in a box full of whiting or iron borings, make the lid
of the box tight with a lute of clay, heat to a low red heat in a furnace for
4 hours and let the fire die out.

To drill Hard Steel.—Heat the drill in a charcoal fire, and quench in
mercury. Moisten the work when drilling with a mixture of turpentine and
camphor.

To soften Chilled Cast-Iron.—Heat the article to nearly white heat,
and cover it with a good depth of small coal, and let it remain until cold.

To soften small Castings of hard Cast-Iron.—Pack them in a box
of fine coke screenings, put a thin layer of fine sand on the top well,
damped, heat in a furnace to a low red heat and let the fire die out; or
they may be softened to a slight depth by steeping for z4 hours in 1 part
aqua fortis to 4 parts of water.

Malleable Cast-Iron.—The articles are first cast in cast iron, and
malleableised,—by burning off the carbon combined with the iron from which
the castings were made,—by a process of annealing. The iron used is a
white hematite metal, No. 5 brand, which contains little carbon. The
castings are first cleaned, and then packed into iron boxes, with alternate
layers of either fine iron scales from rolling mills, or powdered hematite
ore. The boxes are closed at the top with a mixture of sand and clay, and
are next placed in an annealing oven, where they are kept under an equable
red heat for from 7 to 14 days if the castings are light, and for about 21
days if they are heavy.

Welding Cast-Steel.—Mix borax 10 parts, sal ammoniac 1. Simmer
over fire for 1 hour, or until clear, pour out, cool, and reduce to powder.
Heat the steel in a coke fire, to bright yellow heat.

Welding Cast-Steel.—Another mixture is, powdered limestone 6 parts,
sulphur 1 part; and another mixture is, borax 1o parts, sal-ammoniac 2,

sulphur 1 part.

*  Restoring slightly burnt Cast-Steel.—Borax, 13 1b.; sal-ammoniac,
1 Ib. ; prussiate of potash, } Ib. ; resin, 1 oz.; powder and mix with 1 gill
each of water and alcohol. B01l for a short time to a paste, dip the hot
steel in the mixture, and slightly hammer.
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To distingmish Steel from Iron.—Nitric acid does not affect iron,
but produces a black spot on steel. The darker the spot the harder the
steel.

To harden Hammers and other Tools.—Bone dust, 2 parts; common
salt, 3; burnt leather shreds, 1; prussiate of potash, 1 part. Heat to a
cherry red and plunge into this compound.

To harden a Drill to drill Glass.—Heat to cherry red, and quench
in mercury : when drilling moisten with turpentine and a little camphor.

To soften Copper and Brass, Gold and Silver.—Heat to a low red
heat, and quench in a solution of salt and water.

Hardening Steel Tools.—To obtain the best results, the steel should
be heated in a charcoal fire. Heat to a cherry red, and dip about an inch
deep in tepid water, rub the hardened portion with a piece of sandstone,
the heat in the uncooled portion will be quickly transferred to the point
just cooled, and by watching the colour any degree of temper may be
obtained. Chisels for chipping iron, should be tempered, or lowered to a
dark straw colour ; #urning fools for wrought iron, to a pale straw colour;
turning fools for cast iron, should be made as hard as water will make
them ; skear blades and punches should be lowered to light purple colour ;
turning tools for brass, to a straw colour; furning tools for wood, to a dark
straw colour; faps and dies, rhymers and circular cutters for milling and
wheel cutting machines, each to a light brown colour.

To harden Trowels, Saws and various Steel Articles.—Quench
in one of the following mixtures :—

Mixture No. 1.—Sperm oil, 1 gallon; beef suet, 1 1b.; neats’ foot oil,

4 pint; pitch, 1 oz.; blackresin, 3 oz.; melted, mixed and cooled.

" Mixture No. 2.—Sperm oil, 1 gallon; tallow, 2 lb.; wax, { Ib. This
mixture is only suitable for very small steel articles.

Mixture No.3.—Sperm oil, 1 gallon; tallow, 2 Ib.; wax, £ Ib.; resin,
1 Ib.

Mixture No. 4—Sperm oil, 20 gallons; tallow, 20 lb.; ox foot oil,
10 gallons; pitch, 1 Ib.; resin, 3 Ib.

Melt the pitch and resin before adding the other ingredients. Mix and
heat the whole in an iron pot; when sufficiently heated it will catch fire
when a light is held near it. The flame is put out by placing a lid on the pot.
These mixtures make the steel very hard and brittle ; and to temper the
same, wipe a portion only of the composition off when the article is with-
drawn from the bath, then hold it over a coke fire till the grease ignites,
and blaze off a small portion only if the article is required to be hard,
and a larger amount if required to be softer. ;

Hardening Tools and Cutters.—Tools when heated to a cherry red
and quenched in one of the following solutions are less liable to crack, and
give better results, than when quenched in water.

Hardening Solution No. 1.—Soft warm water, 1 gallon ; salt,  pint.
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Hardening Solution No. 2—Make a solution of water, salt, and
nitrate of iron. Keep at 60 degrees temperature.

Hardening Solution No. 3.—To 1 bucketful of water, add 1 gill v:tnol

Hardening Solution No. 4—To 1 bucketful of water, add a handful of
slaked lime.

Hardening Solution No. 5.—To 3 gallons rain water, add 3 oz. spirits of
nitre, 3 oz. hartshorn, 3 oz. white vitriol, 3 oz. sal-ammoniac, 3 oz. alum,
6 oz. salt, 2 handfuls of shreds of leather partly burnt ; this solution is used
for hardening chisels, for dressing French burr stones.

To harden Chisels for cutting Granite and Marble.—Heat to a
cherry red and quench in a mixture of whale oil, 1 gallon ; resin, z 1b. ;
beeswax, 1 1b.; melted and mixed.

To harden Gravers and Drills for cutting very hard materials.—
Heat to cherry red, and quench in one of the following :—ist. Mercury ;
2nd. Plunge into sealing wax, withdraw quickly, plunge in a fresh place
and repeat the process until the drill is cold ; 3rd. Plunge repeatedly into
either yellow soap, or beeswax, until the drill is cold ; 4th. Drive repeatedly
into lead, until the drill is cold.

Hardening Steel Spiral Springs.—Spiral springs may be heated in
a melted alloy, composed of 12 parts lead and 1 tin, until they are of the same
temperature as the alloy (which should be just fluid), or they may be placed
inside a gas pipe and heated in a fire, the pipe should be turned round
frequently in the fire until they are uniformly heated to a cherry red; long
. springs should be placed on a mandrel before heating, otherwise they are
liable to bend and become irregular in the coils ; slight springs should be
quenched in oil ; medium thick springs in hot water about 6o degrees
temperature, with a film of oil on the top of the water ; and thick springs
in water only, heated to 70°. Always plunge the spring endways, and do not
take out until quite cold.

To temper Springs.—Smear them over with a composition of sperm
oil, 1 gallon ; rendered beef suet, 1 Ib.; neatsfoot oil, 1 gill ; resin, § Ib. ;
heat uniformly by holding them inside a hot pipe until the grease burns
uniformly upon all parts and the grease burns off with a blaze; if the grease
on the ends takes fire sooner than that on the middle, cool the same with
grease and blaze again. Thick springs require to be repeatedly dipped in
the grease and blazed, and unless the blazing is uniform the temper will
not be uniform. When the blazing is finished and a uniform blue colour
is obtained, finally quench in oil.

Tempering Steel Tools.—When steel is hardened to the hardest
degree, as at the first quenching, it is comparatively weak and brittle, and
to strengthen the steel it is necessary to lower the degree of hardness by
re-heating, during which process as the temperature rises, the polished
surface assumes various shades of colour, which indicate various degrees of
temper, and the colours change successively according to the following
table ; when the desired colour is reached the tool is then quenched.
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Table 82.—TEMPERATURE FOR TEMPERING STEEL TooLs.

|ALLOY WHOSH
Pol;‘g:!:'saor
Temper Colour. Description of Tools. Tmera- }ﬁ:&;‘_
TURE.
Fahr. | Tin. |Lead
Very faint yellow. | Lancets and instruments . =o" 420°1| 0 7
Pale straw yellow . | Turning tools for metal . = | a30® | 8N
Straw yellow . . | Razors . 450° | 8 | 17
Dark straw yellow ) | Penknives and chlppmg chisels
or orange : for hard cast iron 5 470° 1 4 | 10
; Taps and dies ; rhymers; shears
Light brown ' { and scissors . ; 490° | 4 | 14
. Hatchets ; chipping chlsels and
Brown yellow . . { other p:arcuesxve tools . 4 500° | 8 |33
Red -, . . . | Carpenter’s tools in general < | 510° | g 5[50}
Light purple . . | Saws; shear blades and punches | 520° [ 4 | 25
Fine watch springs and table
Darkpiiple - { knives . 3 ! 530 4 | 30
Bright blue . . | Swords and lock sprmgs 3 550 4 | 48
Full blue . . . | Daggers; fine saws; and needles 560°
Darker Blue . . | Springs and augers d Sl o)
Dark blue . . . | Soft, for common saws Selfs 6002

Tempering by the Thermometer.—Put the articles to be tempered
into a vessel containing sufficient oil, or tallow, or sand to cover them (or
use one of the alloys given in the above table), then heat the whale
uniformly to the required degree of heat (shown by a suitable thermometer)
corresponding to the hardness required, then withdraw and quench. If no
thermometer is available, and oil or tallow is used, these begin to smoke at
430°—or pale straw yellow—and go out when the light is withdrawn at 570°
or darker blue of the above table.

The degree of Temper which a tool will take depends upon the
proportion of carbon contained by the steel. The following is the usual
percentage of carbon in steel :—

Description of Steel. e Description of Steel. ot
Surgical instruments . . | 1°48 | Carpenter’stools; cutters. | 1'10
Razors . 145 | Chisels and hatchets . .| 100
Tool steel for chllled rolls 140 | Shears; setts and springs . 80
Saw files ; gravers, &c. . 135 | Forgings for shafts, &c. . ‘50
Tools for cuttmg very hard : Steel rails g ‘40

metals 1"30 | Forgings for shafts; tyres '33
Tools for cutting metals . | 1°25 | Boiler plates . ‘25
Shears ; cutlery, files . .| 1°20 thp plates and boﬂer v
Smiths’ tools; dies, &. . | 1°15 plates } 2%
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HARDENING AND TEMPERING TAPS, RHYMERS AND CUTTERS.

The quality of Steel being much improved by hammering, taps,
rhymers, and cutters should be forged to the proper size, to allow for turn-
ing. Steel of medium grain should be used, and they should not be
softened with their skin on, otherwise they will warp when hardened, owing
to the tension caused by forging; to remove the tension, they should be
roughly turned all over, before softening them. The process of softening
equalises the grain of the metal, and is best performed, by enclosing
the taps and rhymers in a piece of wrought-iron gas-tubing, filled with
wrought-iron turnings, the ends of the tube being plugged up with clay;
the tube is then made red hot, and is allowed to cool slowly, by leaving it
covered up with hot ashes for 12 hours.

To harden Taps.—First slightly warm and rub them all over, with a
mixture of Castile soap and lamp black, which preserves the edges from
being burnt, then place themina wrought iron pipe, say £ inch thick, filled with
charcoal dust, plug the ends of the tube with clay, and heat it uniformly by
turning it round occasionally in the furnace, until it comes to a cherry red
heat, then carefully withdraw it from the furnace, knock the plug out of one
end of the tube, and drop the contents vertically, into a solution heated to
60°, of 1 gallon rain water; 1 lb.salt; and allow them to remain therein,
until they become quite cold: if they are taken out of the water during cooling
they are liable to crack. Care should be taken to keep the taps perpen-
dicular when in the water, as if allowed to fall sideways they will warp.

To temper Taps.—After hardening, polish and then temper as follows:—
A wrought iron hoop—of a diameter inside, equal to double the diameter of
the tap—and in thickness, not less than the diameter of the tap,—and in
depth, aboutone-half thelength of tap,—should be uniformlyheated to a cherry
red heat, then warm the jaws of a pair of tongs, and hold the square of the
tap in the tongs, and pass the tap right through the hoop, leaving only the
square part of the tap inside the hoop. The tap should then be turned slowly
round, until that end becomes slightly heated; the shank and the screw part
should then be moved slowly backwards and forwards-through the hoop,
and at the same time turned slowly round, until evenly coloured, and when
it reaches a light brown colour, the tap should be quenched perpendicularly
in oil. The square end of the tap, should be lowered to a deeper colour than
the screw part. i

To harden and temper Rhymers.—Proceed the same way as for
taps ; or they may be heated in molten lead and quenched in the same
solution as the taps; the advantage of heating them in molten lead, is, that
the outside can be properly heated, before the metal at the centre is red hot,

nd the metal at the centre will be sufficiently soft, to allow of the rhymer
being straightened after hardening ; should it have warped during hardening,
to straighten it, lay it on a block of lead with the arched side upwards, place
a copper drift in the uppermost flute, and strike the same with a hammer.
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To harden Circular Cutters for milling machines and wheel-cutting
machines, and similar cutters, having a hole through the centre. It is neces-
sary when quenching, to prevent the water from getting to the centre of the
hole too soon, otherwise it will cool more rapidly than the body of the
cutter, and will crack; to prevent this, protect the hole with a bolt and two
turned washers; the bolt should be less than the diameter of the hole, and
the washers should be moderately tightened. In cases where it is not con-
venient to use a bolt and washers, the hole should be plugged with a mixture
of clay and finely sifted iron borings. Then warm the cutter slightly and rub
the cutting edges over, with a mixture of Castile soap and lamp black, and
heat it in a charcoal fire, to a uniform cherry red heat, and quench it edge-
ways in a solution of 1 gallon of rain water and 1 Ib. of salt. To temper
these cutters hold them over a piece of hot iron, until they arrive at a light
brown colour, and quench in oil. In preparing these and all kinds of
cutters, they should be turned before annealing, and they should neither be
straightened nor bent after annealing.

PRODUCTION AND CONVERSION OF STEEL.

Steel is a compound of iron with from o5 to 1°5 per cent. of its weight
of carbon, the more carbon it contains the harder the steel is. The quality
of steel depends upon the purity of the materials, the quality of the
workmanship, and the care taken in its production.

Bessemer Steel is made from pig iron, by passing a strong blast of air
through the molten metal, which removes the carbon and purifies the metal,
the residue being malleable iron in a melted state; a small quantity of
spiegel-eisen is afterwards run into the vessel. The steel thus produced is
run into ingots, which are hammered and rolled like blooms of wrought-iron.

Blister-Steel is made by a similar process to case-hardening, called
cementation. A number of bars of best wrought-iron are embedded in
layers of charcoal—contained in a trough—and are subjected to a
temperature of about 2000° F. in a suitable furnace for 4 days for spring
steel, 8 days for shear steel, and 12 days for chisel steel. Each bar absorbs
carbon, and is converted into steel at the surface, and into steely iron at the
interior of the bar.

Cast Steel is the strongest steel. Small pieces of blister-steel are
melted in a crucible, with the proper quantity of carbon and manganese.

Shear Steel. Short bars of blister-steel are tied in bundles to form a
fagot, which 'is heated and welded with a quick speed tilt-hammer, and
afterwards re-heated and hammered into a bar. To make double shear
steel, the bar is broken in two and the pieces are welded together.

Homogeneous Metal is made by melting small pieces of best wrought-
iron in a crucible with the proper quantity of carbon, some spiegel-eisen

. being added when the operation of melting is nearly completed.
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Bolts and Screws.—The width across the flats of the bolt-head, is the
same as for nuts given in table 108, page 285. The width across the flats
is approximately equal to 1} times the diameter of the bolt added to %.
The angle of the friangular thread is 55° the height of the triangle of
thread is reduced one-third by rounding one-sixth off the top, and one-sixth
off the bottom of thread. Depth of thread = the pitch multiplied by *64.
To find the diameter at the bottom of the thread, multiply the pitch by 128,
and subtract the product from the outside diameter.

For screws with square threads, the number of threads per inch is
one-half of the number for triangular threads, and the depth of thread is
15 of the pitch, or equal to the space between the threads.

Table go.—WHITwORTH'S STANDARD GAUGES FOR WATCH AND

INSTRUMENT MAKERS, WITH SCREW-THREADS FOR THE VARIOUS SizEs, 1881.

e | Gtse i dsectnials e e ot | e il BT

tgg::a;::}]:‘s of an Inch. per Inch. t'l;fc-:xs‘aﬂ:ictll:.s of an Inc] T
10 ‘010 400 34 ‘034 150
Ix ‘011 400 36 *036 150
4z jO12 350 38 ‘038 120
13 ‘013 350 40 ‘040 120 |
Hek o 300 45 '045 120
X g 'oxg ggg 50 ‘050 100
1 e 55 "055 100
17 017 250 60 *06o 100
18 ‘018 250 65 -065 80
19 ‘o019 250 70 *070 8o
20 ‘020 210 75 ‘075 80
22 ‘022 210 8o ‘080 6o
24 ‘024 210 85 ‘085 60
26 ‘026 180 90 ‘090 6o .
28 028 180 95 *095 6o
30 ‘030 180 100 *100 50
32 ‘032 150

Conducting Power of Metals for Electricity at 32° Fahr, :—

Silver
Copper
Gold .
Zinc .
Bronze .
Brass .

. 100

92
65
29
22
18

The conductivity diminishes as the temperature increases above 32° F.

Tin d 2 ° v . 14
Iron . 5 A .13
Lead 83
Platinum . AN s e
German silver 59

Bismuth 19









SECTION VI.

———

STRENGTH AND WEIGHT OF MATERIALS;
WORKSHOP DATA, &c.

Strength of Wrought-Iron.—The tensile strength of wrought-iron is
about four times as great as that of cast-iron; good wrought-iron should
be capable of standing the following tensile strains before breaking, in tons
per square inch of section.

Tons.
Lowmoor or “ Best Yorkshire ” bar iron . > : . 26) The safe
Ordinary good merchant bar iron . 25| working

Lowmoor or ““ Best Yorkshire iron” plates along the ﬁbre 24] tensile
Lowmoor or “Best Yorkshire iron ” plates across thefibre 22| strength

Ordinary good angle iron . d - . 22) istof
Ordinary good boiler-plates along the ﬁbre : NG g2 these
Ordinary good boiler-plates across the fibre . - . 18] amounts
Ordinary good ship-plates along the fibre . : . . 20| for general
Ordinary good ship-plates across the fibre . . . 17) purposes.

The strength of wrought-iron to resist a crushing or compressive strain
is about half that of its tensile resistance, or say 12 tons, and its working
strength in compression free from flexure is one-quarter that amount, or
3 tons per square inch of section.

Testing Wrought-Iron.—Good wrought-iron has a fine close-grained
fracture of silvery grey colour; inferior quality has a coarse granular frac-
ture similar to that of cast-iron. The elongation under tensile strain is a
test of the toughness of wrought iron; the ultimate elongation after
fracture of Lowmoor iron plates is about 13 per cent., and of ordinary good
iron boiler-plates 7 per cent., and of ordinary good ship-plates 5 per cent.,
of their original length when torn along the fibre. Lowmoor or best
Yorkshire iron plates under } inch thick, should bend double when cold
without fracture ; and from % inch to 1 inch thick, should bend double when
hot, both lengthways and across the fibre without fracture, The tests for
ordinary wrought-iron boiler and ship-plates are the same as those used
by the Admiralty, which are given below.

Admiralty Tests for Wrought-Iron Boiler-Plates.—All boiler-
plates (with the exception of Lowmoor and Bowling iron, which are not
tested) must be capable of standing the following test :—

! s2
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Tensile strain per square inch lengthways, 21 tons: crossways, 18 tons.

Forge-Test, Hot.—Plates to admit of being bent hot, without fracture,
to the following angles.

Lengthways of the grain, 125°; across, 100°

Forge-Test, Cold.—Plates to admit of being bent cold, without fracture,
to the following angles.

Thickness of Plate, in Inches | andunderj}and % &a.nd 75| % %, & {1} and }{1? and [{§ and 1 Inch.
Lengthways of the Grain . . 90" 70° 5o 35° 25° 20° 15° angle,
Across the Grain . 3 . 40° 30" 20° 15° 10° 5 5° angle.

Admiralty Test for Ship-Plates.—Plate iron, first-class BB. ; tensile
strain per square inch, lengthways, 22 tons; crossways, 18 tons.

Forge-Test, Hot.—All plates of the first-class, 1 inch thick and under
should be of such ductility as to admit of bending hot, without fracture, to
the following angles. Lengthways of the grain, 125°; across, go°.

Forge-Test, Cold.—All plates of the first-class, should admit of bend-
ing cold, without fracture, to the angles given in the above table.

Plate-Iron Second-class B, tensile strain per square inch lengthways,
20 tons ; crossways, 17 tons.

Forge-Test, Hot.—All plates of the second class, 1 inch thick and
under, should be of such ductility as to admit of bending hot, without frac-
ture, to the following angles. Lengthways of the grain, go°; across, 60°.

Forge-Test, Cold.—All plates of the second class should admit of
bending cold, without fracture, to the following angles.

Thickness of Plate, in Inches | and under|} and %|# and &/ §, %, § [} and %l 13 and 3|1 and 1 Inch.
Lengthways of the Grain . . 75° 55 45: 30 20° 15° 10° angle,
Across the Grain . . . 30° 15 10° 5° - — angle.

Steel Boiler-Plates are generally made of the mildest quality of
Bessemer steel, their tensile strength is about one-third greater than that of
Lowmoor iron, and they should stand the following test before breaking.
Tensile strain per square inch both lengthways and crossways, 32 tons; all
steel plates 1 inch thick and under, to admit of being bent double when hot,
without fracture, and to admit of bending cold, without fracture, to the angles
given in the table below. The safe working tensile strength, is one-fourth
the breaking strain, or 8 tons per square inch of section.

% 115 and 1 Inch.
50°| 45 angle.
30 25" angle.

'ﬁ and $3(4 and 33
Lengthways of Grain, Angle . 120" uo: 110°[ go' X 70 Lt

Across the Grain, Angle B o 100’ go°| 80°| 70" 60' 50 40

Thicknessof Steel Plate,inInches | } and under | % | § [ 77 3 asn(! &
o
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Steel Plates are generally double-riveted, with the best quality of iron
rivets, slightly smaller in diameter, and closer in pitch, than for wrought-
iron plates; steel rivets not being always used on account of the liability of
the heads to fly off from jars, &c. Plates both hot and cold, are tested on a
true surface-plate, the radius of the corner over which they are bent being
§ inch, the distance from the edge of the plate to the part bent, isfrom 3 to
6 inches. When plates are tested hot, they are heated to an orange colour ;
the plates are bent down to the required angle by hammering.

Test for Rivets.—They should be made of the toughest quality of
iron, and admit of being bent double, without fracture, when cold ; the heads
should admit of being hammered down to % inch in thickness without frac-
turing the edges; when hot.

Test for Wrought-Iron Bridge-Plates.—A piece of plate is cut
2 inches wide and 3 inch thick, of sufficient length to have 7 inches under
tension, the plates being rejected if the extension of the test-piece is greater
than % inch under a test of 18 tons, i inch under 21 tons, § inch under
23 tons, § inch under 24 tons. All bar iron to stand a tensile strain of
25 tons, per square inch of section, before fracture.

Diminution of Tenacity of Iron Boiler-plates at high temperatures,
the mean maximum tenacity being at 550° F.=65,000 Ibs. per square
inch. From the experiments of the Franklin Institute.

Temperature. DfmTl:x.x:gOt; Temperature. on l%el:::;:;.
52020 [\ s . . 0738 824° . J g . ‘2010
570°. b 3 0 870) 03228 LD 4 13328
SHORIM R R G000 927°-0. = sl VR B EEEh0
600°. 3 : . . 0964 ER® L 1 o o SR8
6307 | . o 0 . '1047 L EIISCR. S o AN BT
662°. 5 : g o TSR 1155° 3 : . . *6oco
7222 . . . 1436 1159° . g 3 . c6o1x
RO2E R i = e ' T4 T 1187° &, e EIR6352
7542 : . . 1535 123 7ol o s . 6622
766°. 3 3 . . 1580 |e1245° .. S « ol L O 7S
P00 |+ : . . 1628 TS L o 3 . *7000
Effects of Re-heating and Rolling Iron, from the experiments of

Mr. Clay.

Puddled Bar. Tenacity in lbs. per square inch . 5 3 . 43,904

The same iron, 5 times piled, re-heated, and rolled. Tenacity in }61 824
Ibs. per square inch . N : C
The same iron, 11 times piled, re-heated and rolled Tenacny } 43,004
in Ibs. per square inch . 2
Steel Plates and Bars used in place of wrought iron, to be of equal
strength, may in a general way be made 20 per cent. thinner than wrought
iron plates and bars,

————.
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ROPES AND CHAINS,

The Breaking Strain of hemp-ropes, is 1 ton, for each lb. weight per
fathom.

The breaking strain of iron-wire ropes is 2 tons, for each Ib. weight per
fathom.

The breaking strain of steel-wire ropes is 3 tons, for each Ib. weight per
fathom.

Table g1.—S1zE, WEIGHT AND STRENGTH OF STEEL- AND IRON-WIRE
Rores anp Hemp-RorEs.

STEEL-WIRE RoPes. | IroN-WIRE Rores. Hemp-Rores oF EQUIVALENT STRENGTH.
Circum, |Weigh ircum-  |Weight Circum- | Weight per |Safe Working| Breakin
e a | Bt ierie 4 Bl te 1| Pt | Losiin }  Seanl
Inches. in lbs, Inches. in Ibs. Inches. Ibs. Cwts. in Tons.
33 8 4? 18 12 32 108 34
sl a8 f el et 4
3% Y 4 1 4 25
3 73 3 13 9% 25 78 23
4 7 33 1893 9 22 70 21
23 6 3 11 83 20 66 19
2§ 5% 3% 3 8 16 §7 17
2 4% 3% 8% 73 14 50 15
25 43 3 72 74 12 45 14
2L 4 2 7 63 10 42 13
2 3% 2 63 61 9 26 II
2 3t 2 5% 53 8 34 10
15 3 23 41 5 7 28 9
2% 43 4% 63 27 8
13 2} 25 4 43