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PUBLISHER’S ADDRESS.

lumes 8 and 4 ; 1750 copies of the two editions of Comte
do Pambour’s Practical Treatise on Locomotive Engines ;
870 copies of the work on Bridges; 500 copies, in a few
months, of the work of Mr. Clegg, Jun., on Coal Gas;
and within one month upwards of 500 of Mr. Wicksteed’s
Experiments on the Cornish Engine were sold, which, with
many others, are testimonies of the esteem in which such
works are held at the present time.

In the present instance it affords me much pleasure
gratofully to acknowledge and publicly state the liberality
of Mr. GEorGE RENNIE, the editor of this work, who, al-
though having multitudinous professional engagements,
has (ardent in the love of his art) found the necessary
time for the arrangement, the addition to, and editing of
this new edition. This has been done GRATUITOUSLY,
and it is hoped that the Subscribers, in receiving the work
consoquently so much cheaper, will, in the acknowledg-
wment of its utility, respond to the Publisher’s thanks now
oxprossed for the kindness conferred.

Decemder 1, 1841, JOHN WEALE.




PUBLISHER'S ADDRESS.

Tae production of Works specially devoted to Engineering
is, in this country, frequently attended with difficulty, not
arising from the scarcity of subject-matter or the disin-
clination of practical men to facilitate its arrangement, but
from their inability to find time to render their willing
aid. Delay, as in the instance of the present work, is in
consequence unavoidable. A publisher’s risk is increased
in no trifling degree, when he ventures upon publications of
a scientific character unaided by an author or editor of ex-
perience in the matters of which they treat; but it is his
duty to select such useful and novel subjects as shall not
only be of practical help to the engineer, but afford a clear
view of elementary principles to the student; and as there
are now amateurs in Engineering as well as in other de-
partments of art, such works are peculiarly acceptable. -
Keeping this twofold object steadily before me, it has been
my constant endeavour for many years to render works of
practical reference as complete as possible, especially by an
adequate number of engraved illustrations of examples;
and it is with grateful feelings that I acknowledge the
liberality of many gentlemen, whose names appear as con-
tributors of drawings in my numerous published works,
some few of which are here mentioned, together with an
account of their sales: viz.—Tredgold on the Steam En.-
gine, 2300 copies since October, 1838 ; Public Works of
Great Britain, 975 copies within the same period ; Papers
of the Royal Engineers, 1000 copies of each of the vo-
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corrected the Essay on the Teeth of Wheels, and supplied
some additiona) tables and a second appendix.

With a view to practical utility, I have endeavoured to
adapt the style of these Essays to the comprehension of
such operative mechanics as have not had the advantage
of mathematical instruction ; but at the same time I have
given reference to authors for the demonstrations of such
propositions as I found it necessary to introduce, in order
to give such workmen some notion of the principles on
which their work should be conducted.

For any repetitions, want of unity, and other imperfec-
tions, which will doubtless too readily appear in these
Essays, I may offer the same apology which I did on a
former occasion, that they were written at many different
and distant intervals, occasioned by interruptions from
professional and other engagements.

Nore.—The Second Edition was superintended by the late Mr. Tred-
gold; and the principal facts noticed in it are incorporated in the following
Preface.



PREFACE

TO THE

THIRD EDITION.

Tee Essays of Robertson Buchanan on Practical Me-
chanics have been long known, and duly appreciated by
the public.

They consist of a series of treatises, seven in number,

on several of the elementary parts of machinery; such as
the Teeth of Wheels, published in 1808 ; on the Shafts of

Mills, in 1809 ; and on Millwork and other Machinery, in
1814. The copious Index of the contents of the present
edition, drawn up by Dr. Jamieson, sufficiently explains
the nature of the work.

In perusing the Essay on the Configuration of the Teeth
of Wheels, we are at once struck with its resemblance to
the admirable treatise of Camus, published in 1782*, and
which the author duly acknowledges. The subject is
divided into two parts; firstly, the principles as laid down
by Camus ; secondly, the application of these principles to
different kinds of spur and bevel gear.

* Cours de Mathématique.



vili PREFACE TO THE

The first application of the epicvcloidal curve to the
teeth of wheels is generally ascribed to Roemer, a Danish
mathematician, in 1674", although De la Hire® claimed the
merit, and demonstrated that if a tooth of either a wheel
or pinion be formed by a portion of an exterior epicycloid,
described by a generating circle of anv dimensions what-
ever, the tooth of its follower will be properly formed by a
portion of an interior epicycloid, described by the same
generating circle. The object he had in view, was to se-
cure a perfect uniformity of pressure and velocity to the
machine, so that, in all positions, the wheels which trans-
mit the power should act equally and similarly, and that
the surfaces of the teeth, by touching in a point, should
roll over each other when in motion, and thus avoid all
friction, a desideratum hitherto impracticable to ac-
complish.

The general properties of the cycloid and epicycloid,
and the modes of generating these curves, both geometric-
ally and mechanically, bave been given by various authors,
and Buchanan applied the principles of Camus to the forms
of the surfaces of the teeth of wheels and pinions acting
against each other under different circumstances; such as
the wheel and trundle, the wheel and pinion, the rack and
pinion, conductor or conducted, external or internal, spur
or bhevel gear, so a8 to render them comprehensible by the
general reader. 'The author next investigates the action
of conical, or bevel wheels, under the different circum-
stances of the inclination of their axles, applying the same
cxterior forms of the teeth of spur wheels to the teeth of
bevel wheels, with the exception that the curves should be
a spherical epicycloid. The principles of bevel wheels had
been already pointed out by De la Hire in the year 1666 °,

& Wolfii Opera Mathcmaticis.
b Traité des Epicycloides, 1694.
¢ Memoires de I'Academie, 1666. 1669.
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chanical power ; when this holds, the proposition of the an-
gular velocity will be constant.” Mr. Airey then demon-
strates the case mathematically, and advises that the teeth
be made to work a little before and after the line of cen-
tres, and thinks that a tooth formed by the union of an
epicycloid and hypocycloid is preferable to any form what-
ever, for the line of action is always very nearly perpen-
dicular to the radius, by which means, not only is the fric-
tion made much less, but also the strain upon the axles is
considerably diminished. The same applies to bevel wheels
and rack-work, with reference to uniformity of motion and
action, which he conceives to be of far greater consequence
than any diminution of friction, which can never be re-
duced to nothing, except the part of contact be always in
the line of centres, a condition which may be satisfied only
by means of an infinite number of curves, and amongst
others by two logarithmic spirals, but the mechanical ac-
tion, and the motion would be dreadfully irregular.

This question is now little more than one of mere cu-
riosity, arising from the smallness of the teeth of wheels
now made, and the greater perfection of workmanship in
the materials, in consequence of the use of iron wheels,
and the accuracy with which the teeth are formed and ad-
justed by the most simple method of templates and com-
passes ; and the approximation of the form thus generated
to the form presented by theory is very close. The deter-
mination of the strength of the teeth to the power to be
transmitted, is given in the fourth chapter on the principles
of proportioning the strength of the teeth of wheels.

The rule adopted by millwrights for finding the depth of
the teeth from the bottom to the pitch line, and from the
pitch line to the top of the tooth, is simply to multiply the
pitch by 5, and divide by 9, and vice versd.

The curves of the exterior and interior surfaces of the
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practical approximation to the true form can be accom-
plished by arcs of circles, a form which approaches to mo-
dern practice. An instrument termed an odontagraph,
together with tables for facilitating its use, and for forming
cutters for shaping the teeth, is proposed, and a theory given
of the nature of the motion which is produced by the pres-
sure of one circular arc upon another, when disposed so as
to work in the manner of teeth.

The Essay on the Shafts of Mills is divided into five
chapters, containing a general description of shafts most
employed in mill-work, and the strains to which they are
subject from lateral stress and torsion; the strength and
stiffening of shafts, journals, and gudgeons, with refer-
ence to the strength of materials, according to the ex-
periments of different authors. The subject of torsion is
briefly examined, in conjunction with lateral stress. It is
shewn that, in general, the strength of a cylinder or solid
axle to resist the force of torsion, is as the cube of its
diameter, and that the length of a cast iron shaft has no in-
fluence on its resistance to torsion, whatever may be the
exception with wooden shafts. The power of a cast iron
shaft to resist torsion is calculated from Mr. Tredgold’s
formula, which considers the resistance the same as from
the lateral stress. The Table of Shafts, at the end of the
fith Chapter, takes into consideration the two kinds of
resistance.

The use of iron in machinery previously to its adoption
in England, is evidenced by referring to the works of
Ramelli, Bockler, and Bessoni, where there are repre-
sentations of iron wheels, and portable mills and cranks
of the same metal, but it was only used in this country
about the vear 1350.

Iron pipes came into use in France about the year 1672,
and from the year 1782 to 1784, cast iron was used in
machinery at Colobrook Dale, Rotherham, and at most of
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Minard* and Désormes, Lagerhjelm®, Bornet®, Seguin®, and
Ardant®, however, effected much towards the solution of
the question.

The experiments of Savart® on the torsion of different
bars show the following results :

1st. That the angles of torsion are in every case pro-
portionate to the forces of torsion within the limits of
elasticity.

2dly. That in bars of the same section, the forces of tor-
sion are directly proportionate to the length of the bars,
the length having little other influence than increasing the
angle of torsion.

The experiments by Duleau, Banks, Dunlop, and by
the Editor of this work, approximate pretty nearly the
mean values.

On the dynamical effect of men and horses, Buchanan
quotes the estimates of Desaguliers, Emerson, Smeaton,
and Watt, as also a table in units of force from Dr. Young.
Buchanan’s own experiments of the effective power of men
working in different positions, had already been published
in the fifteenth volume of the Repertory of Arts, for
1801. Of the authors who have written upon this sub-
ject, the names De la Hire {, Amontons 5, Lambert®, Ber-
noulli', Coulomb*, and Schulze, are most distinguished.
De la Hire considered the question almost entirely with re-

s Annales de Chimie.

® Du Fer dans les Ponts suspendus.

¢ Poncelet, Mécanique Industrielle, 1839.

4 Des Ponts en Fils de Fer, 1826.

* Annales de Chimie.

f Mémoires de I'Academie des Sciences, 1699.
K Mémoires de I'Academie des Sciences, 1709.
h Mémoires de I’Academie de Berlin, 17786.

! Mémoires de I'Academie des Sciences, 1760.
k Prix de I'Academie, tom. vii. 1753.
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firmule suitable to every case of the application of animal
power to perform mechanical operations.

2d4ly. One man in 47 journeys raised s weight of 11,374 Ibs.
(including his own weight) to a height of 50 feet in 10 hours, Ibs.
oqual toaweightof . . . . . . | 974.8
ruised 1 foot high per minute.

Oxvinaky Cuangs.—~ExPRRIMENTS MADE AT THE WEsT INDIA Docks.

3dly. Tho power of six men applied to a crane is capable of
ruining 224,0001bs. 15 feet higb in eigbt hours, equal to a
woight of : : . . . . 1166.6
ruivad 1 foot high per minute by 1 man.

4thly. The power of 6 men applied to a crane is capable of
rnining o woight of 262,0801bs. 12 feet high in 8 hours, equal
to u weight of . : . : . . : . . 1092
raisnl 1 foot high per minute by 1 man.

N.B3. By experiment, tho friction of these cranes varied from
Poth to ' th of the absolute weight.

OuDINARY CrANES.—EXPERIMENTS MADE AT THRE LoNDON Docks.

Athly, By tho walking whoel-crane, worked by 6 men, a
wolght of 787,920 lbs. was raised 7 feet in 8 hours, equal to 1915
raiwenl | foot high per minute by 1 man.

Uthly, Again, by the walking-wheel crane, worked also by 6
men, & woight of 811,6801be. was raised 8 feet in 11 hours,
oqual to . . .

il U oot high per minute by | man.

Tihly. Ry 2 crube worked by 6 men each, a weight of 728,0001be.
win tiwd to a height of 16 feet in 8 hours, equal to . . 2012
wisdl 1 oot high per minute by 1 man.

1841

HORSE POWER.

Sthiy, ‘The dynacal ofiect of a horswe power applied to a pile-
driving eugive warked by 2 bovees, was found o e equal to
W weght of 83300 the rarad 1 Rt Digh in 35 secomds, or 2
waght o N -~ < . 36459

wimsl | Rt el pee uewee per hus:
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densities to have increased in a greater ratio than the com-
pression.

The influcnee of temperature, so far as the temperature
of the atmosphere is concerned, appears to exercise very
little influence, but when carried beyond the limit of at-
mospherical temperature, the experiments of Messrs. Tre-
mery and Poirier have shewn that, at a dull red heat, (450°
Fahrenheit,) the tenacity of a bar of iron had lost one
sixth of its original strength.

M. Savart*® proved, by means of a series of ingenious ex-
periments on the sonorous vibrations of different materials,
the influence of time in the aggregation of the particles in
cooling of substances, apparently homogeneous ; and Messrs.
Vicat, Minard, and Désormes, and ourselves® have, by
means of iron bars loaded to within the limits of their ab-
solute strength, shewn that permanent set or loss of elasti-
city, and even rupture, takes place when influenced by time.

On the subject of Shafts and Couplings, a new era had
arisen. The introduction of the textile fabrics in the
country, by Lombe and others, and the inventions of Wyatt,
Arkwright, and Watt, led to a new system of machinery.
The necessity of producing high velocities occasioned a cor-
responding diminution in the dimensions of shafts, and
those ponderous masses of wood, cast iron, and their enor-
mous bearings and couplings, gave place to slender rods of
wrought iron and light frames or hooks for suspending
them. In like manner, wheels and pulleys of large dia-
meters were replaced by pulleys and straps of moderate dia-
meters and dimensions, and by uniting the pulleys in series
of different diameters, and alternating their positions oppo-

* Annales de Chimie et de Physique, sur les Vibrations longitudinales des
Corps, tome 65.

b On the Effects of Temperature on the Arches of Bridges. Transactions
of the Institution of Civil Engineers, Vol, ITI.
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As respects irom, cast iron pipes and cranks and
pumps were used in the old London Bridge Water-
works, by Sorocold, in the time of Charles II., and
mention is made of a cast iron wheel, 4 feet in diameter,
which worked into a pinion 6 inches in diameter; and he
adds, ¢ If the teeth of the wheel be of brass, and the teeth
of the leaves of the pinions of iron, the machine will work
more equally.” It seems generally believed, however, that
Smeaton was the first to introduce cast iron wheel work in
machinery at the Carron Iron Works, for the purpose of
boring cannon, about the year 1769, although he had pre-
viously applied a cast iron axis for a windmill in 1754;
but the founder’s art was so imperfect, that Smeaton was
obliged to proceed cautiously: and it was not until the
years 1784 and 1785, when the Albion Mills were built,
that cast iron was applied to all parts of macbinery, and
the late Mr. Rennie was the first to introduce accuracy in
the forms of the teeth of wheels, by turning and adjusting
the teeth, and causing the iron to work into wooden cogs.
The subsequent progress which has been made in the
later period of his life, introduced a new era in mill ma-
chinery, which, in point of accuracy and smoothness of
workmanship, has not been exceeded, even under the au-
tomatic system of self-acting tools. Arkwright used iron
bevel wheels and band pulleys, at the cotton spinning mills
at Cromford and Belper, in 1775.

The Fourth Essay of Buchanan, on the Method of Disen-
gaging and Re-engaging Machinery while in Motion, may
be fairly included in the Third Essay on Couplings, with the
exception of the fast and loose pulleys and friction clutches,
which are found to be the simplest and best for engaging
and disengaging machinery without shocks. The friction
plate inclosed between two other plates, introduced some
vears back by ourselves, has been found to answer all the

conditions in point of simplicity and effect required by a
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friction pulley, and does away with all the inconveniences
of the cones.

The Fifth Essayon the Mechanism for equalizing the Mo-
tion of Mills, relates to the changes of velocity to which every
first mover is subject, either from an increase or diminution
in the supply of power, or where the power is uniform, from
the increase or diminution of the resistances required to be
overcome. This 1s accomplished by means of double or
conical pendulums and balls, either for regulating the sup-
ply of wind, water, or steam, according to the quantity of
action required.

The Appendix to the I‘ifth Essay is extracted from a
paper communicated by Buchanan, in the year 1799, to
the Philosophical Society of Edinburgh, and afterwards to
the Editor of the Philosophical Magazine, on the Velocity
of Water Wheels. The author negatives the conclusions
of Banks, viz. that the velocity of an overshot wheel is as
the cube root of the quantity of water it receives, by con-
trasting his own experiments on water wheels moving with
their common velocity and half that velocity ; and the re-
sult was, that the last half required just half the quantity
that the first did ; and this he confirms by two letters from
Mr. Roberton, in which the author contrasts the maximum
velocities of Smeaton and Banks’s water wheel ; and says that
while Smeaton, by his maximum velocity of three feet, lost
only one-fourth of the original cffect, Banks, at his maximum
velocity of one foot per second, reduced it to onc half of
that velocity, thus making the same quantity of water pro-
duce four times the quantity of work, or twenty times the
quantity of work which Smecaton could perform with the
same quantity of water. The continuation of Buchanan’s
Appendix shews that the mechanical effect depends on the
wheel’s diameter, the height of the fall, and on the velo-
city of the circumference of the wheel; and it is shewn
that a water wheel will produce the greatest effect when
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the diameter of the wheel is proportioned to the height of
the fall, so that the water flows upon the wheel at a point
about 52§ degrees distant from the summit of the wheel.

The subject of water wheels has been fully treated, both
theoretically and practically, by many authors both on the
continent and in this country; suffice it to mention the
names of Pitot, Deparcieux, Lambert, Borda, Bossut,
Eytelwein, Morosi, &c., &c., among the former, and of
Smeaton, Robison, Fenwick, and Banks among our own
countrymen ; and in more modern times by Navier, Ponce-
let, Morin, Fourneyron, &c., and by several eminent me-
chanicians in this country. .

Of the several classes of overshot, breast, and under-
shot wheels, a great diversity of opinion prevailed. By
Pitot it was maintained that the float boards of undershot
wheels should be continued in the line of the radius. By
Deparcieux, that the floats should be inclined to an angle
of 15 or more degrees. Bossut was of a contrary opinion.
Borda, Bossut, and Robison considered that the maxi.
mum velocity of the wheel’s circumference should be one
third of the velocity of the current. Smeaton made the
maximum velocity of the wheel between one third and one
half of the current. Banks differs from all the authorities.
Navier, Poncelet, and Morin *, make it one half, whether
the floats are on the line of the radius of the wheel, or
curved. Again: as regards the diameter of the wheel, it
was maintained by some that the diameter of the wheel
should never exceed the height of the fall, and by others
that the diameter should in all cases exceed the height of
the fall, in which latter opinion Smeaton coincides ; for, says
he, ¢ the higher the wheel is in proportion to the whole
descent, the greater will be the effect.” The same divers-

* Expériences sur les Roues Hrdrauliques & Aubes, Planes, et sur les
Roues Hydrauliques i Aujets, 1836. Subsequent experiments have raised
the useful effect to 75 per cent. of the absolute expenditure.
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ity of opinion existed relative to the proper number of
floats ; Pitot maintaining that the number of floats should
be equal to 860° divided by the arc of the circle plunged
in the channel, and Fabre and others, that the number
should be as great as possible. Bossut found the best
number of floats to be forty-eight. Smeaton from 24 to
40, for a wheel of 20 feet diameter, and Poncelet 30 to 86
floats for a wheel of 16 to 18 feet diameter*.

In considering the action of the water on the vertical or
radial floats of the common undershot wheel, M. Poncelet
was of opinion that one of the causes of the small effect
produced by undershot wheels, arose from the imperfect ac-
tion of the fluid by shocks in entering the wheel, and by
gravity in quitting it; whereas, if the floats were so con-
structed as to admit of the water entering and quitting the
wheel quietly, the effect would be a maximum.

The inclination of the floats has long been a favourite
project with mechanicians, but in so far as our own expe-
rience goes, little or no benefit has been derived from that
arrangement ; and in this opinion we are confirmed by the
experiments of Bossut, who found the effect, at different
angles, to be rather disadvantageous than otherwise. But
M. Poncelet’s curved floats produced the following results.

& The following experiment was made in the year 1820, by the editor of
this work, upon two water wheels, each 19 feet 4 inches diameter, and 6
feet in width; one wheel had 40 floats, and the other 48 floats, and the
fall 12 feet 2 inches in height. The machinery consisted of two wheels,
and two pinions of cast iron, and two pairs of 4 feet diameter French burr
stones.

The result was, that the wheel with 40 floats, ground, in 31 hours, 359
bushels of wheat; and the whecl with 48 floats ground, in 32 hours, 392
bushels of wheat. Hence, the wheel with 40 floats ground the same quantity
of wheat (by experiment) with 1°43 per cent. less water than the wheel with
48 floats. It was also proved that 58-33 lbs. of water ground 12-74 lbs. of
wheat per minute, and 650-62 cubic feet of water, falling one foot, ground
one bushel of 60 lbs. weight of wheat, for the wheel with 40 floats.
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1stly. That the maximum velocity of a wheel with curved
floats, was 0°55 of the velocity of the stream.

2dly. That the dynamic effect for small falls and large
openings, and 0°65 for large falls and small openings, and,
generally speaking, the effect of the wheel with the curved
float, compared with the effect of the wheel with vertical
floats, was as 0°60 to 0°50 of the power expended.

M. Poncelet’s researches on this subject have placed it
upon its true basis. But it is to the experiments of the
committee of the Franklin Institution® that we are indebted
for the most detailed information we possess on the subject
of water wheels.

The great defect of all former experiments, is the small
scale upon which they have been made.

The experiments of the Franklin Institution were made
with wheels of 20, 16, 10, and 6 feet diameter, respectively,
and all the conditions of friction and other retarding forces
were strictly attended to. The results prove that the maxi.
mum and mean effects of large wheels are greater with mo-
derate velocities (double what Smeaton assigned as the
maximum velocity for the mean circumference of a water
wheel). The maximum and mean effects are diminished
with an increased velocity, as the wheels are diminished

in diameter.

ITespo Correspond.
effect. velocity. Mean effect. velocity.

H

& 20 feet diameter wheel :
128 Experiments................ ‘800 548 784 6-01

15 feet diameter wheel :
88 Experiments.................. ‘692 5-87 609 573

10 feet diameter wheel :
H 180 Experiments................ 643 5-88 -562 7-90

6 feet diameter wheel :
178 Experiments................ 567 7°59 484 8-18
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In the case of vertical water wheels, the water acts
either by its impulse or gravity. But with horizontal
wheels with inclined or curved floats, the motion is pro-
duced by the impulse and gravity of the water conjointly.
The experiments of Messrs. Piobert and Tardy* on several
wheels of this description, in the south of France, have
given very feeble results, seldom exceeding one fourth of
the power expended, and averaging much less. The reac-
tion of a column of water upon the curved floats of a hori-
zontal wheel has been found to be more effective, and the
recent experiments of M. Morin® upon the Turbine of
Fourneyron have shewn this new and curious machine,
when properly constructed and moving at its maximum ve-
locity, to be equally effective (if not more so) with the best
vertical wheels. The effect of the reaction of a column of
water had previously attracted the attention of Euler and
Bernoulli in 1750°, and a machine was proposed by Euler
in 1754, upon the principle of the steam wheel of Hero
of Syracuse. This machine was further improved by Man-
noury D’Hectot®, who constructed several in the neigh-
bourhood of Paris, with bent tubes, originally suggested
by Euler. The theory of the reaction of a column of
water against the sides or circumference of an upright
tube when allowed to flow through a hole or pipe fixed
in its base, has often been investigated by philosophers.
Daniel Bernoulli, in his Hydrodynamica in 1788, and
John Bernoulli, in his Hydraulica, and in the St. Peters-
burg Transactions, proposed a very ingenious and elegant
method of determining the impulse of a column of fluid
falling perpendicularly upon a plane surface infinitely ex-

s Expériences sur les Roues Hydrauliques & Axe vertical, Paris, 1840.
b Ibid., Turbines Metz, 1838.

¢ Memoires de I'Academic de Berlin.

4 Journal des Mines, 1813.
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tended. The former considered the curve described by
every filament of fluid as a channel in which a body moves,
and which experiences at each point the action of a centri-
fugal and tangential force, which varies according to a
given law. He then calculated all these forces, and found
that the impulsion of a fluid against a horizontal plane is
equal to the weight of a column of fluid, whose base is
equal to the section of the fluid vein, and whose alti-
tude is equal to twice the height of the fall due to the ve-
locity of the fluid. The theory was afterwards very fully
verified by a series of experiments. The question of
water flowing from a cylindrical or any other shaped
vessel was also treated by Maclaurin in his Fluxions, pub-
lished in 1742. But the application of the principle of re-
action to produce motion in machines, is due to Segner®,
professor of mathematics at Gottingen, who first con-
structed the machine, commonly known as Barker’s mill *
The celebrated Euler made this machine of Segmer the
object of his investigation, in a paper published in the
Memoirs of the Academy of Berlin, in the years 1750 and-
1751, and shewed that, in order to produce the greatest
effect, as well from the pressure as from the centrifugal
force of the effluent water, it was necessary to curve the
horizontal arms or tubes of the machine, so that the aper-
tures should be in a line with the radius of the wheel. In
1754, he again turned his attention to the subject, and
constructed a machine with two systems of wheels, the
upper wheel or cylinder which received the water being
fixed, and the lower one moveable and attached to a ver-
tical axis ; the water then flowed from the upper cylindrical
to the lower conical wheel, and from thence through twenty
small conical pipes fixed into its circumference, into the air,
s Exercitationes hydraulices, Gott. 1747.
b ]t was called Segnersche Wasseraad, in Geermany.
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many years devoted to the subject. As before stated, the
turbine consists of a horizontal wheel with curved floats,
which are set in motion by the pressure of the water
issuing from the centre to the circumference, or vice versd,
and which, having performed its office, quits the floats hori-
zontally. But as the problem requires that the water
should enter the wheel without shocks, and leave 1t with-
out velocity, a peculiar kind of construction both of the
wheel and floats is necessary, and it is the practical deter-
mination of the curves, derived from experience alone,
which has led M. Fourneyron to the solution of the ques-
tion. Most of the turbines established by M. Fourney-
ron in France and Germany have been submitted to the
investigations of M. Morin, and the results have so far
exceeded the expectations of men of science, as must
eventually lead to a very considerable modification in hy-
draulic engines as first movers; and the report of the
Commissioners, Messrs. De Prony, Arago, Gambey, and
Savary, appointed by the Royal Academy of Sciences at
Paris, on the experiments of M. Morin, entirely adopts his
conclusions. M. Morin’s experiments were made upon
the turbines erected at Moussay, Miilbach, Lépine, Inval,
and at St. Blaise *.

* The first scries of experiments was made on the turbine of Moussay, in
1837. The diameter of the wheel was ‘085 metres, or 33} inches; the
height of the fall was 7} metres, or 24 feet 8 inches; and the number of
tarns made by the wheel varied from 76 to 240 per minute, according to
the opening of the sluice ; the relation between the effective and theoretical
expenditure of water was 0°910. The maximum effect corresponded to a
velocity of 180 to 190 turns per minute, and the useful effect was 0-690,
or from 81 to 53} harses’ powver; but at velocities of 140 and 230 turns
per minute, this relation varied only from 0-630 to 0690 of the absolute
power expended, or & vanation of only A\ thus showing that the effect
of the wheel was not altered materially by variations in its velocity.
The wheel also was not affeeted when working submerged in tail water.

The wheel at Millbach of only @ metres, or 6} feet diameter, and a fall
of 3} metres, or about 11} feet, with a volume expended of 2} cubic
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nating cones, friction wheels, mules, and double speeds, as
applied to cotton spinning. The theory of mechanical
motions has been very little examined until recently. Some
of the early writers, such as Ramelli, Bessoni, Zonca, &c.,
describe the various continuous or alternate motions used
in machines; but these motions were scarcely classi-
fied until 1794, when Monge produced his Elements of
Machines for the use of the Polytechnic School. It was
afterwards treated by Hachette®, Lanz and Betancourt®,
Ampére® and Borgnis!, Whewell ®° and Willis*,

In the Traité de Mécanique of Borgnis, mechanical
organs are divided into six classes.—1st. Receptors, under
which are classed every description of machine moved by
the power of animals.—2dly. Hydraulic receptors, such as
vertical and horizontal wheels, machinery moved by the
reaction or pressure of water, or by heat, vapour, or wind.

Under the second and third classes, or communicators and
modifiers, are machines for transmitting and modifying mo-
tion, such as toothed wheels, eccentrics, inclined or curvilinear
surfaces, chains, levers, pulleys, wheel eccentrics, screws,
cams, &c., together with the machines for producing con-
tinuous, or variable, or alternate motions. The fourth class
comprehends simple supports for maintaining vertical or
horizontal axles, and rotative supports for maintaining
motions of translation in one or more directions ; and under
the third class in this division are comprehended tools.
‘The fifth order relates to regulators, such as fly wheels,
governors, counter weights, horological scapements, ec-
centric wheels, curvilinear motions, friction levers, and

* Traité elementaire des Machines, 1812.

* Composition des Machines, 1808,

¢ Esi zur la Philcsophie des Science, 1835.
* Traitd de Nécanique.

* Philosophy of the Inductive Sciences, 1840,
* Principles of Nechaniom. 1841.
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ducing constant or variable velocities, or a combination of
both.

The second division includes motion produced by sliding
contact, such as cones, screws, and worms, pin and slit levers,
spiral, and other curved surfaces, under the different cir-
cumstances of constant or variable motion.

The third division shews how the same motion can be
produced by wrapping connectors, such as guide pulleys,
gearing chains, curvilinear pulleys, and fusees.

The fourth division includes the motion produceable by
link work, such as cranks, joints, ratchet wheels, and inter-
mittent link work.

And the fifth or last division includes reduplication by
means of tackle of ropes, either parallel or unparallel.

The aggregate combinations and velocities, and adjust-
ments of machinery, are treated with that ingenuity, pre-
cision, and order, which might be expected from the au-
thor. As regards the practical application of the various
motions used in machinery, we need only adduce the
early inventions introduced into the textile fabrics by Ark-
wright and Crompton, Wyatt, Hargreaves, of Watt, of
Boulton, of Huddart, and others who have illustrated the
history of mechamical inventions, not to mention invidi-
ously inventors and men of science who in modern times
have carried the art to the highest perfection.

The Seventh Essay troats of the framing of mill work
and small machinery, according to the principles of Robi-
san and Tredgald,

'l‘ho \\bjt\‘t of fn\mings n null Wl\tk, 1s to SIIPIDl't and
maintain the ditferent parts of machines in their proper
and rolative distance, so that all the wheels shall work as
smoothly as pessibley and without shocks or vibrations ; for
this purpaee it is Recessary that the framing be made in con-
formity to the strictest rales of science ; that is, with refer-
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taken from Hutton’s Course of Mathematics, closes the
whole of Buchanan’s work.

In the preceding observations we have confined our at-
tention to a brief outline of the past and present state of
our knowledge of the subjects treated by the Essays, and
an imperfect review of the labours of those to whom we
are so deeply indebted for the knowledge we possess of
mechanical science. The labours of Buchanan are con-
fined to the development of a few elementary principles
connected with practical mechanics, excellent in them-
selves, but defective both in the extent and arrangement
necessary to a complete system of mechanics.

The science of mechanics, which treats of the equilibrium
and motion of solid or fluid bodies, and which, under its
various divisions of statics, hydrostatics, dynamics, and
hydrodynamics, comprehends the theory of action and re-
action. Practical or technical mechanics, on the con-
trary, treats of forces as realities, and machines as material
objects, capable of transmitting, regulating, or modifying
" motion. It also depends on a multitude of facts com-
bined together, and establishes, by way of experiment,
values to every element subservient to industry. Further-
more, 1t determines the value of animate and inanimate force,
such as the force of men and animals ; the force of gravity,
such as weight, water, or other fluids ; of elastic fluids, such
as wind, steam, gas, &c., all of which forces are made sens-
ible through the agency of machinery. By machinery we.
understand an assemblage of materials, particles or parts
susceptible of receiving, communicating, or modifying
motion. A machine may consist of a simple or compound
lever, or assemblage of levers, revolving on a centre, such
as band wheels or rollers, or any of the mechanical powers ;
or it may be divided into three parts,—the parts which re-
ceive, the parts which transmit, and the parts which com-
municate or perform the work: all these motions are
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machines for shortening, multiplying, and even dispensing
with the labour of man, evinced in the construction of au-
tomatic machines for creating the instruments of power
whereby the elements are chained to perform their un-
remitting toil,—whereby the powers of wind and water, and
steam and gas are rendered subservient to our uses, and
ere long, let us hope, that mysterious power of electric
magnetism, which seems to govern all. What have we
not witnessed during the present century? If we turn to
the triumphs of steam, we find that, whereas the duty of
the pumping engines in Cornwall in the year 1808 was
barely equal to 20 millions of pounds of water raised one
foot high by a bushel of coals; in 1835, the duty per-
formed by Mr. Austen’s engines at the Fowey Consols and
Lanescot mines, with an 80 inch cylinder, was upwards of
125 millions of pounds of water lifted by one bushel of
coals weighing 94 1bs., and this has been confirmed more
recently by the valuable experiments of Wicksteed®. Thus
carrying out the ideas and principles of the great Watt, so
fully detailed in his patent for 1782, and in the works of
Robison®, Tredgold®’, and Farey’. If we look to the
marvels which have been effected in locomotion®, both on
sea and land, no longer subject to the uncertainty of the
elements, the untiring machine impels the mighty fabric
against the wind and waves, annihilating almost time and
distance between the New and Old Worlds, while by its
stupendous energies, and the art of the engineer, dis-
tances ae no longer measured by space.

* Experimental Enquiry concerning the Relative Power and Useful Effect
produced by the Cornish and Boulton and Watt Pumping Engine and
Cylindrical Waggon-head Boilers. 1841.

®* Robison, Article Steam Engine.

° Tredgold on the Steam Engine, 2 vols. Weale, 1838-40.

4 Farcy's Treatise on the Steam Engine.

* Comte de Pambour’s Practical Treatise on Locomotive Engines, 1840.
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a hundredfold greater than the triple and quadruple ranks
of rowers . ..... and by the help of a few bushels of coal,
man will vanquish the elements; he will play with calms
and contrary winds and storms.

“ Lastlv: The steam engine drawing in its train thou-
sands d’mvellers, will run on railroads with far greater
speed than the swiftest race-horse.”*

“ And, in conclusion, let us quote the opinion of Sir John
Herschel. On the importance of practiéal mechanics (he
savs, in his admirable treatise on the Study of Natural Phi-
losophy,) * Practical mechanics is in the most preeminent
sense, a scienfific art, and it may be truly asserted, that
almost all the great combinations of modern mechanism,
and many of 1ts refinements and nicer improvements, are
creations of pure mtellect, grounding its exertion upon a
moderate number of elementary propositions in theoretical
mechanics and geometry. On this head we might dwell
long, and find ample matter both for reflection and wonder.
But it would require not volumes merely, but libraries, to
enumerate and describe the prodigies of ingenuity which
have been lavished on every thing connected with machinery
and engineering. By these we are enabled to diffuse over
the whole earth the productions of any part of it, to fill
every corner of it with miracles of art and labour in ex-
change for its peculiar commodities; and to concentrate
around us, in our dwellings, apparel, and utensils, the skill
and workmanship not of a few expert individuals, but of all
wha, in the present and past generations, have contributed
their improvements to the processes of our manufactures.”®

* The annals of racing record several wonderful feats performed by race-
borses. — Exiipse once ran 2 miles in 2 minutes, and on another occasion

4 wiles in 6 minutes and 2 seconds. Flying Childers ran over the New-

market course, 7420 vards, in 7§ minutes. Greyhounds have been known
t> ren neurly as fast as race-horses.

* Prelminary Discourse on the Stady of Natural Philosophy, pages 63
and 64
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18th century in Italy, and afterwards by Bessoni*, De la
Hire®, De la Condamine®, Grand Jean?, Plumier, and
Morin®. The three plates of Bessoni shew the different
modes of turning and cutting screws of all sorts of fancy
work. De la Hire shews how all sorts of polygons may
be made by the lathe, and Condamine shews how a lathe
may be made to turn all sorts of irregular figures by means
of tracers moved over the surface of models and sculptures,
medals, &c., and this is perhaps the first idea of the
machine called the Tour a Portrait.

The work of Plumier enters most extensively into the art
of turning, for he shews the construction of the lathe and
its different parts, the art of making, hardening, tempering,
and sharpening tools, the different kinds of motions which
may be given to the lathe by means of wheels, excentrics,
and models, and the different inventions relative to works of
art which have been performed by the lathe, among which
may be mentioned the moveable or slide rest. In the com-
mon rest which supports the tool, the idea of fixing the
tool and pushing it in the direction of the parallel bed of
the lathe, so as to cause the tool to traverse the work pa-
rallel to it, must have been obvious, and as this could have
been easily effected by means of the screw and handle, it
required little ingenuity to carry out the idea to its fullest
extent, by constructing a rest to allow of the slide traversing
the horizontal or vertical plane in any direction. The
machine described by Plumier is neither more nor less
than the slide-rest and planing machine combined: it
consists of two parallel bars of wood or iron connected to-
gether at both extremities by bolts or keys of sufficient

s Theatrum Machinaram, 1582,

* Machines Approuvées par I'Académie, 1719,
< Ihd, 1733

4 Nachines Approuvées par I'Académie, 1533
* L'Art de Towrner on perfaction, 1749,
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straight, parallel, and smooth surfaces and other materials
requiring truth, in a manner more expeditious and perfect
than can be performed by the use of axes, screws, planes,
and other cutting instruments used by hand in the usual way.

Billingsby®, of Birkenshaw, took out a patent in 1802,
for boring cylinders in a vertical position, although hori-
zontal machines had their advantages. The boring of
large cylinders by horizontal machines had long been
practised by Smeaton, Wilkinson, Walker, Darby, and
Boulton and Watt, and at Butterley and other great iron
works ; but it was only within the last few years that the
vertical boring machines came into use.

As respects the introduction of the first planing ma-
chines which have been used during the present century,
opinions are at variance. Messrs. Fox, of Derby, the
eminent tool makers, state that the first machine em-
ploved for this purpose was comstructed by Mr. Fox,
senior, in the year 1821, for the purpose of planing the
wrought and cast iron bars used in the lace machines.
The machine was capable of planing an article 10 feet 6
inches in length, 22 inches in width, and 12 inches in
depth ; others give the credit of the invention to Man-
chester, and we ourselves put in our claim for constructing
a planing machine with a moveable bed, urged by an end-
less screw and rack, and furnished with a revolving tool,
so early as 1820, having several vears previously employed
the principle for grooving and planing parallel bars.

Mr. Bramah, in 1811, employed the revolving cutter to
plane iron.  Mr. Clement * states that he made a planing
machine, for planing the sides of weaving looms and the
triangular bars of lathes, previously to 18200  He after-
wards constructed a beautiful machine for planing large
and small work with the greatest accuracy. The bed

* Repertury of Arty, Vol 11, 1303,
> 46th and 48th Valumes of the Transactions of the Society of Arts.
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his various pamphlets on plane metallic surfaces, and on the
proper mode of preparing them ; likewise, on an uniform sys-
tem of screw threads®. To Messrs. Fox, for their screw-
cutting machine, and other information. To Messrs.
Benjamin Hick and Son, of Bolton, for the liberal assist-
ance of the drawings for the plates which bear their name;
and we take this opportunity of noticing their ingenious
machine for cutting the teeth of the largest sized wheel
used in mill-work, and their mandril for holding rings;
their steel belts, as a substitute for leather bands, are used
very successfully. To Mr. Francis Lewis, of Manchester,
we are equally indebted for the drawings of the different
machines, placed by that gentleman at our disposal. To
Messrs. Maudslay and Field, for the liberal present of the
drawing of their self-acting punching machine, by which
accuracy is insured in the heretofore neglected art of boiler-
making ; it is one among the proofs of the high state of
excellence to which those gentlemen have brought the me-
chanical arts in this country. A table of references, and an
ample description of the different tools, by our assistant,
Mr. George Pinchbeck, will, we trust, explain the different
details. With respect to the plates, it is sufficient to state,
that they are engraved by Lowry, a name too well known
to need further comment. The liberality with which the
whole has been got up by its spirited publisher, will, it is
trusted, be acceptable to the public.

* On an Uniform System of Screw Threads. 8vo, 1841.
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the improvement of cattle mills, another on preventing
carding machines from injuring the health of those em-
ployed to attend on them.

He left Bute in the year 1801, much impaired in health
by the anxiety of a responsible situation in a losing busi-
ness, and returned to London, with a view of deriving
some benefit from the pump he had invented ; but in this
he never succeeded. He was introduced, however, to
Count Rumford and Professor Pictet, by whom his atten-
tion was directed to the heating of rooms, and in the
year 1807, he published an ¢ Essay on Warming Build-
ings by Steam.” He had previously been engaged in
preparing the ¢ Essay on the Teeth of Wheels,” but when
a considerable part of it was printed off, an unfortunate oc-
currence to the printer and publisher delayed the publica-
tion until the year 1808. In the year 1810 he published
his work on heating buildings in an improved form, with
the title of ¢¢ Practical and Descriptive Essays on the
Economy of Kuel and Management of Heat.” In the
year 1814 appeared the Six Essays on Mill Work, which,
with that on the Teeth of Wheels, constitute the present
work.

In the year 1816 he published a practical essay on pro-
pelling vessels by steam, a work full of new views and
principles in that most important art, and the commence-
ment of a new era of civilization in the annals of society at
large. He also contributed the articles ¢ Cotton-spinning ”
and ¢ Arkwright” to the Edinburgh Encyclopeadia, besides
several papers on less important subjects.

He died in the 47th year of his age, at Creech St. Mi-
chael, in Somersetshire, on the 22d of July, 1816.

He was a man of amiable character, with a strong
sense of religious and moral duty, and was greatly re-
spected by all that knew him. His knowledge in mecha-
nics was very extensive. IHe was a close and accu-
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rate observer, extremely assiduous in collecting every fact
or experiment which came under his notice, and he was
unquestionably one of the few practical men who have
shewn inclination, or sought leisure, to reason on facts in
general with accuracy and judgment, and always with a
view of rendering the information thus acquired, an avail-
able source for unforeseen emergencies. Buchanan was
happy in the choice of popular subjects, and he fully com-
pensates for want of system in handling them by the va-
riety and utility of particulars no less interesting than
abundant, whether learned from his predecessors, or de-
rived from contemporaries.
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