MiLr. Work.  Under this head we intend to treat of the
parts and mechanical contrivances ufed in mills. Under the
article MACHINERY, the reader will find obfervations of a
fimilar nature to thofe of the prefent article, but applied
to {maller and more delicate machines than thofe which are
ufually denominated mills. Co

The obje& of this article will therefore be, to give a ge- -
neral account of the moft important pieces of mill-work,
as cog-wheels, fhafts, bearings, &c.; which parts being com- -
mon to mills of all kinds; weuld, if minute]y defcribed under
every head where they are employed, introduce a great many
needlefs repetitions.

The different firlt movers of mills will be treated of, and .
defcribed under theirfeveralheads of STEAM-Engine, WATER-
Wheels, and Winp-Mill; and the a@ing machines of feveral
kinds of mills, as clay-mill, grinding-mill, under CurLERY ;
fulling-mill, flour-mill, iron-mill, under MaxUFacTURE of
Iron; oil-mill, cotton-mill, under Maxuractune of Cofton;
rolling-mill, Apinning-mill, filk-mill, thrathing-mill, water-
mill, fawing-mill, under MACHINERY for manufaduring

- Ships® Blocks at Portfmouth s Tt Mill, &e. &e.

Cog-whecls are the moft important and numerous parts of
mill-work, few mills being without them, to medify the
direftion, and adapt the power of the firt mover, which
atuates the mill, to the working point, or the machine which
performs the operations the mill is intended for. Moft mills
contain feveral different kinds of machines, or operative
parts, all deriving their motions from the fame fource, or .
firlt mover. Thus, a fleur-mill contains ftones for grinding 3
dreffing machines for f{ifting the flour; fack tackle, f%z
drawing up the facks, &c.; all which are moved by the
fame firft mover as a water-wheel, wind-mill, fleam-engine,
or horfe-wheel, But each of thefe machines requires to be
moved with a different velocity to perform its work in the
belt manner; and it is the obje& of the mill-work te cb-
tain thefe different velocities from the fame firk mover,
chiefly by the means of wheels; which, therefore, from their
importance, deferve the firft notice. There are a variety of
cog-wheels, as fpur-wheels, (or gear in the technical phrafe, )
bevil-wheels, face-wheels or crown-wheels, pinions or nuts,
trundles or lanterns ; with a variety of .other names which
are local, but have the fame fignification with fome of the -
above. .

Spur-wheels ave thofe in which the teeth proje&t from the
periphery of the wheel, in the direction of radials (fee Plate 1.
Jfig. 1. of Mill work): they are fo called, from the refem-
blance to the rowel of a fpur. A fpur-wheel is ufed to com-
municate moticn by its teeth to another, fituated in the
fame plane ; confequently, the axes of the two are parallel
to each other. The fpur-wheel, at other times, works with
a pinion, or nut (fee fig. 2.), which is in fa§ a fpur-wheel of
fmali fize : at other times with a trundle or lantern. Thisisa
pinion cf peculiar conftruétion, confifting of two circular
boards A, A, (fiz- 3.) fixed, at fome diftance apart, uponits
axis of motion or fhaft B B, and united by a“number of
cylindrical pins @, 4, called {taves, or rounds, which are ar-
ranged in a circle, and fixed parallel to the axis of the
trundle between the two boards of it, The teeth of the wheg
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adt upon thefe rounds to give mation to the trundle; the
rounds, therefore, muft be the fame pitch or diftance afunder
as the cogs of the wheel. The number of the rounds of the
trundle of courfe determine its diameter. Trundles have of
late years fallen into difufe among mill-wrights, caft iron
pinions being found much more preferable : they were fome-
times ufed to work with fpur-wheels, but more commonly
with .

Face-wheels, fec fig. 4. In thele, the teeth or cogs are
fied perpendicularly to the plane of the wheel, parallel,
therefore, to its axis: they were ufed to work with another
fimilar wheel, or with a trundle with a {pur-wheel, or with
a pinion, whea the two axes were required to be perpendi-
cular to each other, as thewn in figs. 3 and 4.

The crown or face-wheel has of late years been almoft
wholly fuperfeded by bevil-wheels, which, in all fituations
where a wheel is required to turn another in a direction per-
penlicular or inclined to itfelf, are found vaftly fuperior.

Bevilled or Mitre-avheels, fee fig. 5. of the plate, have their
teeth formed upon a conical {urface, the angle of the cone
being the fame as the angle the axes C, D, of the two wheels
A, B, make with each other. The introduétion of this
clafs of wheels into machinery isa very effential improve-
ment, which has been wholly made within thefe thirty years.
Bevil-wheels are of courfe always ufed to work with others
of the {ame kind.

The manner of fetting out the teeth of cog-wheels, in
fuch a form that they fhall a& in the moft equable manner
upon each other, and with the lealt friGtion, has been a {ub-
je& of much inveftigation among mathematicians and theo-
retic mechanics 3 but the praétice and obfervation of the
mill-wrights have produced a method of forming cog-wheels,
which anfwers nearly, if not fully as well in praétice, as the
geometrical curves which theory has pointed out to be the
moft proper. This they have effeCed by making the teeth of
the modern wheels extremely fmalland numerous. In this cale,
the time of a&ion in each pair of teeth is fo {mall, that the
form of them becomes comparatively of flight importance ;
and the praétical method of the mill-wrights (ufing arcs
of circles for the curves) approximates fo nearly to the
truth, that the difference is of no confequence: and this me-
thod is the beft, becaufe it fo ecafily gives the means of form-
ing all the cogs exa&tly alike, and precifely the fame diftance
afunder, which, by the application of any other curve than
the circle, is not fo eafy.” The method, which is extremely
fimple, isexplained by fig. 1. The wheel being made, and the
cogs fixed in much larger than they are intended to be, a
circle, aa, is defcribed round the face of the rough cogs
upon its pitch diameter, that is, the geometrical diameter, or
adting line of the cogs; fo that when the two wheels are at
work together, the pitch circles, a, a,0f the two are in contact.
Another circle, 5, is defcribed within the pitch circle for the
bottom of the teeth, and a third, dd, without it, for the
extremities. After thefe preparations, the pitch circle is ac-
curately divided into the number which the wheel is in-
tended to have : a pair of compafles are then opened out to
the extent of one and a quarter of thefe divifions, and with
this radius arcs are ftruck on each fide of every divifion,
from the pitch line a4 to the outward circle 4. Thus, the
point of the compafles being fet in the divifien ¢, the curve
f g on one fide of the cog, and s 0 on one fide of the other,
are defcribed; then the point of the compaffes being fet on the
adjacent divifion £, the curve / m is defcribed. This completes
the curved portion of the cogs ¢, and this being done all
round completes every tooth: the remaining portion of the
cog within the pitch circle, g, is bounded by two ftraight
. lines drawh from’the points g and m towards the centre;

this being done to the cogs all round, the wheel is fet out,
and the cogs, being dreffed ar cut down to the lines, will be
formed ready for work, every cog being of the fame breadth
and the {pace between every one and its neighbour is exaétly
equal to the breadth, provided the compalfles are opened to
the extent of one divifion and a quarter, as firft defcribed.

Many different methods of forming teeth have been proe

pofed, among them the following : Let the tooth a (ﬁg. 6.)
prefs on the tooth 4 in the point C; and draw the line
FCD E perpendicular to the touching furfaces in the
point C: draw A F, B E, perpendicular to FE, and let
F E cut the line A Bin D. It is plain from the common
principles of mechanics, that if the line ¥ E, drawn in the
manner now defcribed, always pafs through the fame point
D, whatever may be the fituation of the aéting teeth, the
mutual aétion of the wheels will always be the fame. It
will be the fame as if the arm A D aéted on the arm BD,
In the treatifes on the conftruétions of mills, and other works
of this kind, are many inftru&ions for the formation of the
teeth of wheels ; and almoft every noted mill-wright has his
own noftrums. Moft of them are egregioufly faulty in
ref{peét to mechanical principle. Indeed, they are little elfe
than inftruions how to make teeth clear each other without
fticking. Dr.Hooke was, we think, the firft who invefti.
gated the form of teeth which procured this conftant aétion
between the wheels; and in a very ingenious differtation,
publifhed among the Memoirs of the Academy of Sciences
at Paris, 1668, this gentleman fhews that this will be en.
fured by forming the teeth into epicycloids. Mr. Camus, of
the fame academy, has publifhed an elaborate differtation on
the fame f{ubje&, in which he profecutes the principles of
M. De Ia Hire, and applies it to all the varieties of cafes
which can occur in prattice. There is no doubt as to the
goodnefs of the principle, and it has another excellent pro-
perty, ¢ that the mutual ation of the teeth is abfolutely
without any fri¢tion.”” The one tooth only applies itfelf to
the other, and rolls on it, but does not flide or rub in the
flighteft degree. This makes them laft long, or rather does
not allow them to wear in the leaft, But the conftru&ion
is fubje to a limitation which muft not be negleted, The
teeth muft be fo made, that the curved part of the tooth &,
is acted on by a flat part of the touth a, till it comes to the
line A B in the courfe of its afion ; after which the curved
part of @ aéts on a flat part of &, or the whole aétion of 4
on 4 is either completed, or only begins at the line A B,
joining the centres of the wheels.

Another form of the teeth fecures the perfeét uniformity
of altion without this limitation, which requires very nice
execution. Let the teeth of each wheel be formed by evolv-
ing its circumference ; that is, let the aéting face G CH of
the tooth @ have the form of a curve traced hy the extremity
of the thread F C, unlapped from the circumference. In like
manner, let the a&ting face of the tooth.4 be formed by un-
lapping a thread from its circumference. ' Itis evident that

‘theline F C E, which is drawn perpendicularly to the touch.

ing furfaces in .the point C, is jult the direction or pofition
of the evolving threads by which the two afing faces are
formed. This line muft, therefore, be the common tangent
to the two circles or circamferences of the wheels, and will,
therefore, always cut the line A B in the fame point D.
This form allows the teeth to aét on each other through
the whole extent ef the line F C E, and, therefore, will
admit of feveral teeth to be aéting at the fame time ; (twice
the number that can be admitted in Mr. De la Hire’s me-
thod.) This, by dividing the preflure among feveral teeth,
diminmihes its quantity on any one of them, and, therefore,
diminithes the dents or impreffions which they unavoidably
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make on each other. It is not altegether free from fliding
or friGtion, but the whole of it can hardly be faid to be
fenfible. The whole fide of a tooth three inches long, be-
longing to a wheel of ten feet diameter, afting on the tooth
of a wheel of two feet diameter, does not amount to ;%th
of an inch, a quantity altogether infignificant. Conical
wheels, or bevilled gear, may be confidered as confifting of two
cones rolling on the furfaces of each other: let Band C,
{ fig. 7.) be the bafes of two cones turning on their centres,
having teeth cut on them diverging from the apex A to
the bafes Band C. Thefe teeth will work freely into one
another from the apex A to the bafes B and C, when turned
round ; but the teeth near the point of the cone being {mall
and of little ufe, may be cut off at Gand H. Thefe teeth
may be made of any breadth, according to the ftrefs they
are intended to bear ; and this is of vaft importance, be-
caufe by this method they may be made to overcome a
much greater refiftance, and work {moother than a face-
wheel and trundle of the common form. DBefides, thefe
kind of wheels are of fingular ufe to communicate motion
in any direQion, or to any part of a building, with lefs
trouble and frition than wheels of any other conftruétion.
We thall now venture fome remarks upon the manner of
conftruéting wheel-work. K Cog-wheels were formerly made
of wood, and fome are ftill con?ructed of that material ;
but of late years caft-iron wheels have been fubftituted, and
found much fuperior in ftrength, accuracy, and durability.
Wooden wheels are framed together in fegments ufually
of three thicknefles, to break the joints upon each other.
(See fig. 1.) The middle thicknefs is made in fix or eight
pieces, and left on the infide with ftraight fides, », #, into
which the arms are fitted, and bolted againft it. On each
fide this middle thicknefs, another is (X X, fig.1.) placed
with break joints, and all the three are bolted together to
make a folid rim, in which the cogs are to be fised by mor-
tifes, the tenons or tails of the cog being held in their
places by a pin driven through each. ~The arms of wooden
wheels are made 1a different ways ; fometimes they are mor-
tifed through the (haft, and the ends are notched in the
middle of the fides of the oftagonal pieces &, x, and laying
againft the face of them behind, are bolted to them to make
all falt. This manner of uniting the arms with the rim is
" thewn at / (fig- 4) 5 but this method is not the beft, be-
caufe the mortifes weaken the fhaft very materially, and it
1s difficult to get fuch a wheel off if ever it is required, on a
failure of the fhaft, &c. On this account, the method
called clafp arms is much preferable : it is fhewn in fig. 1.
Four arms E E, F F, are ufed, which are halved into each
other, and form a frame as in the figure, leaving a {quare
opening in the centre, and holding the rim of the wheel by
their ends, which are bolted to the middle thicknefs of the
rim, as thewn in fig. 4. To fit on {fuch a wheel as this, the
fhaft is made up to a {quare, by fixing pieces of wood upon
its fides ; and the wheel being hung upon this, is made faft
by wooden wedges driven inall round, the {quare formed be-
tween the arms being rather larger than the fhaft, by which
means the wheel can be adjufted to come quite true by the
wedging.  Face-wheels, Like fig. 4, have fometimes ftays
or braces proceeding from the back of the rim to fome
diftance along the fhaft, where they are received in mortifes,
as thewn by the dotted lines ; theg; make the wheel exceed-
ingly ftrong, and keep it very ftiff in the fquare upon its
axis, which is very neceflary, as the action of the teeth of
a face-wheel meeting a trundle, is to throw the wheel back
upon its fhaft, which tendency thefe ftays effectually coun-
teraét. At other times, two {ets of cla();,) arrus are ufed for
the fame end, one bolted on each fide of the middle thick-
Vou. XXIIT.

nefs of the wheel, by the fame bolts which pafs through
both, as well as the wheel, and unite the two fets like one,
but of confiderable depth, fo that the wedging will have a
greater effeft to keep the wheel in the fquares Small wheels
are frequently made of plank, folid, without any arms. In
.Fhis cale the middle thicknefs is made of four pieces, leav-
ing a fquare hole between them, and they are kept together
by a circular ring of fegments, bolted on at each fide all
rourd, and the joints overlapped. The conftru&ion of trun-
dles (fig. 4.) has been fufficiently explained, except that
they ufually have an iron hoop fitted round the circular
boards to prevent them from fplitting : indeed many large
face-wheels have the fame. Small pinions are made out of
one block of wood, and the cogs are fitted into it much
in the fame manner as the {pokes are let into the nave of
a coach-wheel. Iron-wheels either have the cogs caft in
the fame folid piece with the rim, or mortifes are left in the
caflings for the reception of wooden cogs, as thefe are
found to work much better. The wheel and its arms are
fometimes caft in one piece, but for large wheels the rim
and its arms are formed in two feparate pieces and fcrewed
together. ~ The reafon of this is, that in cafting a I;arge and
extended piece of iron, it frequently happens that fome parts
will cool in the mould, and become folid before the others :
confequently, from their contraltion, thefe parts will be
fhorter than others which have retained their heat and
fluidity longer. This circumftance happening to the arms
of a wheel, will either warp the rim out of a true circle,
or fet the metal of one part upon a ftrain againft another,
fo that the flighteft blow or jar will caufe them to fnap in
fuch parts. All this danger is avoided by making them in
{eparate pieces, as in fiz. 8 : the end of each arm, as A B,
has a flat expanded part, which lays againft a proper focket
withinfide of the rim C D, and is bolted to it. One-half
of this wheel is delineated, with wooden cogs fitted in, at
CD; and the other half, FF, fhews the form of a rim,
where the cogs and the arms e f are caft all in one piece,
‘.Iu the latter cafe the rim has a rib g withinfide it for ftrength,
in the fame manner as all the arms have, and which is evi-
dently fhewn by the figure. In fome fituations it is necel-
fary to fix wheels upon long fhafts while they are in their
places, and cannot conveniently be taken down : in this cafe
fuch wheels may be made in two halves bolted together.
Fig. g. is drawn as if it were two halves of different kinds
put together in_this manuer; the joint being up the middle
of the arms L, L, and the conneéting bolts are plainly thewn.
By this method one wooden pattern, if very accurately
made, will ferve for cafting both halves of the wheel. Cog-
wheels are found to work with leaft friction, wear, or noié.
When one has wooden, and the other iron cogs, drefled
exceedingly fmooth and true, the fmall wheel is ufually made
with the 1ron teeth, and the large one with the wooden ones,
When fuch wheels are firft {et to work, the cogsare {meared
with black lead mixed with tallow : this gives them a glofly
furface, which greatly diminifhes the frition. Hornbeam
is found to be the beft wood for the cogs, as it is not liable
to fplit or fplinter away by long wear. The cogs are held
in by a pin driven through the tenen or tail, withinfide the
rim of the wheel. The wooden cogs are drefled by chiffels
to the marks fet out, in the fame manner as wooden wheels ;
but the iron-cogs are firft chipped with a cold chiffel and
hammer, and then filed true, The great labour of doing .
this induced Meflrs. Bpulton and Watts, fome years ago,
to ere€t machinery for dreffing cogs. The wheel was pro.
vided with apparatus to hold it falt at the feveral divifions,
‘and a ftrong {lider, with a chiffel fixed in it, was forced be-
tween the rongh cogs by the revolution of a camm or heart,

with



MILL-WORK.

with a fufficient power to cut away a fhaving, and form the
cog perfe@tly at twice repeating the operation. Some me-
chanics difpute the propriety of dreffing iron cogs at all ;
they fay, that the exterior furface of the caftings have a
kind of cafe-hardening, which is removed by the drefl-
ing, and a fofter fubftance of metal expofed for the a&-
ing furfaces. This is true, and the obje&ion would have
its full force, if it were poffible to make caftings of
wheels perfe@ly true in the circle, and all the cogs pre-
cifely the fame fize : but as the prefent ftate of the
founder’s art cannot infure this, it is belt to chip and
file the cogs ; accuracy in the form of the teeth being
a fuperior confideration to any ‘quality of their {ubftance.
The wheel being made in either of thefe methods, mu!t next
be fixed, or bung, upon its fhaft. Wheels are generally fixed
faft upon their fhafts or axles before their teeth are fet out;
or, if this is not convenient, they are fixed on a temporary
fpindle to fet them out. When the wheel is made of
wood, it is fixed upon the fhaft, or a temporary axis, and
turned round upon its pivots, while a chiffel is laid on fome
fixed fupport to cut or turn its circumference to a true cir-
cle, or elfe to make a mark to which its rim may be re-
duced all round. The circumference is then dividéd, and mor-
tifes cut out for every cog; and when thefe are fixed in
they are much larger than they are intended to be, that they
may be fet out, as above dire@ed, and reduced to their
true figure, without abfolutely depending upon the accuracy
of the mortifes which receive them. Iron wheels are, as
before-mentioned, treated in a diff:rent manner, being caft
in the impreffion of a truly circular pattern made of wood ;
the cogs caft folid, with the rim cor elfe mortifes left all
round for the reception of the wooden cogs : in either cafe
the rim is a true circle, and muft be fixed upon the fhaft
exaltly by its centre, inftead of forming the circumference
to the centre, asin the wooden wheel. To do this, the centre
hole through the iron wheel is made much larger than the
fhaft which is to go through it, and the fpace all round is
filled up by iron wedges driven in ; fo that by means of thefe
the wheel can be fixed exaltly true in the centre (or in
the round), and alfo in the flat that is truly perpendicular
to the axis. 'The manner of arranging the wedges is fhewn
infig. 8, where eight wedges are fhewn by a,4,4,a, &c.round
the fhatt R. Tt is needlefs to explain how the wheel can, by
means of thefe, be fet exattly true, when it is found by
turning round upon the pivots of its fhaft that any one fide
of the circumference is farther from the centre than another.
For the purpofe of fetting it fquare upon the fhaft, each
wedge-hole is provided with two wedges, ore driven in from
each fide of the wheel, the twolaying over each other in the
notch or hole in the manner thewn at G.  Thas, by gently
driving one in, and the other a little outwards, the wheel
may be very corre@ly reétified, if it has any deviation from
the perpendicular. This is the ufual manner of hanging
wheels, and for large wheels it is the only applicable method.
Plate11. figs.g and 10,is a far fuperior plan for fuchiron wheels
as are not too large or heavy to be turned in a lathe upon a

chuck, fo that the centre is expofed, and may be bored -

through with a truly eircular hole, and rather conical : of
courfe the wheel is fixed upon the chuck, fo that its cir-
cumference runs truly ; and at the fame time the centre is
bored, the pitch circle is deferibed upon the cogs, and fome-
times the ends of the cogs are turned to- reduce them to a
true circle, and alfo the fides, that they may be exactly flat:
for, as we have before obferved, iron wheels, however true
their teeth may be caft, fhould always have their cogs rather
too large, and then be fet out and drefled, by chiffeling
‘and filing, to make them perfecily corret to the lines thus

defcribed. But to return to fig. 9 the wheel being pre-
pared, and its centre bored out, the fhaft is turned, as ufual,
to form its pivots, and, at the fame time, the part which is
to receive the wheel is turned conical, to fit the hole through
the wheel, which being jambed thereon will certainly be
trae at once : and to prevent it from f{lipping round upon
its axis various means arve in ufe; fometimes a mortife is
formed through the fhaft A, at the fmall part of the cone,
and a wedge r driven through, which is received in notches
at the fides of the hole through the central part of the wheel,
fo that it holds the wheel from turning round on the fhaft,
at the fame time that it drives it hard, and fixes it upon
the conical fitting. Another method is to cut a channel
along the conical part of the fhaft parallel to the axis of it,
and another fimilar one withinfide of the hole through
the wheel ; then a fillet or feather of iron s, (fig. 10.) being
inferted into the two grooves, effetually prevents the wheel
from turning, unlefs the ftrain is fo great as to cut the fea-
ther in two through its whole length, which is eafily pre-
vented by making it of a proper thicknefs. Another method
of fixing a wheel is to have a flaunch, or flat fthoulder, formed
upon the fhaft, and the wheel is drawn up againft this by
two, three, or four {crew-bolts going through it, and alfo
through the central part of the wheel, parallel to its axis.
This plan is neither fo neat, fimple, nor ftrong as the former.
When a wheel is required to be fometimes difengaged from
its axis, the conical or cylindrical fitting is very conve-
nient. In this cafe, the wheel fhould fit up agamnft a flat
fhoulder, as 4, in fig. 11, and at the oppofite fide fhould
have a collet, or ring &, to confine it, and kept up by a
key going through to the fhaft R. I this way the wheel will
{lip round freely upon its axis, and communicate no motion
thereto, though it is in conftant motion itfelf : but when
they are required to be conrefted, a locking bayonet, or
clutch-box, isufed. Thefe pieces of mechanifm are conftrué-
ed in different forms ; one of them is thewn in the figure.
Strong arms A, A, are fixed faft on the fhaft R, juft be-
fore the wheel either by a circular fitting with a fillet, by a
fquare, or they may be caft withit. Through the extremi-
ties of thefe arms holes are drilled to receive the fhanks f, £,
of the locking bayonet, which are fixed by nuts faft to an
arm D, very nearly fimilar to A A, but it flides on the
fhaft, and has a central part g, with a circular groove
round it, in the manner of a pulley, and a fork embracing
the central piece in this groove gives the means of fliding
the bayonets £, and D, upon the fhaft, fo that the points
of its fhanks intercept the arms of the wheel, {o as to carry
it round with them and the fhaft ; but when the points of £ f
are drawn back clear of the arms of the wheel, it {lips round
freely upon the fhaft. The clutch-box is rather different
from this ; it is a piece fitted upon the fhaft with a fillet, fo
that it cannot flip round, but will flide endways upon it.
The end of the piece 1s formed with feveral notches, or in-
dentations acrofs its face, which meet fimilar indentations
in the face of the central part of the wheel, and thus unites
the wheel and the fhaft when the clutchis {lid up to it; but
the wheel is difengaged when the clutch i§-drawn from it.
The conftruttion of bearings for the fupport of pivots at
the ends of fhafts or {pindles, is a matter of great import-
ance in mill-work. ‘The old kind of bearing called braffes is
fhewn in fig. 12. A lump of brafs @, with a femicircu'ar
notch in it, was let into the piece of timber A, which was to
fupport it; and two fcrew-bolts b, 5, were fixed through the
timber, being half received in notches formed in the fides
or ends of the brafsg: the upper brafs, 4, was exactly fimilar
to the lower, and over it a plate of irou, &, wis placed, with
two holes through it to receive the two bolts 4, 6, and keep
10 them
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them together: the nuts ¢, ¢, upon the tops of the bolts con-
fined the upver brafs down, and made all faft and tight.
This kind of brafs is not fufficiently ftrong or fteady forall pur-
pofes, and, therefore, the bearing fhewn in Jig. 13. has taken
its place: in this, ga is a caft-iron plate, which is held by two
or more bolts 7, 7, down upon the timber or framing of the
mill : this piece of caft-iron has two pieces &, 4. rifing up
from it, between which a piece of brals, /, is bedded, and has
a femicircular notch in it. Another fimilar piece of brafs is
fixed into the caft-iron cap-piece B, which is fitted into the
fpace betweer the two pieces b, 4, and is drawn down by
nuts upon the two bolts ¢,c. The brafles are prevented from
getting out fideways by fmall fillets proje&ing from the
middle of them, which are received into proper notches in
the caft-iron work. In the fame manner the cap B is fitted
between the pieces &, & with a tongue or fillet, and groove,
{o that it cannot deviate fideways, and then the bolts have
only to draw the brafles down together. Sometimes a bear-
ing of this kind is fitted up, fo that it is adjuftable in its
pofition a litrle to adjuft two wheels to work accurately
with each other, or for other purpofes where nicety is re-
quired. In this cafe, an iron plate, D, is bolted down to the
framing, and the bearing, za, lays upon it, the fame, bolts
7, r, going through both, and alfe through the framing be-
neath ; but the holes through which they pafs in the piece aa
are oblong, to admit the whole bearing being adjufted fide-
ways. This is done by two wedges o, 0, inferted at the ends
of the piece aa, between the two ends of D, which rife
up for the purpofe, as at nn. The bearing refts upon two
wedges at g, g, and is drawn down upon them by the bolts
r, . By thefe two wedges it can be raifed up at pleafure,
and by the other two, 0,0, at the ends, it can be adjulted end-
ways to fet the bearing in the exatt pofition required ; and
the bolts r, , when fcrewed faft, hold all tight. The beft
way to make the interior furface of the braffes for a bear-
ipg exaélly true, is to have them caft folid, that is, the
two halves of the brafs in one, with a notch which very
nearly, but not quite feparates them. In this ftate it can be
chucked in a chuck-lathe, and the infide bored or turned
out true : then it may be {awn in two halves, and put into
its place, to which it fhould have been previoufly fitted.
Sometimes the bearing is all fitted together and fcrewed
down in its place, and a borer is ufed to bore or broach out
the hole for the braffes, the fame as is employed to bore
ump barrels. Brafs is found, by experience, to be the
belt {ubft#hce to form bearings for a caft-iron gudgeon,
having the lealt friction, and, confequently, leaft wear, of
any other fubftance which can be ufed. To diminith this
friction ftill farther, fri®ion-wheels are fometimes ufed.
The manner of contruting thefe, when merely required to
fupport a gudgeon, leaving its own weight to keep it down
in its place upon them, is fhewn in fig. 14. Here A A is
an iron plate, which is to be bolted down upon the framin%:
it has holes through it to receive the fri¢tion-wheels B,
and fupports bearings a, a, for their pivots raifed up to a
proper height, and provided with {ockets- for brafles, in
which the pivots of the fri¢tion-wheels are to lie. The two
fri€ion-wheels B, B, as is evident, lie by the fide of each
other, and the gudgeon, D, of the fhaft they are to bear lies
upon and between them, fo that when it turss round it rolls
upon them, or rather, their circumferences move with it,
and, confequently, the pivots of the fri€tion-wheels move fo
- flowly, as to diminifh the friGtion very materially, the pro-
portion depending on the relation between the diameters of
the wheels B and the gudgeon D. This is not the beft
kind of friion-wheels, though the fimpleft. Plate 1I.
Jg1s.of Mill-work, contains a view of another kind, called

frition-rollers : here A A. is an iron plate bolted down to
the framing, and an iron ring, B, rifes up from it, all caft in
onc piece. The interior furface of this ring is turned in the
lathe with the greateft accuracy, and the pivot or gudgeon
C, which is alfo turned true, refts in the centré thereof,
being fupported by fix rollers 4, 4, &c. arranged at equal
diftances round it, and of fuch a diameter as to exaély fill
up the fpace all round between the gudgeon and the ring.,
The rollers, it 15 evident, muft be made all of one exaét dia-
meter, and extremely true,.and they muft fill up the fpace:
then the gudgeon being turned round acts upon thefe rollers,
and turns them round alfo at the fame time by this motion. .
As they have no fixed centre, they alfo roil round within the
ring B, in the fame dire&ion as the motion of the gudgeon,
but with a very flow motion, which will be in proportior to
the relative diameters of the gudgeen C and the ring B.
By this means nearly all the fri€tion is avoided, nothing like
the fliding of a gudgeon round upon its bearing taking
place here; it is all rolling of one furface upon another: and
as the conta& of two cylinders, fuppofing them hard, is
but 2 line, the fri€tion, or ‘more properly adhefion, is ex-
ceedingly {mall ; and at the fame time that the gudgeon is as
ftrongly fupported as poffible : but this depends upon the
hardnefs of the matter of the gudgeon, the rollers, and the
ring B. If the ring and gud.eon are made of hard caft
iron, and the rollers of ﬁet§ ‘at a'fpring temper, it will a&
extremely well, though the ftrain or weight upon the rollers
be very great. For hight ftrains fofter fubftances might be
ufed, but not to fo good an effeét.

The manner of keeping all the rollers at their relative dif-
tances from each other, in the ring B, that they may not run
againft each other, is yet to be explained. Each roller, as
fhewn at 2, has a groove turned in it in the middle of its
length, fo as to reduce it to a {mall neck in the centre: then
an rron ring, L, is provided, which bas fix holes drilled in it,
in the proper pofitions for the centres of the rollers, that
is at equal diftances round a circle, which is as much
lefs than the ringe E as the diameter of the rollers, or the
fame quantity larger than the diameter of the gudgeon C.
Thefe holes are made to fit the fmall neck in the centre of the
rollers, and to get them in, the holes are cut open from the
outfide of the ring, fo as to become notches ; then the rollers
being put into them, are all in one clufter, and in this ftate
are introduced into the ring E. They will now be kept at
their proper diftances afunder, and when the gudgeon C is
introduced betweer them, they will all take their proper
places, and lie truly parallel. It is to be obferved that the
holes or notches in the ring L, do not exaétly fit the necks
of the rollers, which have therefore confiderable play, and
but very little frition, for it is not effential to keeping the
rollers at their relative diftances that this ring fhould be
ufed, but it will prevent the danger of their getting wrong
by accident. To prevent any duft or dirt getting in, which
would completely deftroy the action of this ingenious me-
chani{m, a circular iron plate is fitted into the ring B, on each
fide, and both are fixed by fmall {fcrews going through the
ring. One of the plates N muft of courfe have a. hole
through the middle, to admit the gudgeon. The joints of
thefe plates fhould be water tight, and then a quantity ot oil
being poured in, will remain in the bottom of the ring B,
and every roller, as it paffes, will be kept oiled ; though this
is no ways neceffary to their aftion. The end plate, which
is not perforated, will make a ftop to prevent the gudgeon
moving endways, and the two plates will keep the rollers
from fhifting their pofition on end ; but to prevent friction,
if ever they comein conta&, the ends of the roller fhould be
rather convex, as fhewn at =z, that they may touch in the
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‘centre rather than the outfides; but they will never bear
hard againit the plate, having no drift that way.

A patent was taken out for thefe frition rollers many
years ago, and a large manufadtory was eftablithed for making
them for various purpofes, as carriage and waggon-wheels,
the gudgeons of heavy water-wheels, &c.: they were found
to poflefs great advantages, having {carcely any fenfible fric-
tion when in motion, but were liable to get out of order
chiefly from the entrance of duft, which occafioned the rollers
to wear out of the round more on one fide than the others;
and if once by this accident the rollers ftood ftill for an in-
ftant, the gudgeon wore a flat place in the two rollers be-
neath it, and they would never run round again : a very little
time would wear this flat fide fo deep as to ftop the rollers,
becaufe of the very fmall furfaces in conta& with the gud-

eons. Tor delicate purpofes, where hardened fteel can be em-
ployed for all the rollers and the ring, they are a moft ad-
mirable contrivance, and the above objeétions will then apply
very flightly ; but, as before mentioned, their perfeétion and
durability will ultimately depend upon the hardnefs of the
{ubftances employed. '

Fig. 16. reprefents a fuit of fri€tion rollers for fupporting
“the weight of a heavy vertical fhaft, as a horfe-wheel, a hori-
zontal wind-miil, a capftan fugar-mill, &c. A A is a plate
fupporting the weight of the fhaft ; it has a conical eminence
upon it, and a hole in the centre of this, which exadtly fits
the pivot or gudgeon ¢, at the bottom of the fhaft R : upon
this gudgeon a conical plate B is formed, exadly of the {fame
thape and fize as the conical part of the plate A, and between
thefe two plates three or four rollers g, g, are fituated, and bear
the weight of the fhaft R, or whatever prefles upon the
plate B.” The rollers are kept at proper diftances afunder by
a ring, thewn feparate at L, with three arms, , projetting
from it, which being formed into {pindles, pafs through the
centres of the rollers @, and have collets and crofs keys to
keep them on. In this manner, as the gudgeon and plate B
turn round, the, plate rolls upon the roliers a, a, keeping
always in the true centre, by the end of the gudgeon ¢ fitting
the hole in the centre of the plate A A ; but the weight 1s
fupported by the rollers g, a, which, at the fame time that the
upper plate rolls upon them, they roll upon the lower, and
thus very confiderably diminith the friGtion which any other
kind of gudgeon would have in fuch a fituation.

Shafts.—1n almoft all modern mills, the fhafts or {pindles
for the conveyance of motion, and fupport of wheels, are
made of iron, either wrought or caft. Square fhafts are the
moit common, but fometimes oétagon and round ones are
ufed ; and if they are very large, they are caft hollow, like
pipes, and the gudgeons fixed in at the ends by wedges ; but
the pivots thould always, if poffible, be formed of the fame
piece of metal, as the {lighteft poffible deviation from the
ftraight line caufes them te itrain, and work very irregularly
in their bearings. In wooden fhafts this is impraéticable,
and it is one of the greateft objetious to the ufe of them. The
beft method of fixing gudgeons into wooden fhafts is thewn
in fig. 17. Here A 1s the gudgeon, made in caft iron, turned
true ; it has four leaves, a, 4, ¢, d, forming a crofs, which is
let into the end of the wooden fhaft R : the front edge of each
leaf is confiderably thinrer than the back, fo that a pair of
ftrong iron hoops r r being driven tight on the end of the
fhaft, clofes the wood round the crofs, and holds it faft, and
the back of the leaves being wider than the front, it will not
come out. As an additional fecurity, fcrews are fometimes
putin : thefe are put through holes in the arms of the crofs,
which are then made flat the other way, and do not go fo
fur into the wood. The fcrews go into the timber a confider-
able diftance, where a mortife is cut into the wood, to meet

the end of the bolt, and an iron nut is dropped in, to ferew
the bolt into, when it is turned round by a fcrew driver. By
this contrivance a gudgeon may be fitted into a wooden
fhaft very falt, bur {till it will never come into competition
with iron fhafts, when the gudgeon is made all in one folid
piece with the whole of the fhaft. A judicious mechanic
will never make more than two bearings upen any one fhaft,
if it can be avoided, becaufe if the three, by any means, as
the warping of the frame work, or other caufe, get the
fmallelt pofiible quantity out of the ftraight line, they can
never work well afterwards, but will always ftrain and wear
the bearings with great fri¢tion. In very extenfive mills, fuch
as woollen and cotton mills, breweries, &c. when the build-
ings are of great length, it becomes neceffary to join feveral
fhafts together in length, to reach from one end to the other
of a mill. The manner of making the joinings is of fome con-
fequence : itis neceffary thatevery fhaft fhould have a bear-
ing at each end, and confequently that the connefion of the
ends of every one fhould be made by uniting the ends of the
{hafts which projet beyond their bearings. This can be done
in various ways: one 1s by having the ends of each of the
fhafts provided with circular heads (fee A B fig. 18.), which
have teeth in one, and correfpending indentations in the
other, to receive them, and thus one is made to turn the other
about, at the fame time that if any flight fettiement of the
building or other caufe deprefles one of the bearings, or
raifes another, fo as to put the two fhafts out of the perfeit
ftraight line they ought always to preferve; thefe joints will
admit the flight flexure, and ftill communicate the motion of
one fhaft to the other.

As this accidental f{ettlement in large buildings is almoft
unavoidable in fome degree, care fhould be taken to make
{uch joints as will admit of a trifling bending. Sometimes the
ends of the fhaft are made circular, and turned quite true in
the lathe ; then a metal tube or coliar is fitted truly upon both
to cover the joint, and conne¢t them, a bolt being put throu gh
each end, which unites both fhafts with the collar, and thus
by means of it caufes one to turn the other round. This me-
thod is fometimes ufed to fave the great expence of havinga
bearing at each end of every length of fhatt, one bearing to
each length being then fufficient, the other eud of the fhaft
being fupported by this collar, connecting it with the end of
the adjacent length juft where it projects beyond its bearing.
Bat this is not a good method, as the fhafts are apt to bend
and work with fo much friion in the bearings, if they get
the leaft cut of the ftraight line, becaufe thefekind of joints
will not admit any flexure of the fhaft, or if they do, they
will only bend on one fide, whereas it is neceflary for the joint
to bend fucceflively on all fides, when the bearings are not pre-
cifelyinaftraight ne. PlateIIl. fig. 19. reprefents a coupling-
box, ufed by Mr. Murray of Leeds, for connedling the
lengths of a long line of fhaft which are to carry a Txeavy
ftrain ; it is {fo made that it will communicate the motion in
the manner of an univerfal jeint, if they fhould be out of the
line. Let A, B, be the two fhafts to be united ; C, D, their
necks or collars which lay in the bearings : the ends projecing
beyond thefe have boxes E, F, fixed on them, either by a
{quare with wedges, or by a round part with a fillet : one of
thefe boxes, E, has a piece proje&ting from the infide ofit on
each fide, and extending into the other box, as is thewn at
a.a, (No. 2.), which is an infide view : the other box, F, has
two fimilar pieces proje&ing from it at 45 into the other
box E : within the boxes an 1ron crofs ¢ ¢ d 4 is fitnated ; it
has fcrews fixed into the ends of the crofs, and by thefe
the motion is communicated : thus, the pieces g, 4, when the
fhaft A and box E are turned round in the dire&ion of the
arrow {No. 2.) aét againft the fcrews ¢, ¢, of the crofs, and turn
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% about : at thie fame time the other twe {crews d, d, at the
other arms of the crofs prefs againlt the pieces 4, &, which
belong to the box F and fhaft B, thus turning them round:
the crofs is placed quite detached in the boxes, and thus aéts
as an univerfal joint, to communicate the motion of one to the
other : the fcrews ¢ ¢, d d, at the ends of the crofs are only put
in that the atting points may be made of fteel, and made
fmooth to have but little friction in thefe parts. Another
method of uniting fhafts by Mr. Murray is fhewn at fig. 20:
it has the advantage of requiring only one bearing for every
length of fhaft, whereas the above method requires one for
each end of every length. A, B, reprefent the two thafts ;
each has a pivot formed at theend : thefe pivots are fitted into
a coupling piece CD E, which is bored out truly to fit them
infide, and the outfide turned true, with a neck 1 D, which
is received and fitted into a bearing : the two fhafts A, B, are
conneéted with the coupling piece D, at C and E, by means
of a crofs key /m, put through each fhaft, and the ends of
them received in notches made withinfide of the coupling
piece at C and E, where it receives the ends of the fhafts. It

. is to be obferved that the fhafts do not fit tight in thefe

parts E and C, but only in the pivots a, §, withmn, by which
means they have liberty of a little motion, and this without
ftraining the bearing in which D runs, becaufe it is only the
fhort coupling piece which is received therein; and confe-
quently, any trifling deviation from the ftraight line will not
ftrain it, becaufe of the play allowed in the fittings.

The univerfal joint, called alfo Hooke’s joint, from its
inventor Dr. Hooke, is a method of uniting fhafts, which
permits them to be rather inclined to each other. This is
fhewn in_fig. 21, where A, B, are the two fhafts, with necks
to be received in bearings: each fhaft beyond this is formed
into a fork, as G and D; and thefe are united by a crofs of
iron E, or fometimes a ring, in which four pins are inferted,
and pafs through holes in the ends of the forks. On one or
other of thefe pins the joint will bend in any direction, on
the fame principle as a compafs hangs in its gombals, and
will commuanicate a rotative motion from one fhaft to the
other, when they are rather inclined; but this inclination
fhould be fmall, or elfe the joint will not g& well, or with-
out great friGtion, and irregularity of motion. If an angle
of more than 15 degrees from the ftraight line is required, a
pair of flightly bevilled wheels are beft.

The regulation of the velocity of a mill is a matter of con-
jiderable importance, to preferve an uniformity of motion,
cither when the force of the firft mover is flu€tuating, or
when the refiftance or work of the mill varies in its degree :
either or both of thefe caufes will occafion the mill to acce-
ferate or diminith its velocity ; and in many inftances it will
have a very injurious effe& upon the operations of the mill.
Thus, in a mill for fpinning cotton, wool, flax, &c. driven
by a water-wheel, are a multiplicity of movements, many of
which are occafionally difengaged, in different parts of the
mill, for various purpofes. This tends to diminifh the re-
fiftance to the firft mover, and the whole mill accelerates.
Or, on the other hand, the head of water, which drives the
wheel, may be liable to rife and fall fuddenly, from many
caufes, which great and rapid rivers are fubje& to, ;nd

or
fuch cafes, judicious rechanics have adopted contrivances,
or regulators, which counteraé all thefe caufes of irregu-
larity ; and a large mill, fo regulated, will move like a clock,

- with regard to its regularity of velocity. Thefe regulators

are ufually termed governors, and are made on different prin-
ciples. Thofe moit generally ufed are called flying-balls,
operating by the centrifugal force of two heavy balls, which
are conneted and revolve with a vertical axis. Fig, 22. re-

prefents the fimpleft form of this ingenious apparatus: A A
1s the vertical axis, which is conftantly revolving by the ma-
chinery ; at @ a two arms or pendulums, ¢ &, 25, are jointed,
and carry at their extremities a heavy metal ball each, as 443
from. the pendulums two chains or iron rods, d, d, proceed,
and fufpend a collar ¢, which flides freely up and down the
axis, and has a groove formed all round it, in which the
end of a forked lever, D, is received; and thus the rifing
and falling of the collar, ¢, produces a correflponding mo-
tion of the end of the lever D ; but the collar is always at
liberty to turn round with the axis freely within the fork, at
the extremity of the lever. The operation of the governor
is this: when the vertical axis is put in motion, the centri-
fugal force of the balls, &, 4, caufes them to recede from the
centre; and as this is done both tegether, they caufe the
collar, e, and the end of the lever to rife up: the balls fly
out to a certain height, and there they continue as leng as
the axis preferves the fame velocity ; as it is the property of
a pendulous ball, like 4, to make a greater effort to return
to the perpendicular, in proportion as it is removed farther
from it,- in confequence of the fufpending rod being more in-
clined, and hearing lefs of its weight. The weight of the
balls to return to the axis may be confidered as a conftantly
increafing quantity ; while the quantity of the’ centrifugal
force, caufing them to recede from the axis, depends exadtly
upon tke velocity given them. But this velocity increafes
as they open out, (independently of any increafed velocity
of the axis,) in confequence of their defcribing a larger
circle. The combination of thefe oppofitely a&ting forces
caufes the governor to be a moft fenfible and delicate re-
gulator. Thus: fuppofe the balls hanging perpendicular,
put the axis in motion with a certain velocity, the centri-
fugal force will caufe the balls to fly out ; and this increafing
their velocity, (by putting them farther from the centre, and
caufing them to revolve in a larger circle,) gives them a
greater centrifugal force, which would carry them ftill
farther from the centre, but for the counterating force,
wiz. the weight of the balls tending to return. This is, as
before ftated, an increafing quantity, and confequently thefe
oppofite forces come to a point where they balance each
other; that is, the balls fly out till their weight to return
balances the centrifugal force. But if the flighteft altera-
tion takes place in the velocity of the axis, the equilibrium
is deftroyed by the increafe or diminution of the centrifugal
force, and the balls alter their diftance from the centre ac-
cordingly, and by elevating or deprefling the end of the
lever, operates upon fome part of the mill to rectify the caufe
of the irregularity. In a fteam-engine, the lever ats upon a
vane or door fituated in the paflage of the feam from the
boiler to the cylinder ; and if the mill lofes in velocity, from
an increafe of refiftance, the balls fall together a little ; and
the confequent fall of the lever opens the door or throttle
valve a little wider, and gives a ftronger {upply of fieam to
reftore the mill to its original velocity. On the other hand,
if the mill accelerates, the balls open out and ‘then clofe the
vane, fo as to moderate the fupply of fteam. See a more
Tull defcription of this under STEAM-Engine.

A water-wheel is not fo ealily regulated by the governor,
becaufe the fhuttle of a large wheel requires a much greater
force to raife or lower it, when the water is prefling againft
it, than the lever, D, can at any time poflefs ; it therefore
becomes requifite to introduce fome additional machinery,
which has {ufficient power to move the fhuttle, and this is
thrown, in or out of a&ion, by the flying balls. The
fimpleft contrivance, and that which we believe was the re-
gulator firft ufed for a water-wheel, was erected at a cotton
mill at Belper, in Derbyfhire, belonging to Mr. Strutt.
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A fquare well, or large ciftern, was fituated clofe by the
water-wheel : it had a pipe leading from the mill-dam into
it, to admit water; and another pipe from it to the mill-tail,
to take the water away: both were clofed at pleafure by
cocks or fluices. Within the well was a large floating cheft,
very nearly filling up the fpace: it of courfe rofe and fell
with the water in the ciftern, and had a communication by
rack and wheel-work with the machinery for drawing the
fhuttle, fo that the rife and fall of the floating cheft elevated
and deprefled the fhuttle of the wheel. The lever of the
governor was connected with the cocksn the two pipes, in
{uch a manner that when the mill was going at its intended
velocity, both of the cocks were fhut; but if the water-
wheel went too flowly, the falling of the balls and defcent
of their lever, D, opened the cock in the pipe of fupply,
and, by letting water into the well, raifed the float, and, with
it, the fhuttle, to let more water upon the wheel, till it ac-
quired {uch a velocity that the balls began to open out again,
and thus fhut the cock : on the other hand, if the mill went
too fatt, the balls opened the pipe of exit from the well, and
then the finking of the float clofed the fhuttle till the true
velocity was reftored.

Since this firft application of the regulator to the water-
wheel, the manner of its operation has been greatly varied ;
and as the fame mechanifm is applicable to any kind of mill-
work, we fhall give a {light fketch of it. Suppofe A,
fig. 23, an axis, receiving its motion from the mill by wheel-
work ; it is provided with a pair of governors, a4, a b, con-
ftruéted like thofe before defcribed ; and at the lower part
of the {pindle is a bevilled wheel, R, turning two others,
B and C, fituated upon one {pindle, D, which goes away,
and communicates motion to the racks of the thuttle; the
wheels, B and C, are neither of them fixed to the {pindle
D, but both flip round freely upon it, turning in contrary
direftions, as they receive motion from the oppofite fides of
the wheel R. A locking clutch, 4, is fitted upon the
fpindle between thefe two wheels, B, C, and can, by moving
it one way or the other, be made to lock either one of the
wheels to the {pindle D, at the fame time that it leaves the
other difengaged. 'The locking-box is moved by means of
a lever, fhewn in fig. 24 ; thearm m, having a fork to em-
brace a groove in the box ; the lever is fixed on a vertical
axis #, which has at the upper end two other levers, o, p:
thefe lay one on each fide of the vertical axis A, but at dif-
ferent heights, as is evident from the figure. The collar ¢,
which is raifed up when the balls fly out, is fitted upon a
fquare part of the fpindle A, and is formed like a fnail or
camm, which will a& upon either of the levers, o or p, ac-
cording to the height at which it hangs upon its fpindle.
Now when the mill is going with its true velocity, this
camm, e, is at fuch a height that it is beneath one lever, o,
and above the other, p, {o as to interfere with neither; con-
fequently the locking-box, d, remains detached : but on any
alteration in the velocity of the mill and the axis A, the
balls open or fhut, as before explained, and the camm, e,
either rifes or falls, and then it prefles againft one of the
levers, o0 or p, and by puthing it away from the axis, it
moves the lever m, and the locking-box 4, up to one of the
wheels, B or C, which it locks to the axis D, and turns it
round in the direétion of that wheel’s motion, by which it
either raifes or depreffes the water-wheel’s fhuttle, as is re-
quired. This apparatus may, it is plain, be applied to any
other kind of mill-work.

Governors or flying-balls are very frequently ufed in the
wind-mills employed tor grinding flour: the variable force
of this firft mover renders fome fuch regulator neceflary, to
increafe the refiftance, by allowing a greater feed of corn,

when the mill moves too quickly, and thus in fome degree
counteracting the irregularity. If the mill moves too flowly,
the balls tend to diminifh the feed, and at the fame time
they raife the upper ftone, to fet them at a greater diftance
afunder, that they ‘may require lefs power to drive them,
and confequently fuffer the mill, as nearly as it can, to re-
tain its full velocity, thoush the motive force is greatly
diminithed. This application of the governor was, we be-
lieve, firft made by the ingenious captain Hooper of Mar-
gate, who invented the horizontal wind-mill.  (See Wixp-
Mill.y 1t is a very great advantage, and no wind-mill
fhould be without them. Many wind-mills are provided
with flying-balls, which, by very ingenious mechanifm,
clothe and unclothe the fails juft in proportion to the
firength of the wind.

In many mills it is of confequence to be able to dete&
{mall variations in the velocity, and to afcertain the quantity
of them; for the governor only corre&ts the irregularities,
without fhewing any fcale of them. In cafes where this is
required, it may be done by a very ingenious inftrument,
invented by Mr. Bryan Donkin of Fort-Place, Bermondfey.
He received a gold medal from the Society of Arts, Manu-
faltures, and Commerce, in 1810, for this inftrument, which
he calls a tachometer. ‘

A front view of this inftrument is reprefented in fg. 23,
and a fide view in fig. 26, of Plate I1. XY Z, fig. 23,
is the vertical feétion of a wooden cup, made of box, which
is drawn in elevation at X, fig. 26. The whiter parts of
the fection, in fig. 25, reprelent what is folid, and the dark
parts what is hollow. This cup is filled with mercury up
to the level L. L, fig. 25. Into the mercury is immerfed
the lower part of the upright glafs tube A B, which is filled
with coloured fpirits of wine, and open at both ends, fo
that fome of the mercury in the cup enters at the lower
crifice, and, when every thing is at reft, fupports a long
column of {fpirits, as reprefented in the figure. The bot-
tom of the cup is faftened by a ferew to a fhort vertical
{pindle D, fo that when the fpindle is whirled round, the
cup (whofe figure is a folid of revolution) revolves at the
fame time round its axis, which coincides with that of the
{pindle. o '

" In confeqdence of this retation, the mercury in the cup
acquires a centrifugal force, by which its particles are
thrown outwards, and that with greater intenfity, according
as they are more diftant from the axis, and according as the
angular velocity is greater. Hence, on account of its
fluidity, the mercury rifes higher and higher as it recedes -
from the axis, and confequently finks in the middle of the
cup ; this elevation of the fides and depreffion in the middle
increafing always with the velocity of rotation. Now the
mercury in the tube, though it does not revolve with the
cup, cannot continue higher than the mercury immediately
furrounding it, nor indeed f{o high, on account of the fuper.
incumbent column of {pirits. Thus the mercury in the tube
will fink, and confequently the fpirits alfo ; but as that part
of the tube which is within the cup 1s much wider than the
part above it, the depreflion of the fpirits will be much
greater than that of the mercury, being in the fame pro-
portion in which the fquare cof the larger diameter exceeds
the fquare of the {maller. :

Let us now fuppofe, by means of a cord paffing round a
{mall pulley F, and the wheel G or H, or in any other con-
venient way, the fpindle, D, is connected with the machine
whofe velocity is to be afcertained. In forming this con-
ne&tion, we muft be careful to arrange matters, fo that when
the machine is moving at its quickeft rate, the angular velocity
of the cup fhall not be fo great as to deprefs the fpirits below,

C, into
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C, into the wider part of the tube. We are alfo, as in the
figure, to have a fcale of inches and tenths applied to A C,
the upper and narrower part of the tube, the numeration
being carried downwards from zero, which is to be placed
at the point to which the column of fpirit rifes when the
cup is at reft. -

Then the inftrument will be adjufted, if we mark on the
" {eale the point to which the columa of fpirits is deprefled
when the machine is moving with the velocity required.
But, as in many cafes, and particularly in fteam-engines,
there is a continued ofcillation of velocity; in thofe cafes
we have to note the two points between which the column
ofcillates during the moft advantageous movement of the
machine, .

Here it is proper to obferve, that the height of the
column of pirits will vary with the temperature, when other
circumflances are the fame. On this account the feale
ought to be moveable, {o that, by flipping it upwards or
downwards, the zero may be placed at the point which the
column reaches when the cup is at reft, and thus the initru-
ment may beadjufted to the particular temperature with the
utmott facility, and with fufficient precifion. The eflential

arts of the tachoister have now been mentioned, as well
as the method of adjuftment ; but certain circumftances re-
main to be ftated.

The form of the cup is adapted to render a fmaller quan-
tity of mercury fufficient than what muft have been emplcyed
either with a cylindrical or hemifpherical veflel. In every
cafe two precautions are neceffary to be obferved. Firft,
that when the cup is revolving with its greateft velocity,
the mercury in the middle fhall not fink fo low as to allow
any of the {pirits in the tube to efcape from the lower orifice ;
and that the mercury, when moft ditant from the axis,
fhould not be thrown out of the cup. Secondly, that when
the cup is at reft, the mercury fhall rife fo high above the
Jower end of the tube that it may fupport a column of {pirits
of the proper length.

Now, in order that the quantity of mercury, confiftent
with thefe conditions, may be reduced to its minimum, it 1s

neceffary, firft, thatif M M (fg. 1.} is the level of the mer-

cury at the axis when the cup is revolving withthe greateft velo-
city, the upper part M M X Y of the cup thould be of fuch a
form as to have the fides covered only with a thin film of the
fluid ; and fecondly, that, for the purpole of raifing the
{mall quantity of mercury to the level L L. which may fup-
port a proper height of fpivits when the cup is at refl, the
cavity of the cup thould be, in a great meafure, occupied by
the block K K, having a cyliadrical perforation in the mid-
dle of it for the immerfion of the tube, and leaving fufficient
room within and around it for the mercury to move freely,
both along the fides of the tube and of the veffel. )
The block, K K, s preferved in its proper pofition in the
cup or veflel X Y Z, by means of three narrow projecting
flips or ribs, placed at equal dittances around it, and 1s kept
from rifing or floating on the mercury by two or three fmall
iron or {teel pins inferted into the underfide of the cover,
near the aperture through which the tube paffes. It would
be extremely difficult, nor is it by any means important, to
give to the cup the exalt form which would reduce the quan-
tity of mercury to its minimum; but we thall have a fuffi-
cient approximation, which may be executed with great
precifion, if the part of the cup above, M M, is made a para-
bolic conoid, the vertex of the generating parabola being at
that point of the axis to which the mercury finks at its loweft
depreflion, and the dinienfions of the parabola will be deter-
mined in the foilowing manner. Let V.G (/. 27.) repre-
fent the axis of the cup, and V the point to which the mer-

cury finks at its loweft depreffion: at any point, G, above
V, draw G H perpendicular to V G ; let # be the number
of revolutions which the cup is to perform in 1, at its
quickeft motion; let v be the number of inches which a
body would defcribe unifermly in 1", with the velocity ac-
quired in falling from reft through a height = to GV,
and make GH =

v

- Then the parabola to be deter-

mined is that which has @ for its vertex, V G for its axis,
and G H for its ordinate: at G the cup has a lid to pre-
vent the mercury from being thrown out of it, an event which
would take place with a very moderate velocity of rotation,
unlefs the fides were raifed to an inconvenient height; but
the lid, by obftrufing the elevation of the {ides of the cup,
will diminith the depreflion in the middle, and, confequently,
the depreflion of fpirits in the tube: on this account, a
cavity is formed in the block immediately above the level
L L, where the mercury ftands when the cup is at reft,
and thus a receptacle is given to the fluid which would
otherwife difturb the centrifugal force, and impair the fen-
fibility of the inftrument.

It will be obferved, that the lower orifice of the tube is
twined upwards. By thefe means, after the tube has been
filled with fpirits, by fiction, and its upper orifice ftopped
with the finger, it may eafily be conveyed to the cup, and
immerf{ed in thequickiilver, without any danger of the {pirits
efcaping, a circumftance which otherwile 1t would be ex-
tremely difficult to prevent, fince no part of the tube can
be made capillary, confiltently with that free paffage to the
fluids which is effentially neceflary to the operation of the
inftrument. .

We have next to attend to the method of putting the
tachometer in motion, whenever we wifh to examine the velo-
city of the machine. The pulley F, which is conftantly
whirling during the motion of the machine, has no connece
tion whatever with the cup, fo long as the lever, Q R, is
left to itfelf. But when this lever is raifed, the hollow
cone T', which is atiached to the pulley, and -whirls along
with it, is allo raifed, and, embracing a folid cone on the
{pindle of the cup, communicates the rotation by friction.
When our obfervation is made, we have only to allow the
lever to drop by its own weight, and the two cones will be
difengaged, and the cup remain at reft,

The lever, Q R, is conneéted, by a vertical rod, to another
lever S, having at the extremity, S, a valve, which, when
the lever, Q R, is raifed, and the tachometer is in motion, is
lifted up from the rop of the tube, fo as to admit the ex-
ternal air upon the depreflion of the {pirits. On the other
hand, when the lever, Q R, falls, and the cup is at reft, the
valve at S clofes the tube, and prevents the fpirits from
being wafted by evaporation.

It is, laftly, to be remarked, that both the fenfibility and
the range of the inftrument may be infinitely increafed ; for,
on the one hand, by enlarging the proportion between the
diameters of the wide and narrow parts of the tube, we en-
large, in a much higher proportion, the extent of {cale cor-
refponding to any given variation of velocity ; and, on the
other hand, by deepening the cup, fo as to admit, when it
is at reft, a greater height of mercury above the lower end
of the tube, we lengthen the column of fpirits which the
mercury can {upport, and, confequently, enlarge the velo-
city which, with any given fenfibility of the inftrument, is
requifite to deprefs the {pirits to the bottom of the fcale.,
Hence the tachometer is capable of being employed in
very delicate philofophical experiments, more efpecially as
a {cale might be applied to it indicating equal increments of

velocity.



velocity. But, in the prefent account, it is merely intended
to ftate how it may be adapted to dete&, in machinery,
every deviation from the moft advantageous movement.
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