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COMPILER'S PREFACE.

AwoNG the mechanical arts, there is none more useful
than that of horology, yet there are few less understood, or
less practised in this country. Notwithstanding the great
demand for time-pieces of various kinds, and the very
general interest manifested in them by their owners, there
are but few treatises on the subject in the English language,
and those few too costly to be accessible to the million,
while the most of the movements are imported from Europe
instead of being manufactured by our own mechanics. But
of late, more interest has been manifested, American clocks
have won a world-wide reputation, and the manufacture of
American watches has been attempted with a marked
success, which augurs well for the future. It cannot be
doubted that there is native ability enough among our
artisans to execute superior workmanship; the point in
question is to afford it facilities for development equal to
those enjoyed by other nations.

The art of watchmaking requires as much theoretical as
practical knowledge, and in Europe, where it has attained
its greatest perfection, the workmen are instructed by

numerous treatises, published under the supervision of
1*



x PREFACE.

distinguished mechanicians appointed by the government,
which detail the mode of operation with scientific precision.
These books are invaluable to the European artisans ; and
such is the interest which they manifest in the subject that
the most costly and elaborate treatises on the specialities
of the art find a ready sale. The most of these are written
in the French language—the universal language of the
continent—and to them may be attributed much of the
superior skill possessed by European artisans.

The increasing interest manifested in the subject by our
mechanics, together with the new impetus given to the trade
by our manufacturing establishments, has led us, at the
suggestion of a distinguished scientific man of this city, to
compile a translation from the works before mentioned, for
the use of American watchmakers. As the basis of our
work we have selected M. Magnier’s revised and enlarged
edition of Le Normand and Janvier’s Manuel de I’ Horloger,
recently published, and forming one of the volumes of the
well-known Eneyclopédie Roret—a condensed treatise on the
art of horology which enjoys a high reputation in France.
For the benefit of our numerous foreign workmen, we
have endeavored to retain a literal translation of technieal
terms, so far as has been practicable without rendering the
sense obscure to our native mechanics, adding a vocabulary
of definitions of terms and synonyms of technicalities.

The design has been to furnish to our artisans a com-
prebensive treatise on watchmaking, which, without being
confined to an elaborate description of a single speciality,
should yet furnish details enough to be of real use to the
yorkman as well as of interest to the amateur, The plan
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of the work, beginning with a glance at the watches of
BEerTHOUD and BREGUET, the principles of which still con-
stitute the base of horological science, eomprisea descriptions
and plates of the various gearings, escapements, and com-
pensations in use among watchmakers, tools, patents, etc.;
together with instructions for cleaning and repairing watches
and keeping them in order; with such practical information
as may render it useful to the general reader. Nothing has
been adopted that has not been sanctioned by approved
authority, and it is hoped that the present volume, without
conflicting with' other treatises, will prove a valuable addi-
tion to our mechanical literature.

The idea of the measurement of time datea back almost as
far as Time itself; though its measure by mechanical means
is of more modern origin, it is still so far distant as to be
very uncertain. Four hundred years before the Christian
era, Plato invented the clepsydra, the first clock of which
we have any record, which marked the lapse of time by the
falling of water, and indicated the hours by the sound of a
flute. Since this time, the progress of watchmaking may be
divided into nine distinct epochs, a sketch of which may not
be out of place here.

The first of these was marked by the invention of toothed
wheels. But this must have been very ancient, for Ctesibius,
who lived two huhdred and fifty years B. 0., used them in
his clepsydra, and they were probably also employed in the
moving sphere of Archimedes.

In the second epoch, toothed-wheeled clocks were regu-
lated by a balance whose alternate vibrations were produced
by an escapemeht, and whose motive-power was a weight.
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This invention is attributed to Pacificus, who lived about
the ninth century; but it seems more probable that it was
discovered in Germany, and that it only dates back to the
thirteenth or fourteenth century.

In the third epoch, which may be fixed at the close of the
fifteenth century, balance-clocks were constructed which
marked the seconds of time, and were designed for astro-
nomical observations. These were used by Tycho Brahe,
and also by Valtherus.

The fourth epoch presented the valuable invention of the
spring formed by a band, which, bent in a spiral form and
enclosed in a barrel, serves as the motive-power, and isa
substitute for the weight; to this invention we owe the
portable clocks, or watches, which were first made towards
the middle of the sixteenth century. In this epoch, the
striking-clocks, alarm-clocks, etc. were first constructed.

The discovery of the pendulum by Galileo, about the
commencement of the seventeenth century, marked the fifth
epoch, which has become especially memorable by the
application of this pendulum to the clock as a substitute for
the balance. This application was first made by Huyghens
towards the middle of the same century.

The sixth epoch was marked by the application of the
spring to the balanee-regulator of watches; by means of
which this regulator acquires the property of making oscil-
lations which are independent of the escapement, so that the
elastic force of this spring is to the balance what the weight
or gravity is to the pendulum. This successful application
was made in 1660, by Dr. Hook. In 1674, the Abbé
d’Hautefeuille made use of a straight spring, which Huy-
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ghens improved upon in 1675, by giving it a spiral form.
Shortly after this time, the repeater was invented in Eng-
land. It was first applied to clocks in 1676 by Mr. Barlow,
and afterwards to watches by Mesars. Barlow, Tompion, and
Quarle.

The seventh epoch may be dated at the close of the
seventeenth ocentury. Towards this period, considerable
variations were perceived in the pendulum-clocks con-
structed by Huyghens, and a new escapement, called the
anchor, was substituted for the Huyghens escapement, which
possessed the property of causing the pendulum to describe
small isochronal arcs, thus rendering the ingenious inven-
tion of the cycloid of Huyghens wholly useless.

The eighth epoch was ushered in just before the middle
of the eighteenth century, when a mechanism was adjusted
to clocks which corrected the variations caused in them by
the changes of temperature. At this epoch, the astronomical
clocks had attained a high degree of perfection.

The ninth epoch is that of the invention of chronometers,
which seem to dispute its greatest advantages with the pen-
dulum by a most valuable property discovered in the spiral-
spring—that of rendering the unequal arcs described by
the balance isochronal, or of equal duration. The execution
of the different parts composing the clock has also been
carried to a high degree of precision in this epoch, by the
invention of various instruments and tools. The epoch of
which we speak dates from the middle of the eighteenth
century to the present time.

Horology embraces within its province, first, publie
clocks, mantel clocks, and watches; second, astronomical
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clocks, and, thirdly, marine chronometers. We have en-
deavored to give as clear and succinct descriptions of the
principles on which these are constructed, together with the
mechanieal execution, as our limits will allow ; and we trust
that these may enable our workmen not only to copy thein,
but also to apply them to new and superior mechanisins,
and thus achieve a triumph for American fanufactures.

‘Weé would tender, in conclusion, our cordial thanks to
the many friends who have kindly aided us in the work;
especially to Henry Fitg, Esq., of New York city, to whom
we are indebted for many valuable suggestions, and also
for his revision of the proof-sheets of the present volume.
Trusting that our work may sometimes prove a useful
friend, we submit it to all who are interested in the subject
of its commentary.

New YoRk, December 1, 1859.




EXPLANATION OF PLATES.

PLATE L

Fig. 1 and 2.—Berthoud’s caliber for an improved balance-wheel
watch. ' .

®©

Fig. 3—Works of the same watch represented on a right line.

Fig. 4. Description of the construction of the improved fusee-arbor.

Fiyg. 5, 6, 7, 8, and 9.—Details of the parts of the fusee.

Fig. 10 and 11. —Ammgement of the pieces of the balance-wheel
watch, placed in the case in their true positions.

Fig. 12 and 13.—Details of the potance and the pallet, with the steel
plates, after the improvements of Berthoud, Sully, and Leroi.

Fig. 14—Description of the barrel-arbor with the curb of the

spring.
Fig. 16.~CQaliber of the Breguet and the demi-Breguet watches.

PLATE IL

Fig. 1.—Interior of the pillar-plate of a demi-Breguet watch, with
all its wheels, bridges, and the balance.

Fig. 2.—Exterior of the same pillar-plate, beneath the dial, the
bridges and the slide for regulating the escapement.

Fig. 3.—Construction of the demi-Breguet arbor.

Fyg. 4,5, 6,7, 8 and 9.—Breguet barrel-arbor and bridge with all
the component pieces.

Fig. 10.—Description of a repea.inng—watch with all the pieces of the
dial-work.

Fig. 11.—Large repeating-hammer carrying the knob and pins.
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Fig. 12.—The knob of the hour-hammer seen separately.
Fig. 13.—Canon pinion of a repeater with its quarter-snail and the

surprise.

Fig. 14 and 15.—Alarm watch with the two hands for the alarm-
detent,

Fig. 16 and 17.—Regulator of Le Normand's machine for cogs.

PLATE IIL

Fg. 1 and 2.—Pendulum-clock striking the quarters and repeating
by the same train.

Fig. 3—Description of & new method for suppressing the fusee in
watches without altering the equality of the force of the main-spring.

Fy. 4, 5, and 6.—Different stop-works of the winding-up arbor for
supplying the place of the chain-guard.
- Fig. 7, 8,9, and 10.—Demonstration of the theory of the gearings.

- Fig. 11, 12, 13, 14, 15, and 16.—Demonstration and theory of the

-cylinder-escapement with the steel cylinder.

Fig. 17.—Steel apparatus for supporting the jewel substituted for the
steel cylinder.

Fig. 18 —Form of the cylinder-wheel adopted by Breguet.

Fig. 19, 20, and 21.—Mounting of the stone cylinder by Breguet.
Figure 20 shows the form which he gives the pivots.

Fig. 22.—Duplex escapement.

PLATE IV.

. 1, 2, 8, and 4.—Hork escapement of M. Pons de Paul.

. 5, 6, 7 and 8.—Spiral escapement of the same artist.

. 9, 10, 11, 12, and 13.—Gearing escapement of the same.

1 Im, 14 15, and 16.—Inclined-plane escapement of the same,
.1

.1

-

7. —Amold’s detached escapement.
8,19, 20, 21, and 22.—Detached escapement of Seb. Le Nor-

53@@@@@

Fig. 23, 24, and 25.—Different anchor escapements, two of which
(Fig. 23 and 25) are dead beat, while Fig. 24 is recoiling.

Fig. 26.—Lepaute's pin-escapement, for regulators and belfry-clocks.

Fig. 27.—Breguet's compensation for watches.

Fig. 28 and 29.—Destigny’s compensation for clocks.
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Fig. 30 ana 31.—8eb. Le Normand’s improvement upon the coms
pensation of M. Destigny.
Fig. 32 and 33.—Chronometer-balance of MM. Leroi and Arnold.

PLATE V.

Fig. 1.—Compensation for watches, by M. Perron, Jr.

Fig. 2.—Compensation for watches, by M. Robert.

Fig. 3, 4, and 5.—Compensation for clocks, by M. Charles Zademach,

Fig. 6.—Berthoud's instrument for regulating clocks.

Fig. 7, 8, and 9.—Parts of the space-column tool of M. Roger.

Fig. 10.—Lever of Berthoud, for calculating the force of mainsprings
of watches.

Fig. 11.—Plane of the files for rounding cogs.

Fig. 12.—Plane of the hand invented by Seb. Le Normand, ad-
justed to ordinary machines for finishing cogs.

Fig. 13.—Section of the same hand.

Fig. 14—Wheel-click-pin placed on the sides of the machine for
finishing cogs, and designed to change the backward and forward
~ movement of the hand to an alternate circular movement.

Fig. 15.—Geometrical demonstration of the causes which necessitate
& progressive movement of the slide which carries the rack, E, F, ac-
eordmﬁas the rounding file encircles one or several teeth in its action.

6.—Forms of the teeth of the wheel.

Fig 17 and 18.—Elevation and plane of the space-column tool

Fig. 19, 20, and 25.—Elevation and plane of the inclined-plane tooL

PLATE VI. ’

Fig. 1 and 2.—Profile of a lathe-rest for rounding pinions.

Fig. 3.—New lathe for the pivots.

Fig. 4,5, and 6.—Elevation, plane, and detail of a new pivot-compass,

Fyg. 7 and 8.—Plan and separate piece on a larger scale of an in-
strument for cylindrical turning.

Fig. 9, 10, 11, 12, and 13.—Tool for inclining the teeth of cylinder-
wheels equally, represented in five different positions.

Fig. 14, 15, and 16.—Tool for equalizing the teeth of cylinder-wheels
and forming the inclination of the back of the tooth.

Fig. 17, 18, and 19.—Tool for polishing the columns of the cylinder-
wheel.






NEW AND COMPLETE

WATCHMAKER'S MANUAL.

INTRODUCTION.

GLANCE AT THE PRESENT STATE OF THE ART—PLAN OF
- THE WORK.

THE art of Horology, or of measuring time by clocks
and watches, unquestionably ranks among the most won-

derful productions of the mechanical arts. Through the ™

improvements made in it during the last century, it has
now reached so high a degree of perfection, that it is safe to
believe that it will not advance much further, either in the
construction and perfect execution of the different parts of
time-pieces, or in the invention of tools designed to abridge

the labor and to ensure perfect accuracy and regularity of

movément. We shall therefore render an important service
to intelligent workmen who are anxious to avail themselves
of all the modern improvements, by offering to their notice
a description of the methods employed by the best artisans
in the manufacture of their clocks and watches.

1




2 THE WATCHMAKER'S MANUAL.

Our plan more particularly embraces a description of
the workmanship executed in Paris, which is justly thought
to excel that of the Swiss manufacturers. We shall enter
into the details necessary to the exact description of all the
manipulations employed by the most celebrated watch-
makers, show the improvements which have been introduced
in the manufacture of watches, mantel and belfry clocks,
and chronometers, and describe the various tools which
have recently been invented both for abridging the mani-
pulations and rendering them more exact. We shall give
valuable instructions in respect to repairing and regulating
clocks and watches, and keeping them in order when they
are thus regulated. These are very important, for excellent
watches are often spoiled by inexperienced workmen to
whom they are entrusted for repairs, or greatly injured by
a want of care or knowledge on the part of their owners.
We have endeavored to remedy this, by giving full and
minute directions as to the care and management of time-
pieces, which cannot fail to be valuable to all who own
them. We have also described the various escapements
now in use, together with the most important gearings, and
several useful tools which have lately been invented.

The Manual is divided into chapters, ih which we shall
treat successively: first, of the manufacture of watches;
second, of apartment clocks; and third, of belfry clocks;
and in these we shall avoid describing any workmanship
which is not approved by the best artisans,

Machines for Measuring Time.

The general name of “clock” is given to any machine
that divides time into equal parts and indicates these
divisions. Clocks are made of different sizes, to adapt
them to the various demands, and are distinguished by
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names suggestive' of their uses. These are, first, portable
clocks, or watches; second, stationary clocks, which are
used in apartments; and third, belfry-clocks,sintended for
public uses. Besides these are the marine chronometers, a
chapter on which will be found in the volume.

The mechanism of a clock, to whatever use it may be
applied, is composed of several essential parts, which, by
their correspondence, secure an exact measurement of time.
These are: first, the regulator; second, the escapement;
third, the train; fourth, the motive power; fifth, the click-
and-spring work, or means of winding up the motive
power; and sixth, the dial and hands which mark the time
measured by the clock.

The regulator is a most important feature of the me-
chanism, and is the true instrument of the measure of
time, dividing it, as it does, by its quick and regular move:
ments. By aid of the escapement, to which it is joined,
it regulates the velocity of the wheels, whose functions are,
in turn, to mark the movements of the regulator; and,
by a double effect of the escapement, these same wheels,
by their action upon it, transmit to the regulator the force
of the metive power, 8o as to sustain the vibratory move-
ment which the friction and the resistance of the air tend
to destroy.



CHAPTER L
WATCHES.

THE watchmaking of the present day may be divided
into two distinct systems, the more ancient of which is
distinguished by two pillar-plates, which are separated by
four pillars of equal length, and between which are placed
the wheels and other parts of the mechanism. This system
was greatly improved by Ferdinand Berthoud. The de-
tails of his improvements will be found in the following
section. ’

The second system belongs to the well known Breguet,
who has suppressed one of the pillar plates, and conse-
quently the pillars forming the frame, besides making
various other simplifications which will be noticed hereafter.
‘We shall speak first of the common watches, and afterwards
describe the improvements which Breguet has introduced
into the pocket repeaters.

I—PILLAR-PLATE WATCHES AS IMPROVED BY BERTHOUD.

The improvements introduced by this skilful artisan
into the construction of balance-wheel watches were the
fruits of constant observations, guided by a long-conti-
nued and profound study of the mechanical sciences. Yet
no authority can be considered final; and while we ac-
knowledge his profound science and the general excellence
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of his system, we shall proceed, in our description of it, to
point out the further improvements which' have been
suggested by later experience.

He preferred the verge to the dead-beat escapement,
because this escapement gives a great movement to the
balance-wheel, while & very small space in the escapement
is passed over, and but a slight friction is obtained. In
this we must differ from him; for we can easily prove,
both from long experience and daily use, that the balance-
wheel or verge escapement, although more easily made by
ordinary workmen, has not the accuracy of the dead-beat
escapement, that its recoil can never be entirely obviated,
and that this cause, in itself, is sufficient to deprive it of the
regularity essential to this part of the watch; and that
the many attempts which have been made to render this
escapement isochronal fave all proved futile. But we
shall speak further on this subject in our chapter on
Escapements,

Berthoud seems to attribute the wearing of the pallets
golely to the communication of the thick oil to this part of
the escapement, without taking the quality of the brass em-
ployed in the wheels at all into account; yet no observing
eye can have failed to perceive that this is the principal
cause, and that if the wheels are made of good brass, the
friction will have little or no effect on them.

Yet the verge or balance-wheel watches should not be
utterly proscribed for several reasons. In the first place,
they are more easily made and repaired by ordinary work-
men ; secondly, they are of a much lower price, and con-
sequently within the reach of those who ‘do not care for
extreme accuracy in a watch; and thirdly, they do not
require as frequent attention as watches with dead-beat
escapements, which need fresh oil often. For the balance-
wheel watches as improved by Berthoud, see Plate L
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Common Balance-wheel Walches.

Figures 1 and 2 represent the caliber. To trace this, take
a piece of brass, a line in thickness and a little smaller
than is required for the caliber, forge this ca.refully until
it is reduced to one-half its ongmal thickness, and is about
nineteen lines in breadth. After smoothing both surfaces
with the file, and after removing all the strokes of the
rough file with the smooth one, pierce a small hole in the
middle, exactly perpendicular to the surface of the plate,
with a spring compass; trace the circle of a radius of 94
lines, then fix it with sealing-wax upon an arbor, taking care
to place it as truly as possible upon the lathe; this can
easily be done by heating the caliber by means of a blow-
-pipe and the flame of a candle. Then profit by the heat
imparted to the brass plate to adjust it properly, by lightly
pressing against its surface a piece of wood, held firmly on
the rest of the lathe, while the mandrel is turned by the
drill-bow. It is then left to cool in its place, still turning
the drill-bow. When the caliber is quite cold, it may be
turned on its edge to reduce the circle to nineteen lines in
diameter, which is the dimension required for the large
pillar-plate. Care must be taken that the outline of this
circle be cylindrical instead of conical. Then, with the
burin, give to both surfaces, and the edge, strokes extend-
ing across them, or rather, somewhat bevelling; remove
the plate from the mandrel and warm it slightly with the
blow-pipe ; and finally, file off both surfaces upon a cork
cylinder, so as to level down the strokes which have been
given it, without removing them entirely, even of the
smooth file, these are afterwards effaced with water-stone.
An equal thickness is thus given to the plate.

It now only remains to trace the position and dimensions
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of the wheels and necessary pieces upon the two surfaces.
A great degree of skill is required to do this from memory,
and artisans generally copy the best executed works in
their possession.

Upon one of the surfaces of the caliber trace all the
pieces belonging to the interior of the watch, and those
which are to be placed on the small pillar-plate; and upon
the other surface, those which belong beneath the dial.
The centre of all the wheels, as well as of the balance,
should be pierced with small holes, perpendicular to the
surface og the pillar-plate. In our description of the man-
ner of copying a caliber, we shall also show the method of
marking it.

Figures 1 and 2, PL I., represent the two surfaces of the
caliber. Figure 1 shows the interior of the frame and the
upper part of the small pillar-plate; Figure 2 shows the
arrangement of the pieces which are placed on the large
pillar-plate beneath the dial.

Place the caliber to be copied upon the plate which has
been already prepared, placing the holes which are in the
centre of each together, and carefully passing a brass pin
through both in order to secure them from any change of
position, then press the two plates together with pincers,
first wrapping a scrap of paper about the pieces so that the
pincers may not injure them. Care should be taken to
place the blades of the pincers in such a position that they
will not cover any of the holes that are to be pierced.

Having pierced the holes with a small drill, and separated
the plates, trace the circles with the utmost care. For this
use the burin or watchmaker’s compass, holding the points
exactly perpendlcu.lar to the surface to be traced.

The barrel, a, is placed at the side of the fusee, b; the
spring is better 80 because it is larger, and the barrel being

“higher, it is less apt to vibrate on its axis.
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The large centre-wheel, ¢, is at the centre; the small
centre-wheel, d, and the contrate-wheel, f, are traced after-
wards. From the centre of the balance, g, to the centre of
the crown-wheel, £, the straight line, ¢, is drawn, which in-
dicates the position of the pinion of the balance-wheel.
From the same centre of the balance, g, the straight line,
t h, is drawn, perpendicular to the line, ¢ £ This line, ¢ 4,
represents the front of the potance, which should occupy
the whole space between this line and the barrel, with a
slight play for the passage of the chain. This is all that
belongs to the interior of the frame.

The other pieces traced upon the caliber are—first, the
bridge of the fusee, m; second, the rack groove, n; and
third, the rosette, o.

The other surface (Fig. 2) shows the pieces which are
under the dial; first, the canon-pinion that carries the
minute-hand, p; second, the minute-wheel, ¢, with its
bridge; third, the hour-wheel, r; fourth, the bridge, s,
which receives the pivots of the small centre-wheel and
contrate-wheel ; fifth, the ratchet-wheel of the barrel, ¢
which serves to confine the mainspring, and to secure it
by the click, v ; sixth, the holes 1, 2, 8, 4, which mark the
rests of the pillars.

Before describing the manipulations which should be
employed in the execution of all the pieces composing this
watch, it is important that we show the advantages pos-
sessed by this caliber. From Figure 8, in which Berthoud
has placed all the parts on the same right line, and the
pillar-plates of which are intersected by the centre of the
holes, we may easily do this.

The large pillar-plate, or plate of the pillars A A, is made
from thick brass. Around it is arranged a beater or false-
plate, @ @, and a groove and fillet, b b, s0 that it may rest
on the edge of the case. In the centre, at the side of
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the beater, the large drop, ¢ ¢, is placed, the use of which
we shall presently learn. This pillar-plate should be
about one line in thickness, the smaller one is somewhat
thinner.

A cavity with a flat bottom is then made by means of
the lathe in the centre of the large pillar-plate, to contain
the entire thickness of the centre wheel, B, leaving a small
space so that it may not rub against the cavity in the plate.
The drop, ¢ ¢, of which we have spoken, holds the base of
the arbor of the centre-wheel, to which a short plate is left,
designed to carry off from» the wheel and centre pinion the
oil which is placed in a reservoir made in this drop on the
side of the dial.

The centre-wheel, B, thus resting in the body of the
plate, facilitates the support of the fusee, C, with its wheel,
and thus gives greater solidity to the chain. The barrel, D,
which is placed at the side of the great wheel, also reaches
to the top of the frame, and a spring is thus obtained
whose spring-band is broader, and consequently, stronger
and more solid, although thinner. *

To obtain for the fusee, C, the advantage of the drop in
the centre-wheel, namely, that of carrying off the oil from
the base, M. Berthoud proposes to place a drop, d, at the
opening of the fusee-hole in the large pillar-plate, with a
cavity resembling that of the centre-wheel. To obtain a
similar drain from the upper pivot, he places a strong
bridge, f; upon the small pillar-plate which receives the
pivot; this bridge is fastened with a screw.

By the aid of the bridge, #, which the author has placed
under the dial, giving it as much elevation as the position
will permit, he has facilitated an inereased length of the lower
arbors of the small centre-wheel, E, and contrate-wheel, F,
and by placing the plane of the small centre-wheel between
those of the large centre and the crown wheel, he has

1*
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resolved an important problem of mechanism. He thus
arranges these three wheels in such a manner that the pres-
sure which each exerts upon its respective pinion is nearly
at the centre of the length of the arbors between the two
pivots. By this method, the friction is equally distributed
between these two pivots.

Before this happy arrangement was made, the small
centre-wheel was sunk in the large pillar-plate, its lower
pivot being carried with scarcely any arbor in a cap which
crossed the cavity; and the large centre-wheel was placed
upon the large pillar-plate with no grooving; this lessened
the base for the fusee and barrel. The pinions of the large
and small centre-wheels were rarely sheltered from the oil
which their leaves contained. This was also the case with
the wheel ¢ (Fig. 2), which, rubbing against the large pil-
lar-plate, often took the oil placed upon the large centre-
wheel and accelerated the friction of the machine.

In the new construction (Fig. 8), the pinion that holds
the minute-hand, g, being elevated on account of the drop
¢, ¢, thus causes the like elevation of the wheel, ¢; the
pinion of this has a longer rod whose pivot turns in the
pillar-plate, its other pivot entering the bridge, C.

By placing the rod, m, of the balance-wheel perpendicular
to the rod of the wheel F, a double advantage is gained, as
we thus obtain a shorter and more easily turned rod, and a
more perfect gearing than when this rod passes by the side
of the rod of the crown-wheel and ends at the edge of the
small pillar-plate.

The author has also improved the two pieces in which the
two pivots of the balance-verge move. The lower pivot
moves, as before, in the arm’of the potence, and its point
rests on a plate of tempered and polished steel. A small
plate is placed upon the lower foot to carry off the oil. Above
the cock is placed a balance-cock of brass, which should
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be as thick as the case will permit, as may be seen in P,
and upon this is another balance-cock of tempered and
polished steel. These two balance-cocks are fastened to-
gether by the same screw, the brass balance-cock being
more firmly secured to the bridge by two chicks which pre-
vent it from turning. In order to turn the oil towards the
two pivots, the arm of the potence and the brass balance-
cock are rounded by a screw with a round head, on the
side of the steel plates, care being taken to leave a small
space between“this screw and the steel plate to permit the
passage of the oil. In this manner the oilis drawn towards
the end of the pivots without extravasation. We shall pre-
sently speak of the potence.

In the old construction, the upper pivot turned in the
cock, and the verge had no plate ; the oil therefore was soon
dried up by spreading over the whole surface of the balance-
cock. In the new arrangement, a long rod is given, as may
be seen in p, which often preserves this pivot from break-
ing; care should be taken to have the aperture of the cock
as small as possible, without letting the rod rub against its
- interior. This construction also possesses another advan-
tage,—that of preserving the balance-wheel from injury—
since, if the aperture of the cock is small enough, it holds
the verge in its place, and the train cannot move if the
upper pivot is broken by a fall.

‘We shall not speak here of the construction of wheels or
pinions, nor of the barrel and escapement, as we have
devoted several chapters, in another part of the book, to this
important subject. We shall limit ourselves now to the
description of the fusee, as invented by Ferdinand Berthoud.

Figure 4 represents the fusee-arbor in profile and per-
spective. This arbor is made of steel, and is forged from a
single piece. The arbor is commonly soldered to the fusee
with tin, but the method is defective, as these fusees are apt
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to break away. The following arrangement is preferable,
and also possesses the advantage of permitting the fusee to
be renewed without difficulty, yet preserving the arbor.
After having turned the rod g, to its proper dimension, it is
fitted closely in the hole in the centre of the fusee B (Fig. b),
which represents the top of the fusee; a cavity is then made
1n the upper part of the fusee, into which the body of the hook
is sunk, while the hook itself enters the notch b. The arbor
is joined to the fusee by means of a screw, so that it cannot
turn separately ; this screw confines the arbdk to the cavity.

The click and spring-work is lodged in the base of the
fusee to give it the greatest possible size; for this the base
C C (Fig. 6), seen from beneath, is grooved with two inden-
tations; in the first, @ a, rests the click-spring and the
ratchet-wheel, carried by the great wheel, D D (Fig. 7); in
the second, b b, is closely fitted the flange, ¢ ¢, of the cog-
wheel E, seen flat and raised (Fig. 8). The teeth of the
cog-wheel are placed on the first grooving, a a (Fig. 6).
This cog-wheel, seen in profile (Fig. 8), has two pins, 1, 2,
which enter the holes b b (Fig. 6). Thus, the cog-wheel is
impelled by the fusee, and rests upon the bottom of its
grooving, being held there by the great wheel. This wheel,
DD, is held against the base of the fusee by a piece of steel,
F (Fig. 9), which is termed a drop. This piece rests in a
funnel-shaped cavity, sunk in the centre of the great wheel ;
it is for this that the drop, d d, is reserved, resting in the
space in the cog-wheel E (Fig. 8). The piece 1, ¢ S (Fig. 1)
is the click-spring, which is riveted on the wheel with brass
pins; g is the click.

Figures 10 and 11 show the arrangement of the different
pieces of this watch in the interior of the frame, Fig. 10
shows all the pieces without the pillar-plate, which is re-
preseuted reversed, that is as seen from beneath when it
covers the large plate. The same letters indicate the same
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pieces seen in Fig. 8, but arranged in the order in whick
they are placed in the watch.

In Figure 10, we see in B the head of the regulating-plate
with “the hinge S, the crown-wheel, consequently, is placed
on the diameter indicated on the dial by the figures 12-6,
being placed above the figure 6.

In Figure 11, we see the potence, H, which we shall here-
after .describe; the balance-wheel, G whose inner pivot
enters the slide; the counter-potence, n, with the screw
that fastens it to the pillar-plate, and the steel plate against
which its outer pivot revolves. We also see the chain.
guard, 7, with its spring, s; the outline of the barrel, the
chain and hook of the fusee, dotted and representing the
system of the stop-work of the fusee.

We shall now give the number of teeth of wheels and
leaves of pinions, which Berthoud has prescribed for watches.

Common Waiches.

Teath of Leaves of Revolutions

Wheel. Pinion, per hour.
Great wheel . . . .
Large centre-wheel . . 60\12 O |
Small centre-wheel , . . 48— ——§ . . 10
Contrate-wheel . . . . 45—_—~—6 . . 80
Balancowheel . . . . 13 6 . . 600

The inclined lines which connect the figures in the pre-
ceding and following examples, indicate the pmlons into
which the corresponding wheels work, thus causing their
revolutions.

The balance-wheel, as we see here, makes six hundred
revolutions per hour, while the large centre-wheel makes
but one in the same time. But as the balance-wheel has
thirteen teeth, and as each tooth produces two vibrations,
by mu1t1ply1ng six hundred by twenty-six, or twice thirteen,
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we obtain for a product 15,600, which is the number of .
vibrations which the balance beats in an hour. Experience
has proved that a watch which beats from 17,800 to 17,400
vibrations goes with the most regularity, and is the most
easily regulated. This rule is now practised.

Common Second- Waiches.

Berthoud, in the arrangement of his caliber, intended to
suit it either to common or second-watches as he declares,
and as may be seen from the caliber, Fig. 1, and the dispo-
sition of the pieces, Fig. 10. We see in the caliber the dia-
meter, , s, which indicates the line of the hours 12 and 6;
12 at r, and 6ats. In this construction it is only necessary
to change the number of the teeth of the wheels and the
leaves of the pinions thus:

Teeth of Leaves of Revolutions

Wheel. Pinion. per hour.
Great wheel . . . . 64
Large centrewheel . . . 60_——_13 . 1
Small centre-wheel . . . 48_—_38 . R §
Contratewheel . . . . 48__—6 . . 60
Balancewheel . . . . 16 =5 . . 480}

The balance-wheel has fifteen teeth, thus giving thirty
vibrations to the balance in each revolution, and conse-
quently 14,400 vibrations per hour, or four per second. By
lengthening the pivot of the crown-wheel which makes
sixty revolutions per hour, or one per minute, and placing
a slender hand upon this pivot, this hand will mark the
seconds, divided into fourths, upon a small dial traced above
the figure 6. The fifty-four teeth of the great wheel, as
recommended by Berthoud, work into a pinion of twelve,
and necessitate six.and a half turns of the main-spring
around the fusee for the watch to run thirty hours without
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winding, as is the general custom. This arrangement has
not been sanctioned by most clock-makers; they give sixty
teeth to the great wheel and ten leaves to the pinion of the
large centre-wheel. This combination, which does not
change the caliber, gives but five turns round the fusee,
while the watch runs thirty hours.

The description of new watches which we shall give, after
describing the potence invented by Berthoud, will be suf-
ficient to show the manipulations employed by good work-
men in the execution of these ingenious machines.

The Potence—We owe to Ferdinand Berthoud the per-
fection of this piece, which is important on account of its
function of receiving the three principal pivots of the
escapement. He gives the following description :

“The potence, C, is seen in profile in Fig. 12; dd is the
grooving made to receive the slide or potence D (Fig. 18).
The adjusting-screw, e, enters into the hole tapped in the
potence parallel to the course of the slide. The part g of
this screw enters into the notch % of the slide D (Fig. 13).
This, therefore, is only moved in the grooving of the po-
tence as the adjusting-screw is turned. This movement of
the potence is necessary in order properly to adjust the
watch in its beat. To' confine the slide to the grooving,
d d, of the potence, the latter is perforated at %, and a
screw inserted whose head rests on the slide, and the hole
b, through which the screw passes, is lengthened to prevent
it from checking the movement of the slide. The plate E
is of steel; it is fastened by a screw to the top of the po-
tence to receive the end of the pivot of the balance-verge
which revolves in the foot, £, of the potence. This foot is
rounded off on the top with a round-headed screw to retain
the oil of the pivot between the spherical part and the plate
E. The chicks 1, 2 of the potence fit closely into the holes
of the small pillar-plate. To prevent the oil which is put on
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the inner pivot of the balance-wheel from being carried
past the pallet, Leroi has conceived the idea of covering
this hole with the steel plate F (Fig. 18), which meets the
nose and is secured to it by the screw which fastens it.
The end of the pivot of the balance-wheel revolves on this
plate. To secure the simultaneous movement of the steel
pallet and the nose of the potence, the latter bears the pin
n, which enters a hole in the steel plate.

“The potence, m, is rounded off at the back by a round-
headed screw in order to retain the oil of this pivot. We
see in G (Fig. 18) the steel plate joined to the nose. The
credit of this excellent method of confining the oil to the
pivots is due to Mesars. Sully and Leroi.”

TL.—BREGUET WATCHES.

The Breguet system of watches differs essentially from
those we have just described, first, in the caliber, and
seoond, because the large pillar-plate, without pillars, alone
is used, the small pillar-plate being replaced by bridges.
The fusee movement is not employed, and the escapement
18 usually a cylinder of Breguet’s own invention.

The watches called demi-Breguet are constructed on
the same caliber, the only difference being in the form of
the bridge which supports the barrel. We shall first
descnl?e the dems-Breguet watch, and afterwards speak of
the bridge which we have just mentioned. R

Figure 15, PL 1, shows the caliber in its natural size.
We see at A the barrel, which has eighty teeth; at'B, the
}3-1'89 centre-wheel, with sixty-four teeth and a pinion of ten
caves; the small centre-wheel, C, has sixty teeth, with a
pinion of eight leaves; the contrate-wheel, D, also has sixty
tectb, and its pinion eight leaves; the cylinder-wheel, K,
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has fifteen teeth, with a pinion of six leaves. We see at
F the dimension of the balance. It may easily be seen that
this watch beats 18,000 strokes in an hour.

Figure 1, PL 2, shows this system on a larger scale than
the caliber (Fig. 15, PL 1), in order to point out more clearly
all the parts of the watch. The movement here is seen
upon the surface of the pillar-plate, opposite the dial,
because, as we have already said, there is but one pillar-
plate in this kind of watch. The pillar-plate, “A, has a
small base around its edge by which it rests on the case,
to which it is fastened by several screw-keys.

The barrel B, of which we see but a part, the rest
being hidden by the bridge C C, carries eighty teeth on its
rim. The bridge C C, is fastened upon the pillar-plate, A,
by two strong screws, a a, and two chicks. We see on
this bridge a steel ratchet-wheel, b; with a click, ¢, and
moving upon a screw, is constantly impelled against
the teeth of the rachet-wheel by the spring, d, which is
fastened to the bridge by a screw and chick. These
two last pieces are also of steel. The three screws which
we see on the ratchet-wheel around the centre, are not
tapped into the bridge, as might be supposed from an
inspection of the plate, but are screwed into the base of the
arbor, for otherwise they could not turn; they serve to
join it to the barrel-arbor, which winds the main-spring and
bolds it by the click and spring-work, so that it may not
fall back. It is in the adjustment of the pieces which
compose the barrel-arbor, the click and spring-work, and
the form of the bridge, C C, that the Breguet watches differ
from the dems-Breguet, of which we are now speaking; we
