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To all whom L may conecern:

Be it known that I, VicTor PoPpp, of Paris,
I'rance, have mvented certain Improvemnents
in Pneumatlc Clocks and Means for Operating
the Same, of which improvements the follow-
ing is a specification.

This invention relates to apparatus for dis-

tributing the compressedair to the clocks and
for operating the latter, and also to certain im-
provements in the clocks themselves. |

In the system on which the present inven-
tion is intended as animprovement the air un-

der pressure is, by devices under the control

of a regulator,allowed toflow into one or more
pipes, by whiech it 1s conveyed to the clock or
cloeks. This inflow of compressed air being
L&llbﬁ‘d to take place at definite intervals, usu-

ally every minute,advancesregularly the hands

on the dials, and thus distributes the time.

The renulatm is reduced to the role of a dis-
tmbuter_ merely,and doesnot, as in some earlier

systems, act itself to force the air through the

pipes, There are therefore two distinet opera-

tions—namely, the preliminary compression of
the air into a suitable reservoir, and the trans-
mission. of this ailr through the net-work of

pipes by opening stop-cocks or valves at proper
intervals through the medium of a regulator or
coverning clock. These general principies are
retained in the improved system; but in the
latter new or improved apparatus 1s employed
in order that the operation may be more cer-

tain and efficient. _
. Inorder that theinvention and the manner of
carrying the same into effect may be fully nn-

derstood, it willnow be described in connection

withtheaccompanying drawings, which form a

part of this specification, andin which the same

letters indicatelike parts wherever they oceur.
IFigure 1 is a view in elevation, partly in see-

tion, of thedistributing-reservoir and pressure-

regulator theretor; Ifig. 2, a similar view ot

1otor- bellowafor operating a clock pneumati-
cally ; Figs. 3 and 4, an elevation and plan,
respectively 3 of a small pnenmatic clock-move-
ment; Fig. 5, an elevation of a larger move-
ment adapted to prevent unauthorized advane-
ing of the hands; Figs. 6 and 7, an elevation,

i has acted on UlL clocks:

with eacl: other.

a jointed rod with an arm

| partly in section, and a horizontal section, re-

spectively, of balanced slide-vaive and inclos-
ing-box for admitting the compressed alr into
the distributing-pipes and releasing 1t after it
: IFig. 8, a view 1n ele-
vation of an ﬂppm‘atus for distributing the
compressed alr among a number of branches;
Figs. 9 and 10, an elevation and section of an
electric signaling apparatus to indicate excess
or loss of pressure in the pipes, and Iig. 1l a
diagram of the general arrangement 0{ partb
in a system. Iigs.12 and 13 ll]llbtlfltb, 01e 11

elevation and the other in section, two {forms

of apparatus for controlling the distribution

of compressed air by lifting or puppet valves.
I'ig. 14 is a detail sectional view.
Distributing-reservoir and pressure-requlaior,
FFig. 1.—The reservoir A receives by the pipe
B the compressed air {rom the high-pressure
reservoirs, Theairtakesthe follomn O CONrse:

From the pipe C it passesinto the 1}1p@ L to the

three-way cock If, closed for the pipe D, but
putting the pipes T and B in communication
Irom pipe D the alr passes
through the three-way cock G, which 1s open,
thence through pipes H and If by three-way
cock 1., and then descends the pipe 1%, which
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is closed at its opposite end, but with whiebh 1s

connected the pipe ¥. This is in communica-
tion by the cock I& with pipe B. This last-
named pipe conveys, as stated, the air into the
reservoir A, Between pipes Hand J and cock
(G are regulating-cocks I’ J’, which are closed

when the reservoir A contains air at the nor-.

mal pressure—1.7 atmospheres. Thereservolr
A is in eommunication, by the tube « and the
three-way cock 0, with Ewo manometers, M M/,

MThese are (,onnutul with each other fmd form

a pressure-reguiator, They are each composed
of a lower chamber, with which is connected
a monometrictube, and an upper chamber con-

nected with the lower by apipe, which extends

neariy te the boftom of thelatter. I the up-
per chamber is a float, which 1s conneeted by

the valves I’ J’. The manometers contain

mercury, which, by the pressure of the air in
| the reservoir A, conveyed through the pipe «,

for operating one of
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is foreced upward from the lower into the up-
per chamber, and, when the pressure in said
reservoeir is at the normal point, lifts the tloat
in said apper chamber, so as to close the regu-
latinu-cocks H/ J/. When, however, the press-
nre in the reservoir A decreases, the mercury
returns to the lower chambers, the floats de-
scend, and the regulating-cocks areopen until
the pressure 1s restored in the reservoir.
Reservoir A is also provided with a manome-
ter, ¢, a pipe, N, whereby it may be directly
connected with the high-pressure reservolr
when necessary, and two pipes, I’, which con-
duct the air to the distributing-valves, whence
it passes into the system of distributing-pipes.

dMotoy - bellows jfor clocks, If1g. 2.-=This is
formed, as will be readily seen from the draw-

ings, of annalar-shaped pieces of leather-like

wasbers connected at their edges, which are
inclosed by rings of copper or other suitable
metal. At 1ts lower end 1s a copper disk,
through which the pipe for conveying the ¢om-
pressed air is in communication with the inte-
rior of the bellows. At the top is a disk,
which pushes against the bar for operating the
clock.

Clock - movements, Ifigs. 3, 4, and 5.—The
compressed air, coming from the distributing-
pipe, enters the cylinder d, in which works a
piston, (or which serves as a guide to a bellows
like that shown in Ifig, 2.) The rod of this pis-
ton acts on lever ¢, which carries a pawl, /, en-
caging with the ratchet-disk, which has sixty
teeth, and npon the axis of which 1s fixed the
minute - hand., Lvery time the compressed
air enters the cylinder d, or the bellows, the
ratchet - disk 1s advanced one tooth and ad-
vanens the minute-hand, Stop-pawl o main-
tains the rachet-disk in the position itn which
it has been placed. The pawls f and /& are
pressed against the ratchet by the counter-
weights /7 and A/, DMoreover the axis of the
ratchet carries a toothed wheel,which engages
with another wheel, j, of the same diameter, on
the axis of which is fixed a pinion, &, that com-
mands the wheel [, carrying the hour- hand,
In the case of large c¢locks an evil-disposed
person will be tempted to put forward the
minute-hand, and 1n order to avoid this difii-
culty the mechanism shown in Ifig. 5 i1s adopt-
The vertical arm m, attached to or made
integral with the operating-lever ¢, carries at
its upper part a projection, n#, which, in the
normal position—tihat is to say, when the pis-
ton or top of the bellows is in 1ts lowest posi-

tion—{fits into a noteh provided for the purpose

in the stop-pawl h. In this position it is 1m-

possible to turn the wheel with sixty teeth, or,

consequently,the minate-hand. Vhen the bel-
iows 1s filled or the piston raised the lever ¢1s
also lifted and withdraws the arm m, and con-
sequently allows the pawl 4 to move and per-
mit a tooth to pass. The stop ¢, fixed to the
plate supporting the movement, and arranged
s0 that the counter-weighted arm of the pawl

f strikes against it, can alsc be used to pre-

BYS, 7oL

vent nnauthorized advancement of the minute-
hand.

Balanced slide - valve, Iigs. 6 and 7.—The

compressed air, coming from the distributing- 7o

reservoir by the pipe P, enters the box () by
the orifice R. This box is provided with an
orifice, S, through which air passes into the

distribating-pipes, and an escape-opening, L.

When the valve U is in the normal position 45

which is represented in the drawing, the dis-
tributing-orifice S and the escape-opening I
are in communication with each other, and the
air in the distributing - pipes 1s at the same
pressure as the surrounding atmosphere.
the proper time the regulating-clock acts npon
the valve-rod by means of the jointed rod V
and lever X, and places the valve in such po-
sition that communication between the orifices

S and T is cut off and the inlet-opening R is 83

in communication with the distributing-orifice
S. The eompressed air then passes through
the distributing-pipes and acts to advance the
minute-hands of the varions clocks. The slide-

orifices 5 and T are put in commuication with
each other, and the compressed alr eseapes
from the distributing-pipes. In order to di-
minish the pressure ‘of the vaive on its face,

it 1s construected in the following manner: 035

On the outer side of the valve 1s a cylinder,
U/, in which works the piston U? Therod Y
of this piston carries the roller Y/, which travels
on the bar 7, solidly fastened 1n the interior of
the valve-box.
the valve againstits face-bearing 1s transferred
in great part into the pressure of the roller Y/
on the bar Z. In fact, the pressure of the valve
on its face 1s no more than that which results

At 85

| valve is then restored to its first position, the ¢ |

The pressure tending to foree (e ‘

from the pressure of the airon itsownsuarface rcg

diminished by that of the piston—that 1s to
say, it is reduced to about one-fifth of what 1t
would be 1f the valve were not balanced by
the means indicated.,

Apparatus for controlling the distribution of 110

compressed azrr by Uifting or puppet valves, K¥igs.
12,13, and 14.—Instead of the slide-valve just
described, distributing apparatus with lifting
or puppet valves can be employed. This 18

made at the same tine to serve as a starting- rrg

point for a number of branch distributing-
pipes, which are at definite 1ntervals put 1n

comniunication with a common compressed:
Inthedrawings two dispositions

all recejver,

of realizing this systemare represented. T'hese 120

are alike so far as the construction of the valve
mechanism and distributing apparatas 1s ¢on-
cerned. They differ in the mechanism for con-
veying the action of the regulating-clock. An

essential featnre of both apparatus is a bav 1

carrying at the lower part a valve for putting
the distributing-chamber in communication
with the ecompressed-air receiver, and at 1ts
upper part a number of valves whose function
is to open or close the discharge-pipes.

Ifig. 12 the operation of the valves is effected
by means of compressed alr aeting upon an

2
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arrangement of bellows and controlled by the [ R/ through an eccentric-rod and lever-arm, put

regulating:clock. In Fig. 13 the operation of
the valve is effected directly by the clock itself.

Referring more particularly to thislast-named |

figure, the compressed airenters the apparatus
by the pipe A/, put in communication with the
distributing-reservoir A by the cock B’ and
pipe P’. This cock is operated by worm-gear-
ing U/ C? turned by a hand-wheel, C3, for put-
ting the system in operation or stopping it.
From the pipe P the air enters the receiver D/,
having at 1ts upper part the seat I¥/ of the
valve K/, At every minute the valve ismoved
by the bar or rod G’, to which are fixed the
counter-weights H’/. The fall of these weights
produces a sudden opening of the valve I,
The valve-rod G’ is jointed at its upper part
to a lever, J/, controlled by the elock., Nor-
mally the lever J// is engaged. At the proper
moment—that 1s to say, atevery minute—it is
tripped by the clock, the valve [/ is suddenly
opened, and the compressed-air receiver 1)/ is
put in communication with the distributing-
chamber K’. This ¢chamber is provided with
passages 1./, connected with different distribut-
ing-pipes. The air then enters the distribut-
ing-pipes and acts upon the various clocks,
and a few seconds afterward a discharge takes
place. Ior this parpose the chamber K’ is
provided with discharge-passages L. These

are in number equal to those marked 1/, and

are closed by means of valves M. These
valves are tixed to the bar G’ and disposed in
snch manner that the discharge-passages are
closed at the same mowment that the valve I/
1s opened. When the cloek acts upon the bar
G’ by weans of lever J// to close the valve F’
the valves M’ are removed from their seats
and the distributing-pipes in comwmunication
with the passages L/ are put in communica-
tion with the outer air throngh the distribut-
ing-chamber and discharge-passages L,

In theapparatus just described the closing of
valve K/ 1s effected by the clock itself through
the medinm of the lever J//, on which it acts di-
rectly; but in order to avoid the ineconvenience
which arises from this disposition—an incon-
venlence which consists principally in that the

t

clock must be made to support the shock result- |

Ing from the sudden fall of the counter-weights
H''and transmitted toit byleverJ”—the dispo-
sition represented in IFig, 12 isemployed. In
this the valve-rod G’ is jointed to the ¢ross-
piece G/, earrying two counter-weights H” and
sustained at a suitable height by shoulders #/
of two levers, N/, pressed outward by springs
N7, of which one onlyisshown, At the proper
momentthelevers N/aremoved ontward by the
ciock throagh the medium of .rods N/ and ec-
centrics O, The shoulders #/ no longer sus-

tainthecross-piece G, and the counter-weights
H' fall, carrying with them the valve I/ and
valves M, thuas putting in communieation the
compressed-airreceiverand distributing-cham-
berand closing the discharge-passages. Other
eccentrics, P/, operating the three-way cocks

in communication, by the passages »/ ¥2, the
chamber K’ with two bellows, S/, of which the
rods S lift the cross-piece G’/, so as to close
the valve I/ and open the discharge-passages.
The ecross-piece G’/ is then engaged by the
levers N/, the cocks R’ (see the horizontal sec-
tion, I'ig. 14) pnt in communication the pas-
sages 1 with the atmosphere, and the bellows
then collapse,in order to actanew on the cross-
plece '/ the next minute.

Apparatus for distributing the compressed aiv
between a nuwmber of branches, Fig. S.—The
compressed alr from the slide-valve or puppet-
valve distributer arrives by the passage m in
box 9, which may be of cast-iron or other suit-
able material.  With this box are connected
a number of pipes provided with coeks o and
branched beyond said cocks, as shown at p,
each of the branches being provided with «a
separate cock or valve, q. These pipes p serve
to convey the compressed air to the various
clocks. |

Llectrie signaling apparatus, Figs., 9 and

10.—This 1s composed of a glass vessel, », in

which descends a tube of the same material, s.
The vessel » contains mercury, and is in com-
muanication with a distributing-pipe by the
cock £ and tube w. One of the poles of the
electric battery is in communication with the
vessel by meansof wire v, which plunges into
the mercury therein eontained. In the upper
part of the tube s is the platinum point &, con-
nected throngh the coils of the electric bell
with the other pole of the battery. Iu the
vessel v 1s another platinum point, 2/, also con-
nected with the bell and same pole of battery
as x.  When the distributing-pipe is in com-

munication with the compressed-air receiver

the pressure in this receiver is transmitted to
the mercury of the signaling apparatus and
causes 1t to ascend the tube s. When, on the
contrary, the distributing-pipe is in commuani-
cation with the external air, the mercary inthe
tube s descends into the vessel ». In the nor-
mal operation the mereury does not ascend in
the tube s far enough to make eontact with x,
nordoes it descend into the vessel » sufficiently
to make contact with the point /. If, how-
ever, the pressure in the distributing-pipe be-
comes too great, the mercury mounts higher in
the tube s, and, by making contact with the
platinum point x, causes the bell to ring and
annotnce that the operation is not proceeding
properly. 1f, on the other hand, the distrib-
uting-pipe should become broken from any
cause, the mercury in the column s wounld de-
scend continuously and fill the vessel », so as
to make contact with the point @/, and thus
ring the bell.. At the upper part of the tube
$1s a cap,y. (See Fig,10.) The platinum
point x passes through a stoffing-box. Be-
sides the opening for the rod x, there are in the
cap ¥y two openings, ¥ ¥* In the first is a
serew forming an obstruction and arranged to
close more or less completely the opening 9/,
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g0 as to allow to the external air a passage

more or less free, and thus regulate the de-
scent of the mercuryin the tubes.

should be so adjusted that the mercury as-
cends and deseends once a minute, the ascent
corresponding to the pressure in the distrib-
uting-pipes and the descent to its escapement,

1In the second opening, ¥%, is a spring-valve, &/,

which allows the air contained in the tube s
to escape readily when the mercary ascends—
that is to say, during the time of the pressure
in the distributing-pipes. The raising of this
valve is regulated by the screw 2% It will be
seen, therefore, that if the distributing-pipes
should be broken the mercury would continue
to descend the tube s, because the external
air could always enter the tube by the open-
ing 4/, and the mercury would seek the same
level as in the vessel #, whereas while the
distribonting-pipe remains whole suflicient time
wounld not be allowed for the mercury to de-
scend entirely into the vessel » or sufficiently

‘to make contact with the platinum point 2.

General arrangement of the system, If1g. 11.—
The air from the pumps 1 passes into the high-
pressure reservoirs 2 3. IBach of the pipes from
the pumpsis incommunication with both reser-
voirs by means of pipes 3, provided with three-
way cocks 4. A pipe,6, provided with cocks 54
39, also connects the two reservoirs. Witha
second pipe, 7, is connected a pipe, S, which

itself may be put in commanication with the

interior of reservoir A by means of cross-pipe
and cocks 9, 10, and 11, 9 being a three-way
coek. With thecross-pipe are connected pipes
12 13, which lead te slide-valves 14 15, Ifrom
these valves pipes 16 17 extend to the distrib-
nting apparatus 18, by whieh the air is divided
among a nwnber of branches, With one ol
these branches the signaling apparatus 1s
shown connected. The slide-valves are cons-
trolled by regulating-clocks placed at 19. The
air from the two reservoirs 2 3 can be and1s
nsually carried by pipes 20 21, three- way
cocks 22, regulating-cocks 29 30, controiled
by the two manometers forming the pressure-
regulator, and thence by pipes 45 46, three-way
cock 28, pipe 44, cock 31, and pipe 25 into res-
ervoir A. T'wo other pipes, 24 25, can be made
to put the reservoirs 2 3 into direct commu-
nication with reservoir A, the first directly by
pipe 26, the second through pipe 27 and press-
ure-regulating apparatus. |

The operation is as follows, the reservoir A
serving as the distributer, and reservoirs 2 3
receiving the air from pumps 1: Cocks o4 and
39 of pipe 6 are open, putting the reservoirs
2 3 in communication with each other. Cock
9 at reservoir A is then shut. Cocks 37 and
42 of pipe 21 are open, and the compressed air
passes into reservoir A by cocks 37 42, pipes
21 20, cock 22, regulating-cocks 20 50, pipes
45 46, cock 28, pipe 44, (cocks 38 and 43 being
closed,) cock 31, and pipe 23. Cocks 35, 40,

36, 41, and 9 are shut, and reservoir A 1s now
in communication with reservoirs 2 3 through

The screw |

the pressure-regulator. Irom reservoir A the

compressed air passes, through the cocks 10
11, pipes 12 13, into the boxes of slide-valves
14 15, If it should be desired to make one of

the reservoirs 2 or 3 serve as a distributer,
(suppose 3, forexample,) 1t would be necessary
to put this reservoir in communication with
pipes12and13,which extendtotheslide-valves.
This would be accomplished by closing the
cock 35 and opening cock 40 of pipe 7, clos-
ing cocks 10 and 11, and opening cock 9. It
would also be necessary to put the reservoilr
3 in communication with the pressure-regu-
lator, which would be accomplished by clos-
ing cock 42 of pipe 21, opening cock 37, clos-

ing cocks 31 38, and opening 43 of pipe 20.

It is evident that it would be necessary, by
means of cock 4, to break the communication
of the pumps with reservoir 3 and to close
cocks 34 and 39 of pipe 6. The air would then
take the following course: reservoir 2, cock
37, pipe 21, pipe 20, cocks 22 30 20, pipes 4
46, cock 28, pipes 27 25, and cock 43 to reser-
voir 3, thence by cock 40, pipe 7, (cock 35 be-
ing closed,) pipe 8, cock 9, pipes 12 13, and
slide-valves 14 15, (cocks 10 and 11 belng
closed.)

Moreover, by openingand closing the proper

cocks the reservoir A might be made to serve
as a high-pressure reservoir, and might be
put in communication with one or the other
of reservoirs 2 3, the second of said reservoirs
serving as a distributer.

It is obvious that various modifications may
be made in the construction and disposition of
the several parts in their forms, materials, and
dimensions without departing from the spirit
of this invention. In place of an electric bell,
other signaling indicator or signaling devices
could be used.

Having thus explained the said invention,
and the maunner of carrying the same 1nto ef-
feet, what I c¢laim 1s

1. A pneumatic-clock systemcomprising, i
combination with the clocks and the air-distrib-
uting pipes, the following elements, to wit: the
high-pressure reservoir, the distributing-res-
ervoir, the automatic pressure-regulator for
controlling the flow of air from the high-press-

ure to the distributing reservoir, so as to main-

tain constant the pressure in thelatter,and the
valve apparatus controlled by a master clock
or regulator for opening and closing at regt-
lar intervals the communication between the
distributing -reservoir and the distribunting-
pipes, substantialiy as described.

2. In combination with the clocks and dis-
tributing-pipes of a pneumatie-clock system,
the high-pressure reservoir, the distributing-
reservoir, and the pressure-regulator, compris-
ing the two manometers communicating with
the distributing-reservoir, and provided with
separate floats controlling each a valve in a
pipe connecting the high-pressure with the
distributing reservoir, substantially as de-
seribed., |
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0. The combination, in a pneumatic clock, of | trical connection with the mercury in said 3o

the ratchet-disk, the impulse-pawl, the stop-
pawl, and the automatic locking device for en-
gaging and holding the stop-pawl during the
retreat of the impulse-pawl and for releasing
it as the latter advances, substantially as de-
seribed.

4. A Dbalanced slide-valve operated or con-

trolled by a master clock or regulator, in com-

bination with a reservoir of compressed air,
distributing pipes and cocks for supplying air
to the pneumatic clocks, said valve being ar-
ranged to open and close at intervals the com-
munication through said pipes between said
reservoirs and the said clocks, substantially as
described. -

9. In a pneumatic-clock system, the combi-
nation, with a reservoir of compressed air, of a
distributing-chamber connected with said res-
ervolr, a series of distributing-pipes provided
with regulating-cocks and communicating with
sald chamber, and valves controlled by a regu-
lator-clock, for admitting the flow of com-
pressed air into said pipes at definite intervals,
substantially as deseribed.

6. An electric indicator comprising a press-
ure-chamber and tube for containing mercury,
an inlet for admitting air into said chamber,
a conductor for establishing normally an elec-

| chamber and tube, a contact for completing

the circuit through the mercury when the lat-
ter rises in the tube, and a second contact for
completing a circuit when the mercury falls in
the tube and rises in the chamber, substan-
tially as described.

7. The combination, with the disfributing-
pipes of a pneumatic-clock system and the
mechanism for foreing or admitting at inter-

vals air under pressure into said pipes, of

electrical signaling apparatus operated by an
abnormal increase or decrease of pressure in
said pipes, substantially as deseribed.

8. The combination, with two or more reser-
voirs and the air compressors or pumps, of a
pressure-regulator and system of pipes where-
by either of said reservoirs may receive the
air directly from the compressors or indirectly
through the other reservoir and the pressure-
regulator, substantially as desecribed.

In witness whereof I have hereunto signed
my name in the presence of two subscribing
witnesses. '

VICTOR POPP.

Witnesses:
GEO0. H. SCIDMORE,
CH. MARDELET.
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