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To all whom 1t may concern: _

Be 1t known that I, Georce S. WiLrIAMS,
a citizen of the United States, residing at
Norfollk, in the county of Norfolk and State
of Virginia, have invented new and useful
Improvements in Vacuum-Pumps, of which
the following 1s a specification.

My 1nvention relates to improvements in
exhaust pump apparatus, and is especially
acdapted for use in pneumatic players.

In pneumatic playing mechanism it 1s de-
sirable that the vacuum chamber that 1s sub-
Jected to the venting effect to provide move-
nents of the pneumatic mechanism, be sub-
jected to the action of a second or auxilhiary
vacuum chamber which acts to immediately
overcome the changed conditions 1n the first
chamber produced by the venting action,
the auxiliary chamber thereby serving as a
vacuum controlling device for the first
chamber, and having its vacuum in turn
produced by an exhaust mechanism such as
a pump or bellows mechanism. Owing to
the requirements, the auxiliary chamber is
relatively large and therefore requires the
use of an exhaust mechanism of sufficient
power to maintain the desired vacuum
therein. To obtain this result without pro-
ducing variations in the degree of vacuum
in such chamber, and at the same time pro-
vide an apparatus which can be readily po-
sitioned and inclosed within the case of a
piano or other player, is the aim of the pres-
ent 1nvention. . .

The main object of my invention 1s to

“provide an exhaust mechanism which will

provide a constant exhausting relation to

the auxiliary chamber.

A further object 1s to provide an appara-
tus by means of which a vacuum may be
quickly produced in a relatively large
chamber and maintained therein by the use
of a relatively small and compact apparatus,
requiring a minimum amount of power.

A further object is to provide an exhaust
pump apparatus having a plurality of pis-
tons arranged 1n tandem and each operat-
ing to affect the condition of a chamber sub-
jected to the action of all of the pistons.

A further object is the provision of a !

plurality of piston cylinders arranged in
tandem, said cylinders having walls form-
ing conduits, the conduits having valved
connection with the cylinders. '

To these and other ends, the nature of

which will be readily understood as the in-
vention 1s hereinafter disclosed, my inven-
tion consists in the improved construction
and combination of parts hereinafter fully
described, illustrated in the accompanying

| drawings, and particularly pointed out in

the appended claims.

In the accompanying drawings, in which
similar reference characters indicate simi-
lar parts in each of the views,—Figure 1 is
a vertical sectional view of an exhaust
pump mechanism illustrating one form of
my invention, some of the parts being
shown 1n elevation. Fig. 2 is a horizontal
sectional view of the construction shown in
IKig. 1. TFig. 3 is a vertical cross-sectional
view. Fig. 4 is a detail view of one of the
valves shown in Fig. 1. Fig."5 is a view
similar to Fig. 1, but showing a modified
torm of construction. Fig. 6 is a view simi-
lar to Fig. 2, but showing the construction
llustrated in Fig. 5. TFig. 7 is a vertical
cross - sectional view of the mechanism
shown 1n Fig. 5.

10 designates a support for the exhaust

pump mechanism, which support may be of

any desired form or type, or may form a
portion of the structure of the chamber be-
ing exhausted, as desired. T have shown the
pump mechanism as secured to the under-
side of the support, but it is to be under-
stood that this may be varied to provide the
supporting connection at points other than
the top, the latter construction being shown
as 1t Indicates one manmner in which the
mechanism may be mounted within the cas-
mg without liability of disarrangement of
parts or affecting the operation of the mech-
anism. | .

11 designates a casing of any desired
cross-sectional configuration, that shown in
Figs. 1 and 3 being wholly angular, while
that shown 1 Figs. 5 to 7 provides a semi-
cylindrical construction. It will be obvious
that still further changes in the cross-sec-
tional configuration may be made without
materially varying the operation of the
mechanism.

Referring first to the construction shown
in Figs. 1 and 4 of the drawings, the casing
11, which 1s long and relatively narrow,
has 1ts upper wall in the form of a conduit
12 extending substantially the length of the
casing, and having an opening or port 13

' 1n communlcation with the chamber to be ex-
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hausted, the latter and the particular con-
nections leading thereto not being shown.
In this form of construction the cylinders
have their bores angular (square or rec-
tangular, as desired), in cross-section, and
hence the side walls 14, which are solid, ex-
tend 1n the same plane throughout their
vertical length, the inner face of the upper
and side walls forming the corresponding
surfaces of the cylinders. The bottom 15,
which completes the cross-sectional con-
figuration of the casing, is of particular
form and will be hereinafter described in
detail.

The casing 11 has its outer end closed by
a hollow head 16 which is in open com-
munication with the conduit 12, and at suit-
able points in the length of the casing par-
titions 17 are provided, each of said parti-
tions also being hollow and each being in
open communication with said conduit 12.
In the drawings, two partitions 17 are
shown, providing, with the end 16 three
cylinders, the inner one of which has its
inner end open, said latter cylinder being
of less length than the remaining cylinders.
By this construction, 1t will be seen that one
wall (the upper) of all of the cylinders is
hollow, and that the outer end of each cylin-
der 1s also hollow, these walls each forming
conduits. It will also be understood that
while the end 16 and partitions 17 are shown
and described as independent structures,
they are, in effect, equivalent structures with
respect to the cylinders, since they form a
hollow head for the cylinder located in rear
of the head.

The conduit in the end 16 is in communi-
cation with the outer cylinder through an
opening 18, normally closed by a valve 19,
sald valve being movable, under the action
of the piston mounted within the cylinder,
to provide open communication between the
end conduit and the cylinder. The rear
walls of the conduits of the partitions 17
are each formed with openings 18 and valves
19 operating in the same manner in each
cylinder.

20 designates the pistons, one of which 1s
located 1n each cylinder. Iiach piston is in
the form of a block 21 having a facial area
less than the cross-sectional area of the cyl-
inder, the block having peripheral packing
22 of less thickness than the space between
the edges of the piston and the opposing
wall of the cylinder. The packing 22 may
be of any desired character, that shown in
the drawing bemmg in the form of a facing
of leather secured to the front face of the
block and having projecting edges extending
rearwardly into the space between the edges
of the block and the cylinder wall, the
leather being sufficiently stiff to cause its
free edges to ride in contact with the walls
of the cylinder and prevent misplacing of

060,609

such edges under the pressures of air; 1t will
be understood that such packing may, in-
stead of being of a single piece of leather,
be 1 the form of strips secured to the front
face of the piston. FEach piston is provided

with one or more openings 23 extending

therethrough and through the leather facing
(1t the latter is coextensive with the face of
the piston) each opening being controlled by
a valve 24 located on the rear side of the
piston. The valves 24 may be of any de-
sired type, those shown in the drawings be-
ing similar in construction to the valves 19.

The pistons 20 are operated by means of
arms 25 mounted on the cranks of a crank
shaft 26 supported in suitable manner, as
by brackets 27, in rear of the casing 11, the
front ends of the arms 25 being connected by
smitable angular connections 28, with the
rear of the pistons. IKach piston has a
separate arm 25, and as the cranks are ar-
ranged angular with respect to each other
on the crank-shaft, the movements of the
shaft will cause simultaneous movements of
the pistons. These movements, however,
while of the same length within the cylin-
ders, are timed so as to prevent any two
pistons from reaching the same extreme of
its movement at the same tume, this result
being obtained by the angularity of the
cranks. To permit the pistons to be con-
nected to their operating arms by the brack-
ets 27, the bottom 15 1s slotted 1n each cyl-
inder as at 287, the length of the slots being
sufliclent to permit of the full length of
movement of the piston and 1its bracket.
The length of the slot in the rear cylinder 1s
less than that in the remaming cylinders,
but the distance between the forward end of
the cylinders and the forward end of the
slots 1s the same 1n all of the cylinders; as
the slots 28" open to the outside of the cyl-
inder, the movement of the pistons rear-
wardly 1s limited to a point forward of
siich forward end of the slot, the length of
movement of the pistons being therefore the
same. -

Owing to the arrangement of the valves
19 and 24, it will be understood that when
a piston 1s moving toward the left in Fig. 1,
the pressure ahead of the piston will seat
the valve 19 and open the valve 24 of the
piston, thereby permitting the air to escape
to the rear of the piston; when, however,
the piston reaches the end of its forward
stroke and begins its return movement, the
valve 24 immediately closes, whereupon the
movement of the piston opens valve 19 by
reason ot the reduction of pressure of the
rear side of said valve, thereby placing the
cylinder in communication with the exhaust
chamber through conduit 12.

The valve structure shown 1n Fig. 4 com-
prises a block 29 having a facing 30 of suit-
able material, and provided with one or
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more bails 31, said bails being adapted to

be supported to permit a swinging move-
ment of the valve, in ears 32 carried by the
cylinder head and the piston. This form

of valve 1s one type which may be used in

the apparatus, its cheapness, the simplicity
o1 operation, and the elimination of springs,
making it desirable where a relatively low

cost apparatus 1s employed. 1t will be un-

derstood, however, that any other form of
valve may be employed for this purpose.
The crank-shaft is operated from a suit-

able motor (not shown), said shaft having

a pulley 33 by means of which connection
may be made with the motor.

As heretofore pointed out, one of the
principal objects of the present invention is
to provide a constant exhausting relation
with the vacuum chamber, and this is pro-

vided by the particular arrangement of the

parts heretofore described, as will be under-
stood 1rom the following: Designating the
three cylinders shown, as A, B, and C, for
the purposes of illustration, and with the
parts 1 the position shown in Figs. 1 and 2,
and the crank-shaft revolving in the direc-
tion of the arrowshown in Fig. 1, the piston
in cylinder B is on the point of changing
trom Its forward to its return stroke; piston
in cylinder A 1s on its return stroke and
acting as the exhausting piston, while the
piston 1n eylinder C is on its forward stroke.
As the shaft revolves, the piston in cylinder
B will begin its return stroke thereby open-
ing communication with the vacuum cham-
ber, the length of movement of this piston
prior to opening such communication being

approximately that required to complete the

exhausting stroke of the piston in cylinder
A, so that as the latter piston is about be-
coming inoperative for exhausting purpose,
1ts work is taken up by the piston in cylinder
B. The latter continues as the sole exhaust-
ing piston until it reaches the position in
which the piston in cylinder A is shown, at
which time the piston in cylinder C has
reached the end of the forward stroke, and
begins the movement to place it in position
to act as the active exhausting piston.
From this 1t will be understood that at least
one of the cylinders is in active communica-
tion with the vacuum chamber at all times;
and that such exhausting action is placed
not only on the vacuum chamber, but also on
the conduits in the heads of the other cylin-
ders so that the valves of the inactive cylin-
clers are positively held to their seats by dif-
ference in pressure until the pressure in an
mactive cylinder 1s reduced to a point below
that within the conduits, so that a surety is
had that the vacuum pressure in a cylinder
1s at least that in the conduits before the

cylinder 1s brought into activity. This fea-

ture permits of a regulation of vacuum pres-
sure, by placing in the bottom of each cylin-

)

der a port 40 normally closed by a member
41 having ports 42, said member having a
reciprocating movement to open or close the
port 40, the movement of the member being
controlled by any suitable regulator connect-
ed with the vacuum chamber, it being ob-
vious that 1f the ports 40 and 42 are brought
into alimement, the movement of the piston
will not sufliciently affect the pressure in the
cylinder to cause the valve 19 to open, the
length of time such alinement is had detex-
mining the length of activity of the piston
as an exhausting means; and by reason of
the movements of the member 41, variations
I pressure within the cylinder can be had
cdurmg the period of movement of a single
piston, suflicient to balance the greater or
less venting of the first chamber in cases
where a greater or less number of notes are
sounded at the same time, the varying of
the size of the vent produced by the ports 40
and 42 producing corresponding variations
In pressure in the cylinder.

- Asshown, in I'1g. 2 the arms 25 arve spaced
apart horizontally, thereby requiring that
the slots 28" in the cyvlinders be out of
longitudinal alinement. In order that the
mechanism may be positioned within the
case of the piano without hability of ob-
structing the exhaust from the cylinders,
through tne slots 28", the arm 25 for the
open ended cylinder C 1s located on the side
of the mechanism closest to the interior
mechanism of the pilano, since the exhaust
from this cylinder may pass out through its
open end; to permit the remaining cylinders
to exhaust on the same longituciinal plane,
the slot 28" for the mtermediate bracket 27
18 extended laterally, as at 282, as shown 1n
Kig. 2.

While I have shown the number of cyln-
aers as three, 1t 1s to be understood that the
number may be varied; but whatever the
number of cylinders and pistons used, the
cranks will be angular with respect to each
other and spaced apart distances suflicient
to cause the piston movements to provide a
continuous exhausting relation to the vacu-
um normally uniform in pressure degree,
variations being provided by the controlling
mechanism such, for instance, as that pro-
vided by ports 40 and 42.

The structure shown in Figs. 1 to 4 1s
especially adapted to be made from different
materials, such as metal or wood ; when made
from the latter material the cost 13 greatly
reduced without affecting the operation and
durability of construction.

The construction shown in Figs. 5 to 7
differs from that shown in Ifigs. 1 to 4,
mainly in the fact that the sides and bottom
of the casing are eliminated, the piston cyl-
inders being tubular in form and screv-
threaded to the hollow heads, as shown, the
material in this form being metallic. To
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permit the parts to be readily cast, the upper
wall of the conduit 12 is in the form of a
plate 44 bolted to the remaining portions ot

the casing, the heads of the cylinders, as
shown 1 Ifig. 7, being semi-cylindrical. In
this form, the cyhuders are of equal length,
and the plStOllS are provided with a s:,hohtly
different form of packing; and the valves
are shown as of a different type, but these
changes are simply in details of construction
without changing the mode of operation
which 1s the same as in the form previously
described.

Having now described my invention,
pointing out one or more forms in which
the same may be provided, but without show-
mg in detail all of the various changes and
modifications therein which may be used to
produce the desired result, what I claim as
new 1S :

1. The combmation with a vacuum cham-
ber, of exhausting mechanism therefor,
sald mechanism comprising a plurahty of
cyhinders arranged 1 tandem, said cylinders
each having a head formed with a conduit
in open communication with said chamber,
cach head having an opening leading to its
cylinder, valves . carried by said heads for
contmllnm sald openings, and valved re-
(,..11:)10(,;1&110 pistons mounted within the cyl-
inders, the reciprocations of the pistons pro-

Vldmo intermediate periods of exhaust
pressure producing activity within its cyl-
mmder, said pistons having relative move-

ments to combinedly pr ovide a constant ex-
haust-pressure on the chamber of substan-
tially uniform degree.

2. The combination with a vacuum cham-
ber, of exhausting mechanism therefor, said
mechanism comprising a plurality of cylin-
ders arranged 1 tandem, said cylinders each
having a head formed with a conduit 1n open
communication with said chamber, each
head having an opening leading to its cyl-
inder, valves carried by said heads for con-
trolling said openings, and valved recipro-
cating pistons mounted within the cylinders,
the reciprocations of the pistons providing
intermediate periods of exhaust- pressure
producing activity within its eylinder, said
pistons having movements of uniform lenoth
and timed to cmnbmedly provide a constant
exhaust-pressure on the chamber of substan-
tially uniform degree.

3. In (3011113111‘1‘[1011 a casing having a con-
duit, cylmder heads each havmg 2 conduit
10N open communication with the casing con-
duit, a cylinder for each head and in COI-
trolled communication with the conduit in
the head, said cylinders being arranged in
tandem, and a piston mounted 1 each cyl-
inder, said pistons providing intermittent
pellods of exhaust-pressure producing ac-
tivity i the casing conduit, the combined

periods of activity of the p]s,i ons providing

960,609

| a constant exhaust pressure on said conduit

of substantially uniform degree.
4. An exhaust pump ftppamtus compris-

g a casing having a conduit, cylinder
heads in said casing ¢ and each havmg a COm-
cuit 1 open communication with the casing
conduit, a cylinder for each head, said cyl—-
1nders beln arranged in t%ndem said cyl-
inders bemo free from inter- commumcatlon
each cyhnder having valve-controlled com-
munication with its head - conduit, and a
motor-driven piston for each cylmder, each
piston having valve mechanism to provide
vacuum pressure within its cylinder, said
pistons having movements of equal length
and timed to provide substantially non-con-
current 1ntermittent periods of = exhaust-
pressure producing activity on said casing-
conduit.
5. An exhaust pump prparatus COMPIIs-
g a casing having a conduit, cylinder
heads in said casing and each having a con-
cluit 1 open communication with the casing
conduit, a cylinder for each head, said cyl
inders being arranged in tfmdem said cyl-
1nders bemcv free from inter- commumcatmn
each cyhnder having valve-controlled com-
munication with its head conduit, and a mo-
tor driven piston for each cyhnder each pis-
ton having valve mechanism to provide vacu-
um pressure within its cylinder, said pis-
tons having movements of equal length and
timed to promde substantially non-concur-
rent intermittent periods of exhaust-pressure
producing activity on said casing-conduit,
the combined periods of activity pr0V1d1n0
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a constant exhaust-pressure on said conduit

of substantially uniform degree.

6. In combination, a ch&mber a plurahty
of cylinders m"mnoed n tfmdem sald cyl-
mnders each hamno 2 head formed W’lth 2
condult 1n open communication with said
chamber, each head having an opening lead-
ing to its cylinder, valves carried by said
hewds for controlhno sald openings, and a
reciprocating plston mounted within each
cylinder, the reciprocations of the pistons
sevemlly providing intermittent periods of
action on its head condmt sald pistons hav-
1ng relative movements to combinedly pro-
vide a constant action on the chamber of
Subst‘mtmlly uniform degree.

In combination, a clnmber a plurality
of cyhnder fLI'rfmﬂed n tandem sald cyl-
inders each hwmo 2 head formed with a
conduit in open communication with said
chamber, each head having an opening lead-
ing to its cylinder, valves carried by said
heads for controlhno sald openings, and a
reciprocating plston mounted within each
cylinder, the reciprocations of the pistons
severally providing intermittent periods of
action on 1ts head condmt sald pistons hav-
ing movements of uniform length and timed
to combmedly provide a constant action on

105

110

115

120

125

130



10

15

20

25

30

- 35

40

45

09

60

960,609

the chamber of substantially uniform de- |

oree.

8. In combination, a casing having a con-
duit, cylinder heads each having a conduit
in open communication with the casing con-
duit, a cylinder for each head and in con-
trolled communication with the conduit in
the head, said cylinders being arranged in
tandem, and a piston mounted in each cyl-
inder, said pistons providing intermittent
periods of activity in the casing conduit, the
combined periods of activity of the pistons
providing a constant action on said conduit
of substantially uniform degree.

9. A pump apparatus comprising a casing

having a conduit, cylinder heads in said cas-

ing and each having a conduit in open com-
munication with the casing conduit, a cylin-
der for each head, said cylinders being ar-
ranged 1n tandem, said cylinders being free
from inter - communication, each cylinder
having valve-controlled communication with
its head-conduit, and a motor-driven piston
for each cylinder, each piston having valve
mechanism to provide action within its eyl-
inder, said pistons having movements of
equal length and timed to provide substan-
tially non-concurrent intermittent periods
of activity on said casing-conduit.

10. A pump apparatus comprising a cas-

ing having a conduit, cylinder heads in said

casing and each having a conduit in open
communication with the casing conduit, a
cylinder for each head, said cylinders being:
arranged 1n tandem, said. cylinders being
free from inter-communication, each cylinder
having valve-controlled communication with

‘1ts head-conduit, and a motor-driven piston

tor each cylinder, each piston having valve
mechanism to provide action within its cyl-
inder, said pistons having movements of
equal length and timed to provide substan-
tially non-concurrent intermittent periods
of activity on said casing-conduit, the com-
bined periods of activity providing a con-
stant action in said conduit of substantially
uniform degree.

11. A pump comprising a plurality of hol-
low heads spaced one from another and ar-
ranged 1n tandem, a cylinder for each head,
sald cylinders being non-communicating, a
valved port connecting each cylinder with
its head, a valved piston within each cylin-
der, a rotatable shaft, and independent con-
nections between the shaft and each piston,
each head having a passageway leading to a
chamber adapted to be affected by move-
ments of all of the pistons. _

12. A pump comprising a plurality of
cylinders in axial alinement and arranged in
tandem, each cylinder having a hollow head,
a valved port connecting each cylinder with
its hollow head, a piston within each cylin-

|

der, a rotatable shaft, independent connec-
tions between said shaft and each piston, a
port in each cylinder and open to the atmos-
phere, and a controlling valve common to all
of said ports. .

13. A pump comprising a plurality of cyl-
mnders 1n axial alinement and arranged ‘in
tandem, each cylinder having a hollow head,
a valved port connecting each cylinder with
its hollow head, a piston within each cylin-
der, a rotatable shaft, independent connec-
tions between said shaft and each piston,
and a conduit open to and connecting the
spaces of sald hollow heads.

14. A pump comprising a hollow casing
having a plurality of hollow heads in com-
munication therewith and arranged in axial
alinement, a tubular casing for each head,
sald latter casings each forming a cylinder,
sald cylinders being of less length than the
distance between the adjacent heads, a valved
port connecting each head with its cylinder,
sald cylinders being free from inter-com-
munication, a piston for each cylinder, a
driven shaft, and independent connections
between said shaft and each piston.

15. A pump comprising a hollow casing
having a plurality of hollow heads in com-
munication therewith and arranged in axial
alinement, a tubular casing for each head,
sald latter casings each forming a cylinder,
each cylinder having an open end, said cyl-

- 1nders being of less length than the distance

between adjacent heads, a valved port con-
necting each head with its cylinder, said
cylinders being free from inter-communica-
tion, a piston for each cylinder, a driven
shaft, and independent connections between
sald shaft and each piston, said connections
extending through the open end of the cyl-
inders.

16. A pump comprising a hollow casing
having a plurality of hollow heads in com-
munication therewith and arranged in axial
alinement, each head having a port and

- also having a screw-threaded boss, a tubular

casing screw-threaded on each of said bosses
and adapted to form a cylinder on each head,
sald cylinders being of a length less than the
distance between adjacent heads and each
having an open end, a valve for controlling
each head port, a piston in each cylinder,
sald cylinders being free from inter-com-
munication, a driven shaft, and independent
connections between said shaft and said pis-
tons.

In testimony whereof I have hereunto set
my hand in presence of two subscribing wit-

GEORGE S. WILLIAMS.

"Nnesses.

Witnesses:
J. GrRANVILLE MEYERS,
T. L. VAaucHuAN.
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