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UNITED STATES

PatenT OFFICE.

MELVILLE CLARK, OF CIIICAGO, ILLINOIS.

PNEUMATIC MUSICAL INSTRUMENT.

SPECIFICATION forming part of Letters Patent Wo. 576,032, dated January 26, 1897,

Application filed July 27,1896, Serial No, 600,654, (No model)

Lo all whom it may concern.:

Beitknown that I, MELVILLE CLARK, a citi-
zen of the United States, residing at Chicago,
county of Cook, and State of Illinois, have in-
vented certain new and useful Improvements
in Pnemmatic Musical Instruments, which
are fully set forth in the following specifica-
tion, reference being had to the accompanying
drawings, forming a part thereof.

This invention relates to improvements in
musical instruments in which the sound-
producing devices are caused to speak by
means of so-called “ pneumatic motors;” and
it consists in improvements in a construction
by which the pneumatic is made much more
sensitive than heretofore—that is, adapted
to respond to less suction or pressure in the
wind-chest, and, specifically, adapted to re-
spond to less suction or pressure than is nee-
essary to cause the sound-producing devices
themselves to speak. It is therefore pecul-
iarly adapted to reed or pipe instruments in
which the suetion or pressure of air in the
wind-chest, producing a current of air past
or through the sound-producing device, is the
means of making the latter speak, the same
suction or pressure being the means of oper-
ating the pneumatics. In such instruments
it is very important that a minimum quan-
tity of air should be used to operate the pnet-
matic devices, so that the work imposed upon
the bellows in respect to the quantity of air
which they shall pump shall not be exces-
sively increased by the cmployment of the

; pneumatics beyond what would be required

for the sound-producing devices themselves.
This consideration has led to the employ-
mentof what may be termed “ primary” pneu-
matics—that is, pneumatics which are pri-
marily operated by the suction or pressure in
the wind-chest—to operate the valves which
control the communuication with the wind-
chest of secondary pneumaties, such second-
ary pneumatics being the means of causing
the sound-producing devices to speak. This
permits the use of a very small primary pneu-
matic and of a secondary pneumatic of any
necessary size to operate the sound-produec-
ing device, the quantity of air required to be
pumped or drawn by the bellows being de-
termined Ly the size of the primary pneu-
matie, independently of the size of the sec-

ondary or motor pneumatic. In such com-
binations of primary and motor pneumatics
which have been commonly employed the
primary pneumatic has been generally lo-
cated within the wind-chest, so that its area
might be subject to the tension of air in the
wind-chest. In organs or other musical in-
struments operating by exhaust action in
the wind-chest, producing suction thereinto
through all passages communieating with the
interior of such wind-chest, this construction
has been found to necessitate the employ-
ment of a spring whose function is to col-
lapse the primary pneumatic when the com-
munication of that pneumatic with the ex-
terior air is closed by the controlling devices,
such collapse being permitted by a very re-
stricted vent-aperture with which the pneu-
matic is provided inside the wind-chest. Ob-
viously the inflation of the pneumatic by ex-
terior air, when the controlling devices admit
such air, will be effected against the resist-
ance of this spring, and the degree of rarefi-
cation necessary in the wind-chest in order to
produce the action of a pneumatic must be
such as toafford, by the difference between the
tension of the air within the bellows and that
of the external air, at least sufficient force to
overcome the spring, and since the collapse
of the bellows effected by the reaction of this
spring must be practically instantaneous, in
order that the response of the reeds to the ae-
tien shall be prompt and that the tones shall
not overlap each other, and since the collapse
must be effected by the discharge of the air
through a very small vent-aperture in the
primary pneumatic, the spring requires con-
siderable power in order thus to drive the air
out through the small orifice instantaneously.
The result is that in practice the minimum
degree of rarefication in the wind-chest which
will cause the lightest reeds tospeak isutterly
insufficient to operate the pneumatics. For
this reason the finer modulations of intensity
of tone of organs operated pneumatically can-
not be produced except by muffling devices
in the nature of swells—that is, the tension
in the wind-chest, being the least which is suf-
ficient to operate the pneumatic devices, is
sufficient to produce a very loud tone from
the reeds, and softer tones are only produci-
ble by muffling suchloud tones. Suchorgans,
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thereflore, as hitherto constructed are not ea- |
pable of {ine gradations of toune, which, inan |
organ opemted from the key bo(ud (md by
strictly mechanical connections [rom the keys
to the reed valves, arc effected by the opera-
tor modifying the action of the bellows to pro-
duce the expression desired from the reeds.
The advantage, therefore, of reducing the
force necessary to operate the pneumatics to
and below the degree of force necessary as a
minimum to cause the reeds to speak is that
thereby it becomes possible to modulate the
intensity of the tone produced and so to vary
the expression at the will of the opemt(,)r who
controls the bellows, and thereby to vary it
inevery degree,and notmerely with such step-
by-step modmv wtions as can be effected by
means of swells.  The means which Temploy
for this result consist, primarily, in locating
both the primary and the motor pneumaties
outside the wind-chest in sueh relation that
springs in connection with such pneumatics
may be dispensed with.

In the drawings, Figure1 is a vertical fore-
and-aft section of aportion of the wind-chest
and pneumatic action of an organ having my
improvements. Fig. 2 is a similar section of
like parts of an organ having duplex arrange-
ment of motor-pneumatics, reed -chambers,
and valves cooperating with each pmnar)
puneumatic. Iig. 3 is a similar vertical fore
and-aft section of a pneumatic action resem-
bling that scen in Fig. 2, but having the pri-
mary pineumatie placed horvizontally instead
of vertically. Tig. tisadetail section show-
ing a modllicaﬁon of the primary pneumatic.
Figs. 5,6,and 7 are detail seetions representing
a modm(ﬁ wion of the primary pneumaticin re-
speeh to its connections with the wind-chest,

said figures corresponding, respectively, to
L igs. 1,2, and 3. Trigs. Sand 9 are
detail sections of \hg valves operated by the
primary pneumatics corresponding 1o two
formsof such valves shown, respectively, in
Figs. 1,2, and 3 and in Figs. 5, 6, and 7.

Asthe wind-chest. InI'ig. 1Thaveshown

onereed-block thercon having tworeed-cham-
bers controlled by a bmﬂlo valve . This
valve is operated b\' a motor- pneumatic €,
mounted upon the forward vertical side of
the wind-chest and operating the reed-valve
by means of & bell-erank lever % and suit-
able flexible connections from its arin, re-
spectively, to the puneumatic € and the reed-
valve B.

*nag‘niliod '

I do not Timit mysell in any respeet to Lhe |

specific sibuation of the motor-pneumatie or
of the reed-valve.

D is the primary pneamatic. In
shown in I'ig. 1 it is also mounted on the for-
ward vertice
the form of a bellows whose movable side is
suspended at its upper end and oscillates be-

tween the fixed side and the Torward side of |

the wind-chest. The plimdw preumatic
communicates with the wind-chest thirough a
duct d, which is restricted at its mouth-open-

tlie form |
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ing into the wind-chest by a disk ', through
which a very small puncture is made.  The
primary pneumatic also communicates with
the outer air through a duct, (represented by
the tube D) This tube may extend to a
tracker-range where the access of air will be
controlled by the traveling perforated strip in
amanner well understood, and it may be con-
trolled inanyothermanneratwilLandinsomoe
of the forms of myinvention herein shown the
primary pneumatic has double communica-
tion with the outer air, one communication
being controlled Dby a perforated strip at a
tracker-range and the other being controlled
by a valve operated by a key of the manual.
The mo¢or—pnoumaiiu cominunicates by
means of the duct C', formed in the forward
wall of the wind- chebi, both with the interior
of thewind-chestat ¢ and with theexterior air
at ¢ Valves T and I, mounted on the same
stem e, control these two openings, respec-
tively, the valve If being formed on or secured
{oihcosr'lll(\{mg side of the bellows which con-
stitutes the primary pneumatic, so that the
movement of thatside of the ;1_)1101111:(1{10 inone
direction or the other seats one valve or the
other and puts the motor-pneumatic in com-
munication either with the interior ol the
wind-chest or with the exterior aiv.  Baid os-
cillating wall of the primary pneumatie, pend-
ent, as deseribed, hangs, normally—that i,
when free from the influence of the wind-
chestor any extrancous force—with the valve
Ir 1|1 contact with its seat at the orifice ¢,
twill be understood that when the aiv in
tlm wind-chest is rarefied by the pumping
action of the bellows the primary pneumatic,
being in communication with the wind-chest
through the duct d, is virtually a continua-
tion of the wind-cliest and is subject to the
same rarelication of its contents andis there-
fore collapsed, and its ogcillating side is held
away from the side of the wind-chest, eavrey-
ing the valve 17 off its scat and se mn” the
valve 1, thus giving the motor-pnewmatic
communication wilh IJIO exterior mnm(l cut-

ting off its communication with the wind-
chest.  This condition of affairs continues so

long as the communication of the primary
pneumatic with the exterior air through the
duet o' is elosed, hut when mM duet is un-
covered at its outer end, as by the registra-
tion of an aperture of (he travelin gper {m wed
paper strip with the mouth of the duct at the
traclker-range, atmospheric pressire being
admitted freely to the pneamatic and the ex-
haust through the punctured disk o being
very restricted, the primary pneumatic he-
comes inflated normally and the valve 19

ccomes to its seat, the valve I being opencd,

al side of the wind-chest and is in |

thus cutting off communication of the motor-
pireumatic with the outer air and establish-
ingcommunication of the same with the wind-
chest and causing (()“dl)n(‘l) fthe motor-pnen-
matic under exterior atmosplheric prossure,
the connections from the motor-pneumatic

being such that the movement of its oseillat-
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ing wall involved in such collapse causes the
sound-producing devices to speak, as in the
case of a reed-organ, by lifting the reed-valve
D. This condition continues so long as the
mouth of the duct, which admits atmospheric
air to the primary pneumatic, remains un-
covered, but ceases, the parts returning to
the original positions, whenever that duct is
closed, since then the suction from the wind-
chest collapses the primary pneumatic. In
this construction it will be observed that all
the valves and both the pnedmatics operate
without springs, and, furthermore, that the
oscillating parts of the pneumatics being pen-
dulous the operation involves the minimum
resistance, even by the weight of the moving

parts.

20

30

In practice, the bellows-walls of the pri-
mary pneumatie, which must be practically
air-tight, because these pneumatics are, as
stated, practically a continuation of the wind-
chest, have a slight elasticity, and this elas-
tieity is taken advantage of toinsure the nor-
mal seating of the valve F against the side of
the wind-chest, since without care in thisre-
spect the slight stiffness and elasticity of ma-
terial employed for this purpose might some-
times operate to hold the valve off its seat,
even contrary to the action of gravity, by
which it will be normally seated, but this pre-
caution is only taken because itis not prac-
ticable to construct these small pneumatics

. 80 that invariably the bellows-walls at their
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normal condition shall tend to hold the valve
I in the same position in which it is held by
gravity——that is, just barely resting at the
outer surface of the wall of the wind-chest.
By thus dispensing with all devices exerting
pressure to seat the valves or collapse the
pneumatics Iproduce an instrumentin which
the pneumatics will act upon the very slight-
est suggestion of rarefication in the wind-
chest, and long before the rarefication has
reached a degree sufficient to make the reeds
speak. It thus becomes possible to moderate
the intensity of the tone of the instrument
precisely as if the reeds were being manipu-
lated by hand or by strictly mechanical con-
nections with the manual, the lightest tone
of which the reeds are capable being produ-
cible when the reed-valves are operated by
pneumatics, and all variations from the
lightest to the most intense being effected by
varying the operation of the bellows.

In Fig. 2 T have shown my invention ap-
plied in a reed-organ in which each primary
puneumatic controls the action of two motor-
pneumatics, such motor-pneumatics operat-
ing the valves of independent sets of reeds,
the motor-pneumatics being placed horizon-
tally instead of vertically, and overhanging
the reed-valves which they respectively op-
erate, the construction in respect to the ar-
rangement of the motor-pneumatics and the
reed-valves being that which is shown in my
applieation Serial No. 573,592, filed December
28, 1895.

[v}

over reed-chambers which are mounted, re-
spectively, npon the front and rear sides of
the wind-chest A, are respectively operated
by horizontal motor-pnenmatics C C, placed
heel to heel, overhanging the reed-valves, re-
spectively. These motor - pneumatics are
mounted upon the under side of a board A/,
upon the upperside of which is a supplement
A? of the wind - chest, which is supported
above the wind-chest A proper by hollow
standards, affording communication through
ports A% from the wind-chest proper to said
wind -chest supplement A% The primary
pnenmatic D is mounted upon the forward
side of the wind-chest supplement A? in
precisely the same manner as in Fig. 1, the
duet d, restricted by the perforated disk d’,
being the means of air communication from
the wind-chest to the interior of the pneu-
matiec, D' being the duct leading to the
tracker-range. The duct C',which leads from
the interior of the motor-pneumaties, extends
from the cross-passage C up through the
board A’ on the forward side of the wind-
chest supplement A? into the cross-duct
which at the port ¢’ opens into the wind-
chest supplement and at the port ¢ opens
to the exterior air, said ports being closed by
thevalves E and'F, respectively, operated, as
in ¥Fig. 1, by attachment to the oscillating
side of a primary pneumatic D. It will be
understood, therefore, that the operation is
precisely the same in this structure as that
shown in Fig. 1. .
In Fig. 3 I have shown the primary pneu-
matic placed horizontally instead of verti-
cally and having its moving side overhanging
the port ¢¥, sothat it operates more positively
by gravity to seat the valve Ithan in the con-
struction in which it is pendulous. I have
shown this arrangement and position of the
primary pnewmatic in connection with the
duplex construction and arrangement of mo-
tor-pneumatics which is shownin Ifig. 2. Tor
the purpose of such an arrangement of the
pneumatics the wind-chest supplement A’ is
supported by the hollow standard A’in such
manner as to leave its under side, instead of
its forward side, exposed for the purpose of
mounting thereon the primary pneumatic
D, and in this construction the fixed wall of
the primary pneumatic is mounted directly
against the under wall of the wind-chest sup-
plement and protrudes beyond the wind-chest
supplement at the rear to afford convenient
means of connecting with the primary pneu-
matic the duct D', which leads from the
tracker-range. The passage C', having the
cross-passage CU forthe two motor-pneumat-
ics, in this construction leads from the wind-
chest proper, A, up through the board A*, on
the under side of which the motor-pneumat-
ics are mounted. The valves E and T oper-
ated by the moving side, which is the under
side, of the pneumatic control the ports ¢’
and.c, as in the construction shown in the

The reed -valves B B, operating | other figures.
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Inall of these formns provision may be made
for operating the instrument by a manual in-
stead of by means of the perforated sheet
traveling over the tracker-range, and in all
the forms this may be done in either one of
two ways—rto wit, cither by mechanical eon-
nections from the keys of the manual to the
reed-valves B, making a mechanical action
entirely independent of the pnenmaticaction,
or by providing the primary pnewmatic with
a communication with the exterior air, in ad-
dition to that which it obtains through the
pipewhichleads tothe tracker-range,and con-
trolling such additional communication by a
valve operated by means of connection with
a manual-key. The latter means is illus-
trated in the drawings. In the form shown
in Fig. 1 the second alr communication for
the primary pneumatic is afforded by means
of the duet g in the board which forms the
side of the wind-chest, such duet ]eading into
the duet d.  In the form shown in Tig. 2 the
same function is performed by the (111(1 a*,
formed in the board G*, mounted on the top
of the board A’ and havi ing the fixed side
the primary 1)11@11111&11@ mounted against 1L
rear edge, the duct ¢* extending on
the [1.\od wall and thus leading into the pneu-
matic-chamber. In the form shown in 1(‘ig. 3
Hle same function is performed by the duct
g®, which is made in the board A®, on which
ihe primary pneumatic issupported, gaid duct
continuing up through the Llock D® which
forms the heel of the primary pneumatie. In
cacli ease the otiter end of the duet which thus
allords the second outer air conncetion of a
primary pneumatic is controlied Ly a valve
ITon alever T smtabb fulerumed at its rear
end upon any convenient fixed part and hay-
ing at its forward end suitable means for me-
chanical connection with a manual-key,
the link 11°

The specific means by which mechanieal
connection from the manual-key, cither to the
valve I or fo the reed-valve 13, is made con-
stitutes no part of the present invention, and
Ihave Lhorcim ¢ not illustrated any means {or
making the connection with the valve I3, since
many obvious modes and means for this pur-
pose will occur to those familiar with the art.

In the principal figures T have shown the
primary pncumatic asg of the bellows form;
but Ido not limit myself to this forn.  Other
well-known forms of pneumaties may be em-
ployed, such; for example, as the form shown
in ¥ig. 4, in which a diaphragm from behind
or underwhich a duct leads to the wind-chest
is substituted for the oscillating side bellows.
This form has one advantage over a bellows
form in that it is more easily made air-tight,
asitisessential the primary pne unmtn,mloum
be when it is exterior to the wind-chest. In
the diaphragm form of pnecumatic the v dl\'() JEN
mounted on the diaphragm, will be held nor-
mally—that is, by virtue of its structure and
the action of gravity upon it swithout the in-
fluence of the Wmd chest—in contact with its

a5

through |

seal by the diaphragm at its normal posilion.
The easiest action is obtained by malking the
diaphragm so that normally when free from
the influence of the wind-chest it bulges
slightly outward, as seen in Fig. 4, and does
not fluctuate far enough to reverse the divee-
tionof itscurvature or fullness, hutisstopped
by the seating of the valve I before it has
moved farenough to have a tendeney to hulge
the other way. This outward-bulging tend-
ency of the diaphragm thus normally seats
thevalve with thesame (n"foctzus inthe pendu-
lous form. The valve is seated by gravity
without sensible pres ‘auwupmn ssealt. The
same result as to normal scating 01, the valyve
by the diaplhiragm atits normal position would
be attained if the diaphragm were normaldly
straight and sufficiently elastic to he de-
pres ssed by the suction experienced from the
wind-chest ty but this would require tensile
elasticity, and the diaphragm so constrieted
cannotbe madesodelicatelys 5(rl1;’si‘( ivetoslight

ravefication in the wind-chestasa diaphragm
apphed with a little ,I,ullno:,»,«, eausing it to
bulge toward the valve-seat.

By the term “ primary pneumatic” as enm-
ployed in the above speeifieation and in my
claims T mean a pneumatic whose action im-
nmediately eaused by the dilfercnce hetween
the tension of the air within the wind-chest
and that of the external airis the initial ae-
tion in a train which comprises a sceondary
pneumatic or pneumatics whose altimate ace-
tion causes tlic sound. pl_()(husxng devices to
speals.  This term thus used therefore ox-
cludes panenmaties which mechanieally oper-
ate the means for causing the sound-prog Iw-
ing devices Lo spealk and which are included
in Lh(\ term “motor-pnewmatics™ as wsed In
this specification. The importance of these
distinetions will be understood when it is re-
menmbered that in counstructions in which a
pueumatic is caused or permitted to operate
in a musical instroment for any purpose by
admitting atmospherice pressure to it, as in
all construetions in which a perforated sheet
or equivalent device is the means employved,
there is unavoidably a constant waste of air
while the pneumatie is kept thus exposed 1o
thie atmospleric pressure—that is to say,
while the sound-producing device iz being
aused to speak.  The preumatic which op-
crates the sound-producing deviee, as by op-
crating the reed-valve in Lhc case ol a reed-
organ, termed the “motor-pnemmatic,”

Tmust
have sullicient area to afford the nu(%'ll v
power to opea ite the valve or equivalent Ac-
viee, and if such motor-pneumatic is also the
primary pneumatic (\\‘h(’)"‘ action is caused
by admitling atmospherie pressure to 11) inor-
derthat such pneumatic should act promptly

both in epening and closing the veed-valve or
performing whatever Funetion depends upon
its action for commenecing and terminating
the speaking of the sound-producing deviee
the vent or orifice through which the air is

rasted or drawmn in in the action of the pneu-

o !

~F
wr

Q

Palw)

S
oy

o

93

164

—
L7

110

115

130

.




(S 7}

10

20

25

30

35

40

45

5o

55

6o

65

—

576,032

matie, which continues while the exterior air
communication is open, must be proportioned
properly to the size of the pneumatic and
must therefore be larger in proportion as the
pneumatic is larger. If the primary pneu-
matic therefore be made to serve also as the
motor-pneumatic,the waste of air will be very
great, and the duty thus imposed upon the
bellows is liable to become excessive, neces-
sitating either very large or very rapidly-act-
ing pumping devices. These considerations
have led to the almost universal practice of
interposing between the pneumatic which is
operated by a perforated strip or other means
for admitting external air through such pneu-
matic and the means for immediately oper-
ating the sound-producing devices a second-
ary pneumatie, whose action, either inflation
or collapse, shall be caused by changing its
communication from the external air to the
wind-chest, or vice versa, so that each action
(inflation and collapse) shall consume only
the quantity of air which the pnenmatic re-
quires for inflation or expels in collapse.

My present invention has to do strietly with
structures in which there is a primary pneu-
matiec in the sense above defined and a sec-
ondary pneumatic in the sense above indi-
cated, since only when both are employed for
the purpose for which the employment of
both is useful does the occasion arise for dis-
criminating between the interior and exterior
location of such pneumatics with respect to
the wind-chest.

In Figs. 5, 6, and 7 I have shown a modifi-
cation of the primary pneumatic in respect
to the connection thereof with the wind-chest,
the modification being designed for the pur-
pose, primarily, of accomplishing, in respect
to the initial seating of the valve I, the same
thing that is accomplished by the mounting
of the pneumatic so that by the action of
gravity alone said valve normally reaches its
seat. The same thing also is accomplished
by the construction of the pneumatic shown
in TFig. 4, in which the bulging of the dia-
phragm tends to hold the valve normally at
its seat. In the form shown in these figures
there is one passage leading through the wall
of the wind-chest in place of two passages
shown in the principal figures.

In place of the duct d shown in the prin-
cipal figures I employ, in the form shown in
Figs. 5, 6, and 7, a duct d* through the stem
of the valves E and 17, said stem indicated by
the letter ¢*, being thereby rendered tubular.
The disk d'is then applied over the inner
side of the valve E, through which the duct
in the stem €® opens, as in the other construe-
tion it is applied over the inner end of the
duct d. This change in structure of the pri-
mary-pneumatic conneection, when applied to
the form shown in Fig. 3, dispenses entirely
with the supplemental chamber A’ and the
standards AS leading thereto. The action
of the modified device is that when the com-
munication of the primary pneumatic with

[

the ouler air is opened, admitting atmos-
pheric pressure within the pneumatic and
causing it to be drawn in through the pneu-
matic into the wind-chest through the punec-
ture in the disk d’, the in-rush of air through
the tubular stem ¢* and against the under
side of the punctured disk d' tends to pull
the valve-stem inward to unseat the valve E
and seat the valve F, precisely as in the form
shown in Fig. 1, for example, and the pendu-
lous position of the moving side of the pneu-
matic under the action of gravity tends to
cause the valve If to move toward its seat as
the moving side of the pneumatic swings
penduolous-like when released from the suc-
tion which holds the pneumatic collapsed.
In all the forms shown the valve E, being ex-
posed to atmospheric pressure at the outer
side and to diminished pressure at the inner
side, tends to move inward as soon as the
force exerted upon it by the primary pneu-
matic ceases by the admission of atmospherie
air into the latter.

In the form shown in Figs. 5, 6, and 7 an
additional influence of the same nature op-
erates through the tubular stem e* upon so
much of the area of the disk d'as covers the
duct in the stem d*—that is, the area equal
to thit of the duet less that of the puncture
in the disk d'. This influence, tending to
move the valves in the same manner as they
tend to move by gravity, is independent of
the influence first above mentioned, due to
the frictional action of the air as it moves in-
ward through the duct in the stem d*.

Since the primary pneumatics are con-
stantly, during the operation of the instru-
ment, exposed to suction, being in communi-
cation interiorly with the wind-chest and be-
ing exteriorly exposed to atmospheric pres-
sure, some waste is liable to occur through the
tissues or diaphragms of such pneumatics,
and the employment of the tubular stem for
the valves Eand I, asillustrated in Figs. 5, 6,
and 7, affords an opportunity to reduce this
possibility of waste at least one-half by pro-
viding within the primary pneumatic a cush-
ion or seat d? secured to the inner wall of
the fixed side of the pneumatic on which the
inner end of the tubular stem d* shall seat
when the pneumatic is collapsed, thus closing
the communication between the interior of
the pneumatic and the wind-chest after the
partial vacuum necessary to cause the col-
lapse of the pneumatic has been produced
therein. This partial vacuum will be gradu-
ally diminished by the leakage until the
pressure of the end of the tube upon the seat
relaxes sufficiently to permit the air to be
drawn past the seat into the wind-chest by
the suction operating from the latter, thus
restoring the vacuum again, but never per-
mitting sufficient movement of the valves E
and F to operate to reverse the connection of
the motor-pneumatic and cause it to operate.
The loss by leakage is diminished by this
means, beeause the partial vacuum in the
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pueumabic which causes such leakage is a
steadily-diminishing foree until it Decomes
so far diminished as to permit its restora-
tion in the manuner deseribed.  Such restora-
tion oceurs instantly when the pressure on
the cushion permits the air to pass, so that
the average vacuum is thevefore about one-
half the maximnm, and the aggregate leak-
age is therefore reduced about cne-half.

Since the motion of the stem of the valves
Eand ¥ when attached to an oscillating or
hinged bellows side iz not direetly longitudi-
nal with respeet to the stem, the two valves
require to have theirseating :surfaces nof ex-
actly parallel, in order that they may each in
turn seat properly at the ports which they
respectively cont‘rol. To avoid the necessity
of the very aceurate adjusiment which will
be necessary to insure pevfect seating in view
of this feature, I prefer to make the valv ¢l
Toose onits stem, so that it may adjust itself
to its seat when it strikes it.  This featurc
:annot be recognized by the eye inthe actual
construction nor in drawings of actual size,
but I have shown in Figs. 9 and 10 magnified
details from which it may be understood.
When the solid stem such as shown in Iigs.
1, 2, and 3 is cmployed, such stem extends
loosely through the valve E and is provided
with a head ¢" to stop the valve and adapted
to pull it onto its seat at whatever slight an-
gle thereto it may strike it.  In the tubuldi'
form shown in ng‘,. G, 7, and 8 the tubular
stem is flanged at the end for the same pur-
pose and with the same effect, the disk F be-
ing made fast to the outer surface of the
flange vepresented by . In all the forms
the necessary adjustmenis of the valves B
and I" to each other in respect to their dis-
tance apart may be made by serewing their
stem more or less through the valve I, and,
if necessary, into or through the side of the
bellows to which the valve I is attached.

I claim—

1. In a pneumatic organ, in combinabion
with an exhaust wind-chest t, & primary pneu-
matic and a motor-pneumatic both exterior to
the wind-chest and communicating therewith
for exhausting and with the outer air for vent-
ing said pneuwmatics; the valves which con-
trol the exhaust and vent ports of the motor-
puneumatic being connected Lo and operated
by the primarvy pneumatic to exhaust the mo-
tor-pneumatic when the primary pneuwmatic
is vented, and to vent said motor-pneumatic
when the primary pneumatic is exhausted;
connections from the motor-pneumatic by
which thesound-producing deviees are caused
to speak when said motor-pneumatic is col-
lapsed, and suitable means {or uncovering
the vent of the primary pnewmatic; thev (Jnt-

valve of the motor-pneumatic being at its seat
normally under the influence of gravity when
free from any influence proceeding from the
wind-chest.
In a pneumatic organ, in combination
with an exhaust wind-chest, a primary pneu-

matic and a motor-pnewmatic both exterior to
the wind-chest and communieating therewith
{or exhausting andwith theouter
ing said pnewmatics; the valves whieh con-
trol the exhaust m;d\ ent ports of the mu‘i or-
pneumatic being connected to and operated
by the primary pneumatic to exhaust ﬂm mo-
tor-pneamatic when the primary pneumatic
is vented, and to vent said motor-pncumatic
when the primary pneumatic is exhausted;
connections from the motor- j’m(‘umntic by
which thesound-producing devicesare causcd
10 speak when said motor-pnemmatic is col-

lapsed, and suitable means [or uncovering
ihe vent of the primary prneumatie; the vent-
valve of the motor-pneumatie and its connec-
tion to the primary pneumatic being exterior
to the wind-chest, said primary pacumatic
being adapted nor m.LU\ under the influence
of gravity and when free from any influence
proceeding from the wind-chest to stand ex-
panded and in position to hold said valve al
its seat.

In a preumatic organ, in combinalion
with an exhaust wind-chest, a primavy pneu-
matic and a motor-pneumadtic both extervior to
the wind-chest and communicating therewith
for exhausting and with theouter aivfor vent-
ing said pneumatics; the valves which con-
trol the exhaust and vent ports of the motor-
pneumatic being connected fo and operated
by the primary pneumatic to exhaust the mo-
tor-pneumatic when the primary pueumalic
is vented, and to vent said motor-pnemmatie
when the primary pneumatic is exhausted;
connections from the motor pucumatic by
whichthesound-producing devices arve causcd
to speal when said motor-pneumatic is col-
lapsed, and suitable means for uncovering the
vent of the primary pnenmatic; said primary
pneumalic bLeing adapted normally swlhen
vented and thereby velieved from the influ-
ence of the wind-chest, to expand by the ac-
tion of gravity on its moving wall to the 6X-
tent necessary to hold the L\hauxt valve of
the motor-pneumatic off ifs seat and the vent-
valve of said pneumatic at 11..J sent.

4. In a pneumatic orga, in combinafion
with an exhaustwind-chest, a primary pneu-
matic and a motor-pneums mc both exterior to
the wind-chest and communieating thevewith
for exhausting and with the outer air for vent-
ing said pn(\unmuc%; the valves which con-
trol the exhaust and vent ports of the motor-
pueumatic being connected to and operated
by the primary pneumatm to exhaust the mo-
tor-pnecumatic when the primary pneumatic
is vented, and to vent said motor-pneumatic
when the primarvy pneumatic is exhausted;
conitections from the motor-pnceumatic by
which thesound-producing devicesare caused
to speak when said motor-pneuwinatic is col-
lapsed, and suitable means for uncovering thoe
vent of the primary pneunatic; the exhaust
communication of the m‘lm(w pneumatic
with the wind-chest being restricted rela-

tively to the vent of said prim;'wy pneumatic,
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and the vent-valve of the motor-pneumatic
being adapted normally, under the influence
of gravity, when the primary pneumatic is
vented, to stand at its seat.

5. In a pneumatic organ, in combination
with an exhaust wind-chest,a primary pneu-
matic and a motor-pneumatic both exterior
to the wind-chest and communicating there-
with for exhausting and with the outer air
forventingsaid pneumatics; the valves which
control the exhaust and vent ports of the mo-
tor-pneumatie being econnected to and oper-
ated by the primary pneumatic to exhaust
the motor-pneumatic when the primary pneu-
matic is vented, and tovent said motor-pneu-
matic when the primary pneumatic is ex-
hausted; connections from the motor-pneu-
matic by which the sound-producing devices
are caused to speak when said motor-pneu-
matic is collapsed, and suitable means for
uncovering the vent of the primary pneu-
matic; the moving wall of the primary pneu-
matic being pendulous and at normal posi-
tion under the influence of gravity,when said
prneumadtic is vented and freed from the in-
fluence of the wind-chest, adapted to hold the
motor-pneumatic vent-valve at its seat.

6. In combination with the wind-chest, a
primary pneumatic and a motor-pneumatic
whose communication with the wind-chest is
controlled by the primary pneumatic; the
valve which effects such control having its
stem tubular and constituting a communicat-
ing duct between the wind-chest and the pri-
mary pneumatie.

7. In combination with the wind-chest, a
primary pneumatic and a motor-pneumatic
having its communication with the external
air controlled by the primary pneumatic, the
valve which effects such control having its
stem tubular and constituting the communi-
cating passage between the wind-chest and
the primary pneumatic.

8. In combination with the wind-chest, the
primary pneumatic exterior thereto and a mo-

tor-pneamatic whose communication is con-
trolled by the primary pneumatic; the valve
which effects such controlhavinga stem tubu-
lar and eonstituting & communicating duet
between the wind-chestand the primary pneu-
matie.

9. In combination with the wind-chest, a
primary pneumatic exterior thereto; a motor-
pneumatic also exterior thereto; valves which
controlthe communication of the motor-pneu-
matic with the wind-chest and with the ex-
ternal air being operated by the primary
pneumatic and being mounted on a common
stem, said stem being tubular and constitut-
ing the communication between the wind-
chest and the primary pneunmatie.

10. In combination with the wind-chest,
and an exterior primary pneumatic, a tube
which is attached to the fluctuating wall of the
pneumatic and which extends into the wind-
chest and eonstitutes the means of communi-
cation between the wind-chest and the pneu-
matie; and a pallet or valve within the pneu-
matic adapted to be seated over the inner
port of said tube when the pneumatie is col-
lapsed.

11. In combination with the wind-chest, a
primary pneumatic exterior thereto and a mo-
tor-pneumatic whose communication with the
wind-chest and with the outer air is con-
trolled by the primary pneumatic; thevalve
which effects such control having its stem
tubular and constituting the communicating
duct between the wind-chest and the pneu-
matic; and a pallet or seat within the pri-
mary pneuamatic on which the inner port of
said duct seats when the pneumatic is col-
lapsed. ‘ .

In testimony whereof I have hereunto sect
my hand, in the presence of two witnesses, at
Chicago, Ilinois, this 24th day of July, 1896.

MELVILLE CLARK.

Witnesses:

Cras. S. BUrTON,
JEAN ELLIOTT.
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