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‘Specification of Letters Patent.
‘Application filed March 8,

Patented May. 22, 1910,
1909. Serial No. 482,113,

To all whom it may concern: g .
Be.it known that I, Epsox F. GaLrauper,

o citizen of the United States, residing ab

Norwich, in the county of New London ‘and

- State of Connecticut, have invented certain

new and useful Improvements in Air-Com-
pressors, of which the following is a speci-
fication. T

My invention relates to improvements in

- . air compressors and particularly adapted to

a steam air compressor for torpedoes where
the air is compressed to a very high degree.

My compressor is. a multiple stage cylin-
der- compressor- with an arrangement of

. multiple stage coolers and my improvement, -

" in a broad sense, consists i improving the
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efficiency and the compactness of the device.
General " arrangement.—The general ar-
rangement of the machine is such that the

‘steam cylinder and multiple stage compres-

sion cylinders are arranged at.the top ‘and’
bottom -of the compressor, while the inter--
mediate connecting - device for the steam
cylinder and the multiple stage compressing

‘cylinders . is located between the cylinders

and the pump devices for the cooling me-
dium of the multiple stage coolers as well
as the pump device for the oil are located

_near the bottom of the machine in a’ sub-

stantially central location:

Referring to the drawings, Figure 1 is a
top plan view. Fig. 2 is a sectional view
taken on the line a @ of Fig. 1. Fig. 3 is
a rear elevation. Fig. 4 is a sectional view
on the line b b of Fig. 2. Figs. 5 and 6 are
detail views of the flywheel and starting
mechianism. Figs. 7 and 8 are detail views
of one -of the multiple stage compression

~ cylinders. Figs. 9 and 10 are detail views

,4Q

. 19 is a detail in section of connection be-
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of one of the compression cylinders showing
the stuffing gland. Fig. 11 1s a detail in sec-

“tion of the universal connection between the

main oil supply’ pipe and crank-shaft. Fig.

tween the steam-valve rod and rocker-arm.

Fig. 13 is a top plan of one end of the rock- |

ing beam and connections.  Fig. 14 1s a
vertical section of the.oil catcher. ’
Like parts are represented by similar
characters of reference in the several views.
As will be apparent from .an examination -

‘of Fig. 2, the arrangement of parts is suci

that the steam cylinder can be located at

“the top of the machine near.one’side thereof

‘while ‘the multiple stage compression cylin-

\

l to the two-part cross-head o

ders can be grouped so that the low-stage

compression: cylinder will also be located:

at the top of the machine and to one side of
“the steam cylinder, while the second-stage

compression cylinder will be located imme-.

diately below the low-stage cylinder, and
the third and high-stage cylinders are also
located in the lower or bottom part of the
machine and immediately below. the steam
cylinder. The general arrangement of the
cooling system is such that the pump for
the cooling medium may be located near the
bottom of the mmichine and between the

second and third stage cylinders and the

cooling medium will be pumped upwardly
from. the bottom of the machine through the
different coolers and the cooling medinm
circulation will thereafter be downward to
the various compressors. In a general way
the cooling medium circulation follows that
illustrated and fully described in the appli-
.cation of A. J. Pocock and R. B. Allgire,
Ser. No. 275,819, filed August 25, 1905.  As
explained fully in that application, the cool-
ing medium is pumped direct to each of the
_multiple stage coolers and from the coolers

| it circulates through the jacket of the as-

sociated air compression cylinders and
thereafter is discharged. The air circula-
tion is from the low-stage compression cyl-
inder to its associated cooler and thereafter
to the sécond-stage compression cylinder
and- from that eylinder to the next higher

cooler and thereafter to the succeeding com-

pression cylinder and its associated cooler
always circulating through the various cool-
ers and the after-cooler in a direction op-
posite from that of the cooling medinm:
Likewise, the circuit for the oiling medium
is in a direction from the bottom of the ma-

chine upwardly and the same is circulated,

under pressure by ineans of the pumping
mechanism located near the bottom of the
machine. _

Steam cylinder and connections.—Refer-
ring to Figs. 1 and 2, the steam cylinder is
indicated by « and steam inlet by o', while
the steam exhaust is indicated by ¢*. The
piston rod, %, of the piston, a*, is connected

head @° is pivotally connected to one end of
the rocking-beam, a°, by links, b, (see ig.
13 for detail) which rocking-beam 1s pivot-
ally mounted on the hollow shaft a'. Fhis
rocking-beam, a°, constitutes the méiin con-

The cross-
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necting device between the steam cylinder
and the low-stage compression cylinder and
the second-stage compression cylinder and

- also comprises the connection between the
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steam cylinder and the various pumping de-
vices and parts other than the third-stage
and bigh-stage compressors, which latter are
operated direct,from the cross-head 4% as
clearly shown in Iig. 2. The valve-chest
for the steam cylinder is indicated by «® and
the valve mechanism is operated by mesns
of the bifurcated rocker-arm, ¢, which is
in turn operated by connections with the
rocking-beam, ¢, as will be more fully ex-
plained hereinafter.

Multiple stage compressors—As herets-
fore explained, one end of the rocking-heam,
a%, is connected to the plungers or pistons of
the low and second stage compressors, which
are indicated by &° 5%, This end of the bear
is pivotally connected to. a cross-head, %,
through the medium of -links, &, and the
plunger, 8% of the second-stage compressor
is securely fastened to said cross-head and
the piston-rod, 6% of the piston for the low-
stage compressor is likewise secured to said
cross-head 6. The plunger, 5%, for the
third-stage compressor, b°, is secuved in the
ordinary manner to cross-head ¢ and the
plunger, b, for the high-stage compressor s
likewise secured to said cross-head. Tinks,
b, pivotally connect this cross-head to the
rocking-beam, af.

Inlet and outlet walves to compression
eylinders—In Figs. 7 and 8 is shown an Im-

. proved form of inlet and outlet valve mech-
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_anism for the compression cylinders. -

In
these figures the valve mechanism of the
high or fourth stage compression cylinder,
2%, has been. illustrated. The cylinder wall
is preferably cut away at points opposite
tbeEi‘espective inlet and outlet openings, as

.showh at ¢ ¢; Located in the inlet opening
‘in the lower end of the cylinder is a two-

part cage containing the valve'mechanism,
the respective parts of which ave represented
by ¢' ¢%. The part ¢'. has a series of air in-
lets, ¢%, and also an extending stein, ¢%, which
projects into the central chambered portion
of the part, ¢%, and has an interlockinig con-
nection therewith by projecting ihte a
groove-way in the end of the stem projee-

-fions on the part, ¢?; these projections only

extending part way around the stem so that

by inserting the same and giving it a quarter
J LHe X & !

turn’the projections will be caused to engage

in th® groove. A spring, ¢*, is placed about |

the stem and bears against the valve proper,
which is in the form of a disk ¢!, periorated
to receive the stem, and which bears against
the part, ¢*, which is faced off to receive the
same, 5o as to normally close the opening in
said part ¢'; the adjacent end of the part, &%,
having an enlarged chamber or recess to re-

. = . =) " . 0
ceive this disle, The part ¢* has & series of

o : bbe7e8

openings, ¢*, leading from the enlarged
chamber or recess into the cvlinder.
tocated in the part ¢* and leading from the
cylinder into the small spring chamber iy a
series of openings ¢*, so that after a charge
of air has been drawn into the cylinder and
the plunger descends to compress the same,
a certaln amount of the air will be foreed
through seid openings ¢® to assist the spring
i forcing the, disk ¢ tightly against ifs
senf so as to securely close the mlet openings
in the part ¢!, The inlet is provided with
an opening in which is screwed a plug, ¢,
having a stuffing box-in the outer end. Lo-
cated 1n the plug, preferably serew-threaded
therein, is an adjustable thrust-screw, «'°,
the end of which bears against the part, r,
of the valve cige, to hold the same in po-
sition; the part ¢* of this cage having a
peviphera! beveled shoulder adapted to bear
against & similar shoulder in the inlet open-
ing s0 as to. form a tight joint. The plug
also-has & shoulder which fits tightly against
the ontar end of the inlet opening, as shown.
The stera ¢** carries a gland, ¢¥, which fits
the stuffing box of the plug. This cage for

"the vaive mechanism of the outlet opening
“ig also in two parts, ¢** %, fitted to the inlet
“opening and to each other in the same man-

ner as described in connection with the valve
mechanism for the inlet opening; the pro-
jecting stem, ¢'*, however, being located on
the opposite part to that of the other valve
mechanism, with the spring receiving cham-
ber in'the other part so that the spring will

Also
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Aforee the valve disk, ¢*%, against the part ¢*%

The part ¢'* has oné or more openings, ¢,
coramunicating with the air outlet from-the
eylinder so that the compressed: air will:
assist in holding the valve disk to its seat.
Cooling medoum  cireuit—As shown in
Fig. 4, the pump for the cooling medinm is
a rotary pump of substantially the same con-
struction_as fhet shown and fully described
in the pending spplication referred to, indi-
‘cated by the reference letter, 4. The actu-
ating mechanism for the rotary pump and
the shaft supporting the same is through

105

11¢

the devices connected to said rocking-beam,

¢, Intermediste the hollow shaft, &7, and
the end of the rocking-beam thers is pivot-

115

ally connected therewith, as clearly shown -

in Fig. 2, a connecting rod, 4%, and ghis con-
necting rod, d, at its free end is pivetally:
connected to the crank-pin, 4%, of the crank-:
shaft, 4%, journaled in sﬁitab?le hearings in
the main frame; On one side of the erank-

126

pin is an integral gear, d*, meshing with.2 =

| gear d° on the pump shait ¢ to which shaft

is connected both the rotary pistons of the.
oil and water pumps.. The fiy-wheel 47 is
connecsed to one end of the crank-shaft pref-

125

erably by bolting to & peripheral flange, °,

on the end of the shai, ‘ :
Ie v L e 7 . v 4 » s ®
The inlet for the cooling medium is indi-
. . : i - .
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" Inder, b%to the

- through the pipe,

£62,708

cated at'd'® (Fig. 1) and this cooling me-
dium is pumped by the rvotary pump, 4, di-

rect to the coolers and after-cooler by the |

ipe connection & (Fig. 3). Examining
Fig. 1 it will be seen that the various com-
pressors and coolers are se arranged in series

that thé low-stage compressor and the sec- |

ond-stage compressor are in close proximity

to the first and second coolers, g and ¢* and |

the -third and high stage ¢ompressors are
located in close proximity to the third and
after-coolers, ¢ and g°. In this way, after
the cooling mediuni has circulated through
the cooler 1t.passes to the jacket of its asso-
ciated compressor: It will only be necessary
to explain the circulation of the ccoling me-

dium threugh one of the coolers and jacket |

of its associated compressor,-since the ar-
rangements are duplicated through the ma-
chine. Referring to the first cooler, the cool-
ing medium passes out of the top of that
cooler to the jacket of the first-stage com-
pressor through the pipe d*° (Tig. 1) and
from that dompressor the water passes
through the pipe, d*, to the discharge open-
ing indicated by @**. The cooling medium-
passes from the second-stage cooler to the
jacket of the second-stage compressor

@, in a downward direc-
tion, as appears clearly in Fig. 3, and thende
to the common discharge opening, da*,
through the pipe, @**, (Fig. 3). oL

Aér circulation.—The air inlet is indicate

1) and it
passes from ‘the low-stage compression cyl-
first-staige cooler through
the pipe ¢, and as heretofore explained m

. -the co-pending application of Pocock and

‘- Allgire, tlre air passes through the low-stage
40,

and the second-stage cooler around. the con-

. duits or tubes, ¢* {Fig. 3).and the cooling

~

. ‘medium &reulates through said tubes, while
.~ in the third-stage coolers and the after-
. cooler, the cooling medium passing arcund

45

50

pipe connection

~marked e,

the tubes, €%, while the air circulates through
said tubes. The air passes from the first-

- stage cooler and from the bottem thereof to

the cylinder of the second-stage through a
arranged similar to that
and 2 connecting the third-
and the fourth-stage compressor
and from the cylinder of the

shown in Figs. 1
stage cooler

~second-stage compressor the alr passes up-

65

wardly through the pipe ¢* (Fig. 3) to a
point niear the top of the second stage cooler
andl from %he cooler it passes into the third-
stasge compressor and then to the third-stage
copler and from the cooler to the high-stage
compressor and then to the after-cooler and

from the after-cocler to the air outlet, e*

(Figs. 1 and 3).

As indicated in Fig. i, the third-stage

.cooler and the after-cooler are so arranged

that the air passes dowanward st one side of
the.cooler and wpward on the other side,

@

| the air both entering and discharging at the

upper end of these particular coolers. -

L Nteam valve . operating mechanism.—As

| before stated, the valve mechanism of the

| steam cylinder is operated from the rocker- 7

| arm, ¢, which is connected to the crank-

| pin, @, secured to the end of the crank-

 shaft, through the medium of the rod, a*%

| which rod is pivotally connected to the end

| of the crank-arm, @, on the hub, a**, of the 75

 rocker-arm, which hub is pivoted on the rod,

]K ¥, supported in suitable brackets from the

i main frame. The rocker-arm has two bifur-

| cated extensions, @', at its forward end,

| (see Fig. 12 for detail) in each of which is 8o

' mounted a.block, a*%, the bifurcated end be-

‘! ing capable of a movement independent of

| sa1d block. Pivotally mounted in the blocks,

', is a head, a**, to which the valve rod, .

\ 01, is connected. Arranged on each, side of 85

| this head are guide-ways, ¢2°, between which

y the head shides when the .rocker-arm is.

| rocked in either direction.

| 04l circuit.—Coupled to the driving gear,

| @, is a shaft, f, upon which is secured the 90

pistons of a main oil pump, #, and an auxil-

tary oil pump, f2, the mam purp being lo-

cated in the chamber or casing, ]‘1;, in which

| the oil from most of the bearings of the ma-
chine is ¢aught.” The auxiliary oil pump is 95

located without this casing and is connected

by a pipe, f*, with an oil catcher, f5, which,

Ties closely adjacent to the flywheel and sur-

rounds the fly wheel - bearing. This oil

catcher is shown in detail in Fig. 14." /% rep- 100

[ resents one side or wall -which completely.

i surrounds the bearing for- the

{ The wall, f7, completely surrounds the

flange, @, to which the ywheel is bolted, -

with the exception of an opening, f° thérein 105

! which communicates with the %o‘wer cham-

\, ber, 7%, of the catcher. which is formed by

the wall, f¢, and the wall, f1°, which wall f2

overlaps the wall f7 and extends -partly

about the flange d°. N o

Both oil pumps communicate with a

chamber, f11, & check-valve, f** being located
between -the chamber and the auxiliary

\ pump. This chamber -communicates - with

| the vertical pipe, f*, through the medium ‘of 115

| a short ipe 2. 'Oil is delivered under-

| pressure from this pipe to the hollow crank

| shaft, d?, through a universal connection.. -

fiywheel. -

110

This universal connection is shown in detail .
\ in Fig. 11, Screwed .into the end of the 120
| valve crank pin, @', is a socket plate, f'°
| which_ receives a ball sleeve, #¢, held in
, place by the plate, f7, which 1s secured to
| the socket plate fi°, The ball, f*2, is screwed
| onto the end of the ball sleeve, 26, which fits 128
| in o socket in the connecting piece, f*°, form- .
| ing a part of the supply pipe f1. The plate
| /2%, secured to the c_or_meqtin%lpiéce 7', holds
i'th\e ball, /13, in position in the socket. -

: ()

From the hollow crank-shaft,the 911?2&%5(38'.71‘30




15 . connection, f#*, supplies oil for

‘95 with the hollow

40 studs above the flange
oy

,p oil is forced into the hollow

35 piston or plunger. A is the

=8
through the channels' /= (Fig. 4) to the
erank-shaft bearings, and through the chan-
nel, 722, (Figs. 2 and 4) to the bearings or
journals of the crank and connecting rod,

. d'. A channdl, f#, extends about the con-

necting rod bearing and is connected by the
passage-way, 72, extending up through the
connecting-rod, with the connecting-rod
wrist-pin. Through the connection, /*, the

haft, a7, on
led ; thenee

which the rocking-beam is jous
through chmme?s, 2o, o bearings;
tlence through channels, f27, i« the .pivots
for the links, . One branch, j, of the
> hearings
" for the rocker-arm, ¢, through il:¢ medium
of the drips, f**. Another branch, j/*, ex-
tends over a funnel or cup, /%, connected to
one of the trunnions of the head a®, {Fig.

;0 12) to which the steam valve rod is con-

nected so as to supply oil to & series of
channels in said head and the blocks .
"The connecting red, ', which operates the
vocker-arm is hollow and communicates
crank-pin, ¢'t, through the
medium of a channel f** so that oil inay be
supplied.to the connection between said rod
and the erank @, ‘ :
Stuffing gland for compressor cylinders—

-q¢ In Figs. 8 and 10 is illustrated the manner,

of securing the stuffing gland of one of
the compressors in position. The cylinder
which is illustrated is that of the gecond-
stage compressor, b%; U7 representing the
gland, Secured
In the cylindex is a series of screw-threaded
studs, A%, preferably four in number, wiiich
extend loosely through perforations in the
flange h? of the gland, Serewed outy these
ave pinions, Mesh-
ing with the respective pinions is o large
gear, 2, Jocated on the flange of {he gland
between the pinions and the gland propet.

Pivoted at a suitable point on the gland:

45 flange is a lever, A% carrying 2 pinion A°

50 Dbox.

meshing with the gear A% By operating
the lever all of the pinions, 4%, may be
turned down against the flange and Jforce

the gland down uniformly into the stuffing

S

Having thus deseribed. my invention, I

claim — .

. 1. In an air compressor, the combination

of & steam cylinder and & plurality of mul-
\ ' S R

g

[T

fied.

952,708

tiple stage air compressors, three of said
compressors being located at the lower part

of the machine and oné located at the sideof .

said steam cylinder and in the upper part of
the machine, a plurality of coolers one adja-
cent to each air compressor, & pump for the
cooling medium in the bottom part of the
machine, connections extending upwardly
direct to each cooler, and a common dis-

charge pipe for said coolers, substantially as

-specified, .

76"

8. Tn an air compressor, the combination

of a steam cvlinder and a plurality of mul-
tiple stage air compressors, the high stage
compressors being located directly below the
steam cylinder and the two low stage com-
pressors at the side of said high stage com-
pressors, a plurality of coolers, and connec-
tions for carrying the cooling medium from
each cooler Wirect to its associated compres-
sion cylinder jacket and thereafter to the
common discharge pipe, substantially as
specified. - - :

4. In an air compressor, the combination -

of a steam cylinder and a plurality of mul-
tiple stage air compressors, the high stage
compressors being located directly below the
steam cylinder and the two low stage com-
pressors at the side of said high stage com-
pressors, a plurality of coolers, and connec-
tions for carrying the cocling medium from
each cooler direct to its associated compres-
sion cylinder jacket and thereafter to the
common discharge pipe, a pump for the cool-
ing medium at the bottom of the machine, an
oil pump also located at the bottom of the

8¢
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wmachine, and independent connections ex-

tending upwardly from each pump, substan-
tinlly as specified. - - .

5. In an air cempressor,.the combination
of » main operating device and a plurality
of compressors and plungers therefor cou-
pled together and located directly opposite
{le miain operating device, additional com-
pressors, an intermediate connecting device
botween said operating device and said addi-
tional compressors, said last-mentioned com-

pressors being lovated one above the other, a
plurality of coolers so arranged that one

cooler is adjacent. to each compressor, and a
retary pump.for the cooling mediumn located

part of the machine, substantially as speci-

P Tn oy abe pomnpo

between-the -compressors and at the lower.

105
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puip for the cooling medinm located be-
tween the compressors and af the Jower part
of the machine, for the purpose specified.

7. I an aiv compressor, an operating de-
vice, and a plurality of compressors directly
opposite said device and additional COI PEOSS-
ors in proximity thereto, a vocking beam in-
termediate said operating deviee and said
additional compressors, coolers, and a cool-
g wedivm pump operated by said operat-
ing deviee, connections extending upwardly
from said pump to =aid coolers, and connec-
tious extending downwardly from said cool-
ers 1o the compression jacket, an air conduit
from each compressor to its associated cooler
carrying the compressed air in a direction
reverse to that of the cooling médium.

R dn an air compressor, an operating de-
vice, and a plurality of compressors directly
opposite sald device and additional coni-
pressors In proximity thereto, cach of said
compressors having a cooling medium jacket,
a recking-beam intermediate said ope ating
device and additional compressors, coolers,
and a cooling medinm pump operated by
said operating device. connections from said
pump extending upwardly to the battom of

each cooler, and connections extending down-

wardly from said coolers to {he compressor
jackets, and air conduits extending from
each compressor to the top of the assoriated
cooler carrying the compressed air iu s divec-
tion reverse to that of the cooling medium,
substantially as specified.

O In an air compressor, the main oper-
ating device and a plurality of COMPressor
plungers coupled together directly opposite
said operating .device, n plurality of com-
pression pistons on the side opposite the Arst
mentioned compressor plungers, a rocking-
beam connecting said pistons with the oper-
ating device, coolers at the side of cach of
the compressors, a pump and connections ex-
tending direct to each cooler, and a common
discharge pipe for all of said coolers, sub-
stantially as described.

10. In an air compressor, {he main oper-
ating device and a plurality of compressor
plungers coupled together divectly apposite
said operating device, a plurality of cow-
pressionpistons on the side opposite the frst
mentioned compressor plingers, a rocking
beaw cor:necting said pistons with the oper-
ating device, coolers at the side of each of
the compressors, a pump and connections ex-
tending divect to each cooler, and a common

3

discharge pipe for all of said coolers, an oil
pump, and connections extending upwardly
to the bearings for said rocking beany, sub-
stantially as specified.

Il Inan air compressor, a rocking beam,
a steam-cylinder located on onc side of one
end of said beam having a piston pivolally
connected with said beam, an air compressor
also located at the same end of said beam
in line with said steam cylinder but on the
opposite side of the beam therefrom, the pis-
ton or plunger of said compressor having a
counection with said steam-cylinder piston,
and an air compressor located on each side
of the opposite end of said beam, the pistons
or plungers of said air compressors having

.2 pivotal connection with said beam, suly-

stantially as specified.

12. Inan air compressor, a rocking beam.
a steam cylinder located on one side of said
beam at the end thereot having its piston
pivotally conneeted wiih said beam, a high
and third stage compressor located side by
side on the opposite side of said beam from
said, steam eylinder and in line therewitly,
the pistons or plungers of said COMPressors
having a connection with said sivam eylin-
der piston, and a low-stage and second-stage
compressor located on opposite sides of the
opposite end of said beam, the pistous or
phingers of said compressors having a piv-
otal connection with said beam, substantially
as specihied.
13, In an air compressor, a rocking bean,
a steam eylinder located en one side of said
beam at the end thereof, & head to which the

piston of said steam eylinder is connected,

sald head being pivofally connected with
said Deam, an air comprossor loeated on the
opposite side of xaid beam from said evlin-
der and in line therewith, the piston or
plunger of said air compressor La ving a con-
nection with said head, an air compressor
located ‘on each side of the opposite end of
said beam 1n line with each other, a head to
which the pistons or plungers of said air
compressorsare conneeted, and a pivotal con-
nectlon between said Leam and last-named
head, substantially as specified.
In testimony, whereof, T have herennto set
my hand this 13th day of February 1909.
EDSON If. GALLAUDET.
Witnesses:
L. M. Gavvavper,
doseeir T. Faxnine.
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