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UNITED STATE@

PATLFNT OFFICE.
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Application filed April 17,1905, Serial No. 265,926,

Lo all whom ©t may concern.:

Be it known that I, Hosss E. CLIFFoRD, a
citizen of the Umted States, residing at La-—

fontaine, in the county of Wabash and State

of Indl‘ma hcwe mvented new and useful
Improvements in Air-Compressing Engines;

and I do declare the following to be a 1ul]
clear, and exact description of the invention, ,

reference being had to the accompanying
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Auid- -pressure engines and

for developing an

drawings, and to the letters and figures of
reference marked thereon, which form a part
of this specification. -

This 1nvention relates to reciprocatory
alr-compressors,
for it has reference particularly to the means
whereby the fluid-pressure may be utilized

dp transmitting the power
for compressing the air and for other pur-
poses. |

The object of the invention is to provide an
alr-compressing engine adapted to be oper-
ated economically b;r tiurd-pressure, particu-
larly by either compressed air or by steam,
which engine may be adapted to be modif ied
so as to be operated by gas-explosion 1m-
pulses; and a further object is to improve the
construction and arrangement of air-com-
pressing mechanism with respect. to the
power-g cenerating mechanism.

With the above-mentlonod and minor ob-
Jjects 1n view the invention consists in certain
novel features of construction and arrange-
ment of elements comprised in air-compress-
img engines and in the specific parts and
the combmatlons and arrangements thereof,

as heremafter partmular]y described and

claimed.

Referring to the drawings, Figure 1 is a
side elevation representing the completc ma-
chine, omitting the balance-wheel; Fig. 2, a
top plan of the complete 111&0111110 omit _;1110'
the alr-receiver and parts of the air-pi :)es
I'ig. 3, an elevation of Lhe side of Lh(, machlm
oppos;tte to that shown in IFig. 1; Fig. 4, a
fragmentary vertical lonﬂ*ltudmal secmonal
view approximately on the line A A in I 10,
Fig. 5, a {ragmentary horizontal Se(,tlonal
View apprommately on and below the line B
B m Fig. 1, the plane of the section being at
the axes of all of the cylinders; Ifig. 6, an end
elevation of the 111&(,11111@ K1 1g. 7, imgmem

tary transverse vertical sectional view on the -

Iime C C m Fig. 2; Fig. 8, a fragmentary
transverse vertlcal sectmual view on the line
D D i Fig. 2; IFig. 9, a fragmentary trans-

- verse vertical sectional view on the line E K

' 1n . 2

, I1g. 10, a fragmentary vertical sec-
tional detml view on the line A A in Fig. 2;
Fig. 11, a fragmentary horizontal sectional
detail view on the line B B in Fig. 1; Fig. 12,

| a fragmentary front elevation ‘of the main

valve-gear reproduced from Fig. 1; Fig. 13, a
horizontal sectional view on the line F in le
12; Mig. 14, an end view of one of the main
valves of the engine and 1ts chamber; Fig.
15, an end view of the valve- chamber and the
valve-seat therein; Kig. 16, a plan view of an
inverted cylinder of the eno ine; and Kig. 17,
a top plan of the eylinder and its cannectmm

rods coupled to a working beam, the beamn
and a portion of the emum-—fra,me being

shown 1n seéction on a phne near the line B B
in Hig. 1.

Sumla,r reference characters in the several
hgures of the drawings designate correspond-
ing elements or features.

Tn construction a suitable main frame G is
provided, which supports the whole appara-
tus of the engine proper and the compressing-
pumps and also a eservolr for the compressed
air.  While the engine may be operated by
other than stgam—pressure for the sake 01
convenlence the parts thereof will be herein
described as referring to a steam-engine.

In the lower part of the frame G is a steam-

passage «, extending transversely therein,

and above the passage are three upright hol-
low pillars b 0’ 0%, forming parts of the frame,
and 1n each plllELI‘ 1S & passage ¢, comimuni-

cating with the passage «a, the latter being
connected by a Supplywplpc d. At the top of

each passage ¢ is a steam-chamber e. Three
hollow cyhndrl(,al abutments H, H’, and H?,
formed alike, are rigidly secur ed in horizontal
positions to the pillars above described, each
abutment being supported at an end thereof
by a pillar and forming an extension of the
chambel ¢, the other end of the abutment
serving as a valve-chamber and while the
steam is operating expansively as an abut-
ment, together with a main valve therein,
there be':mf:- a rotary valve in the end of each
abutment, as I, I’, and I*, either valve being
arranged betwcen two seats J and K and hav-
ing openings % ¢’ therein, the seat J having
openmns g and the seat K having openings h
h' opposite to the openings g, correspondmﬂ
to the openings 7 in the valve. The seats are
disk-hke m form and secured suitably to the
shell of the abutment, and the valve is simi-
lar in form and adapted to make steam-tight
connections with either one of the seats.
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The ends of the abutments are provided with

external packing-rings . The main valves

are provided with valve-rods, as k &’ &%, Tor
their operation, which extend through open-
ings 7 in the seats K and through the steam-
chambers of the abutments and project be-
vond the pillars, as b, where the rods are suit-
ably packed. ' -

Gudes I I are provided, that are arranged
in planes above and below the abutments in
pairs, and hollow steam-cylinders L 1" L* are
mounted movably on the abutments, there
being a cylinder for each abutment and hav-
ing each a pair of guide-bars m m’ at the top
and bottom thereof in connection with the
above-mentioned guides. Each cylinder 1s
provided with a pair of wrist-pins n and #/,
one at either side thereof, to which are con-
nected a pair of coupling-rods M. M, designed
for draft purposes, that extend at opposite
sides of a pillar, asb. Fach cylinder is closed
by a head at one end thereof, and near its op-
posite end in its under side is an exhaust-
port p.

The ends of the valve-rods are provided
with rocking arms N N’ N? for rocking the
rods, and thereby the main valves, the pack-

ing of the rods serving as journal-bearings

for the ends of the rods.

In the main-frame base are exhaust-ports

g, a port for each cylinder, to receive the ex-
haust-steam from the port p thereof, all- of
the ports ¢ communicating with a transverse

port r, extending to a side of the main irame,

from which point it may be extended else-
where.

At a side of the main frame near an end
thereof a pair of brackets s &' are attached
thereto and support a pivot-rod ¢, on which
three swinging arms O O’ O* are pivoted and
depending from the rod, the free ends of the
arms being connected by coupling-rods u v’
w? to the rocking arms N N’ N2 Below the
plane of the rod ¢ a pair of shafts v and w are
journaled rotatively. On the shait v are
cams Q Q' Q?, adapted to move the swinging
arms toward the main frame or mwardly,
and on the shaft w are cams R R’ R?, adapt-
ed to move the arms outwardly. In the
bracket s is journaled a gear-wheel i3, con-
structed as a triple wheel, having bevel-
wheel teeth v at one side thereof in engage-

" ment with a bevel-wheel x on the shaft v,

5%
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bevel-wheel teeth 7/ at the opposite side
thereof in engagement with a bevel-wheel &’
on the shaft w and spur-teeth z on the mid-
dle portion thereof. The cams are shown as
being integral with their supporting and
driving shafts, but obviously may be formed
separately and secured adjustably to the
shafts.

On the top of an end of the main frame
working beams T T T? are pivoted between
their ends thereon, there being a working
beam for each cylinder and arranged on hori-

811,378

zontal axes, each working beam with an end
thereof opposite a pillar, as b, and to such
end the rods M M’ are connected.

" A main shaft U is journaled on the top of
the main frame and has cranks 18 19 20, to
which are connected pitmen 21 22 23, which
are connected to the upper ends of the work-
ing beams T T/ T% The main shalt is ar-

ranged somewhat above the cylinders and

extends transversely thereof in a plane ap-
proximately at the ends of the abutments,
the cranks of the shaft being above the cylin-
ders in the same vertical planes therewith.
A gear-wheel V is secured to the shaft at one
side of the main frame, and a gear-wheel V’
is also secured to the shaft at the opposite
side of the frame.

The front side of the frame is provided
with a stud P, on which is journaled a gear-
wheel W, that meshes with the wheel V and
the spur-teeth z of the wheel S, communicat-
ing motion from the main shaft to the valve-
oears. The rear side of the frame is provided
with a stud P’, on which is journaled a gear-
wheel W/, that is driven by the wheel V. A
coupling-rod 24 is pivoted to the wheel W,
and a like rod 25 is pivoted to the wheel W'.

A balance-wheel 26 is secured to the main
shaft U, and obviously other similar wheels

and pulleys may also be secured to the shaft,

so that machinery could thereby be driven.
At the front side of the frame a gear-wheel

seoment X is pivotally mounted and sup-

ported partly by the frame and partly by a
stand 27, that is attached to the frame, and
at the rear side of the frame a similar seg-

| ment X’ is mounted and supported similarly

-

partly by the frame and partly by a stand 28,
one segment having an arm pivotally con-
nected to the rod 24 and the other segment

having an arm connected pivotally to the

rod 25. _ __ _
At the rear side of the frame, as illustrating

the purpose of the engine, are two low-pres-

sure pump-cylinders Y and Y’ at opposite

ends of the frame, and at the front side of
the frame are two high-pressure cylinders Z
and 7/ at opposite ends of the frame, all of
the eylinders being secured horizontally to
the frame and formed substantially alike, ex-
cept that the high-pressure cylinders have
less diameter than the others. A piston-rod
29 extends into both of the cylinders Z and
7/, and the middle portion of the rod 1s
formed as a gear-rack 30, that is engaged by
the segment X. Pistons 31 and 32 are at-
tached to the ends of the rod in the ¢ylin-
ders. Suitable roller-bearings 33 are pro-
vided for the rack part of the rod. At the
opposite side of the frame a similar piston-
rod and rack 34 is arranged In engagement
with the segment X’, and pistons 35 and 36
are attached to the rod in the cylinders Y
and Y’, into which the rod extends. The
cylinder Y is provided at the ends thereof
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valves 39 and 40, between which 1s connected
a discharge-pipe 41. The cylinder Z 1s pro-
vided at the ends thereof with inlet-valves 42

“and 43, between which the pipe 41 1s con-
nected therewith, and the cylinder is also

provided with outlet-valves 44 and 45, with
which is connected a discharge-pipe 46, lead-
ing to a reservoir 47, having an outlet-pipe
48 and mounted upon the main frame ol the
engine. The ends of the cylinder Y’ are pro-
vided with inlet-vdlves 49 and 50 and also
with outlet-valves 51 and 52, between which
a discharge-pipe 53 is connected therewith.
The inlet-valves 37, 38, 49, and 50 may all be
connected with a suitable single intake-pipe,
as 1s obvious. |
its ends with inlet-valves 54 and 55, between

which the pipe 53 is connected therewith, |

and the cylinder is also provided with outlet-
valves 56 and 57, with which is connected a
discharge-pipe 58, leading to the reservoir
47. Obviously the pipes 46 and 58 may be
connected together and to a single pipe lead-
ing to the reservoir. Also the pipes 41 and
53 may be connected together, if desired.
Although an advantageously - arranged
three-cylinder engine is described, 1t will be

~ obvious that the machine may be construct-

30

35

40

1nders.

ed as a two-cylinder or a four-cylinder en-

gine, or any suitable number of cylinders and

necessary codperating parts therefor may be
provided. Any suitable types of valves for
the air-cylinders may be employed and may
obviously be arranged in the heads of the cyl-
Various other modifications may
also be made within the scope of the mven-
tion. -

In practical use the steam is to be admit-
ted to the supply-pipe d and will flow through
the passages to the chambers in the abut-

- ments H H’ H? always conveniently disposed

55
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to be promptly admitted to the cylinders by
the main valves. It may be assumed that
the engine is starting from the position illus-
trated in the direction of the arrow on the
balance-wheel when steam is cut off {rom cyl-
inder L, which after moving ocutwardly some-
what the steam would be exhausted there-
from, and ‘the cylinder would be returned
empty by the crank 18 and the intermediate
connections. In cylinder I/ the steam has
been cut off by the main valve and 1s expan-

sively exerting its force, presumably while

cylinder 1.2 is in position to receive full-pres-
sure steam to move it outwardly, this cylin-
der being the one relied upon to start the en-
oine from its illustrated position. By the
time cylinder I? movesto the end of its stroke
live steam will have been admitted to cyhn-
der 1/, which will drive the crank-shatt U un-

til eylinder L has been returned to 1ts proper

position to receive live steam. Therefore
the engine may be started from any position

in which the cylinders may be left standing.

The cylinder Z/ 1s provided at |

424
i

with inlet=valves 37 and 38 and also outlet- | The main valves will be operated by the to-

and-fro motions of the arms O O’ 0% impart-
ed to them by the valve-cams at opposite
sides thereof, which will be operated by
means of the wheel V and intermediate con-
nections. The wheels W W’ will rock the

seements X X', and thereby imparting recip-

rocating motions to the piston-rods 29 and
4.
cylinders by the pistons therein and forced
under moderate pressure into the pipes 41

and 53, from which the air will flow into the
high-pressure cylinders to be compressed and.
discharged into the reservoir 47 and therein

further compressed as the inflowing air con-

tinues. . -
Having thus described the invention, what

is claimed as new 15— -
1. An engine including a support having a

‘chamber therein, a hollow cylindrical abut-

ment secured fixedly at an end thereof to the

‘support in communication with the chamber

thereof and provided at the opposite end
thereof with a valve-seat, a valve operative
on the valve-seat and having an operating-
rod extending through the chamber of the

Air will be drawn into the low-pressure

75

30

Qo

support, a hollow cylinder movable on the -

abutment, a rotative shaft having a crank,
operative connections between the hollow
cylinder and the crank of the shaft, and con-
nections between the rotative shalt and the
operating-rod of the valve. .

2. An engine including a frame, a support
having a chamber therein, a hollow cylindrical
abutment secured fixedly at an end there-
of to the support in communication with the
chamber thereof and provided at the oppo-
site end thereof with a valve-seat, a valve op-
erative on the valve-seat and having an oper-

ating-rod extending through the chamber of

the support, means for controlling the operat-
ing-rod, a hollow cylinder movable on the
abutment, a reciprocating rod mounted on
the frame and having gear-teeth thereon, a
sear-segment pivoted to the frame and en-
oaging the gear-teeth of the reciprocating
rod, and operative connections between the
hollow cylinder and the gear-segment.

95

1CO

105

110

3. An engine including a frame, a support

having a chamber therein, a hollow cylindrical

abutment secured fixedly at an end there-
of to the support in communication with the
chamber thereof and provided at the oppo-
site end thereof with a valve-seat, a valve op-

erative on the valve-seat and having an oper-

115

L20

ating-rod extending through the chamber of -

the support, a hollow cylinder movable on

saud

the abutment and provided with an exhaust-
port, a rotative shaft having a crank and
mounted on the frame, operative connections
between the hollow cylinder and the crank of
the rotative shaft, means for controlling the
operating-rod of the valve, a pinion secured
to the rotative shaft, a gear-wheel mounted
on the frame in engagement with the pinion,

125
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a reciprocating rod mounted on the frame and | vided each with two parallel apertured valve-

having gear-teeth thereon, a gear-segment
pivoted to the frame and engaging the gear-
teeth of the reciprocating rod, and a coup-
ling-rod pivoted to the gear-wheel and also to
the gear-segment. -

4. An engine including a support having a
chamber therein, a hollow eylindrical abut-
ment secured fixedly at an end thereof to the

support In communication with the chamber
thereof and provided at the opposite end !

thereof with a valve-seat, a valve operating
on the valve-seat and having an operating-
rod extending through the chamber of the
support, a hollow cylinder movable on the
abutment and having an exhaust-port there-
1n, a working beam, a pair of connecting-rods
pivoted to the cylinder and also to the work-
g beam, a crank-shaft, a pitman connected
to the crank of the shaft and also to the work-
g beam, a balance-wheel on the crank-shaft,
a rocking arm attached to the valve-operat-
ing rod, and connections between the crank-
shatt and the rocking arm.

5. An engine including stationary hollow

abutments provided with valves having op-

erating-rods extending through ends thereof,
rocking arms secured to the operating-rods of
the valves, hollow cylinders movable on the
abutments and provided with exhaust-ports,
pivoted working beams, connecting-rods piv-
oted to the cylinders and also to the working

beams, guides for the cylinders, a main shaft

having cranks, connecting-rods pivoted to
the cranks and also to the working beams, a
pair of rotative shafts provided with cams,
gearing between the rotative shafts and the

. main shaft, swinging arms movable between
and by the cams of the pair of rotative shafts,

10

45

and connecting-rods pivoted to the swinging
arms and also to the rocking arms.

6. An air-compressing engine including a
frame, a plurality of pairs of parallel guides
supported by the frame, a plurality of hollow
cyhnders movable in the pairs of guides and
having each a closed end and an open end, a
plurality of working beams pivoted on the

- frame, a plurality of connecting-rods pivoted

to the cylinders in pairs and also to the work-
ing beams, a plurality of hollow abutments
supported by the frame and extending there-

from into the movable cylinders and pro- |

seats, main apertured valves movable be-
tween the seats and having operating-rods
extending through the abutments, a main
shait having a plurality of cranksmounted on
the frame, and connecting-rods pivoted to
the cranks and also to the working beams.

7. An awr-compressing engine including a,
frame, a plurality of cylinders mounted mov-

b6o

ably in the frame, a plurality of abutments

serving as fluid-chambers supported at ends

thereof by the frame and-extending into the

cylinders, main valves mounted in the ends
of the abutments within the cylinders and
having operating-rods extending through the
abutments, rocking arms secured to the op-

‘erating - rods, a plurality of working beams

pivoted on the frame, a main crank-shaft

journaled on the frame, couplingﬂrods pLv-
oted 1n pairs to the cylinders and also to the

working beams, coupling-rods pivoted to the
cranks of the main shaft and also to the work-
Ing beams, reciprocating rods mounted on
the frame and having gear-teeth thereon,
gear-segments pivoted to the frame and en-
caging the gear-teeth of the reciprocating
rods, operating-gearing between the gear-seg-
ments and the main shaft, and operating
mechanism between the main shaft and the
rocking arms of the valve-rods.

8. In an engine, the combination of aframe,
a palr of guides in the frame, a cylinder closed
at oneend thereof mounted movably between
the guides and having an exhaust-port near
the opposite end thereof, a chambered pillar

- attached to the frame, a hollow cylindrical

abutment attached to the pillar and extend-
ing into the cylinder, a main valve movably
mounted 1n the end of the abutment that 1s
1n the cylinder, a packing between the end of
the abutment and the cylinder, a working
beam mounted on the frame, a pair of parallel
connecting-rods pivoted to the cylinder and
extending at opposite sides of the pillar to the
working beam and pivoted thereto, and
means for operating the main valve. '

In testimony whereof I affix my signature
In presence of two witnesses. .

HOBBS E. CLIFFORD.
Witnesses: o |

Wu. H. Payxg,
E. T. SiLvius.
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