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PATENT OFFICE.

JONAS CRABTREE, OF NEW YORK, N. Y.
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SPECIFICATION forming part of Letters Patent No..594,524, dated November 30, 189Y7.
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(No model.}

Io all whom ¢ may concern:
Beitknown that I, JoNAS CRABTREE, a citi-

zen of the United Stetee residing in the ci ty of

New York, in-the eeunty and State of New

York, h:zwe invented a certain new and useful

Improvement in Air or Gas Compressors, of
which the following is a specification.

‘The subject of the present invention is an
improved machine for compressing air, gas,
or other fluid, and is principally designed to
secure econemy of working energy end the
most advantageous eppheemon of the actuat-
1ng power and attain simplicity of construc-
131011 and reduction of weight in the moving
and other parts of the meehme

As will further appear, the improved com-
pressor also embodies certain novel details
and parts which contribute to high efficiency
of operation.

The accompanying drawings form a part of
this specification and replesent what I con-
sider the best means of carrying out the in-
vention.

Figurelisaplanview ehowmﬂ' my 1mpr0ved
compressor. It also shows in outhne on its
lower side an additional engine to be operated

by the subsequent expansion of the air which

has been compressed. FKig. 21s a view rep-

resenting in: side elevatlon one form of com-
pressor embodymﬂ‘ my 1mpr0vements

Fig.
3 18 a detall sectional view of one of the com-
pressmfr-eylmdele and its trunnions, the sec-
tion being taken in the plane in dicated by the
dotted line ¢ b in Fig. 2. Fig. 4 is a horizon-
tal sectional view throun'h the inner connec-
tion with the slide-bar of one pair of heads
of the rods attached to the compressing-pis-

‘ron, and Iig. 5 is a detail sectional view show--

lng on an enlm ged scale the construction and
arrangement of 1 thesupplyand deliveryvalves
of one of the compressin D‘-Cylmders Fig. 6
1s an enlarged detail sectional plan view show-

ingthe heads of the Ppiston-rod as of gear form.

Fw 7 18 a detall view of the perte shown in
Fw' 6, but represented in different position.
I‘lg 3'is a somewhat similar view, but illus-

trating the employment of elllptleal heads

for increasing the stroke of the compressing-
pistons. I‘w 9 18 a view of the guides de-

50 tached.

Similar reference numerals indicate corre-

sponding parts in all the fi gures where they

appear.

The framework 1 is suitably bolted to the
rear end of the steam-cylinder 2, which may
be of the Corliss or other appr oved style. The

sald frame is 80 constructed that its main

parts can be adjusted for compressors of va-
rying size.

s and 4 designate the primary and 5 and 6
the secondary compression-cylinders, which
as represented are of single-acting and oseil-
lating character and are relatwely located
with 1eﬂ'e1d to each other and the slide-bar 7,
(reelproeated by the steam-piston,) as most
clearly shown in Fig. 1. WhileI have shown
four of such c,yhndels 1t will be obvious that
tor the purpose of securing high compression
their number may be lnereased toany deswed
extent.

Kach of the compression-cylinders is pwot—
ally mounted in bearings contiguous to its in-

‘nerend and is provided with npper and lower
trunnions 910,each of which contains an open-

ing 11, (see Flﬂ' 3,) surrounded at the mouth
by an annuler recess 12 for the reception of
a sultable packing material. The recess 12
1s separated from the opening 11 by a rim of
metal 12*. The retaining cap or plate 13 for
each trunnion has an annular projection 14
to enter the packed recess 12 to establish an
air-tight joint with said trunnion when the
plete iIsadjusted and bolted to the main frame,
as shown in Fig. 1. A cross-bar 15 is bolted

to the inner end of each compression-cylin-

der and serves as a rod-guide to avoid any
undue friction between the compressing-pis-
ton 16 and the c¢ylinder and also assist in the
movement of the latter.

The rods 17 of the compressing-pistons are
provided at their inner ends with eylindrical
heads 18, each pair of which is so connected
with the bar 7 by yoke-plates 7%, bolted there-
to, as to permit each head to turn in its bear-
ing and 1ts rod to make a vibrating movement
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back and forth as the bar 7 reciprocates, the

sald heads of each pair being in contact, as

illustrated in Fig. 4, so as to have a rolling

motion against each other, thus serving to re-
ducefriction. Where the headsare of strictly

1CO

cylindricalform,blocks19,adjustablethrough
| the medium of bolts 20, are employed to secure
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“a snug bearing for the heads and take up

10

20

30

35

40

45

50

535

6o

05

Wear.

In the inner ends of the eylindersinduction
and delivery valves 21 and 22 are arranged
and control communication through ports or
passages extending through the trunnions,
the valves 21 of each primary cylinder clos-
ing the supply through an extended passage
23, leading from the opening in the lower trun-
nion, while the valve 22 of each of said cyl-
inders cuts off communication with an ex-
tended passage 24, leading to the opening in
the upper trunnions, both the primary and
secondary cylinders having pipe connections
25 and 20 with a receiver or reservoir 27, con-
taining a cooling-coil.

Assuming that the piston of the engine is
at the center of its stroke, the compressing-
pistons are at the limit of their inward move-
ment, as indicated by full linesin Ifig. 1. The

further movement of the engine-piston and.
slide-bar causes the pistons to be moved out-

ward. Air is drawn in through the lower
trunnions of the compression-cylinders 3 and
4, then flows along the port or passage 23 on
the under side to the chambers 29 of the 1n-

duction -valves through the openings con-

trolled by the latter into the c¢ylinders. In

some cases communication may be estab-

lished directly with the atmosphere through
the valved end of the ¢cylinders or through the
pistons. The succeeding inward movement
of the pistonsin the eylinders 3 4 seats the in-
duction-valves, compresses the air, and forces
it through the openings controlled by the de-
livery-valves 22, after which it flows along the
passage 2+ to and through the upper trun-
nions and pipes 25 25 to the receiver, where its
temperature 1s reduced by the cooling-coil.
The air next passes from the reservoir by way
of pipes 26 26 to the secondary compression-
cylinders o 6, wherein it materially assists in
the completion of the stroke of the steam-pis-
ton. T'he return movement of the pistonsin
the cylinders 5 6 expels the air in a highly-
compressed condition throughthe lower trun-
nions of said secondary cylinders and from
which 1t may be conveyed to any suitable
point for utilization in refrigerating appara-
tus or any place to be artificially cooled. It
will be comprehended that the valves and pas-
sages 1n the cylinders 5 6 are reversed rela-
tively to those in the cylinders 3 4. It will
also be noted that the construction of the
improved compressor is such that one revo-
lution of the crank-shaft 31 suffices to cause
two complete strokes of the compressing-pis-
tons, thus compensating for their compara-
tively short stroke, the combined effect of the
four pistons being equivalent to a double-act-
ing direct alr-compressor requiring much
greater motive power.

The fly-wheel 32 and shaft 31 serve not only
to regulate the stroke of the compressing-pis-
tons, butlimit the stroke of the steam-piston,

while at the same time throwing the rods 17
beyond their centers.
The sliding bar 7, although of compara-

large wearing-surfaces, is subjected to very
little side or vertical pressure, it being prop-
erly guided by guides 32*, having integral
lugs 33, provided with bearing-plates bolted
to the frame 1, as shown in Ifig. 2.

From so much of the description as has
thus far been furnished it will be compre-
hended that the energy of compression 1s

utilized to the highest possible extent, inas-

much as the power is applied at the apex of
the angle formed by the piston-rods and the
slide-bar 7 and transmitted by the former in
a direct line to their pistons through the
changing positions.of theircylinders,any loss
of power experienced by one piston being
compensated for by the coaction of the others.
It will also be seen that as the pressure in
the compression-cylinders increases the rela-
tion of each eylinder, its piston, and rod to the
line of the reciprocating bar will become more
nearly a right angle, so that the same power,
as each pair of rods approaches alinement

with each other and a position at right angles

with said bar, will exert increasing compres-
sion effect, since the mutual bearing of each
pair of rods at their inner ends tends to force
cach other outward, thus avoiding loss of en-
ergy. -

Another important feature connected with
this invention is the provision of having the
compressing-pistons commence their outward
stroke at their highest speed, which becomes
gradually reduced as compression proceeds
to the limit of their inward movement. By
this arrangement the pistons can be adjusted

to work close to the cylinder ends, thereby

avolding the usual loss of capacity from clear-
ances. The greatest working resistance 1s en-
countered by the steam-piston in the second
quarter and until it passes the center of 1ts
stroke, the second half of the piston move-
ment being assisted by the air-pressure in the
secondary cylinders, so that the steam may be
cut off early and expanded to secure economy
in working the engine.

The arrangement of the induection and de-
livery valves of each of the cylinders 3 4 1s
shown on an enlarged scale in Fig. 5, wherein
35 represents the interior of the cylinder at
the cylinder-head; 36, the inlet-valve cham-
ber; 37, the delivery-valve chamber. The in-
let-valve 39 is of the winged form and carries
the head 40, threaded to engage the cap 41,
which not only serves to guide the valve, but
also to adjustably limit its movements and

serve as a piston to effect the closing of the

valve by forming a partial vacuum as it
opens. The cap 42 scrves as a cylinder for
inducing such closing motion. The cap 41 18

introduced and adjusted through an opening
in the outer casing of the valve-chamber,

tively extended length and provided with
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which opening is closed by a cap 42, having | may be cut or otherwise produced on the

a collar 43 engaging the threadsof the casing-

- opening andextending within the valve-cham-
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ber to receive and per mit the cap 41 tosnugly
move therein.

The threaded portion of the cap 41 is of
greater diameter than the inner contracted
mouth of the valve-opening, so that when the
induction-valve leaves its seat the free edge
of the threaded portion of the cap 41 will
contact with the inner casing of the valve-
chamber and limit the movement of the valve.

By varying the threaded engagement of the |

cap with the head the limit of contact may
be adjusted and hence the movement of the

valve regulated. The delivery-valve 44 is

also of the winged type, but is obviously in-
troduced through a threaded opening in the
outer casing of its chamber, said opening be-
ing closed by a cap 45, the threaded collar 46
of which extends within the chamber 37 and
snugly receives and admits of the play within
1t of the head 47 of the delivery-valve. A
small port 43 lS located in the collar 46, as
indicated.

When the piston moves outward in each of
the compression-cylinders,the valve 39 opens,
thus creating between the caps 41 and 42 a
partial vacuum and at the same time per-
mitting air to be drawn into the cylinder.
When the piston ceases to draw air, the vac-
uum in connection with the opposibion air-
pressure exerted on the valve tends to quickly
and positively reseat it. The delivery-valve
opens as soon as the air-pressure in the cyl-
inder-exceeds that of the chamber and re-
ceiver. When the delivery-valve leaves its
seat 1n opening, a small volume of air under
pressure 1s admitted through the port 48 to
the space between the head 47 and cap 48,
the further movement of the-valve cutting
off said port. Now whenever pressure is re-
moved from the inside of the cylinder the
confined air between the head 47 and its clos-
ing-cap expands and causes the valve to posi-
tively and quickly resume its seat.

In order to effect the two complete strokes
of the compressing-pistons heretofore referred
to, it 1s highly important that the trunnions
or bearings of each pair of opposed cylinders
should be as close together as possible, while

permitting mutual clearance of the inner cor-

ners of said eylinders. The relative location

of the bearings indicated in Fig. 1 is suffi-

clent to enable the rod of each compressing-
piston to assume at the limit of the engine-
stroke in either direction a position tha,t will
have brought the piston toits outward move-
ment. The bar may be provided with re-
cesses or be otherwise formed to present suit-
able clearance for the cylinder corners and
permit their working close together.
Modifications may be made WlthOHt depar t-—
ing from the principle or sacrificing the ad-
Vantao es of the invention. Parts of the in-

‘'with the induction of another pair by stu

heads of the compressing piston-rods, aiding
the stout inclosing parts or housing to ]{eep
the heads in their proper working positions
relatively to each other. Such arrangement
is shown in Figs. 6 and 7. The heads may
be eccentric or may have other form to pro-
duce a longer stroke, as shown in Fig. 8.

My compressing - ¢ylinders, arranged as
shown, may be aided by one or more com-
pression c¢ylinders and pistons arranged in
the ordinary manner.

I claim as my Invention—

1. In an air or gas compressor, the slide 7

and means for 1eclprocatmﬂ‘ it strongly In a

right line in combination with a pair of ¢om-
pressing-pumps arranged on opposite sides
thereof and pivotally conneeted thereto, ar-

ranged to oscillate on trunnions near the in-
ner ends so as to give a motion nearly coin-
ciding with that Of the slide near each end of
the str oke, all substantially as herein speci-
fied.

- 2. In an air or other

fluid compressor, the

| combination with a pair of opposed compress-

ing-cylinders and induection and delivery
valves therefor said cylinders being arranged
to oscillate on trunnions, at their inner ends,
of a rolling connection with the inner ends of
the rods of the compressing-pistons 80 as to
turn without friction on each other, substan-
tially as specified. |

3. Inan airorother compressor, the combi-
nation with a pair of opposed compressing-

cylinders arranged to oscillate on trunnions
located at theirinner ends, of piston-rods for

sald cylinders having heads abutting against
and arranged to roll on each other, and means
for reciprocating such heads and conse-
quently the compressing-pistons, substan-—
tially as herein specified.

4, In an air or other compressor, the com-
bination with a supporting-frame, a pair of
osclllating compressing-cylinders having dia-
metrically-located trunnions each containin %)
an opening 11 for the passage of the fluid, a
packed recess 12 surrounding such opemuﬂ*
and separated therefrom by a substantml rim
12*, of a plate 13 for each trunnion bolted to
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the supporting-frame and having an annular

projection 14, bearing in the packed recess,
together with a compressing-piston and oper-

ative connections, substantially as herein

specified.

5. In an an*—eompressor, the combination of
primary and secondary balanced pairs of os-
cillating compressing-cylinders having suit-
able pistons and valves with a reservoir con-
necting with the delivery from one pair and
ffing-
boxes maintaining tight joints and allowing
the motions, said cylinders moving in unison
so that the primary pair simultaneously de-
livers to the reservoir, while the secondary
pair similarly receives the airof compression,

| vention can be used without the whole. Gears | all substantially as herein specified.
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0. In an air or other compressor, the com-
bination with a compressor-cylinder, of its
piston and actuating means, said cylinder
having induction and delivery valve-cham-
bers, located 1n 1ts head and containing their
respective valves, the delivery-valve cham-
ber having a cap 45, the inner rim of which
has a port 48 establishing communication be-
tween the spaces at the rear of the delivery-
valve and the delivery, and adapted to be
closed by the delivery-valve when unseated,

so as to effect the closing motion of the valve
by the subsequent expansion of the air or
other gas thusreceived, substantially as here-
in specified.

In testimony that I claim the invention
above set forth I affix my signature in pres-
ence of two witnesses.

JONAS CRABTREE.

Witnesses:
M. I¥Y. BOYLE,
J. B. CLAUTICE.
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