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UNITED STATES PATENT OFFICE.

-GEORGE L. BADGER, OF QUINCY, MASSACHUSETTS.
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Specification of Letters Patent. . .Pa,'tented May 23, 1911,

Application filed May 29, 1909. Serial No. 499,178,

To all whom it may concern:

Be it known that I, Georee L. BapcEr,
citizen of the United States, residing at
Quincy, in the county of Norfolk and State
of Massachusetts, have invented a certain
new and useful Improvement in Engine-
Driven Compressors, of which the following
is a specification, reference being had therein
to the accompanying drawings.

This invention relates to improvements in
compressors and is applicable to the various
types of engine-driven compressors.

The invention is shown as applied to what
is commonly designated as a straight-line
COINPIessor.

. One of the principal objects of the inven-.

‘tion is to provide automatic regulating

means which will control the speed of the
compressor throughout a -wide range, to
vary the amount of fluid compressed, and
also, after the speed has been reduced to a
predetermined point, to vary the amount
comgirqssed per stroke, without lossof power
or efficiency. -

A further object is to provide a more effi-

- cient and economical type of compressor,

80

‘85

especially as relates to those of compara-
tively small size, at but little increase in
cost over the ordinary strpight-line com-
pressor. R

It is well known that the ordinary
straight-line machine is not economically
self:regulating below 35 to 40 per cent. of its

~full rated capacity, and when the demand

for fluid is light, the speed cannot be re-
duced sufficiently-to prevent waste ‘of fluid
without danger of the machine stalling or

- sticking on centers. - By my invention a
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~ operation.
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straight-line machine may, when there is
but little demand for fluid, be operated
nearly as slowly as a duplex machine, if de-
sired, without. loss of power or efficiency,
except that due to an Increase in cylinder
condensation -at very slow speeds as is the
case in all types of steam engines.

A large number of the compressors in-
_stalled are of comparatively small size and

are operated by plain slide-valve engines
having a fixed cut-0:f at a late point in the
stroke and make no pretense to economical

vided with an adjustable cut-off which can
be changed to cut off the steam at different
points in the stroke, but on account of the
variable demand. for fluid, it is difficult, if
not impossible, for the attendant to antici-

Larger sizes ate usually pro-

pate what the demand will be at any time
4nd to keep the cut-off adjusted at the most
economical point. In practice the cut-off
is usually ag'

stroke in order to prevent centering when
the machine slows down, as the demand for
fluid falls off, uad there is a waste of steam
when the machine speeds up again as the de-
mand for fluid increases. Compressors of
comgaratively large capacity are usually of
the duplex type provided with cut-off valve
gear, and having compound steam cylinders,
and with a light demand when these ma-
chines slow down in order to prevent a waste
of the fluid compressed, they are liable to be
stalled, unless special provision is made to
admit live steam at such times directly to
the low pressure cylinder. Variable speed
machines of the several classes herein men-
tioned are usually provided with a combined
speed and pressure regulator which regu-
lates the amount of fluid compressed by con-
trolling the speed. The speed of the ma-
chine is normally controlled by the pressure
of the fluid compressed, the regulator being
provided with a piston which is subject to
the fluid pressure, said piston furnishing di-
rectly the
regulating the admission of steam to the
steam chest of the engine; or, in the case of
an automatic cut-off valve gear, furnishing
directly the power for actuating the means
for varying the point in the stroke at
which the valves close to cut off the steam
to the cylinder. Such regulators are also
provided with a fly-ball attachment, which

justed for a late point in the.

ower to move the valve for -
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acts to reduce the supply of steam when -

the speed of the machine becomes excessive
either by throttling the admission, or by
changing the point of cut-off. A serious ob-
section o this type of regulator, especially
for straight line compressors, is that it does
not provide for a variation in steam pres-
sure. Assuming that the regulator has been
adjusted so that the machine will run as
slowly as’is possible without danger of
stopping on centers, in order to prevent a

waste of fluid when the fluid compressed is.

at a predetermined pressure and the steam
ressure is normal, if the steam pressure
alls off while the pressure of the fluid com-
pressed remains the same, because of a de-
creased demand, the machine will stop on
the centers since the speed will not be suffi-
cient to give the required momentum.

In order to control the speed of the ma-
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chine throughout a wide range and prevent
any liability of stopping on centers irre-
spective of variations in steam pressure, I
have devised a variable speed governor
which has either at high or slow speeds
practically the same power to operate a
valve for throttling the supply of steam, or
preferably for actuating the means that
varies the point of cut-off. Temploy a pres-
sure regulator in combination with the speed
governor and the speed at which the gov-
ernor acts to increase or decrease the speed

‘of the compressor is normally controlled by

_ the pressure regulator which is controlled by
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the pressure of the fluid compressed; but
the pressure regulator does not act to .di-
rectly furnish power for actuating the means
for changing the point of cut-off to vary
the speed of the compressor; it simply acts
to change the adjustment of the speed gov-
ernor which varies the speed at which the
governor acts to do the work. By this ar-
rangement it will be seen that when the
steam pressure is above a certain minimum
amount, the speed of the compressor is not
.Influenced or affected by variations of steam
pressure, and that at ‘either high or slow
speeds the cut-off is automatically adjusted
to the most economical point that is possible
under the then existing conditions.

In order to avoid operating the com-
pressor at full load per stroke at very slow
speeds when little or no fluid is being used,
1 provide means whereby after the speed of
the compressor has been reduced to a prede-
termined point, the amount of fluid com-

* pressed per stroke is gradually decreased, so
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that when the compressor is running at
minimum speed, there will be no fluid com-
pressed. »

The invention will be fully understood
from the following description taken in con-
nection with the accompanying drawings,
and the novel features are pointed out and
clearly defined in the claims dt the close of
the specification. . '

In the drawings—TFigure 1 is a side ele-
vation of a center crank straight-line com-

pressor embodying the invention, showing a
portion of the steam chest in section, some
of the parts being drawn on an exaggerated
scale to show more plainly. Fig. 2 is a plan
view of a compressor embodying the inven-
tion. Fig. 8 is an enlarged partly sectional
view of the steam cam and roll carriers.
Fig. 4 is a section of the left end of the
steam controlling cam, cutting off at three
quarters stroke. Figs. 5, 6 and 7 are sec-
tions of the same cam when the rollers are
in position respectively to. cut off at one
hal? stroke, one quarter stroke and at full
cut-off. - Fig. 8 is a section of the left end
of an air controlling cam. Figs. 9, 10 and
‘11 are sections of the same cam when the
rollers are in position respectively to cut off

992,032

at three quarters, one half, and one quarter
stroke. Fig. 12 is an_enlarged view of a
speed governor partly in section. Fig. 13 is
an enlarged sectional view showing the
valves controlling the ports to the steam
cylinder. Fig. 14 is a sectional view of the
adjusting valve of the speed governor. Fig,
15 is a sectional view of an inlet valve.
Fig. 16 is a sectional view of a rotating stud
and levers.

Referring to the drawings,—A is the
steam cylinder, and B the air cylinder, which
is 'provided with one or more discharge
valves B* on'each end, and with a discharge
pipe B2, adapted to be connected with a re-
ceiver, not' shown. The stems B2, Bt of

inlet-valves are shown at the left and right

on the bottom of the air cylinder, adapted to
be mechanically opened by levers here-
after described, at the beginning of cach
suction stroke, and allowed to close at the
end of the stroke, when working at full
capacity, and allowed to close earlier in the
stroke when working at less than full ca-
pacity, so that the air-intake is cut off on
the suction stroke, and a less volume is sup-
plied to the receiver on the compression
stroke. The inlet-valves remain closed when
there is no demand for fluid. When closing
early in the stroke, or remaining closed
throughout the stroke, there is a partisl
vacuum in the cylinder, and the Springs
which tend to keep ‘the inlet-valves seated
must be strong enough to maintain them on
their seats against the atmospheric pressure
then tending to unseat them. )
Fig. 15 shows the spring B® adapted to
seat and maintain the inlet-valve seated, ex-
cept when mechanically opened. The air
may pass to the#¥alve through the port 137,
communicating with an intake-pipe, and the
stem B® may pass through a cap, which is
not shown, adapted to be screwed into the
bottom of the cylinder. As shown withont
the cap the air may pass through the spider
B® of the valve.  While only one inlet-valve
is shown at each end, more may be provided
1f necessary; but as the valves are mechan-
ically pushed a considerable distance from
their seats, the area of port -opening is so
large that one inlet-valve on each end will
generally be sufficient for cylinders of mod-
erate capacity. ‘ ’
While the compressor could be regulated
by the air cylinder alone to control the
amount of fluid compressed, I have provided
means to reduce the speed of the compressor
before cutting off the amount compressed
per stroke. The speed governor C is oper-

ated from some movable part of the appa-

ratus. I have shown it driven from a pulley
C* fastened to the shaft D which revolves
In unison with the engine shaft by means of
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worm-gears E and F. - Any suitable means -

may be employed to revolve shaft D in
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unison with the main shaft. The pilley C*-

of the governor is belted to the pulley C

- and operates a -small rotary pump. The
casing which forms part of the governor is

5 represented by C?. The pump may be of
any suitable form of rotary- or plunger type.
There is a chamber or reservoir in the casing

" containing oil or any suitable liquid which
is pumped through the port- C* (Fig. 12)
under the piston 5‘ and passes through port
C* to a recess C? of the semi-rotary valve C*
-which laps over the port C*, the latter port
allowing the liquid to return to €fe chamber
or reservoir. The port C? as well as ports
C* and C5, are of sufficient capacity to allow
the fluid raised by the pump to return freely
to the reservoir. The semi-rotary adjusting
valve (7 is, however, adapted to restrict the
opening area of the port C°, _ .
To adjust the speed governor so that it
will prevent. the compressor running faster
than desired, the compressor is started and
_ the steam- supply is throttled so as to run
the compressor at the desired speed, and

26 the adjusting screw C° is forced against the

10

. ]_.,5‘

- lever C* attached to a shaft or stem C'%,

which passes through and is adapted to ro-
. tate the adjusting valve C*. When the lever
C is thus forced upward, the valve C* (see
Fig. 12) acts to partially close the port C°
which is preferably longitudinal and at an
~ angle to the upper seating face of the valve
C" (see Fig. 14), so that a wide range of the
capacity of port C° may be obtained. When

30

. 85 port C° is thus restricted, the liquid cannot

return freely to the reservoir and it, there-

fore, creates a pressure under the piston C*
normally held down by. a “weight described-

later herein, forcing it upward, and the stem
C* acts through levers and cams herein-
after described to shorten the point of cut-
off to the steam cylinder. When the steam
is thus cut-off sufficiently to slightly reduce
_the speed,. the check-nut of the- adjustin
screw is tightened, and the throttle openef,
and' the governor has the maximum speed
of the apparatus under control, and will, if
desired, maintain the speed if the steam

40

45

50 Joad. When the speed decreases slightly, a

less- amount of liquid is pumped, and as a
less amount will pass more
port C°, the pressure under the piston C*
decreases and the weight before mentioned

55 carries it down toward its original position,

moving the cam to lengthen the point of cut-.

- off, thus increasing the speed. An orifice

_ through the adjusting valve, not shown, per-
_mits the pressure of the liquid being pum

80" ¢4 hold it to its seat. Having thus provided

for controlling the maximum speed, the gov-

- erpor-is adjusted to control the minimum

speed, by bringing the left end C** of the le--

ver C*° in contact with the adjusting screw

65. G, and moving the latter to a point that -

-to ‘increase the speed, simu

: mitting the air cylinder to compress 2 small -

pressure is high enough to work a%:_xinst the
i

freely through.

8

will maintain the compressor in motion
under a friction load only. This prevents
further closing of the port. C°. The cam
will automatically move to a point to main-
tain this minimum speed whenever the com-

pressor is completely unloaded irrespective of

the steam pressure. Provision has been
made so that when the load comes on, it is
applied gradually and the steam supplied
increases proportionately. This is' accom-

70

76

plished by means of a_ pressure regulator .

which actuates the -adjusting semi-rotary
valve C7 of the speed governor, and thus

controls the pesition of the actuating cams,

and. times the movements of the steam and
air-valves., '
The pressure regulator consists of a small
air cylinder C* connected by a pipe C'
to the receiver. The stem C is att,ac%ed to
a piston in the air cylinder C°, and the
link C** is pivotally attached to the stem
C* and the lever C°, A weight C* on the
lever: C'° is adjusted so that when the de-
sired receiver pressure is attained, the pres-
sure moves up the piston of the air cylin-
der C', carrying up the lever C'° thus

‘moving the adjusting valve C' to partially

close the port C* which acts to create a pres-
sure under the piston C* and through the
levers and cam to be described to shorten the

point of cut-off and reduce the speed. As,

the demand for fluid decreases, the receiver
pressure tends to increase and to still fur-
ther restrict the opening of port C?, and thus
still further cut d%wn the speed. The speed
is thus reduced 1 proportion to the demand
until the minimum speed is reached, and the

compressor is completely unloaded. If at

this point there is a demand for air, the
load can only be applied through a drop
in the air pressure, which will act first to
open the port C° wider. This will allow the
o1l or liquid being pumped to return more
freely to the reservoir of the speed governor
as before.explained, and permit the cam to
be moved to a position to suplply more steam

taneously per-

amount of air which will increase in pro-
portion to the demand for fluid. But addi-
tional steam will simultaneously be fur-
inisged -at a similar ratio to take care of the
oad. ‘ :

The actuating and timing of the move-
ments of the steam and air valves during the
stroke of the pistons in either direction: is
accomplished by mesns of cams running be-
tween rollers attached to carriages, the ro-
tation of the cams imparting a reciprocating
movement to the roller-carriages, which mo-
tion is imparted by levers to the valves.
There are two cams, one controlling the

‘valves of the steam -cylinder, and the other
the valves of the air cylinder. Each cam

runs.between two rollers bearing on its pe-
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riphery and placed diametrically opposite.
The arrangement of rollers and carriages
being similar for both cams, a description of

one will be sufficient, except in relation to-

the difference in the shape of the cams which
will be fully explained.

_ The cams revolve with, and are by means
of a key and keyway free to slide longitudi-
nally on ‘the shaft D, which I have shown
driven in unison with the main shaft by the
worm-gears I& and F. The shaft is sup-
ported in bearings G, G?% in the frame G
which is bolted to the compressor.

The right or steam controlling cam H is
shown in its extreme position to the right.
It is moved longitudinally by means of the
lever H* having a forked end with slotted
arms which engage the studs H* of a split
loose collar H® Jocated in a recess in the cam.
The opposite end of the lever H* is secured
to a rocker shaft H? supported by and ro-
tatable in the frame G and the bearing C*,
and carries on its opposite end the lever H?
provided with a weight H* sufficient to move
the cam H to and maintain it in its right-
hand position when the force which moves it
in_an opposite direction is relieved. The

left or air controlling cam J is normally

moved to and maintained in its right-hand
position by means of the weight J%, lever J?,
rocker shaft J* supported by and rotatable
in bearings J° and in frame G, and lever
arm J* engaging studs of a split collar simi-
lar to H® ~ The upper roller K is rotatably
mounted in’ a roll carrier K* which is pro-

* vided with studs K* adapted to slide verti-

40

45

50

55

60

cally in bearings G* of the frame G. The
lower roller K* is rotatably mounted in a
roll-carrier K° provided with studs K*
adapted to slide vertically in bearings G® of
the frame G. '

The upper roll-carrier K2 carries a stud or
shaft K* adapted to move vertically in a
boss or ‘bearing K°® which is rigidly con-
nected with the lower roll carrier K* by an
arm or yoke K* (see  Fig. 1). A spring
K** is placed between the bearing K° and
the roll-carrier K? and by means of the ad-
justing nut K*2 on the stud K8 the rollers K*
and K* are allowed to engage the periphery
of the cam at the desired tension, and an-
swers to compensate for the wear of either
the rollers or cam. When the cam moves
the rollers, the spring is stiff enough not to
be compressed and will transmit the motion
and actuate the valves but will yield slightly
if the distance between the bearing line of

‘the oppositely disposed rollers on the cam is

not correctly proportioned throughout the
revolution of the cam. By this arrange-
ment of rollers and cam I obtain the neces-
sary reciprocating movement with but little

- friction between the cam and rollers, one

65

roller being pushed in one direction and the
other in an opposite direction, the cam being

| 902,083 -

so shaped that when one roller is moving to
a high portion, the opposite one is moving
to a low portion of the cam.

The lower roll-carrier K° is provided on
the back side with a projecting stud indi-
cated in Fig. 8, which engages the forked
arm of a bell-crank lever L attached to a
rocker-shaft 1.2 supported by a bearing I3,
A lever L* is secured to the other end of

-shaft L? pivotally attached to the connecting

rod L?, the opposite end thereof being piv-
otally attached to the valve stem L¢ which
passes through stuffing boxes in each end of
the steam chest A%, The heads or valves M!
and M? are secured respectively on the left
and right of the valve stem and control the
left and right cylinder ports A* and A®.

Steam is admitted to the chest through the

pipe connection A% and passes by ports A°
and A" to the outer ends of the steam chest,
thus balancing the pressure on the valves
and permitting a free longitudinal move-
ment. The exhaust port A3 is located be-
tween the valves. A single or integral valve
with an exhaust space between the heads
could be used, or a plain or balanced slide
valve, but it is desirable to employ a valve
which will move easily in both directions.
The cam J is operated between rollers in
a roller-carriage similar to that provided for

70
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the cam H which has been described, and im- -

parts a reciprocating movement to a bell-
crank lever O, and the connecting rod O2
pivotally connected thereto, and to the lever
arm O® secured to the rocker shaft O*, and
supported by the bearing O° which moves

‘the levers O° and O alternately to open the

inlet-valves of the air cylinder and to allow
them to close. . : ’
The construction of the steam controlling
cam H is shown in Figs. 1, 3, 4, 5, 6 and 7.
In the position shown in Figs. 1, 3 and 4
the pistons of both cylinders are in central

100

105

position moving to the right, and revolving

the main shaft in the direction denoted by
the arrow in Fig. 1. The inlet-valve at the

left of the air cylinder is open and steam

is being supplied to the left end of the steam
cylinder through port A% Steam is being
exhausted from the right end of the steam
cylinder -through port A® and air is being
compressed in the right end of the air cylin-
der, the inlet-valve at that end being closed.
Both cams are revolving in the direction
shown in“Figs. 4 and 8, being sections of the
left ends of the cams. The rollers are bear-
ing on the left end of the cams and the
steam valves M* and M? are in the positions

‘marked respectively d and 4 in Fig. 183.

The cam H is made with four separate con-
centric arc-shaped bearing surfaces, being
parts of circles of different diameters. The
curved surface joining the different arcs acts
to lift or push the rollers in opposite direc-
tions, a corresponding curve simultaneously
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acting to allow the respective opposite roll-

ers to move in a. corresponding direction at

the proper time. The arc of greatest radius

or surface is designated 1, and the arc or

5 surface of smallest radius is designated 4,

- (see Fig. 7). When one roller is bearing on

surface 1, the opposite roller bears on sur-

face 4, and vice versa. The arc or surface

of second largest radius is designated 2, and

1o ‘the remaining arc or surface is designated

3. When one roller is bearing on surface 2,

the opposite roller is bearing on surface 3,

and vice versa.

between surfaces 1 and 4 and between 2 and

15 3 are equal, but where the surfacesare joined

by the lifting line of the cam, the diametri-

cal line is not the same as between the arcs,

since in moving from one arc or surface to

another the rollers do not bear in a straight

. 90 line drawn through their centers but at a

point off the center line determined by the

relative diameters of the cam and_ roller,

and the length of the surface joining the

arcs, representing, the time which it takes

25 the cam to move the roller from one to the
other position when revolving.

In the position shown in Figs. 1, 3 and 4,
the bottom roller K* is bearing on the high
surface 1 of the cam H and is in its ex-

30 treme downward position carrying the valve
stem to its extreme position to the right and
placing the valve M! in position &, opening
the port A* to admit steam fo the left end
of the steam cylinder ; while the upper roller

35 K* is bearing on the low surface 4, valve M*
is in position A to exhaust steam from the
right end of the cylinder, through port A®.
As the piston moving to the right reaches
three quarter stroke, the roller K* is forced

. 40 to surface 3, the lower roller K* simuitane-
ously moving to surface 2, causing the valve
M* fo move to position e, thus cutting off
the admission of steam~to the left end of
steam cylinder; while valve M* is ‘moved

45 to position 4, partially closing the exhaust
from the right end of the cylinder. At the
end of the stroke to the rigﬁt, the roller K*
is forced to surface 1; the roller K* moves
to surface 4, and valve M' assumes i-

50 tion f; valve M? assumes position j, allow-

~ ing steam to pass to the right end of the cyl-
- inder, and to exhaust from the Jeft end, and
moving the piston to the left. When reach-

ing three-quarter stroke to the left, thé lower

55 roller K* 18 forced to surface '2; K* moves

" to surface 4; valve M! assumes position g.
valve M2 position %, and steam is cut o

from the right end of the cylinder, and the

. exhaust partially closed from the left end.

60 At the end of the left hand stroke, the roller

K* is forced to surface 1, and roller K*

moves to surface 4-to the original position
shown, completing the cycle of operation.
It is not desirable to give any lead to the

.65 steam cam to admit steam before reaching

The diametrical distances:

'M? and M? assume positions ¢ and g and ¢

| cylinder C*® down,

the end of the stroke, since ordinarily the
air cylinder acts to cushion the piston. -

If the conditions were -such that it was
desirable to provide a cushion, the lifting
curface may be slightly advanced in relation 70
to its contact with the rollers at the end
of the stroke. The cam could of course be
constructed to furnish steam for the entire
stroke if the conditions demanded such. un-
economical action. ' .75

Whenever at three quarters cut-off the
compressor speed or the air pressure in-
creases the speed governor and pressure reg-
ulator come into action, and the piston C* -
being forced up, the stem C'* forces up one 30
end of the pivot piece C** supported in bear-
ing C* and the opposite end forces the short
arm of leyer H*® down, and acts through the
rocker shaft H? to move the lower end of
lever H* to the left, thus moving the cam, 856
which then acts gradually as it moves longi-
tudinally to-shorten the point of cut-off.
When the cam cuts off at one half stroke, a
section at that point would appear like Fig.
5, and at quarter stroke like Fig. 6. The
point of cut-off is gradually shortened until
finally the surfaces 1 and 4 disappear from
the periphery of the cam. As before stated,
2 slight advance may be made in the lift line
to provide a cushioning effect if desired. 95
‘When the cam has moved longitudinally to .
bring that portion of the cam shown in Fig.

7 between the rollers, the rollers bear on
surfaces 2 and 3 alternately, and the valves -
100

90

and 4 opening and closing the cylinder ports
A% and A3 to exhaust only. When the de-
mand for flnid increases, and the receiver
pressure falls slightly, the weight on the
lever arm C® forces the piston of the air
acting to increage the
area of operning of the port C° and reducing
the pressure under the piston Ct. The
weight H* on the lever arm H?* will, actin,
on the pivot piece C°, force the piston
down, and will also move the cam H to the
right, lengthening the point of cut-off and =
acting either to increase the speed, or to com-
press a greater amount of uid‘sflllr stroke -
at the same sa)eed or both, depending upon. 115
the relative adjustment of the steam and air

105

110

Ttis desirable in some cases to compress &
full amount ‘per stroke under lie%ht._ loads,
running the compressor at a speed fo com- 120
ress an amount sufficient to equal the de-

gx’and. Just before the speed is reduced to

-a point where a too early cut-off would pre- -

venit smooth running, the lever H® is ad-
justed to abut against the lever H* which is 125
Tioving to the left. The-lever H° is s
cured to a stud H’ s'up%?rted by and rotat-
ing in the frame G (see Fig. 16), and carries
the slotted lever arm J°, the slot fitting over . ..
a flattened place on the stud, permitting lon--130
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gitudinal adjustment of the lever J¢ on the
stud H” and retained in adjusted position
by the nuts H* so that the stud and levers
swing freely. Any further movement of the
lever H* will through the action of the swing-
ing arms H® and J® move the cam J to the

~ left, and act to cut off the amount of air
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drawn in on each suction stroke of the air
piston. The relative longitudinal movement
of the two cams is determined by the adjust-
ment of the levers H® and J® on the stud
H" and they are preferably adjusted so that
the air cam will move fasfer than the steam
cam H, gradually cutting off the air intake,
but reaching the limit of its movement to
completely unload the compressor before the
steam cam has entirely cut off the steam ad-
mission; but also gradually decreasing the
speed until the point is reached where the
steam furnished is just sufficient to keep the
compressor in motion at friction load only.
In a straight line machine, such as shown
herein, it is of importance that it should fot
stop ot stick on centers. In a duplex ma-
chine with cranks set at 90 degrees the com-

“pressor could be allowed to stop and would
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- when the air is expanded to atmospheric,
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. air entrapped in the right

start in any position.

The shape of the air cam J is somewhat
different but is similar in genera] principle
to the cam H. Tt has three arc-shaped sur-
Taces, the highest surface being designated
as a (see Figs. 8 to 11), the intermediate b,
The diametrical distance
between o and ¢ is equal to the diameter of
the intermediate surface. In the position

shown Figs. 1 and 8, the lower roller R* is.
_ bearing

on the surface @, and the upper
roller R* is bearing on the surface . A stud
engages the forked end of the bell-crank Je-
ver O forcing it down, and the upper end to
the right. The connecting rod 02 and lever
02 are also forced to the right, and the rocker
arm O* causes the left end of lever Q¢ to
bear against the stem B® of the left inlet
valve and open the same. A spring Q% bear-
ing against the pivoted end O° of the lever
O¢ allows the end O° to move back when
pressed against the stem B® at the begin-
ning of the suction stroke, when the air in
the clearance space is above atmospheric
pressure, but at a point in the suction stroke

pressure the spring O acts to open the inlet.
valve against the tension of the spring B®
which' tends to keep
the end of the stroke to the right, the sur-
Tace a forces the upper roller R! to ‘its

.upper position, the lower roller R* moving

to surface ¢, reversing the motion of the le.
vers, pressing the lever O7 against the stem
B* which causes the valve to open in - the
movement of the piston to the left when the
) end on the com-
pression stroke has expanded to atmospheric

5 pressure by the action of the spring O

the valve seated. At |

902,932

similar to O® described ; the left end inlet-
valve closed at the end of the stroke to the
right when the lever O° was moved down.
At the end of
ation described is reversed. When it is de-
sired to cut off a portion of the air on the
suction stroke, the inlet-valve is opened as
before, near the beginning of the suction
stroke, but is allowed to close before the end
of the stroke. Referring to Fig. 9, the cam
section shown is adapted to allow the inlet-
valve to close at three quarters stroke. Dur-
ing the stroke to the right, the rollers and
valves are in the position before described.
At three quarters stroke the surface b forces

the top roller R* up, and the lower roller R* -

moves from surface a to surface b placing
the bell-crank and other levers in an inter-
mediate position by which the left hand in-
let-valve is allowed to close, but the right
hand is not opened. At the end of the
stroke to the right the surface « forces top
roller R* up, and lower roller R* moves to
the surface ¢.as before described, remaining
in this position during the stroke to the left

-until surface 4 forces the bottom roller R* to-

an intermediate position at three quarter
stroke. This allows the right hand inlet-
valve to close, and a volume less than the
capacity of the cylinder is compressed at
each stroke. As the cam moves to the left,
the valves are closed still earlier in the
stroke, as shown by Figs. 10 and 11, and this
is continued until the surfaces @ and ¢ dis-
appear from the periphery of the cam, and
it is a true circle of surface b, the inlet-
valves remaining closed throughout the
stroke, and the compressor being completely
unloaded. ;
What I claim is:

1. In apparatus of the character de-’

scribed, the combination of a power cylin-
der and piston, a compression cylinder and
piston, valves for controlling the admission
of fluid to the -cylinders, means adapted
throughout a wide range of speed to control
the speed of the pistons, said means includ-
ing fluid circulating means, a controlling-
valve therefor and adjustable means to limit
the movement of the controlling-valve,
means for automatically varying the adjust-
ment of said controlling-valve to change the
speed of the pistons, so that the amount of
fluid compressed will be substantially equal
to the amount being used.

2. In apparatus of the character de-
scribed, the combination of a power cylin-
der and piston, a compression cylinder ‘and

piston, valves for controlling the admission -

of fluid to the cylinders, mesdns adapted
throughout a wide range of speed to control
the speed of the pistons, said means being
also ‘adapted to vary the amount of fluid
compressed on the stroke of the compres-

sion piston, said means including fluid circu-

the stroke to the left, the oper- '
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lating means, a controlling-valve therefor
and adjustable means to limit the movement
of the controlling-valve, means for automat-
ically’ varying the adjustment of said con-
trolling-valve to change the speed of the
pistons. :

3. In apparatus. of the character de-
scribed, the combination of 2 power cylin-
a compression cylinder and
piston, valves for controlling the admission
of fluid to the cylinders, a governor pro-
vided with fluid circulating means, a con-

"-trolling-valve therefor and adjustable means

15

20

2b

"speed of the pistons,

to limit the movement of the controlling-
valve and adapted throughout a wide range
of speed to control the speed of the pistons,
means for automatically varying the adjust-
ment of said controlling-valve to change the
so that the amount of
fluid compressed will be substantially equal
to the amount being used.

4. In apparatus of the character de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of

- fluid to the cylinders, a speed governor pro-

80

vided with fluid circulating means, a con-
trolling-valve therefor and adjustable means
to Jimit the movement of the controlling-
valve and mechanically operated means for

 actuating said valves which are controlled

. valve to

85

by said governor, means for automatically
varying the adjustment of said controlling-
to change the speed of the pistons, so
that the amount of fluid compressed . will

_ be substantially equal to the amount being
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used. -

5. In apparatus of the character de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, meang adapted
throughout a wide range of speed to control
the speed of the pistons, said means includ-
ing fluid circulating means, a controlling-
valve therefor and adjustable means to limit
the movement of the controlling-valve and
means controlled by the pressure of the fluid
compressed_for varying the adjustment of
said controlling-valve. :

6. In. apparatus of the character de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the ‘cylinders, means adapted
throughout a wide range of speed to control
the speed of the pistons, said means includ-
ing fluid circulating means, a controlling-
valve therefor and adjustable means to limit
the movement of the controlling-valve, said
means being also adapted to vary the amount
of fluid compressed on the siroke of the com-
pression piston. ) _

7. In apparatus of the character de-
scribed, the combination of a power cylinder

7

and pistén, a compression cylinder and pis-
ton, valves for controlling the admission of

fluid -to the cylinders, means adapted

throughout'a wide range of speed to control
the speed of the pistons, said means being
also adapted to vary the amount of fluid
compressed on the stroke of the compression
piston, said means including a controlling-
valve,and means controlled %)y the pressure
of the fluid compressed for varying the ad-
justment of the controlling-valve to vary
the spoed at which said first mentioned
means acts to increase or decrease the speed
of the pistons.

8. In apparatus of the character de-

scribed, the combination of a power cylinder

and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, means adapted
throughout a wide range of speed to control
the speed of the pistons, said means includ-
ing fluid circulating means, a controlling-
valve and adjustable means to limit the
movement of the controlling-valve in oppo-
site directions, and means controlled by the
pressure of the fluid compressed for varying
the adjustment of the controlling-valve to

‘vary the speed at which said first mentioned

means acts to increase or decrease the speed
of the pistons.

9. In apparatus of the character de-
scribed, the combination of a power cylinder
and piston; a compression cyﬁnder and pis-
ton, valves for controlling the admission of
fluid to the cylinders,
with fluid circulating means, a controlling-
valve and adjustable means to limit the
movement of the controlling-valve and
adapted throughout a wide range of speed
to control the Speed of the pistons, and
means controlled by the pressure of the
fluid compressed for varying the adjustment
of the controlling-valve to vary the speed at
which the governor acts to increase or de-
crease the speed of the pistons.

10. In apparatus of the character de-

scribed, the combination of a Fower cylinder
I

and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, a governor provided
with ‘a piston, with means for supplying
fluid to said governor pistor and a control-
ling-valve ang
sure of the fluid compressed by the com-
pression piston for varying the adjustment
of said controlling-valve. o

11. In apparatus of the "character 'de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and piston,
valves for controlling the admission of fluid
to the cylinders, a governor adapted to con-

trol the speed of the pistons and being also

adapted to vary the amount of fluid- com-
pressed on the stroke of the compression
piston, said governor being provided with

a governor provided.
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a piston, with means for supplying fluid
to said governor piston and a controlling-
valve and means controlled by the pressure
of the fluid compressed by the compression
piston_for varying the adjustment of the
controlling-valve.

12. In apparatus of the character de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, a. variable speed gov-
ernor provided with a controlling-valve, a
lever adapted to move the controlling-valve
and means controlled by the pressure of the
fluid compressed to operate said lever.

13.
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, a speed governor
provided with a controlling-valve, a lever
adapted to move the controlling-valve,
means controlled by the pressure of the
fluid compressed to operate the lever and
adjustable means to limit the movement of
said lever.

14. In apparatus of the character de-

In apparatus of the character de-'

scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
ton, valves for controlling the admission of
fluid to the cylinders, a speed governor pro-
vided with a controlling-valve, means con-
trolled by the pressure of the fluid - com-
pressed to operate the controlling-valve and
adjustable means to limit the closing move-
ment of said controlling-valve to control the
minimum speed of the pistons. _

7 15. In apparatus of the character de-
scribed, the combination of a power cylinder
and piston, a compression cylinder and pis-
tons, valves for controlling the admission of
fluid to the cylinders, a speed governor pro-
vided with a controlling-valve, means con-
trolled by the pressure of the fluid com-
pressed to operate the controlling-valve and
adjustable means to limit the opening move-
ment of said controlling-valve to control the
maximum speed of the pistons.

In testimony whereof T affix my signature,
in presence of two witnesses.
GEORGE L. BADGER.
Witnesses:
Wriam A, Coreranp,
Axrice H. Morrison.
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