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PATENT OFFICE.

_ -_,v"VILL{_AM S. COLWELL, OF .CI;IICAGO‘, ILLINOIS:

ENGINE.

' srgcxrmnpl\r forming part of Letters Patent No, 617,89."7, datedJanuary 17, 1899,
- Application filed November 16, 1897, Serial No, 658,661, (No model.) ' '

To all whom it may concern: S
. Beit known that I, WILLIAM SAMUEL COL-
. WELL, a citizen -of the United States, resid-
ing at Chicago, in the county of Cook and
5 State of Illinois, have invented certain new
and useful Improverents in Fluid-Pressure
Engines or Motors, of which the following is
a full, clear, and exact specification. '

My invention relates to fluid-pressure en-

10 .gines or motors génerally, but more particu-
larly to therotary stéam engine or motor and

tothose types employing a piston-way or other -

chamber or space for the pressure to a¢t in

and a piston or other member for the pressure |

15 to act against; and the improvements have

more especial reference to means for subject-|

ing the advance side of the piston to a vacu-
um withoutdepending upon the condensation
of the exhaust-steam for the pic
20 such vacuum. - n . .
. The primary object of my invention is to

provide improved means for subjecting the

.. piston on its advance side to vacuous action.
. A farther object of myinvention is to pro-

25 vide & valve-gear for engines whereby the ex-"

haust will be opened during a shortlength of
the stroke-and the piston-way then shnt off

. from the exhaust and.opened to a vacuum-
. during a-comparatively longer length of the

30 stroke. . _ :
With these ends in view niy invention con-.
sists in certain features of noveltyin the con-

struction, combination, and arrangement of -

parts by which the said objects and certain

.35 other objects hereinafter appearing' are at-

tained, all -as fully deseribed, withreference
to the accompanying drawings, and more
particularly pointed out in - the claims.

~In the said drawings, Figure 1 is a'side

4o elevation, partly in vertical section, of a ro--

tary engine equipped withmy improvements.

- ¥ig. 2 is a plan view thereof. Fig. 3isa ver-
tical sectional view, partly broken away,show-
ing the parts in the position they assume

45 when the engine is runningto the left,or away
. from ‘the engineer, with the exhaust taking
_place. Fig. 4 is a similar view showing the
parts in the position they assumé when the
engine is running in the same direction and

. 50 taking pressure or steam. Figs.5 and 6 are-
similar views showing the engine running in |

the reverse direction, or to.the right. Fig. 7

| and its pivotal standard or support, herein-

production’of

| - 53represents theshell or casing; 54, the pis-

is a side elevation of the vacuum-chamber,
pump, and hot-well.- . Figs. 8, 9, 10, and 11
are detail views of the valve mechanism,
partly broken away, corresponding in posi- -
‘tion, respectively, with the positions of the
parts as illugtrated in Figs. 3, 4, 5, and 6.
Fig. 12 is a rear elevation of the floating lever

6o

after deseribed. Fig. 13isa detail plan view
.of .certain. parts of the valve mechanism or
‘geary hereinafter explained; and Fig. 14 is a
perspective view of a clog, hereinafter de- .
seribed. © : CL
~Like signs of reference indicate like parts '
throughout the figures of the drawings.

In {ltustrating my invention I have shown
it as applied to & rotaryengine of tha steam-
engine type, as an example of the various.
forms of motors to which my improvements
~are equally applicable, and in describing the -

65'-

70

{invention in connection with such motors I .

herein refer to the member which is actuated.
by the fluid-pressure asthe ““ piston; ” but this 75
term I employ as a convenient and generic
term, meaning that part or member of any mo-
tor which corresponds to the piston or other
_part that converts the presstre ‘into motion;
and I also employ herein the expression ¢ pis<: 8o°
ton-way,” which is to be considered a generic
‘term meaning that space or chamber in which
the pressure acts for converting its power into
motion. . o : Co _
It will also be evident that while the exam-
ple of motorillustrated and described is of the
‘reversible type the invention is in its broad-
est-aspect nevertheless equally applicable to
non-reversible or one-way. motors.

85

90 .
ton-way therejn;55,the pistonsecured tomain
shaft; 56 57, the movable abutment; 58 59,
the inlet-ports on either side of the abutment;
60 61, the valves controlling such inlet-ports,
respectively; 62,the steam-chest,in which said

.valves 60 61 are housed, and 63 64 the exhaust-
ports on either side of the abutment. All of
these parts may be of thé usual or any suit-

.able construction, and thg meehanism for con-
trolling the admission of pressure through
either of the ports 58 59 may beof any of the

95

100

' valve mechanisims well known in ‘the art.

In applyibg my improvements to a rotary

-engine of she reversible form I provide a valve-
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~the engine. _
Contained in each of the housings 65 66 is-

20

25

30

35

2 _ ‘ 617,807

housing, preferably, for each of the exhaust-
ports 63 61, and each of which is placed in com-
munication with one of said ports and also

"with a vacuum-chamber 27 .through pipe or

passage 26, as well as provided with an ex-
haust-discharge passage. - One of these valve-
housings is shown at (5, the other at 66, and
each is provided with a port 67, communicat-
ing with one of the exhaust-ports 63 64, a port
or passage 68; leading to any suitable fitting,
having a flange 69 or other suitable attacﬁ
ment whereby it may be connected with the

pipe 26, Fig.7,leading to the vacuum-chamber-

27, and also an exhaust-discharge passage 70,
leading to a similar fitting 71, yhich may be
connected with an exhaust-discharge pipe 72.
Each of these valve-housings may be bolted
or.otherwise suitably secured to the shell of

a plug-valve 7374. When the engine is run-
ning to the leff, or away from the engineer,
assuming the engineer’s post to be on the
right, the upper valve 73 is turned so as to
close the exhaust-port 63, and is rendered in-
active during the rotation of the engine in
this direction by mechanism presently to be
described, while the valve 74, or lower valve,
places the piston-way: through the port 64
first in communication with the wvacuum,

where it remains until the piston has almost,

-eompleted the circuit or stroke and passed
-guch exhaust-port 64, whereupon the pres-
sure which impelled the piston to this posi-
tion escapes into the port 64, and at the same
time the valve 74 shifts the narrower side of
its passage from the vacuum to the exhaust-

_-discharge passage 70, and remains in this po-

.}O

45

50

55

6o

sition untii the abutment 57 has been with-
drawn to permit the piston to passand again
inserted behind the piston. By the time the
abutment is again installed the pistan will
haverisen beyond the upper inlet-port 58and
pressure is again admitted through such port
58 to impel the piston throughout another
stroke,and at the same time the valve 74 shifts
‘back to its normal position (shown in Fig. 4)
with the vacuum in communication with the
piston-way, and consequently enabling the
vacnum toexertapropulsive action on the pis-
ton throughout the time that the piston is ap-
proaching the exhaust-port 64. '
- Fig. 5 shows the parts in the position they
assume at the instant of the exhaust when
the enginé is running to the right, or toward
the engineer, and Fig. 6 illustrates their po-
sition at the instant of orshortly after taking
steam or pressure. ' ' o
Any lingering products of the exhaust
remaining in the piston-way and connected

_passages under atmospheric pressure are of

‘course sucked into the vacuum-chamber 27,

. and in order that such products or portion
- of the exhaust may ot tend to reduce the

65

vacuum I provide the vacuum-chamber with

an ordinary spray or rose 31, having cold~

| 75represents a pivoted standard or Suppdrt

water-pipe connection 32 and being arranged,
preferably,directly opposite the pipe 26, which
leads from the engine, so that any portion of
the exhaust pressure fluid drawn into the 7o
vacuum will be instantly condensed, and
when the pressure employed is steam the

waters- of condensation, together with the

small amount of water sprayed in through
the rose 81, will fall tothe bottom of the vac- 75
uum-chamber27 and serve the useful purpose
of packing the pump 2¢, which in the absence
of such water would in all probability require
a special supply of water -for. this purpose. ,
The water discharged from the pump may be 8o
delivered to the hot-well 30 or any other de-
sired place and thence to the boiler.

I have not-shown herein any mechanism
for operating the abutment 57 nor the pres- -
sure-admission valves 60 61; but any desired 85 -
means may be employed for these purposes.

1 will now describe the mechanism for hold-
ing one of the valves 73 74 at rest or inactive
and imparting the described ‘movements to

the other. 90

whose lower end is pivotally supported at 76

to a bracket 77, secured to a part 78 of the
engine-bed, and 79 is a floating lever whose
upper.end is pivoted at 80 to the upper end 95
of the standard 75, while its lower end is piv-
oted at 81 to a second lever 82, the pivots 76

81 being so arranged with relation to each
other that when the lever 79 is brought into
parallelism with the standard 75 such;pivots 1oo
will-be coincident. The lever 79 is also elas-
tically connected to the standard 75, and the
movement of the standard 75 is limited in’
one direction, while the lever 79 is capable

of further movement in the same direction. 105
I accomplish this elastic connection between

the standard 75 and lever 79 by means of a

rod 83, passing loosely through the lever 79
and being secured by means of Iug 84 (see
Fig. 12) to the back of the standard 75 and rre.
having sleeved on it between the opposite
side of thelever 79 andaheadornut85acoil-
spring 86, which when the lever 79 is pulled

out of parallelism with the standard 75 tends

to restore the pivots 76 81 to their coincident 115
position. The movement of the standard 75

to the right is limited by méans of a stop

composed of arod 86,.securedin block 87 and

passing threugh a vertical slot 88 in the stand-
ard and having a head 89, against which the 120
standard abuts. ‘ v

Bach end of the bodily-moving lever 82 is -
provided with pivotal operative connection.
with one of the valves7874.  The lower valve

‘74is provided with a crank-arm 90, connected 125

by rod 91 with the upper end of the lever 82.
The upper valve is provided with a crank-arm
92, which is connected by rod or link 93 with
one arm of a bell-crank 94, whose other armn is ‘
connected by a rod 95 with the lower end of 130
the lever 82. The upper end of the lever 82
is also connected by link 90 with a-crank-armn
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97, pwoted loosely on shaff 98 whlle the

» lower end of the tever 82 is conneeted by link

99 with a downwardly-projecting crank-arm
100, also pivoted on the shaft 98, and in com-
blna.txon with these crank-arms '97 100 T em-

pley suitable means,for holding one of them |

.6 rest while the other is perxllxtted to oscil-
late, such means being controlled, préfer-
ably, by the reversing devwe which alsoshifts
the inlet-valves of the engine, so that. when
the reversing device is moved in one direc-
tion one of the inlet-valves of the engine will
be closed or rendered inactive and the other

_put in condition for operation, and one end

I3

of the lever 81 will be held stationary while
the other end is permitted to oscillate with
the lever 79, thus holding one of the valves

L 7374 at rest and closed whlle the other oper-
_ates through the oscillatior of the lever 82.

20

A convenient means of accomplishing this

consists of an arm 101, preferably pivoted on’

the shaft 98 and ha,vmg a clog or lock 102

" projecting into the plane of oscillation of both

- 25

of the arms 97 100, so that when the arm 101
is thrown in-one direetion its clog 102 will
press against one of the arms 97 100 and hold
it against oscillation, and consequently hold

" "that end of the lever 82 at rest, while the

other end is permitted to oscillate, and when.

the arm 101 is thrown in the opposite direc-
tion the opposite end of the lever 82 will ac-

-cordingly be locked and its other end freed.

- 35

~ close the exhaust - port 63 or 64 controlled |

40

"This motion of the arm 101 also shifts the le-
- ver 82 and through such action turns the
valve 73 or 74 controlled thereby into such a |

positien that its blank side will permanently

thereby. 102" represents a cushion-block.or
buffer having a padded surface for the arms
.97 100 to stuke againsy,

- nected by link 103 with. one arm of a bell-
- erank lever 104, whose other arm is connected

45

by rod 105 to the reversing lever or device
106, the. latter being seculed to a shaft 107
and controlling the inlet-valves and abut-
ment mechamsm in any suitable way.

The lever 79 is connected at about its mid-
leagth to the arm 108 of an eccentrie-strap

' 109 operated by an eccentric on the shaft 56

. 50

55

b6o

63

of the engine. While the eceentric is mov-

ing to the r right and carrying the lever 79 and.

standard 75 in the-same direction such lever
and standard turn on a common axis passing

through the centers 76 81, and as a conse-
.quence no movement of elthex valve 73 74 is
- produced until the standard 75 comes against -

its stop 89, whereupon the eccentric in con-
tinuing to pull thelever 79 will impart pivotal

*“movement to it on its pivot 81, and in so do-

ing compress the spring 86 and car ry the cen-
ter 81 away from the center 76. This pro-
dores an independent oseillation of the lever

82,which turns on the pivot at the end thereof |

which happeuns to be fixed by the clog 102,

and in thus oscillating it effects, thwugh the

rod 91 or 95, the shifting of one of the valves

The arm 101 is con-

73 74 in sueh a manner as to disconnect the
vacuum from the piston-way through the ex-
haust-discharge passage 70, whereupon the
exhaust rushes out of the- plston-way and es-

the eceentric has completed it§ movement to
the right and begins to return the eccentrie-

70
capes independently of the vacuum. When -~

rod. 108 toward the leff, the spring 86 will fol- " o

low up the movement by pressing against the

lower end of the lever 79 and will return the -

pivot S1 to a coincident position with the
pivot.76, thus shifting the valve 73.or 74 to

its normal position with the vacuum in com-

munication with the piston-way and the ex-

75

8o

haust-discharge passage 70 cut off. Assoon - -

as the centers 76 81 arrive at a coincident po-

sition the lever 79 and standard 75 oscillate- |

to the left on the same center, and the léver
82 therefore remainsatrest,and consequently
the valve 73 or 74 ‘will keep the piston-way
in' communication with the vacuum during

85‘

the balance and grea,ter part of the stroke or

rotation of the piston, the only time that the -
valve 73 or 74 is acted upon being the time
the center 81 is passing to and froon ther 1ght
of the center 76.

Having thus described my invention, what
Iclaim asview, and deelre to secme by Letters
Patent, is—

1. A motor having .in combination a con- .
tlhuous piston-way; a piston; an abutment,.

said piston-way having a supply and an ex-

haust port on each side of said abutment; a

vacuum-chamber connected with both of sald
exhaust-ports and each of said exhaust-ports
being also connected with an exhaust-dis-

90.'
95 -

o .

charve passage; means for holding one of said- -
exhaust -ports closed and means for placmg .

the other of said exhaust-ports alternately in

105

communication with first the vacuum-cham--
Lber and then said exhaust-discharge pas-- ‘

sage, substantially as set forth.

-2, A motor having in combination a con-_

tinuous' plston-wa.y ; apiston therein; an abut-

110°

ment, said piston-way having a bupply and .

an exhaust port on each side of said abut-
ment; means for admitting pressure through

either of said supply-ports a Vacuum-cha,m- o

ber connected with both of said exhaust- ports

and each of said exhaust-portsbeing also con-

nected with an exhaust-discharge passage; a

LR H]

valve adapted to plaee each of sald exhaust- .

ports in-communication with either said vac-
uum or exhaust-discharge passage; means for
holding either of said ¥alves inaétive; a re-
versing device conngéted with the last said

‘means and also.hiving' operative connee-

tion with the means for admitting pressire
through the inlet-ports'and. being adapted to

1‘20:

w2

hold one inlet-port closed whlle the other is °
in operation, and means having operative con-

mnection with said reversing dev1ee for period-

ically opening -either of sa1d ‘exhaust-ports

first to the vacuum and then to the exhaust-

 discharge passage, substant}ally as set forth.

3 A motor havmﬂ in‘combinationa plston-x

I 36{" ‘
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way having ap exhaust-port; means for ad-

" mitting pressure to said piston-way; a vacu-

10

I5

um-chamher; a valve-housing connected with

- said exhaust-port and vacuum-chamber and

also having an exhaust-discharge passage; a
valve in said housing adapted to place said
exbaust-port in .communication with said
vacuum and exhaust-discharge passage alter-
nately; apivoted floating lever havinga lim-
ited movementat oneend and a furthermove-
ment at its other end and said otlier end be-
ing operatively connected with said valve,
and means for oscillating said lever bodily
and also on an independent axis, substan-
tially as set forth. .

4, Amotor having in combination a piston-

- way having an exhaust-port; means for ad-

20

mitting pressure to said piston-way; a vacu-
um-ckamber; a valve-housing conunected with
said exhaust-port and vacuum-chamber and
also having an exhaust-discharge passage; a
valve in said housing adapted to place said

- exhaust-port in communication with said

25

30

35

4¢

45

g0

vacuum and exhaust-discharge passage; a
movable member having a pivotal support
and having also pivotal operative connection

with said valve and the latter one of said .

pivots being adapted to coincide with the
axis of the other whereby the movement of
gaid member will not affect the position of
said valve when said pivots are coincident;
means for moving said member with one of
its said pivotal connections away from the
other and means for tending to restore said
pivotal connections to a coincident nosition,
substantially as set forth. ‘

5. A motor having in combination & piston-
way having an exhaust-port; means for ad-
mitting pressure tosaid piston-way; a vacu-
um-chamber; a valve-housing connected with
said exhaust-port and vacuum-chamber and
also having an exhaust-discharge passage; a
valve in said housing adapted to place said
exhaust-port in communication with said
vacuum and exhaust-discharge passage alter-
nately; & pivoted floating lever having a lim-
ited movement at one end and a further
movement at the other and said other end be-
ing operatively connected with said valve; a
cushion for resisting the pivotal movement of

_said lever and means for oseillating said lever

_way having an exhaust-port; means forad--

38

&

6o
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bodily, substantially as set forth. .
6. A motor haying in combination a piston-

mitting pressure-tosaid piston-way; a vacu-
fiin-chamber; a valve-housing connegted with
said exhaust-port and vacuum-chamber and
also having an exhaust-discharge passage; a
valve in said housing adapted to place said

exhaust-port in communication with said’

vacuumand exhaust-discharge passage alter-
nately; a pivotal sitpport or standard having
alimited movement;alever pivoted atone end
tosaidstandard and havingelastic connection
therewith for resisting the pivotal movement
of said lever and said lever also having op-

817,807

erative connection with said valve, and means
for oscillating said lever bodily, substantially

‘as set-forth.

7. A motor having in combination an abut-
ment; a piston; a continuous piston-way hav-
ing'an exhaust-port at cach side of said abut-
ment; a vacuuin-chamber; a valve-housing
having communication- with said vacuum-
chamber and with each of said exhaust-ports
and being also provided with an exhaust-dis-
charge passage; a valve in each of said hous-
ings adapted to place either of said exhaust-
ports in communication with the vacuum-
chamber and with said exhaust- discharge
passage alternately; a floating lever; means
for bodily oscillating said lever; a sceond le-
ver pivoted to said first lever and having each

'énd provided with pivotal operative counec-

tion with said valves respectively; means for
holding either end of said second lever inac-
tive while the other end oscillates with said
floating lever; and means for admitting pres-

“sure to the piston-way at either side of the

abutment; substanti:lly as set forth.
8. A motor having in combination an abut-
ment; a piston; a continuous piston-way hav-

ing an exhaust-port at each side of said abut-

ment; a vacuum-chamber; a valve-housing
having communication with said vacuum-
chamber and with each of said exhaust-ports
and being also provided with an exhaust-dig-
charge passage; a valve in each of said hous-

¢

75

85
go

95

ings adapted to place either of said exhaust- -

ports in communication with said vacnum-.

chamber and with said exhaust - discharge
passage alternately; a floating lever; means
for bodily oscillating said lever; a second le-
ver pivoted to said first lever and haviny each
end provided with pivotal operative connec-
tion with said valves respectively; a revers-
ing device having means arranged in opera-
tive relation to both ends of said second lever
for forcing said second lever in either diree-
tion on its pivotal connection with the float-
ing lever, and means for admitting pressurs
to the piston-way at either side of the abut-
ment, substantially as set forth. :

9. A motor having in combination an abut-
ment; a piston; a continuous piston-way hav-
ing an exhaust-port at each side of said abut-
ment; a vacuum-chamber; a valve-housing
having communication with said vacuum-
chamber and with each of said exhaust-ports
and being also provided with an exhaust-dis-
charge passage; a valvein each housing adapi-
ed to place either of said exhaust-ports incom-
munication with said vacuum-chamber and
said exhaust-discharge passage alternately;a
floating pivoted lever having & movable sup-
port and being elastically connected ‘there-
with; means for bodily oscillating said lever;
a second lever pivoted to said first lever and
having eagh end provided with pivotal opera-
tive connection with said valves respectively;

100

105
Ite
1813

120

12§

130

means for holding either end of said second -

-valve inactive while the other end oscillates,
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and- means for admitting pressure to the.pis-

ton-way at either side of the abutment, sub-'

stantially as set forth:

10. Amotor havingin combmatlon an abut-
ment; a piston; a contmuous piston-way hav-
ing an oxhaust-port at each side of said abut-
ment, a vacuum-chamber; a valve-housing
having commtnication with said vacuum-
chamberand with each of said exhaust-ports
and being also provided w ith an exhaust-dis-
charge passage; a valve in each of said hous-
ings <tdapted to place either of said exhaust-
ports in communication with said vacuum-
chamber and said exhaust-discharge passage

alternately; a -floating lever; a pivoba.l sup--

- porforstandard plvotally and elastically con-

20

25

. '30

35

* chamber and said exhaust-discharge passage.

. 40

45

50

nected to said lever; means for bodily oseil-
lIating satd lever; a®econd lever pivoted to

said first lever and having each end provided |

with pivotal-operative connection with said
valves respectively; means for holding either
end of spid second valve inactive while the

other end oscillates, and means for admitting -

pressire to the piston-way at either side’ of :
" | and means for-liolding either énd of said sec-.

ond lever at rest while its othetj end osclllates, '

the abutment, substartially as set forth; .

11. ‘A motor havingincombination an abut-,

ment; a piston; a eontmuous pistor-way hav-
ing an exhaust-port at each side of said abut-
ment; a vacuum-chamber; a valve-housing

having communication with said vacuum-

chambel and with each of said exhaust-ports
‘and being also provided with an exhgust-dis-
“charge passage; a valvein each of said hous-
ings adapted to place either of said exhaust-
ports in communication with said vacuum-

alternately; a floating lever; means for forc-
ing said lever in one: du-ectlon a cushion for
1etu1~n11w said lever in the other directiony a

second lever pivoted to said- first lever a,nd.‘
having eaclh end provided with pivotal oper--|

ative connection” with said valves ' respoc-
tively; means for holding either end of said
second lever inactive whlle the other’ end 08~

cillates, and means for admitting pressiire fo-

,the piston-way at either side of said abat-
mem substantially as set forth. T

A motorhavingin combination an abut— ]

ment, a piston; a cont1m1011s piston-way hav-

ing an éxhaust-port at each side of said abut-

" ment; a vacuum-chamber; a valve-housing

55

’60

65

“means for holding cither end of said second |

having communication Wlth said chamber and ,

with each of said exhaunst-ports and being also
provided with an exhaust-discharge passage;
a valve in each of said housings adapted to
place either of said e\.ha,ust-pm ts in commu-

nieation with said vacuum-chamber and said

exhaust - discharge passage alternately; a
floating lever; a pivotal support or standard
having limited oscillation and being pivot-
“ally and elastically connected to sald lever;

means for bodily oscillating said lever; a sec-’

ond lever pivoted to said first lever and hav-
ing its ends provided with pivotal operative
copnection with said valves respectively;

‘ passag
1 limited bodily movement M one end and be- .

lever inactive while the other end oscillates;

and means for admitting pressure to the pis-
ton-way at either side of the abutment, sub-

stantially as set forth.

13. A motor having in combmatlon an abu t-
ment; a piston; a plston way having an ex-.
haust -port at each side of said. abutment a
vacunm-chamber; means for admitting pres-
sure to either side of the abutment; a “valve-

70

75

housing having communication wmh said -
vacuum—chamber and with each of -said ex-

haust-ports and being also provided with an
exhaust-discharge passage; a
of said housmgs adapted to place elther of

said exhaust-ports in . communication with

said vacuum-chamber and exhaust-discharge
alternately; a floating lever having.

ing pivoted .at said end;-means. for bodily

a valve in éach:

8o

85

osc1llatm gsaidlever; s cushlon resisting said -

lever; a second lever pivotally connected with
the other end of said first lever and being
‘bodily movablé and having its ends opera-

tively connected with said valves respectively,

substantially as set forth;
. 14. Amotorhavingin eombmatlon apiston;

an abutment; a piston-way having an ex-

haust-port on each side.of :saiil abutment,

vacuum-chamber;. a valve- housmo'connec’red_

with each - of said exhauet-ports and said

go
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vacuum-chamber, and also having an ex-

haust-discharge passage; a valve in each of
gaid houﬁungs adapted to place each of said
exhaust-ports alternately in communication
with the vacuum-chamber and exhaust-dis-
charge passage; a pivoted standard; a lever

: pivoted to said standard & second lever. piv-

oted to said first: lever and having its pivot
arranged to coincide with-the- pivot of - said

.standard and each énd of said second lever

hav1qg operative connection with one of said

-valves; means for-oscillating said first lever

and meaus for holding one end of said second
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lever at vest while the othergnd oscﬂ]atos,

) qubstantmlly as set forth, |

15. A motorhavingincombinationa piston ;
an abutment; & t{ms,t;on-wa,y having an ex-
haust-port on eac gide of said abutment a
vacuum-chamber; a valve-housing connected

with each of S&ld @xhaust-ports -and sgid’

vacuum-chambersand alse having an exhaust-

:discharge passage; & valve in -each of said
-housings adapted ;to place each of said ex-
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haust - ports,alternately in communication .

“with said vacuum-chamber and exhaust-dis-

charge' passage; a pivoted standard; a stop
for limiting the movement of said standard;
a lever pivoted to said standard and alsohav-

ing elastie connection therewith; a. second

125

lever pivoted tosaid first lever and havingits =

pivot arranged to coincide with the plvot of

said qtandard and each end of said second.

lever having operative connection with one

136

of said valves,_ means for oscillating said first
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.valves;

6 . . 617,807

lever and means for hotamgione end of said
second lever at rest while its other end oscil-
lates, substantially as set forth.

16. A motorhavingincombination apiston;
an abutment; a piston-way having an ex-
hanst-port on each side of said abutment; a
vacuum-chamber; avalve-housing connected

“with each of said exhaust-ports and said

vacuum-chamberand also having an exhaust-
diseharge passage; a valve in each of said
housings adapted to place each of said ex-
haust - ports alternately in communication
with said vacuum-chamber and exhaust-dis-
charge passage; a pivoted standard; a lever
pivoted to said standard; a second lever piv-
oted to said first lever and having its pivot

.arranged to coincide with the pivot of said

standard, and each end of said second lever
having operative connection with one of said
‘means for oscillating said first lever;

: a pairof independent pivoted arms pivotally
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connected with the ends of said second lever
and a lock for holding either of said arms
against movement, substantially as set forth.

17. Amotorhavingincoinbination a piston;
an abutment; a piston-way having an-ex-
haust-port on each side of said abutment;. a

vacuum-chamber; a valve-housing connected .

with each of said exhaust- -ports and said va
uum-chamber and also having an exhaust-
discharge passage; a valve in each of said
housmws adapted to place éach of said ex-
haust- ports alternately in communication
with said vacuum-chamber and exhaust-dis-
charge passage; a pivoted standard; a lever
pivoted tosaid standard; a second lever piv-
oted to said first.lever and having its pivot
arranged to coincide with the pivot, of said
standdrd and each end of said second lever
having operat,lve connection with one of said
'alves means for oscillating said first lever;
a pair of independent vaoted arms pivotally
connected with the ends of said second lever;
a lock for holding either of said arms-against
movement and a reversing device operatively
connected with said lock for throwing it into
engagement with either of said arms, sub-
tanbmlly as set forth.

18. A motorhavingin combination a piston;
an abutment; & pxston—lway having an -ex-
haust-port on each side of s_aid,abubment;‘ a

vacuum-chamber; a valve-housing conneetad

with each of said exhaust-ports and said vae-

uum-chamber and also haviiig an exhaust-
dischatrge passage; a valve in each of said
housings adapted to place each of said ex-
haust - ports -alternately in eommunieation
with said vacuum-chamber and exhaust-dis-
charge passage; a pivbted standard; a lever

»plvoted to said standard; a second lever piv-
and having its pivot -

oted to said first lever
arranged to coincide with the pivo_t of said
standard and each end of said second lever
having operative econnection with one of said
valves, means for oscillating said first-leter;

a'stop for limiting the movementof said stand.
ard; arod passing loosely through said lever
and having a spring or cushion on one end
bearing against said lever and the other end
being secured to said startdard whereby said
plvot of the second lever will be drawn into
coincidence with the pivot of said standard;
substantially as set forth.

'19. A motorhaving in eombinalion a piston,
an abutment; a piston-way having an ex-
haust-port on each side of said abutment; a

racuum-chamber; a valve-housingconnecied
with éachof said exhaust-ports and said vac-

~uum-chamber and also h.wm'.: an- exhausl-

discharge .passage; a valve in cach of said
usings adapted to, place cither of said ex-
haust - ports alternately in ‘communication
with -said vacuum-chamber and one of said
discharge-passages; a pivoted standard; ale-
ver plvoted to said standard; a second lever
pivoted to said firstlever and having its pivot
coincident with the pivot of said sta.ndaxd
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a stop for limiting the movement of said -

standard; an eiasmc coninection between said

-standard and first lever; two independent

crank-arms having link ‘connection respee-
tively with the ends of said second lever; a
pivoted arm having a clog adapted to x-est,
against either of said crank-armsand hold it
1naotxve, a reversing device connected with
said clog-arm, and an operative connection

‘between each end. of said second lever and

one of said valves, substantially as set forth.
WILLIAM S. (,OL WELL.
W}bnesses' '
F. A. HOPKINS,
EpNa B. Joqum\.
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