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Lo all whom it ma; 1/ CONCErtL:

Be it known that I, Wirriam E. CRIST, a
citizen of the United Sta,tes residing in New
York city, in the county and State of New
York, have invented certain new and useful

__Improvements in Vibrating-Piston Dngmes-

~and I do hereby declare that the following is

10

£S5

20

25

30

a full and exaect description thereof, reference
being had to the accompanying dmwmcrs, and
to the letters of reference marked thereon,
making a part of this specification.

My invention relates to that class of engines
wherein a vibrating piston or dmphrafrm 18
secured upon an osclllatmg shaft to work
within a sector-shaped chamber whose con-
verging walls radiate from the shaft.

The principal object of my inventionisto pro-
vide a simple, compact, well-balanced, direct-
acting, compound engine wherein the press-
ure of steam or air shall be utilized  succes-
swely In two chambers of nnequal capacity—

which the exha-ust from the first is carried, or
wherein air may be compressed by a reverse
movement, foreing air from the larger into
the smaller d‘lamber many features of the 1n-
vention being equallv applicable to a single-
acting engine. -
My 1111pr0ven1ent consists,p 1‘111111*115(, inform-
ing within a suitable casing, and on diamet-

_1*1(3&1131 opposite sides of a “central oscillating

~ shaft supported by the casing, two sector-

39

shaped chambers of unequal capacity, because
of unequal radial section, and within each of
which is fitted a piston secured to the rock-

“shaft as its pivotal support, and in eombmmg

therewith means for admitting steam or air
alternately upon opposite mdes of the piston
1n the smaller chamber to exhaust therefrom
into the larger chamber upon the opposite

~ sides %ltemately of its piston, and thence pass

- construction of steam -

50

out freely fromtheengine,the oscillating move-

ment of the rock- shaft thus obbalned being

converted into a continuous rotary movement
by well-known devices.

Theimprovement further cousists in a novel
exhaust and cat-off
valves;in a self-adjusting valve-seat; in means:

for: steam-jacketing and 1nclosing the work-

- first, 1n a small high-pressure chamber, and,
| second in a larger low -pressure chamber mto

| for Iubricating the working parts; and, also, in
certalin details of construction heremafﬁer par-
ticularly specified. |

In the accompanying drawings, I‘lﬂure 1 18

an end elevation of the engine with 1ts end

plate removed, showing the valve and crank-

gearing ; Fig. 2, a vertical longitudinal sec-
tional elevation in the line # x of Figs. 1, 3,
and 4, showing a feed-water heater-coil ar-

ranged in the exhaust-chamber formed in the
base of the engine; Fig. 3, a transverse sec-
tional elevation in the line 2 z of Fig. 2; Fig.

60_

4, a horizontal sectional view in l:.he lme JJ-V

of Figs. 1 and 3; Fig. 5, a vertical transverse -
Sectloual elevatmn 111 the_lme zzof g, 2,

showing a separate cut-off valve and means
for operating it; Fig. 6, a transverse section

of one of the pistons and part of its hollow

rock-shaft in the line v v of Fig. 7; Fig. 7, a

longitudinal sectional elevatmn of the plston'

1n the line w w of I‘Jcr 0; Ifig. 8, a transverse

sectional elevation th rough’ the working- cham-

ber, steam-chamber, and valve and exhaust

'(*lmlnbers showing a modification in the form

of valves adqpbed to this form of engine; and

75

Fig. 9, a transverse sectional view in detail =
upon an enlargedscale, illustrating the opera--

tion of the central oscillating valve and its

gearing shown in the various fignres of the
drawings other than Fig. 8.
- The casing of the engine herein described

18 preferably made In four divisions, A, A/,
A’, and A° embracing four dlstlncbcha,mbers,

-(see Higs. 2 and 3, )vu the steam-chamber B,
workmﬂ‘-chambers C C, exhaust-chambers D
10 and crank-chamber .

30

The working and exhaust chambers com-

municate Wlth. each other through sunitable
ports and passages, which are
~an osclllating valve, If, of' peculiar construe-
tion, to admit the steam from the chamber B

controlled by

to the chamber , then to chamber ¢ at a re-
duced pressure and in an increased volume,

and finally to the exhaust-chambers DD, fr om

which 1t escapes into the abmosphere
In the construction 'shown in the dmwmgs

the working - chambers C (' (see I'ig. 3) are

seetor-shaped and arranged diamety wally op-
posite each other to mdmte from an inter-
mediate cylmdrmal casing

00
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100

“through whieh

1nﬁ‘-cha,mber shaftj and connectmo* -rods, and { they commumcmte freely Wlt]l eﬂeh other. This .




free opening between the chambers is closed
and their communication controlled by means

~of a tubular shaft, G, fitted within the ¢ylin-

drical casing to oscillate freely therein. The
chambers C €', thus located on opposite sides
of the rock-shaft G,are of unequal radial sec-
tion, the piston-area of the lower chamber,(,
being illustrated as about three times greater

~than that of the upper chamber, C. Flat

IO

wings or plates H H’ are secured radially to
project from diametrically-opposite sides of

- the hollow rock-shaft G,respectively, into the

15

20

chambers C C', and are made to fit and move
closely against the walls thereof, soas to serve
as the vibrating pistons of the engine. The

~open end g, Figs. 2 and 4, of the hollow shaft

serves as an exhaust-port, and communiecation
1s established between the working-chambers
and the interior of the shaft by ports ¢’ and g,
g’ and g¢*, Figs. 3 and 4, cut on each side of

~ the base of each piston, and by central ports,

s

30

35

g°and g°, cut diametrically opposite each other
at a right angle with said piston. @ |

- Within the hollow shaft G is fitted the Cy-
lyndrical valve ¥, which extends from the
outer crank end of the shaft to beyond its
ports g’ to ¢°. The outer cylindrical face of
this valve is flattened or cut away sufficiently
at opposite points to form passages f’ and £,
Fig. 3, toconnect alternately in the oscillating
movement of the valvethe ports ¢ or ¢° with
the port ¢° on one side, and the ports ¢* or g
with the port ¢° on the opposite side when
properly brought into register therewith. A

central recessin the valve communicates with

1ts open end g, and radially with a port or
opening, f, which connects alternately in the
movement of the valve with the ports ¢* and

- ¢°. A three-way passage is cut through the

40

valve to encircle partially the central recess

- therein, and to open outwardly through the
face of the valve between the approximate

43

edges of the outer channels, /" and 72, and be-

tween the opposite edges of said channels and

the intermediate central port, 7, so that com-
munication shall be constantly established
through the same by means of the two diverg-
1ng passages, f° and f* therein, either between

the ports g°and ¢* or the ports ¢’ and ¢°on the

50

55

0O

same or corresponding side of the two pistons
H H'. The solid outer end of the valve-stem
1s reduced by a circumferential recess, f*, (see
Figs. 2 and 4,) cut therein to diminish its
weight and thereby facilitate its movement.
The sides or walls of the cylindrical casing
which incloses the rock-shaft G and covers the
same, Intermediate the central open inner end
of the working-chambers, are detached and

made movable, so as to become self-adjusting
against the rock-shaft to serve as bearings

therefor, and are made to constitute the inner

-walls” of hollow boxes I’ I’, which are borne

- and held against the shaft with- a constant

pressure, to form asteam-tight joint therewith,

by means of springs ¢* #%, Fig. 5, inclosed be-

tween the outer face of each and a steam-
chest, I, within which the boxis fitted. . Ports

¢ % are cut through the bearings of these valve-
boxes to establish communication between the

ports ¢° and ¢° in the rock-shaft and the inte- 7¢

rior of the box when brought in proper regis- °
ter, as hereinafter set forth. The bearing-
boxes I' I’ and the inclosing steam-chests I I
are lett open at the top and bottom, to admit

of a free passage thereinto of steam from the 75
steam-chamber B, formed in the casing of the "~
engine to inclose and jacket its working-cham-
bers and steam-chests, as shown in Figs. 3 and

5. live steam being freely admitted from the

steam-pipe B’ into vhe steam-chamber B wiil g5

pass freely into the steam-chests I I and bear-
ing-bexes I' I'.  If, now, the port ¢° org®in the
rock-shaft, which ‘is in register for the time
being with the passage f’ or f? of the valve G,
13 brought into register with either the porti’ 3 5
or ¢’ in the bearing-boxes or valve-seats I' T,
the steam will pass through said port and pas-
sage to the port ¢’ or ¢* in the rock-shaft and
through the same into the smaller or high-

pressure working-chamber C of the engine to go

drive its piston H over, the steam in front of
said piston meantime escaping into the larger
low-pressure working - chamber C’, (to bear
agalnst its piston and drive it forward,)

| through the exhaust-way opened through the 905

port on that side of the piston, the three-way
passage 1n the central valve, 3, and either the
port ¢° or ¢* opening into the chamber C, the
steam in front of said low-pressure piston H’
being left free to exhaust through the connee-
tion of the central exhaust-passage, f, in the
valve with the port ¢° or ¢* on the other side -
of sald piston and with the open exhaust end
g of the rock-shaft. In the drawings the ra-
dial section or piston area of the small high-
pressure chamber C is represented as about
one-third that of the larger low-pressure cham-

I1CO

105

ber (', although any other relative propor- =

tlons may be employed. The connection of
the several ports is changed to produce the 110
alternate pressure and exhaust upon opposite
sides of each piston required to cause its vi-
bration by means of the oscillating movement
of the valve F within the hollow rock-shaft G.
The valve I¥ moves with the rock-shaft G dur- 115
ing the principal part of each stroke of the
pistons, the admission of steam during the
stroke being determined by the relation of the
supply-port ¢° or ¢° in the rock-shaft to the
stationary supply-port i" in the valve seat or 120
bearing I, and governed by thelength of open-
ing 1n said port 4. When the high-pressure
piston 1s sutiiclently near the end of the stroke
1n either direction to require its reversal, and

‘yet allowsufficient steam in front of it to serve 12 5

as a cushion therefor in completing its move-
ment, the valve is intercepted and its move-
ment arrested by the following-deseribed in-
strumentalities, the continued movement of

“the rock-shaft, as the piston finishes its stroke 130

serving to change the relative positions of its
ports with reference to those in the valve, and

thus change the direction of the currents of
live and exhaust steam: A lever, K, (see Figs, -
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land9,)is pwoted eceentrlcally to the end of
the rock-shaft G to vibrate therewith. Tts in-
- ner end, extending diametrically over the cen-
- ter of the shaft, engages, by means of an ex-
5 tended longltudmal slot therein, a pin, ¥, pro-
jecting eccentrically from the outer face of the
valve I, Its outer end is prolonged to strike
~ at either end of the arc of its vibration as it
sweeps back and forth under the oscillation of

10 the rock-shaft agamst a 8top or a projection, £ |

I*, formed in the casing. "When the lever is ar-
rested in 1ts conecurrent movement with the

“rock-shaft by the contact of its outer end with

either shoulder A ,the continued forward move-
‘15 ment of its pwota,l center at £’ will cause a
quick movement of its inner end, %, in the op-
posite direction, and cousequently a sudden
rotation of the valve within the rock-shaft in
that direction, (see dotted lines, Fig. 9,) which

20 will operate t0 produce an immediate reversal

of the supply and exhaust connections, result-
ing in a reversal of the movement of the pis-

: tons and rock- shaft the valve being carried

“back by the rock- shaft until 1t 1s again shifted
25 by the contact of the upper end of the lever
with the opposite shoulder %%. The outer end
-of the rock-shaft G projects into the end cham-

- ber, E, of the casing and is fitted with a ring,

W hlGh is firmly clamped and keyed thereto

30 and which carries an arm, G, fitted with a
wrist-pin, G% upon whlch 18 Journaled the
connecting- rod coupling the rock-shaft with
the crank-pin m on the inner end of the
main shaft M, supported within the base of the
35 engine in line parallel with the rock-shaft G,
as shm&n 1n Fig. 2. The crank m and disk m/
on the end of the shaft revolve in said crank-

. chamber L, which is closed by the detachable

face-plate AP of the casing. The lower part
40 of the chamber 1s filled w1th oll, which, being
eonstantly agitated by the movement of the
eranks, is made to distribute itself thomucrh]y
over the bearings and journals of the engine

pr ojecting into said chamber. A glass ]_f)ldte __

45 «’, may be fitted In the lower end of the cov-

' ering-plate A% through which the level of the
oil will be at all times visible, The shaft M

- is supported and its bearings are preferably
- adjusted as illustrated in the drawings. The
50 open end g of the rock-shaft G is nmde to

commummte by means of a passage, D, (see'

Fig. 2,) with a chamber, D', for med within
~the base or pedestal of the encrme to receive
" the exhaust-steam. A feed- W’ttel pipe, O, may
55 be arranged. in a coll in this lower exhaust-
chambel D’, and being therein surrounded
by the exhaust Steam w1ll furnish in a sim-
- . ple compact form means for heating the feed-
water without additional expense. The ends
60 of the pipe O may be connected to the pump
and water- supply in any well-known manuner.
- The lever K (see Fig. 9) for operating the os-

o cﬂlatnw valve Fis pivoted in a box, 1% for med

in an o fbet on the hub of the arm G" to vi-
65 brate between radial shoulders, fwamst which
it strikes and rests at the end of 1ts movement
in each chrectlon | In 0rde1 that t]:us lever K

may be shifted noiselessly or Wlthout chekmﬂ?
‘when it strikes the shoulders %* &2 ,2which llmlt

its movement, a spring-plate, k¥, is inserted in
| the end of the lever and clamped between the
ears thereof by a bolt and nut, %°. The inner

70

surfaces of the ears may be rounded as shown,

and will allow the spring a limited swaying
75

movement, sufficiently rigid, however, to move
the valve with an elastlc pressure.

Provision is made for the reversal of the-.
engine in a simple and effective manner, by
f.means ofa rod, P, (see Fig. 1 )led thloucrh a
steam-packed 0pemng in the casing A 1nt0 the.
crank-chamber E, in position to be projected,
when pushed endmse aCcross or within the‘

path of the lever K. A spiral spring, o, is
fitted to encirele the rod between a knob or

handle, p, on its outer end and the casing, and
serves to withdraw the rod automatically from

within reach of the lever K. By pl]ShII]ﬂ‘ the
rod inwardly it is made to intercept the lever

K, and to carry it, with the valve attached:
thereto, 1n a dlrectlon opposite to that of its
movement S0 as to cause the valve to. admit
the steam to and exhaust it from the reverse

sides of the pistons, and thereby 1mmed1ate]y

reverse their movements.

A cut-off or combined eut—off and throttle

valve may be applied and used in connection

80

QO

935

with the hollow rock-shaft G, provided with

steam-ports communicating with the high-

| pressure chamber C, for eontl olling the admis-
sion -of live steam’ thereto in - the following:.

ICO

manner: In this case the self-adj usting valve- |

| seats or bearmws I'T" are formed Wlt]l recesses
, into which segment&l valves J, provided

Wllh packing j’, are snugly fitted to bear and

move. freely, with a steam-tight joint upon the
outer surface of the hollow shaft &. The
valves J are moved and. adjusted upon the
shaft G by means of vertical-moving rods J, -
and operate by their adjustment to Increase .
110
ings 4 or ¢, and thereby determine the point.

or decrease the size of the steam-supply open-

105 -

at “hl@h. the Ste&m, will be cut off from the

ports ¢° and g° in the oscillation of the rock-

shaft. The valves J may be opened to full
width to admit steam duaring nearly the entire
“stroke of the piston, as shown upon the right -

115

side of Fig. 5, or may be partially opened, as =

steam to the engine. -
The valve-rods J’ may be provided with any

desired means for actuating them, and I con-

template connecting them t0 the ﬂovernor of

the engine in any well- known or desued man-

ner to secure their movement by the action of
the governor, so as to regulate thereby: the
point of cut-off in confmmlty to the requue

ments of the engine.

The pistons H H are packed by means of

side strips, #, end strips, k', and corner pieces,
s adapted to fit snugly mto the grooves.or
channels 1n the edges of the plstons The

shown upon the left side of the same ﬁﬂ*me _:
or the valves may be dr 0pp@d S0 far as 0 en-
tirely close the ports ¢ or i/, and serve as a
throttle to completely cut DEf the ElleHISSIOD of

120

125

130
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side and end strips are fm ced outward against
‘the wallsof the working-chamber by the press-
ure of springs A® interposed between the strips

‘and the bottom of the channels. Theangular
5 corner pieces, k% are fitted against the ends of

the side and end Strips with an overlapping
beveled joint (see Fig. 5) adapted to produce
an. outward movement of the corner pieces
mmu]taneously with the outward movement
1o of the spring-actuated strips.
. Thepacking-strips may be made of phosphor-
bronze, steel, or other metal which will pre-

serve 1ts edge truly. The corner pieces, bemg |

acted upon with pressure corresponding to
15 that of the side and end strips, are held with
 equal force against the inner surface of the
working - chambers, and thereby prevent un--
equal friction and consequently unequal wear
- at any one point. A screw-plate, a’, may be
20 fitted in the end plate, A2 of the casing (see
~ Fig. 2) directly opposite the free exhaust end
of the hollow rock-shaft G, by which means
access may be readily had thereto and con-
~ nections be made for an exhaust- plpe, 1f de-
25 sired.
-~ Various changes moy be made in the de-
tails of construction of the engine without de-
. parting from my invention, and old or well-
~ known devices may be substituted for the
30 novel devices peculiarly adapted to my in-
vention without departing from its general
scope—as, for 1nstance, two or more Steam
valves may be employed togovern the supply
and exhaust ports of the workmﬁ' chambers,
35 to beoperatedaccording to the OOI‘llSS or other
well-known systems of valve-movement.
In Fig. 8 an example is given of the use of
four oscillating valves, R R R? R’ incombina-
~ tion with the remammn‘ features of my com-
40 pound engine. The valves R R’ control the

admission ‘of the steam first through the ports |

r.r" from the steam-supply ohamber B to the
upper Workmg chamber, C, and then through
the ports " r* v° and valves R? R? from the up-

45 per or high-pressure chamber, C, to the lower
or low-pressure chamber, C'. . The valv es R
R’ operate in nnison with the valves R R’,' and
first admit steam through the portss »* »* and
valves R’ R? tothe low-pressure chamber from

50 the higher - - pressure ehamber and then, by

- means ot the ports »* 74, to the exhaust- eham
ber D?, in this instance arranged around the
lower or low-pressure workmo chamber.
~ _Where separate valves of the ahove - de-

55 seribed arrangement are employed, the rock-
shaftS,tow hlc,h the pistons H H'are connected,
may be made solid and the pistons bolted
thereto instead of being cast thereon. The
self-adjusting steam- ba]anoed seats 1 T/, de-

60 scribed in connection with the remaining fig-
ures of the drawings, may also be dlspensed
with 1n-this case, as a simple spring-actuated
‘packing -strip, s, may be employed in lieu
‘thereof.

65 . When the engine is to be employed as an

- alr-compressor, it is only necessar 'y to reverse

the exhaust- -pipe and exhausb throurfh the in-

duction-pipe, the air being takeo into the
larger or receiving eha,mber (', and forced
therefrom into the smaller or compressing

70

chamber C. The valve F is reversed in its

operation by simply revolving it until the di-

cate with the ports ¢’ ¢% and the converging

ends will communicate -alternately with the

ports ¢* ¢*. The exhaust-port J .of the valve

I' will then necessarily communicate with the -
upper or smaller chamber, C, and a suitable
| - 3U

air-reservoir. .
The valve F may be Opelated in its reverse

position in the same manner asin the position

first descéribed, and by precisely the same in-
Sblumentallbles only that the pin of the valve

is connected w1th the level near 1ts pivotal

point.

ment of ports herein shown, as my invention
includes any arrangement or method of con-
necting two sector- -shaped chambers of un-

equal capacity, when in combination with vi-

brating pistons of uhequa,l area,.operating or
to be operated npon by air, gas, or steam con-
tained alternately in .the ehambers and ex-
panded from high pressure to low pressure or
compressed from low pressureto high pressure.

I claim as my invention—

1. A compound vibrating - piston ehgme
constructed with two sector- shaped working:-
chambers of unequal piston-area, pistons vi-
brating therein about a common axis, and

oommumcabmg channels adapted and ar-

ranged to conduct the steam or air expelled
from one chamber by the forward movement
of 1ts piston into the second chamber against
its moving piston, substantially in the manner
and for the purpose herein set forth. |
2. In a vibrating-piston engine, the com-
bination,with communicating chambers of un-
equal plston area, of vibrating pistons work-
ing within said chambers and secured to and
radiating from a common axial shaft to be sab-
jected jointly and -successively to unequal

pressures upon their opposite faces, substan-

tially in the manner and for the purpose here
in set forth.

3. The COmblﬂdtIOﬂ with the two piston-
chambers, of a oompouhd vibrating- plStO]l en-
gine,and with itsexhaust and supply pipes and
ports, of an oscillating valve interposed be-
tween said chambers and adapted to connect
inits movementssaid exhaust and supply pipes
and the supply and exhaust ports of said

chambers, and to establish communication be-
tween the latter, substantially in the manner_

and for the purpose herein set forth.
4. The combination, in a eompound vibrat-
ing-piston engine, with 1ts working-chambers

and with a hollow oscillating shaft, ports there-
in communicating with thes supply and exhaust

pive of the engine and with said chambers,

I do not limit myself to the exach amahge-'

verging ends of the port.sf“f“ will communi-
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ver pivoted to said shaft, and devices for re- | chamber or jacket inclosing the same, of self-.

versing the lever and valve in the movement
of the shatt and pistons, substantially in the
manner and for the pur pose herein seb forth.
- 5. The combination, In a vibrating-piston
engine, with its steam- chest working- ehamber

and with a vibrating plston secured to a hol-

low rock-shaft, thrOLwh which are formed the
ports adapted to’ 'establlsh in the movements
of the shaft and piston, eommumcatmw pas-
sages between the steam-chest and workmﬂ—
chamber and the working-chamber and ex-

haust-pipes, of an automfttlc cut-off valvefitted
upon the outer side of the shaft and adapted,

in the movement of the latter, to cut off the
admission of steam to its supply ports, sub-

stantially in the manner and for the purpose
herein set forth.

6. In a vibrating-piston engine, the combi-

nation, with two working-chambers arranged
on elther side of a common center, of £Wo

steam-chests placed opposite each other on

either side of said center intermediate the
working-chamber, and adapted to inclose self-
adjusting balanced valve-gseats supporting a
central oscillating hollow piston-shaft, sub-
stantially in the manner and for the purste
herein set forth.

7. The combination, in a vibrating-piston
engine, with its WOI’klI]'D chamber, its hollow
Osclllmalng piston-shaft and plstons, the steam-
supply ports 1n the shaft, and a steam-supply

adjusting balanced valve seats or bearings ad-
justed to the oscillating shaft on opposite sides. 35

| thereof, and fitted with ports for the admis-

sion of steam to the shatt, substantml]v in the
manner and for the purpose herein set forth.

8. The combiration, in a vibrating-piston
engine, of an exhaust-chamber and feed-wa- 40
ter heatel with a base or pedestal supporting |
the main shaft of the engine, and its oscillat-
ing shaft, piston- chambers, and steam-supply
chflmber all disposed and arranged relatively
to each other, substantially in the manner and 45
for the purpose herein set forth.

9. The combination, in a vibrating-piston
engine, with its oscillating piston-shaft, main
d1u ing-shaft, crank-connections onsaid shafts,
and the connectmg rod coupling the same, of 50
a casing or chamber inelosing said connecting
rod and connections, and adapted to contain
and retain a lubricating material to be auto-
matically applied to said parts, substantially
In the manner and for the pur pose herein set 55
forth.

In testimony whereof I havesigned my name
to thisspecification in the presence of two sub-
scribing witnesses.

WILLIAM E. CRIST.

Witnesses:
W. H. ROWE,
WML H. DRAI{E
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