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do all whone 76 ey coneeri:

Be it known that I, AxToNTO BENEDETTO, 24

citizen of the United States, residing at Wash- ' 1

ington, Iscrict of Columbia, have

invented a

new and useful Multiple-Expansion Vibratory

Steam - Kneine, of which the following is a

specification.

My Invention relates to a new system of
using steam as a motive power; and the ob-
jects of my invention are, frst, economy of

oines; second, to reduce the steam consum»-

tion comparatively to the amount of power
developed; third, to reduce the consumption
of fuel for high-power steam-engines. [ at-

tain these objects by the mechanism illustrated |

panying drawings, in which -
hows on the upper part from the
elevation of the engine as com-

n the accom
Frioure | s
center the

bleted mnternally, with the covering sectioned

according to a vertical plane passine through
thie center of the engine, and on the lower
part shows a longitudinal section through one
set of steam-passages, but represented con-
wntimmlly in the same plane as before. Fig.
2 1s a cross-section through C D, Fie. 1, and
it shows only a portion of the covering at the
top with the mechanism for reversing the
engine. The dot-and-dash lines represent the
section of a heating-pipe. Fig. 3 on the left-
shows a cross-section through I
F, Fig. 1; but 1t does not show the cover-
gy, .:Lml on the right-hand side shows the sec-
tion of a steam-chest according to (+ H, Fig.
1. The driving and the ratchet wheels 1

the center, with the double pawls, are shown

i full.  Fie. 4 shows a pin with two cross-
jomts for connecting the several driving-
wheels.,  Flg. 5 1s the side view of one of the

rings used for opening the steam- chests to the
atmosphere, therefore called “"opening-rings.’

Fig. 6 shows one of the heads of the engine
seen trom the inside and fastened to the
bed-plate.  On the left-hand side 1s shown
tiig covering as completed, and on the right
arce shown the castings only. Fip.
the elevation and plan of a couple of double
pawls which are to be attached to the driv-
ing - wheels one on each side,

7 shows |

Fio, 8 18 a
50 cross-section through the center ot the engine |

~which carry
space and welght 1n multiple-expansion en-

- cach other alternatively.

Fig. 1, but not

according to the line X Y.

%110% ing the covering and reversing I“ﬂQCh.-ln-.

sm. The dot-and-dash line represents the
periphery of a steam chest.  Flo. 9 ¢ zxplams
he theory of the reversion of the eneine.
Fie. 10 1s a BGLEIOI] on a steam-chest accord-
ing to M N, 1. 3. Ifig. 11 1s a sectlon on
the same steam-chest according to P Q.  Kio.
12 shows the different positions of the wheels
the valves, that will be called
multivalve-wheels.” They are fixed on the
shaft, and the valves must correspond with
v. Kig. 13 1s the side
view of one of the rims ‘ﬂ"lll(‘ll cover exter-
nally the rim of the multivalve-wheels and
are used tor the purpose of reversing the
engine, therefore will be called
rings.””  Fie. 14 1s the side view of the re-
versing-ring to be placed 1n the center of the
eneine, and 1t will surround the multivalve-
wheel shown in the center of Fie. 12, Fig.

15 is the side view of one of the rims which
surround the reversing-rings. They are used

and there-
7 Kig. 16

tor connecting the steam-passages
. . '
fore called " connecting - rings.

he ratchet-wheels.  Fig.
another position ot the ratchet-
wheels.  They are fixed on the shaft like the
multivalve-wheels.  Fig. 18 1s a section made
between an engine-head and the exhaust-pipe,
and 1t shows an exhaust-pipe with the ex-
haust- ports, a multivalve-wheel in the center,
&e. Fig. 19 1s a perspective drawing of a
multivalve-wheel. I 10, 2015 a portion of one
of the parts of the steam-chests. Fig. 21 is
a perspective drawing of a double ratchet
wheel with two (Ii.;nnetrically opposite double
pawls. Fie. 22 is the front and side view of
a driving-w ‘heel. Fig. 23 shows a reversing-
bar. g, 24 1s a -perspective drawing of one
of the posts with the beam connecting on one
sicle two consecutive driving-wheels. g, 25
shows an extremity of one of the U - bars
which are to be fastened to the engine-head.
Fig. 26 shows the feed-pipe with the feed-
ports provided with valves. Flg. 27 1sa see-
tion according to the line 9 9 1n Fie. 26.

Similar letters and numerals reter tosimilar
parts throughout the several views.

17 shows

reversing-

shows the relative position lJﬂtweeu th(‘ mul-
tivalve-wheels and ¢

55

60

70

75

30

35

go

95

100




10O

- 18.

20

30

35

40

45

55

6o

05

&

In an engine of this type I employ an an-
nular feed-pipe L in the center of the engine
connected to the main steam-pipe and form-
ing a cylindrical ring having the internal pe-
riphery provided with feed-ports directed to-
ward the center, which steam-ports will de-
liver the steam to the steam-chests on the
right and on the left of said feed-pipe, KFigs.
1 and 8. Therefore I employ two steam-

chests for every stage of expansion, one on

each side of said feed-pipe symmetrically ar-
ranged, so that the high-pressure steam-chests
are the nearest to the feed-pipe and that the
préssure of the steam decreases proceeding
toward the two extremities of the engine,
where 1 employ two annular exhaust-pipes,
J on one side and J’ on the other, Figs. 1 and
These two exhaust-pipes, one on each
extremity of the engine, are provided with
exhaust-ports in the same manner as for the
feed-pipe in the center; but in this case the
exhaust-steam will be directed from the cen-
ter toward the annular chamber, which 1s pro-
vided with an outlet in the lowest part of 1t
leading the exhaust-steam outside of the en-
oine passing through the engine-heads. The
steam - chests are shown in the drawings in
side elevation on the upper part of Fig. 1, 1n

front elevation on the left-hand side of Fig. 3, |

in cross-section in the lower part of Iig. 1,
and they are indicated by the letters C' C° C°
C*. where C* (* are high-pressure and C' €
low-pressure steam-chests. They are bolted
to the bed-plate B and are made in two parts

Jjoined together and fastened at the periphery

by bolts. A portion of one part of a steam-
chest is shown in Fig. 20. Each part of a
steam-chest has an annular rib A, a number
of ribs 1, which run normally to the annalar
rib A, Fig. 8 on left, and one rib 2 at the
base by which the steam-chest is fastened to
the bed-plate.
number of openings p and p’ for the steam-
passages, and these openings are met inter-
nally at right angles by other openings, 3,
Fig. 20, which are directed toward the center
of said annular rib. To cover the internal
periphery of this rib on one or on both sides
of the steam-chest, I employ a ring R, that 1
callan ‘‘opening-ring.”” and it is provided with
openings directed toward the center of the
ring corresponding to the openings 3 of the
rib A. as shown in Fig. 3 and on Figs. 5 and
20. A reversing-bar Iisattached toeach ring
on one side.

" The two parts of the steam-chest joined to-
cether will leave an internal empty space
similar to a cylindrical ring having the inter-
pal periphery open. This open side 1s lim-
ited by the two annular ribs A A, one on each

side, and the space is closed by the rim of a

driving - wheel, one of which I provide. to
every steam-chest. Fig. 22 shows the eleva-

tion and the side view of a driving-wheel,
and they are shown in section in the lower

 steam-chest for a reversible engine.

The annular rib A contains a

788,086 -

part of Fig. 1, (designated by D’ D* D® D)
The rim of said driving-wheelsis provided on
each side with a groove 4 for the packing-
ring 5, which will press against the internal
surface of the rib A and make steam-tight
the internal space of the steam-chest. I di-
vide this internal space of the steam-chests
into a number of compartments by means of
the partitions T, Fig. 3. These partitions
consist of two identical pieces of cast-iron,
joined together as shown in section on the
richt-hand side of Fig. 3. They are station-
ary and free from the driving--wheel, fas-
tened to the steam-chest by means of the bolts
H. which pass through them. These bolts,
as shown in Fig. 11, are employed also for
the purpose of fastening together the two
parts of the steam-chest, and to secure them
against the pressure of the steam I employ a
packing - piece » to each partition, which
presses against the external surface of the
rim of the driving-wheel on account of the
two springs 6, fastened one on each sidé of
the partition, Figs. 3 and 11.

In each compartment I employ a piston-head
7, which I fasten to the driving-wheel by
means of holts passing through a flange at the
base of the piston-head and through the rim
of the driving-wheel, Figs. 3 and 10, and a
portion of a packing-ring w, which presses
against the walls of the steam-chest, so that
cvery compartment will be divided 1nto two
steam-tight chambers. I provideevery cham-
ber with a steam-passage in each side of the
For a
non-reversible engine I provide with a steam-
nassage in each side of the steam-chests only
the chambers on one side of the piston-heads.

The openings for the steam-passages are
located one on each side of the partitions L
and designated by the letters » and »'.

I employ a longitudinal shatt O O, passing
through the hub of each driving-wheel and
by the center of the annular feed-pipe and
exhaust-pipes. It is supported at the ex-
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tremities by two engine-heads N N and by one

or more supports S between the extremities.
The engine-heads N N are placed next to the
exhaust-pipes. They are conforming to the
periphery of the steam-chests and bolted to
the bed-plate Bin two ways, horizontally and
vertically, in order to secure steadiness of
the parts. Several longitudinal U-bars U are
connecting these two engine-heads, as it will
be hereinafter explained, and two or more ot
them are for preventing the steam-chests from
vibration on account of a projection of some
of the ribs 1 of the steam-chests that is en-
tering into the longitudinal cavity of the U-
bars, and there it is confined by the blocks
7. Fig. 10, which are fastened to the bars.
These blocks are shown by dotted lines on the
upper part of Fig. 1.

Between two consecutive steam-chests and
between the low-pressure steam-chest and the
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exhaust-pipe on each side of the engine I em-

ploy a multivalve-wheel, which is fixed on the |

shaft. These wheels are shown in section in
Fig. 1 and in side view in Fig. 12 and Fig. 19

In perspective drawings thm re designated
by the letters YW W7 “” W W" The one in
the center, W7, between the two high-pressure
steam-chests and corresponding to the center
of the feed-pipe L has an even number of
cavities cut in its rum, one to the left side and
one to the right, alternatively, so that one
half of these cavities will be tow .:Ild the rig ht
side and the other halt toward the left side
the wheel,
secutive cavities, measured on the external
surface ot the rim, will be equal to the inside
diameter of the twl ports connected to the
feed-pipe L.  The cavities on the left will pro-
ject to the right of the center line by one-halt
that distance, and the cavities on the right will
project to the left of the center line by the
same ammount.  The other multivalve-wheels
have only halt that number of cavities, and
sald wheels are keyed to the shaft, so that the
cavities of the wheels W W Fio. 12, will cor-
respond to the oneson the lettin W7 and the
cavities of the wheels W* W” will correspond
to the cavities on the right in W*

In a reversible engine I employ externally
to the rim of each multivalve-wheel an annu-
lar rim I, that 1 call a " reversing-ring,” the
sicle view of which 1s given in Figs. 13 and 14.
They are provided around the periphery with
two lines of square openings, and the side ot
thie square of these openings is to be equal to
the inside diameter of a feed-port. The ring
surrounding the multivalve-wheel WWisshown
in Fig. 14, and it 1s provided with three lines
of openings, the middle one corresponding to
the center. The location and the number of
these openings will be specified hereinafter.
Kach of these reversing-rings has a revers-
ine-bar I attached to each side of 1t or to
one side only. I cover each one of these re-
versing-rings with another rim E, that I call a
“connecting-ring,” which in a non- reversible
engine would surround the rim of the multi-
valve-wheel, in which case the reversing-rings
would not be employed. They are provided
with two lines of openings corresponding to
the openings tor the steam- passages in the
annular rib A of the steam-chests, Fig. 15.
Itach opening 1s round for a certain portion of
the
the pipe of the steam-passage. For the re-
maining portion of the thickness the opening
1s square and of the same size as the open-
ings of the reversing-rings. They are kept
steady by the vings we, ', and "
ot a hittle projection 8 on each side of them
engaged 1n a cavity on each side in the inter-
nal periphery of the rings e, »/, and n,
Flgs. 2,8, and 18, Theconnecting-ring in the
center is provided with three lines of open-
ings, the middle one corresponding to the cen-

The distance between two COH- |

thickness of the ring, so as to {it exactly

by means

A g

ter, the same as in the reversing-rines.  The
steam-passages consist of elbows of steam-
pipe and are kept in place by the rings » and
', which are made in two sections fastened
together on each side by the Hlanges 10 and
by the rings »" between the low - pressure

steam-chests and the exhausts, which consist

- of one plece only.

These rings, which I call
“fastening-rings,” are shown in Fie. 1 sec-
tloned ¢1.0u01dlng to a longitudinal vertical

- plane passing tln'ou{rh the center of the en-

gine, and 1n Figs. 2 and 8 the rings 7" are
fastened to the annular rib of the steam-chest,
as shown in Fig. 18.

As the steam when it is admitted in the
steam-chests will act upon the piston-heads,
1t will put in motion the driving-wheels, which
are free from the shaft. Therefore for com-
municating the motion of the
to the shatt I employ on each side of each
driving-wheel a ratchet-wheel tixed on the
shatt and two opposite pawls attached to tho
driving-wheel, this for the case of a2 non-re-
versible engine. In a reversible engine I
employ on each side of each driving-wheel
a clouble
and two diametrically opposite double PAW s
forming two couples of them. attached to the
dnvlnﬂ wheel, one on the upper part and one
on the lower part of 1t.  IKach couple consists
of a double pawl /4 /4" on each side of tle
wheel, fastened at the extremities of a pin 11,
Wluch 1s passing through the vertical arm of
the wheel. Tie. 21 slmu% a double ratchet-
wheel with two opposite double pawls. The
pawls are kept in a normal position by the
springs i« ¢, Fig. 3—that 1s, in the same posi-
tion as shown in the figure, in which they do
not engage W 1ith the ratchet-wheels on either
sidle.  Fig. 7 shows the relative disposition
between the ratchet - wheels and the pawls,
where the angle ¢ » o must be equal to the
angle ¢ »" o', Inareversible engine [ employ
between the rim of the driving- ~wheel and each
end of the pawls a crossing- Dar z, If1gs. 3 and

10, which extends from the p.[m] on one side
of the driving-wheel to the one on the other
side, passing tlnouuh an opening 12 left in
the arm of the same wheels PIU 22.  At-
tached to 1t and in uoumpondenw with the
pawls I employ two pins « «, Fig. 10, which
enter two openings made in the rim of the
wheel, and said pins will fit them perfectly
so as to make them steam-tight. When the
steam 18 ﬂou Ing ito the steam-chest by the
passages p', it will exert a certaln pressure on
the heads of the pins @« which will bea
through the plece z, upon the pawls 4’ on
each side of the wheel and on two opposite
sides of 1t.  When the engine is reversed, the
steam will How into the opposite clmmbm
by the passages p, and therefore the pressure
1s exerted on the opposite side, or on the
pawls /4 /A, and being no pressure on the pawls
/" they will be lifted up.

&. :

driving-wheels

ratchet-wheel (5, tixed on the shaft,

The disposition of
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the teeth in a double ratchet-wheel 1s shown
by Fig. 16, where the line passing by one
tooth # on one side and the line passing by
the nearest tooth # on the other side if pro-
jected in the same plane will make an angle
equal to the lines passing by » and p' from
the center o-—viz., the angle ¢ o ¢ will be
equal to the angle » 0 »'.  Another position
of the ratchet-wheels is shown by Fig. 17,
where the wheel is rotated to the right or to
the left by one-half the distance between two
consecutive teeth from the position in Hig.
16 and where the vertical line o sassumed the
position o §, the shaft having always the pre-
vious position. The ratchet- wheels G G
and G G? can have either one of these po-
sitions: but if they have the first position
the other wheels, G* G* G* G*, must have
the second one. The relative position be-
tween the ratchet-wheels and the multivalve-
wheels must also be specified, and it is shown
by Fig. 16, where the angle made by the line
¢ 0 and by the line ¢ p passing by the middle
of a cavity ¢ in the multivalve-wheel will be
equal to one-half the angle » 0o p/. For In-
stance, supposing that the steam enter by the
passage » it will drive the piston-head to the
left, and therefore the pawl will engage with
the tooth #; but when the engine is reversed
the steam will enter by the passage p’ on the
opposite side of the partition, and it will drive
the piston-head to the right and the pawl will
engage with thetooth ¢’. Therefore the angle
¢ o » must be.equal to £ 0 p—that 1s, one-
half » 0 »/. The position shown 1n the fig-
ure is when the piston-head has completed
one-half of the stroke and when the steam en-
ters by the passage p. |

For obtaining a vibratory motion of the
driving-wheels the piston-heads must at the
end of the stroke be carried back to the starting-
point, and for that purpose I connect the sev-

eral driving-wheels between each other and

45

50

6o

on each side of the center in the following
manner: I'employ one post KX on each side of
the longitudinal center line and between two
consecutive driving-wheels. Said posts are

tastened to the bed-plate B and each of them

will carry a beam V. A pin ¢ is fixed to the
beam transversally in the center of it, having
the extremities supported by bearings in the
post and extended on each side beyond the
bearings, Fig. 24, each extremity having a
slot 18 in which engages a spiral spring on each
side of the post, and said springs are fastened
to the pin 2 by another small transversal pin
14. TEach bearing has a cap 15, which 1s kept
by the strap 16 fastened to the post by the
bolt 17. To each extremity of the beam V 1s
attached a link / by means of a cross-joint 18,
which permits the links to have a free move-
ment independently of the beam. The other
extremity of the link is attached to the adja-

cent driving-wheel by means of a pin 19 pass- |

]

788,086

ing through the horizontal arm of the driving-
wheel and of the cross-joint 20, Fig. 4, at the
extremity of said pin, permitting thus the
link to have a free movement independently
of the driving-wheel. In this manner the
several driving-wheels will have a recipro-
cating motionalternatively, so that the wheels
D’ D?, Fig. 1, will move together and in the
same direction, and the wheels D* D* will
move together and in the direction opposite
to the previous one for a small portion of the
circumference.

As the engine must always start from the
normal position for a certain reason that will
be specified hereinafter, Iemploy for this pur-
pose two spiral springs ¢ to every post, one
on each side of the beam V, fastened to tze
bed-plate with the post and engaged in the
slots 18 at the extremities of the pin z and
tastened to it by the pin 14, thus tending to
keep the beam V in a horizontal position.
These spiral springs will also balance the os-
cillating motion of the beams V and the re-
ciprocating motion of the links /.

When the steam is flowing into the feed-
pipe L, it will pass through the several feed-
ports in connection with said pipe, and it will

be delivered to the steam-chests on the right

and on the left alternatively, according to the
cavities or valves carried by the multivalve-
wheel in the center; butin a reversible engine
the steam can only be admitted to the steam-
chests either by the passages p or p'. Sup-
posing that the steam is admitted by the pas-
sages », the steam will flow into one of the
high-pressure steam-chests—for instance,nto
the one on the left, or C?, Fig. 1-—and act on
the same side of the piston-heads contained in
it. The driving-wheel D* will then be put in
motion, and so the shaft on account of the
ratchet wheels and pawls and also all the
other driving-wheels on account of the connec-
tions. As the multivalve-wheels rotate with
the shaft, they will at the end of the stroke
change position from the previous one, and

“after the first stroke of the piston-heads (which

will be one-half of the full stroke) all the
valves will have their position inverted. The
steam in the feed-pipe will be cut off from
the steam-chest C°, and it will be admitted in
the high-pressure steam-chest on the right, or
(3. The steam inclosed in C* will be admit-
ted in the following steam-chest C, where 1t
will expand. After the second stroke the po-
sition of the valves will be inverted again,
and so on successively, so that the steam will
pass from one steam-chest to another until it
is discharged into the exhaust-pipes on both
sides of the engine alternatively. The length
of the stroke will depend on the number of
cavities carried by the multivalve-wheel In
the center of the engine. For instance, if the
said wheel carries sixteen valves the stroke
will be one-sixteenth of the circumfierence.
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The number of teeth in the ratchet
must "tlﬁo correspond to one-half of t.

ber.

1t nun-

Forreversing the engine the passages p must
be closed and to open the passages ', S0 as to

admit the steam on the opposite side of the
pmiston-heacs.  For this purpose a shight turn
must be given to the reversing and to the
opening rings, and this ean be done by means
of the reversing - bars I, attached to these
rings, as beforeexplained. Theyare fastened
at the top to a longitudinal piece ), Fig. 1, to
which 1s tastened in the muiddle a portion of
gear-wheel ». A square threaded screw /.
supported by the posts 7 7, engages with tne
teeth of the gear, and 1t can be turned b;
meahs of a hand-wheel ¢/, Fig. 2, so that the
oear 18 enabled to swing to tht, rioht or to
the lett making the bars I. desceribe a certain
angle.  Such an angle 1s shown in Fig. 9 as
O 0O O In this figure I suppose to have a
Por titm of atmm chest (, contalninge the pas-
SaQes p »'p' a portion of openmﬂ 11nu R,
which is provided with the openings 17 1"
17 ", and a portion of a reversing-ring be-
tween the connecting-ring and the multivalve-
wheel W, having the openings 1 171 1. The
rings having this position respectively to the
passages p oand ', the center line of the re-
versing-bars vull have the position O O'. In
this position the passages p’ will pe open to
the steam. so that the shatt will rotate to the
right.  When the line O O takes the posi-
tion O O, the openings in the two rines 1
1717 1 will take the nositions 2 2° 9" ‘*7”'
respectively, so that tlw steam will be cut off
from the passages p’, that will stop the en-
oine.  When it takes the position O O, the
openings of the rings will move in 38 3" 3" 3",
respectively, in w hicl position the steam will
still be cut off and the passages % »" will be
opened to the atmosphere by the ring R. At
this point the steam left in the steam-chests
will low out and the atmospheric pressure
will take 1ts place, and 1t will also be estab-
[1xhed 1n every chamber, so that the driving-
wheels are enabled to take their normal posi-
tron through the spiral springs 4. In that
posttion every piston-head occupies the mid-
dle of each compartment, so as to divide it
into two equal chambers.  In thismanner the
volume of air confined in the back chambers
will balance the vibratory motion of the driv-
ig-wheels.  In the position O O all the open-
Ines m the steam-chest will be closed again by
the said ring, and the steam will still be cut
off. In the last position O OO’ the openings 1
1717 17 will take the positions 5 5" 57 5, re-
spectively, where the openings of the steam-
chest will still be closed up and the passages
» will be opened, so that the steam will act
upon the opposite side of the piston-heads,
making the shatt rotate to the lett.

In order to red

duce the loss of heat by radia-

-wheels |

=

tion from the steam-chests and from the steam- 63

passages and for protecting all the working
, 1 employ a covering con-

parts of the engine
sisting of the two erlﬂm -heads N N, which
are made in two sections joined tooethel by a
horizontal rib 21 on each side of the shatt
and tastened at t
two ways, as it has been before specified.
Their periphery consists of a rib 22, which
extends on both sides of the wall, and have n
the 1nternal side another small rib 23, that
tollows the previous one, Fig. 6. An open-
e J'1s left in the lower part of each head-
prece for the exhaust-pipe.  These two head-
preces are connected by several longitudinal
U-bars U, which are cut at the extremities,
as shown n Kig. 25, so as to {it the grooves «
around the periphery of the head - pieces.
Longttudinal metal sheets s, which are turned
off on ecach side, are laid between the bars,
resting on the rib 23 around the periphery ot
the head-pieces and on the periphery ot the
steam-chests.  These metal sheets are covered
with longitudinal boards 24, which rest at the
(“\tI{‘mItlt‘H on the [Jt‘ll[}lll‘l}" or the head-
hem on the
I.J,\ the strings

U- 1_311.1::, and the__ Qe litbbenm_.
/. An empty space 26 remains between the
boards and the metal sheets, which may be
filled up with some non-conducting substance.
The two head-pieces are also covered with
boards 25 on the outside, resting at the ex-
tremities on one side of the rib 22, leaving an
empty space 27 between them and the exter-
nal surface of the wall of the same head-pieces,
which space may also be filled up with a non-
conducting substance.
the head-pieces are kept against them around
the periphery and at the base by the plate-
ring vy, which 1s bolted to the same head-
pieces.

A transven ml opening 1 the covering 18
provided on top for each reversing-bar, so as
to allow them to deseribe a g1ven .mgle. A
longitudinal piece of metal sheet #, 10 which
are made transversally all the openings nec-
essary and of a prescribed length and width,
1s fastened on top of the engine, and it 18 cov-
ered mternally and between the openings by
pieces of boards 25 fastened to it. I employ
a prece ¢ for each bar on the external surface
of this metal sheet that will slide against. it,
S0 as to cover the opening in any position the
bar may be, and 1t 1s fastened to the bar lyinge
between the shoulder of the bar underneath
and the picce (Q above.

In order to maintain a high temperatuare in-
side of the covering, Iemploy two longitudinal
pipes ¢ ¢, one on ecach side, closed at the ex-
tremities, which communieate with each other
by means of a series of pipes ¢ ¢ surround-
1ng the steam-chests and the steam-passages,
and I connect one of the longitudinal pipesto

I the main steam-pipe or to the heating-supply

The boards covering
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by means of the joint 7. 1 employ this sys-
tem of pipes also for the purpose of reévapo-
rating the water that might condense 1n the
steam-chests. An opening 29 for the steam-
traps is left in the lower part of each longi-
tudinal pipe when steam is used for heating
purposes.

For regulating the admission of the steam
from the feed-pipe to the steam-chests I em-
ploy a valve 30, Fig. 26, on several feed-ports,
so that the steam may be cut off at any time
from any number of diametrically opposite
chambers of the steam-chests. Thesald valves
may be by means of any device arranged so
that they could be worked from the outside
of the covering of the engine. It is obvious
that in a reversible engine must be lett open
the feed-ports which admit the steam 1n the

- chambers where the steam-pressure acts also
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rected toward the center of the ring, which |

on the pawls of the driving-wheels.

In this type of engines it is apparent that
the expansion of the steam can be carried as
far as desired.

Having described my invention, what 1

claim, and desire to secure by Letters Patent,

18—

1. A multiple-expansion steam-engine hav-
ing the steam - chest formed by two parts
joined together and fastened by bolts at the
periphery, having an internal space similar
to a cylindrical ring, open at the internal pe-
riphery and closed by the rim of a central
driving-wheel; said steam-chests provided on

each side with an annular rib containing a

number of openings for the steam-passages
which are met internally by openings directed
toward the center of the ring, the internal

periphery of said annular ribs being covered.

by opening rings each having a reversing-bar
attached to one side of it, and provided with
openings corresponding to the openingsin the
annular ribs which are leading to the steam-
passages; each part of the steam-chest pro-
vided externally with several ribs running
normally to said annular rib and with a hori-
zontal rib at the base by which the steam-
chest is fastened to a bed-plate; the internal
space of the steam-chest divided into several
compartments by fixed abutments or parti-
tions formed by two identical pieces joined
together and traversed by one or more bolts

which will also hold together the two parts |

of the steam-chest, substantially as specified.
9. A multiple-expansion steam-engine hav-

ing a longitudinal shaft passing through the

center of the engine, supported at the ex-
tremities by two engine-heads, an annular
feed-pipe forming a chamber similar to a cy-
lindrical ring, surrounding the shaft in the
middle of the engine, and the internal periph-
ery of which is provided with feed-ports di-

may be provided with valves for controlling
the admission of the steam; two steam-chests

65 for each stage of expansion, one on each side

788,086

of said annular feed-pipe, disposed symmet-
rically and having a disposition similar to the
feed-pipe, the high-pressure steam-chests be-
ing the nearest to said feed-pipe so that the
pressure decreases proceeding toward the ex-
tremities of the engine, two annular exhaust-
pipes, one on each extremity of the engine,
forming two exhaust-chambers similar to cy-
lindrical rings, the internal periphery of which
is provided with exhaust-ports similar to the
feed-ports of the feed-pipe in the middle; the
shatt carrying a multivalve-wheel in each
space between two consecutive steam-chests,
and between the two low-pressure steam-chests
and exhaust-pipes, provided with cavities on
the external surface of the rim forming a num-
ber of separate valves, said wheels fixed to
the shaft with the valves located as set forth
in the specification; the wheel in the center of
the engine having two rows of cavities alter-

- pating each other to the right and to the left;

the feed-ports in the center leading the steam
through a connecting and a reversing ring
against the external surface of the rim of said
multivalve-wheel in the center which will dis-
tribute the steam to the high-pressure steam-
chests on the right and on the left of said feed-
pipe alternatively, each steam-chest provided
on both sides with steam-passages or elbows
of steam-pipe, held in place by fastening-rings,
and that by means of the connecting-rings
lead the steam from onesteam-chest toanother,
through the several stages of expansion to the
exhaust, always passing through the valves ot
the multivalve-wheels carried by the shaft,
substantially as specified.

3. A multiple-expansion steam-engine hav-

ing an annular feed-chamber in the middle,

provided with feed-ports directed toward the
center; steam-chests of annular form, two for
each stage of expansion, disposed symmetric-
ally, one on each side of the said feed-cham-
her, fastened to a bed-plate, and which have
the internal space open at the internal periph-

ery, and divided into several compartments

by fixed abutments or partitions; twoannular
exhaust-chambers,one ateach extremity of the
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engine; a longitudinal shaft passing through

the center of the rings formed by the feed-
chamber, steam-chests and exhaust-chambers,
the whole inclosed 1n acovering; anumber of
valves closing and opening the steam-passages
between the feed-chamber and the adjacent
steam-chests, between two consecutive steam-
chests and between steam-chests and exhaust-
chambers, regulated by the revolving of the
shaft: a driving-wheel in the center of each
steam-chest through the hub of which the
shaft passes; all the driving-wheels connected
in series on each side of the center, which con-
nection enables them to have an alternate re-
ciprocating motion as set forth in the specifi-
cation, and sald driving-wheels having a rim
which closes the internal space of the steam-

| chests, which rim is provided on each side
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with a packing-ring, to make the said internal
space steam-tight:; each drivine-wheel carry-
ing a number of piston-heads or paddles at
the periphery, one in each compartment of
the steam-chests, each piston-head f)e.il‘}g pro—
vided around the portion of its perip
15 In contact with the walls of the

cach compartment into two steam- ticht cham-
bers, the fixed abutments or partitions being
provided at the base with a packine- piece
pressed against the external surface of the
rim of the driving-wheel by two springs one
on each side of the partition; said driving-
wheels transmitting to the shaft the power of
the steam by means of two diametrically op-
posite couples of double pawls attached to
each wheel, which pawls engage with ratchet-
wheels ecarried by the shaft and loeated 1n re-
speet to the pawls In the manner set forth in
the specification, said pawls being pressed
against the periphery of the ratchet-wheels
oy the action of the steam by means of pins
having their heads exposed to the steam-pres-
sure 1 certain chambers of the steam-chests,
and the sard pawls beinge kept in a normal

position when the engine 1s at rest by means
of springs, substantially as specified.

A multiple-expansion steam-engine, hav-
ing anannular feed-chamberin the middle; two
series of annular steam-chests, which have a
symretrical disposition on e.?wll side of the
feed-chamber, fastened at the base to a bed-
plate, the mtemal space of each one of them
{._l'h vided into a number of compartiments; two
annular exhaust - chambers, one at each ex-
tremity of the engine; a longitudinal shaft in
the center, passing through the hub of driv-
ing-wheels, one of which 1s provided in the
center of every steam - chest; said driving-
wheels all connected in series, provided at the
periphery with paddles or piston-heads in-
closed 1n the internal space of the steam-chest
one to each compartment, and transmitting to
the shaft the action received from the steam:
aseriesof multivalve-wheels fixed to the h_l_mtt,
which are provided with cavities or valves
around their peripheryv: each wheel located be-
tween two consecutlve steam-chests and be-
tween the low-pressure steam-chest and the
exhaust-chamber at the two extremities of the
encine, the middle one of said multivalve-
wheels being double and corrvesponding to the
annular feed-chamber:
sarrounded by a reversing-ring provided with
two lines of square openings around the pe-
riphery disposed near the outer edges of the
cavities or valves of the wheel,
ring surrounding the multivalve-wheel in the
center being provided with three hneb of open-
ings around the perinhery, all the said open-
ings located as set forth i the specification:
cach reversing-ring surrounded by a POHH(}CE-
Img-ring with openings corresponding to the
steam-passages to which they are connected,

5[:{1{1111 uhest |
with a portion of packing-ring so as to divide

each multivalve-wheel |
- means of a small eross-pin, said springs tend-

t]lt, reversing-

- on both sides, leading the

sald rings being provided externally with two
chiametrically opposite projections which en-
ter two cavities of the tastening -rines by
which they will be held in a atmd\ position;
reversing-barsattached to the reversineg-rings,
fastened at the top to a longitudinal piece 60
which 1s fixed 1n a midway a segment of gear-
wheel which engages with a screw Suppmtod
by two posts fastened to stationar v parts of
the engine, said screw provided with a hand-
wheel at one extremity, so that by giving to
1t a few turns all the reversing-bars
abled to swing together of a certain angle and
malke the reversine-rings rotate of a SIIMH AC
so as to cut off the steam from one series of
steam-passages trom the connecting-rings and
to open the other one, subsmntmllv 18 Specl-
fred.

5. A multiple-expansion vibratory steam-
engine having a longitudinal shatt passing
through the hub of driving-wheels in the cen-
ter of the steam-chests; said wheels connected
to each other, through which connection they
are allowed t.o oscillate around the shaft for
a certain portion of the circumterence,
driving-wheel having a reciprocal oscillatory
motion contrary to that of its adjacent driv-
ing-wheels, said connection consisting of two
pins to each driving-wheel, passing through
the horizontal arm of said wheel, one on each
side ot the center, connected at the extremi-
ties on each side of the wheel to a link by
means of a cross-joint so as to permit the link

to have a tree movement independently of the

driving-wheel; two posts between every two
consecutive steam-chests, one on each side of
the longitudinal center line fixed to the bed-

plate, provided with bearings on each side,

with cap surrounded and held by a strap tas-
tened to the same post by a bolt, and support-
ing an oscillating beam by means of a trans-
versal pin having the extremities extending
beyond the bmlmga, said beam connected at
the two extremities to the links above men-
tioned by means of cross-joints similar to the
previous ones so as to allow the links to have
a free movement independently of the beam:
two spiral springs to each post, one on each
side of the beam, fastened to the bed-plate to-
gether with the post, connected to the trans-
versal pin fixed 1n the center of the beam, each
extremity of said pin thatis extending beyond
the bearings, provided with a slot into which
the spring is engaged and fastened to it by

ing to hold the beam in a horizontal or nor-
mal position substantially as specified.

A multiple-expansion steam-engine hav-
ing steam-chests provided with steam-passages
steam to and from
valves carried by multivalve-wheels between
the steam-chests, said steam-passages entering
openings around the periphery of connecting-
rings, both, steam-passages and connecting-
rings being held in place by fastening-rings,
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which for convenience of construction are
made in two sections connected together, ex-
cept two of them, that are the ones near to the
exhaust-pipes, which consist of a single piece
bolted to the annular rib of the steam-chests;
said fastening-rings having two diametrically
opposite cavities in the internal periphery,
into which are confined the two projections of
the connecting-ringssubstantially as specified.

7. A multiple-expansion vibratory steam-
engine, having, an annular feed-chamber in the
middle, provided with a number of feed-ports
directed toward the center of the ring formed
by the said feed-chamber,which feed-ports are
provided with valves by means of which the
steam passing through the feed-ports can be
regulated or cut off at any time and on any
number of them: one series of annular steam-
chests on each side of the said annular feed-
chamber, fastened at the base to a bed-plate,
each series consisting of one steam-chest for
each stage of expansion, the high-pressure
steam-chest of each series being next to the
feed-chamber, the low-pressure steam-chests
tollowing it, toward the extremity of the en-
oine; an annular exhaust-chamber at each ex-

tremity of the engine, next to the last low-

pressure steam-chest of each series, and pro-
vided with exhaust-ports without valves, hav-
ing the same direction and disposition as the
feed - ports; a longitudinal shaft passing
through the center of the engine supported by
two engine-heads at the extremities; each

steam-chest provided with a driving-wheel 1n:

the center, through the hub of which the shatt
passes, the internal space of each steam-chest,
which has an annular form and is opened at
the internal periphery, being closed by the
rim of the said driving-wheel, and divided
into a number of compartments by fixed par-
titions, in each compartment being inclosed a
piston-head which is fixed to the periphery ot
the driving-wheel dividing the compartment
into two separate chambers; each chamber of
the steam-chests provided with openings lead-
ing to the atmosphere, which openings can
be closed or opened by means of opening-
rings, and the said chambers provided with a
steam-passage, inlet and outlet, which leads
through valves or cavities around the periph-
ery of multivalve-wheels fixed to the shatt,
one of which is located between every two
consecutive steam-chests, and between the last
low-pressure steam-chests and exhaust-cham-
bers, and surrounded at the periphery by a
reversing-ring, moved by means of reversing-
bars, and provided with openings around the
periphery located as set forth in the specifi-
cation, sald reversing-ring surrounded by a

1
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connecting-ring; all the driving-wheels con-
nected in series, through which connection
they have an alternate reciprocating vibratory
motion under the action of the steam, and
transmitting to the shaft the motive forcethey
receive from the steam, by means of pawls
attached to them and of ratchet-wheels fixed
to the shaft: a covering inclosing the whole

' bodv of the engine, substantially as specified.

8. A multiple-expansion vibratory steam-
engine having a heating apparatus, and in-
closed in a covering consisting of two engine-
heads fastened to the bed-plate 1n two ways,
horizontally and vertically, the periphery of
which is formed by a rib provided with
grooves, said rib having a shoulder in the 1n-
ternal side: sald engine-heads having an open-
ing in the center for the shaft and one below
for the exhaust-pipe. for convenience of con-
straction each of them being made in two sec-
tions joined together on a horizontal rib, and
having the exterior side covered with boards
held against them by a plate-ring, leaving an
empty space between the boards and the sur-
tace of the wall of the same engine-heads,
which space may be filled with a non-conduct-
ing substance; said engine-heads connected to
each other by several longitudinal{ ]-bars fas-
tened at their extremities in the grooves at
the periphery of the same pieces or engine-
heads, some of said [ J-bars preventing also

the steam-chests from vibration by means of

thearrangement set forth in the specification;
longitudinal metal sheets lying between the
l-bars and resting at the extremities on a
shoulder in the internal side of the engine-
heads: longitudinal boards resting at the ex-
tremities on the periphery of the engine-heads
and fastened by several metal strings sur-
rounding the whole body of the engine, an
empty space being left between the metal
sheets and the boards, which space may be
filled with some non-conducting substance; the
top of the covering consisting of a longitudi-
nal sheet provided with transversal openings
corresponding to reversing-bars and coverec
internally with boards, a piece of metal sheet
attached to each reversing-bar covering sald
transversal opening and being in contact with
the longitudinal top sheet, substantially as
specified.

Intestimony whereof I havesigned my name
to thisspecification in the presence of two sub-

scribing witnesses.

ANTONIO BENEDETTO.

Witnesses:
ANDREW W ARGANIN,
JouN (CALLAHAN.
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