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To all whom 1t may concern.: .
Be 1t known that I, JAMEs Ariex EaToxN;
a citlzen of the United States, and a resident

~of the city of Chicago, in the county of Cook

and State of Illinois, have invented certain
new and useful Improvements in Compound

- Rotary Engines; and I do hereby declare that

the following is a full, clear, and exact de-
scription of the same, reference being had to
the accompanying drawings, and to the let-
ters of reference marked thereon, which form
a part of this specification. .

This invention relates to improvements in
rotary engimes of that class set forth in my
prior patent issued to me on the 24th day of
March, 1908, No. 882,750. .

The object of the present invention is to
compound the engine and also to afford in
connection therewith a novel valve mechan-
1sin enabling the engine to be reversed at
will and to operate equally well when driven
in either direction. S

it 1s also an important obiect of the inven-
tion to afford means for packing the various
parts of the engine to render the same steam
tight and to afford an exceedingly cheanp,
novel and durable construction for the pur-
pose specified by the use of which economy
i steam consumption may be secured.

The 1mmvention consists in the many novel
features hereinafter described and more fully
pomted out and defined in the appended
claims.

~In the drawings: Figure 1 is a top plan
view ol an engine embodying my invention.
g, 2 1s an enlarged end elevation thereof.
¥ig. 3 1s a section on line 3—3 of Fig. 1. Tie.
4 1s a central longitudinal section with the
throttle valve omitted. Fig. 5 is a horizon-
tal section of the throttle valve taken on line
5-—-5. F1g.6 18 a section taken on line 6—6
of Ing. 5. Iig. 7 1s a fragmentary enlarged
section 1llustrating the construction of the
detent for the eccentrics. TIfig. 8 is a side
clevation of the same. Iig. 9is an enlarged,
[ragmentary longitudinal section illustrating
the construction of the inlet valves. Fig. 10
1s a fragmentary end elevation of the abut-
ment or head on the revolving piston. Fig.
11 1s aslightly enlarged section online 11-—11
of Iig. 12. Mig. 12 is a fragmentary top

plan view of the piston and abutment head.

I1g. 13 1s a fragmentary view in elevation of

the valve stem and 1llustrates its connection

with the inlet valve. |
As shown in the drawings: the engine is

compounded to afford a high and é,l()w pres-
sure side and for this purpose 1s divided lon-
gitudinally into a relatively small high pres-

sure cylinder and a larger low pressure cyl- 69

imder adapted to receive the exhaust from
the high pressure cylinder and to use the

steam expansively. As shown, said cylin-

ders each comprise annular walls A con-
structed 1 one piece with walls @, for the up-
per cut-off valve chamber, which is also

h
CH

cylindric, the centers of said cylinders and

the radius of the cylinders being such that
the chambers so formed intersect. Kach of
sald cylinder walls and the walls for the cut-
ofl valve chamber are provided with flanges
a', and on the outer faces ground to afl
steam tight joint, with the cylinder head B,
on the outer end and the intermediate head
B’, which separates the high from the low
pressure cylinder. The flanges ', of the
cylinder wall A/, are bolted through said in-
termediate head around the periphery of the
cylinder, as shown, but not around the cut-
off valve chamber or abutment. At the op-
posite end of the low pressure cylinder, is
11gidly bolted the head B? corresponding
with tne head B, at the opposite end of the
engine.  Hach of the cylinder heads B and
B? concentric with the cylinder, are pro-
vided with outwardly directed bosses or
hubs 0—=b’, bored to receive a roller bearing
mdicated by C, and in which is journaled the
main shaft (, of the engine. As shown also,
a gland ¢, is provided on said shaft at the in-
ner end of each of said roller bearings to ren-
cer the joints steam tight. Said shaft, as

ord o

75

<Ly
<o

shown, extends through and is journaled in

the ntermediate head B’, which fits com-
paratively closely thereto. Keyed on said
shaft 1n each of the cylinders is the piston

DD, provided with an integral abutment

heaa d’, provided with suitable packing here-
inafter described, and which fits closely to
the walls of the steam cylinder. Kach of
sald cylinder heads, as shown, is provided
with an annular channel concentric with the
shaft comeciding approximately with the pe-
riphery of the piston and in each of which is
seated expansion rings d—d?, which serve to
render the jomnt between the end of the pis-
ton and cylhndaer steam tight. KEach of the
cylinder heads B—DB’—B? is provided with
a circular aperture therethrough of equal di-
ameter with the abutment or cut off valve
casing to permit the insertion of the rotative

cut-oif valve therethrough, and bolted on
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sald cylinder head to close said og_:)enings are |

" which, as | between said end packing strips d7, and fit

abutment heads E—FE/, each o
shown, is recessed to afford an annular groove
coinciding with the periphery of the rotative
cut-off valve closure, and in which are pro-
vided expansion rings e—¢’, corresponding
with the expansion rings d—d* before de-
scribed. Iach of said heads E—FE/, is also
provided with a central hub or boss ¢*—¢’,
and these are bored out as before described
to receive anti-friction rollers e* between
which the valve shaft I, is journaled, as
shown in Kig. 4. ' .

As shown, a rotative abutment G—G’, 1s

i‘igidly keyed on the shaft I, in the cylindric
For
this purpose, as shown, a cylindric body of
cast metal is turned up to fit said cylindric -
chamber and to bear at its ends against the |

chamber above the steam cylinders.

expansion rings e—e’, in the respective
heads, and is provided with one or more ex-

pansion rings ¢°, seated in a suitable groove
in said rotative abutment and located to

bear on the expansion rings in the interme-
diate head for the respective high and low
pressure pistons and affords a steam tight
joint at said intermediate head, thus afford-
mg an abutment for the high and for the low
pressure cylinder. As shown i Kig. 3, the
respective abutments are provided with
notches extending inwardly nearly

tons are arranged diametrically opposite each
other, 1t follows that the notches in the rota-
tive abutments must In consequence be ar-
ranged diametrically opposite each other, as
shown in Fig. 3. _'

As shown, packing strips ¢, are provided
longitudinally of the cylindric abutment
chamber at suitable distances apart and
bear upon the periphery of the cylindric
rotative abutments to aiflord a steam tight
joint, and as shown, longitudinal packing
strips d®, are secured at short intervals apart
in each of the rotative pistons, and are pro-
vided with springs beneath the same, and
as shown, the seats for said packing strips
are milled out at a greater width at the bot-
tom than at the top and said strips are
shaped accordingly to hold each 1 place.
A spring d° is provided beneath each of
sald strips, which serves to hold the same
outwardly at all times, and these bearing
against the periphery of the rotative abut-
ment afford at all times a steam tight jomnt
thereat. The top of the abutment heads d’,
on the rotative pistons are milled out, as
shown in Figs. 3, 10, 11 and 12, and seated
in each of the same are packing strips com-
prising end strips d7, which fit closely mn said

“milled channel and at the upper ends are cut

away or halved on the outer side to receive

i to interlock the other in place, and, as shown,
between the end strips d7, longitudinal pack-
ing strips d'° are provided beneath the pack-

'tO the |
shaft ¥, to receive the abutment head d’, on
the rotative piston therein and inasmuch as
the abutment heads on the respective pis-

“abutment head K. -
65 the similarly shaped, or cut ends d° of the | Theend of the shaft I, protrudes be

025,467

packing strips d° which fit closely together

closely in the milled channel, each serving

ing strip d° 'This is seated in a channel
arranged on the inner side of each of the

packing strips and affords an intermediate
packing, as shown in Iigs. 10 and 11.

On the outer end of the shatt (', 1s pro-

vided a belt pulley C?, to permit the drive of
the engine to be transmitted to the machmn-
ery to be driven, and on the opposite end of

the shafts (/—F are spur gears H—H,

which intermesh whereby the pistons are
driven oppositely from, and at uniform rate
with the rotative abutments.

Valves are provided, one on each side of

the rotative abutment, either of which may

serve as the inlet valve and the other as the
exhaust valve, thus permitting the engine

to be reversed at will by the adjustment of
the valves.
seated in cylindric
tudinally of the steam cylinder, the valve K,
| for the high pressure cylinder being, of
course, relatively short and having the web
thereof directed approximately at an angle
| of 45°, with the valp

sure cylinder. _
case, as shown in Figs. 3 and 9, are provided
with cylindric ends, which are journaled

Said valves, as shown, each are
bores, extending longi-

ve K/, for the low pres-
The valve closures 1n each

the respective heads of the cylinders and

intermediate the cylinders are cut away to
t afford a relatively narrow segment shaped
| portion adapted to bear at all times agamst

0
75
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the periphery of the valve chamber and

which serves at the proper position to cut
off the steam while the abutment d’, on the
piston 1s passing through the notch m the
corresponding rotary abutment. As shown
inasmuch as the pistons and the abutments
‘are arranged oppositely in the respective
cylinders, the nlet valves of mnecessity are
‘arranged substantially m the same manner,
50 that the low pressure cylinder may re-
‘ceive the exhaust steam from the high pres-
sure at the moment the high pressure begins

to exhaust, and obviously the arrangement

of the valves for said cylinders with respect
‘to each other will depend upon the pomt at

which the high pressure cylinder begms to

‘exhaust, and the degree of the valve closure
‘may thus vary more or less.
low pressure valve closure K/, is provided 1n
its head &, with a transverse slot, adapted to

As shown the

receive a transverse web or key I/, on the

end of the high pressure closure K. As

shown, the head &', of the high pressure

“cylinder, is provided with a somewhat trans-
verse slot adapted to receive a key £?, the
valve stem %2, of which projects through the
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the bearing or hub ¢, and is provided on its | 1, 5 and 6, the steam flows into the right side

outer end with two eccentrics L—L/, each
provided with an eccentric voke L—Z" en-
oaged thereon, the arm or rod 32——33 of which
extends outwar dly therefrom and 1s pmwded
with means for detachably engaging a seg-
ment shaped rocker arm L*—L3 each of
which 1s segment shaped and 1s rigidly se-
cured on the valve stems 43,
at equal distances from the stems and ap-
prox 11'11&{01" 00° apart with apertures, as
shown in Fig. 2, to receive the plunger [7. A
SPIING detent Ef’ 1s pivotally suppor ted on the
sccentric rod provided with a spring &, which
presses the inner end outwardly and at the
outer end said lever [’ extends through an
aperture in the rod or plunger {7, which ex-
tends through a suitable clip Z8 on the end of
the eccentric rod and Wthh ‘straddles the
rocker arm and locks the rocker arm thereto.
The throttle valve is provided to admit of
the transference of the exhaust from the high
pressure cylinder to the intake for the low
nressure and perm 1ts of reversing the engine
when the connection of the eccentric rods
with the rocker arms L1*— 17 1s shifted.
Said valve, as shown, complisea a caslng M,
mounted centmllv on the engine and pro-
vided with an intake connochon M/, and an
exhaust plpe, m. Sald casing 1s also con-
nected st right angles with each other with
pipes m'—m? mf‘—m- each of which opens
to the respective inlet valves for each of said
cylinders, as c:hﬁmm i Higs. 1 and 3. Hota-
tably engaged within the casing M, before de-
scribed, 18 a rotative plug N, plovideﬁ with a
lever N/, for rotating the same. This plug, as
shown, 1s pmmded on opposite sides with
passages n—n’, as shown in Iigs. 5 and 6,
and 1)0810101‘1&_1 reiatively hlﬂh in the plug,
and ﬂdapted for adj ust:ment either to connect
the supply pipe gi“' with tho inlet pipe m® for
the high pressure C”Thﬂdel while the exhaust
pipe m, 18 connected on the 01*1)0@1te side of
the pluf“ with the exhaust pipe m?, from the
low pressure eyiinder and cored thi ouﬂh said
plug below mu yassages before deﬁ“cnbe@ 15
o transverse passage 78 shown in dotted | lines
in Fig. 5, and move fully shown n Fip,
ﬂuouoh which the pipes m/—m?, eémmuni-
cate to aford a by-pass from the exhaust
side of the high pressure to the mtake side of
the low pressure eylinder, or, 1n reversing, a
quartet uum pproum&tel}* of the plug ad-

» justs the passage n, to Connect the supply

pme \I’ ‘Wlth the intake pipe m’, and the pas-
sage n’ to connect the pipe mé with the ex-
ust pipe m, while the by-pass passage
11"011011 the ]‘wh 1g connects the pipes MmP*—im?,
thus causing the engine to receive the intake
on the opposite side of the ¢ yvlinder as before
deseribed.

The operation 1s as follows: With the ec-
centrics connected as shown in Figs. 1 and 2,
and the valve adjusted as ind icated Tn F]os

and 1s provided |

G, |

of the hwh pressure cylinder LLlouﬂh the
supply pipe M’, the passage n, In the throt-
tle valve, and the intake pipe ’mﬁ in the posi-
tion shown in I’lg 3, the valve K, 18 just
about to open the bore into the steam cham-
ber, as th e abutment head 1s just clearing the
por u, and as the rotary abutment is turned
to a position to close down upon the cylinder,

as shown in Ifig. 3. In this position the ex-
haust port I*°, on the opposite side of the cyl-
inder, 1s open and any steam remsaining on

the front side of the abutment, of course, 13

driven out over to the low pressure side of
the engime. The steam, however, flowing
mnw wrdly through the port 2, Jlmg behind
the abutment head on the pl:ston forces the
piston around and the piston during the ini-
tial portion of its travel, acting undex direct
S'team pressure. '1he eccentric connections,
however, after the abutment d’, has com-
pleted a.ppl oximately one fourth of 2 revolu-
tion around the steam cylinder, shifts the
rocker arm [}, to close the mlet valve and 1n
the high pressure cylinder the steam there-
after acts 11} P art e*{pfmswely to continue the

‘rotation of the piston until the abutment

head d’, passes the exhaust port ! and 1is
apout to enter the notch in the rotative abut-
ment, which, as said abutment rotates iso-
chronously with the piston 1s then pos sitioned
to receive the plst(m abutment. The steam
passing through the pipe on the exhaust side
of the high pressure cylinder, passes through
the by-pass discharge =7 in the throttle
Valve and through the mbe m!, to the inlet
side of the low pressure ¢y hﬂ_der the inlet
valve of which, (shown in dot ted lines in
Kig. 3) 13 then in position to admit the steam
expanswely back of the abutment head &,
on sald low pressure piston.
sure abutment head thep having assumed
the posﬂ;mn corresponding with the position
of the hi gb pressure abutment sHown 1n i1y,
3. In consequence, the ex*oamwe action of
the steam materially a assists in drivi e the
engine and at the completion of one half
revolution thaﬂ 1gh pressure abutment again,
of course, receives steam and the fow pro“—-
sure cyunder exhaust s, in this case througn
the pipe m“* passage 7’ In the rotative phw

Sald low pres-
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N, of ’th, thr ottle v&lve and throug h the eX- -

haust pipe m. 'T'o reverse the engine, it is
nly necessary to manually 1"elease the de-
tenta on the respective eccentric rods and to
engage the same each in the other aperture
in the rocker arm engaged on its valve stem
k2 a corresponding thmoe being efiected in
each connection of the eccentric with the
valve stem. This results merely i the re-
versal of uhe engine, Inasmuch as the mtahe
1s then of necessity on the opposite side of
each of the cylinders from that before de-
sceribed, each cyhnder recelving the intake

| from the pipes m'—m?® and exhaust from the

120
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pipes mi—m# to the by-pass exhaust pipe
respectively. ' _
Owing to the simple construction and the

fact that anti-friction bearings are used on

oerd
&

the main shafts, and the fact also that al-

though the engine is steam tight in every

particular, there are no parts which, under
action of centrifugal force tend to bear with
any great pressure upon the cylinder walls,
1t 1s obvious that very little resistance to ro-
tation can be aifforded by the parts of the en-

- gine mutually engaging to cause excessive
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65 thereon contacting the periphery of the pis- | packing members arranged longitudinally .

friction. Furthermore owing to the com-

poundaing of the engine as before described, a |

very large portion of the heat value of the
steam 1s eflectively used and converted into
mechanical energy.

Of course, 1 am well aware that there may
be numerous variations m the construction
and arrangement of the packing of the va-
rious parts desired to be steam tight and, of
course, the throttle valve may be materially
varied as may also other valves embodied in
the invention, and I am also aware that in-
stead of using two cylinders, a greater num-
ber may be employed, if preferred, all the
pistons in which are rigidly secured upon the

same shatt and thus enabling the fullest pos-

sible value of the steam to be afttained. I
therefore do not purpose limiting this appli-
cation for patent otherwise than necessitated
by the prior art. |

I claim as my invention:

1. In a compound rotary engine axially
alined cylinders, a piston in each eylinder, a
head on each piston, a rotary abutment
valve for each piston provided with a notch
and adapted to contact the periphery of the
piston except at the noteh, a reversible rock
valve on each side of each rotary abutment
valve, and a reversible rotary throttle valve
for admitting the motive fluid through one
ol said valves and exhausting the motive
fluid through the other valve.

2. A reversible compound rotary engine

comprising a casing having a plurality of
piston chambers and a plurality of valve
chambers communicating therewith, a ro-

tary piston in each piston chamber, a rotary

notched valve in each valve chamber adapt-
ed to contact the periphery of the piston, an
abutment head rigidly secured to each piston
adapted to fit m the noteh in each rotary
valve, means for discharging the exhaust
from one piston chamber to the other, ad-
mission and outlet valves for the piston
chamber, eccentric mechanism operated by
rotation of the pistons and mechanism con-
necting the eccentric mechanism and the ad-
mission and outlet valves adapted for ad-
Justment to reverse the engine.

3. A multiple expansion rotary engine
embracing different sized chambers, pistons
1n saild chambers, a valve shaft, rotary valves

925,467

tons, means for supplying steam to one of
the chambers, for exhausting from said
chamber into the next and for exhausting
ifrom the last named chamber, rock valves
controlling the inlet and outlet ports of the
cylinders, an apertured segment arm con-
nected with each rock valve, an eccentric

70

mechanism operated by the valve shaft, and

a releasable plunger connected with each
eccentric mechanism adapted to engage in
any aperture 1n 1ts corresponding segment

ior controlling the operation of the rock
valves. | |
- 4. A rotary engine comprising a high pres-
sure cylinder, a low pressure cylinder, iniet
and outlet valves for said cyvlinders, a rever-
sible eccentric mechanism for operating the
valves, a piston in each cylinder and a throt-
tle valve for admitting the motive fluid into
the high pressure cylinder and delivering the
exhaust from the high pressure cylinder to
the low pressure cylinder.

5. A rotary engine comprising a high pres-
sure cylinders, a low pressure cylinder, inlet
and outlet valves for said cvlinders, eccentric
mechanism, releasable mechanism carried by
the eccentric mechanism and adjustably con-
niected with the valves to reverse the same,
a piston 1n each cylinder, a throttle valve for
admitting the motive fluid into the high pres-

sure cylinder and delivering the exhaust from

the high pressure cylinder to the low pressure
cylinder and eccentric mechanisms flz)r oper-
ating the inlet and outlet valves of the high
and low pressure cylinders.

- 6. A rotary engine comprising a high pres-
sure cylinder, a low pressure cylinder, inlet
and outlet valves for said cylinders, a piston
In each cylinder, a throttle valve for admit-
ting the motive fluid into the high pressure
cylinder and delivering the exhaust from the
high pressure cylinder to the low pressure
cylinder, eccentric mechanisms for operating
the inlet and cutlet valves of the high and
low pressure cylinders, means for reversing
the eccentric mechanisms and means for ac-
tuating the throttle valve to reverse the de-
livery of motive fluid.

- 7. An engine embracing a casing contain-
ing cylindric piston chambers and eylindric
valve chambers, one intersecting each piston
chamber with parallel axis but each beyond
the periphery of the other, a piston in each
piston chamber, a rotary valve in each valve
chamber contacting the periphery of the re-
spective piston, a piston head secured to each
piston and adapted to {it i a notch in the
respective rotary valve, means for admitting
the motive fluid under pressure into one of
the cylinders and delivering the exhaust from

said cylinder into the other cylinder, means

for actuating the aforesaid means o reverse
the delivery of motive fluid and the exhaust
thereby reversing the engine, spring pressed
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around the periphery of the pistons, packing |

members at the ends of the pistons and pack-
ing members between the pistons.

- 8. In an engine a casing provided with
heads, a partition dividing said casings into a
high and a low pressure chamber, a shaft
journaled in the heads, roller bearings for
said shaft, pistons on said shaft; one in each
chamber, expansible packing rings Gited in
grooves 1n the heads and partitions, packing
rings secured in the periphery of each pistou,
a head rigidly secured to each piston extend-
g cutwardly into close proximity with the
wall of the respective chamber and packing
sirips secured to thehead and bearing against
the respective walls of the cylinders.

0. In an engine a casing, heads secured
thereto, a partition dividing the casing mto
chambers, packing rings in grooves in the
heads and in the partition, pistons bearing at
thewr ends against the packing rings, a piston
head secured to each piston, spring pressed
packing members aranged peripherally
around the pistons, rotary valves, one for

-each piston adapted to contact the periphery

of the respective piston, roller bearings for
the valve shaft and a packing member be-
tween the valves and contacting the top of
the partition. |

10. An engine comprising a casing, provid-
g a valve chamber and a piston chamber, a
head on each end thereof, a partition divid-
mg the piston chamber into & high and low
pressure chamber, a piston in each chamber
having a piston head, a rotary valve having
1ts ends journaled in recesses in the heads,
and said valve oppositely notched to receive
the appropriate piston head, means for rotat-
mmg the pistons and rotary valve isochro-
nously, a single valve connected with a source
of steam, with the high and low pressure cyl-
inder and with the exhaust for admitting
fluid under pressure into the high pressure
cnamber and admitting the exhaust from the
high pressure chamber into the low pressure
chamber and exhausting from the low pres-
sure cylinder into the atmosphere, means for
reversing the delivery of the motive fluid into
each chamber and packing members for the
sides of the casing, the walls of the valve
chamber and the pistons.

11. A rotary engine embracing high and

low cylindric pressure chambers, a shaft ex-
tending axially through both, hich and low
pressure abutment chambers, a shaft extend-
g axially through both, parallel the main
shaft, a piston on the main shaft in each cyl-
mder, a rigid abutment head on each, a ro-
tative abutment valve in each abutment
chamber and notched to receive the piston
abutment head therein, rock valves affording
the inlet and the exhaust valves for each cyl-
mder, a throttle valve adjusted and con-
nected to supply steam under pressure to the
high pressure chamber to deliver the exhaust

B

trom the high pressure chamber to the inlet
of the low pressure chamber and to exhaust

from the low pressure chamber to the atmos-
phere.

2. A rotary engine embracing high and
low cylindric pressure chambers, a shaft ex-
tending axially through both, hich and low
pressure abutment chambers, a shaft extend-
g through both, parallel the main shaft, a
piston on the main shaft in each cylinder, a
ngid abutment thereon, a rotative abutment
in the abutment chamber and notched to re-
celve the piston abutment therein, rock valves
afiording the inlet and the exhaust valves for
each cylinder, a throttle valve adjusted and
connected to supply steam under pressure to
the high pressure eylinder, the exhaust from
the high pressure to the inlet of the low and
to exhaust from the low to the atmosphere,
means for reversing the valves to reverse the
engine, rock arms on the valves and eccen-
trics on one of the shafts adapted to actuate
the rock arms to afford the cut-oil.

13.- A rotary engine embracing high and
low ecylindric pressure chambers, hich and
low pressure abutment valve chambers, a
piston m each pressure chamber, a rigid
abutment head on each piston, a rotative
abutment valve in each abutment chamber
and notched to receive the respective piston
abutment head therein, valves controlling the
inlet and the exhaust for each pressure cham-
ber, means for operating the same, and a
single valve connected to supply steam under
pressure to the high pressure cylinder, to de-
liver the exhaust from the high pressure
chamber to the inlet of the low pressure
chamber and to exhaust from the low
sure chamber to the atmosphere. .

14. A rotary engine embracing high and
low cylindric pressure chambers, a piston in
each chamber, a rigid abutment head on
eacly, valves controlling the inlet and the ex-
haust passages for each cylinder, means for
actuating said valves, means for adjusting
the actuating means to operate the valves on

reversing the engine, means for delivering the
_exhaust from the high to the low pressure
“cylinder and means for reversing the delivery

oi the exhaust. | |
15. A rotary engine embracing high and
low cylindric pressure chambers, expansible
packing members fitted in grooves in the wall
of the chambers, a shaft extending axially
through both, high and low pressure abut-
ment valve chambers, expansible packing
members fitted in the end walls of the abut-
ment valve chamber, a shaft extending
through both piston chambers, a piston on
the main shaft in each cylinder, a rigid abut-
ment head thereon, packing bars secured to
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the pistons, packing members secured to the

heads, a rotative abutment valve in each
abutment valve chamber and notched to re-

| ceive the respective piston abutment head
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therein, valves affording the inlet and the ! scribed my name in the pi‘esence of two _sub;

exhaust valves for each cylinder and a throt- | scribing witnesses. . .
tle valve connected to supply steam under | — T OTNT TV AT
pressure to the high pressure cylinder and to | JAMES ALLEN EATOX.
< exhaust from the high pressure cylinder to | Witnesses:
the inlet of the low pressure cylinder. | C. W. HIERS,
In testimony whereot I have hereunto sub- | K. i. HANNAH.
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