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To all whom it ma Y CORCery:

Be it known that I, RicaARD H. 1r[A"l‘H]JR
of Windsor, TTartford county, Oonneetmut
have mvented certain new and useful Im-
provements in Steam - Engines, which im-

- provements are deseribed in the following

specification and are 111118131 ated by the accom-

- panying drawings.

IO

~of engines of that class.
| obJeet I use a single steam-cylinder, which

My invention lelfltes to double- ELCtII]*D coms-
pound engines; and its object is to sunphfy
the con%ructwn and to increase the ef i¢lency
To accomplish this

comprises two Steam chambers of unequal

~diameters and which is provided with an an-
-nular vacuum-chamber, a single piston wor k-

ing in both steam- clmmbers of the cylinder,

a ba]aneed valve, and a pressure-plate, hav-_

Ing an opening thwuwh which steam passes

. 20

from the high-pressure chamber to the low-

~ pressure chmnber of the steam-cylinder.

35 I
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“accompany this speci |
~ In the drawings, Figure 1 is a eentml ver-

section in Fig. 1.

The best manner in which T have contem-

-plated applying the principles of my inven-

tion is illustrated by the said drawings which
ication.

tical lonn'ltudmal sectlon through the steam-

'eylmder the valve- ehest, and the mechanism :
which is contained in the steam-cylinder and ;
valve-chest of an engine which belongs to the

specified class and Whmh is constr ueted n
accordance with those principles. Fig. 2 is
a plan of the same valve which is shown in

FFig. 1 on the broken line xr . Fig. 41isa plan
of a certain spring which i 18 ShOWIl In section
in Figs. 1 and 3.

In E I‘lﬂs 1 and 3 the numeml 1 denotes the

steam- cyhnder which comprises two steam-
chambers whose axes are in one and the same
‘straight 11110, and whose diameters are un-
equ
and the low -pr essme cha,mber 3. 'This eyl-
inder is a single casting provided with termi-:
nal heads or covers 4 and 5, which are held
1n place in the usual manner by bolts, which

, the high-pressure chamber 2

arc not shown in the dmwmﬂs In ‘[he mid-

dle part of the eylmdel ehamber: 2 projects
~info chamber 3 in such a manner as to form
at theinner end of chamber 3 and around the
inner end of chamber 2 the annular vacuum-
!chmnhel (-“ which is prowded with vent-—.

scribed below.

Ifig. 3 is a cross-section of

vented by holes 31 to grooves 32

_'shown in- cross -section in Flﬂ 3.
grooves extend the entire lencrth of valve 20

'Wlth the exhaust.

grooves 7. This chmnbel is par tlculculy le-
Within cylmder 1 is a hollow
piston 8, having two heads 9
are of unequal areas and which work 1"espee—
tively in chambers 2 and 3.
tegrally with the peripheral portion of head

10 is the annular flange 42, which is adapted

1o enter vacuum- c,hﬂmbel 6, and 1s large
| enough to occupy the principal part of that

chmnbel A piston-rod 11 passes through a
Stuﬂinﬂ-box 121n the usual manner.

cylinder- chambelS 2 and 3 are provided, re-

9 and 10, which

Connected in--

55
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Pls’ron-. |
rod 11 is eonnected with a crank, which is-
| not shown in the drawings, by means of a

| connecting 10(1 in the usual manner. The

spectively, with steam - - passages or ports 15

and 14, communicating with the valve- -chest
This valve-chest is formed in the same

15.

casting which comprises the steam- -cylinder,
and 1S provided with a cover 16, which is
bolted on in the usual manner.

13 and 14, and with a supply-port 18, and is

bounded on opposite sides by two- pamllel |
The supply-port 18 connects witha -
..steam -passage 19,which leads from the boiler.

ledges43.

(Not shown in the drawings.) Valve 20 i

of the so-called ““pressure-plate” type, &nd

is shown separately in Fig. 2. 'This valve is

a single casting, 001:1815131110* of two coinei-

dently-—movmw Valve~seet10ns 22 and 23. Sec-

‘tion 22 includes ports 24, 25, and 26, which
are adapted to serve ports 13 and 18 of the
valve-seat 17, while the valve-section 23 in-

Wlthm this
'chest is formed the flat valve-seat 17, which
18 provided with the befor ementioned pmts

75

S 30

cludes ports 27 and 28, which are adapted to

serve port 14 of the Valve-sea,t
tions 22 and 23 are separated from each other

by the intervening vacant space or chamber
30, whereby the V&IVE}-SGLUOH&: are located at

YValve-sec-

90

precisely that distance from each other which

| 18 rendered necessary by the location of the

said ports of the valve-seat. Chamber 30 is

indicated by broken lines in Fw 2, and are

alonn the opposite edges of the same, Con-
twuous to the ledges 45 and communicate
This valve 18- provided
with
stu“

, which are

These"

10D

1 a-valve-rod 33, reciprocating through a
Ing- bm: 34 n t.he W.{:Lll of the valve- chest =
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15 in the usual manner. The pressure-plate
is shown in TFigs. 1 and 3, where it is indi-
cated by thenumeral 21. This plate contains
one or more internal passages 35. (Shown
in cross-section in Fig. 8 and indicated by
dotted linesin Ifig. 1.) "These passages com-
municate by openings 36 and 37 with valve-
ports 24 and 27, and are of sufficient capacity
to convey the steam readily from chamber 2

3. The pressure-plate 1s pre-

to chamber 5.
vented from movinglengthwise with the valve
by means of two pins 29, which are set fast in
ledges 43, respectively, and which pass loosely

il

through the pressure-plate, as shown in Fig.
3. A relief-plate 38 is set in the back of
pressure-plate 21, and between these two
platesisa star-spring 39, whichis shown sepa-
rately in Fig. 4, and which operates to hold
the pressure-plate normally in pressing con-
tact with ledges 43. The cavity in which
spring 39 is set in the back of plate 21 is con-
nected with valve-port 20 by a small passage-
way 40. The exhaust-passage leading from
the valve-chest isindicated by the numeral 41.

It is necessary to note with particularity
the purpose and construection of chamber 6.
In engines of the general character of that
which is here presented a difficulty has been
experienced in securing smoothness of run-
ning, by reason of the fact that when such
engine is running with minimum load only
the steam in the high-pressure cylinder is
expanded to so low a pressure, by reason of
early cut-off, that when communication is
opened between the two cylinders there is
not sufficient pressure acting upon the differ-
ential area of the low-pressure piston tostart
the piston at that speed which is required by
the speed of the engine. DBy reason of this
fact the pistonat the beginning of the stroke
receives additional speed from the effort of
the crank. To prevent this mischievous and
irregular action, itisnecessary that the move-
ment of the piston should be accelerated, and
that the backlash should, by such accelera-
tion, be taken up as soon as the beginning of
the stroke. It isalso necessary that such ac-
celeration should be effcceted by the steam-
pressure directly, and not at all by the effort
of the crank. Accordingly it is the prime
object of this part of my invention to secure
smoothness in the running of the engine with
a minimum load by accelerating the speed of
the piston at the commencement of the up-
ward stroke by the action of the steam. In
order to accomplish this object, it 1s neces-
sary that the size of the vacuum-chamber 0,
which is operatively variable with the posi-
tion of the piston, should be calculated or
otherwise predetermined with particular ret-
erence to the proposed speed at which the
engine is to run, the proposed boiler-pressure
which is to be supplied to the engine, and
the minimum load of the engine, for if the
vacuum-chamber is too large the specified ob-
ject is not attained, and 1f 1t is too small the
engine is obliged to do work in compressing

559,395

in the chamber such steam as leaks 1nto it,
and this work is lost by the venting of the
chamber at the completion of the stroke.
The determination of the size of the vacuum-
chamber in my described engine is governed
by these principles, namely: that the size ot
the chamber varies inversely with the boiler-
pressure when the minimum load and the pro-
posed speed are constant, that the same varies
inversely as the speed when the minimum
load and the boiler - pressure are constant,
that the same varies directly with the mini-
mum load of the engine when the boller-pres-
sure and the speed are constant, and that the
inverse and direct variations here stated are
severally disproportionate. o calculate the
size of the vacuum-chamber in accordance
with these principles is less simple than to
determine the same experimentally. Theftol-
lowing method is practically sufficient to pre-
determine the necessary and proper size of
this chamber in any given engine of the
aeneral character which is here presented,
namely: first complete the engine in all other
respects, leaving chamber 6 by supposition
too small to produce the desired effects when
the engine is run under the proposed condi-
tions of speed and boiler-pressure with mini-
mum load; then adjust the governor soas to
run  somewhat faster—say five per cent.
faster—than such proposed speed; then run
the engine soregulated under the normal pres-
sure and with the minimum load andobserve
the result. If the engine under these con-
ditions runswith slight pounding, chamber 6
is already of the capacity which is required
by the principles of my invention; butif the
engine runs quietly under these conditions
the vacuum-chamber is too small, and 1if 1t
runs with considerable pounding the vacuuin-
chamber is too large. Then if the chamber
is too large or too small diminish or increase
its capacity by estimate accordingly. Then
repeat the described operation as many times
as are necessary tobring the chamber to such
size that the engine runs with little noise at
the described increased speed. The engine
will then run quietly at the proposed normal
speed. By this method that size of chamber
6 which is necessary to the stillness of the
engine in running is determined experiment-
ally with reference to its minimum load, its
normal speed, and the given boiler-pressure,
in accordance with those principles of varia-
tion which are stated above. The same size
of chamber 6 so determined will be found
sufficient to equalize approximately the work
which is done by two successive strokes of the
piston, according to the mode of operation

- which is given below.

The remaining particulars of construction
of the described engine are sufficiently ob-
vious from the drawings, the familiar princi-
ples of engine construction, and the mode of
operation, which remains to be described.

The mode of operation of the described en-
oine is in general similar to that of other dou-
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ble-acting compound engines. Each steam-

chamber of the described cylinder receives
and’ discharges steam in the usual manner.
The steam, which is admitted from the boiler,
enters the engine by passage 19, and thence

passes through port 18 to valve-port 26, thence

~ both immediately and through valve-port 25

IO

20

~is greater than that which is done by the low-
- pressure cylinder. Toobviatesuchinequality

- strokein thelast-mentioned direction,grooves

to port 13, thence to cylinder - chamber 2,
thence by the same port 13 to the valve-port

24, thence successively through opening 36,

passages 35, and opening 37 to valve-port 27,
thence both immediately and by valve-port

28 to port 14, thence immediately to cylin-
~der-chamber 3, thence by the sume port 14 to

the valve-chest 15, and thence out by the ex-

haust-passage 41. R
“Among the particulars of operation should

be noted the functions of vacuum-chamber .

In engines of this general type itis found in
practice that with a normal load the work

which is done by the high-pressure cylinder

is a peculiar funetion of chamber 6, which

equalizes the work between the forward and

backward strokes of the piston by resisting

the movement of the piston in the direction

which is indicated by the arrow in Fig. 1 and

by aiding its movementin the opposite direc-

tion. When the piston has completed its

- 7aresofaruncovered in chamber 3 that steam
~escapes through them if there is any excess

of pressure in chamber 6. At the begin-
ning of the stroke of the piston in the direc-

-tlon of the arrow the vent-grooves 7 are
-slightly uncovered,as just described ; but with
- the continuance of that stroke the vent is

closed, and the increasing annular space be-

hind flange 42, being unsupplied with steam,

- operates as a vacuum, resisting the continu-

ance of that stroke of the piston and assist-

1ng ifs return. A second function of this

45

chamber is to produce the above-desceribed ac-

celeration of the piston at the commencement,

- of its upward stroke in order that the engine

.._50

may run quletly. = These two funections of the
vacuum-chamber 6 should be sharply distin-

guished from the function which has some-

times been performed by a vacuum-chamber

- 1n gingle-acting engines where such a cham-

~ber has been used for the purpose of pre-

55

venting lost motion between the piston and

“its connections by maintaining in the piston

during the return stroke a tendency to move

in the direction of the forward stroke.

As already indicated, it is the function of

- the valve-chamber 30 to produce the neces-

60

sary spatial separation of the coincidentally

moving valve-sections 22 and 23. It is the

~ function of the vent holes and grooves 31 and

02 1n valve 20 to permit steam, which would

otherwise accumulate in chamber 30 by leak-
age, 1o escape into the exhaust portion of

valve-chest 15 and thus to prevent the pres-

sure-plate from being disturbed by any pres-
sure in chamber 30, - S '

- By means of the described construction and

‘mode of operation of this engine the steam
- distribution is effected by a single valve, and
the work, which is done by the forward and
‘backward strokes of the piston, is approxi-
‘mately equalized and in other respects the

70

structure of the engine is simplified and its

practical efficiency is increased.

Such being the construction, operation, and
practical advantages of my improved engine,
I claim as my invention and desire to secure

by Letters Patent—

1. In acompound engine, asteam-eylinder,

_comprising two steam-chambers, whose axes
‘are in one and the same straight line, and

whose diameters are unequal, and provided

‘with an annular vacuum-chamber, which is
formed between the walls of the steam-cham-
bers respectively, is vented solely into the

larger of said chambers, and constitutes an
integral part of said cylinder, substantially
as and for the purpose specified. I

2. Inadouble-acting compound engine,two

steam-chambers, whose axes are in one and

‘the same straight line, and whose diameters
are unequal, and a single piston, having two

75
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heads, of unequal areas, working in said

steam-chambers respectively, in combination

with an annular vacuum-chamber, which is

closed against all admission of steam, exeept

charging the leakage, substantially as and
for the purpose speciied.
. Inacompound engine,asingle steam-cyl-
inder, comprising two steam-chambers, whose
axes are in one and the same straight line,
and whose diameters are unequal, and pro-
vided with an annular vacuum - chamber,

which is formed between the walls of said

chambers, and communicates solely with the

95

leakage, and is provided with means of dis-

100

105

larger of said chambers, in combination with -
a single piston, having two heads, which are

‘of unequal areas, and are exposed to steam-
pressure in opposite directions respectively,

substantially as and for the purpose specified.

4. Inacompound engine,a single steam-cyl-

inder, comprising two steam-chambers,whose

axes are 1n one and the same straight line,

and whose diameters are unequal, and pro-

110

I15

vided with an annular vacuum-chamber, hav-

Ing vent-grooves, in combination with asingle
piston, having two heads and a peripheral

flange, substantially as and for the purpose

specified.

9. Inacompound engine, a single steam-eyl-
inder, comprising two steam-chambers, whose

axes are in one and the same straight line,
and whose diameters are unequal, and pro-

vided with an annular vacuum -chamber,

which is formed between the walls of said

120

125

steam-chambers, and is vented to the larger

of said chambers, in combination with a sin-
gle piston, having two heads, which are of
unequal areas, and are exposed to steam-pres-

sure in opposite directions respectively, one
‘of said heads being provided with a periph-
eral flange, which is fitted to enter said vacu-

130
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um-chamber, substantially asand for the pur-
pose specified.

6. In a compound engine, a balanced flat
valve, comprising two complete valve -sec-
tions, which are united in one piece, and are
spatially separated from each other by an in-
termediate valve-chamber, which is provided
with vent-holes 31 and edge grooves 352, sub-
stantially as and for the purpose specified.

7. Abalanced flat valve, comprising two co-
incidently-moving valve-sections, which are
separated from each other by an intervening
chamber, provided with one or more vent-
holes 31, and with one or more edge grooves
32, in combination with a pressure-plate, and
a flat valve-seat, which is provided with par-
allel ledges 43, located along the opposite
edees of the valve, substantially as and for
the purpose specified.

3. In a compound engine, a balanced flat
valve, having edge grooves 32 and a spatial
chamber 30, which is vented to said grooves,
in combination with a flat valve-seat having
aised ledges at either edge of the valve,sub-
stantially as and for the purpose specified.

9. A eylinder, having two terminal steam-
chambers, a pressure-plate, and a valve-seat,

having ports for cach of said chambers, In
combination with a balanced flat valve, com-

prising two valve-sections and a vented cham-
ber between said sections substantially as
and for the purpose specified.

10. Ina compoundengine, a valve-seat,and
a valve, which comprises two valve-sections,
in combination with a pressure-plate, which
hasaninternal steam-passage from one valve-
section to the other, substantially as and for
the purpose speecified.

11. In a compound engine, a steam-cylin-
der, comprising two steam-chambers, whose
axes are in one and the same straight line,
and whose diameters are unequal, and pro-
vided with a vented annular vacuum-cham-
ber, in combination with a piston, having two
heads, which are exposed to steam-pressure
in opposite directions, substantially as and
for the purpose specified.

12. In a compound engine, a steam-cylin-
der, comprising two steam-chambers, whose
axes are in one and the same straight line,

and whose diameters are unequal, one of said

steam-chambers being partly within a cylin-
drical extension of the other, so that an an-
nular vacuum-chamber is formed around the
inward end of the smaller steam-chamber, in
combination with a piston, having two heads,
which are of unequal areas, and are exposed
to steam-pressure in opposite directions re-
spectively, substantially as and for the pur-
pose specified.

13. In a compound engine,two steam-cham-
bers, whose axes are in one and the same
straight line, and whose diameters- are un-
equal, and a single piston, having two heads,
of unequal areas, working in said steam-cham-
bers respectively, in combination with an an-
nular vacuum -chamber, which is provided
with means of venting the same intermit-
tently, substantially as and for the purpose
specified. |

In testimony whereof I hereunto set my
name in the presence of two witnesses.
RICHARD II. MATHER.
VWitnesses: '

. WIiLLARD EDDY,

JoHN . WHITE.
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