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1’0 all whom it mar uf conmrn

Be it known that I, EDWARD YV HARDEN |

residing at Omcmnatl in the county of IIam-
ilton and State of 01110 haveinvented certain

5 new and useful Implovements in Compound
Engines, of whl(,h the followmﬂ' is & speelﬁ-'

- *_ | ca,tmn

My 1nvent1on relates to the novel constr uc-
tion of a compmmd engine of the general

T type shown in Letters Patent No. 597, 433,
- granted October 24, 1893.

“being acted upon by hmh—pressure steam,

.'.15 ‘which is eompounded upon the larﬂ'er plStOI]- |

face.

~ One of the ob;jeets of the present 1nvent1011 |
is to provide a piston-valve that will control -
- 1n a novel manner the admission and. release
B 'zo of the steam from the high and low pressure‘

p01 ts as well as the hnal exhaust.

In said Patent No. 597,433 the steam 18 a,d-_
‘mitted from the high-pressure port directly
“into the low-pressme port at the instant of
25 opening said high-pressure. port and without
“any means of: controlhnﬂ‘ said steam except -
I have found
by oxperience that in order to hcwe a speedy-
. acting engine it is desirable to release the
N 30 steam n the high-pressure eylmder before the

" - the high- -pressure- pmteut off...

plston has reached the end of its stroke. In

- an engine of the present type if this release
s made the steam would be ad 1n1tted dlreetly:
-~ onto.the larger face, and hence the. piston
35 would be a(,ted upon. by the steam upon both

~ sides.
phsh the quick release by the form of valve

- here shown. “This eonusts of three cut-off

sections, one. ‘controlling the high- -pressure

40 port, one the final exhaust -port, and the other

theintermediate orskeleton cut-off inter posed

~ between the other two and controlling the in-
“termediate 10W-pressme port.
the space between the two outside cut- offs,

- 45 which are solid disks, to for m a reservoir. 01'

pocket to receive and hold the steam released

- from the high-pressure pors until the time de-

~ sired to eompound it upon the larger piston.

I have fouud by plactleal ezpemence that'

“Ihis type of en- f
gines employs plstons the opposite faces of
Wthh are of different areas, the smaller one |

I also utilize.

B

: _'_vlde an. mdependent piston-cut-off. valve, lo-

'the walls of the ¢ylinder when the stealm is

side elevablon mt,h the eccentries and start--
ing and controlling levers.

thls form of valve ﬂ'wes a bettel 1esulb as to 50_,,:']
‘the speed and power of the engine..

Another ob,]ecb of my mventmn is to em—': '

-hploy a steams- ,]aeke,t on this type of compound
‘engine which is contmnally supplied with
'lwe steam . direct from the boiler,

thereby
maintaining the temperature of: the ehambm |

of the cylmdel apprommdtely the same as the
induction-steam in the hwh-prebsure cylin-~
| der, and .thereby preventmw the cooling of P

60

compounded as low. pressure on the piston.

“Another object of my 111ﬂvent1011 1S to p1 0-
vide improved means within the valve. and

valve-chamber for conver ting the compound =
engine into a simple engine.
| Z.phshed bymtxoducmn"a, eonveltmﬂ'—valve be- - B
7°
~construction that whensald eonvertmn'-valveﬁ.* S
J1Sopen communication isestablished between .
the two high-pressure: ports, but-as one Of,'.i;
these por ts is alternately opened. by the main =~ .
valve and when open_exhausts its steam on
‘the other.end of the piston it follows that di-
‘rect steam will be acting on and in the same = .
‘direction.on the lar ger and smaller pistons. .

tween the two high- -pressure ports of such

~Another object of my mventmn is to pro-

~The various featmes of my mventlon ::ue.__ |

‘more fully set forth in the description of the -
| accompanying drawings, making R palb of
| this SpeCIﬁCdtIOH in Whl(‘,hm—— R |

Figure 11is a dlaﬂ'tam showmﬂ an enwme in

lon ﬂ‘ltudm al sectlon throu ﬂ*h the en ﬂ'me ]F‘lﬂ' -

- Another ob,]et,t of my mventmn is to pro- ;
Vlde improved: means: fm tmppmﬂ' off the,--
steam from the jacket. |

This is aceom-

I have found it to be of material ad vantage
‘to apply this converting-valve. direct to the:_
steam-chest.in such a manner as to establish-
‘communication 1eddllv and at w1ll ‘between
the two high- -pressure ports for convel tlng a B
;compound into a simple engine. |
I overcome this dlfﬁuulty&nd accom- |-

Sﬁir:J;i ) -] 

cated between the piston cut-offs, Gontmllmm_f R
the high-pressure ports of the main valve for el
'.eontmllmcrthe 1n1t1a1adrnls%10n ofsteam from SRR

the. 111duct1011 -ports. - S L

95
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3 is a section on line = z, Fig. 2. TFig. 4 'is. a | would result.
-section 11 port 4 is kept

detail view showing a different position of

-"the valve and piston from that shown in Fig.

2. Fig. 5 is a detail view of a converting-

valve. Fig. 6 is a central longitudinal sec-

tion through amodification adapted to be used

as a stationary engine. Iig. 7isa sectionon

~line z 2z, ¥ig. 6.

IO

~ a partition to divide the central portion of

1'5

LI

A represents a _cylindér; A', the heads

thereof. o | . ,
a represents a bridge-wall which serves as

the cylinder into two compartments.

B B’ represent piston-heads mounted upon
the piston-rods 6. - |

b’ represents a cylinder or drum interposed

~ between the two piston-heads.

20

C represents the steam-chest; D, a piston-
valve mounted therein. |

1 represents the induection-port; 2 8,_ the

high-pressure-steam ports; 4 5, the low-pres-

sure and exhaust steam ports and passages.

6 represents a piston cut-oif controlling the
high-pressare port 2. '

7 represents a piston ecut-off controlling the

 other high-pressure ports 3.

8 9 represent pistons contl"olling the ﬁ'_nal

' exhaust-ports 10.

30

11 12 represent the ring or skeleton cut-off
controlling the ports 4 5, respectively. This
ring or skeleton form is for the purpose of

making the space between the. disks 6 and 3

~and 7-and 9 continuous, so as to form pock-

35

ets or reservoirs in each half of the piston-
valve, for a purpose which will be hereinafter

~ explained. -

Tt will be observed that each one 'of-' the

~ ports 2, 3, 4, 5, and 10is controlled by a sepa-

40

rate cut-off or piston-face operated by a com-
mon valve -stem. It will be observed also

- that each end of the cylinder and piston is a
~ duplicate of the other and has correspond-

.50-_

ingly-formed ports, so that a double or duplex

- engine is produced. " '
45 X

- follows: In Fig. 2 the high-pressure port is

shown as exhausting steam into the low-pres-

~suré port 4 at the initial movement of the re-

The mode of operation of the valve is as

turn stroke, and that port 3 is supplying
high-pressure steamn to the piston B, and that
the low-pressure port: 5 is making a final ex-
haust through port 10, the valve moving at

“this period in the same direction as that of

~ the piston. As before stated, it is desirable

55
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~ tween ports 2 and -4 were established at this.
time, the. same steam would be acting on

to release the steam from the high-pressure
port before it is allowed to pass into the low-
pressure port to be compounded. In prac-
tice the steam is cut off—say at the point 5

(shown in Ifig. 4)—and the steam used ex-
pansively for the remainder of the stroke;

but it is desirable to release the steam when

the piston B"hasarrived at the position shown
in full’ lines, Fig. 4. If the connection be-

shown in dotted lines.

Jjust deseribed. .

closed until the pis-
ton B’ has reached the end of its stroke, as
The valve in the po-
sition shown in Fig. 4is moving in a direction

opposite to that of the piston. Port 2 1s open
~during the time the piston has traveled from

By providing 't,he_' ri.ng-wcut-off -

70

the point shown in full linesto thatshown in .

“dotted lines, or the end of the stroke, and port
11 is kept closed. The steam from port 2

during this time fills the pocket or reservoir

'R, which is formed between the piston-disks.
| 6 and 8, and when the valve has traveled in
‘the direction shown by the arrow in IFig. 4 far
‘enough to uncover port 4 the steam from
‘pocket R and that which is being released by -

the return stroke of the piston is compound-
ed on the larger piston-face. Of course the

| opposite end of the engine operates in the

same manner, only alternately with. the part

75

30

In a compound engine of this type it isde-

sirable to prevent the cooling of the cylinder

‘due to the compounding of the steam on the
.same surface and to maintain a comparative

temperature due to that of the initial heat of
the high-pressuresteam. Toaccomplish this,

T provide a steam-jacket E, surrounding the
eylinder and interposed between ports 4 and

5 and the walls of the cylinder. 'T'his jacket

is supplied with high-pressure steam direct

from the boiler by means of pipe 7, as shown

condensation, I provide a gutter I, opening

1into the lower side of the steam-jacket and
‘depending below the same. This gutter is
provided with a steam-trap G to carry off the
‘water of condensation.
‘any well-known form-of construction. By
‘Thaving a gutter depend below the jacket and
comparatively large area it is partially filled
‘with steam, as well as condensed water, and
‘assists in maintaining a higher temperature
|- of the walls of the eylinder than could be ob-
‘tained if the condensed water were allowed to
‘rest within the steam-jacket itself. I obtain
‘a new result by the use of this steam-jacket
‘in a compound engine of the type which com-
‘pounds the steam in the same chamber or eyl-
inder in which the high pressure is utilized. -
When steam is expanded onto the piston, the
temperature is reduced by the expansion of
‘the steam, following ““ Mariotte’s Law of Kx-
‘pansion P X V
‘perature dueto the compoundingof the steam
‘is materially greater and the initial condensa-
tion of the steam is proportionallylarger than

179

1777 This reduction in tem-

that due to the expansion of the high-pres-

‘sure steam. By the use of a steam-jacket as
herein shown and described, the inner wall-of
the eylinder is maintained approximately at

the temperature of the high-pressure steam

and consequently the expansion of the low-
pressure steam instead of cooling the cylin-
‘der-surfacetoalargerextentthan hitherto ob-

both sides of the piston and a loss of power | tained, is heated by the walls of the cylinder,

go

95

In order to remove the water of

IOG

This trap may be of

105
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“thus preventing condensation, and maintain- |

Ing a higher expansion-line than the *‘ adia-

- batic. curve,” which would otherwise take

Io

15

- 20

25

- be observed in Fig. 2 that the ports 2, 3, 4,
‘and 5. in the cylindrical steam-chamber each
have an annulus upon the interior walls of
‘the chest, of equal area to the several port-

30

- side of the steam-chest. I mount pipe exten-
‘sions e ¢, which pipe extensions extend into

35

| ‘o

~and when piston B is receiving direct steam
piston B’ is receiving-steam through port 4
) ¢ h pistons B,
B"are being acted upon by the high-pressure:
- Steam and the engine is working simple. In:
Fig. 1 I have shown the method of operating
this converting-lever. 13 represents the or-,
‘dinary eccentrics; 14, the ordinary links; 15,
the connecting-rod for operating the main-
17 represents the bell-crank
lever for reversing the main valve. 18 rep-

‘resents a.fulerum upon which is pivoted a
~ link-arm 19. 20 represents a connecting-rod
55

50

N i Yo

‘the pipes eé'.

-engine.

place. The heat taken up froin the walls of

the cylinder is supplied and maintained by
the constant supply of steam in the steam-

within the steam-jacket, and a very high use-
ful effect is obtained from the engine.
I have found by actual experiment that the

amount of live steam employed in the steam-
~Jacket and ultimately condensed in the gut-
- ter 1s very materially less in amount of con- -
densed water than the water of condensation
n the cylinder itself when nosteam-jacket is

employed.
It is sometimes desirable, and especially in

loecomotives, to convert a compound into a
simple engine for the purpose of starting a
- train or going up a steepgrade. Taccomplish

this by the converting-valve, applied direct

in the steam-chest. This converting-valveis |

shown in Figs. 3 and 5, and the apparatus for
operating the same is shown in Fig. 1. It will

openings of the steam-chest, and these are in-
dicated by figures 2', 3, 4/, and 5', upon one

the walls I of the steam-chest and communi-

cate with the high-pressure annulus 273", J

represents an elbow-pipe rigidly secured to

an opening formed through the plug.. When

1his plug is turned so that its opening is co-
Incident with the pipe-passages, live steam is

admitted from port 3 into port 2, or vice versa,

from port 2. It follows that both

valve stem 16.

passing through and connecting with a du-
plicate link-arm on the opposite side of the

23 represents a connect-

‘Ing-rod hinged to arm 19 and to crank-arm
24, which crank-arm is connected to the stem
of plug-valve K, as shown in Figs. 3 and 5.
By moving the lever 22 plug-valve K is ro-
tated one-fourth of a revolution to open and
close the same. S

635

In Fig. 6 I have shown the form 'o_f ?pisﬂ)n-

K represents a plug-valve; g,

21 represents a connecting-rod op- |
“erated by lever 22.

‘end of said gutter.

| elaim is—

-

valve especially designed for _fsta,tidnary en-
gines, or thattype of engine employing an au-

tomatic cut-off. It is desirable to employ a

piston-cut-off valve, and this is accomplished
[ In the following manner: 25 represents the
_ _ . | iInduction-port for admitting steam into the
Jacket, and practically the entire condensa-
- tion in the cylinder occurs in the gutter F

high-pressure ports 2 and 3. 26 represents a,
piston cut-off located. between the piston-

| disks 6 and 7. The main piston-valve em-

ploys a hollow valve-stem 27, connected to
the hub of diSl_{:'g.
rod of the cut-off valve, which journals and

| reciprocates within the sleeve piston-stem 27.
30 represents the guide for the slide 31; 32,

the wrist-pin thereof. 33 represents the guide

of the cut-off valve, 34 the slide, and 35 the
| wrist-pin of slide 34. o '

It will be observed that the constrﬁetidﬁ-- of
the cylinder piston-ports, piston-valve, and
disk cut-offs shown in Fig. 6 is the same as

that shown in Fig. 2 except the ¢hange of lo-

cation of the valve-rod and its connection.
In the cut-off valve it is preferred to have
the valve-rod centrally located, so as to bet-

ter connect the duplex sections of the main

valve, which is accomplished by means of the
rods 36, that connect disks 6 and 7 together.
Thisprovidesspace fortheindependent move-

ment of the cut-off valves between said disks.
- 1t will be observed that each piston of my
engine and the controlling parts thereof are
duplicates one of the other and that conse-

quently the main valve is a duplex piston-

valve, the novel features of which consist in _
100

interposing a ring or skeleton cut-off between

the disk and cut-off of the high-pressure port

and final exhaust-port, and that thisring con-

trols the low-pressure port located between
the other two ports.

| . Ibelieve I am the first
to provide the three cut-offs for each of said
ports and the first to employ the space be-

pocket or reservoir, and I also believe I am
the first toemploy a convertin g-valve applied
direct to a.steam-chest to conneet and dis-

29 represents the piston-

7%

75

80

00

95
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tween the two disk cut-offs for a temporary

110

connect the high-pressure ports of a com-

-pound engine, each of which admits steam

into a duplex eylinder to operate upon pis- __ '

‘tons connected to a common rod, thereby ob-

taining a highly-useful effect. Ialso believe
I am the first to employ a steam-jacket in an

boiler, which is adapted to reheat the steam

in the act of compounding, and I do notwish
to limit myself in these respects to the specific
‘devices herein shown and described. =~ =
I have shown in the drawings the gutter I

of two steam-jackets connected together and
a trap L connected to a pipe which taps each

It is obvious that the gut-

115

engine supplied with steam direct from the N

120

125

ters of each of said steam-jackets need notbe

connected and that each can be emptied by
a separate trap, if desired. B

Having described my invention, what I

... I30
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1. In a compound engine having a duplex
cylinder and a double piston for each cylin-

der, the opposing faces of each of which are | :
_side exhaust-port in each section, the combi-
nation therewith of a steam-chest, a duplex

of different areas, a live-steam port leading
to the smaller piston-face, a low-pressure port
leading to the larger piston-face, and an out-
side exhaust-port in each eylinder, the com-
bination of a eylindrical steam-chest, a pis-
ton-valve, operating therein, and having a
cut-off section for the high-pressure port, for
the low-pressure port and for the exhaust-
port, whereby the admission and escape of
the steam of each of said ports is controlled
by its respective cut-off, substantially as
specified. -

9. In a compound engine having a duplex
fied. _
6. In a compound engine having a duplex

cylinder and a double piston for each cylin--

der, the opposing faces of each of which are

of different areas, a live-steam portleading to

the smaller piston-face, a low-pressure port
leading to the larger piston-face, an outside

exhaust-port in each cylinder, the combina-
~ tion therewith of a cylindrical steam-chest,

the piston-valve operating therein, and hav-

ing a disk cut-off section for the high-pressure |

port, a separate disk section for the exhaust-
port, and a ring cut-off section intermediate

between the said disk sections, and control--
ling the low-pressure port, and a temporary
steam-receiving pocket formed between said
outside disk cut-off sections for receiving
steam from the high-pressure port in the man- |

ner substantially as described.

3. In a compound engine having a duplex
cylinder and a double piston for each cylin- |
der, the opposing faces of each of which are:
of different areas, a live-steam port leading
to the smaller piston-face, a low-pressure port:
leading to the larger piston-face, and an ex-
haust outside port in each eylinder, the com- |

bination therewith of a cylindrical steam-

chest, and a piston-valve having cut-off sec-
tions-controlling each of the said ports at each
end of the steam-chest and operated by a.com- |
mon valve-stem, substantially as herein speci- .

. fied.

co

55

cylinder and a double

4. In a-compound engine having a duplex
piston for each cylin-
der, the opposing faces of each of which are |
of different areas, a live-steam port leading
to the smaller piston-face, a low-pressure port
leading tothe larger piston-face, and an out- |
side exhaust-port in each section, the combi- |
nation therewith of a steam-chest, a duplex

valve, provided with separate cut-off sections

for controlling each steam-port and a con-.

 verting-valve located in branch extensions of

60

the two high-pressure steam-ports, means for
operating said valve whereby live steam may .
be at pleasure simultaneously admitted into
the two high-pressure ports, substantially as
shown and described. |
5. In a compound engine having a duplex

eylinder and a double piston for each cylin-
65 der, the opposing faces of each of which are

F

connected together, a cut-off valve located at
‘the junction of said extensions and means for
operating the same whereby live steam ad-

625,758

of different areas, a live-steam port leading:
“to the smaller piston-face, a low-pressure port

leading to the larger piston-face, and an out-

valve provided with separate cut-off sections
for controlling each steam-port and a con-

verting-valve located in branch extensions,

tapping the two high-pressure ports, and ex-
tending outside of the steam-cylinder and

| mitted into one of said ports may be directly

A

| admitted through said extension into the

other live-steam port, substantially as speci-

cylinder and a double piston for each eylin-
der, the opposing faces of each of which are
of different areas, a live-steam port leading
to the smaller piston-face, a low-pressure port
leading to the larger piston-face, and an out-
side exhaust-port in each cylinder, the com-
bination therewith of a steam-chest, a plaral
cut-off main valve provided with a hollow
valve-stem and having cut-off sections for
controlling the high-pressure and exhaust
ports and aninduction-portin the steam-chest
located between the high-pressure ports and
a cut-off valve controlling said induction-
ports and operated by a valve-stem extend-

|.ing through the hollow stem of the main

valve, substantially as specified.

7. In a compound engine having a duplex
cylinder and a double piston for each eylin-
der, the opposing faces of each of which are
of different areas, a live-steam port leading

70
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to the smaller piston-face, a low-pressure port

leading to the larger piston-face, and an out-
side exhaust-port for each cylinder, the com-
bination therewith of a cylindrical steam-

chest, having a main piston-valve having a

plurality of cut-off sections each controlling

its respective ports and connected to a hollow
{ valve-stem, an induction-port located be-
two high-pressure ports and a pis-

tween the
ton-cut-off valve controlling said induction-
port by means of a valve-stem reciprocating
in the hollow stem of the main valve and con-
nected to an independent wrist-pin, substan-

tially as speeified.

8. In a compound engine having a duplex

cylinder and piston, a live-steam port, a low-

pressure port and an exhaust-port in eacheyl-
inder, the combination therewith of an annu-

lar steam-jacket formed in the walls of the

cylinder, a section of which is interposed be-
tween the low-pressure port and the inner pe-
riphery of said eylinder, means for supplylng

| said steam-jacket with live steam direct from
| the boiler, means for trapping off the water
of condensation whereby the steam beingcom-

pounded upon the larger piston-face is main-
tained at a heat above the condensing-point

IC

11

I

I
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~and the water of condensa,tlon of the engine

18 deposited in the steam-jacket outside of the
- pl‘ston chamber, substantially as specified.

9. Ina compound engine of the described |

type an annular steam-jacket, formed in the
walls of each cylinder a section of which is
inside of the low-pressure ports and provided
with a gutter on one side thereof extending

outside of the walls of the cylinder for receiv- |

my hand.

o

ing the water of condensation and means for 10
tla,ppmrr the water out of sald gutters, sub-
stantially as specified.

In testimony wheleof I have hereunto set

N EDWARD W HARDEN
Wlmesses
 OLIVER B. KAISER

W R. WOOD
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