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To all whom it may concermn.:

Be it known that I, WirLiam SareLps Ly-
CAN, a citizen of the United States, and a resi-

dent of Marshall,in the county of Clark and

State of Illinois, have invented a new and
Improved Triple-Expansion Engine, of which

the following is a full, clear, and exact de-

scription. ,

The object of the invention is to provide a
new and improved triple expansion engine,
arranged to utilize the motive agent to the
fullest advantage and without back pressure

during the third expansion. -

The Invention consists of novel features,
and parts and combinations of the same,
whichwill be more fully described hereinafter

and then pointed out in the claims.
A practical embodiment of the invention

i1s represented in the accompanying drawings, -

forming a part of this specification, in which

similar characters of reference indicate cor-

responding parts in all the views.

Figure 1 1s a longitudinal central sectional
elevation of the improvement; Fig. 2 is a sec-
tional plan view of the same; Fig. 3 is an en-
larged cross section of the same on the line
3—3 ol Fig. 2, Fig. 4 1s a similar view of the
same on the line 4—4 of Fig. 2. Fig. 5 15 a
diagrammatic view showing the positions of
the pistons and valves at the end of the first
two thirds of the stroke of the pistons; and

- Fig. 6 1s a diagrammatic view showing the
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“positions of the pistons and valves at the be-

ginning of the return stroke of the pistons.
The high pressure cylinder A is in axial
alinement with the low pressure cylinders
B and C, arranged adjacent to the ends of the
high pressure cylinder A, and in the said cyl-
inders A, B and C are mounted to reciprocate
the pistons A’, B’ and C’ having a common
piston rod D attached at its outer end to a
cross head It connected by a pitman F with a
crank arm G’ of the main driving shaft i, so
that when the engine is running the pistons
A’, B’ and (' reciprocate in unison in their
respective cylinders A, B and C. The ends
of the high pressure cylinder A are connected

by admission ports @ and b with a steam chest

H connected by a steam pipe H’ with a boiler
or other suitable source of motive agent sup-
ply, and in the said steam chest H are mount-

ed to slide up and down admission valves I |

and 1’ controlling the admission of the mo-
tive agent from the steam chest H by way of
the ports ¢ and b6 into the ends of the high

!

| 1sms for operating the admission valves I and

I are alike in construction, so that it suffices
to describe but one in detail, special refer-
ence being had to Fig. 3. The valve stem I?
of the admission valve I or I’ is connected
at 1ts lower end with the rod J’ of a dash

pot J of any approved construction, and on

| the said dash pot rod J’ is fulcrumed a lever

K carrying at the front a weight K’ and pro-
vided at the rear with an angular arm K2,
The lower end of the lever K is pivotally con-
nected by a link K® with a bell crank lever K*

| carrying a iriction roller K® engaging a cam

K® secured on the cam shaft I. extending
longitudinally and carrying at one end (see
Fig. 1) a bevel gear wheel I/ in mesh with a
bevel gear wheel 1> having a spur wheel 13 in
mesh with an intermediate spur wheel 1T*
meshing with a spur wheel L secured on the
malin driving shaft G, so that when the en-
ome is running a continuous rotary motion
1s given to the cam shaft L. from the main

driving shaft ." The gearing between the

shafts G and L is so proportioned that the
shafts G and Li rotate in unison. |
The arm K? on the lever K previously men-

‘tioned is adapted to engage a friction roller
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K7 journaled on a lever K® having its free end

connected with a link K° adjustably engag-
ing a bracket K*° to allow of adjusting the le-
ver K®to bring the friction roller K7 in proper
relation to the arm K*. Now when the en-
gine 1s running and the cam shaft L turns
and with 1t the cam K, then a swinging mo-
tion 1s given to the bell crank lever K* which
by 1ts connection with the lever K raises the
rod J* and consequently the stem I2, to move
the corresponding valve I or I’ into an open
position as illustrated in Fig. 3. During the
upward movement of the lever K the arm K>
causes the lever K to swing outward, to

nally allow the valve I or I’ to drop and
close suddenly at the time the
near the end of its stroke, it being under-
stood that the weight K’ returns the lever K
to a normal vertical position so as to bring
the arm K* againiin proper relation relative
to the friction roller K7. The cams K¢ for
the two valves I and I’ are alike in construc-
tion but are arranged in opposite directions

piston A’ is
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so that when the valve I is opened the other

valve 1’ 1s closed and vice versa.

The ends of the high pressure cylinder A
are also provided with exhaust ports ¢ and d
(see F1gs. 1, 3 and 4) leading to chests N and

110

pressure cylinder A. The valve mechan- | N’ having valves O and O and controlling
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passages ¢, ¢ leading to chests P, P’ con- ! R’ with the chest R?, and the chests R?, R?

nected by ports f and f/ with the inner ends
of the low pressure cylinders B and C, as
plainly indicated in Fig. 1. The mechan-
isms for actuating the valves O and O’ are
alike in construction and each has its valve
stem O? (see Fig. 4) connected by a hnk O3
with a bell crank lever O* carrying a friction
roller O® engaging a cam O° secured on the
cam shaft 1., so that when the engine is run-

ning the valves O and O are alternately ac- |.

tuated to open and close the passages e, €
with a view to connect the exhaust end of the
high pressure cylinder A with the inner or ad-

jacent ends of the low pressure cylinders B -

and C.
instance, the left hand end of the high pres-

Thus as shown in the drawings, for

~ sure cylinder A is the exhaust end at the time
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chests R, R’ and the

and 1s connected by the port d with the
chest N’ in which the valve O’ 1s open to con-
nect the chest I with the chest P’ by way of
the passage ¢/, and as the chest P’ 1s con-
nected at all times by the port f” with the in-
ner end of the low pressure cylinder C it is
evident that the exhaust motive agent from
the left hand end of the high pressure cyhn-
der A can pass directly into the right hand
end of the low pressure cyhnder C, to expand
therein, and to exert pressure against the
piston C’ in the same direction in which the
live active agent acts on the piston A’ in the
high pressure cylinder A, that 1s, in the di-
rection of the arrow a’. It 1s understood
that during the time this takes place the
valve O is closed so that communication be-
tween the right hand end of the high pressure
cylinder A and the inner or left hand end of
the low pressure cylinder B 1 cut off.

The chests P and P’ are provided with ex-
haust ports ¢, ¢’ leading to the atmosphere
and controlled by exhaust vailves P*, P? actu-
ated from the cam shaft I. by means of cams
P¢ and intermediate connection similar to the
ones connecting the valves O, O’ with the

cams OF, so that further description of the

same 1s not deemed necessary. The outer
ends of the low pressure cylinders B and C
are provided at their bottoms with exhaust
ports 1%, 13 (see Fig. 1) leading to the chests
Q and Q' containing valves Q?, Q? stmilar to
the wvalves P?, P23, and controlling exhaust
ports ¢*, ¢® leading to the atmosphere. The
valves Q? Q? are actuated from the cam
shaft L by cams Q*, and intermediate con-
nections similar to the ones for the valves O,
O’, so that further description of the same 1s
not .deemed necessary. |

The low pressure cylinders B and C are
also provided at their ends with ports 4 A/
and A% h* of which the ports £, h* lead to
ports &', h?® to chests
R?, R?® adjacent to the chests R, R’ respec-
tively. The chest R 1s adapted to be con-
nected with the chest R* by a valve S, and a

are connected by pipes T/, T? with a reservoir

T. The ports A’ and £*® are controlled by
valves U, U’, and the said valves S and U,
S’, U’ are actuated from the cam shaft L. by
the use of cams 8% U? S U® and the connec-
tions between the cams and valves being simi-
lar to the ones connecting the valves I, I
with the cams K° (see Fig. 3), further descrip-
tion is not deemed necessary.

The operation is as follows: When the en-
oine is running and the several parts are in
the position illustrated in the drawings, then
the piston A’ in the high pressure cylinder A
is propelled forward in the direction of the
arrow ¢’ by the action of the live steam pass-
ing from the steam chest H by way ol the
open valve I and port a into the right hand
end of the cylinder A. At the same time the
exhaust steam from the left hand end of the
cylinder A passes by way of the port d (see
Fig. 1), the open valve O’, the passage ¢', the
chest P’ and the port f into the right hand

end of the low pressure cylinder C, so that

the steam expands and acts on the piston ('
to propel the same forward in the direction
of the arrow ¢/. At the same time this takes
place steam from the reservoir T passes by
way of the pipe T’ into the chest R? by the
open valve U and port 2’ into the right hand
end of the low pressure cylinder B to exert
pressure on the piston B’, with a view to pro-
pel the same forward in the direction of the
arrow ¢’. Thus from the foregoing it will be
seen that the three pistons A’, B’ and C are
acted on simultaneously by the motive
agent, to force the same forward in the direc-
tion of the arrow «’. During this time the
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ports ¢ and ¢* are open, so that the exhaust

steam in front of the forwardly moving pis-
tons B’ and C’ can escape from the low pres-
sure cylinders B and C by way of the ports

7 and the valves P? Q?® in open position over

the ports ¢ and ¢*. When the piston A’ n

| the high pressure cylinder A has traveled
about two-thirds of its stroke, see Fig. 5 then

the valve S’ (see Fig. 2) is moved mmto an
open position to allow a portion of the ex-
haust steam in the rear end of the low pres-
sure cylinder C to pass from the chest R’ into
the chest R?® and from the latter by way of
the pipe T? into the reservoir T to replenmish
the same. . When the piston A’ reaches the

end of its forward stroke in the hgh pressure

cylinder A, see Fig. 6, then the valves I and
I’ are shifted so that the valve I’ moves into
an open position to allow the steam to pass
from the chest H into the left hand end of
the cylinder A, by way of the open valve I’
and the port b, to act on the piston A’ to push
the same in the inverse direction of the arrow
a’. When the valvesI and I’ are shifted, the
valves O and O’ are changed, so that the
valve O’ closes the passage ¢’ while the valve

105
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6c similar valve S'is used to connect the chest | O opens the passage ¢, to allow the steam in 130
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" the right hand end of the high pressure cylin-
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65 the said low pressure cylinders, a reservoir,

der A to pass by way of the port ¢, open valve
O, the passage ¢, the chest P and port finto

‘the inner or left hand end of the low pres-

sure cylinder B, to act on the piston B’ there-
In, with a view to move the same in the in-
verse direction of the arrow a/. It is under-
stood that when the valves O, O are shifted
the valves P?, P3 Q? and Q?® are moved, and
likewise the valves U and U’, so that the mo-
tive agent irom the reservoir T can pass by
way of the pipe T* into the chest R* and by
way of the now open valve U’ and port.A°
into the left hand end of the low pressure
cylinder C, to act on the piston ( therein, so
as to push the same 1n the Iinverse direction
of the arrow a'.
closed position as soon as the piston A’
reaches the end of its forward stroke, and
when the piston A’ reaches two-thirds of its
return stroke 1n the inverse direction of the
arrow ¢’ then the valve Sis opened (the valve
U being in a closed position), so that a por-
tion of the motive agent in the left hand end
of the low pressure cylinder B can pass by
way of the chest R and open valve S into the
chest R* and from the latter by way of the
pipe 1" 1nto the reservoir T, so as to replen-
1sh the same. When the pistons A’, B/ and

C’ reach the end of their return strokes then

the valve S closes and the valves I, I/, U, U/,
O, O/, P?, P? and Q?, Q® change their position
back to tie one illustrated in the drawings,
and the above described operation is then
repeated.

From the foregoing it will be seen that the
exhaust steam from the high pressure cylin-
cder A 1s used 1n the adjacent ends of the low
pressure cylinders B and C for actuating the
pistons B” and C’ therein until the piston A’
has traveled about two-thirds of its stroke,
and then a portion of the exhaust steam from
this high pressure cylinder A is utilized to re-
plenish the reservoir T. It will also be no-
ticed that the steam in the reservoir T is used
1n the outer ends of the low pressure cylinders
B and C only, and a free exhaust is had from
the high pressure cylinder to the atmosphere,
and the pistons B’ and C’ are relieved of all
back pressure on the third expansion of the
steam. |

Having thus described my invention, T
claxm as new and desire to secure by Letters
Patent: .

1. A triple expansion engine comprising a
high pressure cylinder, low pressure cylinders
on opposite ends of the high pressure cylinder
and In axial alinement therewith, connected
pistons moving in unison in the said cylin-

ders, admission valves for controlling the ad-

mission of the motive agent to the said high
pressure cylinder, exhaust valves controlling
the exhaust motive agent from the high pres-
sure cylinder to the adjacent or inner ends of

The valve S’ moves into a

and valves for connecting the exhaust side of
the high pressure eylinder with the said reser-
VOIr, _ | |

2. ‘A triple expansion engine comprising a

high pressure cylinder, low pressure cylinders

on opposite ends of the high pressure cylinder
and 1 axial alinement therewith, connected
pistons moving in unison in the said cylin-
cers, admission valves for controlling the ad-
mussion of the motive agent to the said high
pressure cylinder, exhaust valves controlling
the exhaust motive agent from the high pres-

sure cylinder to the adjacent or inner ends of

the said low pressure cylinders, a reservoir,
valves for connecting the exhaust side of the
high pressure cylinder with the said reser-
volr, and valves connecting the reservoir
with the outer ends of the said low pressure
cylinders. '

3. A triple expansion engine comprising a

high pressure cylinder, low pressure cylinders
on oppostte ends of the high pressure cylinder
and in axial alinement therewith, connected
pistons moving 1n unison in the said cylin-
ders, admission valves for controlling the ad-
mission of the motive agent to the said high
pressure cylinder, exhaust valves controlling

the exhaust motive agent from the high pres-

sure cyhinder to the adjacent or inner ends of
the said low pressure cylinders, a reservoir,
and valves for connecting the exhaust side of
the high pressure cylinder with the said resex-
voir at the time the pistons in the cylinders
are In an approximately two-third stroke po-
sition. '
4. A triple expansion engine comprising-a
high pressure cylinder, low pressure cylinders
on oppostte ends of the high pressure cylinder
and m axial alinement therewith, connected
pistons moving 1 unison In the said eylin-
ders, admission valves for controlling the ad-
mission of the motive agent to the said high
pressure cylinder, exhaust valves controlling
the exhaust motive agent from the high pres-
sure cylinder to the adjacent or inner ends of
the said low pressure cylinders, a reservorr,
and valves operating in unison with the ad-
mission valves for connecting the reservoir

with the outer ends of the low pressure cylin-

ders. |
5. A triple expansion engine comprising a

high pressure cylinder, low pressure cylinders

on opposite ends of the high pressure cylinder

and mn axial alinement therewith, connected

pistons moving in unison in the said e¢ylin-
ders, admission valves for controlling the ad-
mission of the motive agent to the said high
pressure cylinder, exhaust valves controlling
the exhaust motive agent from the high pres-
sure cylinder to the adjacent or inner ends of
the said low pressure cylinders, a reservoir,
valves for connecting the exhaust side of the
high pressure cylinder with the said reservoir

-at the time the pistons in the cylinders are in

an approximately two-third stroke position,
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and valves operating in unison with the said |

admission valves for connecting the said res-
ervolr with the outer ends of the low pressure

cylinders.

6. A triple expansion engine comprising a
high pressure cylinder, low pressure cylmders
on 0pp031te ends of the high pressure cylinder

and 1n axial alinement thereﬂ ith, connected

pistons moving in unison in the said cylin-
ders, admission valves for controlling the ad-

mission of the motive agent to the said high :

pressure cylinder, exhaust valves controlling

“the exhaust motive agent from the hloh
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co said driving shaft, cams on the said cam_

pressure cylinder to the adjacent or mner
ends of the said low pressure cylinders, a res-
ervolr, valves for connecting the exhaust
side of the high pressure cylmder with the
said reservoir at the time the pistons in the
cylinders are in an approximately two-third
stroke position, valves operating in unison

with the said admission valves for connecting

the said reservoir with the outer ends of the
low pressure cylinders, and exhaust valves
controlling the exhaust motive agent from
ghe outer ends of the said low pressure cylin-
ers.

7. A triple expansion engine comprising a
high pressure cylinder, low pressure cylinders
on opposite ends of the high pressure cylin-

der and 1 axial ahnement therewith, con-

nected pistons moving in unison in the said
cylinders, admission Valves for controlling
the admission of the motive agent to the said
high pressure cylinder, exhaust va ves con-
trollmn the exhaust motive agent from the
high pressure cylinder to the ad]acent Or 1n-

ner ends of the said low pressure cylinders, a
reservolr, valves for connecting the ex must

side of the high pressure cylinder with the
sald reservoir at the time the pistons in the
cylinders are in an approximately two-third
stroke position, valves operating in unison
with the sald admission valves for connect-
ing the said reservoir with the outer ends of

the low pressure cylinders, exhaust valves

controlling the exhaust motive agent from

the outer ends of the said low pressure cylin-
-ders a main driving shaft connected with

the said pistons, a. cam shaft driven from the

855,959

shatt, and connections
cams and the said valves for actuating the
same. ' '

8. In a triple expansion engine, low pres-

sure’ cylinders, a high pressure cylinder be-

between the said

55

tween the low pressure cylinders, connected

pistons moving in unison in the cylmders

steam chest having ports leading into the -

high pressure cylinder, valves in the steam
chest and controlling the ports thereof, and
valve mechanisms for alternately openmg

and closing the valves, each valve mechamsm |

closing 1ts Talve suddenly at the time the pis-

ton of the high pressure cylmder 1S near the -

end of its stroke.

9. In a triple expansion engine, low pres-
sure cylinders, a high pressure cylinder be-
tween the low pressure cylinders, connected

main drive shaft, a cam shaft driven from the
main shaft, a steam chest having ports lead-

Ing into the high pressure cvlmder valves in -
the steam chest and controlling the ports

thereof, and valve mechanisms for the valves,
opera,ted by the cam shaft, said valve mech-
anisms alternately opening and closing the
valves and each suddenly closing its valve at
the time the piston of the high pressure cylin-
der 1s near the end of its stroke. '

10. In a triple expansion engine, low pres-
sure cylinders, a high pressure cylmder be-
tween the low pressure cylinders, connected
pistons moving in unison in the cylmders
main drive sh aft a cam shait operating in
unison with the main shaft, a live steam
chest having ports leading ‘into the high
pressure cylinder, valves in “the steam chest
and controlling the ports thereof, and ex-
haust steam chest having ports leadmg nto
the high pressure cvlmder valves 1n the ex-

haust Steam chest and controlhnﬂ* 1ts ports,

and means for operating the said valves from
the cam shaift.

In testimony whereof 1 have signed my
name to this Spe(}lﬁ(}&tl()l’l n the presence of
two qub%cmbmg witnesses.

- WILLIAM SHIELDS LYCAN.

Witnesses:

W. F. TayLoOR,

REUBEN LOVELL.
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