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UNTTED STATES

PATENT OFFICE.

EDWARD THOMAS ADAMS, OF MILWAUKEE, WISCONSIN.

STEAM-ENGINE.

SPROIFOATION forming part of Letters Patent No. 663,404, dated December 11, 1990.
Application filed July 2-8, 1899, Renewed May 1, 1900, nerial Hu. 15,133, (No model.)

7o all whom Tt may concerm:

Be it known that I, EDWARD THOMAS
ADAMS, a citizen of the United States, residing
at Milwaukee, in the county of Milwaukee
and State of Wisconsin, have invented cer-
tain new and useful Improvements in Steam-
Engines; and I do hereby declare the follow-
ing to be a full, clear, and exact description
of the invention, such as will enable others
skilled in the art to which it appertains to
make and use the same..

My invention relates to steam-engines and
other ftluid-motors, and particulariy to en-
cines of what are known as the ‘‘central-
valve” c¢lass, in which steam or other work-
ing fluid is introduced into the .cylinders
through a hollow piston-rod. |

My invention consists in the novel con-
struction and arrangement of the distribu-
tion-valves of such motors, in the combi-
nation of automatic variable cut-off and
throttle valves employed, and generally in
the novel combination, construction, and ar-
rangement of the parts.

The objects of myinvention are to increase
the economy and efficiency of steam-engines
and other uid-motors, and particularly of
motors of the central-valve class, to avoid
expansion below the back-pressure line when
the engine is working with an early cut-oft, to
simplify the valve-gear of central-vaive mo-
tors, and to make the engine simple, compact,
durable, and comparatively inexpensive.
These objects are attained in the invention
herein deseribed, and illustrated in the draw-
ings which accompany and form a part of this
specification, in which the same reference-

numerals indicate the same or corresponding

narts, and in which—

Figure 1 is a central vertical section of a
cross compound central-valve engine con-
structed in accordance with my invention.
[ig. 2 is a detail section of the steam-chest

of the high-pressure cylinder,taken ona plane

at right angles to Fig. 1 and showing the cut-
off and throttle valves in the positions corre-
sponding to cut-off at one-quarter stroke; and

Fig. 3 is a detail section of the high-pressure

‘erent

cylinder and steam-chest, showinga di

method of operating the cut-off and throttle
valves from that shown in Figs. 1 and 2.
In the drawings, 1 is the steam-chest of the

high - pressare cylinder, and 2 an annular

space surrounding the steam-chest and con-
nected thereto by ports 2. Steam from the
supply-pipe is admitted through the opening
2’ into this annular space 2.

3 is the high-pressure cylinder, 4 the high-
pressure piston, and 5 and 6 are concentric
tubes which together form the piston-rod of
the high-pressure cylinder. The piston 4and
tube 6 are integral. | |

7 is a guide and cushion cylinder beneath
the high-pressure cylinder, such as are com-
monly employed insingle-acting central-valve
engines.

S is the combined cross-head and piston
within theceylinder; 9, the cross-head pin; 10,
the connecting-rod; 11, the crank-shaft, and
12 12 the cranks for the high-pressure piston.
The crank-pin 13 is shown in dotted lines.

14 is the exhaust-space beneath the cylin-

der 3; 15, the receiver, connected with the ex-

haust-space 14 by a port 16, and 17 the steam-
chest of the low-pressure ¢ylinder.

18is the low-pressure cylinder; 19, the low-
pressure piston; 20 and 21, concentric tubes
together forming the low-pressure piston-rod,
(the piston 19 and tube 21 being integral;)
22. the guide and cushion eylinder beneath
the low-pressure cylinder, and 23 the com-
bined piston and eross-head of cylinder 22.

24 is the low-pressure cross-head pin, and
25 the low-pressure connecting-rod.

26 is the exhaust-space beneath the low-
pressure cylinder, and 27 the exhaust-chest
of the engine.

The cranks of the high-pressure and low-
pressure cylinders are one huandred and
oighty degrees apart. This is not essential,
but is preferable in an engine of this class.
The tubes 5 and 20, which form parts of the

high-pressure and low-pressure piston-rods,

respectively, and through which steam is ad-
mitted to the high-pressure and low-pressure
cylinders, are open at the top, communicat-
ing with the steam-chests 1 and 17, respec-
tively. 'They pass through suitable stuffing-
boxes in the upper cylinder-heads and at
their lower ends areconnected in any suitable

55

60

70

75

30

QO

95

100

manner to the lower tubes 6 and 21 of the -

piston-rods.
98 28 are steam-ports in the admission-tubes

5 and 20, respectively.
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valves.
provided with exhaust-ports 84 in communi-

2

31 and 32 are the high-pressure and low-
pressure distribution - valves, respectively.
They are hollow sleeves within the admission-
tubes 5 and 20 and are provided with ports
33, adapted to register at certain positions of
the valves with the steam-ports 28 in the ad-
mission-tubes 5 and 20. The valves 31 and
32 are provided with suitable packing-rings.
They are also provided with recesses 33" in
their sides, forming exhaust-ports adapted
to convey steam from the upper to the lower
sides of the pistonsin certain positions of the
The piston-rod tubes 6 and 21 are

cation with these exhaust-ports 33’ of ‘ohe

valves.
The tubes 6 and 21, wh:{eh transimit the

pressure upon the plstons to the cross-heads,
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off sleeves may be moved up and down.

pass through suitable stuffing-boxes in the
lower cylinder-heads and are secured to the
cross-heads in a suitable manner.

The valves 31 and 32 are 1661[)10(3::11:6(] with
1e.s~,pect to the pistons and the ports in the hol-
low piston-rods by valve-rods 35, connected
by eccentric-rods 36 to eccentric-straps 37,
the eccentrics of which are upon the crank-
pins. Within the distribution-valves 31 and
32 are cut-oif sleeves 40 and 41, forming in
effect riding cut-off valves and supported
by valve- mds 42, passing through stuffing-
boxes in the tops of the steam-chests 1 and
17. By means of these valve-rods the cut-
Such
movement 1s necessary, however, only when
the point of cut-off is to be ehanﬂ'ed The
ports 33 of the distribution-valves 31 and 32
override these sleeves 40 and 41 as the pis-
tons descend; and so are closed. These cut-
off sleeves opemte close to their engine-cyl-
inders and donot leavelarge clearance-spaces
in which the steam expands while the pistons

- descend, as is the case when a cut-off valve

45

1s placed in the steam-dome at the top of the
hoilow piston-rod, as is frequently done.
One common cause of poor economy atearly
cut-off in steam-engines as ordinarily con-
structed 1s the domﬂ' of negative work, ex-

- pansion being carried below the back pres-

55

~ valve, but which does not begin to act until |

6o

sure against whlch the engine works, forming

the famlllm loop in the ll’ldlCdtOI -card below
the back-pressure line.

The result of the do-
Ing of such negative work is a great increase
in steam consumption in proportion to the
work actually done. Toobviate such expan-
sion of steam below back pressare at early

cut-off, I provide a throttle-valve operated in

conjunction with the high-pressure cut-off

the cut-off valves have reached positions cor-

responding to an early cut-off. As herein-

after described, the mechanism by which the
auntomatic-cut-off valves and the throttle-
valve are operated is such that once the throt-
tle-valve begins torestrict the supply of steam
the automatic-cut-off valves vary the point of
cut-off but little. The throttle-valve by low-

Y.

‘nected by a
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cylinder decreases work done in the engine,
and therefore obviates the necessity of cut-
ting off at an earlier point in the stroke. 45
is this throttle-valve. Itislocated within the
high-pressure steam-chest 1 and is a ring or

sleeve adapted to slide up and down within:

such chest and when near the upper limit of
1ts travel to restrict and finally to close the

- ports 2, through which thesteam in the cham-

ber 2 passesinto the steam-chest 1. Both the
cut-olf sleeve and the valve-sleeve 45 are ad-

justed by means of a rock-shaft 46, which may

be oscillated by an arm 47 and link 48, con-
nected toany common speed-governor. Said
rock-shaft carries a rocking lever 49, con-
link to the valve-stem 42, and
also carries rocking levers 50 50, connected
by links to stems 51 o1, con ne(*ted to and sup-
porting the throttle- Valve 45; but the angu-
lar positions of the 16#111&,13111{?' arms 49 ::Lnd 50

-are different, so that when changing from a

late cut-off toan early cut-off the cut-off sleeve
40 at first moves somewhat rapidly, while
when a point of early cut-off is reached and
the throttle-ring 45 begins to restrict the ports
2" the regulator-arm 49 has reached such an
angular position that the cut-off valve 40 has
little farther movement, while the throttle-
ring 45 moves somewhat rapidly. By this
method of operating the throttle-ring 45 and
the cut-off valve 40 I obtain a pmt,t,u‘-ctlly com-

plete control! of the speed of the engine at

points of early cut-off by the thr obble valve
and a pt&etlcally complete control of the
speed of the engine at medium and late points

of cut-off by the antomatic-cut-off valve,which

Isthearrangement affor dmrr the hwhe%t econ-

omy 1in Upemtlon

T'he operation of this enﬂ'lne is as follows:
In the drawings the high-pressure piston .is
shown at the trap of its strol;e, with the valve
31 just opening the steam-ports 28, and the
low-pressure piston is shown at the bottom of
its stroke, with the exhaust-ports 33" open.
Live ste._-i,m may pass,therefore, from the open-
ing 2" through the annular space 2 and ports
2’ (the throttle-valve 45 being in such posi-
tion that said ports are open) into the steam-
chest 1, and thus into the admission-tube 5 of
the high-pressure piston-rod and through the
ports 33 in valve 31 and ports 28in admission-

| tube 5 into the upper part of the cylinder 3.

KExhaust-steam may pass from the upper part
of the low-pressure cylinder 18 through the
port 33" of the valve 32 and through the ports
34 of the hollow piston-rod into the exhaust-
space 26 of the low-pressure cylinder, and
thence into the exhaust-chest 27, and so to the
air or to a condenser. _As the high-pressure
piston descends the ports 28 override the cut-
oif sleeve 40, thus cutting off steam, so that
during the remaining portion of the siroke
the steam in the cylinder 3 will work expan-
sively. The cut-off sleevesareshown in Fig,
1 in positions corresponding toa very late cut-
off; but they may be as much higher in the

ering the initial pressure in the high- p1 essure | tubes 5 and 20 as may be desired, thus giving
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as earlv cut-off as desired. As the piston 4
descends the low-pressure piston rises, the
steam continuing toexhaust through the ports
33" and 34 into the exhaust-space 26. When
the stroke is nearly completed, the distribu-
tion-valve 31 of the high-pressure piston,
which valve has been moving upward with
respect to its piston, has risen so far that
steam may pass from above the piston through
the exhaust port 33" in the side of said valve
and through the exhaust-port 34 in the hol-
low high-pressure piston-rod into the exhaust-
space 14 and receiver 15. Release 1s thus
the high - pressure cylinder.
Meanwhile the distribution-valve 32 ¢f the
low-pressure eylinder has been moving down-
ward with respect toits piston andin the lat-
ter portion of the stroke is closing the exhaust
ports or passages 33" in said Vﬂlve and just
as the end of the stroke is rea,ched valve 32
opens the steam-ports 23 in the piston-rod.
The cross-head piston 23 in rising compresses
air against the lower head of the low-pressure
cylinder, thus cushioning the reciprocating
parts of theengine and serving to bring them
to rest gently, and this cushioning action 1is
assisted by the steam-pressure upon the end
of the tube 6 and also to some extent by a

slight cashioning in the low-pressure cylinder

nftel the exhaust- ports 33" are closed. Inthe
nextsucceeding half-revolution of the ecrank-
shaftthe high-pressure ¢ylinder exhausts and
the low-pressure cylinder takes steam, the
cut-off sleeve 41 cutting off this steam at the
proper point in the stroke. Near the end of
the stroke the exhaust-ports 35" in the low-
pressure valve 32 are opened and the steam
in the low-pressure c¢ylinder is released and
correspondingly exhaust closure and com-
pression take place in the high-pressure ¢yl-
inder, the high-pressure cross-head 8 com-
pressing air in the ¢ylinder 7 and cushioning
the reciprocating parts. This cushioning ac-
tion 1s assisted by the steam- pressure upon
the end of the tube 21. ~

If the speed of the engine increases beyond
normal, the rock-shaft46 is mnoved by a speed-
governor, (not shown,) so as to raise the cut-
oft sleeves 40 and 41 and the throttle-ring 45.
by the time the cut-oft-valve sleeves have
reached positions corresponding to cut-off at
one-quarter stroke the rate of movement of
the throttle-ring 45 has become rapid relative
to the rate of movement of the cut-oif sleeves
40 and 41, and the throttle-sleeve 45 1s also
in such position that it begins to throttle the
steany, restricting the ports2'. Furtherregu-
lation of the adwmission of steamn to reduce
the speed of the engine isthen effected mainly
by the throttie-ring 45.

In an application for Letters Patent filed
April 7, 1899, Serial No. 712,047, I have illus-

trated, desulbed, and claimed a valve- gear
for central - valve engines similar to That
illustrated and described herein, except that
iu sald application the main steam-distribua-
tlon valves are upon the outside of the hol- |

3

' low piston-rod and except that no throttle-

valve is employed operating in conjuuction
with cut-off valves. I do not elaim, broadly,
in this application, therefore, vhe combina-
tion, with a hollow piston-rod, of a valve-

sleave forming the main distribution-valve,

nor the combination, with such piston-rod
and distribution - valve, of a cut - off valve
within the piston-rod. In my said former ap-
plication T have also shown and described a
tandem compound central-valve engine in
which the distribution-valves for the high-
pressure cylinders are sleeves qurronndmw
the hollow piston-rods, while the dIsn‘-lbutmn-
valves for the low - pressure cylinders are
valve-sleeves within the hollow piston-rods,
the arrangement of said low-pressure valves
and their cut-off valves being that herein
illustrated and deseribed,which arrangement
has special advantages for tandem compound
engines. In my said former application the
low-pressure distribution-valves within the
piston-rods are claimed only in combination
with the high-pressure valves, broad claims
for the distribution-valves within the piston-
rods being necessarily reserved for this ap-
plication.

An important advantage of employing for
the distribution-valves of a central-valve en-
gine sleeves located within the piston- -rods,
as illustrated and described herein, is that
the valves are perfectly balanced.

In Fig. 3.1 have shown both the throttle-
valve 45 and the automatic-cut-off valve 40
operated by the same valve-rod 42. Such ar-
angement of the automatic-cut-off and throt-
tle-valves is perfectly practicable, but re-

quires a somewhat higher steam-chest and

does not permit the reduction in the rate of
movement of the cut-off valves relatively to

70

75

30

QQ

95

[0C

that of the throttle-valve as the throttle-valve -

comes into operation.

Having thus completely described my in-
vention, what I claim, and desire to secure by
Letters Patent, is—

1. The combination, with a eylinder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the piston, communicating with
the steam-chest, and provided with ports com-
municating with the ecylinder, of a valve-
sleeve located within said admission-tube,
movable longitudinally with respect to the
ports thereof, and adapted to regulate ad-
mission to said eylinder, and having a stean-
passage through it, and means for opemtmﬂ*
sald valve.

The combination, with a cyhnder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the piston, comtnunicating with
the steam-chest, and provided with ports com-
municating with the cylinder, of a valve-
sleeve located within said admission - tube,
movable longitudinally with respect to the
ports thereof, and adapted to regulate ad-
mission toand exhaust fromsaid cylinder, and

110
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having asteam-passage throughit, and means

for operating said valve.
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3. The combination, with a ecylinder, a
steam-chest, a piston, and a hollow piston-rod

communicating with said steam -chest and

1O
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having ports communicating with said cylin-
der, of a valve-sleeve w1th111 the piston-rod

and movable longitudinally with respect to |

the ports thereof, and having a steam-passage
through it, and means for imparting to said
sleeve longitudinal mnovement with respect to
said ports with each stroke of the piston.

4. The combination, with a cylinder,
steamn-chest, a piston, and a hollow piston- rod
commumcatnw with said steam -chest and
having ports communicating with said cylin-
der, of a valve-sleeve within the piston-rod
and movable longitudinally with respect to

the ports thereof, and controlling admission

to and exhaust from said cylinder, and hav-
ing a4 steam-passage through it, and means
fm operating said valve.
5. The combination, with a (Jyllndm
steam-chest, a piston, and a hollow piston- 10(1
communicating with said steam -chest and
having ports communicating with said c¢ylin-
der, of a valve-sleeve within the piston-rod
and movable longitudinally with respect to
the ports thereof, provided with an-exhaust-
port through which working fluid may pass
from the working side of the piston, and ar-
ranged to control admission to and exhaust
from said eylinder, and having a steam-pas-
sage through it, and means for Operatmﬂ said
valve. -

6. The combination, with a cylinder, a
steam-chest, a piston, and a hollow piston-rod
communicating with said steam-chest and
havingsupply-ports communicating with said
cylinder on one side of the piston and ex-
haust-ports communicating with an exhaust-
space, of a valve-sleeve within the piston-rod

- and movable with respecttothe portsthereof,
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having in its sides an exhaust-recess adapted
to connect the admission and exhaust ports
of the piston-rod, and having a steam-passage
throughit,and meansforoperating said valve.
7. The combination, with a cylinder, a pis-
ton, and a hollow 1)1st0r1 -rod having ports com-
m umeatlnﬂ' with said eylinder, of a valve-
sleeve within the piston - rod, forming the
main valve, and adapted to open and Tclose
sald ports, means for vibrating saild sleeve,
and a separate cut-off valve within the main-
valve sleeve, and adapted to close said ports
prior to the c,losure thercof by the main valve.
8. The combination, with a eylinder, a pis-

ton, and a hollow piston-rod having ports com-

municating with said cylinder, of a valve-
sleeve within the piston-rod, forming the

main valve, and adapted to open and close
said ports, means for operating said valve,
and a separate cut-off valve within the main-
valve sleeve and adapted to close said ports
prior to the closure thereof by the main valve.

9. The combination, with a eylinder, a pis-
ton, a steam -chest, and an admission-tube |

a4

663,404

communicating with the steam-chest and pro-

vided with ports communicating with the cyl-

inder, of a main-valve sleeve located within
said admission-tube and adapted to open and
close said ports, means for operating said
valve, and a cut-off valve within said main-
valve sleeve and adapted to close said ports
prior to the closure thereof by the main valve.

10. In an engine, the combination, with a

cylinder, a steam-chest, a piston, .Lmd an ad-

Imission- -tube commumcamng with the steam-
chest and having ports communicating with
the cylinder, of a variable-cuat- off-valve gear
controlling the passage of steam through such o
30

ports into the cylinder, a throttle-valve, like-
wise controlling admission to the engine, and

means for opemtmg the throttle-valve and va-

riable-cut-off gear in conjunction.

11. In an engine, the combination, with a
eylmder a steam-chest, a piston, and an ad-

mission-tube communicating with the steam-

70

75

chest and bhaving ports communicating with

the engine- eylmder of a main distribution-

valve confrollmg the passage of steam through

such ports, means for operating the same, a
cut-off-valve sleeve adapted to vary the point
of cut-off, a throttle-valve regulating the ad-

mission to the cylinder, and mechanism for

operating the throttle-valve and cat-off valve,
arranged to bring the throttle-valve into ac-
tion when the cut-off Va,lge is adjusted for

early cut-off. e
12. In an engine, the combmatwn with a

90.
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cylinder, a steam chest a piston, and an ad-

mission-tube eommumcatmg with the steam-

chest and having ports communicating with

100

the engine-cylinder, of a sleeve within said

admission-tube forming the main distribu-
tion-valve, means for operating the same, a
sleeve within the main-distribution - valve

105

sleeve forming a riding cut-off valve, a throt-

tle-valve regulating the admission to the cyl-
inder, and mechanism for operating the cut-
off valve and throttle-valve, arranged to bring
the throttle-valve into action when the cut-
off valve is adjusted for early cut-off.

13. The combination, with a cylinder, a pls-
ton, a steam - chest, and an admission - tube

eommuuicatinﬂ with the steam-chest and pro-

vided with [)OI'tS communicating with the cyl-
inder, of a main valve regulatmg the admis-
sion _to the cylinder, a cut-off valve, a throt-
tle-valve regulating the admission to the cyl-
inder, valve-rods for adjusting said cut-oft
and throttie valves, a rock-shatt, and arms
thereon connected to said valve-rods and oc-
cupying different angular positions, whereby
as the throttle-valve comes into action the
motion of the cut-off valve becomes less rapid.

In tesmmouy whereof I hereunto affix my

signature in the presence of two witnesses.

EDWARD THOMAS ADAMS.
Witnesses:
B. T. LEUZARDER,
B. A. BRENNAN.
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