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Lo all whom it may concern:

at New York,in the county of New York and
State of New York, haveinvented certain new

‘and useful Improvementsin Steam-Turbines,

of which the following is a specification.
This invention relates to thatclassof steam
engines known as ‘‘steam-turbines.” |

the construction and operation of such en-
gines, and especially the reversing mechan-

ism thereof; also to improve the valve-gear
necessary to operate this class of enginesand
reversing mechanism. . | |

The invention consists in certain econstruc-.
tions and combinations, which I believe to be
carefully pointed out in the eclaims hereto -

annexed,

Figure 1 is a vertical longitudinal central .
section of an engine embodying my improve-
ments. Iig. 2 is a diagrammatic section .
showing the relation of the more essential
Fig.. 3
18 a cross-section of the engine on line z 2.

The numeral 1 indicates the outer casing
2 denotes the shaft,
which passes through the casing lengthwise
and 18 kept steam-tight by suitable packing,
Tothe shaft 2a frusto-conical hub.
5 18 held by key or other suitable means of
attachment. The hub 3 has exterior project-

celements in a parallel-flow turbine.

of a turbine-engine.

as usual.

ing blades 4, arranged in éircumferential

rings or rows, the blades being at an incline

relatively to the shaft, as is usual. Between
the blades 4 there are blades 5, projeeting in-

blades 5 being inclined in opposite direction to
the inclination of blades 4, as is usual in en-
gines of this class.  The shell 6 is, as I be-
lieve, a new feature in this class of engines.
The shell under some conditions, as when

-the shell is locked and the engine running

forward, serves the purpose of the usual cas-
ing of the engine. Under other conditions,

as I will explain, the shell becomes an attach-

ment of the hub and revolves therewith, but
in the backward or reverse direction. The
shell 6 is concentric with hub 2 and may

50 be held against retation by a screw &, which

passes through the end of the outer casing

.....

| ~j entering chamber 10 will
The object of the invention is to improve | hub 3 and the shell 6, impinging alternately

| on the blades 4 and 5 and driving the hub

] and presses said shell 6 .tightly acainst a
Be it known that I, WirLiAM LLoYD WEB-
STER, a citizen of the United States, residing

packing 9 at the small end of thecasing, thus
forming a steam-tight joint, and is held also
by frictional contact between the blades 7,
the easing, and blades 17 with the hub.
~The chamber 10 is supposed to receive

steam from-asupply-pipe 11. When the en-

gine 1s in position forrunning forward, steam
pass between the

and shaft in usual manner.. The clearance

{ between the blades 4 and 5 is as little as
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practicable to secure best results from the 65

| steam admitted.

On the shaft 2.1 firmly secure a balance-

disk 12, which is nearly equal in diameter to

the extreme diameter of hub 3. The back

on the hub, leaving only a small amount of

end thrust to be taken up by thrust-bearings

15, which thrust-bearing may be of any ap-
proved form. = = -

The casing 1hasa tapered or frusto-conical
passage 14, in which the balance-disk 12 is
placed, and the periphery of the disk 12 is
on an ineline, so that a very slight endwise

|pressure of the steam on this disk nearly bal- 7o
‘ances the end pressure or thrust of the steam

75

adjustment of disk 12servesto make a pretty 8o

close passage through which steam will not
escape to much extent. The disk 12 is car-
ried by a hub 16 on the shaft, which hub and

‘disk can be adjusted lengthwise of the shaft,
‘as by serew-thread 19. -~

'The small amount of wasted steam which
leaks past disk 12 can be exhausted by a pipe
44, leading to the exhaust of the engine.

- On shaft 2 there are two wheels 20 and 21,

85

keyed orotherwise secured firmly to theshaft, go

S0 as to rotate therewith, each having frusto-
conical rims tapered in the direction of the
taper of hub 2. | |
Shell 6 has outwardly-extending blades 7
arranged in annular groups, but inelined in
reverse direction from the blades 4 on hub 2.

The outer casing 1 has inwardly-projecting

blades 17 arranged in annular series and in-
clined in opposite direction to the inclination
of blades 7T—that is, the inclined relation of

the outwardly-projecting blades 7 of shell 6

to the inwardly-projecting blades 17 of casing
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1 is the reverse of the inclined relation of the
blades 4 of hub 2 to the inwardly-projecting
blades 5 of shell 6.

When shell 6 is in its locked position, the
outer ends of blades 7 are in contact with the
inner surface of the hollow frusto-conical cas-
ing and the inner ends of blades 17 are in
frictional contact with the tapered outer sur-
face of the frusto-conical shell, thus forming
a close-fitting friction-clutch between the

. parts. |
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Now assuming steam to cut off from the en-
oine, the backward movement of screw 3 will

permit the longitudinal shifting of shell 6.

The tapered chambers 22 and 23 in said shell
then close tightly on the tapered rims of
wheels 20 and 21, locking the shell quite
tightly on these wheels by frictional engage-
ment. The same endwise shift of shell 6
frees the blades 7 and 17 from contact with
the casing and shell, respectively, and causes
the outer ends of blades 4 to make contact
with the interior surface of shell 6 and the
inner ends of blades 5 to make contact with
the tapered hub 3. The shell 6 then becomes
to all intents a part of hub 3, so far as its op-
eration is concerned.

Wheel 20 hasahub25surrounding the shatt
2. On this shaft a disk valve 26 may be
moved. lengthwise to close the opening by
which steam formerly passed from chamber
10 to the outer surface of hub 3. The closing
of disk valve 26 against wheel 20 may be ef-

fected by pitman 27, connected to the disk
‘valve in suitable manner to permit the rota-

tion of said disk valve and also connected to
a three-armed lever 28, which is pivoted with-
in the chamber 10. One of the arms of lever
28 is connected to valve 30, and the move-
ment of closing disk valve 26 opens the pas-
sage 31, by which steam can pass from cham-
ber 10 to the space between shell 6 and cas-
A draw-rod 33, connected to three-
armed lever 28 within the steam-chamber and
also connected to lever 34 outside the steam-
chamber, passing through a suitable stuffing-
box, serves as a means foroperating the three-
armed lever and connected valves.

The endwise shift of shell 6 heretofore re-
forred to may be effected by means of a bell-

crank lever 35, pivoted within the steam-

chamber and operated by screw 36, passing
through the wall of said chamber. Lever
35 bears on a push-pin 87, which is drawn or
pressed back by a surrounding coiled spring
in usual manner. The endwise shift of the
shell should not be great enough to cause the

- blades on the shell to overlap the edges of

6o

those on the hub or casing. .

When the shell 6 is shifted to reversal po-
sition and locked to hub 8, as described, and
valve 26 is closed, steam from chamber 10

will pass through channel 31 to the space be-

tween shell 6 and casing 1, and by imping-
ing on the blades 7and 17 will drive the sheil
6 and with it the hub and shaftin reverse di-

rection from that of the proper forward move-

725,184

' ment of the hub and shaft when the shell is

not so connected thereto. The disk valve 26
will rotate with.the hub.
I have described an operative mechanism

for shifting the shell, valves, &ec.; but I do

not intend to limit myself to the particular

construction and arrangement of mechan-
isms shown and desecribed, as numeroug me-
chanical elements have been or may be de-
vised as equivalents or substitutes for mech-
anisms herein shown and desceribed.

In Fig. 2 the mere essential elements which
oo to make up a steam-turbine are shown.
The shaft 2 supports a hub A of cylindrical
form, having blades B, which are merely
shown in section, as any of the known forms
of blades may be used. Thecylindrical shell
C has blades C’ and C? projeeting inwardly
and outwardly, and has concavo-convex sec-
tions ¢ ¢’ near its ends, which sections can
close against correspondingly-shaped shoul-
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ders d d’ on the pulleys D D', secured to the

shaft,or against inclined shoulders e and lugs
¢' in the casing K, accordingly as the shell 1s
shifted in one direction or the other. If pul-
ley D be a close disk, the shifting of the shell

. (! to the position shown will close the opening

around said disk D and at the same time
open the passage at f, providing for the en-
trance of steam between the shell and casing
E. A reverse movement of the shell will of
course close the opening outside the shell
and open that between the shell and hub, so
that the steam from chamber F may enter
outside or inside the shell, according to its
position. Casing E has blades E'. I have
shown the screws G ( as means for shifting
the shell. These are merely illustrative, as
other suitable means can readily be devised
for the purpose of shifting the shell. Soother
steam - passages can be provided than the
openings between the shell and casing or
shell and hub, as of course the mechanism of
Fig. 1 for supplying steam is equally adapt-
ed to this form of engine. |

I have notintended togolargelyinto minor
details of construction which are merely mat-
ters of mechanical skill, but have confined
my description largely to the features involv-
ing the essential principles of my invention.

What I claim is—

1. Inasteam-turbine, the combination with
the hub and casing, having respectively out-
wardly and inwardly projecting blades, of an
intermediate shell having outwardly and 1n-
wardly projecting blades, and means for con-
necting said shell to the casing, and means
for connecting the shell to the hub. |

2. In a steam-turbine, a shaft, a frusto-
conical hub thereon provided with inclined
blades, a frusto-conical shell surrounding the
same and provided with outwardly and in-
wardly projecting blades, a frusto-conical
casing around said shell havinginwardly-pro-
jecting blades, meansfor connecting the shell
tothe hub, and means for connecting the shell

| to the casing, all combined.
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3. Ina steam-tufbiﬁe, the combination of a |

fixed casing and a rotating hub, each pro-

vided with blades for the impaect action of

steam, and an intermediate piece provided
with blades, and adapted to be connected to
either the shell or the hub, and thereby serve
to reverse the normal action of the engine.

4. The combination with the outer tapered
casing having internally-projecting blades,
the inner tapered hub having outwardly-pro-
jecting blades, and an intermediate tapered
shell having both inwardly and ontwardly
projecting blades, and means for shifting
the shell lengthwise, so that its inner set of
blades may make contact with the hub, or its
outersetof blades may make contact with the
casing, -

5. In a steam-turbine, a rotating shaft and

its hub having blades, an intermediate shell |

having outwardly and inwardly projecting
blades, an outer casing having inwardly-pro-
jecting blades, and movable valves for clos-

ng the entrance between shell and hub while

opening the entrance between shell and cas-
ing, or vice versa, substantially as deseribed.

6. Inasteam-turbine,the combination with

the shaft, bladed hub, and bladed casing, of
a balance-disk on the shaft at the end of the
casing remote from the hub.

7. Inasteam-turbine,the combination with
the shaft, bladed hub and bladed casing, of a

<2

balance-disk on theshaft at the opposite side
of the steam-entrance from the hub, and of
less diameter than the hub, and a thrust-
bearing to support the excess of pressure.

8. 1n a steam-turbine, the shaft having a
wheel thereon with tapered rim, and the shell
longitudinally removable with reference to
sald wheel and having a tapered chamber
which tightly closes on said rim when longi-
tudinally shifted. |

9. The combination with the bladed cas-
ing, bladed shell having tapered chambers,
‘and shaft having wheels with tapered rims,

of means for shifting the shell so that its
tapered chambers may close onto or move
away from said tapered wheel-rims. |

10. The combination of a casing having in-
teriorly-projecting blades and a seat against
which the shifting shell may elose, a shaft
naving a bladed hub thereon and a seat
agalnst which the shell may close, and an in-

‘termediate shell having both outwardly and

inwardly projecting blades, and surfaces
which close against the seat on the casing or
on the shaft. | |
In testimony whereof T affix my signature
In presence of two witnesses.
WILLIAM LLOYD WEBSTER.
Witnesses:
FRED J. STARR,
J. D. BROWER.
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