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This invention relates to g reversible
_steam turbine and has for one of its objects
to-provide a turbine of this character that
is of horizontal type and provided with an

inner sectional sh

aft upon which is secured

" an inner rotor having a plurality of circum.-
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ferentially spaced

rows of outwardly extend-

ing radial vanes or blades, and an outer sec-

tional shaft upon

which is secured an outer

rotor having a plurality of spaced rows of
mwardly extending radial vanes or blades,
the outer shaft and rotor entirely surround-

ing the inner sha
relation and with
respective ' rotors
caved in opposite
interfitting each o
. Another object

ft and rotor in concentric
the vanes or blades of the
being transversely con-
directions and alternately
ther. ’
of this invention is to Ppro-

vide a turbine of this character having a cyl-
inder enclosing the respective rotors ~and
- provided with a steam chest at one end hav-

ing: therein a balance piston and a divided

reciprocatin
haust chamber at

g vane or blade ring and an ex-

the other end, whereby the

steam will travel from the steam chest to the
exhaust chamber longitudinally through the
turbine along the space between the. rotors
that is intercepted by the respective vanes or
blades thereof, whereby to cause additional
expansion of the steam when one .or the other
of the rotors is held inactive. : ‘
A further object of this invention is to

provide one end

of the inner shaft with g

braking disk, and the exterior of the outer

5 rotor with a circumferential braking. 1ing

and oppositely. disposed pairs of reciprocat-
ing coacting brake shoes for engaging the
disk and the ring for locking against rota-
tion one or the other of said rotors,.the brake
shoes being actuated by reversible fluid pres-
sure cylinders and pistons mounted . respec-
tively upon the frame and cylinder of the

turbine.
A still further
to provide one of

object ovf.tﬂhis invention is
the ends of the inner and

the outer shafts with spaced oppositely dis-
posed bevelled power. gears. adapted to al-
ternately mesh with.one or the other of the

bevelled surfaces
fixed shiftahle ge

of an’ oppositely bevelled
ar wheel mounted upon a

main power shaft at -one side of the tur-
bine, the shiftable gear wheel being thrown

into mesh ith e

the medium of a revers

of the turbine in

ither power gear through
ible fluid pressure

5 cylinder and piston located upon the frame
proximity to the shiftable

1924. Serial No. 723,410,

gear wheel, and also to provide the opposite
ends of the inner and the outer shafts with
spaced oppositely disposed  bevelled gears
adapted to mesh ‘with one of ‘the bevelled
surfaces of an oppositely bevelled gear pin-

60 .

lon that is slidably mounted on the governor

shaft, and which pinion ig shifted. to mesh
with -either of the last-mentioned bevelled
gears by a connection with the piston rod of
one of the reversible fluid pressure cylinders

65

upon the steam cylinder of the turbine for '~

operating the governor regardless of which-
ever rotor is in operation..

Still another object of this invention is
to so connect the divided sections of the vane
or blade ring with the piston rods of the re-
versible fluid pressure cylinders and ‘pistons
upon the turbine cylinder as to simulta-
neously reciprocate the blade ring sections in
accordance with the moveiments of the brake
shoes of the outer rotor.

And a still further object of this inven-
tion is to provide each of the reversible fluid
pressure cylinders with a duyal pipe connec-
tion with g single universal valve and body,
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the body comprising two compartments to

one of which compartments ig connected one
set of the dual pipes while the other set of
the' dual pipes is connected to the other comni-

partment, with a rotary valve in the: valve

body having one side thereof connected to a
fluid pressure tank and the opposite side
connected to a fluid release or fluid receiving
tank, whereby a half revolution of the ro-
tary valve in either direction will alternately
convert one set or the other of the respective
dual pipes into fluid pressure pipes or fluid
release pipes and vice versa for reciprocating
the pistons of the fluid pressure cylinders
for actuating the brake shoes, shifting gears
and blade ring sections in accordance. with
]’gl_lev desired direction of rotation of the tur-
ine. ,
These and other objects will more fully

appear and the nature of the invention will
be more clearly understood from the descrip-
tion in the fol].owi,ng‘speciﬁcat.i_‘t)n, the sub-
ject-matter of the appended claims and the
views illustrated in the accompanying draw-
ings in which, L _
Figure 1 is a vertical, longitudinal sec-
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tional view through the turbine showing the -

general construction thereof;. G
Figure 2 is a top, plan view of the right

hand end of the turbine, on a reduced scale,

showing the power driven shaft, the shift-
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‘showing the course of the

able gear wheel thereon and the reversible
fluid pressure cylinder and connections for
shifting the gear wheel and which are lo-
cated af one side of the turbine;

Figure 3 is a detailed fragmentary view
of a portion of the vanes or blades of the
blade ring, the outer or reversely driven ro-
tor and the inner or forwardly ‘driven rotor

steam there-
through when- the blade ring is in operation
and the inner rotor is held statiomary and
the outer or reversible rotor is being driven

- jn :the direction of the. arrow;
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Tigure 4 is 2 detailed fragmentary view
of ‘a portion of the vanes or blades of the
outer or reversely driven rotor and the vanes
or ‘blades of the inner or forwardly driven
rotor with the vane or blade ring sections
withdrawn - from. operation showing the
course of the steam therethrough when the
outer rotor is held stationary and the inner
rotor is being driven in the direction of the
arrow; - o :

Figure 5 is a top plan view of the valve
and valve body showing its pipe connections
with the fluid pressure and fluid release or

receiving tanks; and:
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TFigure. 6 1s q yertical sectional view on
line 9—2 of Figure 5 showing the detailed
construction of the universal valve and the
valve body. Lo :

Referring to the drawings, wherein like
reference characters denote corresponding
parts throughout the several views, 1 cdenotes
the base frame of the turbine provided with
preferably eight bearing supports 2 formed
with suitable lubricating channels or ducts
) bearings 4 in the sup-
ports 2 and which are preferably two-part
bearings though other suitable forms of
bearings may be employed. The frame of
the turbine is further provided with the
main caps 5, a smaller cap 6 and the end cap
7 to enclose and protect the bearings 4 and
other working parts within the frame and
its housings. o

Toxtending through the longitudinal cen-
tor ot tlie turhine and revolving in the bear-
ing blocks 4 is the sectional ov two-part in-
ner or forward drive shaft 8, thouzh this
may he-a continuous solid shaft if desired,
and secured upon one end of the shaft 8 is
a brake disk 9 having its periphery formed
with transversely inclined diverging. faces.

* Suitably secured upon the shaft 8 in.prox-

imity to the brake disk 9 ig an inwardly in-
clined bevelled forward drive gear 10, and
likewise secured upon and adjacent to the
opposite end of the shaft 8 is an inwardly
inclined bevelled governor driving gear 11.

Secured upon the contignous ends of the
inner shaft 8 is the cylindrical inner or for-
ward drive rotor 12 which may be a solid
rotor but is preferably hollowed out as at
15,-and upon the periphery of the rotor 12

1,604,730

is suitably secured a plurality of equi-spaced
circumferential rows of outwardly extend-
ing radial vanes or blades 14 which gradu-

ally increase in length from the steam in-

“take end to the exhaust end of the turbine

and are transversely concaved and slightly
inclined in one direction as clearly shown n
Tigs. 8 and 4 of the drawings.

Surrounding the inner or “forward drive
shatt 8 and revolving therearound in certain
other of the bearing blocks 4 is the sec-
tional or two-part outer or Teverse drive
chaft 15 having interposed between itself
and the inner shaft § the two spacing and
bearing sleeves 16. There ig secured upon
the outer end of the right hand section of the
outer shaft 15 an inwardly inclined bevelled
veverse drive power gear 17 in slight spaced
relation to the forward drive power gear 10
and also secured upon the opposite outer. end
of the left-hand section -of the outer shaft
15 is an inwardly inclined bevelled governor
driving gear 18 also in slight spaced rela-
tion to the opposing bevelled governor driv-
ing gear 11. In proximity to the governor
driving gears 11 and 18, the inner shaft 8 is
provided with the thrust bearing 19, and
the outer shaft 15 is provided with the thrust
bearing 20 for preventing any undue lateral
or longitudinal movements of the shafts 8
and 15. . o , ,

Connecting the inner ends of the outer
sectional shaft 15 and surrounding the in-
ner or forward drive rotor 12 is the outer
or reverse drive rotor 21, consisting of a cy-
lindrical body divergently tapering from the
steam inlet end towards the exhaust end -and
provided thereat with an annular flange 22
and being snugly surrounded by a similar
shaped shell or sleeve 23 also provided with
an annular flange 24 in juxtaposition to the
flange 22 and through which flanges 22 and
94 project the screw bolts 25 for securing the
rotor 21 arnd its sleeve 23 to the circular plate
or disk 26 having its hub portion rigidly
cecured to the right-hand section of the outer
or reverse shaft 15 and provided with a plu-
rality of exhaust steam outlet openings 27
adjacent its periphery. Af the inner end of
the outer rotor 21 there is a row of spaced
inwardly extending flat plates. or struts 28
set edgewise to the course of the steam and
having one of their ends mortised or seated
in the inner wall of the rotor 21 and their
opposite ends likewise mortised or seated in
the inner end of the hub 29 formed at the
inner end of the left-hand section of the
outer shaft 15. Secured upon the inner sur-
face of the outer rotor 21 is a plurality of
equi-spaced rows of radial or inwardly ex-
tending vanes or blades 30 which gradually
increase in length from the steam intake end
to the exhaust end of the turbine allowed
by the taper of the rotor 91. The vanes:30
are transversely concaved and slightly in-
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clined but in a direction opposite to that. of
the vanes 14 of the rotor 12" into which they
operatively interfit and are preferably the
same in number. Formed upon the-shell or
sleeve 23 of the rotor 21 is the centrally lo-
cated circumferential hrake ring 31 having
oppositely disposed inclined braking - sur-
Taces. The construction set forth in the fore-
going paragraph constitutes the outer or re-
verse rotor 21 and its mountings upon the
respective outer or reverse shaft sections 15.

Surrounding the inner and outer rotors
and the inner end portions of the inner and
outer shafts is the turbine cylinder 32 pro-
vided with the steam chest 33 having the
steam inlet ports 34, the head 35, the exhaust
chamber 86, exhaust pipe 38 and the by-pass
89 leading from the steam chest 33 to the
exhaust pipe 88 to provide for the proper
functioning of the balance valve 40 mounted
within the steam
chest 33. Also operatively mounted in the
steam chest 83 is a divided vane or blade
ring 41 provided upon its inner surrounding
surface with a row of spaced inwardly pro-
jecting radial vanes or blades 49 which are
also transversely concaved and slightly in-
clined in a direction similar to the vanes 14
of the inner rotor 12 as clearly shown in Fig.
8. The sections of the blade ring 41. when
not required for use, are capable of ‘being
withdrawn in opposite directions from the
steam chest 83 ‘and into the housings 43
formed in the wall of the steam chest 83
through the medium of the rods 44 secured
thereto and having their outer ends loosely
connected to an arm of the bell crank levers
45 pivotally = mounted upon the steam
chest 33. gy

Mounted upon the smaller cap 6 is a re-
versible governor or governor operating de-
vice 46 of any. well-known design having
upon the lower end of its vertical shaft the
bevelled pinion 47 meshing’ with a bevelled
pinion 48 on a horizontal shaft 49 upon
which is slidably keyed a double faced
bevelled gear pinion 50 adapted to be shifted
mmto mesh with either of the bevelled gears
11 or 18 as desired by the shifting lever 51
attached to the actuating connecting rod .52
to be later described. »

Revolubly mounted in the bearings 4 .upon
the base frame 1 at one side of the turbine is
the main power driven shaft 53 (see Fig. 2)
upon which is slidably keyed or splined the
double bevelled faced main ‘power gear
wheel 54 adapted to be shifted into' mesh
with either of the beveled power gears 10 or
17 of the inner and outer shafts 8 and 15 by
the shifting arm 55 operatively attached to
the hub of the gear wheel 54 and actuated in
A manner to be later described. s

In order to cause the
forward - drive
motor there

turbine to become a
motor or a reverse drive
are employed. four brake shoe

8

housings, two oppositely disposed on the
right hand end of the turbine frame and
designated 56 and two oppositely disposed
on the turbine cylinder and designated 57.
As the brake shoes and their operating de-
vices are substantially the ‘same, description
of one will suffice” for all. Operatively
mounted within each of the housings 56 and
57 is a, pair of oppositely disposed inclined
taced brake shoes 58 having secured - there-
to one end of the operating stems 59 which
slidably project through “the side walls of
the housings 56 and 57, the projecting ends
of the stems 59 being pivotally connected
to the oppositely disposed links 60 at either
side of the housings 56 and 57. The Tinks
60 at the left of the housings having their
inner ends - pivotally mounted adjacent the
housings with the operating stems 59 piv-
otally connected to these links at g point
slightly remote from their pivotal mount-
ings, while in the case of the links 60 at the
right of the housings 56 and 57 the operat-
ing stems 59 are pivotally connected fo the
inner ends of these links while these last-meri-
tioned links are pivotally mounted at- points
slightly remote from their connections with
the stems 59 upon the studs 61 secured -in
the side walls of housings 56 and 57. The
reason for so arranging.the links 60 is that
as all of the links 60 have their outer ends
pivotally connected to the ends of the piston
rods 62 and are moved simultaneously there-
by in one direction or the other, the brake
shoes 58 will be moved towards or away
from each other as the case may be for
causing the brake shoes 58 to either grip -or
be released from the braking disk 9 of the
inner or forward drive shaft 8 or to either
grip or be released from the braking ring
51 .on the outer or reverse rotor 91. The
end-links 60 upon the left side of the turbine
cylinder are connected to a second arm ‘of
the bell crank levers 45 having a third arm
pivoted to the steam chest 38, the uppermost
of the lines 60 being slightly elongated and
having its extreme end pivotally connected
to the connecting actuating rod 52 of the
shifting lever 51 of the shifting gear 50 of
the governor, '
- Decured upon the piston rods 62 are the
pistons 63 designed to be reciprocated in the

fuid pressure cylinders 64 of which - there.

are five in number, two upon the right end
of the turbine frame 1, two upon the turbine
cylinder 32 and one upon the frame 1 at one

side of the turbine.

Located at a convenient point to the tur-
bine is a controlling valve consisting of a
preferably circular valve body 65 having
rigidly secured therein by any suitable
means a. block or valve seat 66 formed with
ten bores. or conduits therethrough. - Also
within the upper portion of the body " 65,
and adapted to rotate upon the seat 66 is a
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hollow disk-shaped valve 67 formed with a
diametrical partition 68 therein to divide the
valve 67 info two compartments, each hav-
ing five openings through their bottom walls
or ten in all and adapted to register with
the ten boxes or conduits of the valve seat 66.
There is a central bore through the parti-
tion 68 and the seat 66 through which passes
a bolt 69 for rotatably mounting the valve 67
upon the seat 66, and for rotating the valve
67 there is provided at one edge thereot the
operating handle or stem 70 adapted to abut
against one or the other of the stop plates
71 secured at diametrically opposite points
upon the valve body 65 in accordance with
the direction of rotation of the valve 67.
Communicating with the right hand com-
partment of the valve 67 is the elbow T2 con-
nected by the universal joint 73 to the elbow
74 of the fluid pressure pipe 75 leading from
a fluid pressure tank (not shown), and com-
municating with the left hand compartment
of the valve 67 is the elbow 76 connected by
the universal joint 77 with the elbow 78 of

" the fluid release or return pipe 79 leading to
pPip g

a fluid-receiving tank (also not shown).

Tor the sake of convenience, brevity and
clearness, the remaining details of the con-
struction will be combined with the descrip-
tion of the operation, and as the ten bores
or conduits of the valve structure and the
ten pipe lines connected thereto each forms
a ~ separate continuous fluid - conducting
means either from or to the valve structure,
reference characters in a selected sequence
will be employed in a manner as to render
reading of the invention more complete and
discernible, as follows:

The turhine is shown in all the views in
the drawings with the parts set for operat-

ing the same as a reversely driven rotor and

in this instance, the fluid pressire, prefer-
ably oil, flows through pipe 75 and its con-
nections into the compartment 80 of the valve
67 and through pipes 81, 82, 83, 84 and 85

to one end of the pressure cylinders 64 as

shown in Figs. 1 and 2, whereby to force the
pistons 63 and piston rods 62-towards one
end of the cylinders as shown, the fluid that
was previously in the cylinders 64 being
forced out through ‘the velease or return
pipes 91, 92, 93, 94 and 95 attached to the
ends of the cylinders 64 and onto the com-
of the valve 67 and through the
79 to the receiving tank, and

mechsmisms - before described
cause two sets of the brake shoes to engage
the brake disk 9 on the inner shaft 8, there-
by locking this shaft and its inner rotor 12
against rotation. At the same time the two
other sets of brake shoes will be held free
from the brake ring 31 of the outer rotor
21, the bell crank lever 45 will force the blade
section into the steam chest 33 while the
actnating rod 52 of the shifting lever 51 will

return pipe’
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shift the double gear pinion 50 into mesh
with the bevel gear 18 upon the outer shaft
15, and at the same time the piston rod 62 at
one side of the turbine will actuate the arm
55 to cause the double main drive gear wheel
54 to mesh with gear 17 upon the outer shaft
15 for driving the main power shait 53 in
a reverse direction as shown by the full line
screw. The outer or reverse rotor 21 now be-
ing free to rotate, steam from the steam chest
33 will strike the vanes 42 of the blade ring
41 and from there exert force against the
vanes 30 of the rotor 21 and rebounding
against the vanes 14 of the now stationary
rotor 12 will be expanded and the expansion
will be eontinuous throughout its course from
the steam chest 83 to the exhaust chamber 36,
this being illustrated in Figure 3.

Should it be desired to convert the tur-
bine into a forward drive rotor, the opera-
tor-or attendant of the turbine will grasp the
handle 70 and rotate the valve 67 a one-half
revolution until the handle strikes the stop
71 at the opposite side of the valve body 65
as shown in dotted lines. This movement
will cause the fluid under pressure to flow
through the pipe 76 and its connections into
the- compartment 90 of the valve, the elbow
76 of the pipe 79 being transferred to the
compartment 80 of the valve, ‘and ‘thence
through the pipes 91, 92, 93, 94 and 95 se-
cured to the opposite ends of ‘the cylinders
4. which pipes now become fluid pressure
pipes, and thence onto the pressure cylinders
64. The pipes 81, 82, 83, 84 and 85 now be-
come the release or return pipes through
which the fluid, previously under pressure,
teturns to the compartment 80 of the valve
and on through pipe 79 to the fluid-receiving
tank. At this juncture, the pistons 63 and
the rods 62 are shifted to the opposite ends of
cvlinders 64 -or, opposite to the positions
shown in the drawings as will be understood,
whereby the brake shoes will grip the brake
ring 31 of the outer rotor 21 to lock the
same and its shaft 15 against rotation, with-
draw the blade ring sections 41 from with-
in the steam chest 83 and shift the shift-
ing lever 51 to bring the donble gear pin-
ion 50 into mesh with the gear 11 on the
inner shaft 8, and in the meantime the other
sets of brake shoes release the brake disk 9
of the inner shaft 8 while the shifting arm
55 at the side of the turbine shifts the double
power gear wheel 54 into mesh with the bevel
power gear 10 on-the shaft 8. The inner
rotor 12 and its shaft 8 ave now free to rotate
and the turbine now becoines a forward drive
rotor, the steam from the steam chest 33
first striking the vanes 30 of the locked outer
votor 21 rebounding against the vanes 14 of
the inner rotor 12, thus causing an expansion
of the steam successively from the steam
chest 33 to the exhaust chamber 36 in the
manner illustrated in Fig. 4. The main
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power shaft 53 will now become a forwardly
driven shaft as indicated by the dotted line
arrow in Fig, 9.

While I have herein shown and described
the preferred embodiment of my invention,
I may resort to numerous variations and al-
terations in the general as well as the specific
constructions thereof from time to time as
I may deem expedient and which il neither
depart from the spirit of the invention or
the scope of the claims.

What T claim is:

L. In a reversible steam turbine, the com:
bination with a forwardly driven rotor, of o
reversely driven rotor, braking mechanisms
for each of said rotors, fluid-actuated means
for applying and releasing said Dbraking
mechanisms for permitting the operation of
either of said rotors selectively, and a single
universal valve for controlling the flow of
the fluid to and from said fluid-actuated
means. _

2. In a reversible steam turbine, the com-
bination with a forwardly driven rotor, of a
reversely driven rotor, braking mechanisms
for each of said rotors, fluid-actuated means
for applying or releasing said braking
mechanisms for preventing or permitting the
operation of either of said rotors, a single
universal valve for controlling the flow of
the fluid to and from said fluid-actuated
means, a shaft for each of said rotors, a
main drive shaft, and a fluid actuated sh; ft-
able gear connection between said rotor
shafts and said main drive shaft for driving
the latter in either a forward or reverse di-
rection.

3. In a reversible steam turbine, the com-
bination with a forwardly driven rotor, of a
reversely driven rotor, braking mechanisms
tor each of said rotors, fluid-actuated means
for applying and releasing said braking
mechanisms for checking or permitting the
operation of either of said rotors, a single
universal valve for controlling the flow of
the fluid to and from said fluid-actuated
means, a shaft for each of said rotors, a
main drive shaft, a shiftable gear connec-
tion between said rotor shafts and said main
drive shaft for. driving the main shaft
either forwardly or reversely, and fluid-act-
uated means controlled by said single uni-
versal valve for actuating said shiftable gear
connection simultaneously and in accordance
with the operation of the fluid actuated
means of said braking mechanisms.

4. In a veversible steam turbine, the com-
bination with a forwardly driven rotor, of a
reversely driven rotor, braking mechanisms
for each of said rotors, flnid-actuated means
for applying or releasing said braking
mechanisms for checking or permitting the

S

operation of either of said rotors, a single
universal valve for controlling the flow of
the fluid to and from said fluid-actuated
means, a shaft for each of said rotors, a
main drive shaft, a shiftable gear connection
between said rotor shafts and said main
drive shaft, fluid-actuated means controlled
by said single universal valve for actuating
said shiftable gear connection, and a rever-
sible governor operating device shifted by
that one of the fluid-actuated means which
operates the brakes of the outer rotor.

5. In a reversible steam turbine, the com-

bination with a forwardly driven rotor, of a
reversely driven rotor surrounding said for-
wardly “driven rotor, braking ‘mechanisms
for each of said rotors, fluid-actuated means
for applying and releasing the braking
mechanisms of either of said rotors, a shaft
for each of said rotors, a main drive shaft,
a shiftable gear connection between: said
rotor shafts and said main drive shaft, fluid-
actuated means for
gear connections, a )
erating device shifted by that one of the
fluid-actuated means which operates the
brakes of the outer rotor, a pressure tank, a
fluid tank, fluid conduits connecting said
pressure tank and said fluid tank with the
respective fluid-actuated means, and a single
universal valve interposed in said fluid con-
duits for controlling the fluid to and from
said fluid-actuated means.

6. In a reversible steam turbine, the com-
bination with a forwardly driven inner
rotor, of a reversely driven outer rotor sur-

rounding said inner rotor, braking mecha-

nisms for each of said rotors, fluid pressure
cylinders having pistons therein for actuat-

actuating said shiftable
reversible governor op-
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Ing said braking mechanisms, fluid conduits

leading to said fiuid pressure cylinders, and
a single universal controlling valve inter-
posed in said fluid conduits for selectively
operating said braking mechanisms for pre-
venting the rotation of either of said rotors,
whereby to permit the rotation of the other.

In a reversible turbine, the combina-
tion with an inner rotor, of an outer rotor
surrounding said inner rotor, shafts for said
rotors, a brake disk upon the inner rotor
shaft, a brake ring upon said outer rotor,
brake shoes for said disk and ring, pistons

for operating said brake shoes, cylinders en-

compassing said pistons, fluid pressure con-

duits leading to said cylinders, and a single
rotary valve interposed in said conduits for
controlling the flow of the fluid to and from
said cylinders, whereby to brake one or the
other of said rotors to bermit the other to
operate.

In testimony whereot I affix my signature.
, FRED C. WEYER.
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