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UNITED STATES

Patented February 9, 1904.

PaTeENT OFFICE.

GEORGE WESTINGHOUSE, JR., OF PITTSBURG, PENNSYLVANIA.

ROTARY FLUID-MOTOR.

SPECIFICATION forming part of Letters Patent No.751,587, dated February 9, 1904.
Application filed February 20, 1894, Serial No, 500,844, (No model.)

To all whom it may concermn:

Beitknownthatl,GEORGE W ESTINGHOUSE,
Jr.,a citizen of the United States, residing at
Plttsburg, in the county of Alle crheny and State
of Pennsylvania, have invented or discovered
certain new and l-SE‘iUl Improvements in Ro-
tary Fluid - Motors, of which 1mprovements
the following 1s a Spemhcatlon

My invention relates to that class of fluid-
motors in which the fluid is caused to act by
impact upon a suitably - constructed rotary
member or members, and has for its object
the improvement ot the efficiency of such mo-

tors in the utilization and control of the mo-

tive fluid.

To this end my invention, generally stated,
consists of means whereby the delivery of the
steam to and its action upon arotary abutment,
disk, wheel, or similar member is effected 1n
such manner as to cause such member to re-
volve at an exceedingly high velocity or at
such a velocity that the energy of the steam 1s
utilized at its maximum efficiency; of means
tor regulating the supply and distribution ot
the motive flnid for the purpose of regulating
and controlling the speed and direction of
motion of the motor, and of improvements in
certain details of construction, all as herein-
after more fully set torth.

In the accompanying drawings, whichillus-
trate an embodiment of my invention, Figure
1 is a side elevation, and Fig. 2 an end eleva-
tlon, of my impr oved motor:; Fig. 3, a hori-
zontal section on the line 17 1y ot Fw‘s 1 and
2: Fw 4, a vertical section on the Fne @ of
I*w 9: Fie. 5, a vertical section on the line

z of Fig. 4; Fws 6 and 7T, detail views, on
an enlar D'ed Sc‘a,]e partly in section and par tly
in elevation, ShOWIHG the openings in the disk
and in the ringsur roundlnﬁ itand the arrange-
ment of the ports and passages or nozzles For
delivering the steam to the disk, Fig. 6 being
a side view and Fig. 7 a plan view; Fw’ 8, a
detail view, on the same scale as Figs. 6 and
7,0f a mochhed torm of delivery passage or
noxfle and Figs. 9, 10, and 11, views show-
ing the cut-off Valve in d1 erent positions.

The casing of the motor is formed 1n two
sections 1 and 2 9. which are secured together
of bolts 3 and which mclose be-

tween them a central space which may be di-
vided into two concentric chambers or com-
partments by means of a ring 30, which fits
into circular grooves formed in the opposite
sections of the casing, or, if preferred, the
ring 30 may be omitted.

ln the chamber or space 4 within the ring
30, when the ring is employed, is fitted a disk
5, ot steel, bronze or other suitable material,
mounted on a shaft 6 between two collars 7 and
8. which are clamped between a fixed collar
10 and a screw-nut 9. The disk is reduced in
thickness near its central portion and is pro-
vided withacentral opening which fitsloosely

over a hub formed on the end of the collar 7.

The length of this hubis slightly greater than
the thickness of the reduced central portion
of the disk, so that when the collar 8 is clamped
in place by the serew-nut 9 the disk will be
free to move in the recess or groove between
the collar 8 and the shoulder on the collar 7.
The collar T mayv be forced into place against
the collar 10 and secured in any ordmm \Y
manner. or, if preferred, it may be formed
mteo‘ral Wlth the shaftt.

A number of holes are bored in the collar
7 in a cirele concentric with the shatt and disk

and are reamed out, so as to be conical or ta-

pered in form, w1th the large ends next to the
disk. A series of holes corr espondma 11N NTM-
ber and position to those formed in the collar
7 is formed in the disk, and steel pins 31 are
tightly fitted therein and project from the
disk into the holes formed in the collar 7. The

pins 81 are fitted at their outer ends into the

small ends of the tapered or conical holes 1n
the collar 7 and are adjusted to central posi-

tions in the holes and tend to hold the disk

concentric with the shaft 6, but are capable
of vielding sufficiently to permit the disk to
ad]ust itself to a slightly different position
when the velocity of rotation is great enough
to move the disk transversely to the 5hatt
The pins 31 may be fitted tightly in the disk
only or in the the collar 7 or in both the col-
lar and disk.

If the center of ﬂ‘ravlty of the disk coincides
perfectly with the axis of the shaft, there
will be no tendency to transverse movement
of the disk 1e1at1vely to the shatt even at the
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highest velocity; but as it is practically im-
possﬂ)le to obtain such a perfect coincidence
the disk tends when rotating at exceedmwly
high veloecities to move 1elatwely to the axis
of the shaft and to adjust itself to a position

-1n which its center of gravity coincides with,

the center of motion. 1t is for the purpose
of permitting such adjustment that the disk
1s mounted on the shaft with a yielding con-
nection 1n the manner herein described, and
shown in the drawings, and my mventlon is
not limited to the specific construction shown
and described, as the adjustability of the disk

relative to the shaft may be secured by other

forms of yleldmo* connection.

The disk 5 is fitted within the ring 30 when
the ring is employed, so as to lea,ve but a
small annular space between the periphery of
the disk and the inner surface of the ring, and
the disk is so constructed near its perlphel y
as to adapt it to receive the impact of the
steam or other motive fluid, which is directed
against it in the form of Jets and causes it to
The jets of steam are delivered to the
pressure surfaces or vanes of the disk from
the sides by means of passages or nozzles lo-
cated alon 0's1de of the disk near its periphery.
When the s steam has acted on the disk, it es-
capes at the periphery through holes or open-
ings in the peripheral surface and then passes
thy ough openings in the ring 30 into the an-
nular exhaust chamber 64, which surrounds
the ring 30, or directly into sald exhaust-
chamber when the ring is not used.

The steam may be delivered to one side
only or to both sides of the disk and in such
direction that the jets of steam acting on the
opposite sicdes of the disk will tend to drive
the disk in one direction only, or the jets may
be directed in opposite directions on the two
sicdes, so that the jets on one side tend to drive
the disk in one direction and those on the
opposite side tend to drive it in the reverse
direction. |

The openings or cavities in the outer por-
tion of the disk into which the steam is de-
livered and from which it escapes are so
formed that their surfaces upon which the

steam acts are of the most efficient form for

utilizing the energy of the steam as deliv-
ered by the jets or nozzles and constitute, in
effect, curved vanes for receiving the impact
of the steam and converting the energy due
to the momentum of the steam into energy of
rotation of the disk.

The steam-supply pipe 13 is connected to

the casing in position todeliver steam through
the passages 12 to the chamber 11, in which
the valve 14 islocated. The valve 14 may act
as a throttle-valve to control- the supply of
steam to the motor, and when the motor is
arranged to run in elther direction the valve
14 may also act as a reversing-valve. The
construction shown in the drawings is such

65 that the motor is adapted to run in either di-
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rection, and the direction of its motion is con-

trolled by the valve 14. When the valvel4is

in the central position, as shown in Fig. 2.
steam 1s cut off from both sides of the chsk
and 1n order to start the motor the valve is
moved in either direction, so as to uncover
one of the passages 15 or 16 which lead from
the chamber 11 to chambers 17 and 18, re-
spectively, on opposite sides of the disk.
The nozzles or passages 23 and 24, through
which the steam 1s delivered to the disk 5,
are formed in the walls 19 and 20 between
the disk-chamber 4 and the valve-chambers
17 and 18. The number and position or ar-

rangement of these nozzles or passages may be

varied; but I prefer to arrange them in dia-
metrically opposite sets and to space the sets
at equal distances apart around a circle cor-
responding to the circle on which the open-
ings in the side of the disk are formed. '

As shown in Figs. 5, 6, and 7 of the draw-
Ings, there are three nozzles, passages, or
openings in each set; but, if preferred, single
nozzles may be arranged at intervals around
the circle, or they may be arranged in groups
or sets of two, four, or more.

Circular openings 21 and 22 in the surface
of the walls 19 and 20 form admission-ports,
through which the steam is admitted from the
chambers 17 and 18 to the small ends of the
nozzles 23 and 24.

As shown in Figs. 6 and 7 of the drawings,
the nozzlesarein the form of tapered or conical
passages,which extend from the ports 21 and 22
1n a direction which is suitably inclined to the
surface of the disk 5 and register at their
large ends with openings 25 and 26 in the
sides of the disk in position to deliver. the
steam to the disk in the most efficient manner.

If preferred, however, the nozzles may be of

the form shown j in Flcr 8 of the drawings, in
which they are for med with a contracted
opening or passage at one end and a larger
passage of uniform area throughout the re-
mainder of their length.

The supply of steam to the ports 21 and 22
is controlled and regulated by means of flat
annular valves 32 and 33, which are fitted
against the outer surface of'the walls 19 and

20, and are provided with cylindrical flanges

34 and 35, which extend outwardly and fit
around the central cylindrical portions 36 and
37 of the sections 1 and 2 of the casing.
The valves 32 and 33 have their edges cut
away, so as to form alternate projections and
spaces, as shown in Fig. 5, and are capable of

‘being rotated so that the projections 38 may

occupy positions between the sets or groups
of ports 21 and 922 to admit the maximum
quantity of steam to the disk or may be ro-

tated so as to partially or wholly close the

ports 21 and 22, and theréby diminish or

~wholly cut off the supply of steam to the disk.
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130



(g |

1O

20

30

3
(L

4.0

L
(Rl

60

63

751,587

34 and 35 and engage or mesh with teeth on
pinions or segment-gears 39 and 40, which are
mounted on shafts 41 and 42, extending
through the bonnets 43 and 44. 'The bearings
45 and 46 of the shafts 41 and 42 are provided
with flanges or shoulders 47 and 48 adjacent
to their inner ends, which flanges bear against
the inner sides of the bonnets 43 and 44 and
are held in place by the pressure of the steam
in the chambers 17 and 18. Each of the pin-
ion-shafts 41 and 42 has a lever 49 secured to
its outer end, and the levers 49 are connected
by links 50 and 51 with the opposite ends ot
levers 52 and 53, secured to the ends of a shaft
54, which is journaled in the lower part of the
casing. The lever 52 on one end of the shatt
54 is connected at one end to a rod 55, by means
of which the shaft 34, and throughitthe shaftts
41 and 42 and the segment-gears 39 and 40,
may be rotated. - | |
The movement of the rod 55 may be effected
hy means of a governor of any suitable form,
which is connected to the motor and operates
automatically in accordance with the speed ot
the motor. When so connected, the rotation
of the segment-gears 39 and 40 effects the ro-
tation of the cut-off valves 32 and 33 and the
successive closure or opening of the ports 21
and 22 as the speed of the motor increases or
decreases, respectively. ' |
" The projections 38 on the valves 32 and 33,
which operate to close the ports 21 and 22, are
arrangec so as to close or partially close but
a single pair of ports-at a time or one port in
each of two diametrically opposite sets, there-
by diminishing the supply of steam to the
disk without at the same time affecting the
admission to all of the nozzles. Thisisan 1m-
portant feature of my inventlon, as the noz-
zles 23 and 24 and ports 21 and 22 are so con-
structed and arranged that the steam will op-
erate with the oreatest efficiency when ad-
mitted to the ports and nozzles without throt-
tling, and my improved construction by ai-
fecting but a single port in each set at a time
affects the efficiency of that port only, and
hoth during and after the closing of a port the

remaining ports and nozzles in a set operate

with their maximum efficiency.

The operation of the valves 32 and 33 will
be elearly understood by reference to Fig. 5,
in which the valve 32 and ports 21 are shown
in elevation, the valve being shown in posi-
tion to admit a full supply of steam to all of
the nozzles.
shown partially covering some of the ports
21, but the flow through the nozzles is not ai-
fected thereby, because the uncovered por-
tions of the ports 21 have a greater capacity
than the small endsof the nozzles, which open
into the ports 21, as shown ir Fig. 7. When
the valve 32, which is in all respects like the
valve 33, is operated to cut off steam, it moves
in the direction shown by the arrow in Kigs.

5. 9, 10, and 11, and in the first part of the

In Fig. 5 the projections 38 are

movement one of the projections 38 moves
over the port 21* in one set, and a diametric-
ally opposite projection moves over a port 217
in another set, as shown in Fig. 9. If the
movement is great enough, the ports 21* and
21° will be closed and the steam entirely cut

off from them. If not, they will be only par-

tially closed and the flow through them di-
minished, butall of the other ports will be open
to receive a full supply of steam. As the
valve moves further ports 21° and 21° of two
other opposite sets will be covered, as shown
in Fig. 10, and a still further movement will
cover the ports 21° and 21, as shown in Fig.
11, and after this has been done, with the et-
fect of reducing the power of the motor, 1f

two ports and nozzlesin each set are still wide
open and operating with their greatest efli-
ciency. If the movement of the valve con-
tinues, the second port in each of the sets will
bhe covered in the same order and later the

third port in each set, and this principle of

operation may be applied to other numpers
and arrangements of ports and sets of ports

without departure from the spirit of my in-

vention. |

In order to balance or partially balance the
valves 82 and 33. and thereby diminish the
friction between the valve and its seat, a cir-
cular groove 56 is formed in the valve-seat 1n-

side of the line of ports, with branches 57 ex-

tending around the ports 21 and a little beyond
the outer edge of the valve, so that the groove
is always filled with live steam. |
In the walls of the chamber 4, on opposite
sides of the disk 5, I form circular grooves
60, concentric with the shaft and disk, and
connect these grooves with any preferred
number of the ports 21 by means of passages
61 and 62, through which steam may pass from
the ports 21 to the grooves. A bearing or
cushion of steam is thus formed on opposite
sides of the disk, which serves fo balance 1t
laterally and to prevent friction between the
sides of the disk and the walls of the. cas-

ing. Thepassagesthrough whichsteamissup-

plied from the ports 21 to the grooves 60U
have contracted portions 61, which are large
enough to furnish the necessary supply to
the grooves 60, but which, on account of

their small cros_s~sectional area, prevent the
sudden return flow in any great quantity ot

the fluid trom the grooves 60. The object of
this construction is to so confine the fluid 1n
the groove 60 that on any sudden lateral move-
ment or vibration of the disk the steam in the
aroove will undergo a certain amount of com-
pression and offer a spring-like resistance to
the lateral movement of the disk, and hy fore-
ing out the steam between the wall of the cas-
ing and the disk to form a film of steam

which operates as an antifriction device to
prevent friction of the sides of the disk on
those of the casing.

3 .

the valve moves no further, the remaining
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The valve 14 may be operated either by
hand or automatically by meansof a governor,
and in case the disk is to be driven in one

~direction only the ports or passages 15 and

IO
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30

16 may be opened-and closed simultaneously
by a suitably-modified form of the valve to
permit the steam to act on both sides of the
disk at the same time, or when less power is
needed the steam may be admitted through
one only of the ports 15 16.

The ports 21 and 22 are so proportioned
relatively to the small ends of the nozzles 23
and 24- that the steam passes through the ports
21 and 22 rather slowly rela,twely to its ve-
locity through the nozzles, the object being to
deliver the steam to the small ends of thenoz-
zies at 1ts full initial pressure, or as nearly so
as possible and in such quantity as will ex-
ceed the capacity of the nozzle.

nézzle will then be that due to the practically
unvarying high pressure maintained at the
entrance to the nozzles, and the enlargement
ot the nozzles between the small openings and
the disk permits an increase in the velocity of
the steam.

As shown in the drawmﬂ's the delivery pas-
sages or nozzles are for med in cyhndrlcal
tubes or bushings, which are inserted in cy-
lindrical holes in the walls of the casing; but,
it preferred, the passages may be formed di-
rectly in the wall of the casing and the bush-

~ Ings omitted.
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W’hen the steam flows through the nozzles,
1t impinges on the sides of the openings 95
and 26, and when acting with the greatest ef-
ﬁmencv 1ts momentum Wlll be almost com-
pletely absorbed and its velocity so reduced
that the exhaust-steam will tend under the in-
fluence of centrifugal force to escape 1n the
direction of the periphery, and in order to
permit this I form passages 27 and 28, which
extend from the openings 25 and 26 thrmw'h
the peripheral surface of the disk, the direc-
tion of the passages 27 and 28 bemo inclined
to the radii of the disk at a suitable angle.

As the steam escapes from the.passages or
openings 27 and 28 in the disk it Impinges
against the walls or sides of the openings 29

and 29°, which are formed in the ring 30 in

case the ring 30 i1s employed, and these open-
ings 29 and 29 are so inclined that if the
steam escapes with any considerable velocity
the reactive effect of the steam may be util-
ized. If preferred, the ring 30 may be formed
integral with one side of the casing instead of
separately, as shown.

After the steam passes into the annular
chamber 64 it is allowed to escape through the
passage 58 to the atmosphere or to a condenser.

I claim as my invention and desire to secure
by Letters Patent—

1. In a fluid-pressure motor, the combina-
tion with a casing, of a rotary disk having a

05 side bearing against a wall of the casing and

The velocity
of the steam on entering the small end of the'
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having buckets for receiving and discharging

the propelling fluid, each of said bucketscon-
sisting of two cups, one of which projects in-
war dly and torwardly from the periphery of
the disk and the other of which projects out-

wardly and rearwardly from the inner end of -

the first cup, and delivery-nozzles located in

the wall of the casing and inclined to the side |

of the cdisk.

2. In a fluid-pressure motor, the combina-

tion with a casing having two side walls, of a
rotary disk fitting closely between said walls,

a series of buckets formed in the disk, each of

75

which consists of two cups, one of which pro-

jects inwardly and forwardly from the pe-
riphery of the disk and the other of which

80_--

projects outwardly and rearwardly from the

inner end of the first cup, and inclined nozzles
located in the walls of the casing and adapted

to communicate with the buckets in the disk.

3. In a-fluid-pressure motor, the combina-
tion, with a rotary disk having buckets near
1ts periphery which open at its side and at its

periphery, delivery nozzles or passages for

delivering fluid to the buckets in the disk, and
a ring which receives the impact of the fluid
discharged trom the disk, and having open-
ings through which the discharged fluid may
escape, substantially as set forth.

4. The combination, with a casing, of a ro-
tary disk in the casing the outer portion of

which is adapted to receive the impact of a

fluid, a ring or annular wall, surrounding the

Q0O

95 .

disk and having openings through it for the

passage of fluid from the disk, and an ex-
haust-chamber surrounding the ring and disk,
Substantlally as set forth.

In a fluid-pressure motor, the combina-

100

thIl with a rotary disk, of a casing inclosing

the dlSL., a ring or annulm wall surr oundmcr‘

the disk and havmo passages through it for
the escape of fluud from the disk, an e*dmust—
chamber outside of the ring or annular wall,
and nozzles or passages formed in the wall of
the casing and inclined to the plane of the disk,
Substantlally as set forth.

6. A fluid-pressure-operated wheel having

105

I1IO

buckets formed in the body thereof and sev-

erally comprising two substantially cylindrical

~cups which respectively terminate at the side

and at the periphery of the wheel.
7. A fluid-pressure-operated wheel having

buckets cut therein which severally consist of

two angularly-cdisposed cups that respectively

terminate at the side or sides and at the pe-

riphery of the wheel. |

8. In a fluid-pressure motor, the combma—-
tion with a casing having a central chamber,
a rotary disk in said chamber, a ring, or an-
nular wall, surrounding the disk and having

115

I20

125

passages through the same, an annular ex-

haust-chamber outside of the ring, and inclined
passages or nozzles in position to deliver fluid

to the side of the disk near its per iphery, sub-

stantially as set forth.
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9. In a fluid-pressure motor, the combina-
tion, with a rotary fluid-actuated disk having
buckets severally comprising two angularly-
disposed parts which respectively terminate
at the side and at the periphery, of a casing
having supply and discharge nozzles or pas-
sages, and a valve device for controlling the
fiow of fluid tosaid supply nozzles or passages,
substantially as set forth.

10. Inarotary motor, the combination,with
a rotary disk, which is liable to be given a sud-
den slight movement in a direction lateral to
the plane of its rotation, of restricted passages
opening into passages in the lateral wall of
the disk-chamber through which steam may
he delivered to the opposite sides of the disk,
to form a cushion and antifriction device and
to laterally balance the disk, substantially as
set forth.

11. Inarotary motor, the combination,with
2 rotary disk, subject to sudden slight lateral
movement, of grooves formed in the opposite
side walls of the disk-chamber and separated
by the rotary disk, and restricted passages
opening into passages in the lateral wall of
the disk-chamber through which steam 1s sup-

o

plied to the opposite grooves and to the sides
of the disk, substantially as set forth. |

12. In a fluid-pressure motor, the combina-
tion, with a disk, wheel, or other rotatable
member having buckets which severally con-
sist of two substantially cylindrical cups that
respectively terminate at the side and at the
periphery of the disk, of a casing having sup-
ply-passages and a member against which the
fluid may react to assist in the rotation of the
disk, substantially as set forth. _

13. In a fluid-pressure motor, the combina-
tion with a wheel, disk,. or other rotatable

member having a series of buckets severally

3C
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40

consisting of two passages which respectively

extend inwardly from the side and the periph-

ery of the disk and meet at their inner ends,
of means for supplying fluid to said buckets
and means for exhausting the same there-
from.

In testimony whereof
my hand. | | |
GEO. WESTINGHOUBSE, J=.
Witnesses:

T. J. Hocan,
J. SNOWDEN BELL.

1 have hereunto set
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