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"UNITED STATES PATENT OFFICE.

FRANK D. SHEPHERD, OF SALT LAKE CITY, UTAH.

STEAM-TURBINE.

- No. 843,237,

Specification of Letters Patent.

Patented Feb. 5, 1907.

Application flled March 31, 1906. Serial No. 309,219,

To all whom it may concern:
- Be 1t known that I, Frank D, SHEPHERD,
of Salt Lake Ciiy, in the county of Salt Lake
and in the Stare of Uiah, have invenied a
certain new and useful Improvement in
Steam-Turbines; and I do hereby declare
that the following is a full, clear, and exact
description thereof, reference being had to
the accompanying drawings, in which—

. . e A gJ
_Figure-1 is a veriical longitudinel section
of asteam-turbine embodying my invention;

Fig. 2, a cross-section on the line 2 2 of Fig.
1; Fig. 3, a detail view in perspective of a

~portion of one of the blade-carrying " disks
and one of the blades detached therefrom,

and Fig. 4 a sintilar view of a portion of one
of the blade-carrying rings. _ _
'Theobject of myinvention is to so improve

able the utilization of the maximum pro-

_portion of the energy. of the steam and to
~simphty and cheapen the cost of building;

25

and to attain these objects-of efficiency and

economy my mvention consists in the tur-
bine constructed substantially as hiereinafier
specified and claimed.

In making my invention I have improved -

~upon the turbine of my Patent N0.755,062,
~1ssued March 22, 1904, and in the embodi-

30

ment of my invention which I have selecied
for illustration the turbine is a compound

- one of two main stages and comprising a

35
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high-pressure cylinder A and a low-pressufe
cylinder B in axial alinement with each other
and mounted upon a suitable bed or base C.

Interpcsed between the two evlinders is a

steam-chest D, to which the cylinders are
respectively bolted by flanges, and the op-
posite ends of the cylinders are closed by
heads E, bolted to the flanged outer ends of

the respective cylinders.” A shaft F runs !

through the steani-chest and through the

two cylinders, a stufling-box being provided

on each-cylinder-head 8.~
In the steam-chest there is an annular
channel or chamber G, concentric with the

. shaft, to which runs from the throttle-valve

5C

a port or passage d for the supply of steam to

such annular channel for delivery to the high-

pressure cylinder, and contiguous to and con-

- centric with said steam-channel the steam-

chest has an annular groove or recess d’ in its

- side next the high-pressure cvlinder for the

55

reception of a ring H, that contains the guide
ports or nozzles for the delivery of steam into
the high-pressure cylinder. The ring con-

series of disks against a shoulder f

forms in shape to the recess, and its fit is so

close thereto that when it is pressed into the

cavity it will fit the same steam-tight, and it

is 'secured in place therein by an inwardly-
turned flange ¢ on the-high-pressure cylinder,

- which overlaps the outer side of the ring. The

ports ornozzles & of the ring H are made with

square corners, and theirdelivery ends are as

wide or substantially as wide radially as the
width radially of the blades ¢ of the first disk
1, into which said perts or nozzles discharge,

as a result of which construction there are no-
dead spaces and the formation of eddy-cur-

rents in the steam which results in friction
and loss of energy.

keyed thereto, and all exeept the last or out-
ermost disk have a thickness axially double
the lerigth axially of their peripheral blades 4,
and by this construction Ii avold the use of
separate blank or blind disks, such as I em-
ployed in the turbine of my patent above re-
ferred to, this combining in asingle disk of the
blade-carrying and blank or blind disks, not

bo

7C

Y There 1s a series of disks
I mounted side by side upon the shaft F and -

75

only resulting in a stronger construction, but

one reducing the cost of construction and as-
sembling by reason of the reduction of the
number of parts. 1
which carry the guide-blades 7, that project
radially in alinement with the portion of the
disk I having no blades, comprise in a single
plece the blade-carrying member and the
blank or blind ‘member opposite the disk-
blades + with the like advantage of economy

Inlike manner the rings J,

Q&

of construction. * The last or outermost disk -

-of the series at its periphery is only wide

enough 1n an axial direction to accommodate

1ts blades 7, and said disk is used as a rotor-

cap for the series of disks, the shaft contigu-
ous to sald last disk being threaded and a. col-
lar K screwed thereon. That at one end en-
cages said last disk and serves to clamp the
on the
shatt formed by the enlargement of the por-
tion thereof within the steam-chest. The

95

10O

collar ‘or nut K is prevented from becoming

loose on the shaft by radial set-screws F,
whose inner ends impinge on the thread and
are of some soft metal to prevent marring of
the thread by-.contact therewith, and between
the collar or nut and the adjacent cylinder,

head there is a friction-ring L, encircling the
shaft which maintains the disks, and conse-

quently their blades in. proper relative posi-
tion, and prevents the blades cutting into

1‘05

110

each other. The use of the last disk of the

b
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main stage being in all respects similar to .
that of the high-pressure cylinder or the
first main stage, already desciibed, so that a

specific description of said construction is
‘unnecessary. The form of the port' N in
cross-seciion is, as best shown in Kig. 2, cur-

series as a cap simplifies and cheapens the
construction, and for & like reason the last
ring J of the seriesis engaged by the innerends
-of a ring-form flange ¢, projecting inward
5 from the cylinder-head, said flange exteriorly

; 70
fitting the cylinder. By making the flange

e}

integral with the head instead of separate
therefrom the construction is cheapened, and
there is also the advantage that the shaft-
opening through the head 1s accurately
alined. To provide for the expansion of the

steam as 1t traverses the cylinder by increas-

ing the length of the blades, which increase

in length is from each velocity and pressure
stage to'the next succeeding one, the disks .

are successively reduced in diameter and the

rings are successively increased in diameter,

a seat for each ring being provided in the cyl-

- inder by boring the latter, and, as 1 combine

.20

25

_ber of bores of the cylinder.

two rings in one, this expedient economizes

in cost of construction by reducitig the num-
Each ring 1s se-
curely held in place against rotation by a ra-

dial screw M, fastened to the cyhnder-wall

from the outside thereof and entering at its

inner end a recess or cavity in the ring.. The

- ring at the steam-inlet end of. the cylinder

3o

35

40

‘abuts against the cylinder-flange a.

The blades both tor the disks and the Tings
have each a shank or tenon 10, at the inner

end of which is a cylindrical enlargement 11,

and in each disk or ring, as the case may be,
there is a radially-extending slot 12, whose
inner end is enlarged by a cylindrical open-
ing, so that the slot conforn:s in shape and

size to the shank or tenon of a blade, the
- blade shank or tenon being slid endwise into-

sald slot. The advantage of this construc-

tlon 1s cheapness of manufacture, because

the cylindrical enlargementis of the radial
slots can be bored in.the disks and rings on a

- drilling-machine and the remainder of the

45
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slots cut out in @ slotting-machine, and the
shanks or tenons can be accurately and yet
cheaply made by a punching-machine. It
will thus be seen that no hand-work at all 1s

‘required, and yet the blades.are most accu-

rately fitted to the disks and rings. -

+ The —steam afiter passing the last disk in
the series in the high-pressure cylinder en-
teérs a port N, that extends from that end of
the high-pressure cylinder through the wall
of. the cylinder parallel with the cylinder-
axis to and partially through the steam-
chest, where it communicates with an annu-

lar channel or chamber O therein, concen-

6o

tric with the annular steam-chest channel or

chamber G, but larger in diameter and n

cross-section than the latter, but otherwise
sin.ilar thereto, and dehvering steam into

the low-pressure cylinder or the next main

stage through a ring-P, having ports p, the

latter and the ring and the manner of mount-

ing the latter being similar in all respects to

vilinear, its curvature being concentric with
the cylinder; and as it is contiguous to the

steanmi-channel G in the steam-chest D the

steam passing through said port N and into

said channel O, having losi some of its tem-

75

perature in its passage through the high- -
pressure- cylinder, will be slightly super--

heated as it approaches the high-pressure

end of the cylinder and said steam-chennel
G and will be further superheated as it
passes around the steam-cheannel O, the
walls of the various passageés referred to be-

ing kept at 2 high temperature by-the steam

in the steam-channel G. S
As will be seen by reterence to Fig. 1 of the
drawings, there 1s an abrupt and compara-
{ively great increase of diameter of the first

Ka

disk, or the disk at the steam-inlet end of the

second main siage, over the diameter of the

90.

disk at the outer or exhanst end of the first -
meain stage, and I make this difference in di-

ameter because the velocity of the steam

after it leaves the last disk of the first main
stage is so great as to require the first disk
of the second main stage to have such di-
ameter as to give a substantial increase of

95

peripheral speed to the blades thereof, such '

peripheral speed being a litile less than the
velocity of the steam impinging thereon, and

100 .

the diameters of the suceeding disks of the
second main stage are such as to make the

speed of the blades thereof just right with

reference to the velceity of the steam, the
speed of the blades of all the disks being less
than the velocity of the steam. It will be

105

cbserved that the area of the blades of the

first piston of the second main stage is less

than that of thé area of the blades of the last
piston of the first main stage, the blades of
the first piston of the second mein stage be-
ing much shorter radially than the blades of

| the lest piston of the second msin stage, and

110

this relation of the blades of the said first and -

lest pistons I employ because thereby I am

115

able to utilize the steam to the best pcssible

.advantage.. The result is that the progress-

ive changes of the pressure and veloeity of
the steam from the time 1t enters the high-

pressure cylinder or the fitst main stage un-
til it is ready to leave the low-pressure cyl-
inder or the last main stage are so compen-
sated for by changes in diameter, area, and

120

peripheral speed of the blades as to utilize

all the energy of the steam in power applied
to the shait less that lest in unavoidable
friction, and lcss by friction is reduced to a

minimum by giving the proper sngles to the

blades and by-balancing the pistcns of one

125.

130
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sides the waste of nger, which would result
by having the velocity of the steam in excess

- of the peripheral speed of the blades, there

would also be'a loss due to the cutting away
of the blades by the |
thereon it it should be ‘permitted to move
too rapidly thereagainst. | '

Kxhaust-steam from the law-pressure cyl-

_ Inder is passed through a port Q, that opens

10

downward from the low-pressure end of said
cylinder through the leg thereof into the base
C; such base being chambered or hollowed

and provided with a-suitable connection ¢ for

- the attachment of an exhaust-pipe. Should

15

20

2¢

a condenser be used, it can be built in the
base, with the advantage of compactness,
saving room, and .also the advantage of hav-
g the vacuum close to.the turbine. -

- Leakage of steam from the high-pressure
cylinder to the low-pressure cylinder.through

‘the steam-chest where the shaft passes there-

through is prevented by a bushing, which for
facility of construction is made of two pieces
R and R, applied to the enlarged portion of

the shaft in the steam-chest, said bushing
“having at each of its outer ends an annular

flange r, seated in an annular cavity in the

side of the steam-chest provided for it. The

bushing fits the steam-chest sufficiently close

to have skin friction only, and when it is re-
volved with the shaft centrifugal force 1S
sufliclent to maintain the joints between the
‘bushing: and the steam-chest steam-tight.

- Leakage of steam from each cylinder out-

40
45
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.- with a gage.

~ the low-pressure cylinder for use in starting |
‘up the engine and also for use in the emer-

ward ‘along the shaft is'provided against by
‘the stufling-boxes hereinbefore referred 0.
Any desired packing may be employed in

these stuffing-boxes; but I prefer the packing

shown, which consists of two sets or series of
cone packing-rings S in the stuffing box or

gland, between which is a perforated oil-

spool, and between the outermost cone-ring

of one series and the cap T of the gland or

stuffing-box is interposed a collar U, which

encircles the shaft and which by the screw-
ing up of the cap acts on the cones to expand
them, and thus tighten the packing, as well
as taking up _
The cap T is held in the position to which it
may be adjusted by a soft-pointed set-screw
t, that passes radially through the cap and
impinges on the thread of the gland or box
on which the cap is screwed. . '

~_Each cylinder is surrounded
U, and they at their low-pressure ends-are
provided with vacuum and low-pressure

gages, respectively, of a very sensitive char-

acter to show the-conditions of the cylinders
at these points, and each steam c¢hannel or
chamber of the steam-chest will be provided

A port W is 'provided-in the steam-chest
for the supply of steam at boiler-pressure to

the action of the sieam’

wear and centering the shaft.

by a jacket .

|

gency of an overload being thrown on the
engine, said port in the case of an overload
being automatically opened through connec-
tlons with the governor mechanism with
which my engine is provided, but which is

not necessary to be described in this applica- -

tion, as it forms the subject of 4 separate ap-
plication for patent, which I have filed. _
L of course do not limit the scope of my in-

vention to the details of construction which
1 illustrate and describe, as changes in these

respects may be made which will involve no
departure {from the scope of my invention,
nor do I imit myself to any particular num-
ber of main stages.’ '
Having thus described my invention, what
I claim is— |
1. In a turbine-engine, the combination of

& cylinder, a piston therein having radially-

extending blades, a source of supply of an
operating fluid, such as a steam-chest, a ring
having a seat in a cavity-in said steam-chest
concentric with the blades and provided
with ports whose dimensions at their ends

-adjoining or toward the blades are the same

as, or substantially the same as the dimen-
sions of said blades, and a flange on the cylin-
der overlapping said ring. |
2. In a turbine-engine, the combination of
a cylinder, a series of blade-carrying disks in
the cylinder, a source of supply of operating
fluid, such as a steam-chest at oné end of the
cf?'linder, a ring having a seat in said steam-
chest and provided with ports for the deliv-
ery of ftuid to the cylinder, the cylinder hav-
Ing a flangé overlapping said ring, a series of
rings carrying guide-blades, said rings being
placed side by side in the cylinder, the series
at one end abutting against said cylinder-
flange, and a head at the other énd of the cyl-
inder havin
cylinder a,m% engaging the other end of the
series of rings. -
3. In a turbine-engine, the combination of

2 cylnder, a series of blade-carrying disks

therein, the blades occupying but a portion

| of each disk in an axial direction, a series of

rings in the cylinder having guide-blades that

 likewise extend over the respective ring only

partially in an axial direction, the blades on
the rings being oppcsite the portions of the

disks over which the disk-blades do not ex-

tend, and the blades of the disks being oppo-
site the portions of the rings over which the
ring-blades do not extend, a flange on the cyl-
inder against which one end of the series of
rings abut, and a cylinder-head having an in-
tegral flange within the cylinder abutting
against the other end of the series of rings.

4. In a turbine-engine, the combination of
high - pressure and low. - pressure cylinders,

and a steam-chest having an annular cham-

ber or channel for the supply of steam to the
high-pressure cylinder, and having &n annu-

3

an integral flange within the -

70
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| lar chamber or channel for the supply of 130
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steam to the low-pressure cylinder, said | the wall, said bushing being mounted on the
chambers or channels being side by side, | shaft to rotate thevewith, the revolution. of
whereby the steam in one may receive heat | the bushing with the shaft resulting in the

from the steam in the other. | 1 maintenance of steam-tight joints between
5 5. Ina turbine-engine, the combination of | the bushing ahd the wall. o 50
~ high-pressure and low-piessure cylindess, a 9. In a turbine-engine, the combination of

_steam-chest havilg an annular chamber or | high-pressure and low-pressure cylinders, a _
‘channel for the supply of steam to the high- | wall interposed between the cylinders, a pis-
pressure. cylinder, and having an annular | ton-cariying shaft passing through said wall,

to chamber or.channel for the supply of steam | a piston-engaging shoulder on said shaft at ‘55
~ to thie low-pressure cylinder, said chambers | each side of the wall, means for holding the
_-~or channels being side by side, whereby the | pistons against.said shoulder and a bushing

—- steam in one may receive heat from. the | on said shaft having at each end circumfer-
- steam 1n the other, and a port leading fiom | entizl flanges engaging the wall. - .
r5 the high-pressuve cylinder to the channel or | 10. In a turbine-engine, the comkbination 6o

chambei for-the supply of steam to the.low- | of high-pressuie and low-piressure cylinders,
pressue cylinder, said port passing contigu- | a steam-chest between the two cylinders, a
ous to the high-pressure channel-or chamber | shaft passing thiough the cylindeis and the
1 the steam-chest. -+ - | steam-chest, piston-disks on the portion of
20 6. In a turbine-engine, the combination of | the shaft in each cylinder, a bushing on the 65
~a plurality of main stages provided with ro- | portion of the shaft within the steamn-chest
tating pistons, the first piston of a succeed- | having cizcumferential flanges seated in cavi-
Ing main stage being of substantially greater | ties or recesses in the steam-chest, such por-
diameter than the list piston of the next pre- | tion of the shaft. being notched, and the
25 ceding stage, the pressure-receiving area of | shoulder formed thereby being engaged by 7o
said fivst piston being substentially less than | the end one of the disks in each c¢yhnder, a
“the pressure-receiving area of said last piston, | collar or rniut on the shaft engaging the other
and a port leading fiom one stage to the next. | end one of the disksin each cylinder, a stufl-
7. Ina tuitine-engine, the comtination of | ing-box for the shaft where it passes from -
30 a plurality of main stages provided with ro- | each cylinder, contiguous, concentric chan- 75
: tating pisions, the fizst piston of a succeeding | nels or.chambers in the steam-chest for the
. main stage being of sukbstantially greater di- | supply of steam to the cylindess, respectively, -
anleter than the last piston of the next pre- | and a port leading from the high-pressure
ceding stage, a steam - chest intermediate | cylinder to the chamber or channel which
35 the different stages having contiguous chan- | supplies steam to the low-pressure cylinder, a 8o
- nels or chambe:s for the supply of steam to | base or bed on which the c¢ylinde:s and
“the respective stages, and a. port extending | steam-chests ave mounted, and an exhaust-
from one stage to the chrannel or chamber of | port leading from the low-pressure .cylinder
- the next stage. R '- | to achamberin said base or bed. -
4o 8. Ina turkine-engine, the ¢combination of | = In testimony that I claim the foregoing I 83
- high-pressure and low-pressure oylinders, a | have hereunto set my hand. -~ - ..
~wall'interposed between the cylindess, a pis-'| -~ FRANK D. SHEPHERD.
ton - cariying shaft passing through said Witnesses: . S
walls, and a bushing on the shaft having at - W. O. McCraIn,
45 each end circumferential flinges engaging . - WiLn ATKINS.
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