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To «ll whom 6 1y coneern.:

Beit knownthat I, Jou~ C. BuckBeg, a citi-

~en of the United States, residing at Chicago,
in the county of Cook and State of Illinois,
haveinvented certain new and recent Improve-
mentsin Steam-Turbine Engines, of which the
following 1s a specification.

This invention relates to Improvements 1n
steam-turbines; and 1t has for i1ts salient ob-

ro jects to produce an engine of the character
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the steam has fully traversed tl

referred to wherein the steam ts delivered to
the vanes of the rotary member or members
in such manner as to tlow radially outward
during its traverse and action upon the blades,
thereby combining the acquired centritugal
force of the steam with the force thereot due
to impact and reaction; to provide in a steam-
turbine such a construction and relative av-

rangement of the steam-nozzles and moving

vanes that both the acquired centrifugal force
of the steam and the impact and reactionary
force thereof have a continuing action until
e vanes: to
provide in such machine a construction and
arrangement of the parts whereby the reac-
tionary effect due to the discharge of the
steam 1n a direction opposite that in which
the movine vanes are traveling is likewise
secured:; to provide in such a machine a plu-
rality of units each comprising a rotor and a
separate chamber within which the rotor op-
erates arranged 1n series, so that the steam 1is
successively passed through the several units,
thereby utilizing to increase the efliciency of
the engine the known principle that steam in
flowing through an orifice or nozzle from one
chamber of greater pressure to another of
lower pressure increases its velocity as the
difference in pressure increases only up to a
certain limit, beyond which limit the velocity
of discharge remains practically the same re-
vardless of increased difference 1n pressures;
to provide in such. a machine a plurality of
units all acting upon a common shaft; to pro-
vide an improved automatic governor mech-
anism operating to regulate the engine by
throttling or opening the several nozzle-open-
ings: to provide an improved construction 1n
the mountings of the main shaft and rotor
elements carried thereby, enabling said main
shaft to automatically assume a position In
which its axis of rotation coincides exactly

with the axis of the mass, the lateral move-
- to the 1mpact and reactionary forces.

ment of the shaft being provided for without
the use of loosely-interposed parts, such as

r—erEmaTaEEe T mT Ca

’r

1t 18 true that 1n some

|

1nvention.

construction 1n t
yvanes and the ro
are carried, whereby
curely 1n position by the

he form and mounting of the
or member upon which they
the vanes are held se-
form of their seats

and independmtlV of the holding action of

the securing bolts or rivets; to promde 1)
mmproved form of rotor member in which the

- vanes radially overhang the inlet-nozzles, but
in which,nevertheless, such overhanging parts

of the rotor are counterbalanced, so as to pre-
vent the bringing of bending stresses upon
the rotor which would tend to break the lat-
ter under the action of centrifugal force; to
nrovide a construction 1in which the bodily-
lateral movement of the main shatt In accom-
modating itselt to its gravity center of rota-
tion dous not interfere with the efticiency or
correctness of relative position ot the rotat-
ing and stationary parts, and, in general, to
provide an extremely simple, compact, and
highly-eficient engine of the clmmcter re-
terred to.

To the above ends the invention consists in
the matters hereinafter dbSCllbbd, and more
particular ly pointed out in the appended
claims.

The invention will be readily understood
trom the tollowing description, reterence be-
ing had to the accompanying drawings, form-
ing a part thereot, and in which—

Figure 1 is a view chiefly in vertical axial

section, but partly in side elevation, of an en-

oine forminge a preferred embodiment of my
Fig. 2 1s an end elevation of the
receiving or inlet end of the engine. Hig. 3
1s a transverse vertical sectional view tftl\en
amno‘{imatelv on line 3 3 of Fig. 1 and look-
ing in the direction of the arrows. Hig. 4 13
a  fragmentary transverse sectional view
through one of the units, taken in the plane
of the axis of the steam-nozzles. Iig. 51sa
sectional view taken on the indirect line 5 5
of T'ige. 4 and looking 1n the direction ot the
arrows.  Kie. 6 1s an enlarged fragmentary
view ot the parts shown at thhe lwht hand end
of Hig. 1. showing particularly the constrac-
tion-and arrangement of the oil-ducts which
supply f.ubnmtlon to the main shaft.

In the steam-turbines of the prior art, so
far as I understand the same, there has been
no ostensible attempt to utilize the centrifugal

| force acquired by the steam in passing through

turbine as an auxiliary force to that due
While

instances the steam has

the

bushings and the like; to provide an improved i been delivered in such manner as to tlow ra-
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dially outward or in that direction which cen-
trifugal force would tend to carry it, never-

theless the shapes of the vanes and the rela-
tion of the nozzles or other parts which de-
liver the steam to the vanes have been such

as to indicate a lack of appreciation of the

factor of centrifugal force as a means of in-

- creasing the efficiency or economy of the en-
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oine and have failed to utilize such centrif-
ugal force.

“The impact forces and reeetlonalv forces
have apparently been well understood, and in
my present invention I have endeevored to
utilize these forces to the greatest practicable
degree, but have at the same time combined
therewith the force derived from centrifugal
action. Furthermore, so far as I understand
the prior art, no steam-turbine heretofore has
been devised 1n which the steam is passed suc-
cessively through separate units in such man-
ner as to utilize for securing greater efficiency
the known principle that the VEIOCltV of flow
of steam through an orifice leading from one
stage of pressure to a lower stage of pres-

sure 1ncreases proportionately to the Increase

in difference between pressures only up toan
approximately definite percentage of differ-
ence. With these several points 1n mind I
have developed the engine which will now be
described, and in making such development
have made certain subsidiary improvements,
as will hereinafter appear.

Referring to the drawings, 1 designates as
a whole a suitable base-frame carrying at each
end suitable frame-standards, as 2 and 3, the
upper enas of which form journal-supports 4
5, within which is journaled a main shaft 6.
Surrounding the main shaft and interposed
between the journals 4 and 5 are a plurality
of separate steam - cylinders, substantially
similar in construction, and there being four

in the present instance, (designated, respec-

tively, 7, 8, 9, and 10.} These eylinders are
so constructed as to provide two internal an-
nular chambers—one for convenience desig-
nated the =
chamber 12, within which the rotor operates.
As convenient construction the peripheral
wall 12 and the wall 13, forming the delivery

side of each chamber, are made integral, while

the opposed or receiving side wall 14 1s made in
the form of a disk, having a centrally-recessed
portion 15, which forms the partition dividing
the receiving-chamber from the main cham-
ber. At the inlet end of the engine the cast-
ing 4, which forms the journal-support at
that end, is chambered to provide a steam-
inlet passage 16, through which communicates
an inlet-pipe 17 and smd casting is provided
at 1ts end adJeeent to the first steam-cylinder

with a radial extension or flange 18, extending
-outwardlyin the plane of the main portion of
the disk or end wall 14. An annular plate
19 is connected with said flange 18 and the
65 outer face of the side wall 14, so as to form,

_-.

inlet-chamber”1landalarger main

801,644

in conjunction with said recessed side wall
and the flange 18, the inlet-chamber 11, here-

inbefore leterred to.
The end wall 14 of the first cylinder is
shown as formed integrally with the journal-

70

casting 14 in the present 1nstance; but a con-

struction similar to that shown in the suec-

ceeding units may obviously be adopted, 1f

preferred. The side walls 14’ of each of the

succeeding cylhinders are generally similar to
that of the first unit, it being noted that the
central portion of each such wall 1s integrally
united with a journal portion 20, which sur-
rounds the shaft and serves to carry the lat-
ter, as will hereinafter more particularly be
described. Between the first cylinder and
the second and between each of the succeed-
ing units is interposed a trunk-like or tubular
member 21, having its receiving end fitting
into a central opening 22 in the one cylinder
and 1ts opposite end provided with a periph-
eral flange 23, corresponding in function to
the :ianoe 18 of the first unit, hereinbefore
descrlbed Plates 19 extend between these
peripheral flanges 23 and the outer or main
portions of the side walls 14', as in the case of
the first unit. It will be noted that the in-
ternal diameter of the trunk members 21 1s
such as to provide an annular steam-passage
leading from the main chamber of each eylin-
der to the inlet-chamber of the succeeding
cylinder.

With the delivery side of the last unit is
connected a discharge-trunk 24, which 1s pro-
vided at one side —its lower s‘ide in the pres-
' 1th a discharge extension 25,
the end of this trunk 24 adjacent to the bear-

75

30
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95

100

ing-casting 5 being united with the latter by -'

an overlapped joint, as indicated at 26. It
will be understooa from the foregoing de-

- seription that the cylinder members and the

105

parts which connect the same with each other

and with the respective ends of the main
frame together constitute a rigid non- rotetwe
struacture.

Deseribing now the IOtOI‘ members of the
several units, these being alike 1n all respects
except that each sueeeeding rotor member is
provided with vanes of somewhat larger area
than the preceding one, which correspond in
proportions to the cylinders, which are also
successively of 1ncreasing capacity from the

. receiving end of the engine toward the dis-

charge end, 27 designates as a whole a disk-
like main body provided at its center with an
enlarged hub portion 29, which is keyed or

otherwise rigidly secured upon the main shaft

and provided at its periphery with a rim por-
tion 30, which overhangs the central web or
main body at both sides of the latter.

Upon that side of each member 29 adjacent
to the inlet-chamber of the cylinder is ar-
ranged a circamferential series of vanes 31,
these vanes being arranged to overhang or ex-

I tend in proximity to and radially outside of the

11O
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The set of vanes and the ring 33 are made
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cylindric portion 15" of the partition member
15 of the eyviinder.
rangement of these vanes are
tail, Fies. 4 and

best seen 1n de-
5, by reference to which it
will be seen that said vanes are of increasing
width from their inner ends radially outward,
being shown as wedge-shaped and each vane
having one of its edges seated 1n a correspond-
ing groove 32, formed in the yim of the rotor.
Agamst the opposite edges of the vanes is se-
cured a t:
which 1s similarly provided wit
recelve the corresponding edges of the vanes.

rigid with the rim by means of screw-bolts 34,
these bolts being desirably extended through
the bodies of the vanes, as indicated clearly
In Higs. 4 and 5, so as to avoid obstructing the
throat-passages 35, formed between contigu-
Ous vanes.

An important feature ot the present inven-
tion resides in so shaping the vanes and so ar-
ranging the discharge-nozzles relatively there-
to as to secure the combined effect of mpact-
acquired centritugal force and reaction of the
steam. The steam - nozzles, of which there

may be any desired number placed at suitable

equal intervals apart, are arranged to commu-
nicate with the inlet-chamber 11 and to dis-
charge through the cylindric wall 15 in radial
cllmemmt with the series of vanes. In order
to secure the greatest efficiency, I arrange the
nozzles (each de:;lgmted as a whole m)so that
their direction of discharge will be as nearly
tangential to the radially outer surface of the
Cy lindric wall 15 as practicable.
modate the nozzles in this position, the wall
15" 1s provided with Inwardly - projecting
thickened portions 38, through which are
formed stralght shightly - tapered bores 39,
within which the discharge ends of the nozzles
are seated and secured.
nozzles may lie as nearly tangential as prac-
ticable and yet be capable of belrw withdrawn,
the wall 15" 1s cut away in continuati
bore 39, as indicated at 40, for a sufh
tance to permit the nozzle
til its end 18 disengaged from the bore proper.
The nozzle is conveniently locked 1n position
by means of a set-screw 41.

The bore of the nozzle (designated
enlarged at 1ts receiving end,

42) 18
contracted at a

polnt intermediate its | .ngtl to form a ta-

pered seat 43, and beyond this seat made very
slightly tlarine, as indicated at 4.

While 1 preferably cmploy the slightly-
Haring expansion-nozzle, yet this feature is
not of the essence of the invention, and jet-
passages may be emploved.

of steam through the nozzle, said valve
ine the form ot a stem 46, anued to recip-
rocate through a closure 48, seated in the end
of the nozzle and provided with a pointed ap-

1k -

To accom-~ |

on of the |
clent dis-
to be retracted un-

—— —

The construction and ar-

~est practicable extent.
cing-ring 33, the abutting side of |
h orooves 34 to

D

proximately pear-shaped head 47, the sides
of which are shaped to tit seat 43.
valve and seat thus formed it will be obvious
that a very uniform or regular increase or de-
crease of Inlet area may be h ad by approach-
Ing the valve toward or retracting it from its
seat, while at the same time the friction re-
sistance or obstruction to the flow of the steam
through the nozzle 1s minimized to the great-
The 1nterior of the
nozzle communicates with the interior of the
inlet -chamber 11 through a port 49. The
ranes 31 are so shaped that their rear or im-

- pact faces are at the receiving edges of the
- vanes nearly in alinement with the axis of the
discharge-nozzle, the forwardly-inclined in-

- creasing outwardly.

the rotor forwardly.

ner t,nd portion 50 of each vane merging rap-
1(:]1\ and smoothly into a rear w.f.udl\-e\tend
ing curved portion 51.  The carvature of that
part of the vane extending from its most ad-
vanced point to its discharge edge is approxi-
mately parabolic with the flatter portion of
the curve at the outer edge of the vane. It
will be seen by reference to Fie. 4 that the
shape ot the vanes is in cross-section such that
the throats therebetween are actually nar-
rower at the delivery end than at the recejiv-

1ng end; but on account of the outwardly-

ﬂm ing or broadened torm of the vanes the ac-
tual area of these throat-passages is not de-
By adopting this con-
struction, 1n which the steam delivered from
the nozzles impinges against a poclket - like
surface, which surface immediately merges

Into a re anmldlv extended relatively lonﬂ,

surface inclined in 1ts general direction at an
angle of somewhat more than forty-five de-
agrees trom a radius of the rotor, I secure first

the greatest practicable impact effect and
thereafter the action of the acquired centritu-
- val force of the
- In order that said

steam acting upon the 1n-
clined surface referred to, thdmu to 1mpel

By reason of the fact

that the discharge ends of the throats 35 ex-

tend 1n a gencral direction closely approxi-
mating the tangential to the periphery of the
rotor 1t will be obvious that the steam in
passing through and out from between the

~vanes into the main chamber exercises a very

ber passes ¢
the inlet-cha

- pronounced and effective reactionary force,

which of course also tends to impel the rotor
forwardly.

The steam discharged into the main cham-
wrough the connecting-trunk to
mberof the next unit, and in this

connection i1t 18 to be noted that while the
succeeding main chambers are shown as of

successively-inereased capacity, nevertheless

~this 1s not essential because it is the relative
45 designates a throttle-valve arranged to |
coOperate with the seat 43 to control the ﬂow ;

slon from one unit to the

capacity of the inlet-nozzles or steam - pas-
sages which determine the amount of expan-

ynext.  Inasmuch as
the pressures in the

With the
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succeeding units are lower
and the volume of steam passing therethrough
correspondingly larger,the several sets otno_z.-
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zles for the several cylinders are made of pro-
portionately larger capacity, and the area ot
the vanes is likewise greater in each succeed-
ing unit. The construction, arrangement,
and principle of operation of those units suc-

ceeding the first are the same, it being under-

stood that there may be any preferred prac-
ticable number of such units. Obviously an
increase in number of steam-jet inlets in suc-
cessive units instead of an increase in the'size
of the same would be an equivalent arrange-
ment to that shown, wherein the number of
nozzles is the same; but they are made of
larger size successively. I have not 1n the
drawings accompanying this specification at-
tempted to show exact proportions; but 1t will

" be understood that the relative sizes of the

20

35

40
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55

60

65

successive units may be varied widely with-
out departing from that principle of securing
oreater efficiency which consists in causing
the steam to act successively in rotor ele-
ments arranged in separate chambers and in
expanding from each chamber to the succeed-
ing one, so as to increase the velocity of the
steam, but expanding in each successive step
to such extent only as is well within the limits
of differences in pressure which increase the
velocity of flow proportionately to such expan-

s101.
As a further feature of the invention I pro-

vide means for automatically regulating the

engine by means of throttling the flow of steam
through the nozzles. In carrying out this
phase of the invention I connect the valve-
stems 45 operatively with a suitable gov-
ernor. In the preferred embodiment shown
a rock-shaft 52 is journaled to extend through
the side plate 19 of each cylinder and through
a bearing-lug 58 adjacent to the rear end ot
each valve-stem 45. At its inner end sald
rock-shaft carries a duplex crank 54, which at
its free end is connected with the end of the
stem by means of a slot-and-pin connection,
as indicated at 55. Upon the outer end of the

shaft 52 is mounted a crank-arm 56, and the

several crank-arms of each unit are connected
together in train by a series of rods 57, as
seen clearly in Fig. 2, so that the throttle-
valves of each unit move in unison. In order
to actuate the train of rock-shafts, one of the
crank-arms (designated 56') is provided with
an extension 57, with which 1s connected an
actuating-rod 58, extending substantially at
richt angles thereto and connected with a
rocking lever 59, mounted between its ends
upon a rock -shaft 60, journaled in a series
of suitable brackets or extensions of the
main frame. The opposite end of the lever

59 is connected by means of a rod 61 with the
actuating-lever 62 of an ordinary ball-gover-
nor, (designated as a whole 63.) The spin-
dle of the governor carries a miter-gear 64,
which intermeshes with a corresponding gear
65, and with this gear 65 is connected a larger
gear 66, which intermeshes with a gear 67

801,644

| upon the main shaft 6 of the engine. The op-

eration of the governor thus geared to the
makn shaft is as usual and need not, there-
fore, be more specifically described.
roclk-shaft 60 extends throughout the princi-
pal length of the engine, and it will be under-

The

70

stood that each cylinder is provided with a

controlling mechanism for the throttle-valves

similar to that just described and that each
train of said valves is connected with the rock-
shaft 60 by means of an actuating-rod 58 In
substantially the same manner as that shown

in Fig. 2, the single rod 61 of course serving

to actuate the rock-shaft 60, and thus control
all the valves. The end of each actuating-
rod 58 is provided with a set of adjusting-nuts

68. so that the several sets of valves pertain-

ing to each unit may be independently ad-
Justed. |

Asa further feature of improvement I have
provided means permitting the main shatt to
assume a position in which its axis of rotation
coincides with the center of the mass of the
revolving members considered as a unit. To
this end the bearing portionsof the main shaft
are each inclosed in a bushing, as 69, 70, and
71, closely fitting the shaft and provided ex-
teriorly with circumferential ribs 72, having
parallel sides, which sides are perpendicular
to the axis of the shaft. The bushings 69,
70, and 71 are respectively fitted within outer
bushings 73 and T4, seated in the respective
journal members and having upon their inner
faces grooves 75, corresponding in width and
form to the ribs of the inner bushings. The
depth of the grooves 75 is such as to permit

a substantial bodily lateral movement of the.

inner bushings, and the sides of the grooves
and ribs are constructed to fit as accurately
as practicable, so as to form steam-tight joints
preventing
joints between the bushings, the lubricating-
oils of the bearing also contributing to such
sealing effect. In order that the shaft may
thus move laterally, the sets of vanes mount-
ed upon the rotor members are spaced slightly
away from the cylindric wall 15°, which they
overhang, as indicated clearly in Figs. 1 and
4, thereby affording necessary clearance.
The operation of an engine constructed and
arranged as described has been fully indicated

he escape of steam through the

75
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in connection with the description of the

mechanism and need not, therefore, be repeat-
ed. It will be seen that the several objects of
the invention hereinbefore stated are secured
and that the engine is of extremely simple
and practical construction throughout. It
will also be understood that the invention may
be otherwise embodied and that some of the
features of the invention may be utilized 1n-
dependently of the others and especially that
the details of construction may be modified
without in any sense departing from the in-
vention.
the details of construction shown and de-

1 do not, therefore, limit myself to
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scribed herein except to the extent that such
cetalls are made thesubject of specific claims.

I claim—

1. In a steam-turbine engine, the combina-
tion ot a plurality of engine units, each unit
comprising a main clmmbel, a rotor therein
provided with a series of circumterentially-
disposed vanes, an admission-chamber located
concentrically with the main chamber and ex-
tending radially within the vanes of the rotor

therem sa1cl ddII’llSSlOI’l chamber being pro- |

mded Wlth a series of nozzle-passages delw
ering racdlally outward and approximately
mngenti%.l} against the vanes of the rotor, a
maln shatt extending axially through the se-

ries of units and upon which the several ro- :

tors are mounted, trunk connections afford-
Ing communication between each main cham-
ber of one cylinder and the admission-cham-
ber of the succeeding cylinder, the diameters
of the several rotors at the vanes being simi-
lar and the aggregate area of the nozzle-pas-

sages of each unit l)emo Imereasing as to suc- |

eesslve units.
In a steam-turbine engine, the combina-

tion ot a plurality of engine units, each unit

comprising a main chamber, a rovor therein

provided with a series of circumferentially- |

disposed vanes, an admission-chamber located
concentrically with the main chamber and ex-
tending radially within the vanes of the rotor
therein, said adwmission -chamber being pro-
vided with a series of nozzle-passagves “deliv-

ering radially outward and approximately
tangentially against the vanes of the rotor, &

main shatt extending axially through the se-
ries of units and upon which the several ro-
tors are mounted, trunk connections afford-
1ng communication between each main cham-
ber of one cylinder and the admission-cham-

lar and the aggoregate ar ea of the nozzle-pas-
sages of each unit being increasine as to suc-
cessive unifts but within the limits of differ-
ences which increase the velocity of flow 1)1 0-

|

ber of the succeeding cylinder, the diameters -
of the several rotors at the vanes being simi-

portionately to the expansion permitted by

suitech 1nereased no.»:z_
3. In a steam-tur

e area. _
bine engine, the combina-

tion of a plurality of engine units, each unit .

comprising a main chamber, a rotor therein
provided with a series of circumferentially-

disposed vanes, an admission-chamber located |

concentrically w1th the main chamber and ex-
tending radially within the vanesof the rotor

therein, said admission-chamber being pro-

vided with a series of nozzle-passages deliv-
ering radially outward and approximately
tangentially against the vanes of the rotor, a
main shatt extending axially through the se-

ries of units and upon which the several ro-
fford-

tors are mounted, trunk connections a
ing communication between each main cham-
ber of one cylinder and the admission-cham-
ber of the succeeding cylinder, the diameters

<

- of the several votors at the vanes being simi-

lar and the aggregate area of the nozzle-pas-
sages of each unit being increasing as to suc-
cessive units but within the limits of differ-
ences which inerease the velocity of flow pro-

~ portionately to the expansion permitted by

such inereased nozzle area, throttle-valves ar-
ranged to control the nozzle-passages of the
several units and automatic governing mech-
anism operatively connected with said throt-
tle-valves.

4. In asteam-tur blne englne, the
tion of a plurality of engine units, each unit
comprising a main chamber, a rotor therein

- provided with a series of circumferentially-
disposed vanes, an admission-chamber located

concentrically with the main chamber and ex-
tending rac
therein, said admission-chamber being pro-
vided with a series of steam-passages deliver-

ing radially outward and approximately tan-

tmntmlly against the vanes of the rotor, a
main shaft extundmg axially through the se-

- ries of units and upon which the several ro- -

tors are mounted, said units being spaced

apart as to their main chambers

centrically around the main shaft and afford-

ing communication between each main cham-
ber of one cylinder and the admission-cham-

ber of the succeeding cylinder, substantially
as (escribed.

In a steam-turbine engine, the combina-
ersor casings
ation to each

tion of a plurality of steam cylind
arranged concentrically with rel
other and spaced apart as to their main bodies,

a main shatt extending axially through the se-

ries, 4 rotor mounted upon the main shaft
within each cylinder, an admission-chamber
forming a part of each eylinder and provided
with a series of steam-passages delivering
into the main chamber of the cylinder and
against the vanes of the rotor therein, adjust-
able valves, one for each passage, controlline
salcl steam - passages, operative connections

- connected with saild several valvesand extend-

ing out through the side walls of the cylin-
cders into the spaces intervening between the
successive units, and means connecting the
set of valves of each unit to move in unison,
for the purpose set forth.

6. In a steam-turbine engine, the combina-
tion ot a plurality of steam cylinders or casings
arranged concentrically with relation to each
other and spaced apartasto their main bodies,
a main shaft extending axially through the
series, a4 rotor mounted upon the main shaft
within each cylinder, an admission-chamber
forming a part of each cylinder and provided
with a series of steam-passages delivering into
the main chamber of the cylinder and against
the vanes of the rotor therein, valves control-
ling said steam-passages, operative connec-
tions connected with the several valves, ex-
tending out through the side walls of the re-

combina- -

1ally within the vanes of the rotor

_ to provide in- -
tervening spaces, and trunks arranged con-
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spective cylinders into the spaces intervening
between the successive units, an auntomatic
governor and outside connections between the
several valve connections and said automatic
oOVernor. -

7. In a steam-turbine engine, the combina-
tion of a plurality of steam cylinders or cas-
ings arranged concentrically with relation to
each other and spaced apart as to their main
bodies, each cylinder comprising a main cham-
ber, an admission-chamber arranged concen-
trically within said main chamber and having
a radially outer cylindric peripheral wall por-
tion provided with a series of steam-passages
delivering into the main chamber, a rotor ar-
ranged in said main chamber and provided
with a series of vanes overhanging the said
peripheral wall of the admission-chamber,
endwise reciprocatory throttle - valves ar-
ranged to control said several steam-passages,
a rock-shaft journaled adjacent to each throt-
tle-valve and having crank -arm connections
therewith, said rock-shafts being arranged to
extend out through the side wall of the admis-
sion - chamber, crank-arms upon the outer
ends of said several rock-shafts, a series of
links connecting the outer crank-arms of each
cylinder in a circumferential series and oper-
ative connections between - each set of links,
and an automatic governing mechanism, sub-

stantially as described.

8  In asteam-turbine, the combination with
a suitable cylinder or casing and a rotor ele-
ment therein provided with a circumferential
series of impact-vanes, of a steam -1inlet ar-
ranged to discharge into said cylinder and
against the vanes of the rotor therein, sald
inlet being located radially inside of the series
of vanes and having a fixed direction of dis-

charge whichisradially outwardly and approx-

imately tangentially to the inner perimeter
of the series of vanes, and said vanes being
each constructed with a concave impact-sur-

face at its receiving end arranged in direct
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65 impact-surface at its receiving end arranged !

alinement with the axis of the steam-inlet and
with a rearwardly-extending outer continua-
tion of said concave portion, which continua-

tion extends throughout its principal length

in a general direction approximating torty-
five degrees from a radius of the rotor pass-
ing therethrough.

9. In asteam-turbine, the combination with
a suitable cylinder or casing and a rotor ele-

‘ment therein provided with a circumtferential

series of impact-vanes of similar shape and
uniformly spaced to provide steam-passages

therebetween, of a steam-jet inlet arranged

to discharge into sald cylinder and against
the vanes of the rotor therein, said inlet be-

ing located radially inside of the series of

vanes and arranged to discharge radially out-
wardly and approximately tangentially to the
inner perimeter of the series of vanes, said
vanes being each constructed with a concave

1
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in direct opposition or alifiémeént with the axis

of the steam-inlet and with a rearwardly-ex-

tending outer continuation of said concaved
portion extending in a general direction ap-
proximating forty-five degrees from a radius
of the rotor passing therethrough and said
vanes being so spaced apart that the width: of
the steam-passages therebetween, measured
in a direction circumferentially of the rotor,

is less at the delivery end of the passage than

at the impact-point and said vanes being of
increasing width from their inner toward their
outer ends, whereby the passages therebe-
tween are of undiminished capacity from the
receiving end outwardly. | . |

10. In a steam-turbine, the combination
with a suitable cylinder or casing and shaft
extending therethrough, of a rotor element
therein comprising a wheel provided with a
circumferential series of vanes forming a pe-
ripheral portion which overhangs one side of
the main plane of the wheel and provided at
its opposite side with an overhanging periph-
eral portion constituting a counterbalance for
the series of vanes, whereby breaking stress
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upon the rotor in a direction transverse to the

general plane thereof is substantially avoided.

11. In a steam-turbine engine, a steam-cyl-
inder or suitable casing, a rotor arranged
therein provided with aseries of impact-vanes,
one or more steam-jet inlets communicating
with the source of steam-supply at one side
and discharging into said eylinder against the
vanes of the rotor therein, and throttling
mechanism controlling said steam inlet or in-
lets, each throttling mechanism comprising a
valve-stem of restricted size provided at 1its
end with an enlarged approximately pear-
shaped forwardly -tapered valve-plug mem-
ber. mounted to reciprocate longitudinally in
the axis of the steam-inlet, and a constricted
portion in the steam-jet passage constituting
an annular valve-seat with which said valve
member codperates. | | |

12. In a steam-turbine engine, a steam-cyl-
inder or suitable casing, a rotor arranged
therein provided with a series of impact-vanes,
an gnnular support arranged to underlie or
extend radially within said series of vanes,
one or more steam-inlets arranged to extend

_approximately tangentially through said an-
nular support, corresponding throttle-valves

arranged to reciprocate longitudinally within

said steam-inlets, a rock-shaft mounted to ex-
tend through the wall of said steam cylinder
or casing, transversely to the axis of, and con-
tiguous to each throttle-valve, operative con-
nections between each rock-shaft and its cor-
responding throttle-valve, an automatic gov-
ernor operatively connected with and driven
by the engine and operative connections be-
tween the several rock-shafts and said gov-
ernor, whereby the several throttle-valves are

moved 1n unison.

13, Inasteam-turbine engine, the combina-
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tion of aplurality of units each comprising an
internally cylindrie casing interiorly divided
to torm a main chamber, and an inlet-cham-
ber arranged concentrically within one side

of sald main chamber, a main shaft extending .

concentrically through the axes of said sev-
eral eyviinders, a rotor upon said main shaft
i each of said main chambers and each pro-
vided with acircumferential series of impact-
vanes arranged to radially overhange the pe-
ripheral portion of the partition-wall separat-
1ng the inlet from the main chamber, a series
of tangentially-disposed steam-passages lead-
ing from each inlet-chamber through said pe-
ripheral portion of the partition-wall, that part
of the partition-wall which extends radially
and divides the main chamber from the inlet-
chamber of each cylinder being extended in-
wardly toward the center of the cylinder and
merged into a eylindric bearing member 1n-
closing and supporting the main shatt, and
that partof thecylinder which forms the outer
racdially-extending wall of the inlet-chamber
being united at 1ts inner edge with a eylindric
admission-trunk of larger internal diameter
than, and surrounding, that part ot said inner
wall of the inlet-chamber which tforms the said
shaft-support.

14. Inasteam-turbine engine, the combina-

steam-inlets arranged to discharge into said

74

“cylinder and against the vanes of the rotor
therein, said inlets being located racially 1n-
- side of theseries of vanes and arranged to dis-

charge radially outwardly and approximately

tangential to the inner perimeter of the series
of vanes,and said vanes being each constructed
with a concave impact-surface at 1ts receiving

end and with a rearwardly-extending outer

continuation of said impact-surtace, which
continuation extends throughout its principal

length in a general direction approximating

forty-five degrees from a radius of the rotor

- passing therethrough and 1s extended to a
length not less than twice the length of the

receiving-limb of the vane, measured from
the center of the concavity forming the im-
pact portlon.

15. Inasteam-turbineengine, the combina-
tion with a suitable cylinder or casing, of a

rotor element therein comprising a main

wheel, a circumferential series of vanes, each
having one of its lateral edges seated in the

side face of the main body, a facing-ring ap-.

plied to the opposite lateral edgesof the vanes,
and through-bolts connecting the facing-ring

~with the main wheel.

tion with a suitable cylinder or casing and a

rotor element therein, provided with a circum-
ferential series of 1mpact-vanes, a series of

JOHN C. BUCKBLEE.

Witnesses:
ALBERT H. GRAVES,
FreEDERICK (. (OODWIN.
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