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the actuation of the several controller dwlues
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WILKINSON STEAM TURBINE COMPANY, OF

THE
A,LA-

ALABAWIA Abe(:N()H TO '
BIRMINGHAM,

BAMA, A CORPORATION OF ATLABAMA.

MARINE TURRBINE.
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(No model,)

To all whom it may concern:

Be it known that I, Jaymes WILKINSON, ¢
Cltlf@l’l of the United States, residing at Bir-
mingham, in the county of Jef effer son .;md State
of A a,b&ma,., have invented new and useful

Imprm?ements in Marine Turbines, of which

the following is a specification.

My invention pertains to elastic- ﬂm( tur-
bines and means to control the supply of mo-
tor fluid and its flow through the working pas-
sage.

In a pencing application I referred to the
great adaptability of a turbine provided with
means to regulate both the volume of the mo-
tor-fluid supply and the dimensions of its
working passage. It is the principal object

of my present invention to apply this method

of regulation to a multiple-stage impact-tur-
bine of the type particularly designed for ma-
rine propulsion and which will Lhu sfore be
subjected to varying conditions of speed and
load. To this end I provide an independent

controller device for the valve or valves which

serve to vary the cross-sectional area of the
motor-fluid passages discharging into each
wheel compartment or stage, whu_,h passages,
disposed successively across the stages, con-
stitute the working passage for the motor
My pretelled means for controlling

comprise a cam-shaft operated by
ver and carrying a plurality of cam-surfaces,

one for each dwlce, which may be relatively
adjusted or of different configuration with a

view to var ymﬂ the propor tions of the work-
Ing passage in an infinite variety of ways.

Thus each movement of the cam-shaft will

40

simultaneously set the valves throughont le

stages 1 determined. positions caleulated to

vary the extent and cross-sectional areaof the

working passage in accordance with differ; Ing

wndltwns of speed and load. This secures

the widest range of control not only for the
volume of the motor fluid as proportioned to
the load, but also of the working passage to
increase the : adaptability of the tur
to operate with high efliciency und
{.,omhblons of Speed and load.

At the same

hine-motor
er varying |

e o

l

verse sectional view La].xen on t

detall views of

cam which controls t_

time the controller mechanism may be ad-
Justed by test with pressure-indicating means
for each compartment under different condi-
tions, so that throug
will produce the » most
omy and efliciency.
My invention further embodies improve-
ments 1n the construction Of _the turbine and
in the arrangement of the valves and their
controller mechanism defswnud with a view

nwout its movements it
esirable resultsin econ-

50

55

to simplifying and | ulucmm the cost of mant- |

facture.
My invention in its pmtured tmm to
which, however, I do not desire to limit my-

self, consists in thu construction and arrange-

ment of parts hereinafter described : and illus-
trated in the accompanying drawings, which

constitute a part of this ap nlication, and in

which—

Kigure 1 is a sic
turbine divided in
connected up in series and controlled by a
common cam-shaft. Fig. 2 is a similar view
of one of the turbines, ]mrtlv 1 section. Fig.
318 an end view of 1#1;,5;.. 1

e elevation of a compound
to three four-stage turbines

[ and illustrates a

60

part of a second compound turbine which co-

operates with the turbine shown. Ifig. 4 illus-

simultaneously. Fig.
he line T,

the operat-

Kig. 1. Fig. 6 1s a detail view of

ing-levers for the cam-sh

Fig. 7 is a top plan view of acam-lever mount-
ed on a controller-shaft.
the hanc
hold the levers which

the locking-pins which

the turbine. Fig. 11
locked in its1 used pmmon independently of
the cams, which are here shown with dotted
lines indicati
ration.
motor fluid-y
in detail.

detall views ol the

Imd motm h)l' actuatmﬂ

afts and the means
for securing the cams and.cam-levers thereon.

75
trates a means for GOllt[UHlnu both turbines
D 1s an gnla,rﬂ ed trans-

K 1;;,,& 8 and 9 are
-levers for operating

move Lhu controller-shaft in set positions.
Fig. 10 shows the cam-lever riding on asmall .
16 reversing action of
shows the cam- lever

ng possible variations in confiou-
Figs. 12, 18, and 14 show the lﬂtd,l'}i
alve in its operating position and

Ies. 15, 16, 17, 18, 1‘5)._, and 20 are
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turbines.
an outer shell 8, surrounding the inner casing, |

=

the rotary valve. Fig. 21 is a view showing
a- modification of the manner of conducting

valve-actuating fluid by pipes to the forward
and reversing nozzles and of controlling the

admission and exhausting of pressure from
said pipes. Figs. 22 and 23 are diagrammatic
views of the travel of the motor fluid through-
out the several turbines in series.

Similar reference-numerals refer to similar
parts throughout. | |

Asembodied in a multiple-stage impact-tur-
bine designed for marine propulsion my in-
vention comprises a series of turbines 1, 2, and
3, mounted upon a common bed-plate 4 and
provided each with a plurality of rotor-wheels
5, keyed to a common shaft 6, which 1s sup-
ported in suitable bearings 7, disposed at each
end of said bed-plate and between the several
Each of these turbines comprises

which is formed by the abutting flanged pe-
ripheries of diaphragm-partitions 9, disposed
and held in place between the supply-head 10
and a shoulder in the shell. An exhaust-
passage casing 11 is suitably connected to the
outer shell. These diaphragm-partitions sub-
divide the iriterior of the several turbinesinto
stage compartments, within each of which a
rotor-wheel 5 is disposed and provided with

peripheral rows of reversely-disposed buckets |

12 and 18. Motor fluud 1s supplied to the tur-

bine 1 through conduits 14, leading froma suit- |
' 1ts outer end which passes through an open-

able source of supply through the bottom ot the
bed-plate and entering the shell 8 through a

port15. This portopensintoanannuiarsuper-

heating-chamber 16, formed between the inner

casing and the shell, preferably by grooving

out the latter, and from this chamber the flnid
is admitted through a passage 17 (shown in
dotted lines, Fig. 15) to the supply-nozzles 18,
leading through the head 10 and to an inner
row of nozzles 19. These nozzles are arranged
in two circular rows at diff
from the shaft-center, those of each row be-

ing disposed in opposite oblique directions | _
1 - fluid delivered by the passage 21 to the nozzle

nicd against

and ‘adapted to discharge niotor

one or the other of the rows of revolving

buckets 12 and 13 in the first compartment.

A branch passage 20 from each nozzle 18 ad- |
mits motor fluid to the nozzle-passages 19. 1

provide each diaphragm-partition 9 with an
enlarged motor - fluid -inlet opening 21, dis-

posed above a nozzle - passage 22, leading :

through the diaphragm and discharging mo-
tor fluid against the forward driving-buckets
12. Ports 23 (shown in dotted lines, Fig. 21,
and corresponding with branch passages 20)
admit the motor fluid to reversely-disposed
nozzle-passages 24, which discharge 1t against
the reversing buckets 13. The succeeding

nozzle-passages with the interposed rows of
revolving buckets constitute working pas-
sages, or, more properly, the working passage
for the motor fluid, which will increase in
cross-sectional area as the motor fluid ex-

provided with beveled ends and a

erent distances .
variations in its open position, due to this

- will de

766,922

pands. I control the flow of motor fluid
through these several nozzle - passages by

-means of independent motors which actuate

valves adapted to definitely open and close
the nozzle-passages without assuming inter-
mediate operating positions. For the for-
ward driving-nozzles 18 and 22 I provide a
semirotary valve 25. (Shown in detail in
Fig. 14 and in its two operating positions in
Figs. 12 and 18.) This valve is disposed 1n a
seat 26, Fig. 18, which is preferably bored
into the periphery of the head or diaphragm
in a radial direction. It 1s my purpose to
provide a very simple and compact fluid-mo-
tor for operating this valve, and accordingly
I insert in a recess in the periphery of the
head or diaphragm a block 27, which 1s pro-
vided with a chamber 28, constituting a cyl-

- inder which is closed at its upper end by the

head or diaphragm cut away to form a bev-
eled seat. I provide a similar beveled seat
in the block for the lower end of the cylinder
within which is disposed the piston 29, mov-
ing substantially pressure-tight therein and

laring re-
It will be noted in Fig. 18

cess In 1ts side.

that the valve-chamber 26 is bored inwardly

from the recessed portion into which the
block 27 is inserted, so that the latter serves
both as a bearing-block for the outer end of
the valve and as a closure for its seat. The
valve 25 has an integral stem or tongue 31 at

ing 32 in the side wall of cylinder 28 and
enters the recess 30 in the piston. It will
be noted by reference to Figs. 17 and 21
that this arrangement provides for certain
amount of lost motion between the piston and
stem 31, which enables the former to engage
the crank with a slight tap to render the
valve’s opening and closing movements more
posliive.
is particularly designed to compensate slight

lost motion, without affecting the volume ot

29. This valve 25 is an improvement upon
the rotary valves shown and described in my
prior patents and comprises a hollow body
portion and two parallel lips 33, which con-
nect the cvlindrical ends of the valve and

76

75

30

QO

95

IRele,

105

My present form of rotary valve

11O

I15

open and close two ports, one of which is

tormed between the reduced portion 34 of the
valve and one wall of the supply-passage for
the nozzle and the other of which is formed

between the admission edge 35 of the nozzle
1 22 and the two lips 33.
“the valve 1s open, as shown in Fig. 13, any

In this manner when

slight displacement due to lost motion will
not affect the cross-sectional area of the open-
ing. The valve is shown closed in Fig. 12,

120

125

and it will be noted that the admission edges

- 35 and 36 for the nozzle-passages are so con-

structed that the valve overlaps them and
initely close the passage irrespective

130
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of its position due to the lost motion.
passage leading through the valve serves to
stiffen it and to conduct [ubricant toits inner
end.

Icontrol the flow ot motor

Kl

rocating puppet-valves 87,
chambers 38, bored downw: ardly through the
supply-head or diaphragm and closed at their
upper ends by plugs 39. 1 insert a block 40
in each of these chambers and pass centrally
therethrough the stem 41 for operating the
valve 37. This stem is connected to a piston
492, which moves in the upper end of the
chambel as a cylinder. The passages 20 and

23 entler these chambers 38 below the blocks

40 and accordingly admit pressure around the
valve and mto the noz,/le whcn the piston 1s
moved to its ~ valve-open” position.
ter to use these puppet-valves for the inner
row of nozzles, since their motors require but
little metal to be cut out of the diaphragms

or head to provide for their reception, and
.:1(3(:01(:1111@1:57 do not weaken those parts mate-
By placing the major part of the cut-

rially. |
away portions for cyl
portions of the diap

inders 28 in the abutting
iragms my construction

is further strenﬁthened since they will be

practically located in the strongest part of
the inner casing where the dl.;mh:ummq are
exposed to the le%t pressure strain. This

manner of nserting the cylinders is also | e
simpler and more 06011011110‘11 than where they

are formed in the body of the diaphraom.
The:

of motor fluid to a stage or “wheel c,omp.:u £~

ment is shown more Tul]v 1 Kies. 5 and 21,
where 1t will be noted that a plur IlltV of sepa-
rate pipes 43 and 44 lead, respectively, from.

one end of a controller cvlmdet 45 to pas-

sages 46, leading to the upper ends of a row
of cwmdel 98, and to passages 47, entering

the lower end of the row of cvlmdel% for Lhe

Fig. 21, or they may connect with passages

48, leading through the shell 8 and entering
a clmmber 49, cmmspondmﬂ to 45, but hele

shown mtooral with the shell. Sultable pack-
ing-glands 50 may be used to secure a pres-
sure-tight connection between the pipes and
the_pa&g%ﬂw es 48. This controlling apparatus
1s duplicated for the valves of each stage
throughout the several turbines. These pipes

43 and 44 are disposed in the annular supply-

chamber 16 and lie upon the inner casing, as
will be seen in Figs. 2 and 5, each pij
inner end entering one of the passages 47,
which are bored thmuuh the periphery of

the head or dmphraom ancd which would
 otherwise open into the chamber 16.
lar pipes 51 and 52, corresponding to pipes

43 and 44, lead from the other end of the

~controller-chamber 45 or 49 around through

uid Lhmuoh'
- the reversing nozzles 24 by means of recip-
which move In

I pre-

fluid-pressure-controller mechanism for
the several valves controlling the admission 12 _ |
“details apply and in whi

e at its

bmn-—’.

The |

—_——ra—a

[EEE T

I-the two )
opening 55, which in ig.
-ing the chamber 16, whu:,h wnstl uction is pr ef-

These several pipes may either |
- lead directly from a cylinder 45, as shown in

Pipes 51 enter passages 53, lead:
-the blocks 27, and pipes 52 lead

open upwardly

tageously ad

1ng motion.

‘A piston-val
1ts end portions, fits substantially pressure-

‘mechanism hereinafter described.

the chamber 16 and enter the lower ends of

~ The

cylinders in which the pistons 42 move

a

Ino t111 ough
through pas-

the (,ylu*uk*r“ 28 and the upper ends of the

70

sages 54 1n Lh{? heads or diaphragms to the

upper ends of the cyvlinders .for pistons 49.

It w111 be noted 1in Fig. 21 that the passages

47 1r (}ugh the blocks 40 and

. nto the cylinders above it.
The pipes 51 and 52 will be adapted to con-

lead partly

trol the same number of valves as pipes 43
As shown

and 44, to which ! 1ey correspond.
i Kig. 5, each pair of pipes 43 and 51 con-

trol a p]ux ality of valves 25, whwh open and
The pipes may each

close &multancoualv
control only one valve or, according to Fig.

75

8c:-

21, one or more of them, as 43 .)1’.} and 44 o

59/ may contr ol a group of va Any of
the pipes may be used to control
valves, and this arrangement may be advan-

apted for t hGpHI‘}H)bL of deliver-

IVES,

the group of

ing extra supply of motor fluid to the turbine
as 1t starts either its forward or reverse driv-

- This gives a good starting
torque without increasing me_ value of the

affect the economy of operation. _
sets of pipes 1 prmmh an exhaust-
b is shown enter-

able when the pressure in chamber 16 is be-

the case inthe turbines
anc 3, to which the p1

9o,

‘subsequent points of mgu]atiunf which would
Between

'-low that of the motor-fluid supply, which en-
ters the upperend of the cylinder through a
passage 56. Thiswill bet

T'0O

evious description of
ch theseveral nozzles

and rotating buckets will be of relatively and
successively greater proportions 1n view of

the 9‘{]}::11](:10(1 condition in which the motor

fluid is supplied to them from the turbine or
In

th(,, 1110—7

turbines preceding them in the series.
connwtion ‘mth tmblne 1, ho wever,

11111

o

| | | . I._w
exhauﬁt '111‘011'1 'pﬂ%ﬂge 55, 'Fig; ‘31, to {me of
the low-pressure turbines or to exhaust it into

a supply-nozzle by an ejector action in the

ng application.
(‘*dncud between

manner described in a pend
ve 57, which is

11

Lwht w1th]n ﬂ]b cvhndm* 40 or 49 and is pro-

58, which

opens _,001111‘11111711(,%10151 butwee_n both ends of

the cylinder. A stem 59 for actuating the

ler-cylinc |
1s connected at its outer end to an operating

seen by reference to Fig. 21 that the exhaust-

opening 55 1s so placed that it will always be
in communication with the chamber formed
‘between the two heads of the piston-valve 57,
which chamber accordingly constitutes an ex- -
‘haust-passage througeh whlch the Vaive actu-

It will be

120

piston-valve 57 enters one end of the control-
er through a packing-gland 60 and

125

130
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ating fluid supplied through port 56 at an end
of the cylinder escapes from the pipes leading
to the valve-motors as the movement ot the pis-
ton-valve opens them to said chamber. Thus,

as shown in Fig. 21, the high pressure through
' 1s exhausted into an enlarged exhaust or con-

port 56 and passage 58 enters all of the pipes
51 and 52, and it will be noted that this will

have the effect of opening all of the valves 25

and admitting motor fluid to the forward
drivin tr-nox/les 92, while it closes the valves
37 and cuts off motor fluid from the revers-
ing-nozzles 24. The passages 44 and 52, con-
trolhncr these valves 57, occupy the same rela-
tive position in each group of valves, so that

the high pressure Wlll be maintained in pas-

S9.0eS 02 and hold them closed until piston-

valve 57 will have moved to the position

shown in dotted lines, Fig. 21, when the high
pressure will enter the passages 43 of the se-
ries, closing the forward driving-nozzles. In
this position all of the turbine-valves will be
closed, and this accordingly represents the
position of the piston-valve when the load 1is
off or the turbine inactive. If the piston be
moved farther to the left from its latter posi-
tion, 1t will expose one of the passages 52 to
the exhaust-pressure and will simultaneously

open a passage 44 to the high- pressure, so

that the pressure being withdrawn from above
one or more pistons 40 and admitted below it

or them one or more ot the valves 37, as the

case may be, will be opened and the motor
fluid admitted to nozzles 24 to reverse the tur-
bine, while all of the forward driving-nozzles
are maintained closed, due to the high pres-
sure in passages 43. If, however, the piston-
valve be moved to the right from the position
shown in dotted lines in Fig. 21, the high
pressure will be maintained in pipes 52 which
close the reversing - valves 37 and will be
successively admitted to the passages 51 to
successively open the valves 25, and 1t will
continue to open these valves and to succes-
sively exhaust the pressure from passages 43
until 1t assumes the full-line position, when all
of the forward driving-nozzles will be held
open and the reversing-nozzles closed. It
will thus be seen that it 1s not possible for
the forward and reverse passages to be open
at the same time, though I am able to control
both from the same controller-casing and by
means- ot the same piston-valve. Any de-
sired number of these passages may be used,
and they may, as before stated, control the
valves separately or in groups of any desired
number in which the several valves of each
oroup move simultaneously and may be dis-
posed around the head or diaphragm in any
desired manner.

It is my purpose to provide four stages or
wheel-compartments in each of the turbines
1, 2, and 3, and 1 conduct the motor fiuid
from the exhaust-passage casing 11 ot the
first turbine of the series through a passage
61 to the supply-port 15, opening into the

last and preceding turbines of the series.

766,922

superheating-chamber in the shell of the sec-
ond turbine at a point near its central por-
tion, and a passage 62 connects in the same
manner this latter turbine with the last tur-
bine of the series, from which the motor fluid

denser chamber 63. This manner of connect-
ing the several turbines enables me to set
them closely together. In Fig. 22 I illustrate
by diagram the flow of the fluid through the
several turbines, the arrow-heads indicating
the direction of its flow. It will be noted
that the fluid flows upwardly around the tur-
bine 1 and then after passing through the
working passages flows downwardly and
through the connecting-passage to the second
turbine 2, through which it takes the same
course, and finally enters the last turbine 3
of the series, from which it will be. noted
that the pressure exhausts upwardly from
the last wheel-compartment. In Fig. 23 the
arrow-heads on the circle ¢ indicate the flow
of fluid through the chamber 16. The trans-
verse lines O indicate 1its diversion into the
working passages and the arrow-heads on the
circle ¢ its flow through the exhaust-chamber,

it being noted the double heads here indicate
the reverse direction of the flow between the
It
1s my object to control the valves for the sev-
eral stages independently throughout the se-

ries of turbines, and accordingly I provide,

as shown in Figs. 2 and 5, an independent

controller mechanism for each row of valves.

There will therefore be twelve controller-

trol the piston - valves for these cylinders.
My operating mechanism for these several
piston-valves comprises a plurality ot levers
64, each of which is bifurcated at one end and
adapted to engage a cross-head pin 66, to
which the stem 59 isconnected and which 1s ver-
tically movable in suitable guides 67, secured
to the shell 8.
levers are pivoted at 68 to standards 69, each

of which has integral therewith a flange 70,

provided with an aperture 71, in which a pin

T2 enters when the lever is swung upwardly
its full throw by the handle 73, connected to
or formed integral therewith. A pivoted
spring-pressed lever 74 normally presses the
pin 72 against the flange 70, so that when the
pin is opposite the opening 72 it automatic-
ally enters it and locks the lever in position.
The several standards 69 are preferably
formed integral with the upper section of the
several bearings 75 for the longitudinal con-
troller-shaft 76, which extends along the bed-

' plate 4 to a pomt ‘opposite the cseveral tur-
Adjacent to each bear-

bines of the series.
ing 75 I mount a loose collar 77 upon the shaft
76, which carries a cammed surface 78, dis-
posed beneath the lever 64, which is adapted
to engage and rest thereon. This loose col-
lar 77 1s disposed between the bearing 75 and

Near thelr outer ends these

70

75

30

Q0O

95

100
chambers 49 and twelve stems 59, which con-

10 5

110

II§

120

Iz5

130
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a collar 79, also mounted on shaft 76 and
which is fixed thereon by a key 80.  This col-

~lar carricsan arm 31, 1n which I form a flaring

vided at its outer end with a handl

opening throngh which a rod 82 passes. This
rod turns freely in the arm 81, being pro-
le 83 and at
s which are

its opposite end with screw-threac

~adapted to engage the threaded opening in a

1o

20

25

35

40

50

55,

60

tects.

“integral with

stage-valves.

keyed thereto and dl%pOS{}(]_ opposite to
at a point below the cams 78, so that they re-
~ceive the levers 64 when lowered thereon by

pin or block 84, piv otally connected to a cam
78. A collar 85 is keyed to the rod 82 and
serves as a stop to enable the cam to be {:LJ
justed by turning this rod by its handle ¢

In this manner I secure a frm and pos:
connection for the several cams, so that -
move with the shaft 76, and at the same time
they are relatively adjustable, so that they
may be set to cause the several levers 64 to ac-

tlve
hey

tuate their respective controller-piston valves
in any desired manner to gain different ef-
In addition to this adjustment of the

cams their relative configuration may be va
ried to increase the var 1et3fot the differ entm,l
control of the cross-sectional area of the work-
ing passage between the several stages, orthe
several cam-surfaces may be fixed to or formed
the shaft, inwhich case their va-
riation in confiouration will be wholly relied
upon to effect the differential control of the
The dotted lines on the cam
shown in Fi {1o. 11 1llustrate poqsﬂ)le changes in
conformation.

I provide a counter-shaft 86, which extends

-Dﬂmllel with the shaft 76 and is suaitably
37, secured to the bed-

mounted in bearings
plate 4. T'his shaft 86 carries a set of sec-
ondary controller-cams 88, which are rig ldlv
and

the latter cams, as seen in Kig. 10.
I provide a suitable operating - lever 89,
which 1s 1:'1:9,1(‘]]_3? keyed to theshaft 76 and pro-

vided with a collar 90, which surrounds the

shaft and is connected by a link 91 with a le-
ver 92. This lever is connected to a collar,

preferably that of one of the cams 88, which
1s keyed to shatt 86, and by means of whic Al
this latter shaft is operated simultaneously
with the main shaft 76.
rant 93 and a pin 94, carried by the arm 89
and controlled by a spring-pressed handle 95,
the lever 89 may be locked in any desirable po-
sition to hold all of the controlling means for
the several rows of valvesin a ixod position.

Where I provide a battery of turbines, as

partly shown in Fig. 3, it will be of advan-

tage to enable both to be controlled from the
same point, and I accordingly provide an aux-

iliary lever 96, mounted loosely on shaft 76
and provided with a handle 97, which oper-
ates a rod 98, Fig. 4, which connects with the
handle 95, carried by the lever 89, which is
keyed to the other shaft, 76’. By means of

this rod 98 the pin 94" may be moved out of
engagement with the qlmdmnt 93" and the

65

lever
~control the position of

thus
their respective levers 64.
- to provide for the sucecessive operation of the

levers the supply of

culty to control and the cost of constructi
it is my purpose to vary the effective extent

By means of a quad-

one-sixth.
| may iul ther per: mit an increase of speed by

>

89 operated by lever 96.
the shaft 76" while
operating shaft 76 by means of lever 89. In
the same manner rod 98" and lever 96" may be
um{l to operate the shaft 76. -
Referring to Figs. 10 and 11, the upper ST~
face of Lho cams T8 and 88 are preferably
struck on the arc of a ci
centers, so that a lost - motion connection 18
pr ovided between the several cams and
This is essential

64 when controlling
motor fluid to the tm*wmrd dfwm working
passages. It is also necessary Lh.:];t the cams

88 should be provided with similar lost-motion
surfaces; otherwise as the levers 64 are suc-

C{‘%blVdV lowered upon them by cams 78 they

might not all be sustained at an intermediate
p051t1011 when their controller- plthn valves
57 will occupy the position shown in dotted
lines, Fig. 21, and all of the turbine-valves
be closed preliminary to the admission of
motor fluid for the reversing-passages. This
admission will then be SUCCL%IVG]}T controlled
by the relative position or variation in con-
tour between the several cams 88,

In connection with marine turbines, where
the load and speed may vary proportion-
ately, it is essential to an economical opera-
tion of the turbine that these variations in
speed be compensated by a corresponding vari-
ation in the pmportion or the extent of the
working passage.
actual ]u‘mth of the working passage, which
involves serious dlsadmnmues in- the diffi-
on,

of the working passage, throughout which the
motor fluid {lous useful work. It will be evi-
dent that if T provide thirty nozzle-passages
of a given horse-power ¢

twelve stages shown and
to open thl ee nozzles, or ten per cent. of the
tull supply to each btcl-g e, ﬂ.;c:-,mwbme will act
with ten per cent. of its full capacity at low
speed. If 1t l‘)e desired to simultaneously in-
crease the speed and power, the ca
set or formed.so that they will admit fifty per
cent. of the capacity of the hrah%ta%nole%
fifty-five per cent. of the second, e : wllm
the nozzles of the last two stages will be
opened. Thiswill givea g 1*&.&01 drop of pres-
sure to each stage and a consequent inerease of
velocity of the Huid per stage, which permits of
a consequent increase in the speedof rotation
of the buckets without loss of economy. This
has thb effect of )lﬂwtlcfﬂlv cutting two rows
of buckets out of service, for it canses thc eX-~
haust or condenser pressure to move up into
the last two stages, thus shortening the effect-

ive extent of the fluid’s woﬂ.ung.pa,smgc and

I can thus

rele from the ﬁhﬂ,ft.

capacity each for the
Lhu cam-shaft be set

mns may be

“ullv |
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throwing open all nozzles for the last three | means to vary the cross-sectional area of the

or more stages:; but beyond a certain point
the speed can beincreased only at the expense
of the power of the turbine, as 1t will be nec-
essary to reduce the volume of fluid admitted

to the first stage to secure the relatively large

Increase 1n proportions requisite to secure a
high speed by means of a short working pas-
sage. 1he cams may be formed or set to pro-
duce any desired differential in the operation
of the stage-valves, and by making them ad-
justable and providing a pressure-gage 99 for
each stage, a boiler-pressure gage 100 for tur-
bine 1. a speed-indicator 101 for turbine 2,
ancd a vacuum-gage 102 for turbine 3 the ac-
tion of the fuid within the turbine may be
closely watched, and when necessary one or
more of the cams be adjusted to keep the tur-
bine operating at highest efficiency. Varia-
tion 1in speed may also be effected by locking
one or more of the intermediate levers 64 in
their open position, thus opening all of the
nozzles for the stage it controls. When a num-
ber of nozzles for the preceding and succeed-
ing stages are closed, this intermecdiate stage
will be practically cut out of active service
and will constitute a continuation of the pre-
ceding stage, through which the pressure will
ow withoutacting to drive the rotating buck-
ets therein. In thismanner the whole of tur-
bine 2 may be cut out of service, when, with
conduits 61 and 62, it will form the commu-
nicating passage between turbines 1. and 3.
In applying my invention to other forms of
turbine than marine, where asubstantially con-
e, the cams will be set
to successively actuate the stage -valves to
maintain the pr oportions ot the working pas-
sage while 1ncreasing or diminishing tho vol-
ume of motor fluid. Also the: mtelmedmte
means for operating the stage-valves may be
dispensed with and the valves operated di-
rectly without materially departing from my
invention. Inthe same manner thecam-shaft
may comprise a single cam-surface of varying
cross-sectional contour or a single surface for
the valves of each shell, and, 1t desired, the
surfaces may be independently operated.

Though I prefer to shift the cam-shaft and

control the valves manually, yet I do not de-
sire to limit myselt to this feature, since the
controller-shatt may be actuated in any other
well-known manner common in this art.

Having thus described my invention, what
I claimasnew, and desire to secure by Letters
Patent, is—

1. In a turbine wherein the motor ﬂuld 18
successively discharged against rows of re-
volving buckets, the combination therewith
of independent means to vary the flow of mo-
tor fluid at different points in its passage
through the turbine, with means to simulta-
neously effect a variable control of each of

sald first-mentioned means.

9. Ina multiple-stage turbine, independent

admission opening or openings for motor fluid
to each stage, and acontroller means compris-
ing a plurality of irregular surfaces which
engage and simultaneously actuate said first-
mentionecd means.

3. In a multiple-stage turbine, a working
passage leading ther ethrouﬂ'h and formed bV

‘succeeding nozéle-passao es and interposed ro-

tating buchets valves at different points in
the WOI‘LIDG‘ passage, and means to simulta-
neously produce a differential opening or clos-
ing movement of said valves, to vary the pro-

portions of the working passage.
4. Ina,multlple—staO'o turbine, stage-valves,

and a cam means to effect a Ielatwe diff

70

75

30

eren-

tial operation of the valve or valves for each

stage to vary the proportions of the Workino
passaﬂ‘e

In a turbine in which the motor ﬂmd is
suouesswely directed against rows of rotating
buckets in its progress through its working
passage, valve means to vary the cross-sec-
tional area of sald working passage at differ-
ent points, and a controller means designed
to simultaneously effect a differential move-
ment of said several valve means.

6. In a turbine in which the motor fluid is
successively directed against rows of rotating
buckets in its progress through its working
passage, independent valve means to vary the
cross-sectional area of said working passage
at different points and a controller means for
said valve means comprising a plumhty of
cam-suriaces. |

7. In a turbine in which the motor fluid 1s
successively discharged against rotating ele-
ments In separate compartments, means to
vary the cross-sectional area of theinlet-open-

ing to said compartments, and a controller

means to e“‘ect a relatively varying opening
or closing of the inlet-opening for tho several
compartments.

3. In a multiple-stage turbine, one or more
valves contr olling the volume of finid admitted

to the several stages, a controller means for

the valve or valves of each stage, and an ac-
tuating device provided with a plurality of
cam-surfaces of varying contour which mde-
pendently actuate said means.

9. Inaturbine in which the motor fluid suc-
cessively impinges against rows of revolving
buckets, means tovary the fluid’sflow through
the turbine between rows of buckets, and an

element having an irregular surface of vary-.

ing cross-sectional contour which controls the
operation of said means.

-10. In a multiple - stage turbine, stage-
valves, a controller device for the valve or
valves of each stage, and a series of adjust-
able cams for aotuatmcr sald controller de-

vices.

11. In a turbine operatmw by stage expan-
sion, valves controlling the supply of motor
fluid to the several stages, independent means

Q0

95

100

105

110

115

T20

125

130




1O

766,929

to operate the valve or valves for each stage,

and a controller du*"m,e (‘{)H][)l 1SINg' a 1}lm :Lht y

operate said means.

- 12. In a turbine
successively directed against rotating
ments as. it flows through the workinge. pas-

sage, valve means to close or vary the cross-
sectional area of the working passage at dif-

ferent points, and controller means which are
adapted to simultaneously operate said valve
means to produce varying relative proportions

- of the working passage under varying condi-

20

35

tions of spued or load. o .
13. In a turbine, a plurality of motor-fluid
valves, means to actuate them singly or in

groups, and a controller device for said means |
comprising a cam-surface designed to effecta
relatively varying opening or closing move-
ment of sald valves throughout its range of

travel. |
14. In a 11mltlple-&>taﬂ0 b bme., supply and

stage valves, a separate fluid-controller means

for the supply and for the valve or valves of

each stage, and mechanical means to actuate

sald controller means.

15. In a multiple-stage turbine, a plur: ahtv'.

of motor-fluid-supply valves for a stage, a con-

troller device to cause a successive operation |
- of said valves, and a cam to actuate said con-
troller device and control the oper ation of said

valves.

16. In a multiple- stfwe turbine, supply and '
stage valves, cams to mde_pend{mtly contral

the operation of the valve or valves admitting

- motor Hluid to each of the several stages, said

40

- controlling the supply of motor fl

of a multiple-stage turbine, the combination

KO

55

60

cams being mounted on a common slm‘rt ancl
means to actmte said shaft. -

17. Inacontroller mechanism for the valves

of a multiple-stage turbine, the combination
with means to. simultanecously control said
valves, of means to lock the va

In an open position inde p(.,ndently of said con-

troller mechanism.

18. Ina contr ollel'nlechamsm for Lhe valves

with independent controller means for groups

of valves, of a controller-cam shaft which ef-

fectsa rel‘ltwely differingactuation of the con-
troller means.

19. Inacontroller mechanism f()l" the mlves
of a multiple-stage turbine, means to operate

the valves controlling the admission of motor
fluid to a stage, a lever for
means, and a cam for actuating b‘le lever

actuating sald

with a lost-motion effect.

 20. Inacontroller 111{%11:;111151’1‘1 for the Va,lvm'
of a multiple-stage turbine, a plurality of le-

vers each controlling the oIJu'atmn of the valve

or valves which a,dmlt motor fluid to a stage,

a controller-cam shaft, and a lost-motion con-
nection between said shaft .:md Lh@ several
- levers.

wherein t];'a_,e motor fluid 1s.

ele- | actuate

29. f[n a turbine, valve means to control the

controlling the suppl

mitting Auid to said
| valves, a stem for said va

Ive or valves
11d to a stage.

and a pivoted

| tion of

7

- 21. In a multiple-stage turbine. a plurality

ol valves controlling the admission of motor
1 |- fluid to each stage, an independent controlling
‘means for the valves of each stage, a lever for

each umlm]lmﬂ means, and a cam-shaft to
all said 1(,\?1;1.&3.

admission of motor fluid to a wheel-compart-
ment, a lever which controls through suitable
means the operation of said valve means, a

cam which normally engages and .shifts the

position of said lever, and means to lock the
lever out of engagement with said cam.
23. In a controller mechanism for turbine-
valves, a plurality of devices controlling the
operation of independent groups of valves, a

6
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cam-shaft upon which said devices normally

rest and by which they are actuated,and means
independent of said cam-shaft to set each of

sald devices to maintain all of the valves nnder

1ts control open. |

24. Inamultiple-stage turblm valve means
vy of motor fluid to each
stage, a fluid-pressure-controller means for
each valve means comprising a controller-

valve and a lever for actuating said valve, in
combination with a cam-shaft upon which all
normally rest and by means of

said levers
which they are independently actuated.

90

25. In a turbine, a plurality of fluid-actu- -

ated valves which admit motor fluid to a stage,

valves, a controller-valve for successively ad-
conduits to operate said
lve, and a cam which
controls the actuation of -said stem.

valves which control the admission of motor
fluid to eaful stage, said controller mechanism
comprising each, a c¢ylinder, a plurality of con-

duits ]eadmﬂ Lhereh om to one or more valves .
“to admit fluid- pressure to actuate them, a con-

troller-valve 1n said cylinder, a stem thcmi or,

combination wi
lever |

Inanelastic-fluid turbine pr owded mth |
hich direct motor fluid

SLICCLE:dlI’lU passages w.
against movable buckets, the combination

ther ewlth of means to 511111111J{1.11@oubly effect a
varying opening of the succeeding passages

to vary the point of effective expansion of the

ever connected to said stem, in.
th a cam-shatt for Shlttl ng Sr,lld.

, 95
conduits for an actuating fluid leading to said

CTO0
- 26. In a multiple-stage turbine, an inde-
pendent fluid-controller mechanism for the

105

110

115

motor fluid in a working passage of unvary-

ing le nuth

y directed by nozzle-

passages against movabl

98. In an elastic-Auid turbine wherein the 120
motor floid 18 successivel

¢ buckets in commu-

nicating stage-compartments,the combination

ther emth oi means to vary the eross-sectional
‘area of the nozzle-admission opening for each
ter mechanism to simul-
ect a relatively differing actua-

stage, and a control
taneously eff

said means to vary the extent of the
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fluid’s active agency in the working passage
and cause the exhaust or condenser pressure
to exist in one or more of said compartments.

29. In a reversing-turbine, forward
verse driving nwzles valves therefor, and
means to control the mdependent operation
of said valves and, upon reversal to open a
plurality of said valves simultaneously and
the remainder of them successively as the load
varies, for the purposes described.

30. In a reversing-turbine, forward and re-
versing nozzles for stag e-compartments, cam-
surfaces to actuate means to open or close said
forward nozzles, and independent cam-sur-
faces to actuate means to open or close said
reversing-nozzles. |

31. In a multiple-stage reversing-turbine,
forward and reversing nozzles for the stages,
in combination with a controller means adapt—
ed to control the forward-driving nozzles of
the several stages while maintaining the re-
versing- “nozzles closed, to close all said noz-
zles, and to control the rever sing-nozzles ot
the several stages while maintaining the for-
ward-driving nozzles closed.

32. In a reversing-turbine having a plu-
rality of wheel-compartments ancl reverselv—
disposed nozzles opening therein, means to
control the admission of motor fluid to said
compartments, and actuating means having a
lost-motion connection with said first-men-
tioned means which closes all nozzles disposed
in one direction before opening up the re-
versely-disposed nozzles.

33. In areversing-turbine, forward and re-

verse driving nozzles for separate wheel com-

Tect a

partments or stages, and means to e

relatively V&I‘]&ble control of the forward or

reverse nozzles throughout the several stages
simultaneously. . -

34. In a multiple-stage reversing-turbine,
means to control the forward-driving nozzles
of the several stages independently, means to
control the reverse-driving nozzles of the sev-
eral stages independently, and a common con-
troller mechanism which by a lost-motion

connection with said means effects a complete
closure of all nozzles through the stages be-

fore changing the d_u ection “of rotation of the
turbine.

35. In a multiple-stage reversing-turbine,
a plurality of forward-driving nozzles for a
stage, one or more valves theretm and a cam-
controlled means to operate said valve or
valves, in combination with reverse-driving
nozzles, one or more valves therefor, and a
cam-controlled means to operate said latter
valve or valves.

36. In combination, a plurality of forward

and reversing nozzle-passages tor a stage-com-

partment of a turbine, and a common con-
troller device for successively opening or clos-
ing either the forward or the reversing noz-
zles independently of the nozzles for adjacent
stages.

and re-

766,922

37. In a multiple-stage reversing-turbine,
means to drive the turbine in a forward direc-
tion, in combination with succeeding passages
which direct motor fluid against movable
buckets to drive the turbine in a reverse di-
rection, and means to simultaneously effect a
relatively varying opening of the succeeding
passages to vary the point of effective expan-
sion of the motor fluid in the working pas-
sage comprising said succeeding passages.

38. In a multiple-stage reversing-turbine,
reversely - disposed working passages and
means to cut off the flow of motor fluid in one
of said working passagesand tosimultaneously
vary the cross-sectional area of the active
working passage at various points to move
the exhaust pressure up wnto one or more
stages and, by shortening the effective length
of the working passage, to vary the speed of
rotation of the turbine.

39. In a multiple-stage reversing-turbine,
forward and reverse working passages leading
across the stages, means to control the admis-
sion of motor fluid to each stage, and an operat-
ing merchanism to independently control said
means for each stage comprising lost-motion
connections which provide for the complete
closure of both working passages between the
closing of one and the variable opening across
stages of the other.

40. In a multiple-stage reversing-turbine,
forward and reverse driving nozzles, fluid-ac-
tuated valves therefor, a controller-valve for
the fluid-actuated valves of each stage and

‘means to actuate said contrdller-va,lves to con-

trol the flow of motor fluid and to reverse the
turbine. |

- 471, In a multlple-smwe reversing-turbine,
forward and reversedriving Worhmg passages
and fAuid-actuated valves therein to vary the
low of the fluid, a controller-chamber, a plu-
rality of conduits leading therefrom to valves
in both of said passages, and a common con-
troller-valve in said chamber which maintains

the valves in one of said passages closed while

controlling the operation of the other valves.

492. In a turbine, an inner and an outer cas-
ing therefor, a controller-chamber, turbine-
valves, and fluid-conduits leading from said
chamber to sald valves and dlsposed between
the two casings.

43. Ina turbine having a casing, a shell sur-
rounding said casing, a chamber provided be-
tween said shell and ¢ (?;asm_.;fg;1 a plurality of fluid-
controlled valves, and pipes for the valve-con-
trolling fluid chsposec around the casmg with-
in said chamber. |

44. Ina turbine provided with a superheat-

ing-jacket and fluid-controlled valves, a fluid-

controller chamber and pipes, for conducting
valve-controlling fluid therefrom to cause smd
valves to operate, which are disposed in said
superheating-jacket.

45. In a multiple-stage turbine, means to

| subdivide the stages into groups, a superheat-
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group throu

superheating - chambers eac
‘round a group of stages, in combination with
~means to cause the motor-fluid supply to pass
successively from each chamber through -the

for a wheel-compartment, 1‘01*‘61"%6[37-{21151}0.56(,.
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1ng - chamber surrounding the side walls of
ach group and communicating with the e sup-

ply nozzle or nozzles for the first stage of 1ts
first

to the
ghthe chamber surrounding them
and to exhaust the motor fluid from each group
1nto the superheating-chamber for the sue-

oroup, means to supply motor fluid

ceeding group.

46. In amultiple-stage turbine wherein the
wheel-compartments are grouped in a plural-

1ty of separate shells, a superheating-chamber
surrounding the wheel-compartments in each

shell and serving as a motor-fluid-supply pas-
sage therefor, means to supply motor fluid to
the chamber in the first shell, and conduits
which exhanst the motor fluid from said shell

and introduce it into the chamber in the suc-

ceeding shell.
47. Ina multiple-stage turbine, two or more

h of which sur-

stages 1t surrounds to the succeeding dmmbel
betore entering the exhaust or conden%er
48. In a reversing-turbine, a supply-head

nozzles therein at different distances from the
shaft-center, a rotary valve for the outer noz-

zle and a reciprocating valve for the inner
-seated in the head. -

49. Ina turbine, a supply-head for a wheel-
compartment, groups of differently-acting
nozzles therein arranged at dif
from the shaft-center, rotary valves for the
outer row and puppet- _valves for the Inner row

-of nozzles.

50. In ‘LLL’[I‘blllG a supply-head tor a whee]
compar tment, a rotar y valve and a recipr ocat-
Ing valve seated therein at different distances
fromt
versely-disposed nozzles, and fluid means to
actuate said valves. |

51. Inaturbine revu*qelwzllsposed working
passagesat different distances from the bhait—
center, rotary valves for the outer working
passage or passages and fluid-actuated pup-
pet-valves for the inner working passage or

passages.
50

52. Inaturbine, a supply-head for a wheel-
compartment, a rotary valve seated therein

and controlling a nozzle-passage, a block,com-

prising a fHuid-motor, connected to said head,
and means to operate said valve by.said motor.

53. In a turbine, a nozzle-passage, a con-

troller-valve therefor, a reciprocating motor
therefor, and a lost-motion connection be-
tween sald valve and a piston of said motor.

54. In a turbine, a nozzle-passage, a rotary
valve therefor, and a fluid-motor for said

valve comprising a cylinder and piston and a
lost-motion connection between said valve and |

piston.
55. In a turbine, a nozzle-passage, a rotary
valve therefor, a l'ec,lpromtmﬂ fluid-actuated

fferent distances

he shaft-center, and acting to control re- |

piston, a cylinder therefor, and a stem, con-

nected to sald rotary valve, which passes
through said eylinder and is actuated by shoul-

ders betweun the ends of said piston.

56. In a turbine, anozzle-passage, a rotary
valve therefor, and a motor for said valve
comprising a cylinder, a piston having a flar-
Ing recess 1n 1ts side, and a crank which en-
oages in %a,id recess ‘m{l 01}(*- LLE‘% %md v alve.

tor ﬂmd., a dmlble powbd ﬂuld .:Lctuatcd ro-
tary valve thervefor.
58, In a turbine,

valve, a lost-motion connection between said
device and v Lh&, and means to compensate
the variation i the valve’s open position due
to said lost-motion connection without affect-
ing the volume of fluid admitted.

59. Inaturbine,a nozzle-passage having ad-

mission edges, a rotar y valve provided with
two p]f“()]@@blﬂw longitudinal lips which over-

lap both of said edges when the valve isclosed,
means to actuate smd valve
connection between sald valve and means.

()O 11:1 ] tur] )111(—‘:._. an 111(11,1(,{3101%1:1{};/1{,, hwuw

a Nozzle- mﬁmue i 1*01&1‘3"* '
valve therefor, an .:L(,tuﬂttmu device for said

and a lost- 11101)'1011"
N UG
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to open and close bclld 1’10{1’1@ .;111{31 h.;wmfr 3]

pair of lips between which, in both dnen;-

tlons, a portion of the body of the valve is

reduced, said valve being adapted, when open,

to permit the motor fluid to flowaround it on

bofh sides. 111L{J sald nozzle tc:n bal.—.mcu the aald
ra, w., |

In an cla,%t ic-fluid Lutbme, motor-fluid
nozzleb, valves therefor, and detachable motors
seatec in the outer wall of the turbine-casing
and outwardly removable therefrom, said mo-

tors having an operative comwcti(}n- With sald

valves. o
62. Inan elastic- ﬂuul turbine, ha,vm o an 1n-
ner casing and a strengthenin g-.&l_ml] sul 1"'1"01111‘(:1‘-

ing it, valves controlling the flow of motor
Hluid, and motors detachably connected to the

outer wall of said inner casing so as to be out-

95
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wardly removable therefrom when said shell -

63. In an elastic-fluid tur bim, nozzle- pas-
sages,valvestherefor,and fluid- motors formed
in detachabl C elements which are seated in the
sicdle wall of casing of said turbine so as to
be outwardly 1‘@1110&?&1‘)1@ theref

' has been removed, said motors being ad._—tpted”
- to operate sald valves.

115

rONL Wlthout |

disturbing the parts composing said casing,

said motors being operatively conneched to
said valves.
64. Tn an elastic-Auid turbine, a head for a

wheel-compartment, a valve seated therein, an
ountwardly-opening recess in the periphery of -

sald head, a motor detachably seated therein
and adapted to operate said valve, and a noz-
/le p(—,Lbsfwe opened and closed by said valve.

In an elastic-fluid turbine, a rotary ele-

)

11:1(-31’.11;., a nozzle-passage formed in a head of -
the compartment within which said element
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rotates, a valve for said nozzle-passage, a re-
cess 1n the outer periphery of said head, a
detachable element seated therein and out-
wardly removable therefrom, a fluid-motor
carried by sald element, and means to operate
sald valve by said motor.

66. In a multiple-stage turbine, a plurality
of superimposed diaphragms, turbine-valves,
and detachable motors for actuating said
valves, means to secure said motors within the
abutting portions of said diaphragms so that
theyareoutwardly removable therefrom with-
out shifting said diaphragims. |

67. Inaturbine,amotor-fluid valve, a valve-
controlled nozzle-passage, and a bucket ele-
ment against which said passage discharges
motor fluid, in combination with an element
detachably seated 1n the outer periphery of
the nozzle-bearing element and outwardly re-
movable therefrom, a cylinder in said detach-
able element, a reciprocating piston in said
cylinder, and an operating-stem for said valve

766,099

which engages said piston and is moved
thereby.

63. In a turbine, a head for a wheel-com-
partment, a recess leading inwardly from its
periphery, a valve controlling the flow of
motor fluid through a nozzle - passage and
seated 1n said recess, and a motor also seated
in said recess and operatively connected to
said valve. -

69. In a turbine, a diaphragm-partition, a
recess 1n 1ts periphery, a motor-fluid valve
cdisposed in said recess, and a detachable block
for closing said recess which carries a motor
for operating said valve. |

In testimony whereof I have signed my name
to this specification in the presence of two sub-
seribing witnesses.

JAMES WILKINSON.

Witnesses:
H. M. HartoxN,
R. _D. J OHNSTON.
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