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| Ap;j'lic&tinn filed December 26, 1802, Serial No.136,531, (Nomodel.>

To all whom it may concern: - | efficiently regulate an elastic-fluid turbine
Be it known that I, OSCAR JUNGGREN,aciti- | and in a more limited sense to provide a gov-
zen of the United States, residing at Schenec- | érnor which will vary the volume of fluid
tady, in the county of Schenectady, State of | supplied to a turbine without changing its 55
s New York, have invented certain-new and | velocity, and this in a simple and effective
useful Improvements in Governors for Elas- | manner by mechanical means. |
tic-Fluid Turbines, of which the following is | For a consideration of what I consider to be
a specliication. ) | R novel and my invention attention is called
In order to efficiently govern elastic-fluid | to the accompanying desecription and claims 6o
1o turbines of the jet type, wherein the steam | appended thereto. A
flow is radial or axial, or a combination of In the accompanying drawings, which rep-
both, and especially where the pressure of | resent embodiments. of mv invention, Figure
the vapor is largely or wholly converted into | 1 is a side elevation of a turbine. Fig. 21s
visviva before being delivered to the buckets, | a partial view in elevation of the turbine as 65
g it is preferable to vary the volume of the | viewed from the opposite side, certain of the
vapor delivered without varying its velocity. | parts being in section. Kig. 3 18 a cross-sec-
' A reduction in the velocity of the fluid means | tion of the first-stage valve-ciiest, taken on
o reduction in efficiency, and since the ma- | the line 3 3 of Fig. 4 and looking in the di-
chines are designed for a certain definite rection of the arrow. Fig.4isa Iongitudinal 7o
zo fluid velocity it is impractical to inerease it | seetion of said valve-chest, taken on the line
- beyond that point. - - | 4 4 of Fig. 3 and looking in the direction of
In a prior application of mine I have de- | the arrow. F¥ig. 518 & partial view in devel-
seribed a governor for elastic-fluid turbines | opment, showing the relation of the nozzles or
wherein a plurality of separately-actuated | nozzle-sections and the buckets. KFig. 618 a 75
25 valves are arranged to control the supply of | developed view showing the cams for actuat-
fluid to the nozzles or sections of nozzles, each | ing the auxiliary valves that control the noz-
of said valves being under the control of an | zle - valves. Fig. 7 is a perspeciive detail -
clectromagnet, and the magnets themselves | view of one ot the spring-pressed rollers that
. are under the control of a device that is re- | act on the auxiliary valves.. Fig. 8 illus- 8o
;0 sponsive to speed variations. l trates a means for cushioning the movements
The present invention follows along the | of the nozzle-valves, and Fig. ¥ represents a
ceneral lines of the one referred to above; | modified form of cam for-actuating the aunx-
but it has this difference that all of the parts |-iliary valves. A o .
are mechanical. It sometimes happens that | Referring to Fig. 1, 1 represents the casing 83
35 turbines are used for purposes other than | of an elastie-fluid turbine, having outboard-
driving electrical apparatus, and in such | bearings? and 3,supporting thedriving-shaft.
cases it is inconvenient to provide a separate | The casingisdivided into parts, and mounted
source of electricity for energizing the mag- | on the part nearer the governor are the first
nets. Insystems where the voltage fluctuates | and second stage valves. - This arrangement go
4o greatly for any cause it adds to the difficulty | facilitates the assembling or taking down of
of making suitable magnets, because the lat- | the machine and is also advantageous in
ter have to have .-a greater working range. | alining the parts. . The bearing o is provided
It is also necessary to carry a large stock of | with a cylindrical extension 4, in which is
magnets, because different ones have to be | mounted a governor that is responsive 10 95
45 supplied with machines working at different | speed variations. Asthe speed increases ths
voltages. If ihe magnets are made large | weights 5tend tofiy outward, and as the speed
enough to work at ordinary high voltages, | decreases the spring 6 tends to bring them

Lilsnll okl o WY T

then they consume too much energy when | nearer to the shaft. The movements of the
used with low-voltage machines. spring and weight are transmitted to the rod o>

so  In its broadest sense my invention has for | 7 by means of suitable connections whereby
its object .to provide a governor which will | the necessary longitudinal movement of the




rod is obtained. The outer end of the rod is

- adjustably connected to the arm 8, thatisse-
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cured to the rock-shaft 9, which actuates the
controlling-cam and will be. hereinafter de-
scribed. 1Orepresentsthevalve-chest,which
18 bolted to the end face or wall of the tur-
bine-shell. This chest contains the valves
which control the supply of motive fluid fo
the buckets of the first stage and also con-
taius the auxiliary valves, which control the

action of the regulating-valves of the second:

stage. The motive fluid for actuating the
second- stage valves is convey ed by the con-
duits 11.

Referring to Fig. 3, which represents a sec-
tion of the Valve chest as viewed from a point
opposme thatof Kig.
ing that forms the valve-ehest, which 18 se-
cur.ed to the casing or shell of the turbine
by bolts 12. The valve-chest is provided
with a large central chamber 13, from which
open a plurality of passages, each having a
separately-actuated nozzle-valve 14. These
valves are similar in construction and oper-
ation, so that a description of one of them
will be sufficient. The left-hand side of the
valve-chestis provided with a projection that
extends into an opening formed in the wall

“of the turbine-shell, and to this is detachably

secured the nozzle or nozzle - sections. By
reason of this construection the valve - chest
and nozzle can be removed as the single unit.
This greatly facilitates shipment and the as-

'Semblmﬂ' and taking down of the maehmes

The p&rts are readily alined, and even a work-

“man having little or no Lnowledge of tur-

bines can assemble them. The wall of the
- shell is faced off true and is provided with a

40

projection on which the lower end of the
valve-chest rests and is supported thereby.
IFormed in the left-hand wall of the steam-

chestisa plurahty of openings, each of which

45
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has a eylindrical sleeve 15, that acts as a seat
for the valve. The x:-ztlve is also provided
with a guide that works on the inside of the
sleeve. On the opposite end of the valve-
stem 18 a piston 16, which opens and closes
the valve and also &ets as a guide.
ton 1s fitted into the cyhnder 17, and its in-
ward movement 1s assisted by the COMpPres-
sion-spring 13. Secured to the right-hand
wall of the steam-chest by suitable bolts is a
plate 19, that forms the rear head of all of
the cylinders 17 and acts as an abutment for
the compression-springs 18. By mounting
the nozzle-valves within the steam-chest, as
shown, I do away with all packings, and any
leakage from said valves goes into the second
stage. In addition to this the plate is pro-
vided with fluid-carrying passages 20, that
communicate with the passages 25, formed in
thevalve-chest.. Inthelowerpartofthevalve-
chest are passages 26, that convey fluid un-
der pressure to the passages 25. Included in
each of these passages is a double-seat valve

27, which in the position shown permits the

1, 10 represents the cast-

nected to the atmosphere as desired..

The pis- |

743,727‘

chest to. the rear side of the piston.
the auxiliary valve is in the position shown,
the nozzle-valve 14 1s closed, because the pres-
sures on the front and rear faces of the pis-
ton 16 are balanced. In closing the nozzle-
valve a spring 18 is employed to overcome
the starting-friction and give the necessary
impetus.

that engages with a seat carried by the cam-
inelosing Pox or casing 28.
for the auxiliary valve is carried by the valve-
chest, while the lower seat is carried by the
box, the line of division being such as will
permit the parts to be readily separated.
Thevalve 27isnormally held against its lower
seat by the compression-spring, which sur-
rounds it. Thelower end of the valve ispro-

vided with an extension or stem that enters

the chamber in the box, and when the chest
and box are separated for any reason the
valve can be removed without trouble. The
interior of the box is provided with a cham-
ber 29, which is connected with the low-pres-
sure Slrle of the turbine, or it may be con-
In the
present instance the exhaust admitted to the
chamber is conveyed to the second stage by
the passage 30. (Shownin dottedlmes) The
lower end of the box or casing is provided

The lower end of the auxiliary
valve 27 is provided with a conical surface

The upper seat

When |

75

8¢

95

with a detachable plate 31, that is secured in

place by bolts. When f01 any reason it is
desired to inspect the operatm parts within
the box, the cover or plate is removed. Sit-
nated within the box and mounted on the
shaft 9 is a cam-carrying support 32, that
controlsthe operation of the auxiliary valves.
As the shaft 9 is oscillated back and forth by
the governor-rod 7 the cam faces or projec-

| twns 33 are brought into successive engage-

ment with the dlltlfl iction-rollers 34, tha,t are
carried by the Spunmplates 35. The rollers
are secured to the spring-plates by a U- -shaped
holder, that is riveted in place.

These plates.

I O

105

110

are secured to the interior of the valve-box

and are in engagement with the stems of the
auxiliary valves. The object in using these
springs is to compensate for any shtrht dif-
ferences which may exist in the valves and
cams, and thereby insure their closing and
opening. When the cam-faces 33 are out o
engagement with the rollers 34, the valves
are permitted to drop under the action of
their springs and gravity and close the space
back of the valve-piston 16 to the exhaust.

This same movement connects the eylinder-

space back of the valve-piston with the source
of fluid-supply undel pressure, and the valve
closes.

It has been pointed out that the auxiliary

valves are sometimes in engagement with the
cam and at other times not and since the
cam is actuated by the governor it follows
that there is a lost-motlon connection be-
tween the auxiliary or secondary valve and
the governor, because after the cam has raised

ﬁmd to flow from the interior of the va,lve ! p&ltICHldI‘ valve further motion thereof

115
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does not affect it. This arrangement enables
the governor to actuate said valve with a
minimum expenditure of energy, which ob-
viously improves the regulation. To state
- the matter in a different way, after the gov-

ernor has caused the secondary valve to open
orcloseit is, so to speak, ‘‘disengaged ” there-

from and progresses to the next valve in the |

series.

The box or casing 28 is secured to the valve- ;

chest by the bolts 36, so that it can réadily
be removed for the purpose of inspection or
repair. o
- Referring to Fig. 4, which shows a longi-
tudinal section of a steam-chest, 15 repre-
sents the chamber formed therein, and 16
represénts the pistons of the separately-actu-
ated valves that control the admission of
motive fluid to the nozzles or nozzle-sections.
The shaft 9 for the cams is supported at its
rear end in a bearing formed in the end of
the box 28, and the opposite end is support-
ed in a detachable bearing 37, that also car-
ries a packing 38 to prevent the escape of
steam at this point. In the present instance
I have shown fivevalvescontrolling as many
nozzles or nozzle-sections of the first stage.
It is obvious that the number can be in-
creased or diminished, as desired. Itwill be

noted that whereas five nozzle-valve pistons

are provided seven auxiliary valves are
shown. Five of these valves control the op-
eration of the nozzle-valves of the first stage,
and the remaining valves 39 and 40 are ar-
ranged to confrol the two valves of the sec-
ond or low-pressure stage. This feature of
my invention will be referred to later in con-
nection with Kig. 2. | | o
~ The projections 33 on the cam are so0 ar-
y ranged that they engage with the springs 35
for actuating the auxiliary valves at different

times, the object of this being to cut 1n or |

out one section of the nozzle after the other,

and it is to be noted that each of the nozzle- |

valves has an open and a closed position, but
no intermediate, the object of this particular
arrangement being to vary the volume of the
motive fluid without changing its velocity,
each nozzle being arranged to impart to the

fluid stream a certain definite velocity. The |

projection on the right-hand end of the cam
is the first one to actuate an auxiliary valve.

This is followed by the third projection,

which controls the second of the first-stage
nozzle-valves. The second projection is the
next to engage with a spring 35, and thus

act on the valve 39, that regulates a second-

stage valve. The fourth and fifth cam pro-
jections, considered from the right-hand end
of the cam, simultaneously engage with the
springs 35, which means that another nozzle
or section of a nozzle of the first stage 18 cut
in and also that another nozzle or section of
anozzle of the second stage is cut in. When
the cam is rotated in the opposite direction,
these projections disengage themselves from
the auxiliary valve mechanism one after the

~

other and permit one nozzle-valye after the

other to close. |

Referring 1o Fig. 2, 89 represents the valve
which controls the operation of the second-
stage nozzle-valve46. 13representsthecham-

3,

ber in the valve-chest, and thisisincommuni-
cation with the pipe 11 through the passage 47.

The valve 39 being in its lower position, the ex-
haust-chamber 29 of the box 281s cut off, and
the motive fluid under pressure passes from

the chamber 13 through the passage 47, thence
by the pipe 11 into the cylinder4S, which 1s se-

| cured to or forms & part of the casing of the
Under these conditions the sec-
| ond-stage valve 46 would be in the actof clos-

first stage.

ing. Mounted for movement within the cyl-
inder is a piston 49, which is connected to the

second-stage valve 46, that is arranged toslide
to and fro and by its movements cover and
| uncover the passage 50, leading to the bowl ol
the second-stage nozzle 51.

tachably secured to the wall or diaphragm 92,

that divides the stages one from the other.
Fluid is discharged against the wheel of the

second stage by the passage 53, which may or

Thisnozzle 18 de-

75

20

go

may not expand, as desired; but in any event

it imparts- to the fluid stream the necessary
velocity. When the cam 32 moves to a point

where the spring 35 is moved upward, the
supply of high-pressure fluid to the upper end

of the piston 49 is cut off and the steam con-

tained in the cylinder and pipe 11 is dis-

charged into the exhaunst-chamber 29 in the
box. The spring 54, which is supported by

| suitable means formed on the wall 52, raises
| the valve 46 to the position shown and un-

covers the passage 50, leading to the second-
stage nozzle and permits vapor from the first
stage to freely enter the second stage at this
polint.- | | |

The operation of the second-stage valve 40
(shown in Fig. 4) is the same as that of the
valve 39 and for that reason will not be. de-
seribed.

the valve 39.

also the first-stage valves.
Referring to Fig. 5, 1 have

It should be noted, however, that
the cam projection for operating this valve Is
so arranged that the valve is actuated after
In other words, the second-
stage valves are successively operated, as are

shown three

95

ICO

1:05

110

115

closely-associated nozzle-sections 55; but as

| many of these sections can beemployed as de-
sired, and I can so arrange the nozzle-valves.

that some or all of the nozzle-sections are ca-

pable of being cut out one after the other, or

two or more of the valves may be simultane-

ously actuated either in the first stage or in
the second; or I may simultaneously operate-
g, valve of the 1
| ond, as described in connection with Kig. 4.
The timing of the auxiliary valvesis regulated

rst stage and one of the sec-

by the position of the cam projections 35 on
the support 32. | | I

The nozzles 553 are so designed that they
will give to the fiuid stream the necessary ve-

locity, and they may be of the expanding or

nanaeiqmnding-t-ype'. The velocity given to

120 .

125

130
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the stream or streams may be anything that | to the cam is made out of a plece of sprmc-

1s desired. I have found that a valocity of
two thousand two hundred feet per second

will give satisfactory results, but do not limit

myself to this or any other particular velocity.
The vapor discharged from the nozzles strikes
the buckets on the wheel 56 and in flowing
through the passages formed between the
buckets imparts movement thereto.
por discharged from the bucket-wheels is re-
celved by the intermediates 57, which in turn
discharge it against an adjacent bucket-
wheel, and so on. Itis to be noted that when
one section of a nozzle is cut out the working
passages between the buckets situated di-
rectly in front thereof are also cut out. The
same 1s true of the passages between the sta-
tionary buckets on the intermediate. In so
far as the present invention is concerned the
intermediate buckets 57 can be stationary or
movable, as desired.

I h&ve found by actual test that there is a
tendency for the nozzle-valve piston 16 to
strike the head 19 with a decided blow when
the valve opens, and to avoid this a cushion-
g deviece 1s provided, as shown in Fig. 8. 16
represents the piston as before, and turned
1n the periphery is a groove 58, which in the
movements of the piston momentarily regis.
ters with the inlet-port 59, that communicates
with the chamber 13 of the steam-chest by
means of the passage 62. (Shown in dotted
lines.) Iformed in the piston and communi-
cating with the groove 58 at one end and the
rear of the piston at the other are one ormore
passages 60. In the present instance four of
these passages are provided, but the number
can be
tion. When the piston moves to the right,
or in a direction to open the valve, the cylin-

~drical space back of it is connected to the ex-

5%

6c

of

haust, and the instant the groove 58 registers
with the port 59 there will be a momentary
rush of high-pressure steam through the pas-
sages 60 into the cylindrical space back of the
piston, and although this space is in com-
munication with the exhaust through passage
20 the passage of steam is r elmwely restrict-
ed, so that a cushioning effect is obtained.
The continued movement of the pisttm closes
the groove 58 to the supply of steam, s0 as to
prevent leakage. The amount of steam that
1S momentarily trapped behind the piston per-

mits the piston to seat itself without undue

shock, and the stecﬂn escapes by way of the

exhaust-chamber 2

In Fig. 9 is shou n a slightly-modified form
cam for operating the auxiliary valves.
Owing to thenumber of valvesand their seats

being made of separate pieces and mounted

1n separate supports—such, for example, as
the steam-chest and cam-containing box—
there is a chance of the parts not alining ex-
actly or having exactly the same movement.
To compensate for this, a spring 35, Fig. 3,
18 placed between the cam projections 33 and
the valve-stems.

The va- -

varied to suit the conditions of opera-

metal 61, that is firmly secured at one end to
the support 02, while the opposite end is free
to slide to a certain extent. Any undue pres-

sureonthespring will cause it to approach the

support more closely, and thus compensate
for any Inaccuracy in the valve mechanism.
This arrangement has the advantage of de-
creasing the number of parts.

The number of stages can be varied as de-
sired and such valves as 39 and 40 used to
control the admission of fiuid thereto. Where
the number of valves to be controlled is large,
the steam-chest and cam can be duplicated,
if desired. |

In accordance with the provisions of the pat-
ent statutes I have described the principle of
operation of my invention, together with the
apparatus which I now consider to represent
the best embodiment thereof; but I desire to

‘have itunderstood that the apparatus shown

1s only illustrative and that the invention can
be carried out by other means.

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In combination, & main valve Whlch has
an open and a closed position but no inter-
mediate, buckets receiving motive fluid from
the main valve, an auxiliary valve for con-
trolling the main valve, a governor and a lost-
momon connection between the governor and

valve for actuating the latter.

2. In (3011'11)11:1&13101’1 aplurality of main valves
each of which has an open and a closed posi-
tion but no intermediate, wheel and inter-
mediate buckets receiving motive fluid from
the main valves, an auuha,ly valve for con-
trolling each of ‘the main valves, a lost-mo-
tion connection for actuating each of the aux-
iliary valves, and a speed-governor for im-

parting movement to the valves through said

Connectlon

In combination , a nomle, a main valve
for contr olling the nozzle, an auxiliary valve
for controlling the main valve, a cam for con-
trolling the movements of the valves, and a

governorfor reg u]ﬂtlnﬂ the movements 01' the
¢cam.

4. In eomblnatlon a plurality ot mdepend-
ent fluid-actuated main valves, auxiliary
valves for controlling the main valves, and
a cam which acts on a plurality of the aux-
1liary valves. ~

5. In combination, a plurality of fluid-ac-
tuated main valves that have an open and a

closed position but no intermediate, a sup-

port on which the valves are mounted, aux-
1liary valves, one for each of the main valves,
a cam, and devices between the cams and the
auxiliary valves whereby motion is imparted
from one to the other.

6. In a turbine, the combination of a plu-
rality of nozzles or nozzle -sections, a fluid-
actuated valve for controlling the action of
each nozzle or nozzle-section, buckets situ-
ated in front of the nozzles and acted upon

&c

Q0O

QC

105

110

115

12C

12

13¢

In themodificationreferred | by fluid discharged therefrom, cams corre-




10

748,727

sponding to cach of the nozzle-sections for |

controlling the valves, a governor, and a

mechaniecal connection between the governor .

sponse to speed variations. _

7. In an elastic-fluid turbine, the combina-
tion of a shell, a valve-chest detachably se-
cured to the shell, a plurality of valvesmount-
ed in the chest, a number of nozzle-openings
which register with the valve-openings and
are controlled by said valves, and camswhich

and the cams for moving the latter In re-

- separately actuate the valves.

20

20

40

45

530

55

6o

8. In an elastic-fluid turbine, the combina-
tion of a shell, a valve-chest detachably se-
cured tothe shell, a plurality of valves mount-

ed in the chest, a nozzle that is provided with
a plurality of fluid-passages, and means for
detachably securing the nozzie to the valve-

chest. S -
9. In an elastic-fluid turbine, the combina-
tion of a valve-chest, a fluid-actuated valve

mounted therein, a box situated in operative
relation to the chest, a cam mounted in the

box, and an auxiliary valve that controls the

fluid-actuated valve and is itself actuated by
_the cam. g

10. In combination, a valve-chest, a plu-

rality of fluid-actuated valves mounted there- |

in, a box detachably secured to the valve-
chesf, a cam mounted therein, auxiliary
valves which are mounted in the wall of the
box and are controlled as to their action by
the ecam, and a means for rocking the cam.

11. In combination, a valve-chest, a box
detachably secured thereto, a plurality of

fluid - actuated valves mounted within the

chest, a piston for each valve, a passage lead-
ing from the valve-chest to the back of each
of the pistons, an auxiliary valve for control-
ling each of the passages, and two seats for
each of the valves, one of said seatls being
carried by the valve-chest, the other by the
box. | |

12. In an elastic-fiuid turbine, the combi-
nation of a plurality of controlling -valves

which have anormal tendency to closeas soon
as fluid is admitted to the turbine, a piston

for each of the valves, a plurality of sepa- |

rately-actuated auxiliary valves for creating
a balanced or unbalanced condition as to pres-
sure on the piston, a- cam foreach of the aux-
iliary valves, and a means for imparting si-
multaneous movement to all of the cams.

13. In an elastic-fluid turbine: the combi-

nation of a plurality of valves, a spring for
each valve tending to move it in one direc-
tion, acam for moving each valve against 1ts
spring, a support common toall of the cams,

and a governor for rocking the support.
14. In an elastic-finid turbine, the combi-

nation of a shell, a valve-chest detachably se-
cured to an end wall of the shell, a box car-
ried by the chest, a cam mounted in the box, a
oovernor mounted in line with the main shaft,
and a rod for transmitting motion from the
covernor to the cam, | |

15. In an elastic-luid turbine, the combi- | nozzles for discharging motive fluid thereto,

for actuating them.

5

nation of a nozzle, a valve forcontrolling its
action, a spring tending fo hold said valve
open, a piston and cylinder for closing the

valve against the spring, a secondary means

for regulating the admission of fluid to the
cylinder, a speed - responsive device, and a

lost-motion connection between the means

and sald device.

~ 16, In eombm&ti_{m, a pluralit y of separate
fluid-actuated valves,a piston formoving each

ralve, a second set of separate fluid-actuated
valves, springs opposing movement in one di-
rection of the second set of valves, a plurality

80

of independent auxiliary valves for regulat-

ing the first and second sets of valves, and a
means common to all of the auxiliary valves

17. In an elastic-fluid turbine, the combi-
nation of a divided casing, means for divid-
ing it into stages, and valves for controlling
the first and second stages,which are mounted
on that portion of the casing which incloses
the first wheel. |
18. In an elastic-fluid turbine, which isdi-
vided into stages, the combination of separate

! fluid - actuated valves for the stages, which

have an.open and a closed position but no in-
termediate, auxiliary valves for controlling
the fluid used to actuate the valves, and a
cam which successively operates the auxiliary
valves. : | R .
'19. In an elastic-fiuid turbine, the combi-
nation of a valve-chest, a valve mounted

‘therein, a box detachably secured thereto,
containing an exhaust-chamber, and a cam

mounted in the box for actuating the valve.
20. In an elastie-fluid turbine, the combi-
nation of a valve-chest, fluid-actuated valves

therein, auxiliary valves controlling the first-

named valves, cams for actuating the valves

and spring-plates between the cams and the

auxiliary-valve stems. :
21. In an elastic-fluid turbine, the combi-
nation of a plurality of nozzles or nozzle-sec-
tions, a separately-actuated valve for control-
ling each nozzle or nozzle-section, which has
an open and a closed position but no inter-

mediate, a device responsive to speed varia-

Qo
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115

tions for controlling the action of the valves, -

a, fluid- pressure means for cushioning the
movements of the valves, a row of wheel-
buckets situated adjacent to the nozzles, and
sectionalized intermediate buckets situated
adjacent to the wheel-buckets. | |
29. In ap elastic-fluid turbine, the combi-

nation of a plurality of discharge - openings,

separate valves for the openings, which have
an open and a closed position but no inter-
mediate, a piston for each valve, a cushion-
ing device for each piston, auxiliary valves
for regulating the movements of the pistons,
and a governor for regulating the auxiliary
valves. : | | '

23. Ina tarbiﬂe; the combination of bucket-
wheels, separate inclosures for the wheels
| working at different pressures, a plurality of

120
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a plurality of nozzle-valves, pistons for actu- | latter may be successively cut into and out of

ating the valves, secondary valves controlling
the pistons, and a passage for conveying fluid
from the exhaust side of the pistons to a low-
pressure stage.

24. In an elastic-fluid turbine, the combi-
nation of a bucket-wheel, a nozzle comprising
a plurality of closely-associated sections for
discharging motive fluid to the wheel, inde-
pendent nozzie-valves for cutting the sections
1nto and out of service, pistons for actuating
the nozzle-valves, secondary valves for con-

trolling the movements of the pistons by creat- |

ing a balanced or unbalanced condition as to
pressures, a speed-responsive device, and a
lost-motion connection between thz said de-
vice and the secondary valves, whereby the

i

action. |

25. In combination, a bucket-wheel, a cas- 20

ing therefor, a nozzle mounted on the casing,

~a valve arranged to-control the nozzle which

has an open and a closed position but no in-
termediate, a piston for actuating the valve,
a secondary valve for controlling the nozzle-

valve, and a finid-pressure meauns for cushion-

ing the action of the nozzle-valve.
In witness whereof I have hereunto set my
hand this 24th day of December, 1902.

OSCAR JUNGGREN.

Withesses:
BENJAMIN B. HULL,
) HELEN ORFORD.
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