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UNITED STATES

PATENT OFFICE.

OSCAR JUNGGREN, OF SCHENECTADY, NEW YORK, ASSIGNOR TO GEN-
ERAL ELECTRIC COMPANY, A CORPORATION OF NEW YORK.

REGULATING MECHANISM FCR TURBINES.

No. 824,547.

Spéciﬁeation of Letters Patent.

Patented June 26, 1908.

Application filed April 6, 1804, Serial No. 201,850.

To all whom it may concern:

- Be it known that I, OscaAR JUNGGREN, &
citizen of the United States, residing at
Schenectady, in the county of Schenectady,
State of New York, have invented certamn
new and useful Improvements in Regulating
Mechanism for Elastic-Fluid Turbines, ol
which the following is a specification.

The object of the present invention is to

provide a regulating mechanism for elastic-

fluid turbines operating by stage expansion
which is simple in construction and reliable
and efficient in operation. -
The turbine is divided by diaphragms into
as many stages as are desired, and motive

fluid is admitted to the first or high-pressure
stage by a plurality of nozzles or nozzle-sec-

tions controlled by separately-actuated
valves, the said valves being under the con-
trol of a device responsive to load changes.
The said device may be directly or indirectly
driven by the main shaft. As an example, 1
may use a governing mechanism for the first
stage of the character described and claimed
in my pending application, Serial No.
121,110, filed August 26, 1902. Under nor-
conditions one or more of the

valves will be open and one or more of the

valves will be closed and one valve will be

doing the regulating.. In other words, the
volume of steam delivered by a givén num-
ber of nozzles or nozzle-sections is seldom the
ritght amount to maintain a constant speed
of the bucket-wheel. Hence one nozzle-
valve has to keep opening and closing, and
the interval of time that the valve is open or
closed depends upon how nearly a given

number of nozzles can handle the load. In_

order to control the passage of steam or
other motive fluid through the nozzles or dis-
charging devices between stages and to
maintain constant or substantially constant
stage-pressures, separately-actuated valves
are provided, which to distinguish them from
the admission-valves are called “stage’ or
“by-pass’ valves. This feature of the in-
vention is an improvement over the con-

struction shown in the United States Patent |

to Dwight D. Book, No. 714,094, which

so broadly covers the idea of varying the num-

“ber of active stage-nozzles in a turbine hav- |

| ing two, three, or more stages by valve mech-

anism responsive to variations in stage-pres-
sure. Book employs a single piston-valve ot
large dimensions for controlling each-stage.

55

This construction while satisfactory in many
instances is limited in its application for va- .

rious reasons, among which are the inertia of
the heavy moving parts, the difficulty of con-

necting-nozzles located at different points

around the wheel-buckets with a single valve-
casing, and the large amount of space re-
quired, and the consequent increase in dimen-
sions of the turbine as a whole.

" In order to overcome the objections above
referred to, a plurality of individual and rela-
tively small valves are provided between one

60

stage and another, which are located 1n close -

proximity to the stage nozzle or nozzles con~

trolled thereby in order that the fluid-con-
veying passages may be as short as possible.
The valves can with advantage be located in
casings which are bolted or ot%lerwise secured
to the wheel-casing adjacent to the stage-
nozzles, since by reason of this construction

‘the valves may be readily inspected, adjust-

ed, mounted in place, or repaired. The
valves may be weighted in any suitable man-
ner and may be arranged to operate simul-
taneously or successively, as desired. 1 pre-
fer to have them operate successively, since
by so doing a more nearly even pressure will
be preserved in the wheel-compartment.
The motive fluid in order to prevent 1its ef-
fect being lost when the valve opens is dis-
charged 1nto a succeeding shell or compart-
ment of lower pressure. This discharge 1s
preferably into the adjacent shell of lower

ressure in order to effectively utilhize the

uid; but it can take place into a shell which
is more remote, if desired. This discharge

can take place directlyinto the shell, in which

case it does no useful work in passing; but 1t
is preferable to discharge it through what 1
term “auxiliary’” or ‘“stage’” mnozzles that
are normally inactive and are prevented from
receiving fluid directly from the main steam-
space of the compartment. In this way the
excess steam from one shell or wheel-com-

partment is made to do useful work in pass-

ing to a shell or shells ol lower pressure.

The stage-valves are so arranged that they
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- wheel-per-stage turbine.

{)pml One &Hm the other as the pressure in a ]

gven stage mereases and close in FOVOrse or-
di‘l‘ as thv pressure falls, thereby Inereasing
or daero: 1“-:11]“‘“1(1 mnnh(‘-[ of active stage-noz-
zles.  Other things being equal, an inerease
m pressure will ¢
zles to be put in service until an ﬂqml brium
On the other hand, a
H cause one or mr.:w
Eof serviee one after

stage-nozzles to be cut ou

“the other until an cquilibriium is again estab-

lif‘ah@d Inother words, the sucees t-11”{=lv a0~
ing valves tend to hold the pressure of a
given stage constant.  The construction and
aetwn of the stage-valves 1s the same in each
case whether for a high or low pressure stage.
The first stage or shell is provided with

suitable nozzles or fluid- cischarging devigces

and a governor of any approved tw pe o com-
pommp for load changes, but pre Ferably the
one disclosed in my p(,, wdimg  application
&l)me referred to.  One or more of the stages
or shells of lower pressure are provided with
as many main nozzles or discharging devices

as are necessary for average load mmhtmm
which nozzles may be in permanent u]w‘n
the shell and recove
steam directly therefrom, or hmf may be
In addition to ’t}wa{" noY

zles there are auxiliar v or stage nozzles whic h
are closed to the steam-space “of the shell and
recerve steam only through the weighted
stage or by-pass valves. These v alves are
set to open under a predetermined inerease in

stage or what 1s sometimes called ““shell’”

pressure.  The weights on the valves differ,
so that they operate successively.  In other
words, the anxili: Ary or stace nozzles are in o
mmm-:*tmn or conduif hom ONe stave Lo an-
other and are controlled in their action by
automatic valves.

To reduce the strain ou the parts and o
to simphfy the construction, the main
auxiliary stave-nozzles are aq,.aww SEe-
tures, and For certain types of tarbine, espe-
cially large sizes, it will be found adv‘m{m
geous to form tho main nozzles on one part of
a segmental bucket-wheel -»111(‘*!1 or casinge and
the auxilia v nozzles moa separate part or
segment of the same ahvﬂ
ever, be supported in a

d("%ll ed.

dnwum manner. (if
I{ a0 }1 (}1 li!(" 1}“!? }}r\[“w'ﬁ 315 ani EREAY "chl'ir{}

SAUSC ONe OF More SLAZe-N0Z-

- Seo ment of the w}lee]

Lsecotid-stage nmalaa will be seen.
ine 1is div idod | imto sections.
Cilustration four of Lhﬂ'h(_/ seetions are shown,

Q04 BT

.-i.'l..r.....

above the upper diaphragm.  Tip. 3isa plan
view ol the turbine, and Fig. 4 is a de ail
view of the f{irst stan{‘- or - sup ply valves.
1 represents the casing of the machine,
which 1s provided wi'h a t()p of cover 2 and
onc or more walls or diaphragms 3. Be-

Sm cen the cover and the upper diaphragm

Jid - between  adjacent  diaphragms  are
hum«.(*t wheels 4 for fractionally ll)th&LulI]‘T
the velocity of the fluid stream due to the
nozzles.  In . the present Hlustration two
rows of wheel-buckets are provided for each
stage, with a row of intermediate buckets 5
between each pair of wheel-bucket~.  The
function of these intermediate bue Kets is to
receive steam fr om one row of wheel-buckets
and atter changing its direction discharge it
properly afrmnqt the ad jacent row of W]lﬁ‘@]-—-
buckets. The upper diaphragm 3, owing to
the high pressure to whieh it s sub]octcd 18
made smaller than the other diaphragms.
mtlm‘t:ﬁd below and su
3 1s an overhanging pm}eetum 6,formed on a
casing. In the projec-
Lum is formed & nozzle whieh is composed of
a plurality of closely-associated sections or
passages.  ‘Fhe nozzle may be of the expand-
Ny or 11m1—<mmm({m<r type.  The lower- -pres-
sure diaphragms are Tounted on small shoul-
ders Iomwd on the imside of the casing and
are provided at one or more points near “their

penp]wwla with nozzles 7, which are prefer-

ably of the sectionalized h]}e and may or
may not expand between the receiving and
drsenarge orvifices, as 1s desired.

rhﬂft‘“llﬂ‘-f to g,
The cas-
In the present

and the lines of division hetween sections d]b

~oinradial planes.

& and 9 represent the main

stage-nozzles forsupplying elastic fluid to the

and

lm{hvt -wheel of the sec uml stage, it being un-

Cderstood that the firs tammhmb{*enr{*mowld
Cin this figure for the purpose of itlustration,

They may, how- |
Cated diametrically opposite
S CLent ¢

may be mounted in a separate casing, that s

attached t.- the extorior {al the madn easing or
snell, 1n which case it is re adily- (*{mul lo.
{ne 03‘ more rows of wheel-buclots n 1y b
provided for each stage, depeuding upon ihe
character of the 111)4/19% Or flu (i- {l:%hl}mhnw
devices.

In the %('mnnmwmw drawings, whiceh
iliustrate one mnbndn‘:wm of myv Hnmltmn
Figure 1 is a partial vertical section of a {wo-
jOF o, 218 a horizon-
tal section of the same, taken on a plane just |

by o
L I

Csequent staces are de

the we

spect

ach of thﬂw nozzles 1s of the sectionalized
['.-;‘}'1'}(‘ aud s composed of five secetions, each
section being provided with a Hm’mb]{l Hhowl
10, whieh de lwma steam or olhier elastie Huid
(o the nozzle-orifice.  The nozzles are situ-
and are of suffi-
apacity to handle a given or normal
load onthe turbine,  The nozzlesfor the sub-
siened to handle the in-
f*l{“m*d 'mhmw of steam at the reduced pres-
sure.  wrtuated at suitable points with re-
to the main nozzles are auxiliary stage-
nozzles 11 and 12, These nozzles are hmlwd
i sections of the casing separate froim those
sections which carry the main stage-nozzles,
The object of this arrangement, is to prevent
akening of any one of the CaSINE-$e0-

Smentts by cutiing away a -t*mmdemhlv 11888

t

Of muul h"ﬁ’l)li](l be the case if all of the noz-

pporting the dm])h] agm

2, the arrangement of the
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zle-sections were formed therein. The main
stage-nozzles 8 and 9 are in permanent com-
munication
13, Fig. 1. ,

The auxiliary stage - nozzles are perma-
nently covered by a plate or other suitable
means 14, and adjacent thereto the wheel-
casing 1s cut away to form a passage 15,
which forms a part of a valve-controlled con-
nection. Situated below the passage 151s a
second passage 16, Fig. 1, which discharges
fluid into all of the bowls 17 of the auxibary
or stage nozzles. . |

In order to control the passage of fluxd
trom one wheel-chamber to the next and to
relieve the pressure on the diaphragm, an au-
tomatic by-pass or stage valve is provided,
comprising a piston-bke portien 18, which

- engages with a conical seat on the E&I‘tition

19. The piston'is weighted or held agamst
its seat by a coiled compression-spring 20.
The lower end of the spring is supported 1n
the cup-shaped abutment 21, that may be ad-
justed by a screw 24. "Uiae screw 1s carried
by a detachable plate 23, and when it isde-
sired to remove the valve for the purpose of
inspection or repair this plate, together with
the abutment and spring, is removed, and by
inserting a screw-threaded rod in the projec-
tion 24 the piston can be withdrawn, it being
nnderstood that this piston makes a close fit
with its inclosing cylinder. The valve does
not open until the presstiire exceeds a certain
amount, and when once opened 1t remains so
until there i1s a predetermined decrease in
By reason of the beveled
end of the valve the effective area of the valve

when closed 1s somewhat less than when open.
In orderthat the pressureson thepiston may

be in a measure balanced, a passage 25 1s

rovided, which opens the cylinder-space
Eack of the piston to the wheel-chamber 26.
Under normal conditions the valve is in the
position shown; but when the pressure within
the upper wheel-chamber 13 exceeds a prede-
termined amount the by-pass or stage valve
opens and motive fluid is permitted to flow

through the passages 15 and 16 into the aux-

iliary nozzles, the latter being arranged to
effeetively discharge the fluid against the
bucket-wheel mounted in the wheel-chamber
26. Two or more of these by-pass or stage
valves may be provided for a given stage.
I find it convenient in the present embodi-
ment of my invention to pri
valves and to adjust them differently, so that
they will operate successively.

Referring to Fig. 2, it will be seen that the

stage-valves and their casing 27 are situated:

diametrically opposite, and the latter are

“bolted to the main casing, so that they can

readily be attached and removed. 28 repre-
sents the main shaft, and 29 a packing, which
prevents motive fluid from escaping irom one

with the upper wheel-chamber

| carries off the exhaust.

denser or atmosphers, as desired.

- present, iInstance each valve is operated by a

- the contact-cylinder is a plurality o
‘brushes 46, which are connected to a source

rovide two such |
tact-cylinder in a direction to cut out one or

3

| wheel-chamber to the next without perform—- 65

ing useful work. 3 represents the upper dia-~
phragm, which 1s provided with suitable
strengthening-ribs, some of which are pro-
vided with screw-threaded holes 302 to Te-
celve eyebolts, the latter being used in assem-
bling and taking down the machine.

In Fig. 3 1s shown a plan view of the tur-
bine with a dynamo or other load 30 mounted
thereon. In the center of the dynamo isa
dome 31, which incloses the speed-responsive
device that is mounted on the main shaft.
Situated at diametricaliy opposite. points on
the casing and suitabiyinclosed arevalves 18, -
responding automaticaily to changes in stage-
pressure. 'fheturbineissupportedbvabase 8o
32, which 1s provided with a conduit 33, that
The hase may con~
taln a condenseér or be connecied 1o a con-

7°

75

In order to supply fiuid to the furbine, a
plurality of separately-actusted valves 34
are employed, each valve being operated by
a motor 35 of suitable constructicn. In the

fluid-motor which is under'the control bf an
electromagnet 36. The valves are mounted
in & valve-chest 37, which is common to them
all. Extending {rom the chamber in the
valve-chest 1s a plurality of fluid-carrying
passages 38, each of which 1s provided with a 93
valve which opens into one or more passages
in the first-stage or supply nozzles 39. Steam
or other elastic fluid is admitted to the valve-
chest by the conduit 40. The magnets 36
for controlling the motors 35 are sunported
by the valve-chest, but are separated there-
from by a small space to permit of the circu-
lation of air for cooling purposes. IKachmag-
net acts on the stem of a relay-valve which

controls the motor. - Mounied or the main 103

90

100

shaft 28 1s a speed-responsive device 42,

which is connected to a bell-crank lever 43,

that 1s mounted in the dome 31.+ 1h:¢ lever
43 1s connected to the stepped contact-cyiin-
der 44 through a system of levers 45 in: such
manner that the cylinder can be oscillated in
response to speed changes. Enga%ixlg with

P R
ST NI TN RS

of current-supply and to the magnets 36. As

shown, -all of the magnets are energized,
which meansthat all the supply or first-stags -
vaives are open. If the load decreases, the

speed-responsive device will move the con-

120
more of the brushes, which will permit one or
more of the magnets 36, and consequently
one or more of the nozzle-valves, to close.
Under ordinary running conditions one or
more of the valves are closed, one or more of
the valves open, and at least one valve is do-
ing the governing by opening and closing.

125

| As the load increases the speed drops slightl?,
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causing one or more admission-valves to
open, thereby increasing the pressure i the
first ~tage.  When the increase in stage-pres-
sure reaches acertam predetermined amount,
one ol the stage-valves will open, and upon a
still further increase another stage-valve will
open, and so on until all of the stage-valves
are open. The increasing of the pressure in
the first stage 1s accompanied by an increase
in pressure i the second and subsequent
stages, due to the opening of the stage-valves
and the putting in service of what I have
termed “auxdiary” or “stage’ nozzles. Con-
versely, when the admission-valves are closed
one after the other a temporary fall in pres-
sure takes place 1 the {irst stage, which per-
nuts one or more stage-valves to close, the

Jlatter cutting off one or more auxiliary noz-

zles and causing a temporary drop in pres-
sure 1n the second and succeeding stages un-
til a state of equilibrium is reéstablished.
This action takes place in each stage pro-
vided with these stage-valves. '

In accordance with the provisions of the

patent statutes I have described the prinei-

ple of operation of my invention, together
with the apparatus which I now helieve to

represent the best embodiment thereof; but.

I desire to have 1t understood that the appa-
ratus shown is merely tllustrative and that
the mvention can he carried out by other
means. .
What T elaim as new, and desire to secure
bv Letters Patent of the United States. 1s—
1. In an elastic-fluid turbine operating by

stage expansion, means controlling the sup--

nly of fluid to the first stage, and mdividual
automatic stage-pressure-controlled valves
located at different points around the tur-

bine for supplyimmg flutrd to the succeeding

stage or stages.

2. In an elastic-fluid turbine operating by
stage expansion, valves controlling the sup-

ply of fluid to the first stage, and a series of
valvescontrolhing the supply of fluid to a ~uc-

ceeding stage which are automatically oper-

ated by relatively different variations in the
preceding stage-pressure. | -
3. In an elastie-fluid turbine operating by

stage expansion, mdividual and successively-

operating valves controlling the supply of
fluad to the first stage, and automatic stage-
pressure-controlled valves adnutting fluid to
the succeeding stage or stages.

4. In an elastic-fluid turbine operating by
stage expanston, means controlling the ad-
misston of fluid to the first stage puassages
disposed around the turbine for deliverimg
the fluzd to a succeeding stage, and valves
which are automatically and successively

opened or closed under the control of the pre-

ceding stage-pressure.

5. ln a turbine operating by stage expan-

o |

I

e

f

824 547

flurd-pressure from a stage, and successively-
acting valves under the control of a stage-
pressure which regulate the volume of fluid
exhausted from said stage.

6. In an elastic-fluid turbine operating by
stage expansion, mdependently and succes-

| sively acting valves controlling the supply of

fluid to the first stage, valves between the
stage - compartments adapted to maintain
stage-pressures therein, which are automatic-
ally actuated by the pressure in the stage
which they control acting against a substan-

70

75

tially constant resistance tending to move

saxd valves in opposition to said stage-pres-
sure. . o

7. In an elastic-fluld turbine, operated by
stage expansion, the combination of a plural-
ity of separately-actuated valves controlling
the supply of fluid to the first stage, a speed-

responsive device, and automatic stage-pres-

- sure-controlled valves supplying fluid to the

succeeding stage or stages.

& In an elastic-fluid turbine operated by
stage expansion, the combination of a plural-
ity of vallves controlling the supply of fluid to
the turbine, aspeed-responsive device for reg-
ulating the action of the valves, and a series
of individual valves controlling the supply of
fluid to a succeeding stage, which are auto-
matically operated by variations in the pre-
ceding stage-pressure: o

9. In an elastic-fluad turbine operated by
stage expansion, the combhination of a plural-
ity of mndividual and separately-actuated

alves, a speed-responsive device for control-
ling the valves, and automatic stage-pres-
sure-controlled valves admitting fluid to a
succeeding stage or stages. '
- 10. In an elastic-fluid turbine operated by

stage expansion, the combination of a plural--

ity of separately-actuated valves controlling
the admission of fluid to the first stage, a
speed-responsive device acting on said valves
to regulate t' em, and passages delivering
{fluid to a succeeding stage, which are auto-
matically aid successively opened under the
control of the pressure in the preceding stage.

11. In an elastic-fluid turbine operated by
stage expansion, the combination of individ-
ual valves controlling the supply of fluid to
the lirst stage, a speed-responsive device for
operating the valves one after the other inpre-
determined sequence, and valves hetween
the stage or wheel compartments adapted to

maintain predetermined pressure therein,

said valves being subjected to the pressure of
flurd within the stage and also to a substan-
tially constant resistance tending to move
sald valves 1n opposition to the stage-pres-
sure. | |

12. A turbine of the multistage type, in
combination with a valve mechanism re-
sponding to speed changes for increasing and

sion, a plurality of passages for discharging | decreasing the amount of motive fluid ad-
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mitted to the turbine, stage nozzles or de- | mitted by the governed valve mechanism de-
vices, and qu(,cesswely-operatmgstafre-valves creases. 10
which open. and permit more fluid to flow | In witness whereof I have hereunto set
through the stage nozzles or deviceswhen the | my hcmd this 4th day of April, 1904.

amount of fluid admitted to the turbine by . OS(JAR JUNGGR®WN

the governed valve mechanism 1ncreases and Witnesses:

close one after the other and cut out stage’ - BExgamin B. HoLr,

nozzles or devices as the amount of fluid ad-—- | HELEN OORFORD.
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