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Considerable difficulty is experienced in

“regulating the number of revolutions -of
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* interposed between successive stages.

multi-stage steam engines having relatively
large steam spaces, For instance, receivers
Regu-
lation in such cases is rendersd difficult

owing to the presence of relatively large

amounts of steam in the spaces between suc-
cessive stages, so that even 1f the mainthrottle
or corresponding controlling :valve admit-
ting steam to the high pressure stage has

been closed, steam from said large spaces

will pass on to the lower stage and continue
to perform work therein. Even with piston
engines of the multi-stage character, this
entails considerable - drawbacks, but the dif-

ficulties are even greater in the case of multi-

stage steam turbines which are more sensitive
to regulation than piston engines and in
which frequently there are employed between
stages, receivers constructed as intermediate
superheaters "The effect of this phenomenon
is 1ncreased partmularly when the steam em-

"ployed is of the high pressure of 20 atmos-
° pheres or more, in view of the fact that

steam of such pressure has. a considerable
weight per unit of volume. In these cases,

therefore, the drawbacks referred to .above

will be partlcularly strong, as regards -the
detrimental effect of steam flowing on to the

lower stage from the steam spaces located

between the stages. These amounts of steam

contained in the intermediate spaces are not

under the influence of the regulator or gov-

" ernor, so that, for instance, if the centr1fug"d,
‘governor shotld shut off completely the ad-

- mission .of steam to the highest pressure
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stage, the engine may still exceed, in a
dangerous manner, the maximum number of
revolutions allowed, owing-to the expansion,
in the low pressure stage, of the steam stored
in the intermediate superheater; this would

not be prevented either by the ordinary

centrifugal governor or by a special quick

 acting governor of the same type. = ;
The 1nvention relates to apparatus for ob-
The .

viating the difficulties mentioned above.
invention is of special value in ‘connection
with turbines using intermediate superheat-

ing and h1gh pressure steam, According

to our invention, we employ not only a main

admission valve controlling the supply. of
live steam to the high pressure stage of the
engine, but we employ a further steam shut

off device operating automatically when-
ever a predetermlned number of revolutions:

is exceeded, to shut off the admission of steam
to that staore of the engine which follows the
relatively Jar ge Steam space, for instance, an
intermediate superheater This additional

steam shut off device is interposed between
the intermediate superheater and the next:

succeeding working stage of the engine, and
may be controlled: either by the existing
centrifugal governor or by a special governor
of its own.
the function of cutting off entirely or partly

This steam shut off ‘device has.
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the steam conduit leading from the interme-

diate superheater to the next succeed-
ing working stage, whenever the number of

Ievolutlons “of the engine exceeds a prede--
‘It is desirable that this

termined: figure.
conduit should be shut off before the’ qu1ck
acting governor enters into operation.” The
effect of this special steam shut off device is

a double one ; not only is the work performed

in the lower stage diminished, but the back
flow of the steam in the precedmcr part of
the engine causes a quick decrease of the
work done in the upper stage, owing to in-
creased ventilation or Wlndage losses. The
actuation of this steam shut off devicé from
the centrifugal governor or from a specml
governor may be accomplished in various
ways. For instance, live steam or any other
indirectly acting pressure medium may- be

™
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employed for controlhnu the steam shut off -
device; but it would be “within the scope of

-our 1nvent1on to employ a direct connection

between the governor and the shut off device.
The invention will now be described in de-
tail with reference to the accompanying

drawings, which illustrate as examples sev-
eral embodiments of apparatus operating ac-

cording to this invention. Fig. 1 is a di-
agrammatic general view of a steam power
plant emloodymor this invention. Fig. 2.1is

a vertical section of an embodiment of ourin--

venton illustrating a simple form of steam
shut-oft device and its actuator, Fig.8isa

o
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~of-a two stage steam engine.
. mediate superheater through which the ex-
10"

section of the same at right angles to Fig. 2.
Fig. 4 shows a modification embodying our
new system of regulation. Fig. 5 shows still

‘another modification thereof. Fig. 6 illus-
trates a still further. modification.. . . .-

In Fig: 1, ¢ and b indicate the high pres-
sure and the low pressure stage respectively
¢.is an inter-

haust steam from the high pressure stage «
passes on its-way to the low pressure stage.b.

- Tive' steam ~from. the-boiler -is. admitted

“15

- through a conduit o, a valve % and a suitable
“inlet ¢ to the high pressure stage a.. -From

the outlet ‘of . the lattér the exhaust steam

passes through a conduit ¢ to the inlet f of |

the intermediate superheater c. - The Jatter

- may be of the usual two path type, the steam

" ing at k£ and leaving at m.  Live steam may-

" the outlet g the exhaust steam passes through
a pipe or conduit 1 to the inlet 4 of the low.
-pressure-stage b, the outlet of which is indi-

25
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©"to be heated passing from the inlet f through -
20,

one path to the outlet ¢, while the heating
steam passes through the other path, enter-

be used as the superheating medium. From

cated at 7. “Between the intermediate super-

heater ¢ and the inlet % the . conduit 1 con-.
tains. a steam shut off:device indicated.at n.

Various constructions of- this device -are

shown in-detail in Figs. 2 and 6, and Fig..
1 does not show the actuating mechanism of

- said shut off device. This actuating mecha-

“nism may be operated directly by the cen-
~trifugal governor 7, or the actuation may. be

~indirect through the medium of a fluid:- un-

407
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“der. pressure controlled by :the governer 7.
'Thus in the example illustrated by Fig. 1, a-
portion of the live steam from the conduit o

is diverted through-a branch pipe p contain-
ing.a regulating or'throttling device such.as
a damper or needle valve, as indicated at ¢,

“which in turnis controlled by the centrifugal

ball governor 7. . We may provide a second

, throttling element s connected in parallel.

with the throttling element ¢, and controlled

by. a:separate quick-acting governor (safety
governor) Z. - Whenever the number of rev-

olutions of the-engine" exceeds’ a predeter-

mined figure, the governor 7 will shut off the -
supply of steam to.the high pressure stage @

by closing the main steam admission valve u

by means of ‘the linkage w, and will also move-

the throttling or shut off device towards its

5 closing position, by actuating the throttling

~ device ¢ in the branch pipe p. Should the
-~ ball‘governor rfail to work for any reasomn,
* the. quick acting” governor ¢ will. act on the

T80

‘throttling: device s and

nd cause the shut off
device n to be closed, ...~ .. -~
In detail the shut off device » and its ac-

~tuating mechanism: may be constructed as

follows+ .

~According to Figs. 2 and 3, the shut off.
5 device n consists of a sliding damper »” con-

1,759,452

nected with a piston 2 arranged to move in = -

a cylinder 8. This cylinder 1s closed at the
bottom by a wall 4 having openings 5. The
space below said opening 5 is connected with

the steam conduit 1 by means of openings 6

located on the steam supply side of the con-
duit, that is to say, the steam coming from

the outlet ¢ will reach the openings 6 even:

though the damper #’ should be in the fally
closed position. The space of the cylinder 3
above the piston.is connected by a throttling

-duct 7 of relatively small cross section with-
the portion of conduit 1 on the other side of

70

75

the damper n’ that is, on the side toward the -

inlet 4. This upper space of the cylinder is

also connected with a pipe 8 of considerably

greater cross section than the throttling duct

80

7. Im this pipe 8 is arranged a throttling de- -~

vice 9, which may be'a needle valve or the-
like.

This throttling device 9. corresponds

to the part indicated by ¢ in Tig. 1, and.

may be under the influence, for instance, of
the centrifugal governor 7. .~ IR
< During the 1 1

8 is shut off by the throttling device 9.. The
equalizing or by-pass connection afforded by

he normal operation, the conduit”

the duct 7 causes the pressure to be about the -

same above the piston 2 as in the part of the

conduit 1 which lies on the far side of the.
The steam contained in:

shut off valve n’. 1
the conduit 1 in front of the damper »’

95,

‘passes through the openings 6 and 5 to the :

lower surface of the piston 2 and lifts the-

about the same in front and in the rear-of the
damper #/. - When the number of revolutions

is exceeded by a predetermined figure, the
throttling device 9 in the conduit 8 1s opened -
through the action: of the governor r so that.

live steam or other medium under pressure

latter until the pressure in the conduit 1 is

100"

105

may be ‘admitted above the piston 2. The -
high pressure steam thus' admitted can not: —°

escape through the duct 7 in the same ratio

‘in which it enters through the conduit 8;

therefore, pressure will be greater on the

sition.

die
upper side of the piston-and will cause the =
Jatter to shift the damper n/-to the closed po---
The specific_construction shown in
- Figs. 2 and 3 is very simple and has therefore -
been chosen as the first to be explained herein, .
“asit embodies the principles of operation. - It ..~ .7

is, however, open to the objection of giving '

rise to considerable friction,-and for this rea-
son we prefer -other construction, several in-

stances of which are shown in Figs. 4, 5,

and 6. - -
In Fig. 4, the
means of the rod 11 connected with the piston
12, moving in a cylinder 18. . That end of the
cylinder from which the piston moves away

n’, is connected with the conduit 1 by a

pipe or duct 14, so that this end.of the cylin--
der will always be under the same pressure:

129, .

the shut off device ic,o'n'silsts of a
damper-n’ pivoted at 10 and actuated. by

[
FR -] B
i)

when tending to close the pivoted damper . - e
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as the portion of the conduit 1 connected with
the outlet ¢ of the intermediate superheater.

At'the other end the cylinder 13 is connected
by a duct 15 with the same portion of the

pipe or conduit 1, but the duct 15 is of rela-

“tively small cross section so as to act as a

throttling device. With the same end of the
cylinder 1s connected a fairly large conduit
16 connected with the condenser,_not shown;
or with any other chamber in which a rela-
tively small pressure prevails. This con-
duit-16 contaitis the throttling device 9 con-
trolled by the governor - Tn normal oper-
ation the conduit 16 is closed by the throt-
tling device 9. The pressure-on both sides
of the pistor 12 will be about the same, that
1s the said piston is balanced, and the damper
n” will; under the influence of the steam flow-
ing throurrh the conduit 1, lift or open to such
an extent that the pressure will be about the
same in front and in the rear of the damper
n/. “When a predetermined number of revo-
Iutions is exceeded, the governor.7 will cause
the. throttling -device 9 to open so that pres-

ssure in the lett hand compartment of the cyl-

inder 18 will be reduced since said compart-
ment is then connected with- a chamber in

which relatively low pressure prevails, for-

instancethe condenser:  Pressure in the right
hand compartment of the cylinder 13 will
thus be greater than that in ‘the léft hand
compartment since the steam can not enter

through the narrow duct 15 as fast as it leaves

the left hand compartment: through the con-
duit” 16. Therefore, the" piston 12 will be
moved toward'the left in the cylinder 13 there-
by shifting the damper '’ toward the closed
position. .

In Fig. 5 the ‘pivoted damper is connected
with a sliding piston 12-in ‘substantially the
same manner as described in connection with
Fig. 4. The cylinder 18, however, is open
at one'end so that it really has a single com-
partment instead of two.  This compartment

5 1g connected by an equahzmg duct 17 of small

cross section with the condult 1 at a point in
the rear of the damper #’. Furthermore,
this cylinder compartment is connected with
a relatively large pipe or conduit 18 con-
1ected to the main steam line 'and containing
a throttling device 9 under the control: of
the ‘governor 7. In normal operation the
pressure will be substantially alike on both
sides of the plston 12, since the equalizing
connection or duct 17 causes the pressure
within the cylinder 13 to be the same as in the
conduit 1 in the rear of the damper #”. The
throttling device 9 is closed in the same man-
ner as’ descrlbed with reference to Fig. 4.

- The damper n’ will therefore assume such a

position that the pressure in-the conduit 1
will be approximately the same in front and
in the rear of said damper. - When a prede-
termined number of revolutions is exceeded,

“the governor # will cause 5the<throttling7de->

3

vice 9 to be opened -more or less so that a

high pressure medium, for instance, stearn of
high pressure, will he able to enter the cylin-
der 13. The narrow equalizing duct 17 will

not  permit such high pressure steam  to .

eszape as fast as it is admitted through the
side conduit 18, and therefore the piston 12

will be moved and the damper »’ moved to-

ward the closed position.

In the arranoements illustrated by Flo ‘6,
the pivoted dampex 7’ is connected Wlth a

piston 12 moving in -a cylinder divided by
sald piston into two- compartments. - One-of
these compartments is-connected by a channel
19 with the conduit 1 and when the pressure
in said compartment prevails over that in the
other compartment the piston 12 will be
moved in such a direction as to swing the

damper #” toward its: closed position.. In:

other words, the pressure in said cylinder
comm,rtment will be always the same as that
in the conduit 1 in front of the damper n’.

The other compartment of the cylinder 13 is
connected by an equalizing. duct 20 of rela-
tively small cross section with the -portion
of the conduit 1 in the rear of the damper
7/, or to any other place in which a relatively
low pressure prevails. From the same com-
partment is extended a conduit 21 of rela-
tively large cross section which leads into the
steam line in the rear of the main steam valve
. Inthis case the conduit 21 does not con-
tain any throttling device. Tn normal opera-
tion the live steam flowing through’ the con-
duit 21 1nto the cylinder 13 will ‘cause the
damper n” to be moved towafd the opén posi-
tion. 'When a certain predetermined num-
ber of revolutions is exceeded, the governor

7 will cause the main steam Valve 4 to be-closed .
and therefore no steam will pass through the

conduit 21 to the eylinder 13. - From that
moiment on: the pressure of the steam enter-
ing the cyhnder through the channel 19 will
shift the plswn 12 towards the left and move
the damper n’ toward the closed position,
the steam contained in the other compart-
ment passing out through the duct 20 into the
conduit 1 on the other side of the damper »’.

<
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The invention is not restricted to the spe- o

cific embodiments shown and described, but
is equally applicable in all cases where a gov-
erning of -the power devices: by means of a
medium under pressure is desired, which
pressure may also serve to operate- the con-

trolling mechanism for the stéam dampers. -
The controlhng device would, of course, have .

to be constructed in each 1ndn idual case so -

‘as to operate properly in connection with the

pressure medium selected.  The steam shut -

off device may be used not only - for completely

closing the steam connection between the rela- -

tively large steam camber and the next suc-

ceeding working stage, but it may also, to 4.

certam extent, serve to regulate the passage
of stéam throuOh sald connection so that- even

130"
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relatlvely small vm‘atlons of Ioad may be
equahzed ' :

We claim:

1. A multiple stage steam éngine havmo a

superheater for suporheatmo the steam.on s
~passage from one stage to the next, a device

for ,r,e.gulating the passage of steam-frem said

superheater to the said next stage, a governor:
operated by the engine according to its num-:

ber of revolutions, an auxiliary motor con-

-trolled .by said governor for operating the

said regulating dev1ce, and a second device

operated - by said governor for regulating

the passage of steam to said ﬁrst mentioned
stage.

superheater for superhewt ng “the stcam on
1ts passage from one.stage: to the next, a de-
vice for regulating the passage of s steam from
said superheater to the said next stag 26, 8 gov-

‘ernor operated by the engine accor dind to its

number of revolutions, an suxiliary motor
operating said regulating device, a connec-
tion by-which one side of said motor 18 ex-

posed to the pressure.prevailing in the pas-
- sage between said superheater and said next

stage; another connection by which the ofher

side of said motor is exposed to a different
~ pressure, and an -operative connection by
-which -said . governor controls said second—

named connectlon :
“3. A multiple stage steam engine havmg

' superheater for superheating the steam on 1§

passage from one stage to the next, a device -
- piston, one face of said piston being exposed

‘to-the pressure Wlthm the low pressure stage
“of the turbine.

for regulating the passage of steam from sald

superheater to the said next stage; a governor

e operated by the engine according to its num-

~-ber of revolutlons, a device for the admission

- of steam to-the high pressure stage; an a anxil-

iary motor for. operatmg said regulating de-
vice, a connection by which one side of said

- motor is.exposed to the pressure prevailing in

the passage between the superheater and said

- next stage, another connection by which the

45

other side of said motor is exposed to the pres-
sure prevailing in the rear of the device for

‘the admission of steam to the high' presstre

~ stage, and an operative conneotlon by which

50

said - governor controls - sald second named‘

connectlon
4. A multiple stage steam enome havmcr

- a superheater for superheatlnd the steam on

55
o said superheater to the said next-stage, a gov-

_ernor operated by the engine according to its
-~ number of revolutions, a cylinder, a piston .

30

its passage from one stage to the next, a de-
viee for regulating the passage of steam from

movable in said cylinderand operadvely con-

nected with said regulating device, a connec-
- tion for exposing one side of said piston to.

the -pressure prevailing in -the passage be-
tween the superheater and said next stage,

another connection for exposing the: other :
» s1de of said plston toa dlfferent pressure, and

: recrulat] ng device,

2. A multiple staﬂre steam’ enome hfavmtr a. the supply of stean to the high pressure stage-

1 759,452

an operative connectlon by Wh1eh said gov- "

ernor controls said second named connectlon

5.-A multiple stage steam engine having a '

superheater for superheating the steam on
its passage from one stage to the next, a de-

10

vice.for regulating the passage of steam from;» e

said superheater “to the said next stage, a

governor operated by the -engine according

to ‘its. number of revolutions, a-cylinder, a
piston movable in said-cylinder and opera=

piston to the pressure prevailing in the pas-
sage between the superheater and the said
an admission device for

of the engine, another connection for expos-

75
‘tively connected with said regulating device, .-~
a connection for exposing one. side of said.

86

ing the other s1de of the plston to the pressure e
prevailing in the rear of said admission de-

vice, and an operative connection by which

&5

said governor controls sald second named :

‘connection.

~6. In combination, a multl -stage hlo‘h pres-. s

sure steam turbine, an interstage superheater, B
a speed control governor, a throttling device

controlling the flow of steam to the high pres-

90

sure stage of the turbine, a second throtthnoz ‘

device between the interstage superheater. and

the low pressure stage of the turbine, and:
means for operating both of said throttling

95

devices in accordance Wlth the speed of the g

speed control governor.:-
7. In a device according to clalm 6 sald
means comprising a -servo-motor havma a

8. In a device accordmg to’ clalm 6, sald
means comprising” a -servo-motor . havm(r a
piston, one face of said piston being exposed
to the pressure in: the low pressure stage of
the turbine, the other face being exposed

100"

105

to a different pressure, one face of said pis-..

ton being also exposed to the pressure of the -
~steam in the hlgh pressure stage of the tur—

bine.:

110

9. In a dev1ce aceordlng to clzum 6, sald

means comprlsmcr a servo-motor, a - plston
therein operatively connected to the second

“throttling device; means for maintaining the
“pressure on both faces of the piston approxi- -

mately equal during normal operatlon of the

us

turbine, and means causing a decrease of pres- -

sure on one face of said piston in response to
increase of speed above normal, Whereby sald
second throttling device is operated

10. In eombmatlon a.multi: stage hlgh P

pressure steam turbme, an 1nterstage super-.
heater, a speed control governor, an emer-
gency governor, a throttling device control-

120.

ling the flow of steam to the high pressure .~
stage of the turbme, a second throttling de-

vice between the interstage superheater and.
the low pressure stage of the turbine, and

means for operating the ‘second men,\tvmned,

130.
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throttling device in accordance with the speed
of either governor. =~ - v

11. In combination, a multistage intercou-
pled steam engine, an interstage superheater,
a conduit for supplying steam to the high
pressure stage of the engine, means for vary-:
ing the effective cross-section of said conduit,
means for simultaneously varying the effec-
tive cross-section of the steam passage be-
tween the superheater and the stage follow-

~ing it, a conduit for conducting high pres-

13

20
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sure steam from said first mentioned conduit
to said means to operate the same, and mecha-
nism responsive to the speed of the engine and
associated with said means to control the same
in accordance with said speed.

In testimony whereof we have hereunto set
our hands. '

"OTTO H. HARTMANN.
FRIEDRICH WEMPE.



