Aug. 29, 1950 C. E. SEDERQUIST 2,520,568
GOVERNING MECHANISM FOR EXTRACTING TYPE TURBINES

Filed Aug. 28, 1948

4

LRLVEN KO/

TUREINE SHIFT % 2%

22

;J\

BOLER ———
z
CAVSIER| BONLER
7 4

LS}

[nventor:
Carl E Sederquist,

[ Amert firadk

b
4 His Att orney.




Patented Aug. 29, 1950

% 2,920,568

UNITED STATES PATENT OFFICE

2,520,568

‘GOVERNING MECHANISM FOR EXTRACT-
ING TYPE TURBINES

Carl E. Sederquist, Melrose, Mass., assignor to
General Electric -Company, a corpora.hon of

New York

Application August 28, 1948, Serial No. 46,596 -

6 Claims.
1

This invention relates to a governing system for
an elastic fluid turbine of the extraction type,
having an inlet valve for. controlling the admis-
sion of motive fluid to a high pressure turbine
section in series flow relation with an extraction
valve for admitting steam to a low pressure tur-
bine section, the interaction of these two valves
determining the energy output of the turbine
rotor and the rate of flow of elastic fluid taken
from the turbine casing through an extraction
opening located between the high pressure tur-
bine section and the extraction valve. The in-
vention constitutes an improved governor of the

so-called “three-arm” type, and is a further im- .

provement of the three-arm governing mecha-
nism disclosed in United States Patent 2,095,860,
patented October 12, 1937 on an apphcatmn of
P. R. Ericson.

With extraction governors of the three-arm
type previously known, it has been necessary to
make a number of adjustments in the vari-
ous linkages in order to alter the desired pressure
to be maintained at the extraction opening over
a wide range without introducing substantial

deviations from the theoretical optimum opera-

tion of the governor. Such adjustments could
not be made while the machine was in operation.
Furthermore, the earlier three-arm ' governing
systems have included means for preventing
“overtravel’ of the steam valves in the closing
direction, in order to provide proper operation
and prevent mechanical damage to the linkages
connecting the various components of the system

when hydraulic servo-motors are employed to -

actuate the valves. It has since been found de-
sirable in certain applications to also provide
mean$ for limiting over-travel of the valves in
the opening direction.

The objects of the present invention are to
provide an extraction turbine governor of the
type described in which the tendency of the steam
control valves to overtravel is prevented in the
opening direction as well as in the closing direc-
tion, while, by means of a minimum number of

readily made adjustments, the extraction pres- -

sure may be conveniently varied over a wide
range without shutting’ down the machine and
without re-adjusting the overtravel preventmg
mechanism,

Other objects and advantages will be apparent

to those skilled in the art from the following -

description taken in connection with the accom-
panying drawing in which the single figure is a
diagrammatic representation of an elastic: fluid
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2 -
turbine having an improved three-arm governing
mechanism in accordance with the invention.
Referring now more particularly to the draw-
ing, the invention is illustrated as applied to an:
elastic fluid turbine 1 supplied with motive fluid
from & high pressure boiler 2 through a conduit -
3 containing a high-pressure inlet valve 4.. The-
turbine { includes. a high-pressure section la-
and a low-pressure section 1b, each including one’

.or more nozzle diaphragms and bucket-wheels.:

Intermediate the high and low-pressure sections
is an extraction opening 5 communicating with
a conduit 6 arranged to deliver motive fluid at -
an intermediate pressure to any suitable con-

.sumer; indicated diagrammatically at 7, and to

which-additional steam may be supplied by a low--.
pressure hoiler 8. Flow of motive fluid through

the low-pressure turbine section b is regulated -
by an extraction valve 9. Fluid discharged from -
the low-pressure section 1b into exhaust hood 10

may pass to a discharge conduit I{ thence to a

condenser or to Some still lower pressure turbine:
element, which may be on the same shaft fc-
of turbine | or may constitute a separate tur~:
bine in series flow relation with turbine {. Rotor

fc is connected to a suitable load: output device .
indicated dlagrammatmally as an electrlc gener- :
ator 12,

It will be appreclated by those familiar thh~
prime :movers of this type that the turbine (-
is inftended to perform two important functions:
(1) generation of mechanical shaft power for
driving the load 12, and (2) supplying steam -
at a desired intermediate pressure to a consumer
T, which may represent some industrial process -
or heating system. - The auxiliary low-pressure :
boiler 8 is arranged to supply steam to the con--
sumer 7 when the demand for process steam ex-.
ceeds that which can be supplied by the high-
pressure boiler 2. The low-pressure boiler 8 also .
supplies steam through the extraction opening 5.
to the low-pressure section of the turbine when :
the demand for mechanical load output from the
rotor. lc exceeds:that: which can be obtained:
from the boiler 2, The flow. arrows shown in -
the ‘drawing indicate that the consumer 71 will
ordinarily always receive fluid, at a constant pres-

. sure but at a variable rate determined by the

.80 -
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operation of the consumer, the low- -pressure boiler

8 may ‘or may ‘not supply steam to the- conduit

6 depending on the requirements of ‘the con- .
sumer T and the mechanical Ioad 12, while boiler
2 always supplies steam to conduit 3, with the -
result that the net flow through extractlon open-
ing ‘5 may. be either from the turbine casing to"




2,520,568

the consumer T or from the boiler 8 into the
turbine [. Such an arrangement permits gener-
ation of process steam in the boiler 2 at high
pressure and temperature levels for maximum
thermal efficiency. the high-pressure turbinez sec-
tion la serving to reduce the pressure to the

value requiredl by ithe cansunrer T while deniv--

ing usefwl emergy for ‘the consumer -42 in fhe-

process... The low pressure or extraction valve 9
is automatically positioned by the governing sys-
“tem so as to maintain a preselectad ;pressure - ab
the extraction opening 5 regardless of the Ge-
mands of the consumer 7 and load device 12.
The governing system shown in#he-#rawhigin-

cludes a number of component parts ‘commen ¢o’

the three-arm regulating systems used in the

past, as illustrated in the abovesmxemtiomed patend:

to Ericson 2,095,860, also the later patent to Eric-
son et al. 2,111,420, patented March 15, 1938.
These common elements include a speed sensitive
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hydraulic servo-motor arrangement, and it wiil
be readily appreciated that movement of pilot
valve 20 to the right effects supply of motive
Hauid from conduit 31 to power piston 29%q, the
resulting movement of piston 2% to the left
against the bias of spring 36 restoring pilot 30
throughlever 3% so:that fhesupply©of moétive fluid
is-discontinued. Tikewise movement «of pilot 30
to the left permits motive liquid to drain to con-
‘@uitt. 35, piston 28¢ being then caused to move to
the right.by the spring 36, while the lever 34 again
restares ;pilot 30 to the aligned position shown in
the drawing.

The bove-described conventional elements of
#his ‘governing ‘system are equivalent to the vari-
ous arrangements shown in the above-mentioned

. Patenis 2,095,869 and 2,111,420, and it will be ap-

20

device responsive 4o the :speed of wotor v and -

lustrafted @agrammauitically as = centrifugal gov-
ernor {3 adapted to be -Griven :at a speed propor-
tional te ‘that of ithe turbine ghaft, as by any
suitdble gearing (notshown) .
ates a Tink 44 pivetally connected to @n inter-

mediate point of /a Tever 45 fulcremed 'at cone end!

on"a speed adiusting or “synchronizing” device
18, which may be actusted weither by @w manual
hand-wheel 8z or a Temdbely adtuabed gposi-
tionitg :motor 465, ~The wetlrer end of lever 15 s
connected by @ link {7 o the infersection cor
“comimen peint” represented by the pivet k8 -of

1Governor 43 actu-:

25

~30-

a floating threesanm lever imdicated generally at -

8. “Phe first arm 48 of this three-amm lever is
arranged to mctuate the high-pressure inlst valve
4 ‘hy ‘means.of :a link 29 piveted to-alever 21 sup-
ported .on. a fixed fulcrum 22, the walve stem 44
being cenmectsd to :am intermediate point of ‘the
lever 21. ‘The 'second arm. 1i§bef the three-arm

lever positions tthe extraction valve 9 by means

of = 'Hirk 23 connected to an -intermediate por-
tion of :a lever 24 connected todhe stem 9a:af the
extraction walve. The wbher end of lever 24 is

suppoerted en wa fulcrum 25 which s sordinarily.

fixed. The ‘third arm #8c of the Hoating three-
arm ‘lever is arrenged fo be positioned in ac-
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cordance with the extraction pressure intermegi--

ate the -high :and Jow pressuve :sections wf the
turbine by means-of apressire respensive.device

indicated igenerally -gt 26 as including a bellows
260 arranged ‘to dposition p rod 27 in accordance
with -extraction pressure wommumicsted $hrough
a conduit :28 o the «device 28. Rod 21 :dees not
position “the arm 1% directly, but acts through
the medium -of a hydraulic:servo-motoer indicated
generally =t 28 amd ineuding = pilet valve 20,
with @ ;small biasing -spring F8a 1o take up lost
motien in the pivets, grranged 1o:contrel sthe ad-
mission of ‘motive liaiid through conduit 3| From

a sHitable wsource, for ‘instance o ‘pump (not
shown) driven from the turbine.shaft, todhe hy--

draulic moterpiston 2%a. Piston 2%z has=ared 32

14}
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carrying a guide member ar yoke 38.engaging @&

spherical portien:atthe end of lever .arm f9c .in

-85

such a mamer that. vertical movenrent of -the
three-arm lever 19 is ipermitted amder the action
of the speed governor 132, whiletransverse move~ -

ment of the yoke 33 produces rotational move-

ment «af the lever 48 about the cammon point 48.

Rod 27 positions ithe pilot-valxe 30 by means of a

70.

lexer 84, and a restoring action is produced en :

the pilat valve 80-by reason -of the fact.that lever

34 is-alse pivetally connected fo the rod 32. This.

¢ombination of elements constitutes a-well-known

rod 39.

preciated by thoss familiar with extraction gov-
ernors-of this type that the function of the speed
governor i3 is to hold the turbine rotor speed
canstamt, b 1o walue salectad by the synchreniz-
ing “deviee 46, by imparting transkitional move- -
ment o the three<arm lever 3 dn @ werbical ki~
rection; - while thre exfiraction pressure responsive-
device 26 produces rotatipmal movement of the
three-arm ilever ahout the :common point 48.
Translatiomal movement :in = werfifical -direction .
moves hotl valve stemsda,18ain thie same-diree-
tion:ssimulameousky so:asito vary the flow through -
the high and: low pressure -elements and change
the foad output thereof, -while .rotationdl move-
ment -of :the three-arm positions valve4,°9,in op-~
posite directions in arder fo keep dhe extraction-
pressure comstant. The.above elements-and their -
method -of vperation have been -sufficiently -de-
scribed in the previous :patents ;so that more de-
tafled-description here sgems unnecessary.

The present invention includes a :speeisl ar-+
rangement for preventing euertravel of ithe valves
-4, 9 in Dbeth the -gpening and the .closing -direc-
tions. This has been found desirable in order to.
prowvide ‘proper -operation -of the .govarner and to .
prevent deformation of the mrechanical parts wof
the -vapious linkages which might .eceur if -the.
powerful hydraulic moeter 29 tried to.move-either-
of the walves in the .closing .direction when the.
valve disk was already .against its :seat member, -
or .conversely tried to anove the valves farther.in.
the opening direction beyond the maximum open..
position. The arrangemenf for effecting fthis.
overtravel limiting function is as.follows. .

A second “three-arm lever” indicated generally .
at 37 is supported adjacent the first three-arm
lever- {9., Lever 37 is not “free Hoating” in the,
.same -sense as lever 19, being suspended resii-
iently from a fixed bracket 38 by means of a .
through-bolt or rod 8% having a pair of springs .
39a, 390 interposed between a hub portion 48 of
lever. 37 and fized abutments b both ends of the
With this arrangement, the stiffness of
the springs 39¢, 89%b is sufficient ‘that the axis of .
the hub portion §8 is-ordinarily fixed in space, but
may move a Timited -amount translationaliy ina
vertical direction when coi:pelted to do so by in-’
teraction -of the various convponents -of the sys-
tem: It will  of ‘course be-chviousithat-other types -
of resilient supports might 'be-employed to main-
tgin sthe hub 48 .ordinarily fixed, while permit- -
ting «certain yielding wmder overloads to prevent -
.deformation of the levers and links. :

‘The first arm 3Te of the :foating Jever 37 is
adapted to be engazed by:a pairof normallyfixed,; -
but ;adjustable, stops 44, 42, -each -of which may
be in the form of 3 cylindrical member havinga -

‘bore threaded soastobeadjustable.on g :threaded -
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rod 43, thé latter heing pivotally connected to a
bracket or abutment 44 fixed to thelink 20. The

threaded stops 41, 42 may be provided with-a
lock nut, as indicated at 4la to hold them firmly

in a desired position. While this adjustable stop-

arrangement may take many mechanica] forms,
perhaps the simplest in that shown in the draw-

ing, in which the threaded rod 43 projects freely:

through a hole in the end of arm 3Te, with sui-

ficiently generous clearances that the arm will’

not bind on the rod due to the angularity which
will occur between the arm and the rod in normal
operatmn

: 'The opposite arm 31b of the second floatmg-

lever is similarly arranged relative to the thread-
ed: rods 45 carrying adjustable stops 46, 47 and
pivoted to abutment 48 which is connected so as
to move with the link 23.

#The third arm 3Tc¢ of the second ﬁoatlng lever-

is:pivoted to a link 49, which at its other end

is connected to the pivot §0 of lever 34. Thus it

will be seen that vertical movement of rods 20,

23-may under some condition of operation cause:
42, 46, 47, to.en~

one of the adjustable stops 41,
gage the respective arms 31a, 371D, so as to rotate

the three-arm lever 31 about the fulcrum. 40q,:
with the result that the rod 48 exerts a restoring:
effect on: the pilot valve 30, thus modlfymg the'

action of the hydraulic servo-motor 28.

It may be noted that the link 34 is not con--

nected to rod 21 by a fixed pivot but through a

“bottled . spring” arrangement consisting of -a-

sleeve 27a lcosely surrounding rod 21 and having
trunnions - pivoted in the forked end of lever 24.

A pair of stiff coil springs 27b are interposed be~
tween the sleeve 2Ta and spaced abutments 27¢

on rod 21. With this arrangement, the springs
" 2Tb ordinarily hold the sleeve 27a in. substan-

tially fixed relation relative to rod 271, but some’
is  permitted -

relative movement therebetween
when- the other components of the system com-
pel stch displacement. This bottled spring ar-
rangenient, and the similar $pring: suspension . for

the: three~arm lever 31, prevent deformatmn of‘

the linkages.

The grrangement for pe rm1tt1ng adJustmentof»’
the extraction pressure during operation of the
turbine includes (a) an adjustable arrangement
by which the relative effective iengths of'the arms
19¢a, 190 of the floating three-arm 9 can be read-:

ily varied; and (b) means for readlly adJustmg
the effective length of the lever 24.

“The first of these adjustmerts is made possible
by the fact that the-arms 19¢, 19b are in the form

of a single rod having an‘intermediate threaded 5

portion 51; while the third arm [9c¢ is provided

with:an end portion 52 having a transverse bore:
-With'

threddedly receiving theé rod portion’ 5i.-
this arrangement, the arm #9¢ can be shifted lon-
gitudinally, so as to change the length of arm

19a relative to 195, by rotating the member 9a;
, 196 -about its own axis by means of ‘an ad-

54
justing hand-wheel 53. In order to permit this

rotational movement, the connection between the:

end of the arm 19a¢ and rod 20 and- also that be-

tween arm 19D and rod 23, are not ordinary piv—
oted joints but are ball and socket c‘onnectloﬁs—
permitting both angular movement of the arms’
196 relative to rods 20, 23 and also rota<
tiohal movement of the arms {9, 190 about thelr‘

i9a,

own axis.

- To facilitate adJustment of the arm lﬂc on the

threaded portion 51, an indicator arm 54 is fas-

tened to the end portion 52 of arm 19¢'and car~
ries a pointer cooperating with a scale 55 maiked

10

15

- adjustable fulerum, as follows.

20-
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on‘the rod 49¢. "This scale may conveniently be
calibrated and marked to read directly in pounds
per’square ‘inch gage pressure at -the extraction:
opening § in turbine {.” -

~Although difficulty to show clearly m a two di-
mensional’ drawing, it will be understood that
the three-arm Jever 19, links: 29, 23 are in g plane
nearest the. observer, the second three-arm lever
37T, rods 43, 45, 49 are behind, all so arranged that
the upper-ends of rods 43, 45 will not interfere
with the free floating movement of the three arm

" 19, and.the lower. stop 47 on 10d 45 will not en-.

gage the link 49. )

The. second adjusting featue for varying the
effective ‘length of the lever -24, consists of an
The pivots 25.
are in the form of trunnions fixed to a cylindrical
member 60 through the bore of which is slid-
ably disposed.the end of rod 24, Sleeve 60 may.
be clamped to rod 24 in various adjusted posi-.
tions. by means of a thumb screw 61. Trunnions.
25 are carried in a U-shaped bracket secured to a
block 62 which is arranged to travel transversely.
on .a:lead-screw 63 .rotatably carried in a fixed
support 64 and turned manually by the hand-
wheel £5. Engagement of the flat bottom of.
block 62 with the adJacent surface of the fixed
supnort 64 may be relied upon to prevent rota-
tion of block 62 as the lead- screw turns. Then
by . loosemng the locking screw 61, the hand-
wheel -65.can. be manipulated. to move pivot 25
longltudlnally of rod 24 until the indicating mark -
on. the block 62 is opposite the desired extrac-.
tion pressure on the scale §6, which scale may
be marked on an adjacent surface of the fixed
support. 4. With this arrangement, the fixed

. fulcrum 25 may he readily adjusted so as to vary

5
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the eﬁectwe length of lever 24, and thereby alter
the rate ‘'of movement of valve stem 9¢ for a

] glven changeé in position of the floating three~

arm 19. Tt will be understood that the eguiva-
lent’ means f01 altering the ]ever ratio may also
be employed .

"By means of only these two simbple adjust-

5 ments, my improved regulating system may be

readlly changed during operation of the turbine
so as to vary the extraction pressure at the port
5 without introdueing substantial deviations from
the ‘theoretical optimum operatmn of the gover-
nor. Thus changes in the’ pressure requirements
of consumer T may be conveniently met by a very
simple adjustment of the regulating system.
“The operation and use of the system is as fol-
Tows. -“Ordinarily, "the adjustable stop 4§ will be
set so that it just touches the upper surface of
lever arm 31b when valve 9 is-in the fully closed
position, and the pilot valve 30-is aligned, as in
the drawing; so that no liquid is bled from or
supplied to the hydraulic motor 29, and with the
piston 2%¢ in its extreme right-hand position, as
shown.’ With this adjustment, the operation is
as-follows: -Assume -that the turbine is operat-
ing' withthe high-pressure inlet valve 4 wide
open; the extraction valve 9 closed and piston 28a
in‘its extreme - left-hand: position; which means
that the flow. through the high-pressure turbine
gection and out the extraction opening 5 is just
sufficient to satisfy the mechanical load called

_ for by the speed governor {3-and- the extraction’

70

75

démands 6t the consumer 7 as controlled by thé
pressure responsive device 26, -Suppose, now,
that ‘the 'load output requirements on the tur:
bine shaft -lc- decrease so that the rotational
speed tends to increase. The increased speed- of
the governor {3 will'cause:it to pull rod 14 down-
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7
wardly 5o that lever 1% pivots about is fixed Jeft-
hand eng ang:link 13 causes the floating three-~
arm lever 18 to begin to descend. Sinece the ad~
justable stop 46 was already im contact with the
upper surface of lever arm 37, any movement of
link 23 downwardly immediately eauses the stop
46 to effect clockwise rotation of the three-arm
lever: 37 about its fulerum 48a. This clockwise

movement causes link 48 to move pilot valve 30

to the left, lever 34 allowing this movement due
to the: bottled spring arrangement, so that op-
erating liguid is bled from the hydraulic motor
29 through drain conduit 35. This causes pis—
ton 294 to move to the right, and the guide nrem-
“ ber 33 acting on the three-arm lever 19¢ causes
the Iatter teo rotate counterclockwise :mhout its
pivot point 18, with the resulé thaf the arm 195
risestoits original peosition and in -doing so raises
stop &5, releasing “pressure -on Iever arm 319,
permitting pilot valve 306 to return to its origingl
aligrned position by movement of piston 29%a %o
the right. "While these actions ‘have been de-~
scribed in sequence in order fo illusirate the
operation, it will be appreciated that they aectual~
1y ‘occur simultanecously so that the net effect of
e adjustable stop 46 bas been to cause the
right-hand end 'of Tever arm 190 to remain fixed
intspace. "Thus, thereis no tendency for the ex-
traction valve 9 fo move in the closing ‘irection
past the fully closed position, and ‘the forces ex-
erted by the powerful hydraulic motor 29 are
ot permitted to deform-any of the linksor levers
by trying to force the extraction valve past its
c¢losed position.

The -effect of ‘thre adjustable stop 4T will be
seent from the following. Assume ‘that the inlet
valve 4 is fully closed, with steam being supplied
irfo the extraction opening 5 from the low-pres-
sure hoiler 8, fhe exiraction valve 9 being wide
open so that the steam flow fram the boiler 8
through the Tow-pressure turhine section (& is
just sufficient to satisfy the mechaniecal load re-
quirements of the device 12, the governor 13 again
holding fhe speed constant at a desired value.
With these condifions, the adjustable sfop 41 .is
brought up until it just touches the underside of
the lever arm 31, ‘This stop will now: preveunt
overfravel of exfraction valve 9 in the opening
direction in the following manner. -Assume that
the output load on the turbine shaft le increases,
so thai the speed tends to decrease. The .speed
governor 3 fhen causes the rod 14 {0 move up-

wardly so that lever 15 rotates counterclockwise

ahout ifs lefi-hand end, the limk 4% -causing the.
floating three-arm lever {9 to rise. Any meve-
ment upwardly of the right-hand end of lever
arm 8D causes the stop 47 to-engage the under~
side of lever .arm 3%, causing the latter to rotate
caunterclockwise -abeut its pivot point 40a, with
the result that link 49 causes pilot valve 30 o
move to the right. This permits eperating liguid
to be supplied frem conduit 31 o the pisten 29a
with. the result that guide member 33 moves te
the left -and the floating three-arm lever 19 To-

tates. clockwise -about its .common: point 48, As

8

- turhine section ta fo satisfy the demand for -

1 3

18

15

P

28

36

35

40

cregsed:mechanical shaft output.

In this manner, the stops 46, 41 prevent over-
travel of the low-pressure extraction walve 9 in
both the opening and the closing directions.

With respect to the inlet valve 4, the function
of the stop 41 is-as follows. Suppose high~pres~
sure valve 4 is fully closed and steam is being
admitied through extraction opening b with the

valve 9 wide open and stop 41 adjusted to jusé

touch the upper side of lever 3l1e. If, now, the

shaft load ouput and speed should change so ‘&s.

to cause link 7 to lower the common point k8§ ef
flogting three-arm 18, any resulting downseard
movement of link 2@ will eause the stop 4t to
rotate the lever 81 counterclockwise about its pive
of 48a. This causes pilet valve 3§ to move to
the right, again admitting eperating licuid to pks~
ton: 29q. 50 that floating three-arm 49 is rotated
cleckwise about point 18, with the result that.arm
Ha is returned to its original pesitien. Inwother
wards, the effect of the step 4t is to prevent any
further met meovement downward of the yalve
stem 4a. Tiwus, overtravel of the valve 4 in the
closing .direction is prevemted. Similarly, the
adjustable stop 42 may be positioned so .as toem=
gage the underside of lever arm 8$%a in order te
prevent movement of valve stem #¢ in theopemn~
ing direction when the wvalve 4 is already fully
aopen and the -extraction valve $ is fully closed.
Experience with regulating systems incorporat-
ing the invention has disclosed an important ad-
vartage ©f the adjustable steps 41, 42, 46, 41, in
that the “speed regulation” of the governing gys~
tem remains-exactly constant for all medes efep-
eration, with the {urbine -operating with steam
supplied from the high-pressure boiler 2 or from
the low-pressure bheiter 8, and regardless of
whether or mot any steam is flewing threugh the
loew-pressure turbine seetion- #b. It will be
understood by those skilled in the .art that the
“speed regulation’ of a turbine is the change in
speed which oecurs from full lead te no-load, this

- change being ordinarily about 4 per cent -of the

45
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before, the net effect of these interactions is that

the right-hand end of lever .48b remains im its
original positien. In other werds, the valve stem

8a does not: tend to move in the opening diree<

tion past the fully opened position; but thiscall

for increased shaft cutput is satisfied by «clock=.

wise rotation of the fleating ‘three-arm 19 so .as
to partially open the inlet valve 4. :Steam from
the high-pressure boiler 2 then flows through the

5

normal rated speed. This speed change is that
required for-effective -operation of the speed 1e-
sponsive -eentrifugal governor 43. For a number
of reasons whieh need not be described in -detail
here, it «is very -desirable that this regulation
always be of the same magnitude regardless of
the method of .operation of the turbine.

As indicated above in the deseription-of the ap-
paratus, the extraction pressure wideh the gov-
erning system will maintain is varied by chang~

5 ingthe relative effective lengths.of the lever arms

t9¢, 18b. In -order to increase the extraction
pressure, the hand wheel 83 is retated to canse
arm 19c ta shift to the right on the threaded por-
tion 5i, thus increasing the rate :.of movementof
the inlet valve stem 4q for a given movement. of
the extraction valve stem 9¢. In order to mwake
the system operate properly, it is -also necessary
to make .an acecompanying adjustment in the
effective length of the lever 24. When increas~
ing the extraction pressure, the fixed fulerum 2%
must be meved to the riglti-so -as to inerease the
effective length of tlre lever 24. Thus, by siniple
manipulation of the-hand wheels 53, 85 thre oper~
abor -of the turbine can very readily adjust the

" extraction pressure in accerdance with -changes

in the requirements of consumer 7, and -this.
change may be easily made while the machine
is in operation. Another very important advan-
tage of the arrangement is that such changes in:
the extraction pressure setting do not negessitate



‘the invention hag been disclosed herein, and that
_in very diagrammatie form, it will be readily. ap-
.preciated by those skilled in the art that a great
-yariety of modifications of the mechanical means
.employed may be made. For instance, instead of ‘54
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"ary further changes in thé restoring rmechanism
-for overtravel prevention. In: this sense, the
- overtravel prevention mechanism is. “self-adjust-
-ing,” working properly regardless of changes in
-the -extraction pressure adjusting mechanism.

. Heretofore, in cases where a wide range of ad-
justment: of extraction pressure at port.% was
required, it has been necessary for the manufac-~
turer of extraction turbines having three-arm

~governing system, ‘as known to the prior art, to 1o
~provide at least three complete: alternate designs
_of /governing system in order to permit all:the

various methods of operation of which my single
improved, system is capable. With the prior ar-

‘rangements, it was necessary to shut down the 15

machine and have an expert familiar with the
governor make extensive alterations, even to the
extent of purchasing certain re-designed parts,
in-order to alter the extraction pressure. With

-the present invention, 2 single governing sys-gq:

tem is capable of a great variety of modes of op-

-eration and permits ready adjustment; by com-
. paratively unskilled operators, of.the extraction

pressure without even stopping the turbine. .

-~ While only one representative embodiment of o5

0

using a simple direct-acting mechanical linkage
connecting the arm {9q-of the floating three-arm

‘19 with. the high-pressure inlet valve -4, a hy-

draulic servo-motor may be interposed in.order

-to provide the necessary force for actuating the g5

inlet valve 4. Likewise, the speed gcvernor 13

.may: operate through-a hydraulic relay instead

of - directly ‘through. the mechanical link {4, as
shown, for instance, in F1g 1 of Ericson Patent
2,095,860. The extraction valve 9 may also bery,

.operated.-by a. hydraulic servo-motor arrange-
‘fhent. Such servo-motors are obviously equiva~-

lent to the simple mechanical links shown in the
drawing, and since they are so well known in the
art, it seems unnecessary to: further complicate Sg

“the present disclosure by mcludmg such arrange-
‘ments:

It w1li also be understood that in some apph-

cations it may not be necessary to providelthe

overtravel limiting function for either the valve 50
4 or the valve 9, for either or both directions of
movement. In such applications, one or more

of the adjustable stops 41, 42, 46, 4T may he
omitted. Thus, if it is found not necessary to
limit the overtravel of valve 9 in eifher direction, .
the abutment 48, rod 45, with the stops 46, 47
and the associated lever arm .3Tb may be
omitted entirely from the arrangement. The re-
maining arm 3Te with its associated stops 41,

42 will still operate precisely as described ahove. gg
Instead of actually removing the stops nof
needed, they may be merely “backed off” so that
under no conditions will they engage the asso-
ciated arm of the three-arm lever 37.

It should also be noted that the invention is g5
applicable to more complicated extraction tur-
bines having successive turbine sections in series
flow arrangement with an extraction opening
between each adjacent pair of sections, as illus-
trated in the Ericson et al. Patent 2,111,420. 7o
The application of the improvements constitut-
ing the present invention to such extraction
governors produces a regulator of enormous
complexity; and it is believed that the descrip-
tion of such a complete system is unnnecessary 75
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shere because such uses of the invention will be
apparent to those. familiar with such governors

-and the prior patented art.

- In view of.the. great variety of- modifications

5 to which ‘the invention is amenable, T desire it

to-be understood that the appended claims: are

~intended: to cover-all such modifications as fall

w1th1n the-true: sp1r1t and: scope -of the inven-
tion.. .

What I clalm as new and de51re to secure by
Letters Patent of the Umted States is:

~1.In a governing system for an extraction.

~turbine -having a.floating three-arm lever for
. coordinating movement of a high-pressure inlet

valve and a lower-pressure extraction valve, first

_linkage:. means connected to a first arm of the
lever for positioning the inlet. valve, second link-

age. means connected. to a second arm of the
lever :for: positioning the extraction valve and
servo-mechanism adapted to.position the third
arm. of:.the-lever.in accordance with changes
.in. extraction .pressure .and including extraction

. pressure: sensing. means adapted to position pilot
~means.-controlling a motor, the combination .of

means- for automatically limiting movement of

_the turbine valves-comprising second lever means
-adapted:to. produce a: restoring action on said

‘pilot ‘means; and stop; means connected to move
_with said first and second linkages and adapted
-to.engage.said second lever. whereby the servo-
motor is prevented from moving the valves be-
,yond 2 predetermined limiting position..

..+ 2..In g governing system. for an extraction tur-
'bme, having. a, floating. three-arm lever for co-

-ordinating movement of a high-pressure inlet
.valve. and a.lower-pressure extraction valve, first

linkage means. connected to a first arm of -the
lever ‘for positioning the inlet valve, second link-
age- means, connected to. a.second .arm of the

;'lever for posmomng the -extraction valve and

_servo-mechanism . adapted to position the third
‘arm of: the lever.in accordance with changes in
_extraction pressure -and. including  -extraction
pressure sensing means adapted to position pilot
.means. controlling: a motor, the combination of
-gutomatic limit means comprising second lever
means adapted. to. produce g restoring action on
said pilot means, and stop means connected to
.moyve -with said first linkage and adapted to en-
gage said second lever whereby the servo-motor
is prevented from moving the high-pressure inlet

~ valve beyond a predetermined limiting position.

3. In a governing system for an extraction
turbine having a floating three-arm lever for co-
ordinating movement of a high-pressure inlet
valve and a lower-pressure extraction valve, first
linkage means connected to a first arm of the
lever for positioning the inlet valve, second link-
age means connected to a second arm of the
lever for positioning the extraction valve and
servo-mechanism adapted to position the third
arm of the lever in accordance with changes in
extraction pressure and including extraction
pressure sensing means adapted to position pilot
means controlling a motor, the combination of
automatic limit means comprising second lever
means adapted to produce g restoring action on
said pilot means, and stop means connected to
move with said second linkage and adapted to
engage said second lever whereby the servo-
motor is prevented from moving the low-pres-
sure extraction valve beyond a predetermined
limiting position.

4. In a governing system for an extraction tur-
bine having a floating three-arm lever for coor-
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dinating movement of a high-pregsure inlet valve
and a lower-pressure extraction valve, first link-
age means connected to -a:first arm of the lever
“for positioning the inlet walve, 'second linkage

‘means connected to a second arm of the lever

for positioning the- exfraetion valve and servo-
mechanism adapted to position the third arm of
the-lever in accordance with changes in extrae-
tion pressure and including extraction pressure
¢ sensing means adapted o -positien pilot means
controlling o motor, the combination of means
~for autematically limiting movement of the tur-
bine valves comprising a second three-arm lever
adapted to produce directly a restoring action on
said pilot means, first and second step means
‘connected to move with said first linkage .and
adapled te engage opposite sides of a4 first arm
of the second three-arm lever whereby the servo-
motor is prevented from moving the high-pres-

i sure inlet valve beyond predetermined limiting ..

' positiens in both {he opening and ‘the closing
direetions, and third and fourth stop meanscon-
" nected to move with said second linkage -and
-adapted to engage opposite sides of a second arm
of the second lever means whereby the servo-
metor 4s prevented from moeving the extraction
valve beyond predetermined limiting positions in
both the opening and closing directions, the third
-arm of the second three-arm lever means being
connected to produce the direct restoring action
on said pilotmeans. -
5. In a governing systen for an extraction tur-
bine having 4 first high~pressure inlet valve and
~a second lower-pressure extraction walve, the
eombination of a foating three-arm lever for
-eoordinating movement of the valvesand includ-
" ing ‘means -for altering the relative effective
lengths-of the first-and second arms, first linkage
means connected to the first arm for positioning

the inlet valve, seecond linkage means connected .

' to the second arm for positicning the -extraction
-yalve, The seeond linkage including variable ratio
“Jever means for aitering -the rate of change of
extraetion walve position with change in three-
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arm lever position, whereby through suitable ad- 48

justment -of -the floating three<arm -lever -and
. variable ratio means the extraction pressure may
‘e adjusted, -servo-mechanism -adapted to posi-
tion the third arm of the floating lever in accord-

12
ance with changes in exfraction pressure and
including extraction pressure sensing means con-
strycted and arranged to position . pilet means
controlling a servo-motor, and means for aute-
matically limiting movement of the  turbine
valves comprising second lever means adapted
to effect a restoring action directly on said pilot
means, first adjustable stop means connected to
move ‘with the first linkage and adapted to en-
gage a first portion of the second lever means,
and second adjustable stop means connected- to
move with the second linkage and adapted fo
engage a -second spaced portion of the second
lever means, whereby through adjustment of said
stop means the servo-motor may be brevented
from moving the valves “heyond predetermmed
limiting positions.

8. In a governing system for an extraction fur-

‘bine having a first high-pressure inlet valve.and

a second lower-pressure extraction valve, a fisat-
ing three-arm lever for coordinating movement
of said valves, the first linkage means conneeted
to the first arm for positioning the inlet valve,
second linkage means connected {o.the second
arm for positioning the extraection wvalve, and
servo-mechanism adapted to position the thind
arm in accordance .with changes in extraction
pressure and including extraction pressure sens-
ing means, said Hoating three-arm lever includ-
ing means for changing the efiective length of
the first arm relative to the second arm, and at
least one of said linkages including varia,ble ratio
lever means for altering the rate of change of
valve position with change in three-arm lever
position, whereby through suitable adjustment of
the floating three-arm and the variable ratio
means the extraction pressure may be adjusted.
CARI, E. SEDERQUIST.
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