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GOVERNING MECHANISM

Application filed October 4, 19%9. Serial No. 397,355,

My invention relates to a governing or
regulating mechanism, more particularly to
the speed governor of a prime mover, and it
has for its object to provide apparatus of the
character designated whereby improved reg-
ulation is obtained.

Another object is to provide fluid pressure
governing apparatus wherein the governing
range, or effective speed change from one ex-
treme of load to the other, may be reduced to
any desired degree, or entirely eliminated or
even reversed. : '

A more specific object is to provide fluid
pressure governing apparatus comprising a
mechanism which has a governing range and
which acts promptly upon change in speed,
in order to provide stability, and a mecha-
nism which adjusts the setting of the first
mechanism to restore or approximately re-
store the original speed. :

A further object is to provide a governor
for an extraction turbine which will main-
tain the speed thereof substantially constant
and independent of the extraction demand.

In accordance with my invention, I em-
ploy, in connection with a prime mover, a

fluid pressure governor of any suitable type -

which provides an admission valve opening

varying inversely with the speed. This gov-

ernor acts promptly upon a change in speed
and provides stability. ‘

To such governor I add a mechanism in-
cluding means for imposing a second fluid
pressure on the pressure-responsive element
of the governor, and I vary this second pres-

“sure in accordance with the position of a part

of the governor which controls the admission
valve. This second pressure is so varied to
change the speed setting upon movement of
said part, that at each position of the ad-
mission valve the setting provides the speed
which it is desired to maintain. The action
of the means varying the second fluid pres-

sure is retarded in order to prevent over-
~ the numeral 15. This mechanism includes 2

travel or hunting of the governor.

In accordance with another aspect of my

invention, I provide an isochronous governor,
such as specified above, for the admission
valve of an extraction turbine. - The admis-
sion valve of an extraction turbine must con-

trol the admission to the high pressure sec-

tion not only to maintain the load on the tur-

bine but also to provide the quantity of par-
tially expanded motive fluid to be extracted
from the turbine. In the governors hereto-
fore in use, changes in the position of the ad-

mission valve could be effected only by -

changes in speed. Consequently, the speed
of the prime mover varied over a wide range
in order to effect the proper operation of the
admission valve. By providing an isochro-

nous governor for the admission valve, the ad-’

mission valve is moved until the correct po-
sition is obtained, and the speed of the prime
mover is always restored to its designed oper-
ating speed.

The above and other objects are effected by
my invention, as will be apparent from the
following description and claims taken in
connection with the accompanying drawings,
forming a part of this application, in which:

Fig. 1 is a side elevation, with parts in sec-
tion, of a steam turbine having my novel form
of governor applied thereto; and,

‘Fig. 2 is a sectional view of my novel gov-
erning mechanism.

Referring now to the drawings more in
detail, I show, in Fig. 1, a steam turbine 10
having a high pressure section 11 and a low
pressure section 12. An interstage valve, such
as a grid valve 13, controls the flow of par-
tially expanded fluid to the low pressure sec-
tion 12, and-an extraction conduit 14 commu-
nicates with the interior of the turbine casing
between the high pressure section and the in-
terstage valve 13. By controlling the amount
of motive fluid permitted to fiow to the low
pressure section or held back therefrom to
supply the extraction conduit 14, the inter-
stage valve 13 controls the distribution of
fluid between the low pressure section 12 and
the conduit 14.

The interstage valve 13 is controlled by a
regulating mechanism indicated generally by

piston 16 connected to the interstage valve,
and adapted to move the same in opening di-
rection upon downward movement and in
closing direction upon upward movement.
The piston 16 is disposed in a cylinder 18 hay-
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ing ports 19 and 20 at the upper and lower
ends thereof. A pilot valve 21 is disposed
in a pilot valve casing 22, the latter having
ports 28 and 24 communicating with the ports
19 and 20 of the cylinder 18, respectively, and
adapted to be normally covered by piston
portions 25 and 26 formed on the pilot valve
91. The pilot valve casing 22 is further pro-
vided with an inlet port 27, through which
fluid- pressure is admitted for operating the
piston: 16, and with discharge ports 28 and
29 through which motive fluid is discharged
from the opposite side of the piston:16:

A floating lever 81 is connected at one end
to the piston rod 17, to the pilot valve 21
intermediate its ends, and by means of a link
32 to a diaphragm 33 at a point near the
other end thereof. The diaphragin 33 is sub-
jected on its lower side to the pressure in the
conduit 14 communicated thereto through a
conduit 33’
end of the lever 31 biases the end downwardly
in opposition to the fluid pressure acting on
the diaphragm 383.

‘The operation of this mechanism will be

" readily understood by those skilled in the

30

35

40

45

50

55

60

85

art. Upon an increase in extraction pressure
in the. conduit. 14, the diaphragm 33 moves

‘the left hand end of the lever 81 upwardly,

the right hand end being held stationary by
the piston rod 17, and the pilot valve being
moved upwardly thereby. The ports 23 and
24 ave thus placed in communication with the
inlet. port 27 and the discharge port 29,.ve-
spectively, thereby effecting downward move-
ment of the piston 16. The downward move-
ment of the piston rod 17 moves the right
hand end of the iever 81 downwardly and
restores the pilot valve to cut-off position,

' moving the interstage valve 13 in opening

direction an amount corresponding to the-in-
crease in extraction pressure. The increased
opening of the interstage valve 18 thereupon’
passes a greater amount of partially expanded
steam to the low pressure section 12, and
maintains the extraction pressure in the con-
duit 14 within predetermined limits.

Upon a decrease in extraction pressure, the
mechanism 15 operates in the reverse direc-
tion, as will be readily understood, to effect
movement of the interstage valve in closing
direction, thereby holding back additional

steam from the low pressure section tosupply-

the conduit 14.

The turbine 10 is further provided with
an admission valve 34, controlled and actu-
ated by a fluid pressure governor indicated
generally by the reference numeral 35. The
governor 35 is of the fluid pressure type and
is controlled by fluid pressure developed by
an - impeller 86 mounted directly upon the
turbine shaft 37. Any suitable fluid, prefer-
ably lubricating oil, may be used as the me-
dium of fluid pressure. Referring to Fig. 2,

showing the. governor in section, the. fluid

A spring 84/, connected to the:
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pressure developed by the impeller 36 and
varying as the square of the speed of the tur-
bine, is communicated through a passage 38
to the lower side of a hollow pilot valve 39.
~ The pilot valve 89 is disposed within the
hollow cylindrical interior of an operating
piston 41 having an upper tubular extension
49 and a lower tubular extension 43. The
piston 41 operates in a cylinder 44, provided
n'the governor casing 45, and the tubular ex-
tensions 42-and 43 operate in cylindrical bores
46 and 47, respectively. The piston 41 is pro-
vided with an annular row of ports 48, open-
ing into the cylindrical interior thereof and
communicating with the upper end of the cyl-
inder 44. The piston is also provided with
an annular row of ports49,providing comiu-
nication betiween the interior of the piston
and the lower end of the cylinder 44, the lat-
ter having a discharge opening 51.

The pilot valve 89 is provided with a pis-
ton portion 52 adapted to normally cover the
ports 48. Immediately above the piston por-
tion 52'is a recess 53 and an annular row of
ports 54 providing communication between

the recess 53 and the interior of the pilot
The pilot valve is further provided

valve.
with-an-elongated recess 55 adapted to pro-
vide communication between the ports 48.and

49 upon upward movement of the pilot valve

from the position in which the piston portion
52.covers the ports 48: »

The pilot valve is formed with a closed up-
per end 56,.which is connected to the upper
end of a tension spring 57 disposed within the
hollow. interior of the pilot valve. The lower
end of the spring 57 is connected to & spring-
holding member 58, which is connected to the
extension 42 of the piston 41, by means of
levers 59 and. 60 and links 62 to 65. The
lever arm-ratios of the levers 59 and 60 are
so proportioned that upon movement of the
operating piston, the spring-holding member:
58is-moved a proportional but lesser amount,
this movement being for the purpose of ef-
fecting greater movement of the operating
piston 41-for a given defleetion of the spring
57, as 1s fully explained in Patent No.
1,583,767, issued April 14, 1925, to H. F.
Schmidt.

The-parts of the governor so far described
constitute a-known fluid. pressure governor
of the type providing an opening of the ad-
mission- valve varying inversely with the
speed; which latter varies within the limits
of a- governing range, and the operation
thereof isias follows:

Upon- ani increase in speed of the prime
mover, the fluid pressure-developed by the
impeller 36 inereases; and the force thereof on
the pilot: valve 89 -moves the same npwardly,
effecting increased-deflection of the spring 57.
The ports-48-and 49 are placed in communi-
cation by thie recess 55.. The fluid pressure
acting: on-the lower end of the extensicn 43
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moves the piston 41 upwardly,
permitted by the flow of fluid from the up-
per end of the cylinder 44 to the lower end
through the ports 48 and 49 until the ports 48

are again covered by the piston portion 52.

The nupward movement of the piston 41 ef-
fects closing movement of the valve 34 to
restrict the admission of motive fluid, as is
apparent from Fig. 1.

decrease in fluid pressure, the decreased de-
flection of the spring 57 moves the pilot valve
39 downwardly. Fluid pressure now flows
through the ports 54, the recess 53 and the

9 ports 48 to the upper end of the cylinder 44

to move the piston 41 downwardly until fur-
ther admission to the ports 48 is cut off by
the piston portion 52. The downward move-
ment of the piston effects increased opening
of the admission valve 34. :

With the above described governor, and
without the additional mechanism herein-
after described, there is a range of speed va-
riation, and a different speed within the range
is required for each position of the admission
valve. Therefore, a permanent change- in
speed is required to change the position of
the admission valve, by which I mean that
the turbine must operate at a changed speed
as long as a changed position of the admis-
sion valve is to be mamtained. In order to
restore the desired operating speed after a
change in valve-opening, I provide the fol-
lowing additional mechanism.

A chamber 66 is formed in the tubular ex-
tension 42 above the closed end 56 of the pilot
valve. An orifice 67 is formed in the closed
end 56, through which a restricted flow of
fluid under pressure is admitted to the cham-
ber 66. The chamber communicates, through
openings 68 in the extension 42 and a pas-
sage 69, with a pressure-relief valve 71. which
controls the pressure in the chamber 66.

The relief valve 71 is loaded by a weighted
member 72, a compression spring 73 being
interposed between the weighted member and
the relief valve. A tension spring 74 is con-
nected at its lower end to the weighted mem-
ber 72, for taking a variable portion of the
weight thereof, and at its upper end to a
bracket 75 carried by the extension 49.

A dash pot 76, formed by a piston 77 car-
ried by the weighted member 72 and a cyl-
inder 78 in which the piston 77 is disposed,
retards downward movement of the weight-
ed member 72. A check valve 79 permits
flow of liquid from the upper side of the pis-
ton to the lower side thereof, and thus up-
ward movement of the weighted member
72 is but slightly retarded.

The operation of the governing mechanism
as a whole is as follows:

Upon a decrease in load, the speed of the
turbine increases and the governor operates
in the manner above described to effect a de-

this being -

creased opening of the admission valve 34.
The upward movement of the piston exten-
sion 42 elongates the spring 74, which takes a
greater portion of the weight of the weighted
member 72 and raises the same a small
amount. - The - upward movement of the
weighted member is slightly retarded by the
dashpot 76. The upward movement of the

 weighted member 79 reduces the compression
Upon a decrease in speed and consequent -

of the spring 73, and the decreased bias on
the relief valve 71 results in reduced pres-
sure in the chamber 66.

The decrease in pressure in the chamber
66 effects a relatively small additional de-
flection of the spring 57 and further decrease
in the opening of the admission valve 34,
this operation continuing at a slightly re-
tarded rate until the speed
been reduced to the original or normal oper-
ating speed.

pon increase in load, a decreased deflec-
tion of the spring 57 results from decrease in
speed and consequent decrease in fluid pres-
sure. An opening movement of the admis-

sion valve 34 is effected as above described, ¢

and the downward movement of the operat-
ing piston 41 effects decreased deflection of
the spring 74. The weighted member 72
moves downwardly, the rate of movement
being substantially retarded by the dashpot
76. The compression of the spring 78 is slow-
ly increased, and the valve 71 effects a slowly
Increasing pressure in the chamber 66.

The latter pressure effects still further de-
crease in the deflection of the spring 57 and
further opening movement of the admission

‘valve 84 until the speed is again slowly raised

to the normal operating speed.
It will thus be seen that while a temporary

change in speed is required to effect move. 10

ment of the admission valve, the speed is re-
stored upon completion of such movement.
There is no permanent change in speed.

To operate as an isochronous governor as

above described, that is, to return the prime -1

mover to the same speed at all loads, a scale

of the spring 74 is chosen which will, for a
given movement of the operating piston 41,

effect a change in the force of the fiuid pres-

sure in the chamber 66 acting on the pilot &

valve 89, which provides a deflection of the
spring 57 corresponding to said given move-
ment of the operating piston. This Is, as
there is to be no permanent change in the
fluid pressure developed by the impeller 36

-and acting upwardly on the pilot valve 89, the

deflection of the spring 57 required to effect
correct movement of the admission valve 84
to carry the load must be provided by a
change in fluid pressure in the chamber 66,
Such a scale of the spring 74 eliminates a
permanent governing range. However, by

making it of lighter scale, the governing

range would not be eliminated but merely re-
duced, while by making it of greater scale a
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negative governing range would result, that
is, the speed would increase with increase in
load:

By providing a lighter scale of the spring

74, the change in pressure in the ‘chamber 66:

is not sufficient to provide the required move-
ment of the admission valve upon a change

in load, and a permanent change in speed 18

required, though the change is less than that

. which: would be required in the absence of

the pressure in the chamber 66.

By making the scale of the spring T4 great-
er than that required for isochronous opera-
tion, the change in pressure in the chamber
66is greater than is required to effect neces-
sary movement of the admission valve. Upon
increase in load, a temporary decrease in
speed takes place, but the speed then in-
creases to more than the original speed.

Tt will be seen that the mechanism for

varying the pressure in the chamber 66 con- .

stitutes a means for varying the speed setting.
For a given pressure, the governor operates
within a given range, which is the initial
operation upon a.change in load and momen.
tary change in speed. However, upon move-
ment of the operating piston after such
change in speed, the pressure in the chamber
66 varies to change the speed setting so that

. the normal operating speed will correspond

to- whatever the load on the turbine may be
and to the admission valve opening required
to carry that load.

A change in demand for partially expand-

- ed motive fluid operates the mechanism 15

as above described. Operation of the mecha-
nism 15 to supply an increased demand re-
duces the amount of motive fluid delivered to
the low pressure section 12, resulting in de-
crease in power developed by that section.
The speed temporarily decreases, and the
governing mechanism operates to increase the
fluid admission until the normal speed is re-
stored in the same manner as if an increase
in load had occurred. Likewise, upon de-

creased demand and resultant increase in the -

power developed by the section 12, the speed
temporarily increases, and the governing
mechanism operates to decrease the fluid ad-
mission until the normal speed is restored,
in the same manner as if a decrease in load
had occurred. :

Tt will thus be seen that I have provided
governing mechanism for an extraction tur-
bine which provides no permanent change in
speed upon variation in amount of fluid ex-
tracted. .

While I have shown my invention in but
one form, it will be obvious to those skilled
in the art that it is not so limited, but 1s
susceptible of various changes and modifica-
tions without departing from the spirit there-
of, and I desire, therefore, that only such lim-
itations shail be placed thereupon.as are im-

1,864,127

posed by the prior art or as are specifically
set forth in the appended claims.

What I claim is:

1. In a speed governing mechanism for a
prime mover, the combination of means pro-
viding a fluid pressure varying as a function
of the speed of the prime mover, pressure-
responsive means subjected to said fluid pres-
sure, a fluid pressure relay mechanism con-
trolled by said pressure-responsive means

and including an operating piston, means:
providing a second fluid pressure varying:

as a function. of the position of the operat-
ing piston; and means for applying said sec-

ond fluid pressure to the pressure-responsive.

means in that direction in which the varia-
tions in fluid pressure increase the action. of
the pressure-responsive means.:

9. In a speed governing mechanism for a.

prinme mover, the combinaticn of means pro-
viding a fluid pressure varying as a function
of the speed of the prime mover, pressure-
responsive means subjected to said fluid pres-
sure, a fluid pressure relay mechanism con-
trolled by said pressure-respensive means
and inciuding an operating piston, means

sroviding a second finid pressure varying.
=3 : B

with the position of the operating- piston,

means for applying said second fluid pres--

sure to the pressure-responsive means, and’
means for vetarding the speed of operation
of the means providing the.second fluid pres-
sure. S o

3. In a speed governing mechanism for a
prime mover, the combination of means. pro-
viding a fluid pressure varying as a function
of the speed of the prime mover, pressure-
responsive means subjected to said fluid pres-
sure, a fluid pressure relay mechanism con-
trolled by said pressure-responsive. means
and including an operating piston, means
providing a second fluid pressure varying as
a function of the position of the operating
piston, said last-mentioned means decreasing
said second fluid pressure wpon movement of
the operating piston in consequence of speed
increase and increasing said pressure upomn
movement of the operating piston in con-
sequence of speed decrease, and means for ap-
plying said second fluid pressure to the pres-
sure-responsive means in opposition to .the
first-mentioned fluid pressure.

4. The combination with a. prime mover
having an admission valve,.of governing
mechanisn therefor comprising means pro-
viding a fluid pressure varying substantially
as the square of the speed-of the prime mover,
a pressure-responsive element subjected to
said: pressure and controlling said admission
valve, means for providing a second fluid
pressure and for increasing the same uponin-
crease in opening of the admission: valve and
decreasing the same upon decrease in valve
opening, and means for applying said second
fluid pressure to the pressure-responsive ele-
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ment in opposition to the first-mentioned
fluid pressure.

5. The combination with a prime mover
having an admission valve, of a governing
mechanism therefor comprising means pro-
viding a fluid pressure varying as a func-
tion of the speed of the prime mover, a fluid
pressure relay including a piston for operat-
ing said admission valve and a pilot valve
subjected in one direction to said fluid pres-
sure, means providing a second fluid pres-
sure, and means for increasing said second
fluid pressure upon movement of the operat-
ing piston in valve-opening direction and
decreasing said second fluid pressure upon
movement in valve-closing direction, said
pilot valve being subjected to the second fAuid
pressure in opposition to the first-mentioned
fluid pressure.

6. In a governing mechanism for a prime
mover having an admission valve, the com-
bination of a fluid pressure relay for the ad-
mission valve having a controlling element,
means biasing said element with a fluid pres-
sure varying as a function of the speed of
the prime mover, means providing an en-
closed space, means providing a restricted
flow of fluid into said space, a pressure-relief
valve controlling the escape of fluid from
said space and imposing a pressure on the
fluid therein, a spring interposed between
the pressure-relief valve and a part mova-
ble with the operating piston for varying
the pressure imposed on the fluid in ‘said
space in accordance with the position of the
operating piston, and means for imposing
the fluid pressure obtaining in said space on
said controlling element in that direction in
which the variations in fluid pressure in-
crease the movement of the controlling ele-
ment.

7. The combination with a prime mover
having an admission valve, of governing
mechanism therefor comprising means for
developing a fluid pressure varying as the
square of the speed of the prime mover, a
pressure-responsive element subjected to said
fluid pressure, a fluid pressure relay mech-
anism controlled by said pressure-responsive
element and actuating said admission valve,
means providing an enclosed space, means
providing a restricted flow of fluid into said
enclosed space from said variable fluid pres-
sure, means controlling the escape of fluid
from said space and imposing a back pressure
thereon, said back pressure increasing upon
increase in opening of said admission valve
and decreasing upon decrease in opening
thereof, and means for imposing the pres-
sure in said enclosed space to the pressure-
responsive element in opposition to the first-
mentioned fluid pressure. »

In testimony whereof, I have hereunto sub-
scribed my name this 17th day of September,

1929,
WARREN B. FLANDERS.




