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1

The present application relates to a load sensi-
tive fuel regulator system and governor for a gas
turbine drive.

An object of the invention is to provide a reg-
ulator or governor to keep the air-fuel ratio of
a gas burbine at a safe minimum and o make
the conirol sensitive to the electrical load applied
to a generator driven by the turbine.

Another object of the invention is to provide
an overspeed trip acting independently of the
governing means and arranged to shut off inlet
fuel to the turbine under excessive speed con-
ditions and which trip may be manually reset.

Another object of the invention is to provide
a combination fuyel and oil pump driven by the
turbine for supplying oil for operating the regu-
lator and fluid fuel for the turbine.

Another object of the invention is to provide
a governor system for 2 gas turbine in which
the bhasic control is speed which is put into the
system by a centrifugal governor driven by the
turbine through the fuel and oil pump and in
which the governor operates a lever which in turn
operates a pilot valve so as to control a throttling
valve in the fuel supply line for the turbine.

Another object of the invention is to provide
in the latter systemn means to prevent hunting
in the form of a load sensitive solenoid which
acts as a movable fulcrum for the lever afore-
noted and resets the governor to a lower speed
for increased load. The action of the solenoid
is to provide a predetermined droop in the speed
curve with increasing load and it is considered
that a five percent droop from zero to one hun-
dred percent load will effectively stabilize the
system.

Another object of the invention is te provide
a novel control piston positioned by the servo
oil pressure so as to vary fuel-flow to the nozzle
of the turbine in response to & governor driven
from the drive shaft of the turbine and control-
ling a pilot valve.

Unless suitable means is provided to protect
the gas turbine during accelerating cycles -and
periods of overioad the governor may adjust the
fuel throttle so ‘as to cause the gas turbine to
overheat due to the air-fuel ratio falling below
5 safe minimum. Therefore another obhject of
the invention is to provide an overspeed dia-
‘phragm sensitive to the difference between nozzle
€46l pressure and compressor air pressure te
override the system and control the fuel throttle
s0 that the air-fuel ratio is held to a safe rini-
mum,

A further objeet of the inventfion is to provide

an auxiliary overspeed governor arranged to cut °

off the supply of servo-oil and mechanically close

the main fuel inlet valve upon failure of the gov-

erning system or upon the speed -of the turbine
exceeding a predetermined safe rate.
The above and other objects and features of
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the invention will appear more fully hereinafier
from & consideration of the following description
taken in connection with the accompanying
drawings wherein one embodiment of the inven-
tion is illustrated by way of example.

In the drawings:

Figure 1 is a schematic illustration of a gas
turbine system to which the novel regulator may
be applied.

Figure 2 is a schematic illustration of the regu-
lator.

Referring to Figure 1, there is shown a typical
gas turbine system to which the novel regulator
may be applied and including a compressor |1
driven through shaft 2 by the turbine 3. The
turbine 3 has an air inlet 4 and air outlet pas-
sages 5 leading through suitable expansion
chambers 6 to the turbine 3.. The expansion
chambers § are heated by suitable nozzles T sup-
plies with fuel by conduits 8.

The shaft 2 is arranged to drive an alfernator
9 having an exciter 18 also driven by shaft 2.
The output of the exciter 10 is connected by lines
il and (2 across the field, not shown, of the
alternator 9 in a conventional manner. ‘The out-
put of the alternator 8 is indicated by lines 13.

The foregoing gas turbine and generator sys-
tem may be of conventional design and there-
fore a further detail description thereof is nof
deemed necessary.

Fuel-regulator system and governor

The novel feature of the invention resides in
the fuel regulator and governor indicated gen-
erally in Figure 1 by the numeral {4 and shown
schematically in Figure 2.

In the latter arrangement there is provided a
combination oil and fuel pump indicated gener-
ally by the numeral i5.

The combination oil and fuel pump {5 may
be of a rotating eccentric type driven by shaft
18, shown in PFigure 1, from the turbine drive
shaft 2. -As shown in Figure 2, the pump may
include fuel pistons 1T and oil pistons 18 which
are reciprocated by an eccentric 19 mounted on
ball bearings 256 and driven by shaft {6.

Suitable connections are made so that shoes
2{ transmit the load from the pumping eceen-
tric 19 to the pistons {7 and i8. Fuel is supplied
by a conduit 25 to the cylinder of the fuel pump
at the bottom of the suction stroke of the pis-
tons 17 and is discharged through flap valves
26 at the ends of the fuel cylinders. Similarly,
oil ‘is supplied by conduits 271 to the cylinder of
the 6il pump at the bottom of the suction stroke
of the pistons {8 and is discharged through flap
valves 28 at the ends of the oil cylinders. The
oil pumped by the pistons 18, supplies lubrica-
tion for the main gas turbine engine shown ‘in

_Figure 1 and also for operating the servo system

of ‘the regulator 4.
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The basic control of the regulator is speed,
which is put into the system by a centrifugal
governor indicated generally by the numeral 30
and driven by shaft 31 connected to the drive
shaft of the pump i5 and through shaft (6
to the main drive shaft of the gas turbine en-
gine shown in Figure 1. The governor 30 may
be of a conventional fly ball type and is arranged
to operate actuating pin 32, adjusting the posi-
tion of a lever 33. The lever 33 is pivotally con-
nected at 34 to an adjustable fulerum pin 35
biased by spring 36 and controlled by electro-
magnet 3T as will be explained hereinafter. The
opposite end of the lever 33 is biased by a spring
38 .into contacting relation with the actuating
pin 32. Positioned intermediate the opposite
ends of the lever 33 is a valve pin 39 biased
into contacting relation with the lever 33 by a
spring 40. 'The valve pin 39 controls the opera-
tion of a throttling valve indicated generally by
the numeral 41.

PFuel pressure lines 42 lead from the fuel pump
previously described to openings 43 in the fuel
throttling valve 41. The throttling valve. 4{
includes valve portions 44 and 45 which are con-
nected by a stem portion 45. Fuel outlet open-
ing 47 leads from the throttling valve 41 to a
conduit 8 leading to the nozzles 7 of the turbine
engine shown.in Figure 1. Also leading from
the throttling valve 41 are by-pass openings 48
connected to conduit 48 which returns excess
fuel to a fuel supply tank. The valve portion
45 controls the by-pass openings 48 of the throt-
tling valve 41 so that as the throttling valve
moves. upward, the by-pass openings 4§ are
closed, increasing the fuel supply to the nozzle
T and as the. throttling valve 41 moves down-
ward, the by-pass valves are further opened,
decreasing the supply fuel to the nozzle line 8.

The operation of the fuel throttling valve 41
is controlled by oil pressure supplied by the
pumping -pistons 18 through pressure line 50.
The pressure line 50 opens into .a chamber 5i
immediately above the valve portion 44 of the
throttling valve 41. A second line 52 leads from
the chamber 51 through a restriction 53 to a
valve chamber 54, controlled by the valve pin 39.

The valve chamber 54 is connected through a
passage §5 to a pressure chamber 56 immediately
below the valve portion 45 of the throttling valve
41.- The valve -39 controls by-pass passage 57
leading from the valve chamber 54 to oil drain
58. The surface area of the valve portion 45 is
subject to the pressure in the chamber 56 and has
a considerably greater surface area than that of
the valve portion 44 which is subject to the
pressure in the chamber 51. It will be seen
then that upon the valve pin 39 closing the outlet
port §7, as upon the speed of the fly ball mech-
chanism 30 decreasing below a predetermined
value, a pressure will be built up in the chamber
56 exceeding that in. the chamber 5i and tend-
ing to bias throttling valve 41 in an upward
direction so as to further close the by-pass valve
ports 48 and increasing the supply of fuel to the
nozzle line 8.:

However, upon the speed of the fly ball mech-
anism 30 increasing ‘above a  predetermined
value, the lever 30 will be actuated in a counter-
clockwise direction so as to cause valve pin 39
to open the by-pass passage 57 causing a rela-
tive increase ‘in the pressure built up in the
chamber 51 to be effected due to a resulting in-
crease in the pressure drop across the restriction
53 in the conduit 52. In the latter event, the
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4
throttling valve 41 will be ‘biased downward,
tending to open the by-pass ports 48 so as to
decrease the supply of fuel to the nozzle line 8.

It will be seen then that as the speed of the
turbine exceeds a predetermined value, the sup-
ply of fuel to the nozzle line 8 will be decreased
and - upon the speed of the turbine mechanism
decreasing  below a predetermined value, the
fuel supplied to the nozzle line 8 will be in-
creased so as to bring the speed of the turbine
to the predetermined value.

As- shown - schematically in Figure 2, outlet
lines 60 lead from the oil pistons (8 for sup-
plying lubricating oil to-the main turbine engine.
Also, lines 61 lead from the pumping piston {8
for lubricating the fuel pistons 11.

The current in the line 12 from the exciter {0 to
the field winding of the alternator 9 is regulated in
a conventional manner through operation of a
voltage regulator which may be of a suitable type
well known in the art. The voltage regulator
may be mounted in the alternator 9 and arranged
so as to respond to the output voltage across
the lines (3 of the alternator 9 to regulate the
excitation of the fleld winding of the alternator
9 so as to maintain the voltage across the lines
i3 substantially constant under varying load
conditions. Thus the voltage regulator will effect
an increase in the field current supplied through
line 12 to the alternator 9 with decrease in the
output voltage resulting upon an increase in the
applied load and will further effect a decrease
in the field current. supplied through line (2
with .increase in the output voltage resulting
upon a decrease in the applied load.

In order to prevent hunting, the solenocid 37
is connected by lines 64 and 65 across a shunt
resistor 66 connected in line (2 leading from
the exciter 10 to the fleld of the alternator 9
as shown in Figure 1. Thus, the solenoid 37 is
responsive to changes in the load on the alter-
nator 9 and tends to bias the movable fulecrum
pin 35 downward upon increase in load so as to
reset the fly ball governor mechanism 30 to a
lower speed for increased load. The action of
the solenoid 37 is to build a predetermined droop
into the speed curve with increasing load. It is
considered that a flve percent (5%) droop from
0 to 100% .should stabilize the system during
acceleration cycles and periods of overload.

During periods of overload, the fly ball gov-
ernor 30 may tend to cause the turbine engine
to overheat due to the air fuel ratio. falling be-
low a safe minimum. In order to protect the
turbine mechanism from such action, there is
provided a bellows 70 connected interiorly to
nozzle line 8§ through a conduit 7{. A chamber
12 surrounds the bellows 10 and is subjected to
the air pressure from the compressor | through
a conduit 13, as shown in Figures 1 and 2. A
spring 74 tends to compress the bellows 78
against the fuel nozzle pressure applied through
the line Tf.. A pin 15 projects from the bellows
10 actuating the movable fulerum:pin 35. Thus,
upon the air fuel ratio decreasing below a safe
minimum, the bellows 10 expands, causing the
movable-fulcrum pin 35 to be biased downward
and thereby causing valve pin 39 to open the by-
pass passage 57 and the fuel throttling valve
41 to decrease the supply of fuel to the linz 3.
Thus, the bellows 10, sensitive to the difference
between nozzle pressure and compressor pressure,
overrides the system and controls the valve pin
39 so that the air fuel ratio is held to a safe
minimum.
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A centrifugal pump, indicated -generally by
the numeral 15 is built integrally with the crank
shaft.of £he pump 15 and supplies pressure which
is proportional to the:speed of the turbine mech-
anism. ‘The centrifugal pump 15 includes radial
passages 16 which lead from a central inlet
passage 11, indieated by dotted lines in Fig-
ure 2. ©il under centrifuigal force is supplied by
the radial passages 76 to an outlet chamber T73A
-which is connected by .eutlet pressure conduif
18 to one side of a diaphragm wmechanism T9.
A spring 88 acts on the diaphragm in opposition
10 the latter pressure. The opposite side of the
diaphragm 19 is connected through line 81 to
the inlet oil pressure at the wcentral inlet pas-
sage 17.

The diaphragm 718 operates through a pin 82
and pivoted arm 83 a trip pin 84 for contral-
ling .a plunger or valve 85. Thus, when the

centrifugal pressure from the pump T5 exceeds =

g safe operating speed limit, it overcomes the
spring ‘88 in the overspeed trip diaphragm 79
and allows plunger 85 biased by a spring 86 to
be relessed. The released plunger or valve €5
is biased by spring 886 inte chamber &1 so as to
close 0il servo conduit 59 -and cut off the supply
of servo oil. The released plunger 85 further
biases throtfling valve 41 downward so as to
mechanically close the main fuel inlet ports 43.
The plunger 85 may be manually reset by ap-
propriate -adjustment of knob 87 connected
through s stem 88 to the plunger 88. At the
opposite side of the plunger 85 is a second stem
89 slidably mounted in a suitakle channel 95
formed in the valve portion 44. A drain pas-
sage 91 serves to pernmiit oil which may seep
into ichannel 90 to be drained to the oil supply
through a passage 92.
Operation

There is thus provided a regulator and gov-
ernor in ‘which the basic control is the speed of
the turbine machine. The speed :of the turbine
machine is connected into the 'system by :a gov-

ernor mechanism 32 which woperates a lever 33

and thereby a pilot valve 38 fo cenfrol the
throttling valve 4{ for the nozzle supply line 8.
This latter action is effected by operation .of the
pilot wvalve 38 so that when the pilet valve 38
.closes o by-pass passage 57, the pressure builds
up in «chamber &8 so as to cause the throltling
valve ‘41 to increase the fuel supply. Openring
of the pilot valve 39 eauses an opposite effect
and a decreased:supply of Tuel tethe nozzle line 8.

Tn order ‘to prevent hunting, a load sensitive .

solenoid 37 -acts as a movable fulcrum for the
lever and resets the governor 33 for .a lower
speed setting upon an increase in. the load on
the alternator 9 driven by the turbine machine
of Pigure 1. The action of the solenoid 37 is
to provide a predetermined droop in the speed
curve ‘with increasing load on the ‘alternator 9
driven by the turbine machinsa.

Tn order to protect the turbine machine during
periods of overload a bellows mechanism 73,
sensitive to the .difference hetween nozzle pres-
sure -and compressor pressure :overrides the sys-
tem and controls the throttling. valve 44 so that
the air fuel ratio is held to a safe minimum.

A further feature of the control 45 2 cen~ '
trifugal pump 75 which is.driven from the main
shaft 2 of the turbine:machine and:supplies pres-
sure which is proportional to the :speed :of the
turbine machine to a diaphragm 719.. “When the
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6 [l
speed limits, it biases the diaphragm 19 so.as to
permit a spring loaded plunger 85 to be released.
This plunger cuts off the supply of servo oil and
mechanically cleses ‘the main fuel supply line
8. Operation of the mechanism may be reset
through a manusily adjustable knob B81.

Although only .one emboediment of the inven-
tion has been illustrated and described, various
.changes in the form and relative arrangement
of the parts may be made to suit requirements.

‘What is -claimed is:

1. The combination comprising a prime-
mover, an electric generator and exciter driven
by said prime mover, said exciter connected to
supply current for exciting said generator, and
said cenerator connected to supply power to a
variable load, a speed governor for said prime
mover, €lectrically operated control means. for
adjusting the ealibration of said speed governor,
means responsive to variations in the current sup-
plied by said exciter tosaid generator for affecting
said governor adjusting control means to provide
2 predetermined droop in the speed setiing vary-
ing with increasing load, and the speed of said
prime mover being controlled simultansously by
said governor and by said control means.

2. The combination defined by claim 1 in-
cluding position-operated means responsive to
the adjusted position -of said governor and said
control means for ‘decreasing the speed -of said
prime mover with increase in load. :

3. A vegulating system for =& prime-mover
driven electric generator connected to supply
power $0-a variable load, comprising a speed gov-
ernoy for said prime mover, ¢lectrically operated
contrel means for adjusting the calibraiion of
said speed governor -over a predetermined range,
means responsive to variations in said load for
supplying a corrective signal to said governor
adjusting control means to progressively vary
the speed calibration of said speed governor over
said range, and position-operated means respon-
sive to the adjusted position of said governor
and said -control means for affecting the speed
of szid prime mover in inverse relation tn the
load applied to the generator.

4. A regulating system for a Pprime-mover
driven -electric -generator connected to supply
power te a variable load, -comprising a speed
governor for sald prime mover, elecirically oper-
abed -control means for adjusting the-calibration
of said speed governor over a predetermined
range, means responsive to variations in said load
for supplying a corrective signal to said governor
adjusting control means to progressively decrease
‘within -said range the speed -calibration of said
speed governor with increase in the load applied
to the generator and to progressively increase
+within said range the speed calibration -of said
speed ‘governor with ‘decrease in the load applied
tothe generator. ’

5. Tor use in-a system including a combustion
chamber, 'a turbine driven by the exhaust gases

wom said .chamber, a -compresser driven by the
‘burbine for supplying air te the combustion cham-~
her, @ fuel conduit for -supplying a combustible
fluid to said chamber, and g generator driven by
s2id turbine and -connected to supply power to a
variable load: the -combination comprising means
to regulate the fuel supplied by said conduit to
said chamber, o speed governor driven by said
turbine, -électromagnetically operated -control
means for adjusting the ealibration of said speed
governor over & ‘predetermined range, means
‘responsive to-variations in saidload for supplying
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a signal to said control means to provide a pre-
determined droop in the speed setting progres-
sively varying inversely with the load, and a posi-
tion operated means responsive to the adjusted
position of said governor and said control means
to control said regulating means.

6. For use in a system including a combustion
chamber, a turbine driven by the exhaust gases
from said chamber, a compressor driven by the
turbine for supplying air to the combustion cham-
ber, a fuel conduit for supplying a combustible
fluid to said chamber, and a generator driven
by said turbine and connected to supply power
to a variable load; the combination comprising,
means to regulate the fuel supplied by said con-
duit to said chamber, a speed governor driven
by said turbine, electromagnetically operated con-
trol means for adjusting the calibration: of said
speed governor, means responsive to variations in
said load for supplying a signal to said control
means to provide a predetermined droop in the
speed setting with increasing load, a floating lever
responsive to the adjusted position of said gov-
ernor and control means to control said regulat-
ing means, a diaphragm differentially responsive
to the fuel pressure and the compressor outlet
pressure to affect said floating lever so as to main-
tain the air-fuel ratio of the combustion cham-
ber within a safe range during periods of acceler-
ation of the turbine and overload of the gener-
ator, a fluid pump driven by the turbine, a differ-
ential diaphragm responsive to the inlet and
outlet fluid pressures of said pump, and a latch
mechanism operated by said diaphragm to cause
said regulating means to close the fuel conduit
upon the fluid pump- outlet pressure exceeding
the pump inlet pressure by a predetermined
value.

7. For use'in a system including a combustion
chamber, a turbine driven by the exhaust gases
from said chamber, a compressor driven by the
turbine for supplying air to the combustion cham-
ber, a fuel conduit for supplying a combustible
fluid to said chamber, and a generator driven
by said turbine and connected to supply power
to a variable load; the combination comprising,
means to regulate the fuel supplied by said con-
duit to said chamber, a speed governor driven by
said turbine, electromagnetically operated control
means for adjusting the calibration of said speed
governor, means responsive to variations in said
load for supplying a signal to said control means
to provide a predetermined droop in the speed
setting with increasing load, a floating lever re-
sponsive to the adjusted position of said governor
and control means to control said regulating
Ineans, and a diaphragm differentially responsive
to the fuel pressure and the compressor. outlet
pressure to affect said floating lever so as to main-
tain the air-fuel ratio of the combustion chamber
within a safe range during periods of acceleration
of the turbine and overload of the generator.

8. Means for controlling. the fuel line of an
engine, comprising a, regulating valve in said line,
servo filuid pressure means for operatively -posi-
tioning said valve, a second valve to control said
fluid pressure means, means responsive to speed
of said engine, means controlled by said speed
responsive means for actuating said regulating
valve independently of said fluid pressure means
50 as to close said fuel line, and a third valve
operated by said actuating means to render said
fluid pressure meang inoperative upon the speed
exceeding a predetermined value.

9. Means for controlling the fuel line of an
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engine, comprising a regulating valve in said line,
servo fluid pressure means for operatively posi-
tioning said valve, a second valve to control said
fluid pressure means, engine overspeed respon-
sive means, & latch mechanism operated by said
overspeed responsive means, a plunger releasably
locked by said latch mechanism, a spring effec-
tive upon release of said plunger to bias said
plunger so as to actuate said regulating valve
into a position to close said fue] line so. as to
terminate operation of the engine upon the speed
thereof exceeding a predetermined value, said
plunger including an auxiliary valve positioned
by said spring so as to render said fluid pressure
means inoperative.

10. Means for controlling the fuel line of an
engine, comprising a throttling valve in said line,
said - throttling valve having opposite end por-
tions of different surface areas, conduit means
for applying fluid pressure to the opposite end
portions of said valve, a restriction in said con-
duit means between said opposite end portions,
one end of said conduit means having an opening
to a drain, a pilot valve to contro] said opening
for varying the pressure applied at the one end
portion of said throttling valve for effecting
movement thereof, a governor responsive to an
engine condition for controlling said pilot valve,
an overriding valve normally opening said con-
duit means and operable to close said conduit
mneans, an engine overspeed responsive mecha-
nism operating independently of the governor,
and biasing means controlled by said mechanism
to actuate the throttling valve independently of
the fluid pressure so as to close the fuel line and
to position the overriding valve so as to close said
conduit means upon the speed of the engine
exceeding a predetermined value,

11. Means for controlling the fuel line of an
engine, comprising a throttling valve in said line,
said throttling valve having opposite end por-
tions of - different surface areas, conduit means
for applying fluid pressure to the opposite end
portions of said valve, a restriction in said con~
duit means between said opposite end portions,
one end of said conduit means having an open-
ing to a drain, a pilot valve to control said open-
ing for varying the pressure applied at the one
end portion of said throttling valve for effecting
movement thereof, a governor responsive to an
engine condition for controlling said pilot valve,
an overriding valve to control said conduit means,
an overspeed responsive means operating in de-
pendently of the governor, a latch mechanism
controlled by said overspeed responsive means,
said overriding valve releasably locked by said
latch mechanism in a position to open said con-
duit means, a spring to biag said overriding valve
and effective upon release of said overriding valve
by said lateh mechanism to bias said throttling
valve into a position to close said fuel line and
to affect said overriding valve so. as to close
sald conduit means upon the speed of said en-
gine exceeding a predetermined value, and man-
ually operable means for resetting said over-
riding valve, and latch mechanism.

12. Apparatus for. use in controlling the fuel
line of an engine, comprising a throttling valve
having opposite ‘end portions of different sur-
face areas and an intermediate portion for con-
trolling said fuel line, a first conduit for con-
necting the end portion of smaller surface area
directly with a source of fluid pressure and in-
dependently of said end portion of larger sur-
face area, a second conduit for connecting said
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9
end portion of larger surface area with said source
of fluid pressure and having a restriction there-
in, an opening in said second conduit: to drain, a
pilot valve controlling said opening to vary the
pressure applied to the end portion of larger
area to effect movement of the throttling valve,
and a conditien responsive governor adapted to
respond to an operating condition of the engine
when connected thereto, said governor contrel-
ling the operation of said pilot valve.

13. Apparatus for controlling the fuel line of
an.engine having a supercharger driven thereby
for supplying air under pressure to the engine,
said apparatus eomprising a throttling valve hav-
ing opposite end portions of different surface
areas and an intermediate portion contreolling
said fuel line, a first conduit conneeting the end
portion of smaller surface area directly with a
source of fluid pressure and independently of
said end portion of larger surface area, a sec-
ond conduit connecting said end portion of larger
surface area with said source of fluid pressure
and having a restriction therein, an opening in
said second conduit to drain, a pilot valve con-
trolling said opening to vary the pressure ap-
plied to the end portion of larger area to effect
movement of the throttling valve, an engine speed
governor for controlling the operation of said
pilet valve, and an auxiliary control device re-
sponsive to the difference between the super-
charger air pressure and the fuel pressure in the
fuel line of the engine to affect said pilot valve to
cause’ movement of said throttling valve in a
closing direction when the fuel pressure exceeds
the supercharger air pressure by a predetermined
value.

14 Regulating means for regulating a fuel con-
duit for a combustion engine; said regulating
means comprising a threttling valve having op-
posite end portions of different surface areas and
an intermediate portion adapted to control said
fuel conduit, a first conduit for connecting the
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end portion of smaller surface area with a source

of fluid pressure and independently of said end
portion of larger surface area, & second conduit
for connecting said end portion of larger sur-
face area with said source of fluid preéssure and
having g restriction therein, an opening in said
second conduit to drain, a pilot valve controlling
said opening to vary the pressure applied to the
end portion of larger area: to: effect movement of
the throttling valve, and a governor operatively
connected to said pilot valve, said governor in-
cluding speed responsive means ddapted to. re-
spond to the driven speed of the engine whenl
connected thereto for controlling the pilot valve
in response to the driven speed of the engine.

15. Regulating means for regulating a. fuel con-
duit for a combustion engine having an aiv in-
let conduit; said regulating means comprising a
throttling valve having opposite end portions of
different surface areas and an' intermediate por-
tion adapted to control said fuel conduit, a first
conduit for connecting the end portion of smaller
surface area with a source of fluid pressure and
independently of said end portion of larger sur-
face area, a second conduit for connecting said
end  portion of larger surface ares with said
source of fluid pressure and having a restriction
therein, an opening in said second conduit to
drain, a pilot: walve controlling said opening to
vary the pressure applied toe the end portion of
larger area to effect movement of the throttling
valve and a governor operatively connected to
said pilot valve, said governor including dif-
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10 _
ferential pressure responsive means adapted to
respond to the ratio of the air-fuel mixture sup-
plied the engine, said governor controlling the
pilet valve in response to the air-fuel ratio.

16. Regulating means for regulating a fuel con-
duit for a combustion engine having an air in-
let: conduit; said regulating means comprising a
throttling valve having opposite end portions of
different surface areas and an intermediate por-
tion adapted to control said fuel conduit, a first
conduit for connecting the end portion of smaller
surface area with a source of fluid pressure and
independently of said end portion of larger sur-
face area, a seconnd conduit for connecting said
end portion of Iarger surface area with said source
of fluid pressure and having a restriction there-
in, an opening in said second conduit to drain, a
pilot valve controlling said opening to vary the
pressure applied to the end portion of larger ares
to effect movement of the throttling valve, and
a governor operatively connected to said pilot
valve, said governor including speed responsive
means adapted to respond to the driven speed of
the engine when connected thereto for eontrol-
ling the pilot valve in response to the driven
speed of the engine, and a differential pressure
responsive means adapted to respond to the ratio
of the air-fuel mixture supplied the engine when
connected to the air inlet and fuel conduits re-
spectively to control the pilot valve in response
to the air-fuel ratio.

17. Regulating means for regulating a fuel con-
duit for a combustion ehgine; said regulating
means comprising a throttling valve having op-
posite end portions of different surface areas
and an intermediate portion adapted to econtrol
said fuel conduit, a first conduit for connecting
the end portion of smaller surface area with &
source of fiuid pressure and independently of
said end portion of larger surface area, a second
conduit for connecting said end portion of larger
surface area with said scurce of fluid pressure
and having a restriction therein, an opening in
said second conduit to drain, a pilot valve con-~
trolling said opening to vary the pressure applied
to the end portion of larger area to effect move-
ment of the throttling valve, and a governor op-
eratively connected to said pilot valve, said gover-
nor including a condition responsive means
adapted to respond to an operating condition of
said engine when connected thereto for c¢on-
trolling the pilot valve in response. to such condi-
tion.

18. Regulating means for regulating a fuel
conduit for a combustion engine; said regulating
means. comprising a throttling valve having op-
posite end portions of different surface areas and
an intermediate portion adapted to control said
fuel conduit, o first conduit for connecting the
end portion of smaller surface area with a source
of fluid pressure and independently of said end
portion of larger surface area, & second conduit
for conneeting said end portion of larger surface
area with said source of fluid pressure and having
a restrietion therein, an opening in said second
conduit to drain, a pilot valve controlling ssid
opening o vary the pressure applied to the end
portion of larger ares to effect movement of the
throttling valve, an overspeed responsive mech-
anism adapted to respond to the driven speed of
the engine when connected thereto, valve means
to -eontrol the supply of fluid pressure to position
the throttling valve, and means controlled by the
overspeed responsive mechanism independently
of the governor to actuate the throttling valve
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so as to close the fuel conduit and to actuate the
valve means so as to cut off the fluid pressure for
positioning the throttling valve when the speed
of the engine exceeds a predetermined value.

19, Regulating means for regulating a fuel
conduit for a combustion engine; said regulating
means comprising a throttling valve having op-
posite end portions of different surface areas and
an intermediate portion adapted to control said
fuel conduit, a first conduit for connecting the
end portion of smaller surface area with a source
of fluid pressure and independently of said end
portion of larger surface area, a second conduit
for connecting said end portion of larger surface
area with said source of fluid pressure and hav-
ing a restriction therein, an opening in said sec-
ond conduit to drain, a pilot valve controlling
said opening to vary the pressure applied to the
end portion of larger area to effect movement of
the throttling valve, and an overspeed respon-
sive means adapted to respond to the driven speed
of the engine when connected thereto, said over-
speed responsive means to actuate the throttling
valve to close the fuel conduit when the speed of
the engine exceeds a predetermined value.

20. Regulating means for regulating a fuel
conduit for a combustion engine; said regulating
means comprising a throttling valve having op-
posite end portions of different surface areas and
an intermediate portion adapted to control said
fuel conduit, a first conduit. for connecting the
end portion of smaller surface area with a source
of fluid pressure and independently of said end
portion of larger surface area, a second conduit
for connecting said end portion of larger surface
area with said source of fluid pressure and hav-
ing a restriction therein, an opening in said sec-
ond conduit to drain, a pilot valve controlling said
opening to vary the pressure applied to the end
portion-of larger area to effect movement of the
throttling valve, an overspeed responsive means
adapted to respond to the driven speed of the
engine when connected thereto, a latch mecha-
nism controlled by said overspeed responsive
means, a plunger releasably locked by said latch
mechanism, and a spring effective upon release
of said plunger to actuate said throttling valve to
a position to close said fuel conduit and said
plunger to a position to close at least one of the
fluid pressure conduits.

21. Apparatus for use in controlling the fuel
line of an engine for driving a generator, said
apparatus comprising a throttling valve having
opposite end portions of different surface areas
and an intermediate portion adapted to control
said fuel line, a first conduit for connecting the
end portion of smaller surface area directly with
a source of fluid pressure and independently of
said end portion of larger surface area, a second
conduit for connecting said end portion of larger
surface area with said source of fluid pressure
and having a restriction therein, an opening in
said second conduit to drain, a pilot valve con-
trolling said opening to vary the pressure applied
to the end portion of larger area to effect move-
ment of the throttling valve, and a governor in-
cluding an electrical load responsive means
adapted to respond to the load applied to the
generator for ‘controlling the operation of said
pilot valve.

22. Apparatus for use in controlling the fuel
line of an engine for driving a generator, said
apparatus comprising a throttling valve having
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opposite end portions of different surface areas -

and an intermediate portion adapted to control
said fuel line, a first conduit for connecting the
end portion of smaller surface area directly with
a source of fluid pressure and independently of
said end portion of larger surface area, a second
conduit for connecting said end portion of larger
surface area with said source of fluid pressure
and having a restriction therein, an opening in
said second conduit to drain, a pilot valve con-
trolling said opening to vary the pressure applied
to the end portion of larger area to effect move-.
ment of the throttling valve, and -a governor
including -an - electrical load responsive means
adapted to respond to the load applied to the
generator, speed responsive means adapted to
respond to the driven speed of the engine, and
differential pressure responsive means adapted to
respond to the ratio of the air-fuel mixture sup-
plied to the engine, and means operatively con-
necting the load, speed and differential pressure
responsive means to said pilot valve for control-
ling the pilot valve and thereby the position of
the throttling valve.

23. Apparatus for use in controlling the fuel
line of an engine for driving a generator, said
apparatus comprising a throttling valve having
opposite end portions of different surface areas
and an intermediate portion adapted to control
said fuel line, a first conduit for connecting the
end portion of smaller surface area directly with
a source of fluid pressure and independently of
said end portion of larger surface area, a second
conduit for connecting said end portion of larger
surface area with said source of fluid pressure
and having a restriction therein, an opening in
said second conduit to drain, a pilot valve con-
trolling said opening to vary the pressure ap-
plied to the end portion of larger area to effect
movement of the throttling valve, speed respon-
sive means adapted to respond to the ‘driven
speed of the engine when connected thereto for
controlling the operation of said pilot valve, and
an electromagnetic device adapted to respond to
the -electrical load on said generator when -con-
nected thereto for varying the speed setting of
said governor. ‘

: JAMES EMIL BEVINS.
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