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This invention relates to a regulating apparatus and
more particularly to an apparatus for regulating the
speed of a prime mover in response to changes in the out-
put frequency of an alternator driven by the prime mover.,

Heretofore, devices proposed for engine regulations
have involved complex elecirical frequency discrimina-
tors followed by some form of electro-mechanical trans-
ducer. With these devices, it was difficult to obtain a
large power output, unjess components of considerable
size and weight were used, often involving servo-mech-
anisms or other power amplifying devices of consider-
able complexity. These weight, size and complexity fac-
tors are of primary importance when the reguiator is
to be installed in a limited space or where, as in aircraft,
large size or weight would prohibit the use of such devices.

Accordingly, it is one object of the present inven-
ticn to provide a novel regulating mechanism embody-
ing mechanical means responsive fo a driven alternator
output frequency, for regulating the speed of a prime
mover utilized o drive the alternator.,

Ancther object of the invention is to provide a novel
electro-mechanical regulating apparatus of light weight,
compact and efficient design.

Another object of the invention is to provide a novel
fluid operated positioning mechanism.

A further object of the present invention is to provide
a novel flow control valve mechanism.

A farther object of the invention is to provide a novel
fuid operated control system for a prime mover, sensi-
tive in operation and rapid in response to prime mover
speed changes.

A still further object of the iavention is to provide a
novel regulating device for a prime mover, having a
follow-up and reset mechanism to correct for droop in the
speed of the prime mover.

Another object of the invention is to provide a novel
trimmer for a mechanical governor on a prime mover,
the trimmer utilizing the apparatus of this invention and
being responsive to the output frequency of an alternator
driven by the prime mover.

Other important objects of the invention will become
apparent from the disclosure in the following specifica-
tion and appended claims, taken in connection with the
accompanying drawing, which is for illustrative purposes
only, and wherein like reference numerals indicate like
parts:

Fig. 1 is a schematic representation of one embodiment
of the regulating apparatus of the present invention;

Fig. 2 is an enlarged fragmentary schematic view of
one of the flow control valves; and

Fig. 3 is a schematic view of a modified system em-
bodying the features of the invention.

Referring primarily to Fig, 1, the regulating apparatus
of this invention is shown in conmection with a prime
mover 16. The prime mover is shown as being a gas tur-
bine having a combustion chamber 11 within a suitable
scroll 12, and a compressed air intake duct 13 through
which compressed air is adapted to ‘be delivered from
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any suitable source. The turbine is adapted to drive an
alternator 14 by means of a shaft 15 through suitable gear-
ing (not shown) within a gear box 16. It is to be under-
stood that the device of this invention is adapted for use
with various types of prime movers, the turbine 10
merely being illustrative of one form of prime mover.

The regulating apparatus comprises generally a pri-
mary control mechanism 20, a servo-motor unit 21 and
a follow-up and reset device 22.

The primary contro] mechanism 20 is provided with a
diaphragm 23 positioned to define a movable wall be-
tween a pair of chambers 24 and 25 within a housing 26.
The diaphragm is normaliy urged leftwardly, as seen in
Fig. 1, by a compression spring 27 and has a pilot shaft
28 secured thereto and axially movable therewith. The
shaft 28 passes through a pair of chambers 29 and 30 and
orifices 31 and 32, the orifice 31 interconnecting the
chambers 25 and 29 and the orifice 32 interconnecting
the chambers 29 and 30. The end of the shaft 28 is pro-
vided with a pilot valve closure 33 adapted to slidably op-
erate in an opening 34, which opening establishes com-
murication between the chamber 30 and atmosphere. An
adjustable orifice 35 provides a connection between the
right hand diaphragm chamber 24 and the chamber 29,
the area of which is variable in accordance with movement
of a needle valve 36 threadedly engaging the housing 26.

Control pressure is provided for the primary control
through a conduit 37 which interconnects the turbine in-
take duct 13 and the chamber 29. This control pres-
sure may also be supplied from a source independent from
the system illustrated. The control pressure is delivered
from the chamber 29 through orifices 35 and 31 to each
of the diaphragm chambers 24 and 25, thus creating a
balanced condition on each side of the diaphragm 23.
Pressure is also delivered through the orifice 32 and into
chamber 30.

The servo-motor unit 21 comprises a housing 40 which
supports a power diaphragm 41. The housing 40 pro-
vides a chamber 42 on the rightward side of the dia-
phragm 41, into which control pressure is adapted to be
delivered through a conduit 43 opening into the chamber
30. A compression spring 44 normally urges the power
diaphragm 41 rightwardly as seen in Fig. 1. A control
rod 45 is secured to and axially movable with the dia-
phragm 41. The rod 45 is provided with a pin 46 which
is adapted to be engaged by a forked lever 47 operably
connected to a power controlling mechanism 48. This
mechanism 48 may be in the form of a fuel flow valve
to receive fuel through a conduit 49 and to deliver a
controiled portion of the fuel to the turbine 10 through
a conduit 58, and the construction is such that leftward
movement of the power diaphragm 41 will rock the lever
47 to decrease the fuel flow delivered through line 50.

In order to effect operation of the System in response
to turbine speed, the diaphragm chambers 24 and 25 are
provided with bleed valves indicated generally at 55 and
56 to enable control pressure contained therein to be
bled from these chambers. The valves 55 and 56 are
substantially identical in operation, details of valve 56
being illustrated in Fig, 2, and they are provided with
valve closure members which are in the form of tuned
cantilever bars 57 and 58 adapted to resonate at pre-
determined frequencies. The bars 57 and 58 each have
one of their ends secured against movement and are pro-
vided at their free ends with obturator heads 59 and 60,
which are positioned for lateral movement over bleed
orifices 61 and 62 leading from the chambers 24 and 25.

A pair of electromagnets 65 and 66 are positioned
adjacent the bars 57 and 58 and connected in series by
leads 67 and 63 to output leads 69 and 70 from the alter-
nator 13, whereby the output frequency of the alternator
13 will be transmitted to the electromagnets 65 and 66
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to. thereby cause resonance of one of the bars §7 or 58
as shown by the dotted lines in Fig. 2. This resonance
will permit the control pressure in the chambers 24 and

25 to bleed to atmiospheére past the heads 5% or 6% of
the bars. The ¢ontrol mechanism described in the two

imrhediately preceding paragraphs forms the subject mat-
ter of my divisional application, Serial Mo. 475,406, filed
December 15, 1954, entitled “Regulating Apparatus.”

To eliminate the alternate half-waves through electro-
magnets 65 and 66, and to thereby excite the bars 57
and 38, at the fundamental alternator frequency, a recti-
fier 75 is located in the lead 68. This rectifier is neces-
sary only when, for méchanical reasons, bars resonating
i the vicinity of fundamental frequency are preferable
to bars resonating in the vicinity of twiee alternator f{re-
quency. The amplitude of resenance permissible from
the standpoint of stress is reduced when the bars are
proportionéd to resonate at higher frequencies. Hence,
it has been found advantageous to resonate the bars in
the region of 600 C. . S., for example, rather than 1200
C. P.S. when the line frequency is 600 . P. 8.

The follow-up and reset mechanism 2% is composed ot
a pair of pressuré diaphragm chambers &8 and 81 inter-
connected by means of a pressure transfer conduit 82,
said conduit being provided with an adjustable leak orifice
$3. Diaphragms 84 and 85 form movable walls within
the chambers 80 and 81 respectively, diaphragm 54 being
operably ‘connected to the rod 45 and diaphragm 83
being operably connected to a reduced diameter extension
86 of the pilot shaft 28.

Assuming that it is desired to control the speed of the
turbine and to maintain the ontput frequency of the alter-
nator at 600 C. P. S., the bars 57 and 88 would be preset
to resomate at frequencies slightly. below and slightly
above the frequency delivered thereto. In this instance,
if & tolerance of pliss or minus 30 C. P. 5. were permis-
sible in the output frequency of the alternator, the bar 57
would be tuned to rescnate with maximum amplitude at
570 C. P. S. and bar 58 similarly tuned to resonate at
630 C. P. 8. Bars tuned in this manner, for example,
will hold the output freqnency of the alternator within
146 and have reserve control power if the %5 % is ex-
ceeded, such as when suddenly adding or dumping a
large load. As the frequency delivered to the electro-
magnets 65 and 66 drops toward 570 C. P. S, the bar 87
will be caused to resonate with increasing amplitude ag
the 570 C. P. S. point is approached, opening the valve
55 and “bleeding down” the pressure in the rightward
diaphragm chamber 24 to cause the diaphragm 23 to
move rightwardly as shown in Fig. 1. This movement
of the diaphragm 23 will move the pilot valve closure 33
rightwardly to permit fluid bleed from the chamber 30
through the opening 34 thus reducing the pressure i the
servo diaphragm chamber 42 to cause the diaphragm 41
to move rightwardly and, through the rod 43 and lever
47, to open the vaive 48 to permit additicnal fuel to be
delivered to the turbine if. Ths same motion of the
disphragm 41 is carried directly to the diaphragm 24 of
the follow-up and reset mechanism 22 and is transmitted
through conduit 82 to the diaphragm Th

§5. This force is
also applied through the extession 86 to the pilot valve
closure 33 in a sense to oppose lis original movement
and tend to termainate or taper-off the power correction
and thus avoid a sudden surge in the turbine and alter-
nator §peed. . As the turbine and alternator return 16 the
preselected speed, the regulator will be refurned to ifs
origiral position.

Should the turbine and alternator increase in speed
until the frequency delivered to the electromagnets 65
and 66 approaches 630 C. P. S., the bar 58 will be caused
to resonate with increasing amplitude and thus reduce the
pressure in disphragm chamber 25, close the valve closure
33, increase the pressure in chamber 38, move the dia-
phragm 41 leftwaidly, and actvate the valve 48 toward
closed position to decrease fuel flow to the turbine.
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In Fig. 3 the regulating apparatus of the invention is
shown as applied to a trimmer for a mechanical governor
wherein like parts are indicated by primed reference nu-
merals. Control pressure is delivered through a con-
duit 37’ to.a pair of chambers 189 and 261 within a
body 162 through suitable restricting orifices 183 and
164. The chambers 108 and 181 are pneumatically con-
nected to diaphragm chambers 365 and 166 within a
housing 167 by conduits 168 and 109. A flexible dia-
phragm 118 separates the chambers 185 and 146 and is
connected to a shaft 111 having a flange 122. The shaft
111 is rotatably supported for axial movement in a bore
113 in = centrifugal governor 114.

The governor has a spindle 115 and a central flange
116 which supports one end of a main compressicn spring
117, the other end of which bears against a fixed surface
118, and a trimming compression spring 119, the other
end of which engages the flange 112 on the shaft ¥ii.
The governor 114 further includes a downwardly ex-
tending driving shaft 12@ provided with a ball retainer
plate 121, integral with the shaft 129, and a piurality of
fly-balls 122. The lower end of the spindle 115 has an
axial bore 123 which receives the upper end of the driving
shaft 128 which is driven by means of a governor driv-
ing gear 124 secured on the shaft 15" and a governor gear
125 secured to the lower end of the shaft i28. The
spindle 315 is also flared to form a conoidal cup i26
within which the fly-balls 122 are held by means of the
retainer plate 121. Axial movement of the spindie 113
is adapted to actuate the lever 47" for operation of the
valve 4%’, there being a connmection 127 between the
lever 47’ and the flange 116.

In operation, as the spindle 135 moves axially upwardly
in response to an increase in speed of the turbine 10’
and the alternator 14, the spindle 15 will find the point
at which the forces acting thereon are in balaace. That
is, the centrifugal force of the fy-balls 122, transmitted
through the cup 126, is opposed by the force of the main
spring 117 plus the force of the trimming spring 115
The spindic 115 moves until this equilibrium is achieved.

With a fixed position of the trimming spring 2319, the
spindie 115 assumes a position unique with the rotary
speed of the fly-balls 122. Siunce direst-connecied gover-
nors, that is, governors in which the spindles directly
actuate an engine throttle or equivalent, are satisfied by
different speeds for different throttle posilions, they
operate with droop. This droop is objecticnable in some
circumstances, therefore the alternator output frequency
responsive apparatus of the invention may be employed
to reset the governor to the same speed after a lcad
change. Accordingly, changes in the outpui frequency
of the alternator 14’, transmitted through leads 69’, 7%,
67’; and 68, to electromagnets 65" and 66', will cause
one of the bars 57" or 58’ to resonate. Ior exampie,
should the turbine 10’ decrease in sveed, the bar 57’ will
resonate, permitting fluid flow from the chamber 180 and
through conduit 188, reduce the control pressure in dia-
phragm chamber 1§5, thus allowing the diaphragm 113
to move as indicated in Fig. 3. This movement of the
diaphragm 116 will resuit in additional compressicn be-
ing applied to the trimming spring 139 assisting in the
movement of the spindle 115 snd the actuation of the
throttle 48,

Conversely, it may be seen that as the speed of the
turbine and aliernator increases, the bar 58" will be
caused to resonate permitting fluid bleed from the cham-
ber 101 to move the diaphragm 119 wvpwardly. This
movement will reduce the compression on the trimining
spring 119 to reset the governer 114 to the original speed.

The device shown in Fig. 3 is particularly useful in
connection with asychronous alternafors, since in this
case, the output frequency of the aiternator is reset rather
than the shaft speed. The slip frequency is therefore
compensated along with speed changes <due to normal
governor droop.
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Having thus described the invention and the present
embodiments thereof, it is to be understood that many
modifications may be resorted to in a manner limited
only by a just interpretation of the following claims.

I claim:

1. A regulating apparatus for a prime mover includ-
ing: an alternator driven by said prime mover, a con-
trol operable to vary the output of said prime mover,
regulating means operably connected to said control,
and tuned vibrating means responsive to the output fre-
quency of said alternator for controlling the operation
of said regulating means.

2. A regulating apparatus for a prime mover includ-
ing: an alternator driven by said prime mover, a control
operable to vary the output of said prime mover, fluid
operated regulating means operably connected to said
control, and tuned vibrating means responsive to the out-
put frequency of said alternator for controlling the op-
eration of said regulating means.

3. In regulating apparatus for a prime mover: a power
controlling device operably connected to said prime
mover; an alternator driven by said prime mover; a fluid
operated servo mechanism adapted when actuated to op-
erate said power controlling device; a source of fluid pres-
sure; a valve body having a movable wall member de-
fining a pair of chambers therein, each of said chambers
being supplied with fluid pressure from said pressure
source; means to supply fluid pressure to sajd servo mech-
anism; means operable by movement of said movable
wall member to vary pressure delivered to said servo
mechanism; valve ports in said valve body communicat-
ing with said chambers; resonant devices normally clos-
ing said ports and adapted to open said ports upon reso-
nance; and means responsive to output frequencies of said
alternator to cause vibration of said resonant devices.

4. A regulating apparatus for a prime mover includ-
ing: a power controlling device operably connected to
said prime mover; an alternator driven by said prime
mover; a fluid operated servo mechanism adapted when
actuated to operate said power controlling device; a source
of fluid pressure; a valve body having a movable wall
member defining a pair of chambers therein, each of said
chambers being supplied with fluid pressure from said
pressure source; means to supply fluid pressure to said
servo mechanism; means operable by movement of said
movable wall member to vary pressure delivered to said
servo mechanism; valve ports in said valve body com-
municating with said chambers; resonant devices nor-
mally closing said ports and adapted to open said ports
upon resonance of said devices; and means responsive to
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output frequencies of said alternator above and below a
control frequency to cause vibration of said resonant
devices.

5. In a trimming mechanism for a prime mover gov-
ernor, said prime mover driving an alternator: a resilient
member for biasing the movement of said governor; and
tuned vibrating means responsive to output frequencies
of said alternator to move said resilient member.

6. In a trimming mechanism for a mechanical prime
mover governor, said prime mover driving an alternator:
a movable wall member defining a chamber on each side
thereof; means operable by movement of said wall mem-
ber for biasing the movement of said governor; a valve
body having other chambers in fluid connection with said
first mentioned chambers; means to supply fluid pressure
to each of said first mentioned chambers and each of said
last mentioned chambers; valve ports in said valve body
communicating with said last mentioned chambers;
resonant devices normally closing said ports and adapted
to open said ports upon resonance of said devices; and
means responsive to output frequencies of said alternator
to cause vibration of said rescnant devices to thereby
reduce pressure in one pair of said first and last mentioned
chambers to thereby actuate said trimming mechanism.

7. A regulating apparatus for a prime mover including:
an alternator driven by said prime mover; a control op-
erable to maintain operation of said prime mover at sub-
stantially constant speed; regulating means operably con-
nected to said control; and tuned vibrating means respon-
sive to the output frequency of said alternator for control-
ling the operation of said regulating means to thereby
maintain the operation of said prime mover at substan-
tially constant speed.
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