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27 Claims.

My invention relates to controlling means for
prime movers, and more particularly to control-
ling means for the steam engines. It has other
aspects which will appear in the course of the

5 following specification and the appended claims,
including the one of steam-driven compressors.

It is desirable, in connection with pressure fluid
driven engines, to effect the regulation thereof
in accordance with the load, to provide for a less-

10 throttled supply of operating fluld when the load
increases and vice versa, to provide for automatic
regulation of operating fluid supply by speed-re-
sponsive means, also, to insure against the en-
gine’s running away in the event of the derange-
ment of any of its control devices, and to permit
immediate stopping thereof when the engineer
considers this imperative. It is an object of my
invention, in one of its more specific aspects, to
provide an improved control system for an en-
gine which shall by improved means accomplish
these several desirable ends. It is, more general-
ly, an object of my invention to provide an im-
proved control apparatus for a prime mover. It
is a further object of my invention to provide, for
a compressor driving engine, an improved con-
trol governed by compressor discharge pressure.
It is another object of the invention to provide an
improved speed-responsive governor having im-
proved means for slowing down or stopping the
engine if the speed becomes too high. It is yet
another object to provide an improved safety
stop for an engine associated with the speed-re-
sponsive governor thereof for stopping the engine
if the drive for said speed-responsive governor
is broken. It is still a further object of the in-
vention to provide an improved control mecha-
nism embodying a combination of speed and load
control of novel form. It is a still further object
of the invention to provide for hydraulic govern-
ing of a throttle valve controlling a compressor-
driving engine under speed and compressor dis-
charge pressure control, and again, to provide an
improved means whereby separate or cumulative
control is possible. Yet another object of the in-
vention is to provide an improved steam-driven
compressor. Other objects and advantages will
hereinafter more fully appear.

In the accompanying drawings, in which, for
purposes of illustration, an illustrative embodi-
ment of the invention is disclosed—

Fig. 1 is g side elevation of a steam-driven
compressor embodying an illustrative form of the
invention.

Fig. 2 is a view mainly in section, with parts
shown on different scales, and more or less in the
nature of a diagrammatic view, showing major
elements of the control system.

Fig. 3 is a view of a portion of the mechanism
of Fig. 2, showing parts in & different relative
position.
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Fig. 4 is a detail sectional view on the planes
of the section line 4—4 of Fig. 2.

Fig. 5 is a fragmentary. view showing a gover-
nor drive.

Fig. 6 is a section on the plane of the line 6—6 §
of Fig. 5, showing details of construction.

Fig. T is a detail section on the line 1—7 of Fig.
5, showing a control cam.

Fig. 8 is an elevational view of an automatic
pressure responsive device which may be used
in my improved control system.

Fig. 9 Is another detail sectional view, this one
on the plane of the line 3-8 of Fig. 2.

Fig. 10 is a fragmentary sectional view showing
& portion of the mechanism of Fig. 2 with parts
in different relative positions.

Fig. 11 is a diagrammatic view showing por-
tions of the system, particularly the pressure-re-
sponsive portions thereof.

Figs. 12 and 13 are, respectively, an elevation
and a section on the plane of the line 13—13 of
Fig. 12, disclosing a modified form of speed-re-
sponsive governor providing for-a wider range of
speed control.

Referring to the drawings, it will be observed
that my invention in its illustrative embodiment
is incorporated in a steam-driven compressor
system which includes a multi-stage steam-driv-
en compressor generally designated | and com-
prising a base frame 2 on which there is mounted
a low pressure cylinder 3 discharging through a
low pressure discharge line 4 to an intercooler 5,
and from the latter an intake line 6 of a high
pressure cylinder 7, also mounted on the base
frame, receives air, while a discharge line 8 con-
ducts the compressed air from the high pressure
cylinder 7 herein to a receiver 9. The compressor
is provided with a steam engine 10 of any suit-
able construction, and this supplies the power for
the compression of air in the low and high pres-
sure cylinders. A main steam line il supplies
steam to the usual valve chest of a steam cylinder
12 of the engine and a manually operable throttie
13 may be closed to stop the steam engine 10, An
automatic governor mechanism, including an au-
tomatic controlling device generally designated
i4, is arranged between the manual throttle 13
and a steam delivery line 15.

As shown most clearly in Fig. 2, the automatic
controlling device 14 includes s casing 17 in which
a balanced steam-flow-regulating valve (8 is
reciprocable.” The casing {7 is supported upon a
frame 19, and the regulating valve 18 has a stem
20 which extends through a suitable gland 21
into the space between legs 22, 22 of the frame (9.
A suitable fluid actuated diaphragm 23 is mounted
between the bottom of the frame {9 and an ele-
ment forming a diaphragm chamber 24. A cir-
cular plate 25 rests upon the diaphragm and is
connected by a suitable yoke 26 to the lower end gg

10

18

20

25

30

35

40

50

56




10

15

25

30

85

40

45

50

56

60

85

70

78

2

of the valve stem 20. The frame 9 provides an
abutment 28 against which the head 29 of an ad-
justing screw 30 rests. This adjusting screw may
be moved to alter the position of an abutment 32
for a spring 33 which presses upon the upper
surface of the circular plate 25 and normally
tends to depress the latter against the pressure
exerted upon the diaphragm 23 and to effect an
increased opening of the steam-flow-regulating
valve I8.

In addition to the diaphragm 23, means for
controlling the position of the steam-flow-regu-
lating valve 18 is provided, including means for
effecting closure of the regulating valve in the
event of loss of the operating fluid from beneath
the diaphragm 23 and means for permitting-quick
stopping of the steam engine 10, if desired, manu-
ally. For these purposes there is pivotally sup-
ported a lever 35 at 36 upon the frame 19. This
lever carries a substantial weight 37 at its outer
end, a weight sufficient, when permitted to fall, to
shove the steam-flow-regulating valve (8 into
closed position. A curved link 39 is provided with
a releasable latch 40 (see Fig. 9) extending into a
suitably-formed notch 41 in the lower end of the
link 38, the other side of the link 39 also having
a notch 42 which cooperates with a stationary
projection 43 to hold the link in the position of
Fig. 2 of the drawings. A diaphragm 45 bound-
ing a liquid-receiving or diaphragm chamber 46
in communication with the system, of which the
space beneath the diaphragm 23 forms a part
normally presses & pin 47 carrying the latch 40
into the recess 41 and holds the link 39 in the
position relative to the stop 43 such that the
weight 37 is prevented from dropping. A chain
49 led to any convenient place where it may be
quickly seized and pulled,. is arranged to enable
the holding effect of the latch mechanism just
described to be overcome and to permit substan-
tial instantaneous manual closing of the steam-
flow-regulating valve 18, if desired.

It will be noted that a fluid conduit 56 having
8 suitable stop valve 51 therein leads to the
chamber 46, and a conduit 52 leads downwardly
to communicate with a conduit 953, one of whose
ends opens at 54 through the member forming

the diaphragm chamber 24 and whose other end**

opens at 55 into a diaphragm chamber 56 shortly
to be described in more detail. The diaphragm
chambers and the conduits contain a liquid such
as glycerine, and the liquid system may be re-
plenished with liquid, when the valve 51 is open,
through a filler cup 56’ located at a high point
in the system, as shown in Fig. 2. Filling, of
course, takes place when the compressor and
steam engine are shut down. It will be noted
that the structure so far described contemplates
the automatic regulation of the amount of steam
supplied to the valve chest of the steam cylinder
{2, the position of the steam-flow-regulating valve
I8 to be controlled automatically by the position
of a diaphragm 23, and the position of that dia-
phragm to be controlled by liquid pressure in the
conduit 52.

For the purpose of controlling automatically
the position of the steam-flow-regulating valve
18 and for protecting the steam engine 10 against
running away in the event of certain possible
derangements, I have provided mechanism which
is generally indicated by the reference charac-
ter 60. This includes speed-responsive mecha-
nism governed by the speed of the steam en-
gine and compressor; compressor discharge pres-
sure responsive mechanism; an automatic stop

2,221,761

effective in the event of over-speeding; and a
further automatic stop effective in the event of
breskage of the drive for the speed-responsive
mechanism. A casing 61 having a detachable
top 62, provides a lubricant reservoir 63 into
which certain rotating portions of the mecha-
nism within the chamber are adapted to dip for
the purpose of throwing the oil and effecting a
very efficient splash lubrication of such mecha-
nism. It will be noted that a hollow tubular
shaft 6% is mounted within the casing in anti-
friction bearings 66, 67 supported by the end
casing walls. On the outside of this hollow shaft
there is mounted a sleeve 68 pivotally supporting
at 69 a speed responsive member, herein a wab-
ble plate 18. In the form of mechanism illus-
trated in Figs. 2 and 3, the hollow shaft sup-
ports g sliding collar 11 which is connected by
a link 72 with the wabble plate 10 and is con-
nected by a transverse pin 13 extending through
longitudinal slots 74 in the shaft 65, to a cylin-
drical slide member 15 movable within the bore
16 of the hollow shaft. A rod 71 connects the
slide member 15 with another cylindrical slide
member 18 which has fixed thereto a short pro-
jecting mounting element 19 carrying a thrust
ball 80 at its outer end. A comparatively light
spring 82 extends between a shoulder 83 within
and on the tubular shaft 65 and the right-hand
end surface of the slide member 18 in Fig. 2, and
normally tends to move the slide members 18
and 15 and the collar Tl to the left in Fig. 2.
and to cause the wabble plate T0 to move towards
perpendicularity to its axis of rotation. The
slide member 15 has fixed thereto a projecting
spindle-like element 84 which projects beyond
the right-hand end of the tubular shaft 65 in
Fig. 2 and having a conieal or pointed end which
is engaged by the cam surface of a cam 85
mounted on an arm 86 (Figs. 2, 3 and 5) which
is pivoted at 81 (Fig. 6) on the casing 61 and
this arm carries an idler sprocket 88 engaging
with a roller drive chain 89 driven from the
crank shaft 90 of the compressor by a sprocket
91 fixed to the crank shaft and connected by
the chain to a sprocket 92 fixed to the tubular
shaft 65. It will be evident that in the event
that this drive chain 89 should break the sup-
port provided for the idler sprocket 88 would be

lost, and accordingly the arm 86 would swing 5

downwardly and the cam 85 would thrust the
spindle 84 and collar Tl to the left in Fig. 2
of the drawings. This motion will, as will later
appear, operate to slow down, or, if carrier far
enough, to stop the steam engine 10. A spring
93, more powerful than the spring 82, engages
at its right-hand end in Fig. 2 the collar T1, while
its left-hand end is engaged by an adjustable
stop member 94, which is mounted on and mov-
able along the tubular shaft 65. This adjustable
stop member plays two important functions in
the operation of this apparatus. It enables ad-
justment of the compression of the spring 93
and so a variation in the responsiveness to speed
variations of the wabble plate 70. It also pro-
vides a very efficient and inexpensive safety stop
mechanism. It will be noted that the member
94 is in the form of an annulus 95 surrounding
the tubular shaft 65 and having diametrically
opposite bosses thereon (see Fig. 4).
these bosses 96 is comparatively short and pro-
vides a. mounting for a transverse pin 91. The
other of these bosses 98 is longer and provides
a fork 99 in which a transverse pin 100 is mount-
ed, this pin pivotally supporting a swingable
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speed-responsive member (0l. ‘The swingable
member 101 likewise carries & transverse pin
102, herein parallel to the pins 87 and 100, and
the opposite ends of this pin are connected by
side springs (03 with the opposite ends of the
transverse pin 91. These transverse pins are so
related to each other and to the pivot pin 100
that the springs 103 normally hold the member
100 in the position shown in Fig. 2. A guldeway
105 in the member 94 is provided for & toothed
latch element (06 which is adapted to engage
with a rack 107 carried in & longitudinal slot
108 in the periphery of the tubular shaft 68.
The teeth upon the latch 106 and rack 107 are
beveled teeth, so that the member 84 may be
slid freely to the right in Fig. 2, but not to the
left unless the latch 106 is released. The latch
is cut away to provide & shoulder 108 adjacent
its lower end, and & striking element or hammer
portion 118 is formed upon the end of the swing-
able member {01 at its end nearer the pivot pin
100. A stop shoulder i1l engageable with the
side surface of the member 94 is provided to
limit the movement of the member 101 about
the pivot pin 100. A chamber 112 is provided
in the free end of the swingable member 101 to
receive mercury, shot or slugs, or other suitable
material in the desired quantity to provide for
response to the desired maximum speed. This
automatic stop mechanism as so far described
may have its mode of operation briefly sum-
marized at this point.

It will be appreciated that as the tubular shaft
65 is driven through the chain and sprocket con-
nections 89, 81 and 92 the swingable member 1014
which is pivoted on the pin 180 at a point con-
siderably offset from its center of mass, will be
subjected to centrifugal force tending to swing
the free end of the member 101 outwardly. This

tendency will be resisted by the springs 103 until

the line of action of these springs, due to the
movement of the pin (02 about the axis of the
pin {00, falls to the left of the plane including
the axes of the pivot pin (808 and the transverse
pin 87. Thereafter, the action of the springs 103
will be in the same direction with the action of
centrifugal force upon the member 104, and the
latter will snap sharply around to the position
shown in Fig. 3, will cause the hammer portion
118 to strike against the latch-shoulder {09 sharp-
ly to withdraw the teeth of the latch {06 from
the teeth of the rack 107, to release the stop mem-
ber 94 from the tubular shaft 65 and will thus
allow the spring 98 to force the stop member 94
over to the left as viewed in Fig. 3, against the
adjacent end of the sleeve 68, thereby reducing
the force exerted by the spring 93 and allowing
the wabble plate 10 to swing outwardly at a much
lower speed, thereby slowing down the steam en-
gine 10 through the mechanism which will now
be described.

It will be noted that the diaphragm chamber
56 shown in Fig. 2, is bounded at its side next to
the casing 61 by a diaphragm 120 and that in
back to back relation with the diaphragm 120 is
another diaphragm (21 spaced at its periphery
from the diaphragsm 120 by a comparatively
narrow, spacer element 122, The diaphragm 121
carries a central re-inforcement and thrust-
transmitting mechanism generally designated 123.
The thrust ball 80 contacts one side of this thrust
transmitting and re-enforcement mechanism.
The other side provides a spacer between the
diaphragms 120 and 21 when these are in their
most proximate positions. Having in mind the

3

fact that the fluld system including the chamber
66, the conduits 52, 83, the dlaphragm chambers
48 and 24 and the sealed portion of the conduit 50
is full of liquid as explained above, it will be ap-
preciated that any movement toward the left in
Plg. 2 by the diaphragm 120 will exercise a clos-
ing influence upon the steam-flow regulating
valve 8. Movement of the diaphragm 120 to the
left may be effected with the construction dis-
closed either by the exertion of mechanical thrusts
thereon through the reinforcement and thrust
transmitting mechanism 123 under the action of
the thrust ball 80 or by pneumatic means which
will also be described. The pneumatic means
comprises apparatus for multiplying the effect of
compressor discharge pressure variations and
transmitting amplified pressure variations to the
diaphragm 21, It will be noted that the recelver
pressure in the receiver § (Figs. 1 and 11) is
transmitted through a conduit 125 to a mecha-
nism 126 to act within a pressure-responsive de-
vice, herein a Bourdon tube {27. Receiver pres-
sure is also transmitted to this mechanism
through a conduit 128, & pressure reducing valve
129 and a further conduit 130, and this low pres-
sure air is delivered past a throttling device 31
and through a conduit 132 to a space 133 between
the diaphragms 120 and [2!. Means for effecting
substantial variations in the pressure within the
space 133 in response to comparatively small
variations of the pressure within the receiver in-
cludes a vent valve mechanism 1385 (see Fig. 8)
which is connected through a conduit 36 to the
conduit 130 so that the pressure at the discharge
side of the throttling device 131 may be bled down
rapidly when the vent device 185 is opened. The
vent device includes herein a double-beat vent

- valve apparatus {37 having a stem 138 which rests

upon a pivoted lever 139. The fulcrum (40 of
this lever is adjustable both longitudinally of the
lever and up and down by well-known means, and
this structure is not per se my invention, but a
well-known device of commerce. It will be un-
derstood by reference to Figs. 8 and 11 that when
the pressure within the receiver 9 rises, the Bour-
don tube 127 will tend to straighten out and to
raise the left-hand end of the lever 139. This
will allow seating of the double-beat valve mech-
anism {37, and since the pressure will not be per-
mitted to escape from the space 138, it will rise to
that value which is permitted by the pressure re-
ducing valve {29. Accordingly, the diaphragm
121 will be forced to the left and will displace
liquid beneath the diaphragm 23 and move the
steam-flow-regulating valve I8 in a closing direc-
tion. This will cause the steam engine 10 to slow
down, and accordingly, the rate of air discharged
by the compressor will be reduced, and if the air
consumption rate is not also reduced the pressure
in the receiver 9 will gradually be lowered until
stich time as the reduction in pressure within the
Bourdon tube 127 will cause the latter to move
from a position permitting the valve 137 to be
closed to a position opening that valve. Then,
since the bleeding capacity of the double-beat
valve device I3T exceeds the air supply rate past
the throttling device (81, the pressure in the
space 133 will be rapidly reduced, and the spring
33 will be enabled then to force the steam-flow-
regulating valve 18 in an opening direction.

It may now be noted that if the compressor .

runs at too high a speed, this increased speed
will be effective through action of pressure applied
through .the thrust ball 80 upon the dia-
phragm 120 and the pressure transmitted by the
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diaphragm 20 against the diaphragm 121 also
to effect a raising of the diaphragm 23 in a con-
trolling valve closing direction. It will still fur-
ther be noted that if the compressor should over-
speed for any reason, the automatic safety stop

- through releasing the compression of the spring
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93 would allow the speed-responsive wabble plate
70 to move in such a manner as will cause the
thrust ball 80 to exert the necessary pressure on
the diaphragm 120 to effect stopping of the steam
engine 10. If the drive for the governor breaks,
the cam 85 will also act to reduce or interrupt
the supply of fluid past the steam-flow regulating
valve {8.. Thus it may be noted that the com-
pressor driving engine has its speed automatically
controlled by pressures transmitted through a sin-
gle diaphragm both in response to compressor dis-
charge pressure variations and to variations in en-
gine speed, these latter variations being trans-
mitted to the first diaphragm through a second
one. It will further be noted that the engine is
under substantial instantaneous manual control;
is guarded against overspeed; is guarded against
breakage in the governor drive, and is guarded
against the springing of a leak in the hydraulic
control system for the diaphragm 23.

In Figs. 12 and 13 there is disclosed a modified
form of speed-responsive means whereby different
settings of the speed-responsive, weighted control
means may be obtained to meet varying operating
conditions. In this construction, which is sim-
ilar to that shown in Figs. 2 and 3, the tubular
shaft, driven through the chain and sprocket
connections 89, 91 and 92 from the compressor
crank shaff 99, is designated by the reference
character 150, and the sleeve corresponding to the
sleeve 68 is designated 15f. Both the shaft and
sleeve are of substantially greater length than
those described above in regard to the other form
of the invention. The tubular shaft {50 is jour-
naled in bearings supported within the casing of
the mechanism, as in the form of the invention
above described. The sleeve 151 has pivotally
mounted thereon at 152 at opposit sides thereof,
a pair of arms 153 connected at one end by a bolt
154 carrying a weight 155. The other ends of the
arms 183 have mounted thereon by bolts 156,
weights 157, I57 respectively. The tubular shaft
158 supports a sliding collar 158 which is pivotally
connected to one end of a link {59. The opposite
end of the link 1589 is pivotally connected at {60,
as by a bolt 161, to a pair of arms 162, 162. These
arms are slidably guided in guideways 163 formed
on the inner adjacent sides of the weights 57
and are slotted at 164 to permit adjustment
thereof in the weight guideways. 'The bolts 156
also serve as securing means for holding the arms
162 in their adjusted position in the weight guid-
ways. The sliding collar 158 is connected by a
transverse pin (65 extending through longitudinal
slots 166 in the tubular shaft 150, to a cylindric
slide member 167 movable within the bore 168 of
the shaft. A rod {69 connects the slide member
167 with another slide member (70 also movable
within the shaft bore and which has fixed thereto
a projecting rod element ITf for actuating,
through the thrust ball 80, the diaphragms 120,
121 of the liquid control system, in the manner
described above. The slide member 167 has fixed
thereto a projecting spindle-like element 172 cor-
responding to the element 84 and similarly engag-
ing the cam surface of the cam 85 on the arm
86 which carries the drive-chain-engaging idler
sprocket 88. A spring 73 acting on the sliding
collar 158 urges the latter toward the left in Fig,.

9,221,791

13. A spring 174, more powerful than the spring
173, engages at its right-hand end in Fig. 13 the
collar 158, while its left-hand end is engaged by
an adjustable stop member 175 corresponding to

' the stop member 94 in the form of the invention

above described. The member (15 has associated
therewith the elements 97, 100, 101, 102 and (03
and is provided with the same form of latch
means 106, {07, as in the other form of the in-
vention. When the tubular shaft is driven
through the chain and sprocket connections 89,
91 and 92, the weighted arms 153 provide a speed-
responsive means for controlling the position of
the projecting element [T, thereby to control,
through the liquid control system, the position of
the steam-flow-regulating-valve 118. When the
speed for any reason becomes excessive, the latch
means (06, 107 is operated to release the stop
member 115 from the shaft 150, permitting this
stop member to move toward the left in Fig. 13,
thereby to reduce the pressure exerted by the
spring {74; and as a result, the spring (73 effects
movement of the sliding collar {58 relative to the
shaft, thereby to actuate the projecting element
111 into a position to effect, through the liquid-
control system, closure of the steam-flow-regu-
lating-valve 118. By the provision of the adjust-
able arms 162, the setting of the angle of the
weighted arms 153 of the control means may be
varied so that the range of control of the speed-
responsive means may be correspondingly varied,
thereby to meet different operating conditions, in
an obvious manner. Otherwise, this form of the
invention is the same as that above described.

While there are in this application specifically
described one form and a modification which the
invention may assume in practice, it will be un-
derstood that this form and modification of the
same are shown for purposes of illustration and
that the invention may be further modified and
embodied in various other forms without depart-
ing from its spirit or the scope of the appended
claims.

What I claim as new and desire to secure by

Letters Patent is:

1. In a controlling mechanism, in combination,
& prime mover, means for supplying motive me-
dium thereto, a fluid control system including
means responsive to the pressure of the fluid in
said system  for controlling said supply means,
and means responsive to the speed of said prime
mover for automatically regulating the pressure
in said fluid control system.

2. In a controlling mechanism, in combination,
a prime mover, a pump driven thereby, means
for supplying motive medium to said prime
mover, a fluid control system including means
responsive to the pressure of the fluid in said sys-
tem for controlling said supply means, means re-
sponsive to the speed of said prime mover for
automatically regulating the pressure in said
fluid control system, and means automatically
responsive to the pressure of the pump discharge
for regulating the pressure in said fluid control
system.

3. In a controlling mechanism, in combing-
tion, a prime mover, means for supplying motive
medium thereto, a pump driven by said prime
mover, a fluid control system including means
responsive to the pressure of the fluid in said
system for controlling said supply means, and
means responsive to the pump discharge pres-
sure for automatically regulating the pressure in
said fluid control system.

4. In g controlling mechanism, in combination,
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& prime mover, a pump driven thereby, means for
supplying motive medium to said prime mover,

means responsive to the speed of sald prime.

mover for automatically controlling said supply
means, and associated means automatically op-
erative in the event of fajlure of a part of the
mechanism for automatically controlling said
supply means.

5. In a controlling mechanism, in combination,
8 prime mover, means for supplying a motive
medium thereto, means responsive to the speed
of sald prime mover for automatically control-
ling said supply means, means driven by said
prime mover for driving said speed responsive
means, and means automatically operative in the
event of failure of a part of said driving means
for automatically cutting off the supply of mo-
tive medium to said prime mover.

6. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying a motive medium to said
prime mover, means responsive to the speed of
sald prime mover for controlling said supply
means, means responsive to the pump discharge
pressure for controlling satd supply means, sald
two last mentioned means including a common
supply-means-control element through which
supply control is effected, and means operative in
the event of failure of said supply-means-control
element for automatically cutting off the supply
of motive medium to sald prime mover.

7. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying motive medium to said
prime mover, hydraulic control means respon-
sive to the speed of saild prime mover for con-

trolling said supply means, and hydraulic con-

trol means responsive to the pump discharge
pressure for controlling said supply means, said
hydraulic control means including a common hy-
draulic fluid system. '

8. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying motive medium to said prime
mover, hydraulic control means responsive to
the speed of said prime mover for eantrolling said
supply means, and hydraulic control means re-
sponsive to the pump discharge pressure for
controlling said supply means, said hydraulic
control means including a common hydraulic
fluid system and said fluild system including a
fluld chamber adapted to contain an actuating
fluid and having a movable wall actuated by said
speed responsive means and sald pump-dis-
charge-pressure responsive means.

9. In a controlling mechanism, in combina-
tion, an air compressor, a steam engine for driv-
ing sald air compressor, means for supplying
steam to said steam engine, a valve for control-
ling the flow of steam through said supply
means, & fluid control system for controlling said
valve, means responsive to the speed of said
steam engine for controlling the pressure in said
fluid control system, and means responsive to the
compressor discharge pressure for controlling the
pressure in said fluld control system.

10. In a controlling mechanism, in combina-
tion, an air compressor, a steam engine for driv-
ing said compressor, means for supplying steam
to said engine, a valve for controlling the flow of
steam through said supply means, a fluid con-
trol system for said valve including a diaphragm
containing chamber, means responsive to the
speed of said steam engine for actuating said dia-
phragm fo control the pressure in sajd fluid con-
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trol system, and means responsive to the com-
pressor discharge pressure for actuating said dia-
phragm to control the pressure in said fluid con-
trol system.

11. In a controlling mechanism, in combina-
tion, an alr compressor, & steam engine for driv-
ing sald air compressor, means for supplying
steam to sald steam engine, a valve for control-
ling the flow of steam through said supply means,
a fluid control system for controlling said valve,
means responsive to the speed of said steam en-
gine for confrolling the pressure in said fluid
control system, means responsive to the com-
pressor discharge pressure for controlling the
pressure in said fluid control system, and means
automatically operative in the event of failure of
a part of said speed responsive means for auto-
matically controlling the pressure in said fluid
control system.

12, In a controlling mechanism, in combina-
tion, an air compressor, a steam engine for driv-
ing sald compressor, means for supplying steam
to said engine, a valve for controlling the flow of
steam through said supply means, a fluid control
system for said valve including a diaphragm con-
taining chamber, means responsive to the speed
of said steam engine for actuating said dia-
phragm to control the pressure in said fluid con-
trol system, means responsive to the compressor
discharge pressure for actuating said diaphragm
to control the pressure in said fluid control sys-
tem, and means automatically operative in the
event of failure of a part of said speed respon-
sive means for actuating said diaphragm to con-
trol the pressure in said fluid control system.

13, In a controlling mechanism, in combina-
tion, a control element, speed responsive means
for controlling said control element, and means
automatically operative in the event of an ex-
cessive speed for automatically varying the nor-
mal controlling action of said speed responsive
means.

14, In & controlling mechanism, in combina-
tion, a control element, speed responsive means
for conirolling said control element, and means
automatically operative in the event of an ex-
cessive speed for automatically varying the nor-
mal controlling action of said speed responsive
means, sald automatically operative means in-
cluding a separate speed responsive controlling
means. .

15. In a controlling mechanism, in combina-
tion, a control élement, speed responsive means
for controlling sald control element, and means
automatically operative in the event of an ex-
cessive speed for automatically varying the nor-
mal controlling action of said speed responsive
means, sald automatically operative means in-
cluding & latch means for rendering a part of
said speed responsive means less effective and a
separate speed responsive means for controlling
said latch means.

16. In combination, in a speed-responsive con-
trolling device, a movable controlling element,
speed-responsive means for moving said element
In a direction to reduce the speed of the device
controlled thereby, yielding means tending to op-
pose the movement of said speed-responsive
means, an adjustable abutment against which
said yielding means reacts, and speed responsive
means for automatically releasing said abutment
to reduce the opposition of said yielding means
to sald speed responsive means automatically up-
on excess speed.

17. In a controlling mechanism, in combina-
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tion, an element movable in one direction to re-
duce the speed of a device controlled by said
controlling mechanism, speed-responsive means
operative on increasing speeds to move said ele-
ment in said direction, driving means for said
speed-responsive means, and means for moving
said element in said speed-reducing direction
automatically upon release normally held inop-
erative by said driving means.

18. In combination, a prime mover, a pump
driven thereby, a device for varying the operat-
ing medium supply to said prime mover, an actu-
ating means for said device including an enclosed
hydraulic system having elements respectively
movable to control the position of said device and
movable to move the liquid in said hydraulic sys-
tem to move said first mentioned element, means
controlled by the speed of said prime mover for
moving said second-mentioned element, and
means controlled by the discharge pressure of
saild pump for also moving said second men-
tioned element.

19. In combination, in a controlling mecha-
nism for a prime mover, a device for regulating
the operating medium supply to said prime
mover, a hydraulic system for adjusting the po-
sition of said device, a device operative when re-
leased to move said first mentioned device auto-
matically completely to interrupt the supply of
operating medium to said prime mover, and
means for automatically releasing said last men-
tioned device upon loss of liquid from said hy-
draulic system,

20. In combination, in a pumping system, a
pump, a prime mover driving said pump, operat-
ing medium supply means for said prime mover,
and automatic controlling means for said oper-
ating medium supply means including cumula-
tively acting mechanism for regulating the oper-
ating medium supply automatically in accord-
ance with the speed of said prime mover and the
pump discharge pressure.

21. In a controlling mechanism, in combina-
tion, an element to be controlled, a controlled
hydraulic operating system for said element in-
cluding & chamber having a movable wall
changes in whose position effect control, means
cooperating with said wall to form a second
chamber and including another movable wall
spaced from said first wall, means for transmit-
ting movement to said second wall and through
the latter to said first mentioned wall to effect
control, and means for alternatively supplying
fluid to and venting fluid from the space between
said walls for exercising a different control.

22. In a controlling mechanism, in combina-
tion, a prime mover, means for supplying a mo-
tive medium thereto, a fluid control system
including means responsive to the pressure of the
fluid in said system for controlling said supply
means, means responsive to the speed of said
prime mover for automatically regulating the
pressure in said fluid control system, and associ-
ated means automatically operative in the event
of failure of a part of the controlling mechanism
for effecting an increase in pressure in said fluid
control system.

23. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying motive fluid to said prime
mover, a valve for controlling the flow of motive
fluid through sald supply means, means for con-
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trolling said valve including a movable member,
means responsive to the speed of said prime
mover for actuating said movable member, means

responsive to the pump discharge pressure for

actuating said movable member, and means auto-
matically operative in the event of failure of a
part of said speed responsive means for actuating

~ said movable member to effect closure of. said

valve.

24. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying motive fluid to said prime
mover, a valve for controlling the flow of motive
fluid through said supply means, a controlled hy-
draulic operating system for said valve including
a chamber having a movable wsall, changes in
whose position effect control, means cooperating
with said wall to form a second chamber and
including another movable wall spaced from said
first wall, means responsive to the speed of said
prime mover for transmitting movement to said
second wall and through the latter to said first
mentioned wall to effect control, and means for
alternatively supplying pump discharge pressure
to and venting pressure from the space between
said walls for exercising a different control.

25. In a controlling mechanism, in combina-
tion, an air compressor, a steam engine for driv-
ing said air compressor, means for supplying
steam to said steam engine, a valve for control-
ling the flow of steam through said supply means,
a fluid control system including means respon-
sive to the pressure of the fluid in said system
for controlling said valve, means responsive to
the speed of said steam engine for controlling
the pressure in said fluid control system, and
means automatically operative in the event of an
excessive speed of said steam engine for control-
ling the pressure in said fluid control system.

26. In a controlling mechanism, in combina-
tion, an air compressor, a steam engine for driv-
ing said compressor, means for supplying steam
to said engine, a valve for controlling the flow
of steam through said supply means, a fluid con-
trol system for said valve including a diaphragm
containing chamber, means responsive to the
speed of said steam engine for actuating said dia-
phragm to control the pressure in said fluid con-
trol system, means responsive to the compressor
discharge pressure for actuating said diaphragm
to control the pressure in said fluid control sys-
tem, and means automatically operative in the
event of an excessive speed of said steam engine
for rendering said speed responsive means more
effective to control the pressure in said fluid con-
trol system.

27. In a controlling mechanism, in combina-
tion, a prime mover, a pump driven thereby,
means for supplying motive fluid to said prime
mover, a valve for controlling the flow of motive
fluid through said supply means, means for con-
trolling said valve including a movable member,
means responsive to the speed of said prime
mover for actuating said movable member, means
responsive to the pump discharge pressure for
actuating said movable member, and means auto-
matically operative in the event of an excessive
speed of said prime mover for effecting actuation
of said movable member in a valve closing direc-
tion.

ALEXANDER D. FERGUSON.

10

20

25

30

35

40

24

(1%

<
(13

70



