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This invention relates to control apparatus and
more particularly to means for equalizing the
power output of a plurality of prime movers such
as internal combustion engines of the Diesel type.

One object of the invention is the provision of
means for automatically equalizing the power cut-
put of a plurality of engines.

Another object of the invention is the provision
of apparatus embodying operator’s control means
for simultaneously adjusting the power output of
a plurality of engines, and means automatically
operative in accordance with a selected degree of
power output of one of said engines to adjust
the power output of the other engine or engines
to substantially the same degree, in case the power
output of said other engine or engines is mate-
rially different from that of said one engine.

In Diesel engines the position of the so-called
fuel rack or shaft, which determines the amount
of fuel supplied to the engine, is considered a
most reliable and practicable index of engine out-
put, and another object of the invention is there-
fore the provision of means which is automatical-
1y operative in accordance with the position of the
fuel shaft on one engine to cause the fuel shaft
on another engine or engines to assume substan-
tially the same position.

Other objects and advantages will be apparent
from the following more detailed description of
the invention.

In the accompanying drawings; Fig. 1 is a dia-
grammatic, elevational view of a system for con-
trolling the speed or power output of a plurality
of engines and embodying the invention; Fig. 2
is a diagrammatic view of a portion of a fuel con-
trol system for each of said engines; Fig. 3 is a
sectional view of a fuel or speed control motor
for each of said engines and shown in elevation
in Fig. 1; Fig. 4 is a sectional view of a pressure
regulating valve device associated with each of
said engines and shown in elevation in Fig. 1; and
Fig. 5 is a sectional view of an equalizing valve
device shown in elevation in Fig. 1.

Description

As shown in Fig. 1 of the drawings, the dot-dash
line enclosures designated A and B indicate two
of a plurality of engines, the enclosure designated
A constituting what may be called a master en-
gine, while the enclosure designated B constitutes,
one of any desired number of engines to be con-
trolled from engine A. Engine B may be referred
to as a slave engine.

Each of these engines may for the purpose of
illustration be of the Diesel type comprising (Fig,

2

* 2) a conventional cam shaft { for operating
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through a cam 2 and a push rod 3 an injector
pump 4 for each engine cylinder, for supplying
fuel to said cylinder through an injector pipe 5.
The amount of fuel supplied to the engine cylin-
der by pump 4 is adapted to be regulated by a
pump adjusting rack 6 operatively connected to
a lever 7 on a fuel control shaft 8. The fuel shaft
8 may have an engine idling position in which
it is shown in the drawing for adjusting pump 4
to provide fuel to the engine cylinder in an
amount sufficient to cause operation of the en-
gine at an idling speed and may be turned in a
clockwise direction, as viewed in Fig. 2, to adjust
said pump to increase the fuel supply in pro-
portion to the degree of such turning. A maxi-
mum amount of fuel will be provided to the en-
gine in a position of the fuel shaft § such as in-
dicated by a dot-dash line 9. It will be under-
stood that the engine may have any desired num-
ber of cylinders and that a fuel pump 4, rod 3 and
cam 2 will be provided for each cylinder, and that
the fuel shaft 8 will be connected to all fuel
pumps, in accordance with conventional practice.

Adjustment of the fuel control shaft 8 on each
engine may be controlled by a speed governor {0
which may comprise a centrifuge I{ connected
by gears Ila to the cam shaft I. Two opposite=
ly arranged centrifugally controlled bell cranks
12 are pivoted at their knees on pins i3 in centri-
fuge 11, One end of each of the bell cranks {2
engages a collar 14 secured to a vertically mov-
able plunger or rod {5 which is provided with an-
other collar 18 engaged by one end of a governor
control spring 17. The opposite end of spring 11
is engaged by a movable follower {8 against which
bears an adjusting cam {9 pivoted on a fixed
pin 20 and connected by an arm 21 to a governor
adjusting rod 22.

It will be apparent that when the engine is
in operation turning the cam shaft (, that centrif-
ugal force of the governor bell cranks 2 will
be opposed by the pressure of the conftrol spring
1T and that the upper end of said cranks will move
away from rod i5 to a position in which said cen-
trifugal force will balance the pressure of said
spring, and thereby position said rod in accord-
ance with the pressure of said spring. If the cam
is turned in a clockwise direction to increase the
pressure of spring 7 on collar {6, the bell cranks
{2 will be moved toward rod 15 to permit said
rod to move down a proportional degree, while if
the cam is returned toward the position in which
it is shown in the drawing, the rod {5 will be ele-
vated correspondingly., In other words, when the
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engine is operating the rod 15 will assume a posi-
tion corresponding to the adjustment of cam (9.

An operating arm 23 for the fuel control shaft
8 is connected by a link 24 to one end of a lever
25. The opposite end of lever 25 is fulcrumed
on a fixed pin 28, while intermediate its ends said
lever is connected by a pin 27 to the governor rod
15, whereby the fuel control shaft 8 will be posi=
tioned in accordance with the position of said rod
and of cam 19.

In the drawing the parts of the governor 10 in=
cluding cam (8, and the fuel control shaft 8 are

shown in the position which it may be assumed,

will provide for operation of, the engine at an
idling speed. With the engine opérating; if the
cam {8 is now turned in a clockwise direction the

governor rod {8 and fuel control shaft § will move.

out of idling position to a new position, corre-.
sponding to the change in position of said cam, 1o
cause a proportional increase in the amount of
fuel supplied. to the engine and thereby & corre=
spondmg increase of power output of the engine.
The turning of cam 8 in the opposite direction
will result in a conespondmg reductlovn‘ in the
amount of fuel supplied to the. engine. It will
thus, be seen that by suitable adjustment of cam
i9 the supply of fuel to the engine may be ad-
justed to obtain any selected degree of power
output from the engine.

On the master engine A, the governor control
rod 22 is connected to a governor control motor
30, while on the slave engine B.said rod is con-
nected to a governor control motor 3i.

With. but one exception, which will be. later
brought out, the governor control motor 30.on the
master engine A and the motor 8§ on the slayve
engine B are identical in construction, each
comprising (Fig. 3) a casing containing a power
piston 32, and a rod 233 connected at one end %0

said piston while the opposite end is. connected 14

exteriorly of the casing to the governor, control
rod 22. The piston rod 33 extends“ through a
pressure chamber 34 at one side of piston 32 and
tnrough a bore in a head 35 closing the. open end
of said chamber, said head being provided with. a
plurahty of grooves encireling. said. rod and con-
tammCT sealing rings 368 having sealing. and shd-
ing contact with said rod to prevent 1eakage of
fluid. under pressure. from. sald chamber. The
pressure chamber 34 is connected. to a control
passage 37 through which fluid under pressure
is adapted to be supplied to and released from
said. chamber, in a manner and by means to, be
later described. Atthe opposite side of the. power
piston 22 is a non-pressure chamber 3% which. ig
open to atmosphere through a passage 38 and
which contains a regulating spring 42 acting on
said piston in opposition to pressure.of fluid in
pressure of fluid in pressure chamber 34.

Each of the governor motors further com-
prises a plurality of spaced apart flexible dla-
phragms 44, 82, 43, 44 and 45 arranged. in the.
order named in coaxial relation W1tn each, other
and with the regulating spring 40 and the power
piston 232, the diaphragm 4{ being dlsposed most
remote from said piston. The several diaphragms
are clamped around their edges in the casing and
are all connected together centrally for move-
ment in unison by structure comprising followers.
spacers, and securing means indicated generally
in the drawing by reference numeral 46. This
structure 46 includes a coaxially arranged slgeve=.
like member 47 projecting from the diaphragm
&5 through a bore in a wall 48 into the non-pres-
sure chamber 38 wherein it supports seat means
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49 carrying the end of regulating spring 49 op-
posite that acting on the power piston 32.

The sleeve-like member 47 is hollow and pro-
vided with spaced apart slots &8 extending longi-
tudinally thereof. Disposed within the member
47 is an element 5! constituting a fixed part of
a valve structure which will be presently de-
seribed, said element having radial fingers 52
extending through the slots 58 and contacting a
shoulder 58 on the partition wall £8. The slots
50 provides for longitudinal movement of mem-
ber &7 relative to the element 5! and wall 48.
Only one of the slots 59 and fingers §2 are shown
in the drawing.

Between the. diaphragm 48 and wall 4§ is a
non-pressure chamber 54 which is open through
a passage 55 to the non-pressure chamber 28 and
thence to atmosphere through passage 39.

The diaphragms 4! and 42 are of the same
areas and cooperate to form an intermediate
cnamber 56. At the opposite side of diaphragm
4i is a control pressure chamber §7 wh1c’1 is open
to a pipe 58. The pipe 58 at each engine is con-
nected to a control pipe %8 extending to all the
engines from an operator’s control device 60
which is provided for regulating pressure of
fluid in chamber 57 in all of the governor con-
trol motors 38 and 3! simultancously. A pre-
compressed bias spring 6§ contained in chamber
57 in each of the motors 38 and 81 has one end
bearing against the diaphragm connecting
structure 46. The opposite end of the bias spring
61 is supported on oné or more pressure adjusting
shims 82, while in the motor 3§ associated with
the master engine A there is provided an. addi-
tional shim 62 under spring 8§ for reasons which
will be later brought out. This additional shim. 63
constitutes the only structural difference between
the governor control motor 36 employed on the
master engine A and the governcr control motor
31 employed on the slave engine B.

The diaphragms 43, #4 and 45 are all of the
same. area but of larger area than diaphragms
44, and 42. Between the diaphragms 42 and 43
is a, chamber 54 which in the. governor control
motor 3% on the master engine A is open to at-
mosphere through a. passage 65a, while. on the
slave engine B said chamber is.open thr ough said
passage to a pipe 65 through which. fiuid, under
pressure is adapted to be varied.in said, cha,mber
in a manner which. will be later brought out.

The diaphragms 43 and 44 cooperate. to. form
& chamber 66 which is adapted to be constantly
supplied through a pipe 67 with fluid under pres-
sure from any suitable source. Between. the
diaphragms 44 and: 45 is a chamber 68 to. which
passage 37 from the power piston pressure cham-
ber 34 is open.

The element 8&{ supported on the casing wall
48:supports ohe end of a sleeve or valve seat:mem-
ber- 69: which. is slidably mounted in a suitable
bore provided axially. in the diaphragm, connect-
ing structure 46. The seat member 89 extends
into a chamber 18 in.structure 46 which chamber
is in constant communication through a port Ti
with chamber 68. A sealing ring #2 carried- by
structure 486 engages the peripheral surface of
member 69 to prevent leakage of fluid under pres-
sure from chamber 78 to chamber 54,

The valve seat member 63 has a valve seab
arranged for engagement by a release valve 73
which is provided for controlling communt catmn
between a passage 74 open to charaber 0 and a
passage 15 opéning to the non-pressure chamber,
38 by way of slots 59-in the element 4T and cham-
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ber 54, The release valve T3 is provided on one
end of a stem 76 slidably mounted in a bore in
the valve seat member 69 and extending into
chamber 10 wherein said stem is provided with an
enlarged head 711. Interposed between one side
of head 17 and the adjacent end of member 69
is a coil bias spring 18 which is effective to urge
the release valve 13 out of engagement with its
seat.

The opposite side of head 1T on the release

valve stem 76 engages a projection 719 of a co-

axially arranged fluid pressure supply valve 80
which is contained in a chamber 81 provided in
the structure 46. A seat is provided on structure
46 for the supply valve 80, and the projection
19 extends through an opening encircled by said
seat, said opening being of greater area than said
projection. Chamber 81 is in permanent com-
munication through a port 82 in structure 46 with

chamber 66 and thus with the fluid pressure

supply pipe 671. 'The supply valve 89 is provided
for controiling flow of fluid under pressure from
the supply pipe 67 to chamber 10 and thence
to chamber 68 and through passage 37 to chamber
34 at the outer face of the power piston 32.

The supply valve 88 is formed on one end of a '

fluted stem 83 which is slidably mounted in and
extends through a bore in structure 46 into a
chamber 84 which is open through one or more

ports 85 to chamber 56 between diaphragms 41 :

and 42. A coil bias spring 86 contained in cham-
ber 84 acts on the valve stem 83 for urging the
supply valve 80 in the direction of its seat. Cham-
ber 56 is adapted to be constantly supplied with

fluid under pressure from the supply pipe 65 by 3

way of the fluted valve stem 83.

In the governor control motor 31 on the slave
engine B chamber 64 between diaphragms 42 and
43 is adapted to be charged through pipe 65 with
fluid, by means to be later described, either at
or above or below some chosen degree such as 25
pounds, and since diaphragm 43 is of greater
area than diaphragm 41, this pressure will create
a force acting in the direction of the left hand

on structure 46. In the governor control motor

30 on the master engine A, in which diaphragm
chamber 64 between the diaphragms 42 and 43 is
opened to atmosphere, the additional shim 63
under spring 61 provides the same force on struc-

ture 46 acting in the direction of the left hand 5

as obtained by the chosen pressure (25 pounds)
provided in chamber 64 in the governor control
motor 31 on the slave engine B. This additional
shim 63 in the governor control mctor 38 on

the master engine A automatically conditions :

said engine to act as the master for controlling
the output of the slave engine.

Assocated with each of the engines is a pres-
sure regulating valve device 90 arranged to he
controlled by the respective fuel shaft 8 for pro-
viding in a pipe 91 fluid at a pressure proportional
to the position of said shaft and hence propor-
tional to the amount of fuel supplied to the en-
gine.

Each of the pressure regulating valve devices
90 comprises a casing containing two spaced apart
and coaxially arranged flexible diaphragms 92
and 93 of the same areas and clamped around
their edges in the casing. Bzatween the ftwo
diaphragms 92 and 93 is a chamber %4 open
to a fluid pressure supply pipe 95 and thus adapted
to be constantly supplied with fluid under pres-
sure, The chamber 94 is formed in two parts
separated by a wall 96 but in constant com-
munication with each other fhrough a passage

e
<

i

.- supply chamber 394.

97 in said wall. At the opposite side of diaphragm
93 is a non-pressure chamber 98 which is open
to atmosphere through a breather port 99. At
the oppsite side of diaphragm 92 is a chamber
180 open through a stabilizing choke {81 to a
chamber (02 to which pipe 9! is connected.
Disposed in chamber 94 is a stem {83 having
one end connected to the center of diaphragm
93 by follower plates 104 and a clamping nut
i05. The opposite end of stem {83 is in the form
of an enlargement (86 extending centrally
through the diaphragm 92 and cooperating with
a nut 107 in chamber 1008 to secure said stem to
diaphragm 92 through the medium of follower
plates (08, A coil regulating spring 109 encircling
stem {063 within chamber 94 has one end engaging

the casing wall 86, while the opposite end acts

against the enlargement 106 through the medium
of a spring follower {18, With spring {09 fully

v expanded, the diaphragm 92 and 93 and the stem

103 will assume a position such as shown in Fig. 4
of the drawing.

In the stem enlargement 188 is a chamber [{{
open through a passage 112 to the fluid pressure
A fluid pressure supply
valve 143 contained in chamber {{{ has a fluted
stem 14 extending through an axial bore in nut
{87 into a chamber ({5 formed within an ex-
tension (16 of said nut. The extension {16 is
mounted to slide in a sleeve {17 which extends
from the exterior of the casing through cham-
ber 102 and a wall separating said chamber from
chamber {80, Chamber [#5 within the nut ex-
tension {i6 is open through one or more ports
{18 in sleeve 117 to chamber 182,

The end of the supply valve stem {4 engages
in chamber I8 a fluid pressure release valve (19
having a fluted stem 128 mounted fo slide in a
bore provided axially of a plunger 12! which is
slidably mounted in sleeve {{7T above the nut ex-
tension {16, said plunger being provided around
the end of said bore open to chamber {15 with a
seat for engagement by said release valve. The
release valve stem (20 extends into a chamber
122 in plunger {21, said chamber being in con-
stant communication with atmosphere through
registering ports {22 in said plunger and the sleeve
f¢1. Chamber {22 contains & bias spring 124 act-
ing on the release valve {19 for urging it away
from its seat, while in chamber I{i containing
the supply valve {13 is a spring 125 for urging said
valve info contact with its seat, the spring 25
exerting a greater force on the supply valve §13
than is exerted by spring 124 on the release valve
{19. The plunger (2{ has an annular groove
carrying a sealing ring {26 having sliding contact

- with the interior surface of sleeve {17 for prevent-

60

65

70

ing leakage of fluid under pressure from cham-
ber 115 past said plunger to atmosphere.

Outside of the casing and beyond the adjacent
end of sleeve 17 is a spring seat 127 secured to
plunger {21, and a coil spring 128 encircling said
sleeve and supported on the casing bears against
said seat for urging said plunger in & direction
away from the release valve i19. Above the
spring seat 127 an adjusting screw {29 is con-
nected to plunger #21 by screw-threaded engage-
ment and is locked in an adjusted position by a
lock nut 138 mounted on said screw and engaging
the adjacent end of said plunger. 'The adjusting
screw (2§ is engaged by one end of a bell crank
131 which at its knee is pivoted on a pin 32 car-
ried in an arm 133« projecting from the casing.
The opposite end of the bell crank {31 is opera-
tively connected to one end of a link 133 the op-
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posite end of which: is connected to one end of an

arm (34 which is mounted. on the respective en-.
gine fuel control shaft § for movement therewith..

With the fuel control shaft § on each engine in
its engine idling position, screw 128 in the respec-
tive regulating valve device §8 may be turned out
of plunger 121 for urging said plunger in a down-
wardiy direction against springs. {128 and i2& to.a
position in which it is in contact with the release
valve 119, with the supply valve i3 seated by

spring {25 and with the spring {89 fuily expanded:

The screw 129 may thaen be locked to the plunger
12i by the lock nut {30.

If the fuel control shaft § on either engine is

rocked out of its idling position in which it is

shown in.the drawing this mevement will actuate
arm 134 and link {33 to rock the bell crank 181
in a corresponding direction to move plunger 121

in the direction of the supply valve 113, and with
the release valve {18 seated against the end of
said plunger said supply valve will be opened to

permit flow of fluid under pressure from-chamber:

84 and the supply pipe 93 to chamber Hi§ and
thence through port {8 to chamber 182 -and pipe

§1. At the same time as fiuid thus flows to pipe §

it will equalize through the stabilizing choke 181
into chamber {85 and. theresin act on diaphragin
§2. in opposition to pressure of the regulating
spring 188. When the pressure of fluid in cham-
ber 1£#2 then becomes sufficient to overcome the
force of regulating spring 10§ the diaphragm 82
will deflect against said spring.

Now assuming that movement of the fuel con-.

trol shaft 8 has ceased in some position out of its
idling position, movement of plunger (21 and
thereby of the release valve {15 and supply valve
{13 will also have stopped, as a result.of which,
deflection of diaphragm £2 by increasing pres-
sure of fluid in chamber 18¢ will be relative to
said supply valve until said supply valve becomes
seated: Seating of the supply vaive {13 will then
prevent further flow of Auid under pressure to
chambers 182 and 18§ and pipe &4, whereupon de-
flection of diaphragm 82 will cease since the pres-
sure of regulating spring 189 will have been in-
creased sufficiently to counterbalance the pres-
sure of fluid in chamber i88. The increase in
pressure of fluid in pipe §1 will thereiore be lim-
ited to a degree dependent upon the extent of
movement of the fuel confrol shaft & out of its
idling position.

If the fuel control shaft 8 is moved further
out of its idling position the respective pressure
regulating valve device 28 will again be operated
to increase the pressure of fluid in the respective
pipe 21 to a degree corresponding to the degree
of such movement. A maximum pressure of fluid
will be obtained in pipe 8¢ when the fuel controk
shaft 8 is moved to its full fuel position, indicated
by the dot-dash line 8.

On the other hand, if the fuel contro! shaft 8
is moved in the direction of its idling position,
assuming that it is out of said position, this move~-
ment will rock bell crank {34 to permit movement.
of plunger i12{ by spring {28 plus pressure of fuid
in chamber ! 15 acting on said plunger in:a direc-
tion away from the supply valve {i3. With the
supply valve {i3 seated, the release valve spring
{24 will hold the release valve {18 against move-
ment with plunger {214, so that this movement.of
plunger 121 will be away from said release valve
to thereby open communication past said re-
lease valve for releasing fiuid under pressure from
chamber 182 and pipe 81, and also-from chamber
100. above diaphragm 82. As the pressure:of fluid
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in ehamher 100 is. thus. reduced spring: 109 will
deflect the. diaphragm 92- in the direction of
plunger 124, and during such movement spring
125 will move the supply valve {13 and the release
valve {18 along with said diaphragm. Assuming
that the fuel control shaft 8 is stopped in a posi-
tion out of idling position, movement of plunger
121 will cease in a corresponding position, so that:
movement of the release valve (19 with dia-
phragm 92 will then be relative to said plunger
until it engages its seat for preventing further
release.of fluid:under pressure from chamber (02,
pipe.81 and chamber 168, When the release valve
149 is thus closed preventing further release of
fluid under: pressure. frem chamber (00, dia-
phragm 92 will stop moving since the pressure
of fluid in said chamber will just counterbalance
the.pressure of regulating spring 109. Thus the
pressure. of fluid in pipe 84 will only be reduced
to-a, degree:corresponding to the position of the
fuel control shaft 8 out of idling position. If
the fuel control shaft is moved further toward,
but not completely to, its idling position the regu-
lating valve device 80 will again operate as just
described to effect a corresponding reduction in-
pressure. of fluid in pipe 94, while if said shaft
is returned to its idle position the parts of the
regulating valve device will return to the position.
shown in Pig. 4 in which the release valve {19
will just contact its seat at the time the pressure
of fluid in pipe 81 becomes reduced to substan-
tially atmospheric pressure and spring  i08 be-
comes. fully expanded.

It will now be seen that the regulating valve
device 99 on each engine will operate to.provide
in the respective pipe 8 a.pressure proportional
to.the position of the respective fuel.control shafi
8, and hence proportional to the amount of fuel.
supplied to the engine, and it is desired to fur-
ther point out: that the regulating valve devices
8% on both the -master and slave engines.are ad-
justed. the. same, so as to provide the same pres-.
sures. in. the respective pipes 9! for the same
positions of the respective fuel control shafts 8.

The pipe 91 at the master engine A is eonnected
to- what may. be called an-equalizing pipe (35
adapted to extend to all slave engines, such as
engine B, Associated with the slave.engine B is
what may be called an equalizing valve device {38
connected by. a pipe {37 to the synchronizing
pipe. 435 and also connected to pipe 81 from the.
respective pressure regulating valve device 99.

The equalizing valve device 136 comprises a
casing containing two coaxially arranged and
spaced apart flexible diaphragms {38 and- 139.of
the same areas which are- elamped around their
edges in the casing. Between the two diaphragms
is.a-chamber 46 adapted to be constantly sup-
plied. with fluid under pressure through a fuid
pressure supply pipe {&f, The chamber {43 i3
formed in two parts divided by a wall 142 having
a _passage {43 connecting the parts so that the
adjacent-faces of the two diaphragms 138 and 139
are constantly subject to fluid at supply pres-.
sure. At the opposite faee of diaphragm 139 is
8. control chamber {44 which is open to pipe {31
leading to the equalizing pipe 135. At the oppo-
site: face of diaphragm 138 is a control chamber
145 which is connected to pipe 91-leading to the
pressure regulating valve device 98 on the respec-
tive or:slave engine.

Extending through the chamber: 140 and- the
chamber- dividing wall {42 is a stem- {46 one end
of which-is clamped to the center of diaphragm
139 by follower plates f4T and s nut-(48. The
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opposite end of stem 146 is connected to the cen-
ter of diaphragm 138 by follower plates 149 engag-
ing opposite faces of said diaphragm and a clamp-
ing nut 150 disposed in chamber 145. The casing
of the device also has a chamber [51 to which
pipe 65 from the governor control motor 31 on
the respective engine is connected. Chamber 154
is separated from chamber 145 by a wall 152, and
extending from the exterior of the casing through
chamber {51 and wall {52 and having one end
open to chamber (45 is a bushing 153 arranged
in coaxial relation with the diaphragms {38 and
139 and with the nut §50. The nut 150 has a
cylindrical extension 154 slidably mounted in an
axial bore provided in the adjacent end of bush-
ing 153, and encircling and having sealing and
sliding contact with said extension is a ring 155
carried in a groove in said bushing. The inte-
rior of the extension 154 is open to a chamber
156 formed within the bushing and said chamber
is open through one or more ports i57 to the cas-
ing chamber 151.

One end of chamber i56 within the bushing
158 is closed by a nut 158 secured in said bush-
ing. ‘Secured in the nut i58 is an element 159
having a bore arranged in coaxial relation to
the flexible diaphragms 138 and 139, and in said
bore is slidably mounted a pin 168. The pin 160
is provided in chamber {56 with an enlarged head
161 while on the opposite end of said pin is a
fluid pressure release valve 162 arranged to co-
operate with a seat on the nut {58 for controlling
communication between a passage 163 extending
through the element 159 to chamber 156, and a
passage {84 which leads to atmosphere, Inter-
posed between the nut 158 and the stem head 181
is a light spring i85 for moving the release valve
162 out of contact with its seat.

A pin 166 projects from the release valve stem
head 161 centrally through the cylindrical exten~
sion £54 and an opening {67 in nut 150 to engage
a fluid pressure supply valve 168 which is con-
tained in a chamber 189 formed in the diaphragm
clamping nut 150, The nut {59 has a seat for
the supply valve {68 around the opening 167,
which opening is of greater diameter than pin
166. The supply valve 163 is provided on one end
of a fluted stem 178 which is mounted to slide in
a bore extending through the nut 150 to a cham-
ber 171 formed below said nut in the diaphragm
connecting stem {48. Chamber 71 is connected
through one or more ports {72 to the fluid pres-
surea supply chamber 148 bhetween the two dia-
phragms (38 and {39, and in chamber 1Tl the
supply valve stem {71 is provided with a head
173 against which acts one end of a coil spring
174 the opposite end of which is supported by
a wall in stem 146. A coil spring 175 contained
in chamber {44 acts on the adjacent diaphragm
follower plate {47 for cpposing movement of the
diaphragms {38 and #3% and of nut {59 in a direc-
tion against said spring.

In the equalizing valve device #36 it will now
be noted that diaphragm 33§ is subject in cham-
ber 144 to vressure of fluid from the equalizing
pipe {35 through pipe {317, that is, subjiect to pres-
sure of fluid provided by the pressure regulating
valve device 98 on the master engine A, while
diaphragm 138 is subject in chamber 145 to pres-
sure of fluid provided by the pressure regulating
valve device 98 on the slave engine B. It will fur-
ther be noted that pressure of spring (74 acting
to seat the supply valve {68 will oppose movement
of the diaphragms {38 and 139 and the connect-
ing stem {46 by an increase in pressure of fluid
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in diaphragm chamber 144 over that effective in
chamber {45, while spring 175 will oppose move-
ment of said diaphragms and stem in the oppo-
site direction by a preponderant pressure of fiind
in chamber 145. The springs 174 and {75 are so
proportioned as to require a definite or fixed dif-
ferential, such as eight-tenths of a pound, be-
tween fluid pressures in chambers 144 and 145,
acting in either one direction or in the opposite
direction, to move the diaphragm and connecting
stem 146, and this differential will remain sub-
stantially the same regardless of the pressure of
fluid which may be effective in said chambers,
in contrast to devices like the pressure regulat-
ing valve devices 80 wherein the force required
through lever 3¢ to control the device will vary
in proportion to variations in the opposing pres-
sure of fluid effective in chambers 162 and {15
and acting on the plungszr 121 plus the variable
pressure of the bias spring 128.

The opposing forces of springs 74 and 175 on
the diaphragms 138 and (39 and the connecting
stem (46 is also adapted to insure movement of
these parts to a neutral or lap position in which
both the supply valve 168 and release valve 162
are seated, as shown in the drawing, when the
differential between the pressures of fluid in
chambers 145 and 144 is less than the chosen dif-
ferential above mentioned.

‘When a speed governor controlled engine is in
operation, the speed governor is usually constant-
ly operating within a limited range to match the
fuel supply to slight variations in engine load
or speed, and as a consequence, the pressure reg-
ulating valve devices 99 on both the master and
slave engines A and B, respectively, will cause
corresponding slight variations in the pressure
of fluid in the respective chambers 134 and 145
of the equalizing valve device 136, and another
purpose of springs 74 and 175 is to prevent the
parts of said device from moving out of their
neutral position in response to such variations in
fluid pressure.

In pipe 65 is a choke 176, and connected to said
pipe between said choke and the governor control
motor 31 on slave engine B is a volume or reser-
voir 111,

Operation

In operation, let it be initially assumed that
the engines A and B are stopped, that the opera-
tor’s control device 60 is opening the control pipe
59 and diaphragm chambers 57 in the motors
30, 3t to atmosphere, and that the whole system
is void of fluid under pressure. On each engine,
the upper ends of the governor bell cranks 12 will
then be moved by the governor control spring
IT into substantial contact with plunger 5 and
said plunger will be effective through lever 25, link
24 and arm 23 to move the respective fuel control
shaft 8 to its maximum fuel position, indicatad
by the dot-dash line 9 in Fig. 2. With the fuel
control shaft 8 at each engine thus positionsed,
the arm 134 thereon and link (33 will hold lever
131 of the respective fluid pressure regulating de-
vice 98 to its maximum pressure position in whizh
plunger 121 will be seated against the re'eas= valve
119 and said valve will be unseating the supply
valve 113 from the nut 107.

Further, with the system void of fluid pres-
sure the power piston 32 in the governor con-
trol motors 39 and 3{ will be in contact with a
stop 118 under the pressure of spring 40. In
the governor motor 3! on slave engine B the
pressure of spring 40 on one end of the dia-
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phragm connecting structure 46 will thereby
be reduced 1o a degree which will permit con-
trol spring 61, as precompressed only by the
shims 62, to hold said structure :in ‘the position
for seating the release valve 73 and in which
position the supply valve -88 will also be seated
by spring 86. In fhe governor motor 39 on
master engine A the pressure of the additional
shim 63 under the control spring 6{ will how-
ever increase the force of said spring -to a .de-
gree which will .move the structure 46 against
the regulating spring 40 and relative to_the
seated release valve 13 to permit opening of the
supply valve 80 by .said release valve.

Now let it be assumed that pipes 95 of the
pressure regulating valve devices 99 and pipes
$7 of the governor motors 30 and 31 are opened
1o the :source of fuid under pressure. On the
master engine A fluid under pressure thus sup-
plied to pipe 95 will flow to chamber 24 in the
respective pressure regulating valve devices 90
and thence past the open supply valve 113 to
thambers 145 and 102 and from the latter cham-
ber through pipe 94 to the equalizing pips 135
and thence through pipe 131 to diaphrasm
ichamber 144 in the equalizing valve -device 135.
At the same time as fluid is thus supplied to
chamber {44 in the equalizing wvalve -device {36
fluid will also ‘flow from chamber {02 through
the stabilizing choke 401 to diaphragm chamber
100 in the pressure regulating valve -device 98
on the master engine. When the pressure of
fluid ‘in chamber {00 then becomes increased
sufficient to overcome the -opposing force of
regulating spring 109 the diaphragms %2 and 23
will be deflected in unison against said spring
and relative to the supply valve (13 until said
supply valve becomes seated to prevent further
How of fluid under pressure to chambers 182
and (00 in the pressure regulating valve device
and to chamber 144 in the equalizing valve de-
vice 136, so as to thereby limit the pressure of
fluid obtained in said chambers to a maximum
degree corresponding to the maximum fuel po-
sition of the fuel control shaft 8 on engine A.

On slave engine B the pressure regulating
valve device 90 will -also operate to supply fluid
ab a maximum degree -of pressure, -correspond-
ing to a maximum fuel position of the respec-
tive fuel eontrol shaft 8 through pipe 91 to dia-
phragm chamber 145 in the equalizing valve
device 136. Assuming that the supply of fluid
fo the two pressure regulating valve devices 90
is :cut in at the same time the pressures of floid
in diaphragm chambers 144 and 145 in the
equalizing valve device 136 will be increased
-stubstantially in unison and to the same maxi-
mum degree, as a result of which the parts of
the equalizing valve device 136 will remain in
the position in which they are shown in Fig. 5
of the drawings.

‘When fluid under pressure is initially supplied
to pipe 57 leading to the governor control mo-
tor 31 on slave engine B it will merely flow into
chamber €6 between the diaphragms 43 and 44,
it being remembered that the supply valve 88 in
said motor at this time is seated. Hence the
power piston 32 in motor 31 will remain in con-
tact with the casing stop {78. However, in the
fluid motor 30 on master engine A, when fluid is
initially supplied through pipe §7 to chamber
66, fluid will flow past the open supply valve 26
into chamber 70 and thence through passage
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Tt “to -chamber 68 between ‘diaphragms ‘44 and
45 and from the latter chamber through pas-
sage 37 ‘to the power piston chamber 34. Fluid
under pressure will thus continue to flow to
chaniber 34 until it becomes sufficient to move
piston ‘32 against spring 40 for increasing tns
pressure of said spring on the diaphragm coi-
necting structure 46 to a degree sufficient to
move said structure against the control spring
81 relative to the supply vaive 80 .and until said
structure seats against.said supply valve. When
the .supply valve 80 in the governor motor 39 is
thus closed the supply -of fluid pressure o the
power piston chamber 34 will cease so that
movement of the power piston 32 will also cease
in a position in which it is shown in Fig. 3 of
the drawing -and in which the fuel contrcl shait
8 will be in .its engine idling position. It will
thus be seen that .on the master engine A, the
power piston 32 will be moved away from stop
178 slightly upon initially cutting in the air
supply to motor :30 ‘and 31, while on slave en-
gine B the motor piston 32 will still be in con-
tact with stop 478; hence ths pressure of spring
47 in the governor on the master engine A wiil
be -increased to a -dagree :slightly in excess of
that pn slave engine B.

Now 1et it be assumed that, with the oper-
ator’s control valve device 69 'still opening the
control pipe 59 and thereby diaphragm cham-
bers 37 in ‘the two governor control metors 2%
and 3! to atmosphere, the two engines are

started in any conventional manner.

As 'soon as the engines :are started, rotation of
centrifuge 81 by the respective cam shaft § will
cause the upper ends of the governor bell crairks
12 to rock in a direction away from plungers {5,
‘due to the action -of centrifugal force thereon,
and to a position in which said force will coun-
terbalance the adjusted pressure of the respsc-
tive control spring 7. On each engine this
action of the governor arms 12 will rock the fuel
control shaft 8 out of its full fuel position, in-
dicated by the dot-dash line 8, in the direciion
of its idling position in which it is shown in Fig.
2, but since the pressure of the governor control
spring {7 on slave engine B is less than that on
the master engine A, the governor control arms
{2 on the slave engine B will move out to a
slightly greater degree and thereby operate the
respective fuel control shaft 8 to reduce the fusl
supplied to the slave engine B to a degree slightly
less than on master engine A, but still of &
sufficient degree to ensure that the slave engine
B will continue to operate.

When the two engines are started as just de-
scribed ‘operation of the fuel control shafts 8 to
reduce the amount of fuel supplied to the engines
will cause operation of the respective pressure
regulating valve devices 80 to proportionately
reduce the pressure of fluid in chambers {44 and
145 in the equalizing valve device {35, it being
noted that the pressure of fluid in chamber (&5
will reduce to a degree below that in chamber
144 since the fuel ‘control shaft 8 on slave engine
B occupies a position for supplying less fuel %o
said slave engine than is being supplied to ths
master engine A. As a result, a sufficient dif-
ferential will be obtained between the pressures
of fluid in chambers 144 and 145 to deflect the
diaphragms 138 and 139 against the supply valve
seating spring 174 to thereby move the nut (50

5 relative to the supply valve 168 so as to open said
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supply valve. Upon opening of the supply valve
168 fuid under pressure supplied through pipe
{41 to chamber 140 will flow past said valve to
chamber {56 and thence through passage 157 to
chamber {51 and from the latter chamber
through pipe 65 to diaphragm chamber 64 in
the governor control motor 3f on slave engine
B, the increase in pressure in said chamber 64
being limited in rate by the restricting effect of
choke {76 and the volume of reservoir [15.
When fluid under pressure is thus supplied to
chamber 64 in the governor control motor 3{ on
slave engine B as just mentioned, its effect on
the differential areas of diaphragms 42 and 43
will create a force which, acting in conjunction
with the respective control spring 61, will move
the disphragm connecting structure 48 in the
direction of the left-hand against the force of
regulating spring 40 and thus out of seating

engagement with the supply valve 80 which is o

held against movement at this time by the seated
release valve 73. When the supply valve 80 in the
governor control motor 31 on the slave engine B
is thus opened, fluid under pressure will flow
from the supply pipe 67 past said valve to cham-
ber 78 and thence to chamber 68 between the
diaphragms 44 and 45 and from the latter
chamber through passage 37 to the power piston
chamber 24. When the pressure of fluid in
chamber 34 is thus increased sufficiently the
power piston 32 will move against the regulating
spring 40 and increase the force of said spring
against the diaphragm structure 48, and when
the force of said spring is consequently increased
to a sufficient degree said structure will move
against the pressure of fluid in diaphragm
chamber 84 and the pressure of the respective
regulating spring 81, relative to and finally into
contact with the supply valve 88 for preventing
further flow of fluid under pressure to the power
piston chamber 34, This movement of the power
piston 32 in the governor motor 3f on slave
engine B will in turn actuate cam (9 to increase
the pressure of the governor control spring {7 on
said engine for thereby causing operation of the
fuel control shaft 8 to increase the supply of fuel
to said engine to a degree determined by the
inereased pressure of said spring and the cen-
trifugal action of the governor control arm (2.

As the fuel control shaft 8 on slave engine B
is thus operated to increase the supply of fuel
to said engine the respective pressure regulating
valve device 908 will be operated to correspond-
ingly increase the pressure of fluid in diaphragm
chamb~or 145 of the equalizing valve device {38
and when this pressure, acting in conjunction
with spring {74, becomes increased to substan-
tially the same pressure as is effective in chamber
{44, the diaphragms 138 and 139 will be moved
against spring 175 and thus relative to the supply
valve 88 until said valve becomes seated against
the nut 158. When the supply valve 168 is thus
seated further flow of fluid under pressure to
chamber 84 in the governor contro! motor 21 on
slave engine B will be prevented to thereby limit
operation of said motor and of the respective fuel
control shaft 8 for increasing the supply of fuel
to said engine relative to that provided on master
engine A, to a degree in which the respective
pressure regulating valve device 90 is supplying
Auid to chamber 145 in the equalizing valve de-
vice at substantially the same pressure as is pro-
vided in chamber {44 by the pressure regulating
valve device 80 on master engine A. Hence the

fuel conirol shaft 8 on slave engine B will now,
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be occupying substantially the same position as
the fuel control shaft 8§ on master engine A, and
the power output of the former engine will
therefore be substantially the same as that of the
latter engine.

It will now be seen that the pressure of fluid
provided in chamber 64 of motor 3{ on slave
engine B equalizes the power output of said
engine with that of master engine A. It should
however be noted that the force produced by such
pressure on the differential areas of diaphragms
42 and 43 may not equal that produced by spring
6! incident to the use of shim 83, since to obtain
the equalization a greater force might be required
or even 8 less force would be sufficient, dependent
upon the condition of the apparatus being con-
trolled, such as slight variations in adjustments,
resistances to movement, etc. Thus to obtain
equalization of the output of slave engine B to
that of master engine A, the pressure of fluid
required in chamber 64 on the slave engine
may be either greater or less than the chosen
degree, such as 25 pounds which would provide
equalization if the apparatus on the two engines
were identical in operation. The effect of shim

"83 on spring 6! with respect to operation of

motor 33 on the master engine H is the same as
would be provided by this chosen pressure of
fluid in chamber 84 in motor 3! on slave engine
B. The shim 63 thus constitutes a means on
the master engine for causing automatic opera-
tion of the apparatus to equalize the output of
slave engine B to that of said master engine.
Now let it be assumed that it is desired to
increase the amount of fuel supplied to and
thereby the power output of the two engines. To
accomplish this the operator’s control device §9
will be operated to inecrease the pressure of
fluid in pipe 58 to a degree corresponding to the
desired increase in power output. At each of the
engines this increase in pressure in pipe 59 will
be effective through branch pipe 58 in control
chamber 57 of the respective governor control
motor 32 or 3{ and therein act on diaphragm

? 4t to move the diaphragm connecting structure
A6 in the direction of the left hand against the

opposing force of regulating spring 48. Thig
movement of structure 46 will be relative to the
supply valve 80 since said valve is at this time
held against movement by the seated release valve
73 and, as a result fluid under pressure. from
the supply pipe 87 will flow past said supply
valve to the power piston chamber 34.

When the pressure of fluid thus provided in
chamber 34 in each of the governor control mo-
tors is then inecreased to a degree sufficient %o
overcome the opposing force of spring 48 on the
power piston 22, said piston will move against
and increase the pressure of said spring against
the diaphragm connecting structure £6. Fluid
under pressure will continue to ke supplied past
the supply valve 88 to the power piston chamber
34 until the power piston is moved %o a position
in which the increased pressure of spring 48 is
sufficient to counterbalance the increased pras-
sure of fluid in chambar 57 and to then move the
diaphragm structure 46 back into seating engage-
ment with the supply valve 88 for thereby pre-
venting further flow of fluid under pressure to the
power piston chamber 24. The power piston 32
will then stop in a position, it will be noted, cor-
responding to the increased pressure of fluid in
the control chamber 87, and the corresponding
increase in pressure of the respective governor
control spring !7 should cause a corresponding
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-change -in position of the respective -fuel control
shaft 8-and thus a like increase in the amount of
fuel supplied to the respective engine.

‘As the fuel control shafts 8 on the two engines
are thus operated for increasing the supply of
fuel to the -engines, the respective pressure regu-
lating valve -devices 98 will be operated to cor-
respondingly increase the:pressure of fluid in dia-
phragm chambers 144 and {45 of the equalizing
valve ‘device 135, and in case the fuel shafts
-8 -on all of the engines assume substantially the
same position the pressure of fluid provided -in
said chambers will be substantially the same so
that the parts of the equalizing valve device 158
will remain in the position in which they ars
shown in Fig. 5 of the drawings.

However, if ‘when the -output of the engines is
increased, as just described, the fuel rack 8 cn
the master engine ‘A should be operated to in-
erease the supply of fuel to said engine to an
amount -exceeding that supplied to slave engine
®, the pressure regulating valve device 38 on
master engine ‘A will increase the pressure of
fluid in diaphragm chamber {44 to a degree
sufficiently in -excess of that in chamber 145 fo
ecause operation ‘of the equalizing valve device
{36 to increase the pressure-of fluid in diaphragm
chamber 54 of the governor control motor 3{ on
slave engine B. This increase in pressure of fluid
in chamber 64 in motor 2{ will then cause opera-
tion of said motor to increase the pressure -of the
governor control spring {7 on slave engine B
for in turn causing operation of the fuel control
shaft -8 on said engine to increase the amount of
fuel supplied to said engine. The fuel control
shaft 8 'on slave engine B as it is thus operated to
inerease the supply of fuel to the engine, will also
operate the respective pressure regulating valve
device 88 to increase the pressure of fluid in dia-
phragm chamber 145 in the equalizing device
126 until it substantially equals that in chamber
142 wheretipon spring 474 will move the dia-
phragms 28 and 1389 back to neutral position
for closing the supply valve 168. When the sup-
ply valve 58 is thus closed further flow of fluid
to diaphragm chamber §4 in the governor con-
trol motor ¥ will be prevented, whereupon op-
eration 'of said motor will cease, as will also
movement of the respective fuel control shaft 8,
in a position in which the pressure of fluid pro-
vided in diaphragm chamber 145 of the equaliz-
ing valve device will be substantially the same
as that provided in chamber 144 by operation
of the pressure regulating device 99 on engine
A, Thus with the regulating valve device 92
on slave engine B adjusted to provide substan-
tially the same pressure of fluid as provided by
regulating valve deviee 80 on master engine A,
the fuel control shaft 8 on the slave engine will
be in substantially the same position as that on
the master engine, so that the oufput of power
fiom the slave engine will be substantially the
same as from the master engine.

On the other hand, let it be assumed that in re-
sponse {0 an increase in pressure of fluid in pipe B8
for increasing the power outvut of the two en-
gines, the fuel control shaft 8 on slave engine B
is operated by the governor control metor 21 and
the respestive governor 1§ to increase the supply
of fuel to 52id engine to o degree exceeding that
obtained on master engine A by operation of the
governor control motor 30.

Under such g cir¢uwmstance the pressure regu-
Iating valve device 98 on slave engine B will in-
crease the pressure of fluid in diaphragm cham-
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ber -145-in the equalizing valve device 136 to a de-

gree exceeding that which will he obtainsd in

chamber §24 by operation of the pressure regulat-
ing valve device 20 on master engine A, As a re-
sult, the diaphragms 138 and {39 and the connect-
ing stem {486 will be moved by the pressurs cof
fiuid in diaphragm chamber {45 against the lower
pressure of fluid in chamber 154 and the pressura
of spring {75 and thereby -act through the supply
valve 188, which will be seated by spring 34, to
draw stem 166 in the direction away irom the re-
jease valve stem {62. Srpring 485 will however
maintain the head (8! on the release valve stem
{65 in contact with the stem (8§, and as a resuli,
will pull the release valve i62 out of contact with
its seat. When the release valve i%2 is thus
opened fiuid under pressure will be vented past
said valve from diaphragm chamber §4 in the
governor control motor 21 on slave sngine B.

This reduction in pressure in chambser $4 cn
the differential areas of diaphragms £2 and £& in
motor 3¢ on slave engine B will reduce the force
resulting therefrom and acting in the direction
of the left hand, and as a result, the pressure of
the regulating spring 48 on structure 43 will move
said structure in the direction of the right hand
against the control pressure of fiuid in chamber
§7 and the confrol spring §1. With the supply
valve 80 seated against structure 45, this move-
ment of said structure will be relative to the ele-
ment 5§ and the release valve seat member %8, so
as to permit spring 78 to move the release vaive
33 along with said supply valve and thus out of
engagement with its seat. When the release valve
73 is thus opened fluid under pressure will ke re-
leased from the power piston chamber 34 through
passage §7, chamber &8, chamber 78, and thence
past said release valve to chamber 83 and from
the latter chamber through passage 58, chamber
28 and passage 239 to atmosphere,

As the pressure of fiuid in the power pisicn
chamber 34 in governor control motor 2{ on slave
engine B is thus reduced, the pressure of regulat-
ing spring 48 will move the piston 32 in the direc-
tion of the left hand, as viewed in Fig. 3, for
thereby actuating cam 18 to reduce the pressure
of the respective governor spring 7. The gover-
nor i2 on slave engine B will then operate to turn
the respective fuel control shaft & in a direction
to correspondingly reduce the supply of fuel to
the engine, and as a result, the pressure regulat-
ing valve device 20 on said engine will be operated
to correspondingly reduce the pressure of fluid in
diaphragim chamber 148 of the equalizing valve
device 136.

When the fuel control shaft 8 on slave engine
B is thus furned to a position in which the ressec-
tive pressure rvegulating valve device 22 reduces
the pressure of fluid in diaphragm chamber {45
to substantially the same degree as effective in
diaphragm chamber {44, the pressure of fluid in
the latter chamber pius the pressure of spring 17§
will deflect the diaphragms {39 and (38 and the
connecting stem 148 in the direction of chamber
145, and with supply valve 168 held seated by
spring 174, the supply valve 162 will be moved with
said diaphragms and finally into contact with its
seat to prevent further release of fiuld under pres-
sure from chamber £& in the governor conirol
motor 31.

As soon as the reduction in pressure in chamber
64 in the governor control motor 34 is terminated
as just described, the reduction in pressure of

tegulating spring 49 on the diaphragim connect-

ing structure 46, upon slight further movement
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" of the power piston 32 in the direction to reduce
the pressure of said spring, will result in move-
ment of said structure by the remaining fluid
pressure in chamber 64 plus that in chamber §7
to the position in which the release valve i3 is
seated for preventing further release of fivid un-
der pressure from the power piston chamber $4.
Thé power piston 32 will then stop in a position
corresponding substantially to the reduced pres-
sure of fluid in chamber 64 in the governor con-
trol motor 31, and as a result, the respective speed
governor 18 will operate to stop movement of the
fuel control shaft § on slave engine B in a corre-
sponding position for thereby preventing further
reduction in the fuel supply to said engine; thus
limiting the degree of such supply to subsian-
tially that provided for master engine A.

From the above description it will now be seen
that regardless of the pressure of fluid provided in
pipe 58 for obtaining different desired degrees of
power output from the engines, the power output
of slave engine B will, if it is different from that
on master engine A, be either increased or de-
creased automatically as required to cbtain sub-
stantially the same output as on said master en-
gine.

Tt will be further noted that engine A is auto-
matically rendered effective as the master en-
gine for regulating or limiting the supply of fuel
to slave engine B to substantially the same degree
as obtained on the master engine A, by the shim
83 provided in the governor control motor 36.
The provision of fluid pressure in chamber 64 in
the governor control motor 31 on slave engine B,
and of means for varying said pressure in accord-
ance with the relative fuel supply positions of the
fuel control shafts 8 on the two engines enables
operation of said motor to equalize the power out-
put of slave engine B with that of master engine
A as predetermined by the shim 63 and pressure
of controlling fluid in pipe 59.

In the equalizing valve device 136 the springs
174 and 115 not only insure movement of the dia-
phragms {38 and 139 and of the stem (46 to neu-
tral position in which both the supply valve 168
and the release vaive 162 are seated, but also pre-
vent said parts overtraveling neutral position,
since said springs insure that said neutral posi-
tion will be obtained without increasing pressure
of fluid in chamber {45 above that in chamber
144, on the one hand, or reducing the pressure of
fluid in chamber i45 below that in chamber 144,
on the other hand. Due to this, movement of the
fuel shaft 8 on slave engine B in a direction to
increase the supply of fuel to said engine will be
positively stopped in a position in which the pres-
sure of fluid delivered by the respective pressure
regulating valve device 90 may equal but does not
exceed that delivered by the pressure regulating
valve device 90 on master engine A, so that there
will be no oversupply of fuel to slave engine B
with respect to that supplied to master engine A.
Further, when the fuel shaft 8 on slave engine B
is operated to reduce the supply of fuel to said
engine, the supply will not be reduced to below
that on master- engine A since the equalizing
valve device 136 when it obtains neutral position
will stop movement of the fuel control shaft 8
on slave engine B when the pressure of fluid in
diaphragm chamber 145 becomes reduced by op-
eration of the respective pressure regulating value
device 90 to substantially, but not below, that
provided by the regulating valve device 93 on
master engine A. ,The springs 114 and 175 in
thus preventing operation of the equalizing valve
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device 136 to cause an oversupply, or an under-
supply, as the case may be, of fuel to slave en-
gine B with respect to that being supplied to mas-
ter-engine A renders the whole apparatus stable
and positive in operation.

In order to still further stabilize operation of
the apparatus, the rate of either increase or de-
crease in pressure in diaphragm chamber 64 of
the governor control motor 3f on slave engine
B retarded to such a degree, as by the use of
choke 176 and the reservoir (71, that the gov-
ernor {8 on said engine will operate to change
the position of the respective fuel control shaft
& and thereby cause operation of the respective
pressure regulating valve device 88 to vary the
pressure of fluid in diaphragm chamber 145 in
the equalizing valve device 1386, at least as rapidly
as said motor operates to change adjustment of
said governor, so as to ensure that operation of
said motor will cease substantially at the instant
the equalizing valve device {36 obtains its neu-
tral position, and for in turning insuring that
the fuel control shaft 8 on slave engine B will
positively stop in a position corresponding sub-
stantially to that of the fuel control shaft 8 on
master engine A for limiting the amount of fuel
supplied to slave engine B to substantially the
same degree as being supplied to engine A.

Stability of the apparatus is further insured by

y springs {74 and (75 in the equalizing valve de-

vice 136 which will maintain the parts of said
device in neutral position upon slight changes in
pressure of fluid in either diaphragm chamber
{44 or chamber i45 incident to slight variations
in position of the fuel shaft 8 on either engine
by operation of the respective speed governor 10
to maintain the engine speed or power output
substantially constant against minor variations
in lcad or the like on the engines.

It is desired to further point out that the sen-
sitivity of the equalizing valve device remains the
same through out the full fuel control range of
the fuel control shafts 8, i. e., regardless of the
opposing pressure of fluid which may be acting in

5 chambers 144 and 149, since operation of said de-

vice depends only upon a chosen differential be~
tween said pressures, and this is very desirable in
that it will ensure prompt equalization of the
power output of the slave engine to that of the
master engine when the engines are operated un-
der maximum load, just as readily as when op-
erating at idling speed and possibly under no load.

Summary

It will now be noted that the improved control
apparatus provides positive automatic equaliza-
tion of the amouns of fuel supplied to each of any
desired number of slave engines with the amount
of fuel supplied to a preselected master engine, so
as to substantially equalize the power output of
the several engines, which is particularly desir-
able where several engines are connected to a
common load, in order to substantially equally
divide the load between the engines.

Only one engine can be the master engine and
it is conditioned automatically to so function by

‘the use of shim 63 in the governor control motor

80 on that engine while on the slave engine or
engines the governor control motor 31 is auto-
matically adjustable in accordance with the posi-
tion of the respective fuel control shaft relative
to that on the master engine, to match the fuel
supply to and thereby the power output of the
slave engine to that of the master engine.
‘While only one slave engine B is shown in the
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drawings, any desired number can he controlled
from the master engine A through the equalizing
pipe 138 a5 will be obvious.

Having now described my invention what I
claim as new and desire to secure by Letters Pat-
entis:

1. A control apparatus for equalizing the power
output of one prime mover with that of another
prime mover comprising, anh adjustable power
control element for each prime mover for vary-
ing the power output thereof, equalizing reans
having g first position, a second position and a
neutral position intermediate said first and sec-
ond positions, means operable by said equalizing
mesns i said frst position to effect adjustment
of said power control element on said one prime
mover to increase the power output of said one
prime mover, in said second position to effect op-
eration of said power control element on said
one prims mover to reduce the power output of
said one prime mover and operable in said neu-
tral position tomaintain said power control ele-
ment on said ene prime mover against change
in adjustment, means adjustable in accordance
with the relative power output of said prime
mover for effecting movement of said equalizing
mesans te said first position upon a preponderance
in output of said other prime mover over that
of said one prime mover, to said second position
upon g preponderance in output of said one
prime mover over that of said other prime mover,
and to said neutral position upon equalization of
the power output of said one prime mover with
that of said other prime mover.

2. A control apparatus for equalizing the power 33

output of cne prime mover with that of ancther
prime mover comprising, an adjustable power
control element for each prime mover for vary-
ing the power output thereof, control means for
adjusting said power control elements, equalizing
means having a first position, a second position
and a neutral position intermediate said first and
second positions, means operable by said equal-
izing means in sgid first position to effect oper-
ation of said control means on said other prime
mover to effect adjustment of the respective power
contrel element to increase the power output of
said other prime mover, and in said second posi-
tion to effect operation of said control means on
said other prime mover and thereby of the re-
spective powser control element to reduce the
power output of said other prime mover, and in
said neutral positicn to maintain said control
means cn said other prime mover against change
in adjustment, means adjustable in accordance
with the relative power output of said prime mov-
ers for effecting movement of said equalizing
means to said first position upon g preponder-
ance in cutput of said cone prime mover, and to
said second position upon a preponderance in
output of said other prime mover, and means op-
erable to move said equalizing means to said neu-
tral position upon substantial equalization of
the power cutput of both prime movers.

3. A control apparatus for equalizing the power
cutput of one prime mover with that of another
prime meover comprising, an adjustable power
control element for each prime mover having

an idling position and operable to increase the
power output of the respective prime mover in
proportion te movement of said element out of
said -idling position, egualizing means having a
first positicn, a second position and a neutral
position intermediate said first and second posi-
tions, means operable by said equalizing means
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in said first position to effect operation of said

power control element on said one prime mover
to increase the power cutput of said one prime
mover, and in said second position to effect op-
eration of said power control element on said
one prime mover to reduce the power output of
said one prime mover and operable in said neu-
tral position to maintain said power contro! ele-
ment on said one prime mover against change
in adjustment, means adjustable in accordance
with the relative positions of said power control
elements for effecting movement of said equaliz-
ing means to said first position upon a prepond-
erance in output of said one prime mover and to
said second position upon a preponderance in
output of said other prime mover, and means for
effecting movement of said equalizing means to
said neutral position upon substantial egualiza-
tion of the output of both prime movers.

4. A control apparatus for equalizing the power
ocutput of one prime mover with that of ancther
prime mover comprising, first and second control
pipes for said one and other prime movers, an
adjustable power control element for each prime
mover for varying the power output thereof, first
and second pressure regulating means associated
respectively with said one and other prime movers
and adjustable by the respective prime mover
power control element to provide in the respes-
tive one of said control pipes fluid at a pressure
proportional to the power cutput of the respec-
tive prime mover, equalizing means subject to
pressure of fluid provided in said first pipe acting
in opposition to pressure of fuid provided in said
second pipe and movable to a first position by
the pressure of fuid provided in said first pipe
when it exceeds that provided in said secound pipe,
and movable to a second position by the pressure
of fluid provided in said seeond pipe when it ex-
ceeds that provided in said first pipe, means for
moving said equalizing means to said neutral po-
sition upon substantial equalization of pressures

of fluid in both of said pipes, and means oper-

able in said first position of said equalizing means
to effect operation of said power control means
on said other prime mover to increass the power
ocutput thereof, in said second position to effect
operation of said power control means on said
other prime mover to reduce the power outpulb
thereof, and in said neutral position to maintain
said power control means on said other prime
mover against change in adjustment.

5. A contrel apparatus for equalizing the power
output of one prime mover with that of ancther
prime mover comprising, first and second control
pipes for said one and other prime movers, an
adjustable power cqntrol element for each prime
mover for varying the power output thereof, first
and second pressure regulating means associated
respectively with said one and other prime movers
and .adjustable by the respective prime mover
power control member to provide in the respec-
tive ene of said control pipes fluid at a pressure
proportional fo the power output of the respec-
tive prime mover, eguslizing means subject to

pressure of fluid provided in said first pipe oct-

ing in opposition to pressure of fluid provided in
said second pipe and movable to a first position
ky the pressure of fluid provided in said first pipe
when it excecds that provided in said ine,
and movable to a second position by pressure of
fluid provided in -said second pipe when it ez~
ceeds that in said first pipe, spring means act-
ing on said equalizing means opposing moveinent
thereof to either said first or second positions by
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" fluid under pressure and operable to move same
to a neutral position between said first and sec-
ond positions upon substantial equalization of the
pressures of fluid in said first and second pipes,
and means operable in said first position of said
equalizing means to effect operation of said power
- control means on said other prime mover to in-
crease the power output thereof, in said second
position to effect operation of said power control
means on said other prime mover to reduce the
power output thereof, and in said neutral posi-
tion to maintain said power control means on
said other prime mover against change in ad-
justment.

6. A control apparatus for equalizing the power
output of one prime mover with that of another
prime mover comprising an adjustable power con-
trol element for each prime mover, means for ad-
justing the power control elements on both prime
movers to regulate the power output thereof in-
cluding fluid motor means on said one prime
mover and means operable by said motor means
to adjust the power control element and thereby
the power output of said one prime mover rela-
tive to that of the other prime mover, valve means
having a first position for supplying fluid under
pressure to said fluid motor means and a second
position for releasing fluid under pressure from
‘said fluid motor means for operating same to ad-
just the respective power control element to either
increase or decrease the power output of said one
prime mover relative to that of said other prime
mover, said valve means also having a neutral
position intermediate said first and second posi-
tions for bottling up the fluid pressure in said
motor means, spring means for moving said valve
means to said neutral position, and means ad-
justable in accordance with the power output of
said prime movers for effecting movement of said
valve means against said spring means to said
first position upon a preponderance in output of
said other prime mover over that of said one prime
mover, and to said second position upon a pre-
ponderance in output of said one prime mover
over that of said other prime mover, and operable
upon equalization of the output of said one prime
mover with that of said other prime mover to
render said spring means effective to move said
valve means to said neutral position.

7. A control apparatus for equalizing the power
output of one prime mover with that of another
prime mover comprising an adjustable power con-
trol element for each prime mover, means for ad-
justing the power control elements on both prime
movers to regulate the power output thereof in-
cluding fluid motor means on said one prime
mover and means operable by said motor means
to adjust the power control element and thereby
the power output of said one prime mover rela-
tive to that of the other prime mover, valve means
having a first position for supplying fluid under
pressure to said fluid motor means and a second
position for releasing fluid under pressure from
said fluid motor means for operating same to ad-
just the respective power control element to either
increase or decrease the power output of said one
prime mover relative to that of said other prime
mover, and also having a neutral position inter-
mediate said first and second positions for bot-
tling up the fluid pressure in said motor means,
equalizing means subject to opposing pressures
of fluid in g first chamber and in a second cham-
ber and operable upon a preponderance in pres-
sure in said first chamber over that in said sec-
ond chamber to move said valve means to said
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first position and upon a preponderance in pres-~
sure in said second chamber over that in said
first chamber to move said valve means to said
second position, spring means for moving said
valve means to said neutral position upon sub-
stantial equalization of pressures of fluid in said
first and second chambers, and first and second
pressure regulating means operable by said power
control elements on said one and other prime
movers to vary the pressure of fluid in respec-
tively said first and second chambers in propor-
tion to the power output of the respective prime
movers.

8. A control apparatus for equalizing the
power output of one prime mover with that of
another prime mover comprising an adjustable
power control element for each prime mover, first
and second fluid motors for adjusting respec-
tively the power contrel elements on said one
and other prime movers, operator’s control
means for varying pressure of fiuid in said mo-
tors, power means subject to pressure of fluid
in a first charmber and opposing pressure of fluid
in a second chamber and movable to a first posi-
tion upon a preponderance in pressure in said
first chamber over that in said second chamber,
and movable to a second position upon a pre-
ponderance in pressure in said second chamber
over that in said first chamber, spring means for
moving said power means to a neutral position
intermediate said first and second positions upon
substantial equalization of the fluid pressures
in said first and second chambers, a valve op-
erable by said power means in said first posi-
tion to supply fluid under pressure to said first
motor, another valve operable by said power
means in said second position to release fluid
under pressure from said first motor, means for
closing both of said valves in said neutral posi-
tion of said power means, and means operable
by said power control elements on said one and
other prime movers to vary the pressure of fluid
in respectively said first and second chambers
in proportion to the power output of the respec-
tive prime movers.

9. A control apparatus for equalizing the
power output of two prime movers comprising,
a power control element for each prime mover
adjustable to vary the power output thereof, first
and second fluid motors for said prime movers
for adjusting the respective power control ele-
ments, operator’s control means connected to
both of said motors for simultaneously con-
trolling operation thereof, said second motor
comprising fluid pressure controlled bias means
for adjusting the respective power control ele-
ment relative to that on said one prime mover
in accordance with variations in pressure either
above or below a chosen pressure of fluid on said
bias means, means associated with said first mo-
tor for automatically effecting an adjustment of
the respective power control element correspond-
ing to the adjustment of said power control ele-
ment on said other prime mover effected by said
chosen pressure of fluid acting on said bias
means, valve means for increasing and decreas-
ing the pressure of fluid on said bias means and
for bottling up the fluid pressure on said bias
means, power means movable to a first position
upon the preponderance in pressure of fluid in &
first chamber over that in a second chamber and
movable to a second position upon a preponder-
ance in pressure of fluid in said second chamber
over that in said first chamber and having a
for controlling said valve
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means, spring means for moving said power
means to said neutral position upon substantial
equalization of the fluid pressures in said: first
and second chambers, and first and second nres-
sure regulating devices associated with said one
and other prime movers operable by the respec-
tive power control elements to vary the pressure
of fluid in said first and second chambers in
proportion to the adjusted power output of the
respective prime movers.

10. An apparatus for equalizing the power
output. of one prime mover with that of another
prime mover comprising, a power control ele-
ment for each prime mover adjustable to vary
the power cutpubt therect, an equalizing pipe, a
regulating device adjustable by said power con-
trol element on said other prime mover to vary
pressure of fluid in said equalizing pipe in pro-
portion to the adjusted power output of said
other prime mover, a second pipe, a second pres-
sure regulating device adjustable by said power
control element on said one prime mover to vary
pressure of fluid in said second pipe in propor-
tion to the adjusted power ouiput of said one
prime mover, an equalizing device controlled by
pressure of fluid in said egualizing pipe acting in
opposition to pressure of fluid in said second vipe
and movable to a first position upon a preponder-
ance in pressure in said equalizing pipe over that
in said second pipe, and movable to a second

10

15

20

25

30

24

position. upon a. preponderance in pressure of
fluid in said second pipe over that in said equaliz-
ing pipe, spring means for moving said equalizing
device to a neutral position between said first and
second positions upon substantial equalization of
pressures in said equalizing pipe and seeond pipe,
and means operakle in said first and second posi~
tions of said equalizing means to effect adjust-
ment of said power control element on said one
prime mover to increase and decrease, respec-
tively, the power output of said one prime mover
with respect to that of said other prime mover
and. operakle in said neutral position to prevent
change in adjustment of said power control ele-
ment on said one prime mover.

JAMES A, CAMPBELL,
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