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This invention relates to: eontrol systems and
more particularly to a fluid pressure control Sys-
tem for controlling, in a desired sequence, & plu-
rality of different operations such as starting,
stopping and reversing of a reversible internal
combustion engine.

Certain internal combustion engines, such as
of the Diesel type, are arranged to run in either
direction, the direction being determined by ad-
justment of the valve timing or valve gear which
may control in. proper sequence a supply of com-
bressed air to the cylinders for starting the engine
to turn, and a supply of fuel to the cylinders,
under control of injectors or the like, for causing
the engine to run.

One object of the invention is the provision of
an improved control system for controlling, in
Proper sequence, various operations such as re-
quired for stopping, starting and reversing an
engine of the type above described.

Another object of the invention is the pro-
vision of such a system arranged to be con-
trolled from a remote control station by fuid
under pressure,

Another object of the invention is the pro-

starting, stopping and freversing of a Diesel en-
gine, which system, upon operation to reverse
the engine, initially acts to cut off the supply

of fuel to the engine, then causes reversal of the

valve gear or timing gear of the engine followed
by supplying compressed air to the engine for
braking same in case it is not already stopped,
and which air upon stopping of the engine is
immediately effective to start the engine turning
in the opposite direction, and which system pro-
vides for resupplying fuel to the engine after
and only after the engine is placed in niofion
ini the new direction.

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

In the accompanying drawings; Fig. 1 is a
diagrammatic view, partly in section and partly
in outline, of a control system embodying the
invention; Pig. 2 is a plan view of a portion of
an operator’s control device shown in vertical
section in Fig. 1; Pigs. 3 and 4 are partial sec-
tional views of the operator’s control device taken

on the linés 3—3 and 4—4, respectively, in Fig. &

1; Fig. 5 is a sectional view of a fuel interlock
valve device taken on the line 5—5 in W¥ig. 1;
Pig. 6 Is a vertical sectional view taken through
4 tontrol valve device shown partly in side ele-
vation and partly in vertical section in Fig. 1;
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vision of a pneumatic system for controlling the ‘
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Fig. 7 is a vertical sectional view of a starting
air supply valve device shown in elevation in
Fig. 1; and-Fig, 8 is a sectional view of a double
cheek valve device several of which are shown
in elevation of Fig. 1, -

Description

In the drawings, the reference numeral | in-
dicates a. portion of one end of a crank shaft
of 2 reversible internal combustion engine, and
reference numeral 2 indicates.a portion of one
end of a cam shaft for said engine. The cam
shaft may be driven in proper phase with the
crank shaft by meshing gears 3 and 4 for oper-
ating conventional engine valve mechanisms (not
shown) and fuel injection mechanisms (not
shown) in a well known manner to permit the

engine to be started by compressed air for oper-

ation in -either direction of rotation, to for in-
stance drive a ship ahead or astern.. To provide
for the different directions of operation, the eam
shaft may have the usual forward ecams (not
shown) to provide for operation of the engine
in one or an ahead direction and reverse cams
(not shown) to provide for operation in the re-
verse or an astern direction and may be shiftable
lengitudinally relative to the crank shaft for
rendering either the forward or the reverse eams
effective for controlling the engine’s valve or tim-
ing gear in a well known manner. In Fig, 1 of
the drawings the cam shaft is shown in what
may be considered a position to provide for oper-
ation of the engine in an astern direction, and
may- be shifted -by a lever 5 from the astern
position-to an ahead position in which said lever
may oceupy a position such as -indicated by a
dot and dash line 5a. ‘

The reference numeral 6 indicates g fuel con-
trol member .or shaft which may be rockable to
control conventional fuel injectors (net shown)
to vary the amount of fuel supplied to the engine
for controiling the speed or torque of the engine
or for stopping the engine. A lever 71 is con-
nected to rock shaft 8. The lever 7 and shaft
6 may have a fuel cut off position in which they
are shown in PFig. 1 for eutting off the supply
of fuel to the engine to stop same, and may
be adjustable out of said position to a fuel supply
position, such as indicated by a dot and dash
line 8, to supply fuel to the engine to provide
for operation of the engine at idling speed, and
may be further adjustable in the same direction
for increasing the speed or torque of the engine.

The adjustment of lever T and shaft 6 to vary

36 the engine’s speed may be effected in any desired
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manner, as by a conventional speed governor (nog
shown) driven by the engine and adjusted man-
ually for limiting the speed or torque of the
engine.

The reference numeral 9 indicates an engine
starting air valve device arranged to be oper-
ated by. fluid under pressure supplied through a
pipe 16 for supplying starting air from a supply
pipe 11 to a pipe 12 which may convey it to the
starting valves (not shown) of the engine for

supply to the engine cylinders (not shown) to.

place the engine in motion in the direction de-
termined by the position of the cam shaft 2.

As shown in Fig. 7, the starting air valve device
9 may comprise a valve {3 for controlling com-
municetion between pipes 11 and 12, a valve 14 for
controlling communication between pipe {2 and
an atmospheric port 15, and a piston 16 for con-
trolling said valves and having at one side a cham-
ber 17 open to pipe 10, and having at the opposite
side a chamber I8 open to atmosphere through
port 15 and containing 2 spring 19 under pres-
sure and acting on said piston. In operation,
when fluid under pressure is supplied to pipe 10,
in a manner which will later be described, such
pressure will flow into chamber 17 and therein act
to move piston 18 for seating valve 14 and open-
ing the valve {3 to thereby supply starting air

-from pipe I to pipe 12 for starting the engine.
When fluid is released from pipe {0 and thus from
chamber 17, spring 19 will open valve {4 and per-
mit the closing of valve 13 by a spring 20 to cut
off the supply of starting air to pire 12 and to
release air from said pive to the atmosphere.

The invention comprises means for controlling
the reversing of the valve timing or gear of the
engine as by shifting of the cam shaft 2 to either
its astern or ahead position, and for controlling
operation of the starting air valve device 8. and
operation of the fuel control shaft 6 to cut off the
supvly of fuel to the engine as required for the
control of the startine. stonping and reversing of
the engine, in view of which a more detailed show-
ing in the drawings of the intricate well known
structure of the engine, and a lenethy deserip-
tion thereof are deemed unnecessary in the pres-
ent application to a clear understanding of the in-
vention and hence are dispensed with.

For shifting the cam shaft 2 to either of ifs
two different positions there is provided a power
cvlinder 26 containing o pisten 27 having a rod
28 extending through one end of said cylinder and
connected to one end of a link 29. The other end
of this link may be connected to the cam shaft as

through the lever 5. The piston 27 has at one side -

a chamber 30 connected to a control pipe 31 and
at the opuvosite side a chamber 32 connected to a
control pive 33. The two control pipes 31 and 33
lead to a control valve device 34 mounted on one
end of the power cvlinder 26 and containing two
fluid vressure supnly and release valve devices 35
and 26 for controlling the supply and release of
fluid under pressure to and from said pipes, re-
spectively.

Both of the valve devices 35 and 36 may be iden-
tical in construction, each comnrising. as shown in
Fig. 8, a fluid pressure supply valve 37 contained

“in a chamber 38 and arranged. te control com-
munication between said chamber and & chamber
39 bv way of an averture 49. A goring 41 in cham-
ber 38 acts on the valve 37 for closing same. The
valve 37 has a stem 42 extending through aper-
ture 40 into chamber 39 wherein it is provided on
its end with a fluid pressure release valve 43 ar-
ranged to cooperate with a seat provided on a
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plunger 44 for controlling communication between
chamber 38 and a chamber 45 at the opposite side
of the plunger. The plunger 44 is conhected by
a stem £8 to a guide 49 which is slidably mounted
in the device above said plunger.

Charmber 45 in each of the valve devices 23 and
35 is in constant communication with the at-
mosphere through a cavity 46 and a passage £7.
Chamber 39 in the valve device 35 is connected to
pipe 31 and the corresponding chamber in the
valve device 35 is connected to bipe 33. The supply
valve chamber 28 in both valve devices 35 and 3§
is open to a pipe &4 arranged to be supplied with
fluid under pressure in a manner which will be
later described.

A lever 56 is pivotally mounted on a pin &{ dis-
posed midway between the guides 49 in the two
valve devices 35 and 36, and said lever has two
oppositely arranged arms 52, each engaging the
outer face of one of said guides. With the lever
58 in a vertical position as shown in Fig. 1, the
two arms 52 position the guides 49 and thereby
plungers 44 as shown in Fig. 6, in which position
the respective release valves 43 are in engagement
with said plungers and act through the stems 42
to open the connected supply valves 37 so that
chambers 30 and 32 at opposite sides of the power
piston 27 are both open to the fluid pressure sup-
ply pipe 54, and the piston 27 will be subject on
opposite sides te fluid at the same degrees of pres-
sure. Under this condition piston 27 will remain
in a fixed position. Since the right-hand side of
the piston has a greater area subjected to the
pressure of fluid than has the left-hand side, the
piston will have a tendency te move in the direc-
tion toward the left-hand, but the inherent re-
sistance of the piston and of the several parts
operatively asscciated therewith to such move-
ment is sufficient to hold the piston stationary at
this time.

Movement of lever 50 in a counter-clockwise di-
rection, as viewed in Fig. 1, will actuate the valve
device 35 to cpen the supply valve 37 thereof to a
greater degree and permit movement of guide 49
and plunger 44 in the valve device 26 in an up-

wardly direction under the pressure of fluid in

chamber 39 and action of a spring 53 and to an
extent to permit closure of the supply valve 37 in
said device and opening of the release valve 43
which will permit release of fluid under pressure
from chamber 29 and thereby chamber 32 at the

‘left hand side of the power piston 2T by way of

pipe 33. With the pressure of fluid in chamber 32
thus reduced and the pressure of fluid in chamber
30 maintained by supply of fluid from the supply
pipe 54, the piston 2T will be subjected to a differ-

_ential in forces which will move it and thereby

Jever 50 and cam shaft 2 to the positions shown
in the drawings to provide for running of the en-
gine in a direction to cause astern movement of a

-ship, After the piston 2T has been moved to the

position shown in Fig. 1 of the drawings, return
of lever 50 to a vertical position will again open
chamber 32 to the fluid pressure supply pipe 54
while maintaining chamber 30 open to said pive,
due to which the opposing fluid pressures on the
piston’ will become balanced to substantially re-
move all actuating force on the piston.

Rocking of the lever 50 in a clockwise direction,
ag viewed in Fig. 1, from its vertical position will
actuate the valve device 36 to reduce the pres-
sure of fluid in chamber 30 while maintaining
chamber 32 open to the fluid pressure supply pipe
54 through the valve device 35. Under this con-
dition a differential in fluid pressures will be pro-




2,305,202 3

vided on piston 27 for moving same in the direcs
tion of the right-hand to thereby actuate the
lever § to the shead position indicated by the dot
and dash line 5o, and this movement of said lever
will shift the cam shaft 2 to the position for
causing ‘operation of the engine in 4 reverse di-
rection to cause movement of the ship ahead.
After the piston 27 obtains its right-hand posi-
tion, the retirn of lever 52 to its vertical position
will agdin balance gnd substantially remove all
actuating force on said piston which will then
temain in the position in which it was meved.
For controlling operation of the control valve
device 34 to position the piston 21, a pilot device
55 is mounted on one side of the power cylinder
26. This device comprises 4 piston 56 having at
one side a chamber §7 connected to a control pipe
58 and having at the opposite side a chamber 58
connected to a control pipe 68 A piston rod

61 extending through a suitable bore in the caging ¢

into chamber 59 has ohe end connected. 1o the
Piston §6. The other end of the piston rod 61
is connected to a member 62 which is slidably
mounted in a $lot 63 provided in a lever 64 one
end of which is pivotally conhected to the piston
rod 28. The opposite end of lever 64 is pivotally
connected to dne end of & tie rod 65 the opposite
end of which ig pivotally cotinected to lever 50.

Operation of the pilot piston 58 is controlled
by fluid under pressure supplied through either
one of the control pipes 58 or 68 when the other
tontrol pipe is open to the atmosphere, which
conditioning of said pipés will be hefeinafter de-
scribed. 'When fluid under pressure is supplied to

bive 58 and thence to the pilot piston chariber

57, with chamber 59 and pipe 60 oben to the
atmosphere, the pilot pisten 56, power piston 27
and lever 50 will assume the positions in Which
they are shown in Fig. 1 as will be apparent from
the description to follow,

Now let it be assumed that pipe 58 is cbened to
the atmesphere and that fluid under Pressure is
supplied to pipe 68. This pressure of fluid acting
in chamber 59 on the pilot piston 56 will move
same in the direction of the right-hand, and due
to the relatively greater reluctance to movement
of the power piston 27, this movement of the pilot
biston will rotate lever 64 about its pivotal con-
uection with the power piston rod 28 and actuate
the tie rod 65 to rock lever 59 in the control device
84 in-a clockwise direction for thereby releasing
fluid under pressure from the power piston cham-
ber 30 while maintaining the fluid pressure in the
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power piston 27 will rock lever 5 to the ahead
bosition indicated by the dot and dash line 5¢
for correspondingly positioning the cain shaft 2
in the engine, .

Movement of the eam shaft 2 to its astern posi-
tion by movemert of ‘the power piston 27 to the
left-hand end of chamber 32 may be accom-
plished by fluid under pressure Supplied to pipe
58 upon release of Suid under préssure from pipe
80 int & manner which will be apparent from the
above description.

After the power piston 27 has completed its
stroke to move the cam shaft 2 to either its ghead
position or its-astern position, it may be desirable
te open both chambers 30 and 32 to the atmos.~
vhere for thereby relieving the power piston of
the pressure of fluid. This may be accomplished
by the use of a relief valve device 65 for controlling
fhie supply of fluid under Lressure to pipe 54 from
8 pipe 18 which may be constantly supplied with
fluid vunder pressure from any suitable source in a
manner which will be brought out hereinafter,

The relief valve device 69 may be identica] to
the starting air valve device 9 above described
and shown in Fig. 7, the pipe 54 being connected
to the chamber between the two valves 18 and
{4, the pipe 70 being connected to the chamber

* containing valve i3, and the piston {8 in said
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power piston chamber 32. As a result, the power -

piston 27 will move in the direction of the right-
hand and during the initial portion of such move.
ment the pilot piston 56 will move therewith un-
der pressure of fluid in charaber B9, After a cer-
tain degree of such movement the pilot piston 56
will contact the risht-hand end of chamber g7
and thereby prevent further movement of said
biston. Continued movement of the power piston
21 will then rock lever 84 about its connection
with the pilot piston rod 61 and thereby actuate
the tie rod 65 to rock lever 58 in the control device
34 back toward its neutral or vertical position,
which position will be attained at substantially
the time the power piston 27 attaing the right-
hand end of chamber 30. Thus with the pilot
piston 56 at the right-hand end of the chamber
57, the power piston 27 will be caused to assume
8 corresponding position in the power eylinder 286,
and the control device 34 will act to equalize the
obposing fluid pressures acting on the opposite
sides of said power pistor. 'This movement of the
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device being controlled throush a pipe 1{. The
pipe 71 is connected to a pipe 72 which in turn is
connected ‘to the side outlet of a double check
valve device 18. The énd outlets of the double
check valve deviee 13 are connected to pipes 58
and 69. -

As shown in Fig. 8 the double check valve de-
Viee 18 may comprise a casing containing s doubie
cheek valve 14 arranged to contrel commaunica-
tion between thie two end connections snd the
side cutlet; opening commutiication between the
side outlet and the one end connection and clog-
ing communication between said side outlet and
the other end cornection in one position of said
valve and reversing the connections between the
side outlet and the end connections in the other
position of said valve.

It will thus be seen that with the structure just
described, whenever fuid under pressure is sup-
plied to either pipe 58 or pipe 82 for effecting
operation of the pilot piston 5§ fAuid will also
be supplied throtigh pipe 71 to ths release valve
device 68 for actuating same to open comrmuni-
cation between Auid pressure supply pipe 18 snd
pipe 54 leading to the control device 34, while
upon subsequent release of fliid under pressure
fremn either control pive 58 or 64 for relieving
the pilot pisten 66 for actuating force, which
will be later described, the corresponding release
of fluid from pipe 7! and the release valve de-
vice 68 will cause operation of said device to close
communication between pipes 76 and 54 and oben
pipe 84 to the atmosphere for thereby reieasing
fluid under pressure from opposite sides of the
power piston 27 past the open supply valves in
the valve devices 35 sud 35 and thence through
pipe 54.

in order to prevent operation of the starting
alr valve device § to supply air for braking the
engine and subsequently starting the engine in
8 reverse direction until after the cam shafi 2
has been shifted to the position for conditioning
the engine’s valve gear to provide for operation
of the engine in such direction, there is agso-
ciated with the cam shifting arrangement, in-
cluding the power piston 27, & reverse and start
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interlock valve device 15, which may be mounted
directly on the control valve device 34.

The interlock valve device 15 may be struc-
turally identical to the control valve device 34
with but one exception, which will be later de-
scribed, and therefore comprises two fluid pres-
sure supply and release valve devices 76 and 11
which are structurally identical to the valve de-
vices 35 and 36 above described and which are
arranged to control flow of fluid under pressure
from pipe 18 to interlock pipes 18 and T9, re-
spectively and to contrcl the release of fluid un-
der pressure from said pipes. The two fluid pres-
sure supply and release valve devices 76 and 77
are arranged to be operated by oppositely ex-
tending arms 88 of a lever 81, which lever differs
from the lever 58 in the valve device 34 only in
that it carries a spring seat 82 and a friction
shoe §3 which is arranged to slidably contact an
interior surface of the device. An initially com-
pressed -coil spring 84 encircling the lever 81 is
interposed between the seat 82 and friction shoe
83 and acts to press said shoe into contact with
the surface of the casing with such force as to
hold the lever 81 in any position to which it
may be moved against opposing pressures of fluid
acting on piston 44 in either one of the valve
devices 16 or 17 when said piston in the other
device is subject in chamber 33 to atmospheric
pressure.

One end of 2 rod 85 is connected to the power
piston rod 28. The opposite end of rod 85 is
provided with a slot, and extending into this slot
is a pin 86 which is secured in the outer end of
lever 81. The rod 85 is operative upon move-
ment of the power piston 27 fo the position
shown in Fig. 1 to move lever 8! to the position
in which it is shown, and is operative upon move-
ment of the power piston 27 to its opposite posi-
tion to move the lever 81 to a corresponding posi-
tion as indicated by a dot and dash line 8ia.
The slotted or lost motion connection between
the rod 85 and pin 86 provides for movement of
the power piston 27 relative to the lever 81 until
the piston approaches the end of its stroke in
either direction. Thus upon movement of the
power piston 27 to the position shown in the
drawings the interlock valve device 15 will main-
tain a supply of fluid under pressure from pipe
70 to pipe 79 and at the same time maintain pipe
78 open to the atmosphere until said piston sub-
stantially attains said position. Likewise, upon
movement of the power piston 27 from this posi-
tion to the opposite or right hand end of its
cylinder, the interlock valve device 15 will main-
tain a supply of fluid under pressure from pipe
10 to pipe 18 and maintain pipe 19 open to the
atmosphere until said piston substantially com-
pletes its stroke, at which time the interlock
valve device will operate to open pipe 18 to the
atmosphere and open pipe 19 to the fluid pres-
sure supply pipe 70.

The reference numeral 99 indicates an opera-
~tor’s fAuid pressure control valve device which
may be located immediately adjacent the engine
or at any remote control station. This device
comprises a body &i and a cover 92g mounted
on the body, and in said body there are disposed
what may be called an astern run valve device
92 and an ahead run valve device 93 for con-
trolling, through pipes 58 and 68, operation of
the structure including power piston 27 to selec-
tively position the cam shaft 2 for a selected di-
rection of operation of the engine, in the man-
ner above described. ‘The body 9 also contains
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an ahead start valve device 94 and an astern
start valve device 95 arranged to control through
pipes 96 and 97, respectively, operation of the
starting air valve device 9, and a stop valve de-
vice 88 for effecting stopping of the engine in
2 manner and under conditions which will be
later brought out.

The two run valve devices 92 and 93 are located
side by side in the body 8i with their axes ar-

‘ranged horizontally, while the valve devices 94,

95 and 98 are arranged side by side with their
axes arranged vertically. All of these valve de~
viees may be identical in construction each com-~
prising a fluid pressure supply valve 181 con-
tained in a chamber {02 and arranged to control
communication between said chamber and a
chamber 193 through an opening (064 provided
through a seat which said valve is arranged to
engage for closing such communication. A
spring (85 in chamber 182 acts on the valve (01
to urge it to its seated position. The valve 16l
is connected by a stem {08, which loosely ex-
tends through the opening 1984 into chamber 103,
to a plunger (07 slidably mounted in a suitable
pore in the body, said plunger being of substan-
tially the same area as the seat on the valve (81
and subject on one face to pressure of fluid in
chamber 183 and on the opposite face to atmos-
pheric pressure in a chamber {88 which is open
to the atmosphere by way of a passage 199. The
valve {01, stem 186 and plunger 107 are provided
with an axial bore 186a cpen at one end to cham-
ber 162, while a release valve 119 disposed in
chamber (88 is arranged to control communica-
tion between the opposite end of said bore and
the latter chamber. The release valve i10 is pro-
vided with a plunger !{i extending to the ex-
terior of the body.

In the illustration all of the valve devices 92
to 95 and 98 are disposed in the same vertical
plane, and extending over the plungers (11 of
the valve devices 84, 8%, and 98 and arranged in
the same vertical plane is a horizontally dis-
posed hollow control shaft 115 which is suitably
journaled at its opposite ends in the cover 92a.
A plunger 116 is slidably mounted in the control
shaft {15. The left hand end of this plunger
projects outwardly heyond one end of the shaft
above the plungers iii of the valve devices 92
and 93. A cam shaft {17, telescoped over and
secured to the control shaft [15, bears at op-
posite ends against the cover for holding both
shafts against axial movement.

The two shafts ({5 and [i7 are provided
through one side with aligned longitudinally ex-
tending slots {15a and §{7a, respectively, and the
plunger 1§86 is provided with a like aligned slot
and through these slots extends the lower end
portion {i{8 of an operator’s control lever ({9
which is pivotally mounted on a pin {20 ar-
ranged transversely of the axes of said shafts
and carried by a lug 12{ projecting upwardly
from the cam shaft 111, The portion {18 of the
control lever ends within the cam sheft {17 and
in its end there is provided a slot 122 within
which is disposed a transversely exiending pin
{22 which is secured to plunger f{6. It will be
seen that with this structure, rocking of the
operator’s control lever {49 about the pin 120 in
a direction longitudinally of the cam shaft 117
will shift the plunger 116 in cne or the opposite
direction lengthwise within the control shaft 15
and relative to the cam shaft 117, while move-
ment of said lever in a direction about the axis
of said cam shaft will rotate said cam shaft with~
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out effecting endwise movement ©of :plunger  146.

"The :control lever {9 extends through o, slot
in cever 92a, which:slot is:so:shaped and arranged
as ‘to puide :the lever in its different directions
of movement. “This slot is :shown in -detail in
Fig. 2 and may comprise a .central porsion 124
which:allows movement of thelever 4 {9 in either
direction frem a meutral position, in which it is
shown in Fig, 2, lengthwise -of the contrel shaft
{45 for actuating ‘plunger fi6. One-end of slot
124 is:open te a slet 125 arranged ot right angles
to iprovide -for movenzent of the lever wout of slot
124 in-one-direction -for rocking of the cam shaft
117 in = like girection. The oppesite end of slot
124 is epen to a slot 426 arranged parallel fto
slot 125 but extending 4in the opposite «direction.
The wcontrol lever 449 may have five different
operating positionsin these slots including inter-
mediate the length o7 slof 124 2 “Stop” position
in which:said Jever is:shown:in Fig. 2. The other
positions af ‘the lever -are -shewn .in Fig. 2 by
detted circles designaited by appropriste legends,
it -being noted that the Hever has an “Ahead
start” position at the outer end of skt 125 -and
an “Ahead sun” :positien :in said slot adjacent
said - “Start” positten. -Oppositely arranged
“Astern start” and “RBun® positions are provided
in slot 126. . :

The body 891 has an exterior Iug 428 which ex-
tends hetween and heyend the outer ends of the
plungers ~{ {4 of :the two wontrel devices 92 -snd
88. A lever 429 fulcrumer in one end en a pin
130 ‘which is carried by the lug $28 hias its -op-
posite end operatively conneeted o plunger | 16,
while btermediate its ends, it is provided with
@ raised portion’ which engages plunger 441 of
thevalve device :52.- A Jever 1234 fulcrumed inter-
mediate 4ts iends on a pin 432 earried by the ug
128 s operatively -commected @b :one end to
plunger #8 while ibs opposite end. is arranged
for contact with phunger i { «of the valve device
83.

The partsanre so constructed :and arranged that,
with the lever 119 in “Step” position, the two
levers 129 mnd 131 ‘will e 56 positioned 05 £0 @d-
low spening of the release valves 446 and closing
«f the supply wmalves 404 of the two valve devices
82:and 93. - Chambers #02 in the two valve devices
82 and 93 -axe :open wespectively ‘to control pipes
58 and 60 so that with lever 149.in “Stop” posi-
tion the chambers at the -opposite sides of the
pilot piston 56 ‘will beth be opened to the atmos-
phere. Movement-of lever 44940 its “Ahead run”
position is mrranged teo -actuate lever 481 to -close
the release valve [:9-and open the supply valve
481 in the ahead run wvalve device 83 to therely
epen communication between contrel pipes#8 and
18. Movementof the control lever {48 to the
“Astern run® position will operate lever 428 to
seat release valve 110 and open supply valve {31
in the control device 92 to thereby connect con-
trol pipe 58 to control pipe 1. The two control
devices £2 and 83 will ‘be :operateq o just de-
scribed by -movement -of the eperator’s -control
lever 148 to.either -omp or the opposite wend of
stot 424 -and without further movement inte the
adjacent slot 125:0r 126 to the positions indicated
in-Fig. 2 by the legends “Run,” but in the illus-
tration this further movement. is mecessary for
reasons which will later be brought out.

- The-cam sheft 44T is provided with three cams
484, 185 and 136 arranged to control respectively
the plungers- 144 -of the three vontrel devices 94,
$5:2nd:88. The cam 434 is provided for actust-
img plomger 114 to tlose the release valve 410 and

5

opentthe supply valve 101 inithe ahead start velve

device 84 when the -gperator’s contrel fever 449

is:in the “‘Atead start” pesition only, and ite per-

mit these -valves fo asstume the positions:shown in

Fig. 1 in all -other positions :of said lever. The

cam 35 s provided for closing valve 419 and

opening valve 494 in the:astern start valve devige

25 ‘when the operator’s -contrel lever 119 in the

“Astern start” wesition.only, and to permit meve-

ment-of the valves to the positions shown in the

drawings in.all obther positions:of said lever. The
cam (36 is provided for.closing the release valve

140 -and -opening the supply valve #04 in the stop

valve device 88 with the operaters control lever

in ‘the “Stop” position -only and to permit «cle-
sure of the supply valve 101 and opening rof the
release walve 418 in .all :other positiens .of .said
lever. It will be noted that the position of .cam

136 is mob changed by movement of the oper-

ator’s lever (48 in theslot .1 24 .and it is therefore

nevessary et the two “Run’’ positions he at op-

posite sides of slot 124 ix order that in such pegi-

tions the supply walve 484 will be seated and ‘the
" release valve |40 -opened in the stop valve -de-
vice9B. .

‘The interlock pipe 18 ponnected to the inter-
lock "valve device 75 is-connected fp -chamber 463
in - both the aheafl run valve deviee 93 and the
astern start valve wevice 95, while pipe 18 :from
the interlock wvalve wewice 75 is connectad fo
chawniber 408 in the astern run walve .device 82
amd :in. the :ahead start valve device 94. Cham-
ber {83 in the stop valve device 98 is.connected
by = pipe 148 fothe side-outlet of a -double chack
valve device {44 the opposite ends of which azre
respectively connescted to pipes 78 and 79. This
deuble check valve «evice may be identical to
that shown in Fig, 8 and-above:deseribed where-
by ‘when fluid is supplied to either pipe 18 or 19
40 such fluid will flow to pipe 140 and thence to the

stop valve device #8. The.chamber 102 in the stop
valve device 98 is connected to a pipe 142 leading

to one -end -of :a double check walve deyvice 443
which may be -ef the same construction .as the
45 double-check valve device 4. The opposite end
of this-checkvalve device #43 is connected to pipe
12, and the side outlet of the valve device is open

t0 .2 pipe 444 which is conneectied through a one-
way flow check wvalve device 145 .and.a pipe {44a
&0 towm fuel.cutoff-device 446. :
The fuel .cutoff device 145 may comprise a cas-

ing containing a piston 431 having .2t one side
a-chamber 448 ‘open to pipe {44g and having .af
the.opposite side a.non-pressure .chaniber 149 con-

55 taining a spring 150 which is under pressure and
acting on :pisten 47 for urging same in the di-
rection toward the right hand end of chamber
448 swhen pipe .144ais void of fluid.pressure. The
piston 147 is provided with .a rod 151 extending
80 through chamber {49 and provided .in its outer
end with a slat through which extends a pin (52
secured in the end of the fuel control shaft oper-
ating dever 1. Upon .supply of fluid undeér pres-
sure to .chamber 148 piston 141 will actuate the
©5 rod 19 inte .contact with pin 152 and move lever
1 to the fuel outoff position as shown in the
drawings. This positien .may be defined by con-
iact between .said piston and fhe easing. Upon
release of fluid under pressure from chamber 148

70 the spring 156 will return piston 187 1o its nor-
mal positien in.contact with the right hand end

of chamber 148 to thereby pull lever T out .of its
fuel cutofl position fo .its fuel supply position in-
dicated by the .dot and dash line 8. With fhe
45 piston 447 in its normal position the sglot in the
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piston rog 15! provides for adjustment of the
lever further in a clockwise direction, as by a
conventional governor above mentioned, for in-
creasing the speed or torque of the engine which
however is immaterial to the invention. It will
now be seen that upon operation of the operator’s
control lever {19 to supply fluid under pressure to
either of the control pipes 58 or 60 fo cause
change in position of the cam shaft 2 for revers-
ing the engine, or upon supply of fluid under
pressure to pipe 142 by operation of the stop
control device 98 with the operator’s control lever
in “Stop” position, such fluid will be supplied to
pipe 144 and thence to the fuel cutoff device 146
for actuating lever 1 to turn the fuel control shaft
6 to its fuel cutoff position for cutting off the
supply of fuel to the engine to allow stopping
thereof.

The check valve 145 is arranged to prevent re-
lease of fluid under pressure from the fuel cutoff
device 146 upon release of fluid under pressure
from pipe 144 under a condition to be later de-
scribed. .In order to release fluid under pressure
from the fuel cutoff device 146 to permit the sup-
ply of fuel to the engine a release valve device
1556 is provided. This device comprises a casing
having a chamber 157 which is in open communi-
cation with pipe 144a and which contains a valve
{58 for opening communication between said
chamber and a chamber 159 which is open to the
atmosphere through a port 160. Chamber 159 is
located at one side of a piston 161 and located at
the opposite side of the piston is a pressure cham-
ber 162 arranged to receive fluid under pressure
from a pipe 163. When fluid under pressure is
~ supplied to chamber 162, piston 161 will operate
to open valve 158 against the opposing pressure
of a spring (64 in order to release fluid under
pressure from pipe 144a and thus from the fuel
cutoff device {46. When piston chamber 162 is
void of fluid pressure spring i64 will close the
valve 158. .

Pipe 163 connects the release valve device 156
for control to a directional interlock valve device
161 which is arranged to operate upon reversing
of the direction of operation of the engine to
prevent the supply of fuel to the engine until after
the engine is started to turn by compressed air

in the new direction. This interlock valve device
comprises (Fig. 5) a casing containing a double
check valve 168 arranged to control communica-
tion between pipe 163 and {wo passages 169 and
110. In one position of the double check valve,
the pipe 163 will be open to passage 170 and dis-
connected from passage 168 as shown in Fig. 3
of the drawings. In the other position of the
double check valve, passage 170 will be discon-
nected from pipe 163 and said pipe will be con-
nected to passage 169. The passages 169 and 170
lead respectively to an ahead valve control device
111 and to an astern control valve device 112.

The control valve devices 111 and 172 are iden-
tical in structure, each comprising a supply valve
{13 contained in a chamber {14 and arranged to
conirol communication between said chamber
and a chamber 175. A spring 173¢ in chamber
{14 acts on the supply valve 113 for seating said
valve. The chamber {15 contains a release valve
{16 in constant contact with a stem projecting
from the supply valve 173 and having a stem {17
slidably mounted in a plunger 178 which in turn
is slidably mounted in a bore in the casing. The
casing is provided with an annular recess 1182
encircling the plunger {18 and containing a ring
seal 179 contracted into sealing engagement with
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the peripheral surface of said plunger for pre-
venting leakage of fluid under pressure from
chamber {75 past said plunger. The bore in
which the fluted stem 17 of the release valve 176

. is mounted opens to a larger bore 180 the outer

end of which is closed by a plug 180c and the
bore 180 is open to the atmosphere through an-
other bore {81 and one or more ports 182 pro-
vided in said plug. A plunger 183 loosely mount-
ed in the bore containing the release valve stem
{11 engages said stem and extends into bore 180
where it is provided with an enlarged head (84
which may be of smaller diameter than bore {80
to allow flow of fluid from one side to the opposite
side. Interposed between the head 184 and the
adjacent end of plug 183a is a spring 185 which
is under pressure. The pressure of spring 8%
against the head 184 and thereby the release
valve 176 is less than the pressure of spring 113a
against the supply valve 173, so that spring {13a
can hold the supply valve 113 seated against the
reaction of spring i85 which is provided to move
plunger {18 out of seating engagement with said
release valve.

The casing of the interlock device 167 is pro-
vided midway between the outer ends of the two
plugs 186e with a depending lug (86 carrying a
pin {87 upon which is fulcrumed a lever 188 hav-
ing two oppositely arranged arms 89 each of
which is disposed over the end of one of the plugs
{86¢. In the end of each arm (89 is secured an
adjustable actuating screw 190 engaging the re-
spective plug 188a. With the parts in the posi-
tion in which they are shown in Fig. 5 the screws
1990 are so adjusted as to permit movement of the
two supply valves 173 against their seats under
the action of springs t13a and to permit move-
ment of the two plungers 118 by springs 185 out
of contact with the respective release valves (76.

The lever (88 is also provided with a depending
lever arm 191, the end of which is loosely accom-
modated in g slot 192 provided in and open to the
periphery of a friction disc 193. This disc is car-
ried on a plunger 184 which is slidably mounted
in a bore provided in a casing 155 (Fig. 1) which
is adapted to be rigidly supported with respect to
the engine and to in turn support the friction disc
in coaxial relation with the end of the engine
crank shaft |. The plunger 194 is also operative
in the capacity of a piston for moving the friction
disc into frictional contact with the end of the
crank shaft i, and to effect such movement, is
subject at its inner end to pressure a fluid in a
chamber 196 which is open to pipe 10 leading to
the starting air valve 9. Pipe 10 is also open to
the side outlet of a double check valve device
197, like the check valve device shown in Fig. 8,
and which has its opposite ends connected to the
pipes 95 and 87.

Operation

Let, it be initially assumed that the operator’s
control lever 119 is in “Stop” position and that
the engine has been stopped from previous oper-
ation in an astern direction, under which con-
dition, the cam shaft 2 will be positioned for
astern operation and the power piston 27, pilot
piston 56, control valve device 34 and interlock
valve device T5 will all be positioned as shown in
Fig. 1,

With the operator’s control lever in “Stop”
position, the ahead and astern run control valve
devices 92 and 93 will be in positions opening
pipes 58 and 60 to the atmosphere, while - the
ahead and astern start control valve devices 94
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and 95 will be in. the positions opening the con-
trol pipes 86 and 97 to the atmosphere. In the
“Stop” position of lever 119, the stap control de-
vice 98 will however be in the position shown for
supplying fluid under pressure, supplied by the
interlock valve device 15 to Pipe 18 and the check
valve device 141 and thence to bipe 140, to pipe
142  from which # will flow through the double
check valve device (43, pipe 144 and the check
valve I45 to the fuel cutout device 146 to main-
tain the fuel control lever 1 and shaft 6 m the
fuel cutoff position for maintaining the engine
stopped.

Now let it be assumed that the operator desires
to restart the engine in the astern direction. To
accomplish this he will move lever 119 to the
“Astern start” position, which will calse opera-
tion of the stop valve device 98 to vent fluid under
pressure from pipe 142 and thereby from pipe
144, and at the same time will actuate the astern
rur valve device 92 to open control pipe 19 to
pipe 58, The control pipe 19 is at this time voig
of fluid under pressure. The cam shaft 2 and the
cam shifting mechanism including the power
piston 27 and pilot piston 56 are already in their
astern positions causing operation of the inter-
lock valve device 15 to open pipe 19 to the atmos-
phere so that operation ef the astern run valve
device 92 will be without effect. The ahead run
valve device 83 remains in the condition opening
pipe §0 to the atmosphere upon this operation of
the operator’s lever {19, With both pives 58 and
68 thus open to the atmosphere and with fluid
under pressure vented from pipe 142 by the stop
valve device 98, the pipe 144 will he maintained
at atmospheric pressure but the check valve 145
will ‘maintsin the fluid pressure in the cut off
valve device 146 previously supplied with the
operator’s lever: 119 in “Stop” position, in order
to maintain the fuel control shaft § in its fuel
cutoff position.

In the “Astern start” position of lever 118, the
astern start valve device 95 will also be operated
to supply fluid, supplied to pipe 18 by the inter-
lock valve device 75, from said pipe to pipe 97
through which it will flow to the directional inter-
lock valve device 167 and also through the double
check valve device 197 to pipe 10, Fluid under
pressure thus provided in pipe 18 will actuate the
starting air valve device 9 to supply fluid under
bressure to pipe {2 for starting the engine to turn
in the direction determined by the position of the
cam shaft 2, and at the same time, fluid sup-
plied to pipe 10 will cause piston 184 to move the
friction disc 193 into frictional contact with the
end of the crank shaft {, After the crank shaft
starts turning in' the chosen direction under the
pressure of startihg air, it will turn the friction
disc 193 in a clockwise or “Astern” direction as
indicated by the legend in Fig. 5, for thereby
rocking the lever 188 in a counterclockwise direc-
tion about its fulerum pin 187, Since the pres-
sure of spring {73a exceeds that of spring 185,
this movement of lever 188 will act, in the astern
valve device 172, to initially move the plunger
118 relative to the release valve (7§ until said
release valve is seated, and then said plunger will
act through said release valve to open the supply
valve 185 against spring (13¢.” Fluid under pres-
sure will then flow from pipe 97 to passage 1710
and thence to pipe 163 for actuating the release
valve device 56 to open pipe {44a to the atmos-
phere for venting fluid under pressure from the
fuel interlock device 146 to render spring {50
therein effective to move the fuel eontrol lever
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4
1 and shaft 6 from their fuel cutoff position to
their fuel supply position. It will thus be seen
that the supply of fuel to the engine is main-
tained cutoff until after the engine has started to
turn in the selected direction, due to operation
of the fuel interlock device 167 being dependent
upon the direction of rotation of the engine’s
crank shaft 1, but after the engine starts to turn
in the selected direction said interlock device wilt
operate to supply fuel to the engine to provide
for running thereof,

After the engine has been started in the astern
direction and the interlock device operates to
supbly fuel to the engine, the operator will move
his control lever from the “Astern start” posi-
tion to the “Astern run” position to permit oper-
ation of the astern starting valve device 95 to
release fluid under pressure from pipe 91. This
will result in operation of the starting air valve
device 8 to cut off the supply of starting air to
the engine and will also remove the force on
piston 194 pressing the disc 193 against the crank
shaft. When the pressure between disc (93 and
the end of the crank shaft is thus removed, the
lever 188 will be returned to the position shown
in Fig. 5 under the action of spring t13a (in the
valve device 172) to seat the supply valve 173,
followed by the action of spring 185 to move the
plunger 178 out of seating engagement with the
release valve (76, With the release valve (18§
thus open, pipe 163 will be open to atmosphere
and the parts of the release valve device |58 will
then return to the position in which they are
shown in Fig. 1 due to the action of spring 164.

Now let it be assumed that instead of restart-
ing the engine in the direction it had previously
been run, that the operator desires to start and
run the engine in the reverse direction which re-
quires reversal of the ecam shaft 2 from the
“Astern” position shown in Fig. 1.

To thus. start and run the engine in the ahead
direction, the operator will move lever }18 from
“Stop” position to the “Ahead start” position.
This movement will effect eperation of the stop

V" valve device 28 to open pipe 142 to the atmosphere

but the fiel interlock device 146 will be main-
tained in its fuel cut off position by fluid nres-
sure retained in pipe i84g by check valve (4%
Movement of the lever {9 through the slot 125

' to the “Ahead start” position will however ac-

tuate the ahead run valve device 83 to supply
fluid under pressure from pipe 78, which is sup-
plied with fluid under pressure from the supply
pipe T8 by way of the interlack valve device 15,
to pipe 80 and at the same time this movement
of the eperator’s control lever will operate the
ahead start valve device 94 to open communica-
tion between pipes 79 and 96. Pipe 18 iz at this
time open to the atmosphere through the inter-
lock valve device 15.

The pressure of fluid thus supplied to pipe &2
will flow through the double check valve device
13 to pipe 72 and thence through the double check
valve device 143 and 144 to maintain the fluid

" pressure in the fuel eut off device 145 to hold the

fuel supply to the engine cut off, and at the same
time will flow from pipe 72 through pipe 7! and -
actuate the relief valve device €9 to supply flnid
under pressure from the supply pive 18 to the
control valve device 34. At the same time, the
fluid pressure supplied to pipe 88 will also cause
operation of the pilot piston 55 ang thereby of
the  power piston 27 to move the cam shaft 2 to

.its ahead position in which the actuating lever

5 will occupy the position indicated by the dash
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and dot line e, and when said lever attains this
position the position of lever 81 in the interlock
valve device 15 will have become reversed to per-
mit operation of the valve device 18 therein to
open. pipe 18 and thus the connected pipe 88 to
the atmosphere which will relieve the pilot pis-
ton 55 of pressure of fluid. This release of fluid
under pressure from pipe §3, which does nol oc-
cur until after the cam shaft 2 has been shifted
to its new position, also results in release of the
fluid under pressure from pipe 144, but the fluid
pressure will be maintained in the fuel cut off de-
vice 146 by check valve 145, so as to maintain
the fuel supply to the engine cut oif. The re-
lease of fluid pressure from pipe 60 also resulls
in release of fluid pressure from pipe Ti, so as
to cause operation of the relief valve device &3
to relieve the power piston of pressure of fluid
after said piston has completed its operation of
reversing the position of the cam shaft 2.

Ab the same time that the valve device 8 in
the interlock valve device 15 is operated to re-
lease fluid under pressure from pipes 18 and 88,
the valve device T will be operated to open com-
munication between the fluid pressure supply
pipe 10 and pipe 79, and fluid thus supplied to
the latter pipe will flow through the ahead stari
valve device 94 to pipe 96 leading to the fuel in-
terlock device 1671 and also through the double
check valve device 187 to the starting air valve
device 9 and to piston chamber 186. The start-
ing air valve device 8 will then operate to supply
air to the engine for causing it to start turning
in the direction determined by the new position
of the cam shaft 2. After the engine thus starts

to turn, operation of the friction disk 188, pressed

into contact with the end of the crank shaft i
by pressure of fluid in chamber 185, will rock
the lever 188 in a clockwise direction (Fig. 5) for
thereby operating the valve device {7{ to supply
fluid under pressure from pipe 98 to pipe 163 for
actuating the relief valve device {56 to vent fluid
under pressure from pipe {4fa, whereupon the
fuel cut off device 146 will operate to pull the
jever 1 from the fuel cutoff position to the fuel

supply position to allow running of the engine.

on fuel. After the engine starts to run on fuel
the operator will return lever ({9 from the
“Ahead start” position to the “Ahead run” po-
sition for releasing fluid under pressure from
pipe 96. This will cause operation of the start-
ing air valve device 9 to cut off the supply of
starting air to the engine and relieve disc 193 of

pressure against the end of crank shaft i, where~

upon the parts of the interlock valve device §87
and of the release valve device i56 will return
to the position in which they are shown in Figs.
5 and 1, respectively, as will he apnparent from
previous description.

Tf the engine is operating in the ahead direc-
tion and the operator desires to reverse the di-
rection of operation of the eéngine, he will move
the control lever |19 from the “Ahead run” po-
sition to the “Astern start” position which will
actuate the astern run valve device 92 to supply
fluid under pressure from pipe 78, which is sup~
plied with fluid under pressure with the cam shaft
2 in its ahead position, to pipe 58 leading to cham-
ber 51 at one side of the pilot piston 56. At the
same time fluid supplied to pipe 58 will flow

through the double check valve device 13 to pipe

72 and thence through pipe T1 to actuate the re-
lief valve device 69 to open communication be-

tween the fluid pressure supply pipe 10 and pipe .
B4, Fluid supplied to pipe 12 will also flow
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through the double check valve device 143 to
the fuel cutoff device 146 for causing operation
thereof to cut off the fuel supply to the engine
whereby the engine may decelerate and stop.

The pilot piston 58 will respond to pressure
of fluid supplied through pipe 58 to cause opera-
tion of the power piston 21 to move the cam
shaft 2 from its ahead position to its astern posi-
tion and to also actuate the interlock device 15
to the positicn shown in the drawings for releas-
ing fluid under pressure from bpipe 19 and for
supplying fluid under pressure to pipe 18 lead-
ing to the astern start valve device 85. This re-
iease of fluid pressure from pipe 79 relieves the
pilot piston 56 of pressure of fluid and causes
operation of the relief valve device 63 to relieve
the power piston 27 of pressure of fluid, and also.
results in release of fluid pressure from pipe {44.
This release of fluid under pressure from pipe
{44 will not however have any effect upon opera-
tion of the fuel cutoff device 146 to maintain the
i;uel cut off due to the action of the check valve

45,

With the astern starting device 95 opening
communication between pipes 78 and 871 with
the operator’s lever {19 in the “Astern start” posi-
tion, the fluid under pressure supplied to said
valve device through pipe 18 will be supplied
through pipe 87 to the interleck valve device 181
and also through the double check valve device
187 to the starting air valve device 9 and to piston
chamber 186. The starting air valve device §
will then operate to supply air to the engine
cylinders, and if the engine has not yet come
to a stop from its previous direction of running,
the reversed condition of the cam shaft 2 will
render such air effective on the engine’s pistons
to promptly stop the engine. The pressure of
fluid in chamber 196 will move the friction disk
{93 into contact with the end of the crank shaft
{, but in case the crank shaft has not yet come
to a stop, said disk will turn in the direction in-
dicated by the legend “Ahead” in Fig. 5 and
thereby operate the valve device 1{71.to open pipe
66 to passage 169. Pipe 96 is at this time vented
by way of the ahead start valve device 94 in the
operator’s control valve device so that this opera-
tion of the interlock valve device 16T will have
no effect upon the condition of the fuel cutoif.
device 146. - : .

After the engine is brought to a stop, the pres-
sure of air supplied by the starting air valve
device 9 is immediately effective to start the en-
gine turning in the reverse direction. With disc
§93 of the directional control device 167 in con-
tact with the end of the crank shaft I, the de-
vice immediately detects this change in direction
of rotation of crank shaft | and actuates the
lever (88 to operate valve device 172 to open
communication between pipe 97 and pipe 163.
Fluid supplied to pipe 97 will then flow to pipe
i63 and actuate the release valve device {566 for
relieving the fuel cutoff device 146 of fluid pres-
sure whereupon said device will operate to pull
the fuel control lever 1 and shaft 6 from their
fuel cutout position to their fuel supply position
for supplying fuel to the engine to provide for
running of the engine. After the engine is run-
ning on fuel in the reversed direction as deter-
mined by the “Astern start” position of the op-
erator’s lever, said lever will be turned to the
“«pstern run” position: for releasing fluid under
pressure from pipe 97 fo cause cutting off of the
supply of starting air to the engine and opera-
tion -of the interlock device 167 to release fluid
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under pressure from the release valve device 156.

Itwillnow be noted that in reversing the direc-
tion-of operation of the engine, the supply of fuel
to the engine is first cut off, the valve gear or
timing of the engine is then reversed. and this
may occur before the engine stops turning, and
after the valve timing is reversed, starting air
is supplied to the engine which, with the engine
still turning in the previous direction, will act
first to bring the engine to g stop and then start
the engine turning in the reverse direction, fol-
lowing which fuel will again be supplied to the
engine to cause running thereof in the new direc-
tion.

The operation- of the apparatus to reverse the
direction of operation. of the engine from astern
to-ahead in response to movement-of the opera-
tor’s control lever from. the “Astern run” position
to the “Ahead start” position will be apparent
from the above description.

Whenever the cperator desires to stop the en-
gine, regardless of the direction of operation, he
will move the contrel lever (19 back to “Stop”
position for actuating the stop valve device 28
to supply fluid under pressure to pipe 142 and
thence through the double check. valve device
142, pipe 144 and check valve (45 and pipe 184¢
to the fuel cutoff device 146, The cutoff device
148 will thereby be operated to cut off the sup-
ply of fuel to the engine whereupon the engine
will stop- with the cam shaft 2 and the eontrol
parts therefore including the pilot piston 56 and
power piston 27 remaining in the condition pre-
viously assumed.

Summary

It will now be seen that the improved system
provides for control pneumatically, from g con-
trol station which may be either local or remoste,
of @ plurality of different operations in a desired
sequence, such as incident to starting, stopping,
and reversing of a reversible internal-combustion
engine. Reversing of the engine is gecomplished
by a fluid motor embodying a power piston and
conttrel means therefor including a fluid eperated
pilot piston and means operable by said motor,
which latter means is thus: conditionable in ac-
cordance with the engine valve gear or timing,
for relieving said pistons of pressure of fluid at
the completion of the reversing operation. This
means conditionable in accordance with the con-
diton of the valve gear also controls the start-
ing of the engine so as to prevent starting power
from being applied to the engine until gfter the
valve gear has been conditioned to provide for
operation of the engine in the desired direction.
The starting power may be fluid under pressure,
and the supply thereof to the engine immediately
upon reversing of the valve gear also provides for
braking of the engine in case the engine has not
elready been stopped, so-as to more promptly stop
the engine and be immediately effective upon
such stopping to start the engine turning in the
opposite direction. ’

The system includes automatic: means for con-
trolling the fuel supply to the engine. This auto-
matic means includes an interlock: device con-
trolled by the direction of rotation of a part of
the engine, such as the crankshaft, to prevent
the supply of fuel to the engine until after it
has started to turn in the selected direction, at
which time said ‘means operates sutomatically
t0 supply fuel to the engine.

The contrel system embedies a number of flex~
ible fluid connections or pipes which connect the
pperator’s: control device to the other control
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devices which will be associated directly with the
engine, and this permits locating the operator’s
contrel device at any desired station witiiout re-
gard to the location of the engine. Such con-
nections may be readily accomplished and are.
not subject to wear and therefore will never re-
quire adjustments due to wear, and thus consti-
tute g relatively inexpensive and simple yet proven
effective and efficient type of control.

Having now described our invention what we
claim as new and desire to secure by Letters
Patent is:

1. A system for controlling the starting of a
reversible internal combustion engine and for
also: controlling the valve gear for said engine
which gear is adjustable to provide for operation
of said engine in either one direction or in the
opposite direction, comprising in combination, a
fiuid motor operable by fluid under pressure to
adjust said gear to provide for reverse operation
of said engine, starting means for said engine,
an operator’s conirol device operative to supply
fluid under pressure to actuate said motor, and
means controlling said supply of fluid under pres~
sure and -operation of said starting means and
operable automatically upon-said adjustment of
said valve gear by fluid under pressure to release
the actuating fiuid on said motor and to effect
operation: of said starting means.

‘2. A system for controlling the starting of a
reversible internal combustion engine and for
also controlling the valve gear for said engine
which gear is adjustable to provide for operation
of said engine in either one direction or in the
opposite direction, comprising in combination, a
fiuid motor operable by fluid under pressure to
adjust said gear to provide for reverse opera-
tion of said engine, starting means for said en-
gine, an coperator’s control device operative to
supply fluid under pressure to actuate said mo-
tor, and means controlling said supply of fluid
under pressure and said starting means con-
trolled by said motor and operable upon said
adjustment of said valve gear by said motor to
release actuating fluid from. said motor and to
effect operation of said starfing means.

3. A system for eontrolling the starting of &
reversible internal combustion engine and for also
controlling the reversing valve gear for said en-
gine which gear is adjustable to provide for op~
eration of said engine in either one direction or
in the opposite direction, comprising in combi=-
nation, a fluid motor operable by fAuid under
pressure to either a first position, or to a second
position for adjusting saifl gear to provide for
operation of said engine in either said one di-
rection or in said opposite direction, starting
means for said engine, an operator’s control de-
vice having first and second positions corresponds=
ing to those of said motor and operable upon
movement to either position to effect a supply
of fluid under pressure to said motor to effect
movement thereof to the corresponding position,
and means conditionable in accordance with the
adjustment of said valve gear for controlling said
supply of fluid under pressure and for also con-
trolling said starting means and operable upon
movement of said control device to either one of -
its positions other than the position correspond-
ing to that of said motor to provide for sald
supply of fluid under pressure and to prevent
opéra-tion of said starting means during opera-
tion of said motor, and operable with said con-
trol device and motor in corresponding positions
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to relieve said motor of pressure of fluid and to
also effect operation of said starting means.

4, A control system for controlling the start-
ing of a reversible internal combustion engine
and for also controlling reversing means for said
engine which is adjustable to determine the di-
rection of operation of said engine comprising
in combination, a motor operable by fluid under
pressure to either one of two positions to selec-
tively adjust said reversing means, an operator’s
control device having positions corresponding to
those of said motor and operable upon movement
to either of its positions to supply fluid to said
motor to effect corresponding positioning there-
of, starting means operable by fluid under pres-
sure to effect starting of said engine, and inter-
lock means controlled by said motor operable
upon positioning thereof corresponding to the
position of said control device to supply fluid un-
der pressure to effect operation of said starting
means and operable with said motor out of the
position - corresponding to that of said control
means to prevent supply of fluid under pressure
to said starting means, said interlock means com-
prising valve means arranged to control the sup-
ply of fluid to said motor and being operable to
cut off such supply and to release fluid under
pressure from said motor upon movement of said
motor to the position corresponding to that of
said control device.

5. A control system for a reversible internal
combustion engine having reversing means ad-
justable to provide for running of said engine in
either one direction or in the reverse direction
comprising in combination, reversing piston
means movable to one position by fluid under
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having one position for effecting a supply of fluld
under pressure to one of said chambers to effect
corresponding positioning of said piston means

~ and having a second position for effecting a sup-
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pressure effective in one chamber to adjust said -

reversing means to provide for operation of said
engine in one direction and movable to a second
position by fluid under pressure effective in an-
other chamber to adjust said reversing means
to provide for operation of said engine in the
reverse direction, starting means operable to
effect starting of said engine, manual control
means having ahead run and start positions for
effecting a supply of fluid under pressure to said
one chamber and having astern run and start
positions for effecting a supply of fluid under
pressure to the said another chamber, means con-
trolled by said piston means operable automati-
cally upon movement of said piston means into
either one of its different positions to provide
for operation of said starting means and operable
to prevent operation of said starting means dur-
ing movement of said piston means, said manual
control means comprising starting control means
operable in each of said start positions to provide
for operation of said starting means upon move-
ment of said piston means to the position corre-
sponding to. that of said manual control means
and operable to prevent or stop operation of said
starting means in the said run positions.

6. A control system for a reversible internal
combustion engine having reversing means ad-
justable to provide for running of said engine in
either one direction or in the reverse direction
comprising in combination, reversing piston
‘means movable to one position by fluid under
pressure effective in one chamber to adjust said
reversing means to provide for operation of said
engine in one direction and movable to a second
position by fluid under pressure effective in an-
other chamber to adjust said reversing means
to provide for operation of said engine in the
reverse direction, an operator’s control device
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ply of fluid under pressure to the other chamber
to effect corresponding positioning of said piston
means, starting means operable by fluid under
pressure to effect starting of said engine, and
being rendered non-operable upon release of fiuid
under pressure, said operator’s control device
comprising starting control means, and interlock
means controlled by said piston means and co-
operative with said starting control means for
controlling the supply of fluid under pressure to
said starting means, said interlock means being
operable upon movement of said piston means
into either one of its positions, and upon opera-
tion of said starting control means, in response
to movement of and with said operator’s control
device in the corresponding position to effect a
supply of fluid under pressure to said starting
means, and being operable during movement of
said piston means between its positions to effect
a release of fluid under pressure from said start-
ing means, said operator’s control device being
operable to effect operation of said starting con-
trol means to release fluid under pressure from
starting means with said piston means in either
of its positions.

7. A control system for a reversible internal
combustion engine having reversing means ad-
justable to provide for running of said engine
in either one direction or in the reverse direction
comprising in combination, reversing piston
means movable to one position by fluid under
pressure effective in one chamber to adjust said
reversing means to provide for operation of said
engine in one direction and movable to a second
position by fluid under pressure effective in an-
other chamber to adjust said reversing means
to provide for operation of said engine in the
reverse direction, an operator’s control valve
device having ahead run and start positions for
effecting a supply of fluid under pressure to one
of said chambers and astern run and start posi-
tions for effecting a supply of fluid under pres-
sure to the other chamber, starting control means
operable by fluid under pressure to effect starting
of said engine and rendered ineffective upon re-
lease of such fluid pressure, interlock means con-
trolled by said piston means, and valve means
associated with said operator’s control valve de-
vice, said interlock means and said valve means
cooperating for controlling said starting means
being operable with said operator’s control valve
device in either start position and with said piston
means correspondingly positioned to effect a sup-
ply of fluid under pressure to said starting control
means, said interlock means being operable with
said piston means out of a position corresponding
to that of said operatoxr’s control valve device to
effect a release of fluid under pressure from said
starting control means, and said valve means
being operable to effect a release of fluid under
pressure from said starting control means with
said operator’s control valve device in the run
positions thereof. :

8. A system for controlling the starting, re-
versing and fuel supply to a reversible internal
combustion engine, comprising in combination,
reversing means conditionable to render said
engine operable in either one direction or in the
opposite direction, starting control means for
starting said engine, fuel control means for con-
trolling the supply of fuel to said engine, reverse
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cantrol means. operable to effect operation of said
reversing mesansto condition said engine for oper-
ation in the reverse direction and. for at the same
time effecting operation of said fuel control means
to-cut off the supply of fuel to s2id engine, means
controlled by .said reverse control means and
operable upon  conditioning of said engine to
operate in said reverse direction to.effect opera-
tion of said starting control means, and operable
to: prevent operation of said starting control
means during operation. of said’ reversing means
to condition said engine for operation in said
reverse direction, and means cooperable with g
rotatable part of said engine upon operation of
said engine in said reverse direction to effect
operation of said: fuel control means to supply
fuel to-sald engine;

9.-A system: for controlling the starting, re-
versing and supply of fuel to a reversible internal
combustion' engine, comprising in combinztion,
reversing means adjustable by fuid under pres-
sure to' render said engine operable in either one
direction or in the opposite direction, fuel control
means operable by fluid under pressure to cut off
the supply of fuel to said engine. and operable
upon release of such fluid pressure to Supply: fuel
to said engine, starting control means operable
by fluid under pressure to effect starting of said
engine, an operator’s control device movable to
a- position fer supplying operating. fluid to: said
reversing means and to said fuel control means
and for opening a fluid pressure Supply communi-
cation to said starting control nieans, valve means
having a condition providing for said supply of
fluid under pressure to said reversing means and
fuel control means and for opening said com-
munication. to- gtmosphere and being operable
upon operation of said reversing means to render
snid engine operable in the reverse direction, to
cut -off the supply of fluid to and to release fluid
under pressure from said reversing means and to
at the same time supply fluid under pressure to
said ‘communication to effect operation: of said
starting ‘means; means operable to maintain the

" fluid- pressure in said fuel control means upon
release of actuating. fluid from said reversing
means, and interlock means conditionable jointly
by pressure of fluid supplied to said communica~
tion and by turning of a rotatable part of said
engine to release fluid under pressure from said
Tuel control means only upon rotation of said
part in the direction determined by said reversing
means, said operator’s control device being mova-
ble to-another position for releasing fluid under
pressure from: said communication. '

10. A system for controlling the starting, re-
versing. and’ fuel supply to a reversible internal
combustion engine, comprising in eombination,
reversing means conditionable to render said
engine operable in either one direction or in the
opposite direction, starting control. means for
starting said engine, fuel control means for con-
trolling the supply of fuel to said engine, revers-
ing control means operable to effect ‘operation
of said reversing means to condition said engine
for operdtion in a reverse direction and for at
the same time effecting operation of said fuel
control means to cut off the supply of fuel to said
engine, intetlock means conditionable to operate
in accordance with the direction of rotation of
a rotatable part of said engine to control opera-
tion of said fuel control means and operable with
said part turning in the direction determined by
said.reversing control means to effect operation
of satd fuel-control means to supply fuel to said
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engine and operable to prevent operation of sald
fuel control means to supply fuel to said engine
with the part turning in the opposite direction
or stopped, means controlled by said reversing
control means operable upon conditioning of said
reversing means to provide for operation of said
engine in the reverse direction, to effect operation
of said starting control means and to condition
said interlock means for response to turning. of
said part and being also operable to ‘prevent oper-
ation of starting contrel means and to render
said interlock means non-responsive to said part
during operation of said reversing means fo re-
verse said engine.

11. A systen: for controlling the starting of an
internal combustion engine and for also control-
ling the supply of fuel to said engine, comprising
in combination, starting control means operable
to initiate turning of said engine, fuel control
means operable to control the fuel supply to said -
engine, operator’s control means operative to
effect. operation of said starting control means,
interlock means arranged for control by turning
of said engine and operable upon turning of said
engine to effect operation of said fual control
means to supply fuel to:said engine angd operable
with said engine stopped to cut off the supply of
fuel to said engine, and means operable upon
operation of said operator’s control device to
effect” operation of said starting control means
to condition said interlock means for response
to turning of said engine.

12. A system for controlling the starting of an
internal combustion engine and for also control-
ling the supply of fuel $o said engine, comprising
in combination; starting control means oberable
by fluid under pressure to effect starting of said
engine, fuel control means operable by fiuid under
pressure and turning of a rotatable part of said
engine to effect a supply of fuel to said engine,
and an operafor’s control device operative to .
supply fluid under pressure to effect operation
of said starting control means and fuel contrel
means simultaneously.

13. A system for controlling the starting of an
internal combustion engine and for also control-
ling the supply of fuel to said engine, comprising
in combination, starting control means operable
by fluid under pressure to effect starting of said
engine and rendered ineffective upon reiease of
fluid under pressure, fuel controi means operable
upon engagement with a rotating part of said
engine to effect a supply of fuel to said engine
and operable with said engine stopped or upon
disengagement with said rotating part of said
engine to prevent said supply of fuel to said en-
gine, piston means operable by fluid under pres-
sure to effect engagement between said fuel con-
trol means and said rotating part of said engine
and upon release of such fluid under pressure
disengagement, and an operator’s control device
operative to simultaneously effect either a supply
of fluid under pressure to said starting control
means and piston means or a release of finid
under pressure from said starting control means
and piston means.

14, A system for controlling the starting and
stopping of an internal combustion engine and
for also controlling a supply of fuel to said en-
gine, comprising in combination, starting control
means operable to effect starting of said engine to
turn, an operator’s control gevice having g stop
position and being movable to 3 start position to
effect operation of said starting control means,
Tuel control means operable to either wut off the




12

supply of fuel to said engine to effect stopping
thereof or to provide fuel to said engine to permit
running thereof, mechanism operable when sub-
ject to pressure of fluid and turning of said en-
gine to effect operation of said fuel control means
to supply fuel to said engine and operable to pre~
vent such supply of fuel to said engine when not
subject to pressure of fluid, said operator’s control
device being operable in said start position to sub-~
ject said mechanism to pressure of fluid and be-
ing operable in said stop position to release fluid
under pressure from said mechanism.

15. A system for controlling the reversing of a
reversible internal combustion engine, the supply
of fuel to said engine and the starting of said
engine, comprising in combination, reversing
means for reversing the direction of operation of
said engine, fuel control means for controlling
the supply of fuel to said engine, starting control
means for starting said engine, an operator’s con-
trol device operable to effect operation of said re~
versing means, means controlled jointly by said
reversing means and operator’s control device and
operable upon operation of said reversing means
to provide for reversal of direction of operation
of said engine, to effect operation of said starting
control means to start said engine, and other
means controlled jointly by said reversing means
and turning of a rotatable part of said engine for

controlling said fuel control means and operable :

to effect operation of said fuel control means to
cut off the supply of fuel to said engine during
operation of said reversing means to reverse said
engine and with said engine stopped and condi~

tionable by said reversing means upon completion

of the reversing operation thereby and by rota-
tion of said part of said engine to provide for
supply of fuel of said engine.

16. A system for controlling the reversing of a
reversible internal combustion engine, the supply
of fuel to said engine, and the starting of said
engine by compressed air, comprising in com-
bination, reversing means for reversing the direc-
tion of operation of said engine, fuel control
means operable by fluid under pressure to cut off
supply of fuel to said engine and upon release of
such fluid pressure ot provide for supply of fuel
to said engine, starting control means operable
by fluid under pressure to supply compressed air
from starting said engine, an operator’s control
device having a stop position and operable there-
in to release fluid under pressure from said start-
ing control means and to supply of fluid under
pressure to said fuel control means, said oper-
ator’s control device being movable from said
stop position to a start position for effecting op-
eration of said reversing means to reverse the
direction of operation of said engine, means con-
trolled jointly by said reversing means and op-
erator’s control device in the start position there-
of and operable upon operation of said reversing
means to provide for reversal of direction of op-
‘eration of said engine to supply fluid under pres-
sure to said starting control means, and other
means operable by fluid pressure supplied to effect
operation of said starting control means, to .re-
spond to rotation of a rotatable part of said engine
to release fluid under pressure from said fuel con-
trol means and operable with said engine stopped
to provide for fluid pressure being effective in said
fuel control means.

17. A system for controlling the starting, re-
versing and fuel supply to a reversible internal
combustion engine, comprising in combination,
starting control means, reversing means operable
by fiuid under pressure to reverse the direction
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of operation of sald engine, fuel control means
operable by fluid under pressure to cut off the
supply of fuel to said engine and  operable upon
release of fluid under pressure to provide for fuel
being supplied to said engine, an operator’s con-
trol device having a stop position for supplying
fluid under pressure to said fuel control means
and being movable to a start position to cut off
said supply of fluid under pressure to said fuel
control means and to supply fluid under pressure
+0 said reversing means, interlock means operable
upon operation of said reversing means to reverse
the direction of operation of said engine to effect
operation of said starting control means, means
operable to maintain said fuel control means in
condition cutting off the supply of fuel to said
engine with said control device in said start po-
sition, other means responsive jointly to opera-
tion of said interlock means and turning of said
engine to effect operation of fuel control means
to provide for supply of fuel to said engine, the
said other means being operative to prevent op-
eration of said fuel control means to provide fuel
to said ehgine with said engine stopped or operat-
ing in a direction the reverse of that provided
for by said reversing means.

18. A system for controlling the starting, re-
versing and fuel supply to a reversible internal
combustion engine, comprising in combination,
starting control means, reversing means oper-
able by fluid under pressure to reverse the direc-
tion of operation of said engine, fuel control
means operable by fiuid under pressure to cut
off the supply of fuel to said engine and operable
upon release of fluid under pressure to provide
for fuel being supplied to said engine, an oper-
ator’s control device having a stop position for
supplying fluid under pressure to said fuel con-
irol means and being movable to & start position
to cut off said supply of fluid under pressure to
said fuel control means and to supply fluid under
pressure to said reversing means, means providing
for supply of fluid under pressure from said re-
versing means to said fuel control means, inter-
Jock means operable upon operation of said re-
versing means to reverse the direction of oper-
ation of said engine, to cut off the supply of fluid
under pressure to said reversing means and to
supply fluid under pressure to effect operation
of said starting control means, means operable
%o maintain the fluid pressure in said fuel con-
trol means upon cutting off the supply of fluid
under pressure to sald reversing means, and other
means responsive jointly to operation of said
interlock means and turning of said engine to
release fluid under pressure from said fuel con-
trol means, the said other means being operative
to prevent release of fluid from said fuel control
means with said engine stopped or turning in the
direction the reverse of that provided for by
said reversing means.

19. A system for controlling the starting of
and supply of fuel to an internal combustion
engine, comprising in combination, starting con-
trol means operable by fluid under pressure to
effect starting of said engine, fuel control means
operable by fluid under pressure to cut-off the
supply of fuel to said engine, an operator’s con-
trol device having a stop position for supplying
fluid under pressure to said fuel control means,
a start position for effecting a supply of fluid
under pressure to said starting control means and
g run pesition for releasing fluid under pressure
from said starting control means and being oper-
able in said run and start positions to cut off
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said supply of fluid under pressure to said fuel
control means, means operable to maintain said
fuel control means in the position cutting off the
supply of fuel to said engine in the start posi-

tion -of said control dsvice, and means condi- -

tioned by pressure of fluid supplied to said start-
ing control means; to operate upon rotation of
said engine in response to operation of said start-
ing -control means to effect operation of said
fuel control means to provide fuel to said engine.

20. A system for controlling the starting and
supply of fuel to an internal combustion engine,
comprising in  combination, starting  econtrol
means operable by fluid under pressure to effect
starting of said engine, fuel control ‘means oper-
able by fluid under pressure to cut off the supply
of fuel to said engine angd. operable upon release
of fluid under pressure to provide for supply of
fuel to said engine, an operator’s control device
having a stop position for supplying fluid under
pressure. to said fuel control means, a start posi-
tion for effecting a supply of fluid under pres-
sure to said starting control means and a run
position for releasing fluid under pressure from
said starting control means and being operable
in-said run and start position to cut off said
supply of fluid under pressure to said fuel con-
trol means, means operable to maintain fluid
under pressure in said fuel control means upon
movement of said operator’s control device out
of said stop position, and means conditioned by
pressure of fluid supplied to said starting con-
trol means to operate upon rotdtion of said en-
gine in response to operation of said starting
control ‘means to effect release of fluid under
pressure from said fuel control means.

21. A control system for controlling the start-
ing, stopping and reversing of a reversible in-
ternal combustion engine and for also controlling

the supply of fuel to said engine, comprising in.

combination, starting control means operable by
fluid under pressure for effecting starting of said
engine, reversing means selectively operable by
fluid under pressure to provide for operation of
said engine in either one direction or in the
opposite direction, fuel control means operable
for fluid under pressure to cut off the supply of
fuel to said engine, an operator’s control device
having forward and reverse start positions for
supplying fluid under pressure to said reversing
means to effect operation thereof to provide for
operation of sald engine in, respectively, either
a. forward direction or a reverse direction and
being also operable in said’positions to open com-
munication for supplying fluid under pressure to
sald starting control means, said reversing
means also controlling said communication
and cooperating with said control device to
prevent supply of fluid under pressure to said
starting control means during operation of
sajd reversing means and to provide for such

supply upon conditioning of said reversing means’

to provide for operation of said engine in the
seletted direction, said operator’s control ‘device
also having forward and reverse run positions
for releasing fluid under pressure from said start-
ing control means, and a stop position for sup-
plying fluid under pressure to said fuel con-
trol means and being operable in the start and
run positions to cut off the supply of fluid under
pressure to said fuel control means, means oper-
able to maintain said fuel control means in the
condition cutting off the fuel to said engine with
said control device in said start positions, and
interlock means conditionable by fluid under
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bressure supplied to operate said starting con-
tral means, to aperate upon rotation of said
engine in the direction determined by said re-
versing means to release said fuel control means
to provide for supply of fuel to said engine, said
interlock means being operable with said engine’
stopped or turning in a direction the reverse of
that which said reversing means is adjusted for
to prevent release of said fuel contrel means.
22. A system for controlling the starting, stop-
ping, and reversing of and the supply of fuel to
a reversible internal combustion engine, com-
prising in combination, reversing means at said
engine selectively operable by fluid under pressure
to provide for operation of said engine in either
one direction or in the opposite direction, start- *
ing control means at said engine operahble. by
fluid under pressure to, effect starting of said
engine, fuel control means_at said engine oper-
able by fluid under pressure to cut off the fuel
supply .to said engine, anh operator’s control valve
device arranged to be located remote from said
engine, pipes connecting said .control valve de-
vice to said reversing means, starting means and
fuel control means, said control device compris-

~ing an operator’s .lever having a step position
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and at one side thereof an ahead start position
and an ahead run position and at the opposite
side an astern start position and an astern run
position, said valve device further comprising
valve means selectively operable by said lever in
the different positions thereof for controlling said
reversing means, starting .control means and
fuel eontrel means.

23. A system for controlling the starting, stop-
ping and reversing of and the supply of fuel to
a reversible internal comhbustion engine, compris-
ing, in combination, reversing means at said
engine selectively operable by fluid under pres-
sure to provide for operation of said engine in
either one direction or in the opposite direction,
starting control means at said engine operable
by fluid under pressure to effect starting of said
engine, fuel control means at said engine oper-
able by fluid under pressure to cut off the fuel
supply to said engine, an eperator’s control valve
device comprising an operator’s lever having a
stop position and at one side thereof ahead start
and run positions and at the opposite side astern
start and run pesitions, valve means. operable
by said lever in said start positions to supply fluid
under pressure to operate said reversing means
and fuel control means and to provide for supply
of fluid under pressure to said starting centrol
means and being operable in said run positions
to release fluid under pressure from said starting
contrel means and to eutoff the supply of fluid
under pressure to said fuel contrcl means and
being operable in said stop position to.supply fluid
under pressure to said fuel conirol means, and
being also operable to cut off the supply of fluid
under pressure to said fuel control means with
said lever in either start position upon condi-
tioning of said engine by said reversing means to
operate in the reverse direction, and interlock
means at said engine conditionable by fluid under
pressure supplied to operate said starting con-
trol means, to turn upon operation of said engine
in the direction provided for by operation of said
reversing means to effect operation of said fuel
control means to supply fuel to said engine, said
interlock means preventing operation of said fuel
control means to provide for supply of fuel to
said engine with said engine operating in the
opposite direction.
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24, A system for controlling the starting and
reversing of an internal combustion engine and
for also controlling the fuel supply to said engine
comprising in combination, reversing means oper-
able to condition said engine for operation in
either one direction or in the opposite direction,
starting means operable by fluid under pressure
to effect starting of said engine and being ren-
dered ineffective upon release of fluid under pres-
sure; fuel control means operable by fluid under
pressure to cut off the supply of fuel to said
engine and operable upon relief of fluid under
pressure to provide for supply of fuel to said
engine, an operator’s control device having one

. position to provide for running of said engine
in. one direction and being movable to a second
position for effecting a supply of fluid under pres-
sure to said fuel control means and for also.ef-
fecting operation of said reversing means fo
condition said engine for operation in the said
reverse direction, interlock means controlled by
said reversing means and operable upon condi-
tioning of said engine for operation in said reverse
direction to supply fluid under pressure to effect
operation of said starting means, and means
arranged to be operated by fluid under pressure
supplied by said interlock means to release fluid
under pressure from said fuel control means.

25. A system for controlling the starting and
reversing of an internal combustion engine and
for also controlling the fuel supply to said engine
comprising in combination, reversing piston
means operable upon supply of fluid under pres-
sure to one chamber to provide for running of said
engine in one direction and operable upon supply
of fluid under pressure to a second chamber to
provide for running of said engine in the reverse
direction, starting means operable by fluid under
pressure to effect starting of said engine and being
rendered ineffective upon release of fluid under
pressure, fuel control means operable to either
supply fuel to said engine or to cut off the sup-
ply of fuel to said engine, an operator’s control
valve device having one position for effecting a
supply of fluid under pressure to said one chamber
and being movable from said one position to either
a run position or a start position for supplying
fluid under pressure to the said other chamber,
means responsive to said movement of said op-
erator's control device to either said run or said
start position to effect operation of said fuel con-
trol means to cut off the supply of fuel to said
engine, interlock means controlled by said re-
versing means operable upon conditioning of said
engine for operation in the said reverse direction
to supply fluid under pressure for actuating said
starting means, means arranged for operation
by fluid under pressure supplied to actuate said
starting means to effect operation of said fuel
control means to provide for supply of fuel to said
engine, said operator’s control device being oper-
able in said start position to permit said supply
of fluid under pressure to said starting means and
in said run position to prevent such supply and
to release fluid under pressure from said starting
means, ’

26. A control system for controlling the starting
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of a reversible internal combustion engine and for
also controlling reversing means for said engine
which is adjustable to determine the direction of
operation of said engine comprising in combina-
tion, a motor operable by fluid under pressure to
either one of two positions to selectively adjust
said reversing means, an operator’s control de-
vice having positions corresponding to said posi-
tions of said motor and heing operable upon move-
ment to either one or the other of its two positions
to supply fluid under pressure to said motor to
effect corresponding positioning of said motor,
valve means arranged to control the supply of
fluid under pressure to said motor by said opera-
tion of said operator’s control device and being
operable to cut off such supply and to release fluid
under pressure from said motor, starting means
operable by fluid under pressure to effect starting
of said engine, interlock mechanism having two
different controlling positions for controlling said
valve means and starting means and being oper-
able in one of said positions to supply fluid under
pressure to effect operation of said starting means
and to also effect operation of said valve means to
release fluid under pressure from said motor, and
being operable in the other of said two positions
to prevent supply of fluid under pressure to said
starting means and to effect operation of said
valve means to permit supply of fluid under pres-
sure to said motoer, and connecting means cper-
able by said motor upon positioning of said motor
corresponding to the position of said operator’s
control device to position said interlock mecha-
nism in its said one confrolling position and op-
erable with said motor out of the position cor-
responding to that of said motor to position said
interlock mechanism in its said other controlling
position.

27. A contrel system for a reversible internal
combustion engine’s valve gear which is adjustable
to provide for operation of said engine in either
one direction or in the opposite direction com-
prising in combination, a power piston operable
by fluid under pressure to adjust said gear, pilot
means operable by fluid under pressure to estab-
lish a communication through which fluid under
pressure is adapted to flow to said power piston to
actuate same, valve means controlling said com-
munication, said valve means being operable by
fluid under pressure to open said communication
and operable upon release of such fiuid under
pressure to close said communication and to re-
lease fluid under pressure from said power piston,
an operator’s control device operable to establish
another communication through which fluid
under pressure is adapted to flow to said pilot
means and also to said valve means for operating
said pilot means and valve means, and means con-
trolling flow of fluid under pressure to said other
communication and operable upon adjustment of
said valve gear by said power piston to cut off.the
flow of fluid under pressure to said other com-
munication and to .release fluid under pressure
from said other communication, -
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