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This invention relates to control apparatus and
more particularly to the fluid pressure type for
controlling a plurality of different operations in
a desired sequence, such as required in control-
ling a reversible Diesel engine.

In the copending application of Harry C. May
and myself, Serial No. 521,798, filed February 10,
1944, there is disclosed a fluid pressure system of
the above type which embodies a power piston
adapted to be operated by fluid under pressure
supplied to act on one side to condition the re-
verse gear or timing of a reversible engine to
provide for operation of the engine in one direc-
tion, and adapted to be operated by fluid under
pressure supplied to act on the opposite side to
condition said gear to provide for operation of
said engine in the reverse direction. An opera-
tor’s control device is operative to selectively pro-
vide fluid pressure on either the one side or on
the opposite side of the power piston. The struc-
ture further embodies means for delaying the
supply of fluid to actuate the power piston for
a certain period of time, such as 6 seconds, after
operation of the operator’s control device to pro-
vide such fluid, and the purpose of this delay is
to insure the stopping of the engine in one direc-
tion of operation before permitting operation of
the power piston to reverse the engine’s reverse
gear or timing to provide for operation of the
engine in the opposite direction.

This delay in supplying fluid to act on the power
piston is effective under all conditions of engine
control, even when the operator desires to restart
and operate the engine in the same direction that
it last operated. Under this latter condition the
delay is not necessary, however, since the engine’s
reversing gear is already conditioned to allow
starting of the engine.

The principal object of the invention is there-
fore the provision of means for rendering the
delay means above described ineffective upon
starting the engine in the same direction that it
last operated.

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

Tn the accompanying drawing; Fig. 1 is a dia-
grammatic view of a control system embodying
one form of the invention; and Fig. 215 & view of
the portion of the structure shown in Fig. 1 and
embodying another form of the jinvention.

Description

Referring first to Fig. 2. The reference nu-
meral | indicates a reversible Diesel engine which
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is arranged to be connected through suitable cou-
pling means 2 to a drive shaft 3, said engine being
operable to turn said shaft in either one direction
or in the opposite direction according to the di-
rection of operation of the engine. The reference
numeral 4 designates a brake for the drive shaft
3 and thereby the engine, 'The numeral 5 indi-
cates a brake cylinder device adapted to be op-
erated by fluid under pressure supplied through
a pipe 6 to actuate the brake 4 for braking. the
shaft 3 and the engine 1, and adapted to operate
upon release of fluid under pressure from said
pipe to release said brake, The numeral 1 indi-
cates g starting air pipe through which com-
pressed starting air is adapted.to be supplied to
certain or all of the cylinders of the engine in
order to effect starting of the engine in the di-
rection determined by the timing or condition of
the engine’s valve gear. The supply of starting
air to pipe T is arranged to be controlled by a
starting air valve device 8 which is adjustable
by a lever 9. With lever 9 in the position in
which it is shown in the drawing the supply of
starting air to the starting air pipe T will be cub
off, while upon movement of said lever to a po-
sition such as indicated by a dot and dash line
10, starting air will be admitted to pipe 7 and
thereby to the engine.

Movement of lever 9 to its different positions
may be controlled by a starting control motor {1
which is operative upon supply of fluid under
pressure to a pipe i2 to move the control lever
§ to the position indicated by the dot and .dash
line 10 and which is operative upon release of
fluid under pressure from said pipe to return the
lever 9 to the position in which ib is shown in
the drawing. -

The reference numeral (3 indicates a speed
governor of any conventional type arranged to
be driven by and to operate at a speed propor-
tional to that of the engine | for limiting -the
fuel supply to and thereby the speed of the en-
gine in accordance with the adjustment of &
governor control lever 4. This lever may have
an engine idling position in which it is shown
in the drawing and may be adjusted to any po-
sition between said idling position and a maxi=
mum speed position such as indicated by a dot
and dash line 15 to thereby provide for any de-
gree of speed of the engine.

The adjustment of the speed control lever 14
may be controlled by a speed control motor I6
which is operable upon supply of fluid - under
pressure to a speed control pipe 17 to adjust said
Jever out of the idling position to a position cor-
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responding to the pressure of such fluid. A cer-
tain maximum pressure of fluid in control pipe
17T will cause operation of the motor 16 to move
the speed control lever 14 to the maximum speed
position indicated by the dot and dash line 5,
while opening said pipe to atmosphere will cause
operation of said motor to move the.speed control
lever 14 to idling position in which it is:shown
in the drawing.

The reference numeral 18 indicates a fuel cut-
off device which is arranged to cut off the supply
of fuel to the engine, in any conventional man-
ner, to allow stopping of the engine. .Operation
of the fuel cut-off device may be controlled by
a lever {9 having a fuel cut-off position in which
it is shown in the drawing and a fuel supply po-
sition indicated by a dot and dash line 20. The
lever 9 is connected to a fuel cut-off .motor-2(
which is arranged to be controlled by pressure of
fluid in pipe 6 and which. is operable upon supply
of fluid under pressure to said pipe to move lever
19 to its fuel cut-off position and which is oper-
able upon release of fluid pressure from said pipe
to effect movement of said lever to its fuel supply
position.

The engine | is, provided with a rotatable shaft
22 for effecting,.in any conventional manner as
by means of gears and racks (not shown), the
reversing. of the engine’s valve gear or timing to
provide for starting.and operation of .the engine
in either one direction or in the reverse direction.
A gear 23 is secured to shaft.22 for turning same.

The structures. so far described for controlling
the operation of engine I are arranged to be con-
trolled by a maneuvering control valve device 26
mounted on the engine and which is arranged
to be controlled by an operator’s control valve
device 21. .

The maneuvering control device.26 comprises a
bracket 29 upon which is removably mounted a
fluid reversing motor 30 for actuating the revers-
ing shaft 22, and also comprises a timing or inter-
lock valve device 31. for controlling the operation
of said motor, and for also controlling the gpera-
tion of the starting motor i1, the ‘fuel cut-off
motor 21 and the brake 4.

The reversing motor 30 comprises a cylinder
containing a double acting piston 33, at one side
of which is a pressure chamber 34. The piston
33 is provided with a rod 35 projecting from the
opposite side through a pressure.chamber 36 and
a pressure head 37, closing one end of said cyl-
inder, to the exterior of said head. Exteriorly
of the pressure head 37, the rod 35 is provided
on one side with gear teeth 38 which -mesh with
the teeth on gear 23 on the reversing shaft 22,
whereby reciprocation of piston 33 in its cylinder
will turn the reversing shaft 22. The piston 33
has two .operating positions, namely, an astern
position in which it is shown in the drawing, and
which is defined by contact between said piston
and the closed end of the eylinder, for condition-
ing the engine’s reversing shaft 22 to provide for
operation of the engine .in an astern direction,
and the second position which is defined by con-
tact between said piston .and the pressure head
37 to condition the reversing shaft 22 to provide
for operation of the engine in the opposite or an
ahead direction. ‘Movement of the piston 33 to
its astern position is adapted ‘to be effected by
fluid under pressure supplied to chamber 36 by
way of a passage 39, when chamber 34 is open to
atmosphere through a passage 40, while move-
ment of said piston to the ahead position defined
by contact with the pressure ‘head 37 is adapted
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to be obtained by fluid under pressure supplied
through passage 40 to chamber 34 when fluid
bressure is released from chamber 38 by way of
passage 39.

The supply and release of fluid under pressure
to and from passages 39 and 40 is controlled by
astern .and. ahead. pilot valve devices 42 and 43,
respectively, which constitute a part of the timing
or interlock valve device 31. The timing or in-

~ferlock valve device 81 further comprises a start-

ing control valve device 44 for controlling the
supply and release of fluid under pressure to and
from the starting control motor {1, and also com-
prises a fuel and brake control valve device 45
for controlling the supply and release of fluid
‘under pressure to and from pipe 6, the brake cyl-
inder device §-and fuel cut-off motor 21.

The astern pilot valve device 42 comprises a
fluid pressure supply valve 471 contained in g
chamber 48 which is adapted to be constantly
supplied with fluid under pressure from any suit-
able source by way of a passage 49, a chamber 53
and a passage 5f. 'The valve 4T has a fluted stem
52 extending through a bore in a partition wall
separating chamber 48-from a chamber 53, which
latter chamber is connected to passage 38 leading
to  chamber 35 below the power piston $3. In
chamber 53 the supply valve stem 52 engages a
release valve 54 arranged to seat on the end of a
movable plunger 55. The release valve has a
fluted stem 56 extending into a bore in plunger
§5, which bore is.in constant communication with
the atmosphere through ports 57 in the plunger,
ports .58 in a sleeve 59 secured in the casing, a
chamber §9, a passage 61, a chamber 82 and 2 vent,
port 63. In plunger:55 there is g spring 64 which
is connected through a pin 65 to the release valve
stem 5§.for urging said valve out of seating con-
tact with.the end of said plunger. A spring 66

‘having greater precompressed force than spring

64 is provided in chamber 48 and acts on the

‘supply valve 47 for urging said valve in the di-

rection of its seat.

The end of plunger 55 which is opposite the
release valve 54 is connected to a follower 67 en-
gaging one side of a flexible diaphragm 68. At
the opposite side of diaphragm 68 is a fluid pres-
sure control chamber 69. ‘A precompressed coil
spring 70 acts on follower 67 for deflecting the
diaphragm 88 in the direction of chamber 69, such
movement being limited by contact between said
diaphragm and a stop TI. When diaphragm 68
is subjected, in chamber 69, to fluid at a pressure

. sufficient to overcome spring 10, said diaphragm
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will deflect against the opposing force of said
spring as will be apparent. Upon movement of
diaphragm 68 against the opposing force of spring
10, the plunger 55 will initially move relative to
the release valve 54, due to the fact that the pres-
sure of spring 66 exceeds that of spring 64. After
a certain degree of such movement plunger 55 will
engage the release valve 54 for closing communi-
cation between chamber 53 and chamber §8, and
further movement of the diaphragm 68 will then
act through said valve to unseat the fluid pressure
supply valve §71. Conversely, upon release of fluid
pressure from chamber 69, and movement of
diaphragm 68 and plunger 55 by spring 10 back
to the position defined by stop 71, the fluid pres-
sure supply valve 47 will be seated by spring 66
ahead of the opening of the release valve 54 by
spring 64.

The pressure chamber 69 above diaphragm 68
1is -connected through a passage 712, a choke 73,

76 and a communication by-passing said -choke and
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containing serially -arranged -check valves 91, to
a passage T4 which is connected to an astern
control pipe 15 leading to the operator’s con-
trol valve device 21. The check valves 91 are pro-
vided to render choke 13 effective to regulate the
rate of flow of fluid under pressure from pipe 15
to chamber 68, while said valves will open upon
reverse flow of fluid under pressure to provide for
a relatively fast release of fluid under pressure
from said chamber to pipe T9.

The ahead pilot valve device 43 is structurally
identical to the astern pilot valve device 42, just
described, and briefly described, comprises a sup-
ply valve 16, a release valve 11, a plunger 18 hav-
ing a seat for said release valve, & follower 19
engaging one side of a flexible diaphragm 80, a
control spring 81 acting through said follower
on said diaphragm in opposition to pressure of
fluid in a chamber 82, a spring 88 for closing the
supply valve 16 and a spring 84 for unseating
the release valve 17 from the end of plunger 18.
The supply valve 16 is contained in the fluid
pressure supply chamber 48, while -the release
valve 11 is contained in a chamber 85 which is
connected to passage 49 leading to chamber 34 at
the upper side of the reversing piston 33.

The chamber 82 above diaphragm 80 is con-
nected through a passage 86, a choke 87 and a
passage 88 to an ahead control pipe 89 leading to
the operator’s control valve device 21. The choke
87 is provided to restrict flow of fluid under pres-
sure in the direction from pipe 89 to pressure
chamber 82, while a faster rate of outflow of fluid
from said chamber is provided for through a
communication by-passing choke 87 and con-
taining two serially arranged check valves 90.

The starting control valve device 44 is struc-
turally identical to the astern and ahead con-
trol valve devices 42 and 48 and; briefly described,
comprises a fluid pressure supply valve 95, a re-
lease valve 96, a plunger 97, a flexible diaphragm
98, a spring 938 acting on said diaphragm in op-
position to pressure of fluid in a control chamber
100,  spring 101 for closing the supply valve 95
and a spring 102 for opening the release valve
86. The supply valve 85 is contained.in a cham-
ber 103 which is-connected by a passage 104 to0 a
starting control pipe 105 leading to the operator’s
control valve device 21. The release valve 96 is
contained in a chamber 106 which is connected by
a passage (07 to pipe {2 leading to the starting
control motor I1. The diaphragm chamber 108
is connected through a passage 108 and a choke
109 to a control passage 110.

The control passage 110 leads to the side aoutblet

of a double check valve device {12 which com-.

prises two check valves 113 and 114 contained
in chambers [15 and 116, respectively. These
check valves are connected together for move-
ment in unison by a stem [{T which loosely ex-
tends through a bore provided in a wall 118
which separates chambers 115 and {16, At the
opposite ends of this bore, the wall 118 is provided
with seats for contact with the valves 113 and
114, respectively, said valves being spaced apart
by stem 11T a distance exceeding that between
said seats whereby when either valve is seated
the other will be unseated. The bore through
the wall 148 containing stem 117 is connected by
one or more radial bores 119 to passage i10.

The chamber |16 containing check valve 114 is
open through a passage 120 containing a choke
i2{ to chamber 36 below the power or reversing
piston 33 when said piston is in contact with
the closed end of the cylinder. Upon movement
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of piston 33 out of contact with the closed end
of the cylinder in the direction of pressure head
31, the passage 120 is first disconnected from
chamber 36 and then opened past said piston to
pressure chamber 34.

The chamber 115 containing check valve 113 is
connected by a passage 122 containing a choke
128 to pressure chamber 36 with the piston 33 in
the astern position as shown in the drawing, and
said passage is adapted to be opened to chamber
34 upon movement of piston into contact with
the pressure head 387.

The fuel and brake control valve device 45 is
also structurally identical to the astern and ahead
control valve devices 42 and 43 and to the start-
ing control valve device above described and,
briefly described, comprises a valve 130, a second
valve 131, a plunger 132 having a seat for valve
{31, a flexible diaphragm 138, a spring 134 act-
ing on one side of said diaphragm in opposition
to pressure of fluid in a chamber 135 at the op-
posite side, a spring 136 acting to close the valve
130 and a spring (37 acting to open the valve
131. The valve (31 is contained in a chamber
138 which is connected through a passage .139 to
pipe 6 leading to the brake cylinder device 5 and
fuel cut-off motor 21 and is arranged to control
the flow of fluid under pressure from chamber
50 to chamber {38. The valve 130 is contained in
chamber 62 which is open to-atmosphere through
the vent 63 and is provided to control communi-
cation between said chamber and chamber i38.

Pressure chamber 135 above diaphragm (33 is
connected to a passage 140 which leads to the side
outlet of a double check valve {41 which is sub-
ject on its opposite ends o pressure of fluid from
chambers 53 and 85 in the astern and.ahead

- pilot valve devices 42 and 43, by way of passages
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142 and 143, respectively. Upon supply of fluid
under pressure to passage 142, the double check
valve will be moved by such pressure to a position
the reverse of that shown in the drawing for
opening communication between said passage
and passage {40 while closing communication be-
tween passages 140 and 143. Upon supply of
fluid under. pressure to passage 143, the double
check valve 141 will move to the position in which
it is shown in the drawing for opening communi-
cation between passages 143 and 140 and for clos-
ing communication between passages. 140 and
(42, The diaphragm chamber 3% is also con-
nected through a communication including two -
serially arranged check valves 144 to passage 108
leading to pressure chamber [0 above diaphragm
98 in the starting control valve device 44, sald
check valves being arranged to prevent flow of
fluid under pressure from chamber 135 to pas-
sage 108 but to permit flow in the opposite di-
rection.

The operator’s control valve device 21 is pro-
vided for controlling through pipes 75, 89 and
105 supply of fluid under pressure to and its re-
lease from diaphragm chambers 89, 82 and 163
in the astern and ahead pilot valve devices 42 and
43 and in the starting control valve device 44, re-
spectively, and for also controiling through pipe
11 supply and release of fluid under pressure to
and from the speed control motor 16. The op-
erator’s control valve device therefore comprises
valve means (not. shown) for controlling the
pressure of fluid in the pipes just mentioned and
a lever 145 for controlling the operation of said
valve means. :

The lever 145 extends through guide slot i46
and has a “Stop” position intermediate the ends




2,477,836

7

of said’slot. At one side of “Stop” position in-
dicated in the drawing by a legend “Ahead,” the
lever 145 has'a “Run and idle” position which is
located substantially midway between “Stop” po-
sition and the end of the slot where said lever
has a “Full speed” position. Adjacent the “Run
and idle” position the slot 148 opens to a side
slot 147 to allow movement of lever (45 to a
“Start” position. At the opposite side of “Stop”
position, indicated by the legend “Astern,” the
lever 149 has oppositely arranged “Run and
idle” and “Full speed” positions, and adjacent
said “Run and idle” position a “Start” position
in a side slot 148.

In “Stop” position of lever {45 the valve means
(not shown) controlled by said lever are oper-
able to open the several pipes 15, 89, 195 and 17
to atmosphere. In “Run and idle” position at the
“Ahead” side of “Stop” position the valve means
controlled by lever 145 are operative to supply
fluid under pressure to the ahead control pipe
89 while maintaining the astern control pipe 15,
the starting control pipe 185 and the speed con-
trol. pipe 1T open to atmosphere, while upon
movement of said lever into the side slot 47
Auid under pressure is adapted to be additionally
supplied to the starting contrel pipe 85, In the
“Run and idle” position of lever {45 at the oppo-
site or astern side of “Stop” position, fluid under
pressure is adapted to be supplied to the astern
control pipe 15 while the ahead control pipe 83,
the starting pipe 105 and the speed conirol pipe
1T will be open to atmosphere, while upon move-
ment of said lever into slot {48 fluid under pres-
sure will also be supplied to the starting control
pipe 105.

- When the lever {45 is in either of the “Run and

idle” positions the speed control pipe {7 is adapted
to be cpen to atmosphere as above described, for
rendering the speed control motor i§ effective to
move the governor control lever {4 to the idle
position in which it is shown in the drawing, while
upon movement of the operator’s lever {45 to
either of the “Full speed” positions fluid at a
maximum degree of pressure is adapted to be pro-
vided through pipe 17 to the speed control mo-
tor 16 for operating said motor to move the gov-
ernor control lever {4 to the maximum speed po-
sition indicated by the dot and dash line {5, to
thereby provide for operation of the engine at
mazximum speed. Any desired degree of speed or
outbut of the engine, between idle and maximum
may be obtained by suitable adjustment of the
operator’s control lever 45 between either “Run
and idle” position and the adjacent “Full speed”
position.

The control apparatus as so far described is
substantially identical to corresponding parts of
the control apparatus fully disclosed and de-
seribed in the copending application hereinbe-
fore referred to, in view of which, a more detailed
disclosure and description of such parts is not
considered essential in the present application
to a clear understanding of the invention.

The operation of the apparatus as so far de-
scribed is as follows:

Let it be initially assumed that the operator’s
control lever (45 isin “Stop” position opening the
astern and ahead control pipes 75 and 88, respec-
tively, to atmosphere, and also opening the start-
ing control pipe 105 and the speed control pipe 17
to atmosphere. Chambers 69 and 82 in the astern
and ahead pilot valve devices 42 and 43 will thus
be open to atmosphere so that the parts of said
devices will-be in the position in which they are
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shown in the drawing with the release valves 58
and 11 open. Chamber 34 above the reversing
piston 33 will therefore be ‘open to atmosphere
through passage 40 and past valve 11, while cham-
ber 38 below said piston will also be open to at-
mosphere through passage 39 and past valve 54.
The reversing piston 33 will therefore be in a
static condition, and let it be assumed that it is
in the position in which it is shown in the draw-
ing conditioning the engine’s valve gear for op-
eration of the engine in the astern direction.

With diaphragm chambers 69 and 82 in the
astern and ahead pilot valye devices 42 and 43
open to atmosphere, chamber 135 in the fuel and
brake control valve device 45 will also be open to
atmosphere past either one end or the other of
the double check valve (41 and thence through
either passage 142 or 143 and past the release
valve 84 or 71, respectively. The parts of the
fuel and brake control valve device 45 wil]l there-
fore be positioned as shown in the drawing with
valve {31 open, so that fluid under pressure sup-
plied through passage 49 to chamber 50 will flow
past sald valve to chamber 1328 and thence
through-passage 139 and pipe 6 to the brake cyl-
inder device 5 and to the fuel cut-off motor 21.
The brake cylinder device 5 will therefore be op-
erated to cause the brake 4 to brake the drive
shaft 3 of the engine, while the fuel cut-off mo-
tor 2§ will be operated to hold lever 19 in its fuel
cut-off position in which it is shown in the draw-
ing fer cutting off the supply of fuel to the en-
gine. .

With diaphragm chamber 135 in the fuel and
brake control valve device 45 open to atmosphere
as above described, fluid under pressure will also
be vented from diaphragm chamber $85 in the
starting control valve device 44 by way of the
check valves 144, chamber 135 and passage (40,
so that the parts of the starting control valve
device 44 will be positioned as shown in the draw-
ing with the release valve 96 open. With valve 96
open chamber {08, passage {07, and thereby pipe
12 and the starting control motor (1 will be open
to atmosphere so that lever 8 of the starting air
valve device 8 will be in its starting air cut-off
position in which it is shown in the drawing.

Let it now be assumed that the operator desires
to re-start the engine in the astern direction, in
which it last operated, as determined by the posi-
tion of the reversing piston 33 in contact with
the closed end of its cylinder as shown in the
drawing.

In order to start and operate the engine in the
reverse or astern direction, the operator will move
the control lever {45 from “Stop” position to the
“Astern” “Start” position in slot 148, This oper-
ation of lever (45 will effect a supply of fluid
under pressure to the starting control pipe 185
and to the astern control pipe 75, while maintain-
ing the ahead control pipe 89 and the speed con-
trol pipe 11 open to atmosphere.

Fluid under pressure thus supplied to the start-
ing control pipe 105 will fiow to chamber 103 in
the starting control valve device 44 where for the
present it will stop since the supply valve 85
is closed. Fluid under pressure supplied to the
astern control pipe 15 will however flow through
passage T4, choke 13 and passage 12 to diaphragm
chamber 69 in the astern pilot valve device 42.
When a sufficient pressure of fluid is then ob-
tained in chamber 69 acting on diaphragm §8 to
overcome the opposing forece of spring 18, said
diaphragm will deflect in a downward direction
and move plunger ¥5 into contact with the re-
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iedse valve 54 arid then move said valve to open
the supply valvé 41, Fluid under pressure will
then flow from chamber 48 past the supply valve
41 to chamber 53 ahd thence through passage 39
to chamber 36 below thé reversing piston 33 to
“act on said piston for urging it to its astern posi-
“tion, which it already occupies as shown in the
drawing. ] )

Fluid under pressure supplied past the supply
valve 41 to chamber 53 in the astern pilot valve
device will also flow through passage (42 to the
lower end of the double check valve 141, the upper
face of which is at this time open to atmosphere
through passage 143 and past the open release
‘valve 11 in the ahead pilot valve device 43. The
pressure of fluid provided through passage 142
and ‘acting on the lower face of the double check
valve 141 will therefore shift said valve to its
upper position for opening communication be-
tween said passage and passage 140 to permit flow
of fluid under pressure from passage 142 to pas-
sage 140 and thence to chamber 135 above dia-
phragm 133 in the fuel and brake control valve
device 45. .

When sufficient ‘pressure is- thus obtained in
chamber 135 to overcome the opposing force of
spring 134 on diaphragm (33, said diaphragm will
deflect in a downward direction and shift the
plunger 32 first into contact with valve §3{ for
closing off the supply of fluid under pressure from
chamber 50 -to chamber 138. Further deflection
of diaphragm (35 will then act through valve 131
to open valve 130, whereupon fluid under pres-
sure will be released from chamber 138 to cham-
ber 62 and thence to atmosphere through port
62. Upon this release of fluid under pressure
from chamber 138, fluid will also be released from
passage 138 and pipe 6 and thus from the brake
cylinder device § and from the fuel cut-off motor
2{. The brake cylinder device 5 will then operate
to release brake 4 on shaft 3, while the fuel cut-
off motor 21 will operate to move lever 19 of the
fuél cut-off valve device I8 o the position indi-
cated by the dot and dash line 20 for admitting
fuel to the engine.

At substantially the same time that the brake 4

on shaft 3 is released and the fuel cut-off valve
device I8 is operated to admit fuel for running
the engine, the fluid under bressure supplied to
chamber 36 below the reversing piston 38 will flow
through passage 122 to chamber 115 for acting
on the check valve 113 to maintain said check
valve seated, and fluid under pressure will also
flow from chamber 36 through passage 129 to
chamber |18 containing the unseated check valve
{16. This condition of the two check valves (13
and 114 is the same as during last operation of
the engine and will not change upon simultane-
ous supply of fluid under pressure to the two
chambers {15 and {16, as occurs in the particular
operation being described.

Fluid under pressure supplied to chamber 1i6
in the double check valve 112 will flow past the
check valve §14 and through the radial ports 19
to passage 10 and thence through choke 169 to
chamber 100 above ‘diaphragm 98 in the starting
control valve device 44. When the pressure of
fluid thus obtained in chamber 100 becomes suf-
ficient to overcome the opposing force of spring
99 on diaphragm 98, said diaphragm will deflect
downwardly and move stem 97 into engagement
with, release valve 96 and then shift said release
valve to open the supply valve 95, Upon opening
of valve 95, fluid under pressure supplied to cham-
ber 163 through the starting control pipe 105 with
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the operator’s .control lever in the “Astern”
“Start” position in recess 148, will flow past said
valve to chamber.106 and thence through passage
197 and pipe 12 to the starting control motor {1
and actuate said motor to move the starting air
valve lever 9 to the supply position indicated by
the dot and dash line 10, whereupon starting air
from any conventional source will be supplied to
the starting air pipe 1 for supply to the engine
cylinders for starting the engine to turn in the
astern direction, as deterinined by the position
of the reversing piston 33. As soon as the engine
starts to turn under the influence of starting air
provided in pipe 1, the fuel supplied to the engine
by operation of the cut-offfl valve device 18 will
fire and cause the engine to run on fuel. After
the engine fires and is running on fuel the oper-
ator will then move the control lever {45 out of
the “Astern” “Start” position in recess 148 to
the “Astern” “Run and idle” position and the
engine will then continue to run on fuel at an
idling speed. This movement of lever 145 to the
s“Astern” “Run and idle” position- will however
cut off the supply of fluid under pressure to and
will ‘release fluid under pressure from the start-
ing contrel pipe 105, and since said pipe is open
past valve 95 in the starting control valve device
44 to the starting air motor {f, fluid under pres-
sure will be released from said motor to effect
operation of the starting air valve device 8 to cut
off the supply of starting air to the engine.

To now increase the speed of the engine oper-
ating in the astern direction, the operator may
adjust lever 145 between the “Run and idle” posi-
tion and the “Full speed” position at the “Astern”
side of “Stop” position, as will be apparent.

When the operator- desires to stop the engine
he will move the control lever {45 o “Stop” posi-
tion for releasing fluid under pressure from the
astern control pipe 79 and thus from diaphragm
chamber 68 in the astern pilot valve device 42,
this release of fluid under pressure from chamber
69 occurring at a relatively rapid rate through the
communication, including the check valves 81,
which by-passes the choke 78. When the pres-
sure in diaphragnm chamber 69 is sufficiently re-
duced, spring 18 will refurn the diaphragm 68
and plunger 55 to the positions in which they are
shown in the drawing, permitting closure of the
supply valve #1 by spring 66 and opening of the
release valve 54 by spring 64, Upon opening the
release valve 54 fluid under pressire will be re-

-leased from chamber 53 and the connected cham-~

ber 36 below the réversing piston 33, and also from
diaphragm chamber 135 in the fuel and brake
control valve device 45, by. way of passage 148,
past the double check valve' 141 and through pas-
sage 142, When-the pressure in chamber 135 is
thus sufficiently reduced, spring {34 will return
the diaphragm 133 and plunger i32 to the posi-
tions in which they are shown in the drawing to
permit closure of valve 130 by spring 486 and
opening of valve 131 by spring 137.- Upon open-
ing of valve 181 fluid under pressure will be sup-
plied from passage 49 and chamber 58 to chamber
138 and thence through pipe 6 tothe brake cylin-
der device 5 and to the fuel cut-off motor 2i. The
prake cylinder device 5 will then operate to actu-
ate brake & to stop the drive shaft 3 and the
engine | while the fuel cut-off motor 21 will oper-
ate to move lever 19 of the fuel cut-off valve
device 18 to the fuel cut-off position in which it
is shown in the drawing for cutting off the supply
of fuel to the engine, so that the engine may he

stopped by brake 4,- - -
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When fluid under pressure is released from dia-
phragm chamber 135 in the fuel and brake con-
trol valve device 45, fluid under pressure will also
be released from diaphragm chamber 100 in the
starting control valve device 44 by way of the
communication including the two check valves
144 and thence through diaphragm chamber 135,
so that the parts of the starting control valve
device will return to the position in which they
are shown in the drawing and in which position
the supply valve 95 will be closed and the release
valve 96 is opened.

Now let it be assumed that with the engine at
rest and with the reversing piston 33 in the posi-
tion in which 1t is'shown in the drawing providing
for astern operation of the engine, the engineer
desires to start the engine in the ahead. direction.
To accomplish this, the operator will move lever
185 to the “Ahead” “Start” position in the side
slot 147 to supply fluid under pressure to the
ahead control pipe 89 and to the starting pipe
185, while maintaining the astern pipe 75 and
speed control pipe 1T both open to atmosphere.

The fluid pressure supplied to pipe 165 will flow
to chamber {03 in the starting control valve de-
vice 44 but the valve 85 in said device will be
closed at this time-as previously mentioned. The
fluid pressure supplied to the ahead control pipe
88 will however flow through choke 87 and pas-
sage 86 to chamber 82 above diaphragm 80 in the
ahead pilot valve device 43, and when sufficient
pressure is thus obtained in said chamber to over-
come the opposing force of spring 81 on dia-
phragm 80 sald diaphragm will deflect in a down-
ward direction and move plunger 18 into seating
engagement with valve 1T and then actuate said
valve to open the fluid pressure supply valve 1.

Fluid under pressure from chamber 48 will then
flow past the supply valve 16 to chamber 85 and
thence through passage 40 to chamber 34 above
the reversing piston 33. Chamber 36 below the
reversing piston is at this time open to atmosphere
through passage 39 and past the open release
valve 54 in the astern pilot valve device 42, so
that when sufficient pressure of fluid is obtained
in chamber 34 on the reversing piston 33, said
piston will start moving in the direction of the
pressure head 37.

As the piston 33 is moved toward the pressure
head 37 it will first close communication between
chamber 36 below the piston and passage 128,
and then after a slight further movement open
said passage to chamber 34 above the piston
which is being supplied with fluid under pressure.
Fluid under pressure from chamber 34 will then
flow through passage (20 to chamber 116 contain-
ing the check valve {14. Chamber 115 containing
the check valve 113 is at this time open to atmos-
phere by way of chamber 36 below the reversing
piston 33, as a result of which, the pressure of
fluid provided in chamber 116 and acting on the
check valve {14 will move said check valve toward
the left-hand and into contact with its seat, this
movement shifting the check valve (13 out of
contact with its seat.

Finally, when the reversing piston 33 obtains
its ahead position defined by contact with the
pressure head 37, and in which position the en-
gine’s reversing gear will have been reversed to
provide for operation of the engine in the ahead
direction, the passage 422 will be opened past said
piston to chamber 34 which is supplied with fluid
under pressure. Fluid under pressure will then
flow from chamber 34 through passage 122 to
chamber (16 and thence past the open check
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valve 13 to passage 110 and. thence through
choke 169 and passage 108 to diaphragm chamber
100 in the starting control valve device 46. When
a sufficient pressure of fluid is thus obtained in
chamber (00 to .overcome the opposing force of
soring 99 on diaphragm 98 said diaphragm will
deflect in a downward direction and move plunger
97 into engagement with the release valve 96 and
then act through said valve to open the supply
valve 95. When the supply valve 95 is opened
fluid supplied to chamber 103, with the operator’s
control valve device in the “Ahead” “Start” posi-
tion, will flow past said valve to chamber 106 and
thence through passage 107 and pipe 12 to the
starting air motor Il and operate said motor to
actuate the starting air valve device 9 to supply
starting air to pipe T.and thence to the engine
cylinders for starting the engine to turn in the
new or ahead direction, as determined by the posi~
tion of the reversing piston 33 in contact with
pressure head 37.

At the same time as the reversing piston 33 is
operating to reverse the engine’s valve gear or
timing to provide for ahead operation of the
engine, as just described, fluid under pressure
supplied to chamber 85 in the ahead pilot valve
device 43 will also flow through passage #43 to
the upper end of the double check valve 141,
The lower end of the double check valve is at
this time open to atmosphere through passage
142 and past the open release valve 54 in the
astern pilot valve device 42, as a result of which,
the pressure of fluid provided in passage 143 will
shift said valve to its lower position for opening
communication between said passage and pas-
sage [40. Fluid thus supplied to passage 140 will
then flow to chamber 135 in the fuel and brake
control device 45-and when this pressure becomes
sufiicient to overcome the opposing force of
spring 134 on diaphragm 133, said diaphragm will
deflect in a downward direction and move plunger
132 into contact with valve 131 for cutting off the
supply of fluid under pressure from chamber 50
to chamber 138, and then act through said valve
to open valve 130. When valve 130 is opened
fluid under pressure will be vented from the brake
cylinder device 5 and from the fuel cut-off motor
21 to thereby release the brake 4 and effect opera-
tion of the fuel cut-off valve device 18 to supply
fuel to the engine. When the engine starts turn-
ing under the influence of compressed starting air
supplied through the pipe T as above described,
the engine will then fire and run on the fuel
supplied thereto in the ahead direction as de-
termined by the reversing piston 33 in contact
with the pressure head 31. '

After the engine is started in the ahead direc-
tion and is running on fuel as just described, the
operator will move the control lever 145 out of
the slot 147 to the “Run and idle” position at the
“Ahead” side of “Stop” position for releasing
fluid under pressure from the starting control
pipe 105 and thereby from the starting air motor
It to cause operation of the starting air supply
valve 8 to cut off the supply of starting air to the
pipe 1. The engine will then continue to run on
fuel, and by proper adjustment of the operator’s
control lever 145 between the “Ahead” “Run and
idle” position and the “Ahead” “Full speed” posi-
tion any desired degree of engine speed may be
obtained, as will be apparent. .

In order to stop the engine from operation in
the ahead direction, the operator will move lever
145 to “Stop” position to release fluid under pres-
sure from $he speed control pipe 17 to permit the
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engine speed to reduce to idling, and to also-re-
1lease fluid under pressure from the ahead control
pipe 89 and from chamber 82 in the ahead pilot
valve device #3. 'The ahead pilot device 43 will
then operate to release Aluid under pressure from
chamber 135 in the fuel and brake control valve
device 45 to permit operation of the latter device
to cause operation of the fuel cut-off motor 2{ to
actuate the fuel cut-off valve device 18 to cut off
the fuel supply to the engine, and to also cause
operation of brake 4 to stop the engine, as will be
apparent from the above description. .

With the operator’s control lever 145 in-a posi~
tion between the “Run and idle” and “Full speed”
positions at the “Ahead” side of “Stop™ position
causing operation of the engine in an ahead di-
rection, let it be assumed that the operator de-
sires to reverse the direction of operation of ‘the
engine. To accomplish this he may move lever
145 from the position it may be in-at the “Ahead”
side of “Stop” position directly to the opposite
side of “Stop” position and into the side slot 148
to the “Astern” “Start” position.

This movement of the operator’s control lever
{&5 to the “Astern” “Start” position will release
fluid under pressure from pipe IT and thereby
from the speed control motor 16 to permit move-
ment of the governor control lever {4 to its en-
gine idling position in which it ig shown in the
drawing, and will also release fluid under pres-
sure from the ahead control pipe 89 and supply
fluid under pressure to the astern control pipe 15
and to the starting control-pipe 105. Upon the
relesse of ‘fluid under pressure from the ahead
control pipe 89, the fluid  pressure will be
promptly released from diaphragm chamber 82
in the ahead pilot valve device 43 by way of the
serially arranged check valves 80 and spring 8i
will then deflect diaphragm 80 to the position in
which it.is shown in the drawing. This move-
ment of diaphragm 80 and thereby of stem 18 will
permit closing of the supply valve 16 by spring
82 and opening of the release valve 11 by spring
84, so.as to release fluid under pressure from
chamber 34 ‘above the reversing piston "33, and
for at the same time, releasing by way of the
double check valve 141 fluid under pressure from
chamber 135 above diaphragm {33 in the fuel
and brake control valve device 45. The fuel and
brake -control valve device will then operate to
supply fuid under pressure from chamber-50 to
chamber 138 and thence through pipe 6 to the
brake cylinder device 5-:and fuel cut-out motor 21
for applying brake 4 to shaft 3 and for actuating
the fuel cut-out valve device 18 to cut off the sup-
ply of fuel to the engine. With the supply of fuel
to the engine cub off and brake 4 applied to shaft
3, said brake will.cause deceleration -and the
eventual stopping of the engine. .

When fluid under pressure is released from
diaphragm chamber 135 in the fuel and brake
interlock valve device 45 as just described, fluid
under pressure will also be released from dia-
phragm chamber 160 in the starting control valve
device 84 by way of the check valves (44 and
chamber 135, so as’ to permit. operation of the
starting control valve device 44 to effect: closure
of valve 95, With the operator’s control lever
in the “Astern” “Start” position supplying fluid
under pressure to the starting control pipe (05,
this closing of valve 95 will prevent flow of this
fluid “from chamber (03 to the starting . control
motor {1; at this time. . ETE
At the same time as the structure operates
to. cut off the supply of fuel to the engineand to
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apply brake 4 to the éngine drive shaft 8 to bring

the enhgine to a stop from operation in the ahead
direction, fluid under pressure supplied to the
astern control pipe 15 will flow through choke 13
and passage 72 to diaphragm chamber §9 in the
astern pilot valve device 42. When a sufficient
pressure of fuid is thus obtained in chamber 69
of the astern pilot valve device to overcome the
opposing force of spring 70 on diaphragm 68, said
device ‘will operate as above described to supply
fluid under pressure to chamber 86 below the re-
versinig piston 33 to effect movemens of said re-
versing piston from its ahead position to contact
with pressure head 87, to its astern position in
which it'is shown in the drawing. .

In the operation just deseribed, it is desired
to pointt out that the flow capacity of choke 13
with respect to the volume of chamber 69 in the

astern pilot valve device 42 is such as to prevent

sufficient pressure being obtained in said cham-
ber for deflecting diaphragm 68 against the op-
posing force of spring 78 for a certain period of
time after movement of the operator’s control
lever 185 from the “Ahead” side of “Stop” posi-
tion to the “Astern” “Start” position in slot 148.
This period of time, for instance 6 seconds, is
such as to allow the engine to be brought sub-
stantially to.a stop by brake 4 before the astern
pilot valve device 42 will operate to supply fluid
under pressure to chamber 36 for moving the
reversing piston out of its -astern position. “In
other words, the choke 73 prevents- operation
of piston 33 to reverse the engine’s valve gear or
timing for an interval of time of sufficient du-
ration to insure the engine being brought to a
stop by brake 4. ' :
A% the same time as fluid under pressure is
supplied to chamber 36 below the reversing pis-
ton 23 .for moving said piston to its astern po-
sition, Auid under pressure will also flow from
chamber 53 in.the astern pilot valve device 42
through passage 142, past the double check-valve
141 and through passage 140 to diaphragm
chamber i35 in the fuel and hrake control valve
device 45. The fuel and brake control valve de-
vice 45 will then operate as before described to
release fluid under pressure from the brake cyl-
inder device 5 and from the fuel cut-off motor
21, for therecby releasing the brake 4 on the
propeller shaft 3 and for causing operation of
the fuel cut-off valve device ‘18 to-again supply
fuel to the engine. It will be noted that since
the astern pilot valve device 42 will not oper-
ate to supply fluid under pressure to effect ‘re-
versing movement of the reversing piston 33
until after the engine is brought to a stop, the
brake 4 will not be released and fuel will ‘not
be supplied to the engine until after the engine
has been brought to a stop. R .
After a certain degree of movement of the re-
versing piston 33 away from its ahead position
in contact with pressure head 37, fluid -will be
supplied from chamber 36 through passage 122
to chamber 15 for closing the check valve 113
and for opening the check valve i{4.- Then when
the piston 23 attains its astern position, in which
it is-shown in the drawing, fluid under pressure
will flow from chamber 36 to passage 120 - and
thence past the open check valve {14 to passage
110 and to the starting. control valve device 44.
The starting control valve device 44 will then
operate to open communication between cham-
ber 103, supplied with fluid under pressure from
the operator’s control valve device with lever 145
in the “Astern” “Start” position;- and:chamber
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106 -for supplying fluid under- pressure to pipe
12 and-thence to -the starting control motor 1
to-effect operation of said motor and thereby of
the starting air valve 8 to supply starting -air
to: pipe T to effect starting of the engine to turn
in: the new -or . astern direction, as determined
by-the position of the reversing piston- 33, which
piston will be in contact with the closed end of
its cylinder as shown-in the drawing,

It ‘will now be seen that in reversing:.the  en-
gine from ahead to astern the structure oper~
ates .in response to movement of the operator’s
control lever from the “Ahead” side of “Stop”’
position to the “Astern” “Start” position in slot
148, to first cut off the supply of fuel to the -en-
gine-and to apply brake 4 to the drive shaft 3
in order that the -engine may bhe brought to a
stop- after -a-period of time determined by . the
flow--capacity of choke 18 with respect to the
volume of chamber 69 in the astern pilot valve
device- 42, which period of time is of suffi-
cient duration to insure the engine being -sub-
stantially stopped by brake 4. The -pilot valve
device 42 "then operates to cause movement
of .the reversing piston 3 to its astern posi-
tion for conditioning the engine to operate in
the astern direction, and at substantially the
same time causes operation of the fuel and brake
control valve- device 45 to release the brake 4
on the shaft 3 and to resupply fuel to ‘the -en~
gine. After the reversing piston 33 -obtains -its
astern -position, the starting control valve de-
vice 44 operates to supply starting air .to -the
engine for causing it to start turning in the
new or astern direction. With fuel supplied to
the engine at this time the engine will then fire
and run on fuel. After the engine fires and is
running on fuel the. operator - will move lever
145 out of the “Astern” “Start” position in slot
148 to the “Astern” “Run and-idle” ‘position for
releasing fluid under pressure from the start-
ing motor-1i to permit operation thereof to-ac-
tuate the starting air valve device 8 to:cut off
the supply of starting air to Pipe T and to the
engine.. The -engine will then continue to run
on fuel, and the operator may accelerate  the
engine to any desired degree hy moving ‘lever
145 out of the “Astern” “Run and idle” position
in the direction of the “Astern” “Full speed” po-
sition; as will be apparent.

With. the engine operating in the -astern -di=
rection as just described, let it be assumed that
the operator desires -to cause operation: of the
engine in the ahead or forward direction. To
accomplish-this he will' move the -control lever
145 from whatever position it may be cccupying
at the “Astern” side of “Stop” position to the
“Ahead” “Start” position in.slot 141, for effect-
Ing release of fluid under pressure: from the
astern-control pipe 15 .and from'the speed con-
trol pipe {1, and for supplying fluid under pres-
sure to the ahead -control pipe 89 and to the
starting control pipe- 195.: :

Upon this release of fluid under pressure from
the astern control pipe .75 and from diaphragm
chamber 69-in-the astern pilot: valve -device 42
by -way-of the check valves 81, said pilot - valve
device will operate to release fluid :under .pres-
sure: from chamber 36 Dbelow ‘the. reversing pisa~
ton -33-and from’ diaphragm chamber-(35 in the
fuel:and brake control valve device 45, The fuel
and -brake control valve device 45 will .then:op-
erate -as before -described to: supply fluid under
pressure to the brake cylinder-device § and to
the: fuel. cut~off motor 21 for applying the: brake
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4-to shaft"3 and for -cutting off ‘the supply of

‘Tuel-to the engine in order that the ehgine may

be brought to a stop by operation of said brake.

At the same time as the fuel is cut off to the
engine and -the brake 4 is ‘applied, fluid under
pressure supplied to the ahead control pipe 89
will flow threugh choke 87 to diaphragm cham-
ber 82 in the ahead pilot valve device 43. The
choke 87 restricts this supply of fluid under pres-
sure.to chamber 82 to such an extent however as
to-prevent operation of the ahead pilot valve
device 43 by fluid under pressure for a period of
time sufficient to bring the engine to a substan-
tial stop by brake §. At the termination of
this time period, such as six seconds, a sufficient
pressure-will be obtained in chamber 82 to oper-

-ate -the shead pilot valve device 43 to supply

fluid under pressure to chamber 34 above the re-
versing piston 33 and also to chamber {35 in the
fuel and brake control device 45. The reversing
piston 33 will then move to its ahead position in
contact with the pressure head 37 for reversing
the engine’s valve gear or timing, and at sub-
stantially the same time the fuel and brake con-
trol valve device 45 will operate to release the
brake -4 on shaft 3 and effect operation of the
fuel cut-off motor 21 and thereby of the fuel
cut-off -valve device {8 1o resupply fuel to the
engine, it being noted that the engine is stopped
before the fuel is resupplied thereto.

After the reversing piston 33 obtains its ghead
Dosition in contact with the pressure head 37, the
starting -control valve device 44 ‘will operate to
supply air to the starting motor I1 to effect op-
eration of the starting air valve device 8 to sup-
ply starting air through pipe T to the engine to
cause said engine to start rotating in the new or
ahead direction, which direction is determined by
the reversing piston 83 being in contact with
-pressure head 31. When the engine is thus
started, the fuel supplied to the engine will fire
and cause the engine to run on fuel. The oper-
ator-will then move the control lever 145 out of
“Ahead” “Start” position in slot 147 to the adja-
cent “Run-and idle” position to cut off the sup-
ply of starting air to the engine and then by suit-
able adjustment of said lever between said “Run
and idle” position and the “Ahead” “Full speed”
position, the operator may cause the engine to
operate in the ahead diréection at any desired
speed.

It will now be noted that in reversing the en-
gine from:ahead to ‘astern the choke 73 and
diaphragm chamber 69 in the astern control valve
device 42 provide for the engine being brought to
a substantial stop from .operation in the ahead
direction before causing operation of the revers-
ing piston 33 to reverse the valve timing or gear
of the engine to. provide for operation in the
astern direction. The choke 87 and chamber 82
in the ahead pilot valve device 43 accomplishes
the .same -end. when reversing the direction of
operation of the engihe from astern to ahead.

It should also be noted however that with the
engine stopped with the reversing piston 33 in
the reverse position in which it is shown in the
drawing, the restarting of the engine in the same
or astern - direction is also delayed by choke 13
and chamber 69 the same as in reversing the en-
gine from -operation in the ahead direction to
the astern-direction. Likewise, with the engine
Stopped :from last operation in an ahead direc-
tion, under which condition the reversing piston
33 will be in contact with the bressure head 31,
the: restarting of the engine in the same direc-
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tion-will be delayed by choke 87 and chamber 82

above diaphragm 80 in the ahead pilot valve de~

vice 43, the same as if reversing the engine from.

astern to ahead direction. The time delays pro-
vided by chokes 13-and 81 are desired in revers-
ing the direction of operation of the engine from
astern to ahead. or vice versa, for reasons above
brought out, but such delays are not essential in
restarting the engine in the same direction that it
last operated, and according fo the invention
means are provided for automatically eliminating
the delay periods incident to these chokes under
the last named condition. - =~ ..
~'One enibodiment of the invention is associated
with the tifhing or interlock valve portion 31 of
the maneuvering control valve device 26, as shown
in Fig. 1, while the other embodiment of the in-

Vention is associated with the reversing piston.

rod 35, as shown in Fig. 2. . o :
According to the embodiment of the invention

shown in Fig. 1, I provide two like but separate

valve devices 150 and 151 for opening fluid pres-

sure supply’ communications around chokes- 73.

and‘87 to chambers 69 and 82, respectively, said
communications - having greater. flow capacity

than said chokes so as to eliminate the ‘delay.
effect thereof in'restarting the engine in the last

direction of ‘operation.

The valve device 150 comprises a casing hav-.

ing a chamber 152 which is connected by a pipe
{53 to passage 12 leading to diaphragm chamber
9 in the astern pilot valve device 42, 'The cham-:
ber: 152-contains a poppet valve 154 having a stem
158 ‘extending through an opening in a wall 158
separating said chamber from a chamber 156
which is open through:a pipe 157 to passage T4.
Tt should be noted that pipe 157 is connected to
passage 14 at one side-of choke 13 while pipe 153
is connected to passage 12 at-the opposite side
of said choke, the valve 154 thus controlling a

communication between these passages by-pass< -

ingsaid choke. - - - ; : »
. The valve stem 158 extends from- wall {55
through chamber 156 and the outer end-wall of
chamber 156 to the exterior of the-casing, 'The
portion of stem 158 extending through the wall
{55 is fluted to allow flow of fluid under pressure
from chamber 156 to chamber 152 when the valve
154 is out.of engagement with a seat provided on
said wall, but the portion beyond this fluted por-
tion is cylindrical to minimize leakage of fluid
under pressure from chamber -156 through ‘the
outer end wall of chamber 156 to atmosphere. A
spring 159 in chamber {52 acts on the valve 154
for urging it to its closed position in which it is
shown in the drawing. - -
. The valve device 151 is identical in structure to
the: valve device {50 and, briefly described, com-
prises a valve 160 arranged to control communi-
cation between a chamber 161 and a chamber 162
A spring 163 in:chamber {61 actson valve 160 for
urging it to-its closed position. - The valve 160 is
provided with a stem 164 projecting to beyond the
exterior of the casing:. ‘The chamber 161 is con-
nected by a pipe 165 to passage 86 at one side of
the choke:81; while chamber 162 is connected by
a pipe 166 to passage 88 at.the opposite side -of
said . choke, the communication “through these
pipes being . controlled by vaive 160 and ‘having
greater: flow capacity than -said- choke so-that
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with said valve open said choke will be rendered

ineffective. =~ = - S e
“Phe two valve devices 150 and 151 are‘arranged

with. their stems 158 and 164, respectively, in

spaced-parallel ‘relation, ‘A lever 167 fulerumed

75

for opening valve 154 and another arm arranged
to engage stem 164 of valve 160 for opening the
latter valve.  The lever 167 also has a third arm
connected at its end to a rod 168 projecting from
a piston 110 contained in a cylinder 171. At one
side of piston 170 is a chamber 112 open-to pipe
{53 and at the opposite side a chamber 113 open
to pipe (65. Upon the supply of fluid under pres-
chamber 112, with chamber 113 open to
atinosphere, -piston 110 will move to the position
in. which it is Shown in the drawing for thereby
oberating the lever 1867 to open valve 154 in the
valve dévice 150 and to ‘allow ¢losing of valve 160
in the vaive device 161 by spririg 163, Upon the
supply of fluid under’ pressure to chamber 113

Wwith thié chainbel” 112 open 1o’ atinosphere, the
piston (78 will move to the ‘opposite end of -its
cylinder to actuate lever 187 to open valve 160 in

""" the valve device 151 and to'permit closing of valve

{54 ity the valve device 158 by spring. 159,
““One ‘nd of a-tensioned ‘toggle spring 175 is
corinectéd to-the connection between ‘lever 168"
ahd the piston rod 169, while ifs other end is
' “fixed “pin 116, this spring being:
éffective to prevent movement of piston 1710 from
sither ‘one of its two positions to the other- posi-
tior by “fluid at & pressure less than required to-
deflect. diaphragms 68 or 80 against the opposing
forece of theil respective spring-T0 or 81: SR
~Now let it be assumed-that the engine is oper-
sting in the astern-direction, under which con-
dition“the reversing piston 33 will be-in the-posi-
tion in which 'itis shown ir-the drawing, fluid will

* pe éffective through the astern control pipe 15 in

diaphragm chamber- 69 of -the- astern pilot valve
device A2 at a pressure sufficient to deflect dia-
phragm 88 against the opposing -force -of spring
$§-- This fluid ‘pressure is’ diaphragm- chamber
88 'will also be effective through-pipe 153 in piston
ehamber 12 of the cylinder-device 171 to operate
1" > ' in the valve device
158, for-theréby opening the by-pass communica-
tion -around choke -73. AR

- Now let it be assumed that the engine has been
stopped from operation in the- astern direction
by ‘movement of the operator’s’ control lever 145
to “Stop” position in'which fluid under-pressure is
released from the astern- control pipe 15 and
chamber 69 in the astern. pilot valve: device a1,
as hereinbefore: described. -With fluid thus re-
leased from the astern control pipe-15, fiuid under
pressure will-also bé released-from chamber 1712
at the left-hand -face of piston 170, but with
chamber 173 -at the opposite side open to atmos-
phere through- the -ahead control pipe 89, at this
time, said piston will remain in the position in
which it is shown in the drawing under the action
of toggle spring-i15,:s0 that the valve 154 will re-
main open while valve 460 will be closed. c
-~'With -the- engine stopped as-just mentioned,
if the operator -desires to restart the engine in
the astern direction, i-e. the last mentioned direc-
tion of Operation, he ‘will move control Jever 145
to the “Astern” “Start” position in slot 148 as
above described, and as a result, fluid under pres-
suré will be supplied to the astern- control pipe
15 and thence to passage T4-in the maneuvering
eontrol valve device-26. - The fluid pressure sup-
plied to passage 14 will then flow through pipe 151
past the open valve 154 to pipe {53 and thence
through passage 12 to.diaphragm chamber 89 to
the astern pilot valve device 42, it being noted
that this flow is through a ‘communication by-.
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passing the choke 73; so that said choke is in-
effective to delay the supply of fluid under pres-
sure to said chamber. - As a result, pressure of
fluid in chamber 69 will promptly increase to the
degree required to deflect diaphragm 68 against
spring ¢ to cause restarting of the engine in the
astern direction, It will thus be seen that in
starting the engine in the astern direction after
last operation in said direction, the open valve
184 In the valve device 150 nullifies the effect of
clioke 13 so that the engine restarts without the
delay incident to said choke, above deseribed.
Now let it be assumed that the engine has been
stopped from operation in an ahead _direction,
under which condition the reversing piston 33 will
be in contact with the pressure head 31. With
the engine last operating in the ahead divection,
diaphragm chamber §2 will have been charged
withi fluid under pressure and this pressure effec-
tive through pipe 165 in chamber 173 at the right-
hand side of piston {70 will have moved the piston
116 to tie left-hand end of its cylinder for open-
ing the valve i60 in the valve device 151. The
valve i34 in the valve device 150 will be closed.
If the operator now actuates the control valve de-
vice 27 to restart the engine in the Iast direction
of operation, i. e. in the ahead direction in the
present instance, fluid under pressure supplied
to pipe §9 and passage 88 will flow past the open
valve 6@ in the valve device 151 to diaphragm
chamber §2 in the ahead pilot valve device 43, this
flow being around the choke 87 thus rendering
said choke ineffective to delay response of the
ahead pilot valve device 43 to operation of the
operator’s control lever 145. The ahead pilot
valve device 43 will therefore promptly operate
to restart the engine in the last mentioned direc-
tion of operation.
_ It should be noted that while the valve devices
138 and 151 eliminate the delay periods incident
to the control of the rate of flow of fluid through
chokes 73 and 87 when the engine is restarted
irom stop in its last direction of operation, as just

20 ,
for ‘automatic ‘confrol, ini & desired sequence; of
a plurality of different operations, such as inci-
dent 0 the control of starting, stopping and re-
versing, and the cohtrol or speed of power output
of a reversiblé-Diesel engine. The apparatus em-
bodies -bneumatic ‘meéans operable automatically
to deiay reversinig of the engine’s valve timing
or gear while the engine is in motion. This delay

~ Is desirable when the direction of operation of the
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described, the toggle spring 115 ensures. that the - -

valve 160 will be closed during reversing of the
direction of operation of the engine irom astern
to ahead, and that valve 154 will be closed during
reversing of the direction of operation of the
engine from ahead to astern, so that upon revers-
ing the direction of operation of the engine the
chokes 87 and 13 will be effective the same as
before -described.: .

- As shown in Fig. 2, the.valve devices 150 and

3

engine is being changed from ahead to start or
vice versa, but it is not desirable upon restarting
the engine in the last direction of operation and
means are therefore provided to automatically
eliminate the delay urder the last named condi-
tion: : .

Having now described my invention, what I
claim as new and desire to secure by Letters Pat-
ent is: ' . .

1. An apparatus for conditioning a reversible
prie mover. for operation in either one direction
or in the opposite direction comprising in com-
bination, a reversing member movable. to first
and second positions for conditioning said prime
maover for opersation in, respectively; either said
one or opposite directions, operator’s control
means operable to selectively effect movement of
said reversing member to either one.or the other
of its different Dpositions, . delay- means for pre-
venting response of said reversing membper to
operation of said control means for a chosen in-
terval of time after operation of said control
means, and means automatically adjustable in
accordance with: the. position of said reversing
member to render said delay means either effec-
tive or ineffective to delay said response of said
reversing member. :

2. An apparatus for conditioning a reversible
brime mover for operation in either one direction
or in the opposite direction :comprising in com-
bination, a reversing -control member movable
to one position for conditioning said prime mover
for operation in one direction and movable to a
secend position. for conditioning said prime mover
for operation in the opposite direction, & first
fluid pressure sensitive means operable by fluid
under pressure to effect movement of said mem-
ber to. said one ‘position, a second fAuid bressure
sensitive means operable by fluid under pressure

v.: to effect movement of said member to said sec-
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§31 may; if desired, be arranged for control by -

an arm (74 projecting: from one side of the re-
versing piston rod 35, said arm being arranged
to openr vaive 166-in the valve device {51 when the
reversing piston 33 is in the astern position -in
which it is shown in Fig. 1, and to open valve (54

with the reversing piston in its ahead position ¢

defined by contact with pressure head 317. Thus,
when the engine is stopped with the reversing
piston in its astern position the valve device 15
will be conditioned to render choke 13 ineffective
in case the engine is restarted in its last direction
of operation- or in the astern direction. On the
other hand, in case the reversing piston 33 is in
its ahead position ‘the valve device 150" will be
conditioned to render choke 87 Ineffective in case
the engine is restarted in the ahead direction, as
will be apparent.

o Summary
From the above description. it will.now be noted
that the fluid pressure control apparatus provides

ond position, an operator’s control device having
first and second control Dositions, corresponding
to the said positions of said reversing control
member;. and being- operable upon movement
thereto to supply fuid under pressure to, respec-
tively, said first and second pressure sensiiive
means; each pressure sensitive means comprising
means operable to prevent operation’ thereof to
effect movement of said reversing member by

< fuid-atiless than:a,;chosennpressure; timing means

operable-to deiay for a; chosen: interval of time,
after movement oi-said control device to its first
or-second position, obtaining said chosen pressure
of fluid, and means operable upon operation of

. said-first pressure sensitive means by fluid under
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bressure to render the respective timing means
ineffective and the other timing means effective,
and operable upon operation of said second pres-
sure sensitive means to render the respective tim-

* ing means ineffective and the other timing means

effective. .

3. An apparatus for controlling the condition-
ing of a-reversible prime mover for operation in
either one direction or in the opposite. direction
and for-also controlling the:starting of said prime
mover comprising in combination, reversing
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means movable to.one -position. to condition said
prime mover for -operation in -one direction and
movable to another position to condition said
prime mover for operation in the opposite direc-
tion, an operator’s control device comprising a
lever having a neutral position, a first position at
one side of said neutral position and a second
position at the opposite side of said neutral posi-
tion and being operable ubon movement of said
lever to said first position o effect movement of
said reversing means to said one position and
upon movement of said lever to said second posi-
tion to effect movement of said reversing means to
said other position, starting means for said prime
mover, means operable by said control device in
said first and second positions of said lever to
effect operation of said starting means when said
reversing means is in, respectively, said one and
other positions, means associated with said re-
versing means operable to prevent operation of
said starting means upon movement of said lever
to effect movement of said reversing means and
during movement of said reversing means, control
means. preventing . response Of sajd reversing
means to operation of said lever for a chosen in-
terval of time after operation of said lever, and
means operable automatically to render said con-
trol means effective to delay response of said
reversing means to movement of said lever upon
movement of said lever to a position to effect
movement of said reversing means and ineffective
to delay response of said reversing means to
movement of said lever upon movement of said
lever to either its first or second position when
said reversing means is in, respectively, its said
one or other position. )

4. An apparatus for controlling the condition~
ing of a reversible prime mover for operation in
either one direction or in the opposite direction
and for also stopping said prime mover compris-
ing in combination, reversing means movable to
one position to condition said prime mover for
operation in one direction and movable to an-
other position to condition said prime mover
for operation in the opposite direction, an op-
erator's control device comprising a lever and
being operable upon movement of said lever to a
first position to effect movement of said reversing
means to said one position and upon movement
of said lever to a second position to effect move-
ment of said reversing means to said other posi-
tion, control means for preventing response of
said reversing means to operation of said lever
for a chosen interval of time after operation of
said lever, means operable automatically to render
said control means effective to control response
of said reversing means to movement of said
lever upon movement of said lever to a position
to effect movement of said reversing means and
ineffective upon movement of said lever to either
its first or second position ‘when said reversing
means is in, respectively, its said one or other
position, braking means for said prime mover,
means responsive to operation of said control
device in each of said positions of said lever upon
movement of said lever from its other position to
effect operation of said braking means to stop said
prime mover, and means operable upon response
of said reversing means to operation of said lever
o render said braking means ineffective. -

5. An apparatus for controlling the condition-
ing of a reversible .prime mover for operation in
either one direction or in the opposite direction
and for controlling the supply of fuel to said
prime mover comptising in combination, revers-
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ing means movable to one position to condition
said prime mover for operation in onedirection
and movable to another position to condition said
prime mover for operation in the opposite direc-
tion, an operator’s control device comprising a
lever and being operable upon movement of
said lever to a first position to effect movement
of said reversing means to said one position and
upon movement of said lever to a second position
to effect movement of said reversing means to
said other position, control means for preventing
response of said reversing means to operation
of said lever for a chosen interval of time affer
operation of said lever, means operable auto-
matically to render said control means effective
to delay response of said reversing means to
movement of said lever upon movement of said
lever to a position: to effect movement of - said
reversing means and ineffective upon movement
of said lever to either its first or second posi-
tion when said reversing means is in, respec-
tively, its said one or other position, fuel control
means for said prime mover, means responsive
to operation of said control device in each -of
said positions of said lever upon movement of
said lever from its other position to effect opera-.
tion of said fuel control means to cut off the
supply of fuel to said prime mover, and means
operable upon rendering said control means in-
effective to effect operation of said fuel confrol
means to supply fuel to said prime mover.

6. An apparatus for conditioning a reversible
prime mover for operation in either one direction
or in the opposite direction comprising in com-
bination, reversing means movable to one posi-
tion to condition said prime mover for operation
in said one direction and to a second position
to condition said prime mover for operation in
said opposite direction, an operator’s control de-
vice comprising a lever having a stop position and
being operable upon movement of said lever in
one direction from said stop position to effect
movement of said reversing means to said one
position and in the opposite direction from said
stop position to effect movement of said revers-
ing means to said second position, delay means
comprising structure for rendering said reversing
means non-responsive to operation of said control
device, upon movement of said lever out of stop
position in a direction to effect movement of said
reversing means, for a chosen interval of time
after movement of said lever out of said stop
position, and means conditionable automatically
in accordance with the position of said reversing
means operable to render said structure ineffec-
tive upon movement of said lever from stop po-
sition in either said one direction or said oppo-
site direction when said reversing means is in,
respectively, either said one position or said
second position.

7. An apparatus for conditioning a reversible
prime mover for operation in either one direc-
tion or in the opposite direction and for also con-
trolling the supply of fuel to said prime mover
comprising in combination, reversing means, fuel
control means, reversing control means operable
upon supply of fluid at a chosen pressure to one
chamber to effect operation of said reversing
means to condition said prime mover for opera-
tion in one direction and to also effect opera-
tion of said fuel control means to supply fuel to
said prime mover for operating same, and Op-
erable upon supply of fluid at a like pressure to
another chamber to effect operation of said re-
dition said prime mover
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for obefition i the reverse dirsetion and to

also &ffect operationi of Said fuel control mieans
to supply fiel to said prime mover for operating

sdme; said reversing control mestis being oper-
able upon a reduction in pressure of fluid in
either one of $aid chambers to bélow said chosen
degtéé with fluid under pressure released from
theé other thamber to effect opeidtion of said
fuel coritrol means to cut off the supply of fuel
to said prime mover, an operator’s control de-
vice comprising a lever, and means controlled
by said lever and opérablé in a stop position
thereof to release fluid under pressuré from both
of said chambers, and in g second position of
said lever to supply fluid under pressure to one
of sdid chambers and fo release fuid under
préssure from the other chamber and in & thitd
position of said lever to supply fluid under pres-
sure to said other champer and to release fAuid
undér préssuré from said one chamber, delay
means arranged to control thé supply of fuid
under préssure to said chambers and comprising
means operable to delay for Y
obtaining said chosen pressure of fluid in said
orie chamber upon movement of said lever from
said second position to said third position, and
In said othier chamber upon movement of ssid
lever from said third position to said second
position, and means conditionable by fiuid in
each chdmber at a pressure not less than said
chosen pressure o' render the delay mesns inef-
fective for the respective chamber and efféctive
for the other chamber. L

‘8. An apparatus for conditioning a reversible

prime mover for operation in either one direction’ ;

or in the opposite direction comprising in' com<
bination, reversing control means operable {ipon’
supply of fluid at a chosen pressure to one chamx
ber to condition said prime mover for operation
in one direction and operable upon supply of
fluid’ at a' chosen pressure to a second c¢hamber
to condition sdid- pritie mover for Operation’ in’
the reverse direction, an operator’s control de~
vice” domprising & lever and operable” with said
lever in a stop position to release fluid' under
pressure from both of said chambers, and in" &
second position to supply fluid under pressure
to said one’ chamber and to release fAuid under
pressure from said other chamber, and in a third
position to supply fAuid under pressure to said

otheér chamber and to release fluid under pres-
suré from said one chamber,- delay méans for
each' of said chambers operable to delay for an’
interval of time obtaining the said c¢hosei pres-
sure’ of fluid therein; and means operable by
fiid*supplied to each chamber at a pressure not
1658 than said chosen pressure to render the re~
spective delay mdans ineffective: dnd' dpérable
to rerider the last naned delay means’ effective
upon supply of fluid to the other chariber &t a
pressure not less than' the' said chosen pressure,
9. An’ apparatus' for conditioning a reversible

prithe mover for operation in’ either ofie direc:
tionor in the opposite direction comprising i
combination, reversing control’ means- for ‘said
prime mover operable upon’ SUpply of fllid at s
chosen pressure to orie chamber to condition said
prime mover for operation in- oh¢" direction sngd
operablé upon supply of fluid at & chosen’ pres-

sure to g-secorid cha‘mkﬁéktd}doﬁditionfs'aid-prin‘a_‘e_“
moVer for operation in' the reverse direction;
an- operator’s control- devicé comprising. & lever
and operable with said lever in a stop position'ts
rélease’ fluid- under pressure from' both of said
chambers;- and' ifi & second position’ to sipply

an intérval of time’
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fufd UNdEr Bressuré 66 sild oné chiriber and to
telease fluld trider préssiife from Said other
chémber, and in 4 third position to supply fud
uhder préssire 14 said other cHamber 4nd to re-
lease flild GAdeF pressure frofm said one chemii-
ber, delay méahs fof éacH of said chambefs op-
érable to delay for an intérval of time obtain-
Ing the said choséh pressure of fluid theréin,
and meatis operable dutomatically, upon condi-

- tioning of said Primé mover for operation by

flifid under pressure supblied to either ohe of
said chambers, to rénder the delay means for thé
last nanted chambef itieffective and the other de-
Iay means effective. o

10, An apparatus for dotiditioning & reversible
primie mover for operation in eithér one diréc.
tion or in the opposite diréction, comprising i
¢ombination, a_reveérsing piston movable to onie
position’ upon Supply of Auid under préssure to
one chamber to condition gaid prime mover for
operation in one direction and movable to a secw
ond position: upon supbly of Auid under préssure
to a second chamber to condition said primeé
moVer for operation in the reverse direction; an

© opérator’s control device comprising a lever and

operable tpon movement of safd lever to a’ stop’
position’ to effect a rélease of fluid under pres-
sure from' both of said chambers, to a second
position t6 effect a supply of fluid under pres-
sure to said one chamber.and to a third posi-
tion t0' effect & supply of fluid under pressure to
sdid second chamber and being operable with
s2id lever in said: second and third positions to
effect a release of fluid under bressure from the
chambér naot being supplied. with fluid' under
pressure, delay means for each .of said chambers
arranged :to control.the supply of fluid under
pressure thereto and being operable to prevent,
for an interval of time after movement of said
lever from said second position‘to said third pési-
tion, or vice versa, the supply of fluid under pres-
sure to the respective one of said chambers ang
being then automatically operable to permit sup-
ply of fluid under pressure to the respective
chamber, means operable to control said interval
of time, and valve means controlled by said' pis-
ton’and operable in the said one position: of s4id
piston: to render. the: delay meéans for said ong
¢hamber ineffective.and the delay means for said
second chamber effective and oberable in’ said
sécond position.of said piston’ to render the delay.
means for said’ second: chamber ineffective and
the delay means for said one chambeér effective.

11. An apparatus for coittrolling operation of
8 reversible’ prime mover in either one direction
or in the opposite: direction, comprising . control
nmeans operable upon supply of fluid- under pres-
sure’ to: one passake to provide for operation of
Said prime:mover in onhe direction and upon sup-
ply of fluid-under pressure: to a second pasiage
to provide for operation of said prime mover in
the opposite directioti and operable upon release
of fluid unider pressutre from- both of said pas<
sages' to render said prime mover non-operable;
an’_operator’s control” device operable to supply
fluid-under pressure to either one of said passages
and at’the same time; reledse fluid under pres-
sure from the dther bassage; or to release fluid
under pressure from-hoth of said passages at the
same time," delay means intérposed’ in the con-
nectidn- between- said- control- device” and' said
passages operable to' delay supply of fiuid under
Pressuré- to’ each® of satd passages by operation
of sald control dévice to thereby delay for an
interval of timé the  operstion of sald” conttol
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means by such fluid pressure, and means op-
erable automatically in accordance with the one
of said passages last supplied with fluid under
pressure to render said delay means ineffective
upon operation of said operator’s control device
to supply fluid under pressure to the one of said
passages last supplied with fluid under pressure
subsequent to operation of said control device
to release fluid under pressure from both pas-
sages. :

12. An apparatus for controlling the starting,
stopping and reversing of a reversible prime
mover, comprising in combination, starting
means for said prime mover, reversing means
movable to a first position to condition said prime
mover for operation in one direction and movable
to a second position to condition said prime
mover for operation in the opposite direction,
an operator’s control device comprising a lever
and being operable upon movement of said lever
to a first position to effect movement of -said
reversing means to its said first position and be-
ing operable upon movement of said lever to a
second position to effect movement of said re-
versing means to its said second position, means
controlled by both said reversing means and op-
erator’s control device operable upon movement

10

20

25

of said reversing means to the position deter- .

mined by the position of said lever to effect op-
eration of said starting means to start said prime
mover, brake means operable to effect stopping
of said prime mover, effective means for render-
ing said brake effective by said control device
upon movement of said lever to a third position
and also upon movement of said lever to its
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said fArst position with said reversing means in
its said second position and upon movement of
said lever to its said second position with said
reversing means in its said first position, delay
means including timing structure operable upon
movement of said lever from its said second posi~
tion to its said first position and from its said
first position to its said second position to pre-
vent response of said reversing means to opera-
tion of said control device for a chosen interval
of time after movement of said lever, means op-
erable upon operation of said reversing means
in response to operation of said delay means to
effect operation of said brake means to free said
prime mover for operation, and means condi-
tionable automatically in accordance with the
position of said reversing means for rendering
said delay means ineffective to delay response
of said reversing means to operation of said lever
upon movement of said lever to its said first
position with said reversing means in its said
first position and also upon movement of said
lever to its said second position with said re-
versing means in its said second position.
ROY R. STEVENS.
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