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CONTROL APPARATUS 
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Westinghouse Air Brake Company, Wilmerding, 
Pa., a corporation of Pennsylvania. 
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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 controlling 
a reversible Diesel engine. 
In the copending application of Harry C. May 

and Roy R. Stevens, Serial No. 521,798, filed Feb 
ruary 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 pres 
Sure Supplied to act. On one side to condition the 
reverse 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 structure 
further embodies means for delaying the supply of 
fluid under pressure to actuate the power piston 
for a certain period of time, such as six seconds, 
after-operation of the operator's control device to 
provide Such fluid, and the purpose of this delay 
is to insure the stopping of the engine from op 
eration in one direction before permitting opera 
tion of the power piston to reverse the engine's 
reverse gear or tinning 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 start 
the engine from an already stopped condition. 
With the engine stopped the delay is not neces 
sary, however, and in fact may be objectionable in 
that it delays engine starting. 
The principal object of the present invention is 

the provision of means for automatically render 
ing the delay means above described ineffective 
upon starting the engine from an already stopped 
condition. 
Other objects and advantages will be apparent 

from the following more detailed description of 
the invention. 

In the accompanying drawing; Fig. i is a dia 
grammatic view of a control apparatus embody 
ing the invention; and Fig. 2 is a side elevational 
view of a portion of said apparatus as applied for 
controlling the starting, stopping, reversing and 
speed of a reversible Diesel engine. 

Description. 

Referring first to Fig. 2 in the drawing. The 
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2 
versible Diesel engine which is arranged to be 
connected through suitable coupling means 2 to 
a drive shaft 3, said engine being operable to turn 
said shaft in either one direction or in the Op 
posite direction according to the direction Of Op 
eration of the engine. The reference numeral 4 
designates a brake for the drive shaft 3 and 
thereby the engine. The numeral 5 indicates a 
brake cylinder device adapted to be operated by 
fluid under pressure supplied through a pipe 6 to 
actuate the brake 4 for braking the shaft 3 and 
the engine , and adapted to operate upon release 
of fluid under pressure from said pipe to release 
said brake. The numeral 7 indicates a starting 
air pipe through which compressed 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 direction determined by the 
timing or condition of the engine valve gear. The 
supply of starting air to pipe 7 is arranged to be 
controlled by a starting air valve device 8 which is 
adjustable by a lever 9. With lever 9 in the po 
sition in which it is shown in the drawing the 
supply of starting air to the starting air pipe 7 
Will be cut off, while upon movement of Said lever 
to a position such as indicated by a dot and dash 
line 9 starting air will be admitted to pipe and 
thereby to the engine. 
Movement of lever 9 to its different positions 

may be controlled by a starting control motor 
which is operative upon supply of fluid under 
pressure to a pipe 2 to move the control lever 9 to 
the position indicated by the dot and dash line 
0 and which is operative upon release of fluid 

under pressure from said pipe to return the lever 
9 to the position in which it is shown in the 
drawing. 
The reference numeral 3 indicates a speed gov 

ernor of any conventional type arranged to be 
driven by and to operate at a Speed proportional 
to that of the engine for limiting the fuel sup 
ply to and thereby the speed of the engine in ac 
cordance with the adjustment of a governor con 
trol lever 4. This lever may have an engine 
idling position in which it is shown in the draw 
ing and may be adjusted to any position between 
said idling position and a maximum speed posi 
tion such as indicated by a dot and dash line 5 
to thereby provide for any degree of speed or 
power output of the engine. 
The adjustment of the speed control lever 4 

may be controlled by a speed control motor 6 
which is operable upon Supply of fluid under pres 
sure to a speed control pipe 7 to adjust said lever 

reference numeral indicates a portion of a re- 55 out of the idling position to a position correspond 
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ing to the pressure of such fluid. A certain maxi 
mum pressure of fluid in control pipe will cause 
Operation of the motor 6 to move the Speed con 
trol lever f4 to a maximum speed position indi 
cated 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 4 to 
idling position in which it is shown in the draw 
ing. 
The reference numera 8 indicates a fuel cut 

of device which is arranged to cut off the sup 
ply of fue to the engine, in any conventional 
manner, to allow stopping of the engine. Opera 
tion 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 Sup 
ply position 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 
offiuid in pipe 6 and which is operable upon sup 
ply of fluid under pressure to said pipe to move 
lever 9 to its fuel cut-off position and which is 
operable upon release of fluid under pressure 
from said pipe to effect movement of said lever 
to its fuel supply position. 
The engine f is provided with a rockable shaft 

22 for effecting, in any Conventional manner, 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 direc 
tion. A gear 23 is secured to shaft 22 for turn 
ing Same. 
The structure So far described for controlling 

the operation of engine is arranged to be con 
trolled by a maneuvering control device 26 
mounted on the engine and said maneuvering 
control device is arranged to be controlled by an 
operator's control valve device 2. 
The maneuvering control device 26 comprises 

a bracket 29 upon which is removably mounted 
a fluid reversing motor 39 for actuating the re 
versing shaft 22, and also comprises a timing 
or interlock valve device 3 for controlling the 
Operation of said motor and for also controlling 
the operation of the starting motor , the fuel 
cut-off motor 2 and the brake cylinder device 5. 
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 3 closing one end of Said cylin 
der, to the exterior of Sald 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 of the reversing shaft 22, where 
by reciprocation of piston 33 in its cylinder will 
turn the reversing shaft 22. 
The reversing pistOn 33 has two operating 

positions, namely, an astern position in which it 
is shown in the drawing and which it defined 
by contact between said piston and the closed 
end of the cylinder, for conditioning the engine 
reversing shaft 22 to provide for operation of the 
engine in an astern direction, and a second posi 
tion which is defined by contact between said pis 
ton 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 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 movement of said 
piston to the ahead position defined by contact 
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4 
with the pressure head 37 is adapted to be ob. 
tained by fluid under pressure supplied through 
passage 40 to chamber 34 when fluid pressure is. 
released from chamber 36 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 
3, respectively, which constitute a part of the 
timing or interlock valve device 3. The timing 
or interlock valve device 3 further comprises a 
starting control valve device 44 for controlling 
the Supply and release of fluid under pressure 
to and from the starting control motor , and 
also comprises a fuel and brake control valve de 
Vice 45 for controlling the supply and release 
of fluid under pressure to and from pipe 6 and 
thereby the brake cylinder device 5 and fuel cut 
of motor 2. 
The astern pilot valve device 42 comprises a 

fluid pressure supply valve 47 contained in a 
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 
50 and a passage 5. The valve 47 has a fluted 
stem 52 extending through a bore in a partition 
wall separating charnber 48 from a chamber 53 
and is arranged to cooperate with a seat en 
circling said bore for controlling communication 
between said chambers. Chamber 53 is con 
nected to passage 39 leading to chamber 36 below 
the power piston. 33. 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 55, which bore is in constant 
communication with atmosphere through ports 
57 in the plunger, a port 58 in a sleeve 59 secured 
in the casing, a chamber 60, a passage 6, a cham 
ber 62 and a vent port 63. A spring 64 contained 
in plunger 55 is connected through a pin 65 to the 
release valve stem 56 for urging said valve out 
of seating contact 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 
direction of its seat. 
The end of plunger 55 opposite the release valve 

54 is connected to a follower 6 engaging one side 
of a flexible diaphragm 68. At the opposite side 
of diaphragm 68 is a fluid pressure control cham 
ber 69. A precompressed coil spring 70 acts on 
follower 67 for deflecting the diaphragm 68 in 
the direction of chamber 69, such movement be 
ing limited by contact between said diaphragm 
and a stop 7. When diaphragm 68 is subjected 
in chamber 69 to fiuid at a pressure sufficient to 
overcome spring 0, said diaphragm will deflect 
against the opposing force of said spring as will 
be apparent. Upon movement of diaphragm 68 
against spring 70, the plunger 55 will initially 
move relative to the release valve 54, due to the 
fact that the pressure 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 communication between 
chamber 53 and chamber 60, and further move 
ment of diaphragm 68 will then act through said 
Valve to unseat the fluid pressure supply valve 47. 
Conversely, upon release of fluid under pressure 
from chamber 69 and movement of diaphragm 
68 and plunger 55 by spring 70 back to the posi 
tion defined by stop 7, the fluid pressure supply 
valve 4 will be seated by spring 66 ahead of open 
ing of the release valve 54 by spring 64. 
The pressure chamber 69 above diaphragm 68 
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is connected through a passage 72 and a choke. 
73 to a passage 74 which is connected to an astern 
control pipe 75 leading to the operator's control 
valve device 2. 
The ahead pilot valve device 43 is structurally 

identical to the astern pilot valve device 42 just 
described, and briefly comprises a supply valve 
76, a release valve 77, a plunger 78 having a seat 
for said release valve, a follower 79 engaging one 
side of a flexible diaphragm 80, a control Spring 
8 acting through said follower on said dia 
phragm in opposition to pressure of fluid in a 
chamber 82, a spring 83 for closing the Supply 
valve 76, and a spring 84 for unseating the release 
valve 7 from the end of plunger 78. The Supply 
valve 76 is contained in the fluid pressure Supply 
chamber 48, while the release valve TTis con 
tained in a chamber 85 which is connected to 
passage 40 leading to chamber 34 at the upper 
side of the reversing piston 33. Chamber 82 above 
diaphragm 80 is connected through a passage 86, 
a choke 87 and a passage 88 to an alhead con 
trol pipe 89 leading to the operator's control valve 
device 27. 
The starting control valve device 44 is struc 

turally identical to the astern and ahead control 
valve devices 42 and 43 and, briefly described, 
comprises a fluid pressure supply valve 95, a re 
lease valve 96, a plunger 97, a flexible diaphragm 
98, a spring 99 acting on said diaphragm in op 
position to pressure of fluid in a control chamber 
OO, a spring Of for seating the supply valve 95 

and a spring f O2 for opening the release valve 
96. The supply valve 95 is contained in a cham 
ber f03 which is connected by a passage fo4 to a 
starting control pipe. 05 leading to the operator's 
control valve device 27. The release valve 96 is 
contained in a chamber 06 which is connected 
by a passage 107 to pipe 2 leading to the starting 
control motor f. The diaphragm chamber 00 
is connected through a passage 08 and a choke 
09 to a control passage 0. 
The control passage to leads to the side outlet 

of a double check valve device f2 which com 
prises two check valves 3 and f4 contained in 
chambers 5 and 6, respectively. These check 
valves are connected together for movement in 
unison by a stem which loosely extends 
through a bore provided in a Wall 8 separating 
chambers 5 and 6. At the opposite ends of 
this bore, the wall 8 is provided with seats for 
contact with the valves 3 and 4, respectively, 
said valves being spaced apart by stem i? a dis 
tance exceeding that between said seats whereby 
when either valve is Seated the other Will be un 
seated. The bore through the wall í í8 contain 
ing stem 7 is connected by one or more radial 
bores 9 to passage 0. 
Chamber 6 containing check valve 4 is open 

through a passage 20 containing a choke 2 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 of piston 
33 out of contact With the closed end of the cylin 
der in the direction of pressure head 3 the pas 
sage 20 is first disconnected from chamber 36 
and then opened past said piston to pressure 
chamber 34. 
The chamber 5 containing check valve 3 is 

connected by a passage 22 containing a choke 
23 to pressure chamber 36, when the piston 33 

in the astern position in which it is shown in the 
drawing, and said passage is adapted to be opened 
to chamber 34 upon movement of said piston into 
contact with the pressure head 37. 
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The fuel and brake control valve device 45 is 

Structurally identical to the astern, and ahead 
control valve devices 42 and 43 and to the start 
ing control valve device 44 and, briefly described, 
comprises a valve f30, a second valve 3, a 
plunger 32 having a seat for valve 3, a flexible 
diaphragm 33, a spring 34 acting on one side of 
Said diaphragm in opposition to pressure of fluid 
in a chamber 35 at the opposite side, a spring 
36 acting to close the valve 30 and a spring 37 

acting to open the valve 3. The valve 3 is 
contained in a chamber 38 which is connected 
through a passage 39 to pipe 6 leading to the 
brake cylinder device 5 and fuel cut-off motor 2 
and is arranged to control flow of fluid under 
pressure from chamber 50 to chamber 38. The 
valve 30 is contained in chamber 62 which is 
open to atmosphere through the vent port 63 and 
is provided to control communication between 
Said chamber and chamber 38. 
The pressure chamber 35 above diaphragm 
33 is connected to a passage 40 leading to the 

side outlet of a double check valve 4 which is 
Subject on its opposite ends to pressure of fluid 
from chambers 53 and 85 in the astern and ahead 
pilot valve devices 42 and 43 by way of passages 
42 and 43, respectively. Upon supply of fluid 
under pressure to passage 42 the double check 
valve 4 will be moved by such pressure to a 
position the reverse of that in which it is shown 
in the drawing for opening communication be 
tween said passage and passage 40 while closing 
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communication between passages 40 and 43. 
Upon supply of fluid under pressure to passage 
43 the double check valve 4 will be moved by 
Such pressure to the position in which it is shown 
in the drawing for opening communication be 
tween passages 43 and 40 and for closing com 
munication between passages 40 and 42. 
The diaphragm chamber 35 in the fuel and 

brake control device 45 is also connected through 
a communication including two serially arranged 
check. Valves 46 to passage 68 leading to pres 
sure chamber 60 above diaphragm 98 in the 
starting control valve device 24, said check valves 
being arranged to prevent flow of fluid under 
pressure from chamber 35 to passage 08 but 
to permit flow in the opposite direction. 
The operator's control valve device 2 is pro 

vided for controlling through pipes 5, 89, and 
05 the supply of fluid under pressure to and its 

release from diaphragm chambers 69, 82 and CO 
in the astern and ahead pilot valve devices 42 
and 43 and in the starting control valve device 
44, respectively, and for also controlling through 
pipe T Supply and release of fluid under pressure 
to and from the speed control motor 6. The 
operator's control valve device, therefore, com 
prises valve means (not shown) for controlling 
the pressure of fluid in the pipes just mentioned 
and a lever 45 for controlling the operation of 
Said Valve means. 
The lever f45 extends through a guide slot 46 

and has a “Stop' position intermediate the ends 
of said slot. At one side of 'Stop' position, indi 
cated in the drawing by the legend "Ahead,' the 
lever 45 has a “Run & idle' position which is 
located substantially midway between "Stop' 
position and the end of said slot where said lever 
has a “Full speed' position. Adjacent the "Run 
& idle' position the slot 46 opens to a side slot 
47 to allow movement of lever 45 to a "Start' 

position. At the opposite side of "Stop' position, 
indicated by the legend "Astern,' the lever 45 



? 
has oppositely arranged "Run & idle' and "Full 
speed' positions, and adjacent said "Run & idle' 
position a “Start" position in a side slot le. 

In 'Stop' position of lever 45 the valve means 
(not shown) controlled by said lever are operable. 
to open the several pipes 75, 89,05 and 7 to at 
mosphere. In "Run & idle' position at the 
“Ahead' side of “Stop' position the valve means 
controlled by lever f45 are operative to supply 
fluid under pressure to the ahead control pipe 89 
while maintaining the astern control pipes, the 
starting control pipe 05, and the speed control 
pipe 7 open to atmosphere, while upon move 
ment of said lever into the side slot 4 fluid un 
der pressure is adapted to be additionally sup 
plied to the starting control pipe 05. In the 
“Run & idle' position of lever 45 at the opposite 
or astern side of "Stop' position, fluid under 
pressure is adapted to be supplied to the astern 
control pipe 75, while the ahead control pipe 89, 
the starting pipe 05 and the speed control pipe 

will be open to atmosphere, while upon nove 
ment of said lever into slot 48 fluid under pres 
sure will additionally be supplied to the starting 
control pipe 5. 
When the lever 45 is in either of the "Run & 

idle' positions the speed control pipe is adapt 
ed to be open to atmosphere as above described, 
for rendering the speed control motor 6 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 
provided through pipe it to the speed control 
motor 36 for operating said motor to move the 
governor control lever 4 to the maximum Speed 
position indicated by the dot and dash line 5, 
to thereby provide for operation of the engine at 
maximum speed, Any desired degree of Speed 
or output of the engine, between idle and maxi 
mum, may be obtained by suitable adjustment of 
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the operator's control lever 45 between either 
“Run & 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 
scribed in the copending application hereinbefore 
referred to, in view of which, a more detailed dis 
closure and description of such parts is not con 
sidered essential in the present application to a 
clear understanding of the invention. 
According to the invention I provide two like 

but separate valve devices 50 and 5 for open 
ing fluid pressure supply communications around 
chokes 3 and 8. to chambers 69 and 82, respec 
tively, said communications having greater flow 
capacity than said chokes So as to eliminate the 
delay effect of said chokes in starting the engine 
from an already stopped condition, as Will be 
more fully described hereinafter. 
The valve device 50 comprises a casing having 

a chamber 52 which is connected by a pipe f$3 
to passage & leading to the astern control pipe 
75. The chamber 52 contains a poppet valve 
54 having a stem 58 extending through an 
opening in a wall 55 separating said chamber 
from a chamber 56 which is open through a pipe 
157 to passage 72 leading to diaphragm chamber 
69. It should be noted that pipe 5 is connected 
to passage 72 at one side of choke 73 while pipe 
53 is connected to passage 74 at the opposite 

side of said choke, the valve 54 thus controlling 
a communication between said passages by-pass 
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ing said choke and said communication has a 
greater flow capacity than said choke. 
The valve stem 58 extends from wall 55 

through chamber 56 and the outer end Wall of 
said chamber to the exterior of the casing. The 
portion of stem 58 extending through the Wall 
55 is fluted to allow flow of fluid under pressure 

between chambers 56 and 52 when the valve 
f54 is out of engagement with a seat provided 
on said wall, but the portion of said stem beyond 
this fluted portion is cylindrical to minimize leak 
age of fluid under pressure from chamber 56 
through the Outer end Wall of the latter chamber 
to atmosphere. A spring 59 in chamber 52 acts 
on the valve 54 for urging it to its closed posi 
tion. 
The valve device f3 is identical in structure to 

the valve device 50 and briefly described, com 
prises a valve 60 arranged to control communi 
cation between a chamber 6 and a chamber 
62. A spring 63 in chamber 6 acts on valve 
60 for urging it to its closed position in which 

it is shown in the drawing. The valve 60 has 
a stem 63 projecting to beyond the exterior of 
the casing. Chamber i6 is connected by a pipe 
65 to passage 88 at One side of the choke 8, 

while chamber 62 is connected by a pipe f66 
to passage 86 at the opposite side of said choke, 
the communication through these pipes controlled 
by valve 60 having greater flow capacity than 
said choke so that when said valve is open said 
choke will be rendered ineffective. 
The two valve devices 50 and 5 are arranged 

with their stems 58 and 64, respectively, in 
spaced parallel relation. A lever f6, fulcrumed 
intermediate its ends on a fixed pin 68 has one 
arm arranged to engage the end of the valve 
stem 58 for opening valve 56, and another arm 
arranged to engage stem 64 of valve 60 for 
opening the latter valve. The lever 67 also has 
a third arm connected at its end to a rod 69 
projecting from a piston contained in a cylin 
der . At one side of piston to is a chamber 
2 which is open to pipe 53, and at the opposite 

side is a chamber 73 which is open to pipe f65. 
When pressure of fluid in chamber 72 suff 

ciently exceeds that in chamber 53, in operation 
to be later described, the piston. To will move to 
the position in which it is shown in the drawing 
for thereby operating lever 67 to open valve 54 
in the valve device 5 and to allow closing of 
valve fed in the valve device 5 by spring 63. 
On the other hand, when pressure of fluid in 
chamber 73 exceeds that in chamber 2 to a 
sufficient degree the piston will move to the 
opposite end of cylinder to actuate lever 67 
to open valve 68 in the valve device 5 and to 
permit closing of valve 54 in the valve device 
59 by spring 59. 
One end of a tensioned coil spring 5 is con 

nected to the connection between lever 68 and 
the piston rod 69, while its other end is anchored 
on a fixed pin 76. One purpose of this spring 
is to maintain the valve 54 open by holding lever 
67 and piston í 70 in the position in which they 
are shown in the drawing when chambers 72 and 
73 at opposite sides of said piston are open to 

atmosphere, and to also maintain the valve f60 
open when the lever 67 is in its opposite position 
defined by contact between piston f7 and the 
left hand end of its cylinder 7, when said cham 
bers are open to atmosphere, as will be later 
brought out. Another reason for the spring 75 
is to prevent rocking of lever 67 from the posi 
tion in which it is shown in the drawing to its 



2,438,427 

opposite position, or vice versa, by a differential 
between pressures of fluid in chambers 2 and 
73 acting on the piston ?o of less than a certain 

degree, as will also be brought out later. ; 
In pipe 53 there is disposed a check valve 80 

arranged to permit flow of fluid under pressure 
through said pipe in the direction to piston cham 
ber 2 but to prevent flow in the Opposite direc 
tion. A passage or pipe 8 by-passing the check 
valve 80 is provided to permit flow of fluid under 
pressure from chamber 2 and a choke 82 in 
this pipe is provided to restrict such flow for de 
laying release of fluid under pressure from said 
chamber for reasons which will be later described. 
A similar check valve 83 is disposed in pipe 65 
and a communication 84 by-passing said check 
valve and including a choke 85 is provided for 
restricting release of fluid under pressure from 
piston chamber 73, said check valve being ar 
ranged to permit a relatively rapid flow of fluid 
in the direction to said chamber but to prevent 
flow in the Opposite direction. 
A volume reservoir 86 may be connected by a . 

pipe 87 to the cylinder 7, the connection to 
said cylinder being so arranged that said pipe 
will be open to chamber 72 when piston TO is 
at the right hand end of said cylinder, as shown 
in the drawing, and open to chamber 73 when 
said piston is at the opposite end of said cylinder. 
A check valve 88 in pipe 87 is arranged to per 
mit flow of fiuid under pressure from reservoir 
86 through pipe f8 in the direction to the cyl 
inder 7 but to prevent flow in the opposite 
direction. A communication 89 by-passing the 
check valve 88 and containing a choke 90 is 
provided to permit flow of fluid under pressure 
at a relatively slow rate in the direction from 
cylinder 7 to the volume reservoir 86. 

Operation 

In operation, let it be initially assumed that 
the operator's control level 45 is in 'Stop' 
position causing operation of the control valve 
device 2 to open the astern and ahead pipes 75 
and 89, respectively, to atmosphere, and also 
opening the starting control pipe O5 and the 
speed control pipe 7 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 shown in the drawing 
With the release valves 54 and opened. Cham 
ber 34 above the reversing piston 33 will there 
fore be open to atmosphere through passage 40 
and past valve , while chamber 36 below said 
piston will also be opened to atmosphere 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 drawing for conditioning 
the engine's valve gear for operation of the en 
gine in the astern direction. 
With diaphragm chamber 69 and 82 in the 

a.Stern and ahead pilot Walve devices 42 and 43 
open to atmosphere, chamber 35 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 A4 and thence through 
either passage f42 or 43 and past the release 
valve 54 or 77, respectively. The parts of the 
fuel and brake control valve device 45 will there 
fore be positioned as shown in the drawing with 
valve 3 open, so that fluid under pressure sup 
plied through passage 49 to chamber 50 will flow 
past Said Valve to chamber 38 and thence 
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O 
through passage 39 and pipe 6 to the brake cyl 
inder device 5 and to the fuel cut-off motor 2. 
The brake cylinder device 5 will therefore be 
operated to cause the brake 4 to brake the crank 
shaft 3 and the engine, while the fuel cut-off 
motor 2 will be operated to hold lever 9 in 
its fuel cut-off position, in which it is shown in 
the drawing, for cutting off the supply of fuel 
to the engine, 
With diaphragm chamber 35 in the fuel and 

brake control device 45 open to atmosphere as 
just described, fluid under pressure will also be 
vented from diaphragm chamber OO in the 
starting control valve device 44 by way of the 
check valves 44, chamber 35 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 opened. . With valve 
96 open, chamber 06, passage 07, and thereby 
pipe 2 and the starting control motor f will be 
open to atmosphere so that lever 9 of the starting 
air valve device 8 will be in the cut-off position 
in which it is shown in the drawing. Since 
chambers 72 and 73 in the cylinder T are 
Open, respectively, through pipes S3 and f G5 to 
the astern and ahead control pipes 75 and 89 
which are Open to atmosphere as above men 
tioned, said piston chambers will also be open to 
atmosphere and let it be assumed that the piston 
70 is occupying the position in which it is shown 

in the drawing in which the valve 54 will be 
open and the valve 60 will be closed, 
This position of piston TO is that which it will 

assume when the engine is operating in the 
astern direction and in which it will remain upon 
stopping the engine from such operation, as will 
be apparent from the description to follow. 
Assuming that the engine was stopped from 

operation in the astern direction, the reversing 
piston 33 will also occupy the position in which 
it is shown in the drawing. With the engine 
stopped and the various parts of the control ap 
paratus positioned as just described, let it be 
assumed that the operator desires to restart the 
engine in the last direction of operation, that is, 
in the astern direction in the present instant. 

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 f : 8. This 
operation of lever 45 will effect a supply of fluid 
under pressure to the starting control pipe o5 
and to the astern control pipe 75 while main 
taining the ahead control pipe 89 and the speed 
control pipe open to atmosphere. 
Fluid under pressure thus supplied to the start 

ing control pipe 5 will flow to chamber o3 in 
the starting control valve device 44 where for the 
present it will stop, since the supply valve 95 is 
closed. Fluid under pressure supplied to the 
astern control pipe 75 will however flow through 
passage 74 and pipe 53 to piston chamber 72 
in the cylinder 7 and since chamber 73 at the 
opposite side of piston TO is at this time open 
to atmosphere through the ahead pipe 89, the 
preSSure of fluid in chamber 2 will maintain the 
piston 70 in the position in which it is shown in 
the drawing for thereby holding the valve 54 
Open. 

Fluid under pressure supplied through the 
astern control pipe 75 and passage 74 to pipe 53 
as just described will also fow to the valve device 
50 and thence past the open valve 54 and pipe 
57 and passage 72 to diaphragm chamber 69 in 

the astern pilot valve device 42. When a suff 
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cient pressure of fiuid is then obtained in cham 
ber 69 to overcome the opposing force of Spring 
70 on diaphragm 68, said diaphragm will deflect 
in a downward direction and move plunger 55 
into contact with the release valve 54 and then 
move said valve to open the supply valve 47. 
Fluid under pressure will then flow from cham 
ber 48 past the supply valve 47 to chamber 53 
and thence through passage 39 to chamber 36 
below the reversing piston 33 to act on Said piston 
for urging it to its astern position in which it is 
shown in the drawing, and which it already occu 
pies, due to the engine having been stopped from 
previous operations in an astern direction. 

Fluid under pressure supplied past the Supply 
valve 47 to chamber 53 in the astern pilot valve 
device will also flow through passage 42 to the 
lower end of the double check valve 4, the 
upper face of which at this time is open to at 
mosphere through passage 43 and past the open 
release valve 77 in the ahead pilot valve device 
43. The pressure of fluid provided through pas 
sage 42 and acting on the lower face of the 
double check valve 4 will therefore shift said 
valve to its upper position for opening communi 
cation between said passage and passage 40 to 
permit flow of fiuid under pressure from passage, 
42 to passage 40 and thence to chamber 35 
above diaphragm f33 in the fuel and brake valve 
device 45. 
When sufficient pressure is thus obtained in 

chamber 35 to overcome the opposing force of 
spring 34 on diaphragm 33, said diaphragm 
will defect 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 38. Further de 
flection of diaphragm 35 will then act through 
valve 3 f to open valve 30, whereupon fluid 
under pressure will be released from chamber 
38 to chamber 62 and thence to atmosphere 
through port 63. Upon this release of fluid under 
pressure from chamber 38, fluid will also be 
released from passage 39 and pipe 6 and thus 
from the brake cylinder device 5 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 2 will operate to 
move lever 9 of the fuel cut-off valve device i8 
to the position indicated 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 f8 is operated to admit fuel for running 
the engine, the fluid under pressure supplied to 
chamber 36 below the reversing piston 33 will 
flow through passage 22 to chamber 5 for 
acting on the check valve 3 to maintain said 
check valve seated, and fluid under pressure will 
also flow from chamber 36 through passage 20 
to chamber 6 containing the unseated check 
valve 4. This condition of the two check Valves 
f 3 and 4 is the same as during last operation 
of the engine and will not change upon Simul 
taneous supply of fluid under pressure to the two 
chambers 5 and 6, as in the particular Opera 
tion being described. 

Fluid under pressure thus supplied to chamber 
6 in the double check valve device f2 will then 

flow past the check valve 4, through the radial 
ports 9 to passage 9 and thence through 
choke G9 to chamber 100 above diaphragm 98 
in the starting control valve device 44. When 
the pressure of fluid thus obtained in chamber 
100 becomes sufficient to overcome the opposing 
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force of spring 99 on diaphragm 98, said dia 
phragm will deflect downwardly to move plunger 
97 into engagement with the 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 chamber 03 through 
the starting control pipe 05 with the operator's 
control lever in the “Astern start' position in 
recess 48, will flow past said valve to chamber 
l06 and thence through passage í07 and pipe í2 
to the starting control motor if and actuate said 
motor to move the starting air valve lever to the 
Starting position indicated by the dot and dash 
line fo, whereupon starting air from any conven 
tional Source will be supplied to the starting air 
pipe for supply to the engine cylinders for, 
starting the engine to turn in the astern direc 
tion, as determined by the position of the revers 
ing pistom 33. 
As soon as the engine starts to turn under the 

influence of starting air provided through pipe 7, 
the fuel supplied to the engine by operation of 
the cut-off valve device f8 will fire and cause the 
engine to run on fuel. After the engine fires and 
is running on fuel the operator will then move 
the control lever 45 out of the 'Astern' 'Start' 
position in recess 48 to the “Astern,' 'Run & 
idle' position and the engine Will then continue 
to run om fuel at an idling Speed. This movement 
of ever 45 to the 'Astern,' 'Run & idle' posi 
tion will however cut off the supply of fluid under 
pressure to and will release fluid under pressure 
from the starting control pipe 05, and since said 
pipe is open past valve 95 in the starting control 
valve device 44 to the starting air motor , fluid 
under pressure will be released from said motor 
to permit operation of said motor to effect opera 
tion 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 45 between the "Run & idle' posi 
tion and the “Full speed' position at the 'Astern' 
side of “Stop' position, for supplying through 
pipe 7 to the governor control motor 6 fluid at 
a pressure required to cause operation of the 
engine at any speed he may select. 
When the operator desires to stop the engine 

from operation in the astern direction he will 
move the control lever 45 to 'Stop' position 
for releasing fluid under pressure from the astern 
control pipe 5 and thus from diaphragm cham 
ber 69 in the astern pilot valve device 42, this 
release of fluid under pressure from chamber 69 
occurring at a relatively rapid rate past the Open 
valve 54. When the pressure in diaphragm 
chamber 69 is sufficiently reduced, spring To will 
return the diaphragm 68 and plunger 55 to the 
positions in which they are shown in the drawing, 
permitting closure of the supply valve 47 by spring 
66 and opening of the release valve 54 by Spring 
64. Upon opening release valve 54 fluid under 
pressure will be released from chamber 53 and the 
connected chamber 36 below the reversing piston 
33 and also from diaphragm chamber 35 in the 
fuel and brake control valve device 45 by Way 
of passage 40, past the double check valve 4 
and through passage 42. When the pressure 
in chamber 35 is thus sufficiently reduced spring 
34 will return the diaphragm 53 and plunger 
32 to the positions in which they are shown in 
the drawing to permit closure of valve 30 by 
spring 36 and opening of valve 3 by Spring 
37. Upon opening of valve 3 fluid under 

pressure will be supplied from passage 49 and 
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chamber 50 to chamber 38 and thence through 
pipe 6 to the brake cylinder device 5 and to the 
fuel cut-off motor 2. The brake cylinder device 
5 will thereby be operated to actuate brake to 
stop the drive shaft 3 and the engine , while 
the fuel cut-off motor 2 will operate to move 
lever 9 of the fuel cut-off device f8 to the fuel 
cut-off position in which it is shown in the draw 
ing for cutting off supply of fuel to the engine 
so that the engine may be stopped by brake 4. 
When fluid under pressure is released from 

diaphragm chamber 35 in the fuel and brake 
control 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 
44 and thence through diaphragm chamber 35, 
So that the parts of the starting control valve 
device will be returned 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. 

From the above description it is desired to 
particularly note that when the engine is stopped, 
in which case both the ahead and astern pipes 
89 and 75 are open to atmosphere, and then re 
started in the astern direction the supply of 
fluid under pressure from the astern pipe 75 to 
diaphragm chamber 69 in the astern valve de 
vice 42 occurs past the open valve 54, and that 
in stopping the engine from operation in the 
astern direction the release of fluid under pres 
Sure from said chamber also occurs past the open 
valve 54, the communication controlled by said 
Valve by-passing the choke 3 and rendering it 
ineffective during such operation. It will also be 
noted that when the engine is stopped from 
operation in the astern direction the fluid under 
pressure is released from chamber 2 at the 
left hand side of piston 70 along with the re 
lease of fluid under pressure from the astern 
control pipe 75. 
Now let it be assumed that with the engine at 

rest and with the reversing piston 33 in the po 
sition in which it is shown in the drawing con 
ditioning the engine for Operation in the astern 
direction, and with piston O also in the posi 
tion in which it is shown in the drawing, the 
engineer desires to start and Operate the engine 
in the ahead direction. To accomplish this, the 
operator will move lever 45 to the “Ahead' 
“Start' position in the side slot 4 for supply 
ing fluidi under pressure to the ahead contro 
pipe 89 and to the starting pipe 05, while main 
taining the astern pipe 5 and speed control pipe 

both open to atmosphere. 
The fluid pressure supplied to pipe 05 will 

flow to chamber 3 in the Starting contro Valve 
device 3 but wave 95 in Said device will be closed 
at this time, as previously mentioned. The fluid 
pressure supplied to the ahead control pipe 89 
will fow through passage 88 to pipe 65 and 
thence through check valve 83 to chamber 3 
at the right hand side of piston O. Chamber 
2 at the left hand side of piston to is at this 

time open to atmosphere through the Vented 
astern pipe 75, so that as SOOn as sufficient pres 
sure is obtained in chamber 73, the piston 
will move from the position in which it is shown 
in the drawing to its left hand position and 
thereby actuate lever 67 to open valve 60 and 
permit closing of valve 54 by spring 59. The 
valve f60 will thus promptly open in response to 
movement of the operator's control lever 45 to 
the “Ahead' "Start' position whereupon fluid 
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4. 
under pressure in pipe to will flow past said 
valve to pipe 68 and thence through passage 86 
to diaphragm chamber 82 in the ahead pilot 
valve device 43. When Sufficient pressure is then 
obtained in chamber 82 to overcome the oppos 
ing force of spring 3 on diaphragm 80, said dia 
phragm will deflect in a downward direction and 
move plunger 8 into seating engagement with 
valve 77 and then actuate said valve to open the 
fluid pressure supply valve . 

Fluid under pressure from chamber 48 will then 
flow past the open supply valve 76 to chamber 
85 and thence through passage 40 to chamber 34 
above the reversing piston 33. Chamber 36 be 
low 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 3. 
As the piston 33 is thus moved toward the pres 

sure head 37 it will first close communication be 
tween chamber 36 below the piston and passage 
20 and then after a slight further movement 

will 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 

6 containing the check valve 4. Chamber 
5 containing check valve f3 is at this time 

open to atmosphere by way of chamber 36 be 
low the reversing piston 33, as a result of which, 
pressure of fluid in chamber f 6 acting on check 
valve 4 will move said check valves toward the 
left hand and seat the check valve 4 and un 
seat the check valve 3. 

Finally, when the reversing piston obtains its 
ahead position defined by contact with pressure 
head 37 and in which position the engine's re 
versing gear will have been reversed to provide 
for operation of the engine in the ahead direc 
tion, the passage 22 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 22 to 
chamber 15 and thence past the open check 
valve f3 to passage 0 and thence through 
choke 09 and passage 08 to diaphragm cham 
ber 00 in the starting control valve device 44. 
When a sufficient pressure of fluid is thus ob 
tained in chamber 6 to overcome the opposing 
force Öf Spring 99 on diaphragm 98 said dia 
phragm will deflect in a downward direction and 
move plunger 9 into engagement with release 
valve 96 and the act through said valve to open 
the supply valve 95. When the supply valve 95 
is opened fluid supplied through pipe 05 to 
chamber 3 with the operator's control valve 
device in the 'Ahead' "Start' position, will flow 
past said valve to chamber 06 and thence 
through passage 7 and pipe 2 to the starting 
air motor and operate said motor to actuate the 
starting air valve device 8 to supply starting air 
to pipe 7 and thence to the engine cylinders. The 
engine will then start to turn in the new or ahead 
direction, as determined by the position of the 
reversing piston 33 in contact with pressure head 
3. 
At the same time as the reversing piston 33 is 

operated 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 
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the upper end of the double check valve f4. The 
lower end of the double check valve is at this 
time open to atmosphere through passage 42 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 43 will shift Said 
check valve to its lower position for Opening con 
munication between said passage and passage 
f30. Fluid under pressure will then flow from 
passage 43 to passage 4 and thence to cham 
ber 35 in the fuel and brake control device. 45 
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and when this pressure becomes sufficient to over 
come the opposing force of spring 8 on dia 
phragm 33, said diaphragm will deflect in a 
downward direction and move plunger f32 into 
contact with valve 3 for cutting off the supply 

15 

offiuid under pressure from chamber 5 to chan . 
ber 38, and then act through said Valve to open 
valve 30. When valve f3 is opened fluid under 
pressure will be vented from the brake cylinder 
device 5 and from the fuel cut-off motor 2 to 
thereby release the brake 4 and effect operation 

20 

of the fuel cut-off valve device to supply fuel to 
the engine. 
When the engine starts turning under the in 

fluence of starting air supplied through pipe 
and fuel is supplied to the engine as above de 
scribed, the engine will fire and run on fuel in 
the ahead direction as determined by the revers 
ing piston 33 being in contact with the pressure 
head 3. 
After the engine is started in the ahead direc 

tion and is running on fuel as just described, the 
operator will move the control ever 45 out of 
the slot 47 to “Run and idle' position at the 
“Ahead' side of 'Stop' position for releasing 
fluid under pressure from the starting control 
pipe 05 and thereby from the starting air motor 

to cause operation of the starting air valve 
device 8 to cut off the supply of starting air to 
pipe 7. The engine will then continue to run 
on fuel and by proper adjustment of the oper 
ator's control lever 45 between the “Ahead,' 
“Run and idle' position and the 'Ahead' "Full 
speed' position any desired degree of engine Speed 
may be obtained. 
When the operator desires to stop the engine 

from operation in the ahead direction, he will 
move lever 45 to "Stop” position to release fluid 
under pressure from the speed control pipe 
to permit the engine Speed to reduce to idling, and 
to also release fluid under pressure from the ahead 
control pipe 89 and thereby from chamber 82 in 
the ahead pilot valve device 43, the release of 
fluid under pressure from chamber 82 occurring 
past the open valve 6 and thence through said 
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which condition both the ahead and astern pipes 
89 and 75 will be open to atmosphere, and the 
engine is then started in the ahead direction, 
the piston f70 promptly operates in response to 
movement of the operator's control lever 45 to 
the "Astern start” position to effect opening of 
valve 60 so that fluid at the required pressure 
may be promptly obtained in diaphragm chamber 
82 of the ahead valve device 43 for effecting op 
eration of said device, and in stopping the engine 
from Operation in the ahead direction, fiuid un 
der pressure is released from said chamber past 
the open valve 63, it being noted that choke 
87 is thus rendered ineffective when the valve' 
6) is opem. 
With the engine stopped from operation in the 

ahead direction if the operator desires to start 
the engine in the astern direction he will move 
lever 45 to the “Astern' 'Start' position in 
Siot 48 for thereby supplying fluid under pres 
Süre to the astern pipe 75 and to the starting 
pipe 05 while maintaining the ahead pipe 89 
and Speed control pipe 7 open to atmosphere. 
At this instant piston 70 will be at the left hand 
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end of cylinder 7, however, fluid under pres 
Sure supplied to the astern pipe 75 will promptly 
flow through passage 74 pipe. 53 and check 
valve 80 to chamber 72 at the left hand face 
of said piston and move said piston to the right 
hand end of cylinder fle for thereby opening 
valve 54 and permitting closure of valve 60 by 
spring 63. This opening of valve 54 will then 
permit fluid under pressure to flow from pipe 
53 to pipe 5 and thence to diaphragm chamber 

69 in the astern valve device 42. The astern 
valve device 42 will then operate to supply fluid 
under pressure to chamber 36 below the reversing 
piston 33, and with chamber 34 above said piston 
open to atmosphere through the ahead valve 
device 63, the piston 33 will be moved from its 
ahead position in contact with pressure head 3 
back to its astern position in which it is shown 
in the drawing. 
This operation of the astern valve device 62 in 

response to fluid under pressure supplied to 
chamber 69. will also effect by way of the double 

55 

pipe. The ahead pilot valve device 43 will then 
operate to release fluid under preSSure from 
chamber 35 in the fuel and brake Control valve 
device 45 by way of the double check valve 4 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 8 to Cut off the 
supply of fuel to the engine and to also cause 
operation of brake 4 to stop the engine as will 
be apparent from the above description. This 
operation of the ahead pilot valve device 43 will 
also open chamber 38 above the reversing piston 
33 to atmosphere for releasing fluid under pres 
sure therefrom, but the reversing piston will re 
main in contact with the pressure head 37 in its 
ahead position at this time. 
From the above description it is desired to par 

ticularly note that when the engine is stopped 
from operation in the astern direction, under 
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check valve 8 operation of the fue and brake 
control device 5 to release the brake 4 on the 
engine and to cause operation of the fuel cut-off 
motor 2 to supply fuel to the engine, while as 
soon as the reversing piston 33 obtains its astern 
position in Which it is shown in the drawing, the 
starting control valve device 44 will be operated 
by fluid under pressure Supplied from chamber 
36 through the double check. valve 2 to effect 
starting of the engine in the astern direction, 
in the same manner as hereinbefore described, 
and in View of which a more detailed description 
at this point is not necessary. 
After the engine is started in the astern direc 

tion the operator will move lever 45 out of the 
"Astern start” position in slot 48 to the adja 
cent "Run & idle' position and then by suit 
able adjustment between the latter position and 
the adjacent "Full speed' position may cause 
operation of the engine at any desired degree of 
Speed or output of power. 
The description of the apparatus has so far 

been confined to starting of the engine from 
Stop i. e. from a condition in which both the 
ahead and astern pipes 89 and 75 are open to 
atmosphere, and it will be noted that regardless 
of the direction of last operation of the engine 
before it was stopped the valve 54 being opened 
by fiuid under pressure from the astern pipe 
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75 in piston chamber 2 insures prompt opera 
ation of the astern valve device A2 in response 
to movement of the operator's control lever 45. 
to the 'Astern start' position in slot 48, and 
the valve 60 being opened by fluid under pres 
sure in piston chamber 73 from the ahead pipe 
89 upon movement of the operator's control lever 
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to the 'Ahead start' position in slot 47 insures 
prompt operation of the ahead valve device 3 
in response to operation of said lever. In other 
words, the opening of valve 54 renders choke 
73 ineffective in starting the engine from Stop 
in the astern direction, while opening of valve 
60 renders choke 87 ineffective when starting 

the engine from stop in the ahead direction. 
The purpose of choke 73 is to delay operation 

of the astern valve device 42 for a sufficient 
period of time to permit stopping of the engine 
from operation in the ahead direction when the 
operator desires to reverse the direction of en 
gine operation from ahead to astern in as short 
a time as possible, and the choke 8 functions 
in a similar manner and for the Sane purpose 
in reversing the engine from operation in the 
astern direction to operation in the ahead direct 
tion in as short a time as possible, as will now be 
more fully described. 
Let it be assumed that the engine is Operating 

in the ahead direction and that the operator's 
control lever 45 is in a position between "Run & 
idle' and “Full speed' position at the "Ahead' 
side of “Stop' position at which time the ahead 
control pipe 89 and thereby pipe 65 and pres 
sure chamber 73 at the right hand side of piston 
70 Will be charged with fluid under pressure, 

while chamber 72 at the opposite side of Said 
piston will be open to atmosphere through the 
astern pipe 75. As a result, piston 70 will be at 
the left hand end of its cylinder opening Valve 
60. With the ahead pipe 89 charged with fluid 
under pressure diaphragm chamber 82 in the 
ahead valve device 43 will also be charged with 
fluid under pressure and the release valve 7 in 
said device will be closed and the supply valve 
T6 open. Diaphragm chamber 69 in the astern 
valve device will be open to atmosphere through 
the vented astern pipe 65, and diaphragm chan 
ber 35 in the fuel and brake control device 45 
Will be charged with fluid under pressure causing 
operation of the latter device to release brake 4 
and to permit supply of fuel to the engine, and 
chamber 100 in the starting control valve device 
44 will also be charged with fluid under pressure 
from chamber 34 above the reversing piston, the 
reversing piston 33 being at this time in its ahead 
position in contact with pressure head 37. With 
the engine thus operating in the ahead direction, 
if the operator desires to reverse the engine to 
operation in the reverse direction in as short time 
as possible, he will move lever 45 from whatever 
position it may be occupying at the "Ahead' side 
of "Stop' position directly to the opposite side 
of "Stop' position and into the side slot 48 to 
the “Astern' 'Start' position. 
This movement of the operator's control lever 

45 to the 'Astern' 'Start' position will release 
fluid under pressure from pipe and thereby 
from the speed control motor 6 to permit move 
ment of the governor control lever 4 to its engine 
idling position in which it is shown in the draw 
ing, and will also release fluid under pressure 
from the ahead control pipe 89 and at the same 
time supply fluid under pressure to the astern 
control pipe 75 and to the starting control pipe 
O5. 
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Upon this release of fluid under pressure from 

the ahead control pipe 89, fluid under pressure 
will be promptly released from diaphragm cham 
ber 82 in the ahead pilot valve device 43 past the 
open valve 60 and spring 8 will then deflect 
diaphragm 80 to the position in which it is shown 
in the drawing. This movement of diaphragm 
80 and thereby of stem 78 will permit closing 
of the supply valve 76 by spring 83 and open 
ing of the release valve 77 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 4 fluid under pressure from chamber 35 
above diaphragm 33 in the fuel and brake con 
trol valve device 45. The fuel and brake con 
trol valve device will then operate to supply fluid 
under pressure from chamber 50 to chamber 38 
and thence through pipe 6 to the brake cylinder 
device 5 and fuel cut-off motor 2 for applying 
the brake 4 to shaft 3 and for actuating the fuel 
cut-off valve device 8 to cut off the supply of 
fuel to the engine. With the Supply of fuel to 
the engine cut off and brake 4 applied to shaft 
3 said brake will cause deceleration and eventual 
stopping of the engine. 
When fluid under pressure is released from dia 

phragm chamber 35 in the fuel and brake in 
terlock valve device 45 as just described, fluid 
under pressure will also be released from dia 
phragm chamber 100 in the starting control 
valve device 45 by way of the check valves 44 
to chamber 35, so as to permit operation of 
the starting control valve device to effect clo 
sure of valve 95 with the Operator's controle 
ver in the "Astern start' position supplying fluid 
under pressure to the starting control pipe 05. 
This closing of Valve 95 will prevent flow of fluid 
from chamber 03 to the starting control motor 

at this time. 
When ever 45 is moved to the opposite side 

of "Stop' position to the "Astern start' posi 
tion for releasing fluid under pressure from the 
ahead pipe 89 and at the same time supplying 
fluid under preSSure to the astern control pipe 
5 as above described, piston chamber 73 being 
Open to the ahead pipe 89 fluid under pressure 
will also be released from said chamber, but 
such release will be at a restricted rate as con 
trolled by choke 85 in order to retain fluid at 
at least a chosen pressure in said chamber for 
a certain interval of time after said movement 
of the operator's control lever. At the same time 
as fluid under pressure is thus being released 
from chamber 73 at a restricted rate, fluid un 
der pressure from the astern pipe 75 will flow 
through pipe 53 and check valve 80 to cham 
ber 2 at the opposite side of said piston, but 
the pressure of fluid retained in chamber 73 
at this time due to the restricting effect of choke 
85, plus the pressure of spring 75 opposing 
movement of lever f67, will prevent the piston 
to moving from its left hand position to its 
right hand position by pressure of fluid in cham 
ber 72 until after the expiration of an inter 
val of time, such as six seconds, whereby the 
valve 54 will remain seated for this interval of 
time. 
At the same time as ahead valve device 43 is 

Operated to release fluid under pressure from the 
reversing piston chamber 34 and to effect opera 
tion of the fuel and brake interlock valve device 
45 to cut off the supply of fuel to the engine and 
to apply brake 4 in Order to stop the engine, as 
above mentioned, fluid under pressure supplied 
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to the astern pipe 75 will flow through choke 3 
to diaphragm chamber 69 in the astern valve 
device 42. The flow capacity of choke 3 is so 
related to the volume of diaphragm chamber 69 
as to prevent sufficient pressure being obtained 
therein to defect diaphragm 68 against Spring 
70 for a period of time, such as six seconds, Suff 
cient to permit stopping of the engine by brake 
4, and the pressure of fluid retained in chamber 
73 by choke 85 plus the pressure of Spring T5 

prevents movement of piston TO by pressure of 
fluid in chamber 72 for at least this same period 
of time as above mentioned, so as to thereby 
maintain valve f34 closed for rendering choke 3 
effective to control operation of the astern valve 
device 42 under this condition of operation. After 
the astern valve device 42 Operates in response 
to a sufficient pressure of fiuld being obtained 
in chamber 69 by way of choke 3 the pressure 
of fluid in chamber 3 will have become re 
duced sufficiently through choke 85 to permit . 
piston TO to move to its right hand position to 
open valve S4 but it will be noted that this open 
ing of said wave will be without effect since the 
astern valve device 42 is previously operated. 
The operation of the astern valve device 42 as 

just described will effect a supply of fluid under 
pressure to chamber 36 below the reversing piston 
33 to cause movement thereof to its astern posi 
tion in which it is shown in the drawing, and 
fluid under pressure will also flow to the fuel and 
brake interlock valve device 45 for effecting op 
eration thereof to release brake 4 and to supply 
fuel to the engine. After the reversing piston 
33 obtains its astern position the starting valve 
device 44 will operate to supply starting air to 
the engine to cause starting thereof. After the 
engine is started and is running on fuel the op 
erator will move his control ever 45 out of slot 
48 and then by suitable adjustment between the 
"Run & Idle' and 'Full speed' positions at the 
'Astern' side of "Stop' position, he may cause 
operation of the engine, at any desired degree 
of speed or output, as will be clear from above 
description. - | } 
Now assuming that the engine is operating in 

the astern direction and the operator desires to 
reverse the direction of operation to ahead in as 
short a time as possible, he will move ever 45 
from the "Astern' side of "Stop' position to the 
opposite side into the starting slot 47 for thereby 
releasing fluid under pressure from the astern 
pipe 75 and for at the same time supplying fluid 
under pressure to the ahead pipe 89. 

In response to this venting of fluid under pres 
sure from theastern pipe 75 fluid under pressure 
will be released from chamber 69 in the astern 
pilot valve device 42 by way of the open valve 54 
and said device will operate to release fluid under 
pressure from the reversing piston chamber 36 
and from chamber f35 in the fue and brake con 
trol Valve device 4 t0 efect operation thereof t0 
cut Off the Supply of fuel to the engine and to 
apply brake 4 for stopping the engine. Also, 
when fluid under pressure is released from the 
astern pipe 75 fluid under pressure will be re 
leased from piston chamber 72 by way of said 
pipe, but the rate of such release will be re 
stricted by choke 82. At the same time as fluid 
under pressure is being released from piston 
chamber 2 fluid under pressure will be supplied 
from the ahead pipe 89 through passage 88, pipe 
65 and check valve 83 to chamber 3 at the op 

posite side of said piston. The choke 82 will, 
however, maintain sufficient pressure in cham 
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ber 2, which acting in conjunction with spring 

5, will prevent movement of piston TO to its 
left hand position by pressure of fluid in cham 
ber 73 for a period of time to permit the pres 
Sure of fluid in chamber 82 in the ahead valve 
device 43 to increase by flow through choke 87 
to a degree sufficient for operating said device, 
which period of time equals that required for 
stopping of the engine by brake 4. At the ex 
piration of this period of time the pressure of 
fluid in chamber 72 will have become reduced 
through choke 82 to a sufficient degree to per 
mit piston 70 to be moved to its left hand posi 
tion by pressure of fluid in chamber 73 for open 
ing valve 60. It will be noted however that this 
opening of valve 60 does not occur until after 
operation of the ahead valve device 43 by fluid 
under pressure obtained in chamber 82 through 
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choke 8, so that such opening has no effect upon 
Operation of the ahead valve device 43 under this 
condition of contro. 
When the ahead pilot valve device 43 is oper 

ated by pressure of fluid in chamber 82 fluid 
under pressure will be supplied to the reversing 
piston chamber 34 for effecting movement of the 
reversing piston to its ahead position in contact 
with pressure head 37 and fluid supplied by said 
device will also flow through the double check 
valve device 4 to the fuel and brake interlock 
valve device 45 for effecting operation thereof to 
release brake 4 on the engine and to supply of 
fuel to the engine. After the reversing piston 
then obtains its ahead position the starting valve 
device 44 will operate to cause starting of the 
engine and by movement of the operator's con 
trol lever out of slot 47 and suitable adjustment 
between the "Run & idle' and "Full speed' posi 
tions at the 'Ahead' side of "Stop' position the 
supply of starting air to the engine will be cut off 
and said engine will be caused to operate in the 
ahead direction at any desired speed or degree 
of power output. 

It will now be seen that choke 73 prevents 
operation of the astern pilot valve device 42 to 
cause reversing of the engine valve gear and 
to Supply fuel to the engine for a period of time 
sufficient for brake 4 to bring the engine to a 
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stop from operation in the ahead direction when 
the operator actuates lever 45 to reverse the 
direction of engine operation from the ahead 
direction to the astern direction in the shortest 
time possible, while choke 85 acting in conjunc 
tion with piston 70 as controlled by opposing 
pressures of fluid in chambers 2 and 73 aided 
by force of Spring 5 acts to maintain valve. 
54 closed during this period of time in order 

that choke 3 may be effective. At the expira 
tion of this period of time the wave 54 will 
Open, however, in Order to open a communica 
tion of greater flow capacity than choke 73 for 
dissipating fluid under pressure from diaphragm 
chamber 69 in the astern pilot valve device 42 

65 

when subsequently the operator desires to stop 
or to reverse the direction of operation of the 
engine. The choke 8 functions in a like manner 
when the operator reverses the direction of 

70 

engine Operation from astern to ahead in as 
short a time as possible, while the piston fo 
as controlled by opposing pressures of fluid in 
chamber 72 and 73 and by pressure of spring 
5 permits said choke to act as intended, but 

at the expiration of the chosen period of time 
said valve is opened in order to establish a 
communication by-passing said choke for quick 
ly dissipating fluid pressure from diaphragm 
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chamber 82 in the ahead pilot valve device 43 
when subsequently the operator desires to stop 
the engine or to reverse the engine Operation 
from ahead to astern in as short a time as p0S 
sible, 
In order that the chokes 85 and 92 may be 

of relatively large flow capacity so as to reduce 
to a minimum the possibility of clogging, the 
volume reservoir 86 is employed and is con 
nected through pipe 18 to chamber 72 when 
piston 70 is in the position in which it is shown 
in the drawing, and to chamber 73 when said 
piston is in its left hand position. When the 
engine is operating in either direction the volume 
reservoir 86 will be charged with fluid under 
pressure through choke 90 from whichever 
chamber 72 or 73 said volume is connected to. 
The choke 90 is provided for restricting out 
flow of fluid under pressure from either cham 
ber 72 or chamber 73, as the case may be, to 
the volume reservoir 86, but flow of fluid under 
pressure from said volume in the Opposite direc 
tion to said chamber may be at a relatively rapid 
rate by way of the check valve 88 which is dis 
posed in the communication by-passing said 
choke. In reversing the engine from operation in one 
direction to operation in the opposite direction 
the fiuid under pressure in reservoir 86 will flow 
back through the check valve 88 to either 
chamber 2 or 73, from whichever one of Said 
chambers fluid under pressure is being vented, 
and therein act in cooperation with the respec 
tive choke 85 or 82 to maintain the pressure 
of fluid in said chamber at a sufficient degree for 
preventing operation of piston 70 by the oppos 
ing pressure of fluid in the other chamber for 
the chosen period of time above mentioned. The 
instant the piston C is moved however by pres 
sure of fluid in either one of the chambers 2 
or 3 upon the pressure of fluid in the other 
chamber becoming sufficiently reduced, the vol 
ume reservoir 88 will be connected to the one of 
said chambers being supplied with fluid under 
pressure so that fluid under pressure will then 
flow to said reservoir 88 for recharging Same. 
The choke 9 is effective at this time to SO re 
strict, the flow of fluid under pressure from cham 
ber 4 or 23, as the case may be, as to main 
tain a sufficient pressure of fluid in said chamber 
to prevent reverse movement of piston S7 by the 
reducing pressure of fluid in the other chamber. 

Summa?’y 
From the above description it will now be seen 

that the choke i3 is effective, in reversing the 
direction of engine operation from ahead to 
astern, to prevent operation of the reversing pis 
ton to reverse the engine Valve gear or tinning 
for a period of time sufficient to insure stopping 
of the engine, but said choke is rendered inef 
fective by opening of valve 56 when starting the 
engine from stop in the astern direction, regard 
less of the direction in Which the engine last op 
erated. Likewise, choke 37 is effective in re 
versing the direction of engine operation from . 
astern to ahead to prevent operation of the re 
versing piston to reverse the engine valve gear 
or timing to provide for ahead operation of the 
engine for a period of time sufficient to insure 
stopping of the engine, but said choke is rendered 
ineffective by opening of valve 60 when starting 
the engine from stop in the ahead direction, re 
gardless of the direction in which the engine last 
Operated. 
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It is desired to point out that the terms "Ahead" 

and 'Astern' as employed in the drawings and 
in connection with the description of the inven 
tion and in the appended claims are to be con 
sidered as synonymous with, respectively, for 
Ward and reverse, or One and opposite, etc. 

Having now i described the invention, what II 
claim as new and desire to secure by Letters Pat 
ent, is: 1. A control apparatus comprising a reversing 
means having an ahead position and an astern 
position, operator's control means movable to a 
first position, a second position, and a third posi 
tion, astern means for effecting movement of said 
reversing means to said astern position in re 
Sponse to movement of said operator's control 
means to said second position, ahead means for 
effecting movement of said reversing means to 
Said ahead position in response to movement 
of said operator's control means to said first posi 
tion, delay means for delaying operation of said 
astern means for a chosen interval of time after 
movement of Said operator's control means from 
Said first position to said second position and for 
delaying operation of said ahead means for a 
chosen interval of time after movement of said 
Operator's control means from said second posi 
tion to said first position, and means for auto 
matically rendering said delay means ineffective 
upon novement of said operator's control means 
from said third position to either said first posi 
tion or to said second position. 

2. A control apparatus comprising a reversing 
means having an ahead position and an astern 
position, operator's control means movable to a 
first position, a second position, and a third posi 
tion, astern means for effecting movement of 
Said reversing means to said astern position in 
response to movement of said operator's control 
means to said second position, ahead means for 
-effecting movement of said reversing means to 
Said ahead position in response to movement of 
said operator's contro means to saidi firsi posi 
tion, delay means for delaying operation of said 
astern means for a chosen interval of time after 
movement of said operator's control means from 
Said first position to said second position and 
for delaying operation of said ahead means for 
a chosen interval of time after movement of said 
operato's control means from said second posi 
tion ito said airst position, and means condition. 
able by saidi operator's contro means in said third 
position for rendering said delay means ineffec 
tive upon movement of said operator's control 
means to either said first position or to said sec 
ond position from sad third position. 

3. A control apparatus for a reversible engine 
comprising ahead control means for condition 
ing said engine for operation in one direction, 
astern control means for conditioning said en 
gine for operation in the opposite direction, an 
Operator's control means having an ahead posi 
tion for effecting operation of said ahead control 
means and having an astern position for effect 
ing operation of Said astern control means, ahead 
delay means for delaying response of said ahead 
control means to movement of said operator's 
control means to said, ahead position, astern de 
lay means for delaying response of said astern 
control means to movement of said operator's 
control means to Said astern position, said oper 
ator's control means also having a stop position, 
and interlock means for rendering said ahead and 
astern delay means ineffective upon movement of 
saidi operator’s control means from saidi stop posi 
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tion to respectively either said ahead position or 
said astern position, said interlock means includ 
ing structure conditioned by said operator's con 
trol means in said ahead or astern positions to 
render said ahead and astern delay means effec 
tive upon movement of said control means from 
said ahead position directly to said astern posi 
tion or from said astern position directly to Said 
ahead position. 

4. A control apparatus comprising an ahead 
pipe, an astern pipe, a reversing piston movable 
to an ahead position upon supply of fluid under 
pressure to said ahead pipe when fluid under, 
pressure is released from said astern pipe and 
movable to an astern position upon supply of fluid 
under pressure to said astern pipe when fluid 
under pressure is released from said ahead pipe, 
an operator's control valve device having one 
position for supplying fluid under pressure to 
said ahead pipe and for releasing fluid under 
pressure from said astern pipe and having a 
second position for supplying fluid under pres 
sure to said astern pipe and for releasing fluid 

i. under pressure from said ahead pipe and having 
a third position for releasing fluid under pres 
sure from both of said pipes, a first delay means 
for delaying movement of said reversing piston 
for an interval of time after supply of fluid un 
der pressure to said ahead pipe, a second delay 
means for delaying movement of said reversing 
piston for an interval of time after supply of fluid 
under pressure to said astern pipe, and inter 
lock means conditionable by said operator's con 
trol valve device in Said one position for render 
ing said first delay means effective upon move 
ment of said operator's control device from Said 
one position to said second position and condi 
tionable by Said operator's contro device in said 
second position for rendering said second delay 
means effective upon movement of Said Operator's 
control device from Said second position to said 
first position, and conditionable by said Opera 
tor's control device in said third position to ren 
der said first and Second delay means ineffective 
upon movement of said operator's control device 
to either said first or second position from said 
third position. 

5. A control apparatus comprising reversing 
means having an ahead control chamber and an 
astern control chamber, an alhead pipe for con 
veying fluid under pressure to and from said 
ahead chamber, an astern control pipe for con 
veying fluid under pressure to and from said 
astern chamber, an operator's control device hav 
ing an ahead position for supplying fluid under 
pressure to said ahead pipe and for releasing 
fluid under pressure from said astern pipe, an 
astern position for supplying fluid under pres 
Sure to said astern pipe and for releasing fluid 
under pressure from said anead pipe, and hav 
ing a third position for rejeasing fluid under 
pressure from both of said pipes, ahead and 
astern delay means for restricting flow of fluid 
under pressure from said ahead and astern pipes 
to respectively Said ahead and astern control 
chambers, and means operable by pressure of 
fluid supplied to either one of said pipes when 
fluid under pressure is released from the other 
pipe to render said delay means ineffective, and 
operable upon release of fluid under pressure 
from either one of said pipes and supply of fluid 
under pressure to the other pipe by movement of 
said operator's control device from either said 
astern position to said ahead position, or vice 
versa, to render said delay means effective, 
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6. A control apparatus comprising reversing 

means having an ahead control chamber and 
an astern control chamber, an ahead pipe for 
conveying fluid under pressure to and from said 
ahead chamber, an astern control pipe for con 
veying fluid under pressure to and from said 
astern Chamber, an operator's control device hav 
ing an ahead position for supplying fluid under 
pressure to said ahead pipe and for releasing 
fluid under pressure from said astern pipe, an 
astern position for supplying fluid under pres 
Sure to Said astern pipe and for releasing fluid 
Under preSSUre from Said ahead pipe, and hav 
ing a third position for releasing fluid under 
pressure from both of said pipes, ahead and 
astern delay means for restricting flow of fluid 
under pressure from said ahead and astern pipes 
to respectively Said ahead and astern control 
chambers, and a movable power member subject 
to opposing pressures of fluid in a first control 
chamber connected to said ahead pipe and in a 
Second Control chamber connected to said astern 
pipe, means operable by said power member when 
the pressure in said first control chamber ex 
ceeds that in said second control chamber to 
open a communication from said astern pipe to 
said astern control chamber of greater flow ca 
pacity than Said astern delay means, and oper 
able by said power member when the pressure 
in said Second control chamber exceeds that in 
said first control chamber to open a conntani 
cation from Said ahead pipe to said ahead con 
trol chamber of greater flow capacity than said 
ahead delay means, means for restricting release 
of fluid under pressure from said first and sec 
ond control chambers to, respectively, said ahead 
and astern pipes, and means for providing a more 
rapid rate of flow of fluid under pressure from 
said ahead and astern pipes to respectively said 
first and Second control chambers. 

7. A control apparatus comprising reversing 
means having an ahead control chamber and 
an astern control chamber, an ahead pipe for 
conveying fluid under pressure to and from said 
ahead chamber, an astern control pipe for con 
veying fluid under pressure to and from Said 
astern chamber, an operator's control device hav 
ing an ahead position for supplying fluid under 
pressure to said ahead pipe and for releasing 
fluid under pressure from said astern pipe, an 
a.Stern position for supplying fluid under pressure 
to Said astern pipe and for releasing fluid under 
pressure from said ahead pipe, and having a 
third position for releasing fluid under pressure 
from both of said pipes, ahead choke means for 
restricting flow of fluid under pressure to said 
ahead control chamber, an ahead by-pass valve 
for Opening a communication around and of 
greater flow capacity than said ahead choke 
means, astern choke means for restricting flow 
of fluid under pressure to said astern control 
chamber, an astern by-pass valve for opening a 
communication around and of greater flow ca 
pacity than said astern choke means, a mov 
able power member movable by the greater pres 
Sure of fluid in either a first control chamber 
open to said ahead pipe or in a second control 
chamber open to said astern pipe, means operable 
by said power member upon movement by pres 
Sure of fluid in Said first control chamber for 
Opening Said astern by-pass valve and upon 
movement by pressure of fluid in said second 
control chamber for opening said ahead by 
pass valve, means for closing said ahead by 
pass valve upon opening said astern by-pass 
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valve and for closing said astern by-pass valve 
upon opening said ahead by-pass valve, and 
means for restricting release of fluid under pres 
sure from Said first and second control cham 
bers but providing for supply of fluid under 
pressure at a more rapid rate to said first and 
Second control chambers from the respectiv 
ahead and astern pipes. 

8. A control apparatus comprising reversing 
means having an ahead control chamber and 
an astern control chamber, an ahead pipe for 
Conveying fluid under pressure to and from said 
ahead chamber, an astern control pipe for con 
veying fluid under pressure to and from said 
astern chamber, an operator's control device hav 
ing an ahead position for supplying fluid under 
pressure to said ahead pipe and for releasing 
fluid under pressure from said astern pipe, an 
astern position for supplying fluid under pres 
Sure to said astern pipe and for releasing fluid 
Under pressure from Said ahead pipe, and hav 
ing a third position for releasing fluid under 
pressure from both of said pipes, ahead and 
astern delay means for restricting flow of fluid 
under pressure from said ahead and astern pipes 
to respectively said ahead and astern control 
chambers, and means operable by fluid under 
preSSure Supplied to said ahead pipe when fluid 
under pressure is released from said astern pipe 
to render said ahead delay means ineffective, and 
Operable by fluid under pressure supplied to said 
a.Stern pipe when fluid under pressure is released 
from said ahead pipe to render said astern delay 
means ineffective, and operable by fluid under 
pressure supplied to either one of said pipes and 
Simultaneous release of fluid under pressure from 
the other pipe to render ineffective the delay 
means for restricting flow of fluid under pres 
Sure from the pipe supplied with fluid under 
pressure to the respective one of said ahead 
or astern control chambers. 

9. A control apparatus comprising reversing ? 
control means having an ahead control cham 
ber and an astern control chamber and selec 
tively operable by fluid at a chosen pressure in 
either one of said chambers, an ahead pipe for 
conveying fluid under pressure to and from said 
ahead control chamber, an astern pipe for con 
veying fluid under pressure to and from said 
astern control chamber, ahead choke means for 
restricting flow of fluid under pressure to said 
ahead chamber to delay for a chosen interval of 
time obtaining said chosen pressure of fluid 
therein, astern choke means for restricting flow 
of fluid under pressure to said astern chamber 
to delay for Said chosen interval of time obtain 
ing Said chosen pressure of fluid therein, valve 
means for Opening communications of greater 
flow capacity than and around said ahead and 
astern choke means for Supplying and releasing 
fluid under pressure to and from said ahead and 
astern control chambers, a power member sub 
ject to opposing pressures of fluid in a first cham 
ber connected to said ahead pipe and in a second 
chamber connected to said astern pipe and Oper 
able by fluid under pressure in said first chamber 
when fluid under pressure is released from said 
Second chamber to effect operation of Said valve 
means to render said ahead choke means ineffec 
tive, and operable by fluid under pressure in 
said second chamber when fluid under pressure 
is released from said first chamber to effect 
operation of said valve means to render said 
astern choke means ineffective, restricting means 
for restricting release of fluid under pressure 
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from said first chamber to said ahead pipe for 
maintaining a sufficient pressure of fluid in said 
first chamber upon release of fluid under pres 
sure from said ahead pipe and simultaneous 
Supply of fluid under pressure to said astern pipe 
and said Second chamber to prevent operation of 
said power member to actuate Said valve means 
to open said communication around said astern 
choke means for a time interval equal at least 
to said chosen interval of time, other restricting 
means for restricting release of fluid under pres 
sure from said second chamber to maintain a 
sufficient pressure of fluid in said second cham 
ber upon release of fluid under pressure from 
said astern pipe and simultaneous Supply of fluid 
under pressure to said ahead pipe and to said 
first chamber to prevent operation of said power 
means to actuate said valve means to open said 
communication around said ahead choke means 
for a time interval equal at least to said chosen 
interval of time, means of greater flow capacity 
than and by-passing said restricting means for 
permitting flow of fluid under pressure to said 
first and second chambers from the respective 
pipe, and means selectively operable to supply 
fluid under pressure to either one of said pipes 
when fluid under pressure is released from the 
other pipe or to supply fluid under pressure to 
either One of Said pipes and simultaneously re 
lease fluid under pressure from the other pipe. 

10. A control apparatus' comprising reversing 
control means having an ahead control chamber 
and an astern control chamber and selectively 
operable by fluid at a chosen pressure in either 
one of said chambers, an ahead pipe for con 
veying fluid under pressure to and from said 
ahead control chamber, an astern pipe for con 
veying fluid under pressure to and from said 
astern control chamber, ahead choke means for 
restricting flow of fluid under pressure to said 
ahead chamber to delay for a chosen interval 
of time obtaining said chosen pressure of fluid 
therein, astern choke means for restricting flow 
of fluid under pressure to said astern chamber 
to delay for said chosen interval of time obtain 
ing said chosen pressure of fluid therein, an 
ahead by-pass valve arranged in a communica 
tion by-passing and of greater flow capacity 
than said ahead choke means, an astern by-pass 
valve arranged in a communication by-passing 
and of greater flow capacity than said astern 
choke means, a piston subject to opposing pres 
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Sure of fluid in a first chamber and in a second 
chamber and operable by pressure of fluid in 
said first chamber when it exceeds that in said 
Second chamber to open said astern by-pass 
valve and operable by pressure of fluid in said 
Second chamber When it exceeds that in said 
first chamber to open said ahead by-pass valve, 
means connecting said first chamber to said . 
ahead pipe including a choke for restricting 
release of fluid under pressure from said first 
chamber, and a one-way communication by 
passing said choke and for permitting supply of 
fluid under pressure from said ahead pipe to 
said first chamber at a rate exceeding the flow 
capacity of said choke, said choke being effective 
upon release of fluid under pressure from Said 
ahead pipe and simultaneous supply of fid 
under pressure to said astern pipe and thereby 
to said Second chamber to maintain sufficient. 
pressure in said first chamber to prevent Opera 
tion of Said piston to open said astern by-pass 
valve for an interval of time at least equal to 
?aid chosen interval of time, mea’as connecting 
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said second chamber to said astern pipe includ 
ing another choke for restricting release of fluid 
under pressure from said second chamber, and 
a one-way flow communication by-passing the 
last named choke for permitting flow of fluid 
under pressure to said second chamber at a rate 
exceeding the flow capactly of said other choke, 
said other ehokebeing effective upon release of 
fluid under pressure from said astern pipe and 
simultaneous supply of fluid under pressure to 
said ahead pipe to so restrict release of fluid 
under pressure from said second chamber to 
prevent operation of said piston by pressure of 
fluid in said first chamber to open said ahead by 
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pass. Valve for an interval of time equal at least 
to said chosen interval of time, a reservoir, a 
pipe connected to said reservoir for conveying 
fluid under pressure to and from said reservoir, 
a check valve for permitting rapid flow of fluid 
under pressure from said reservoir through said 
pipe, and a communication by-passing said 
check valve and including a choke for restricting 
flow of fluid under pressure to said reservoir, 
said piston being operable to open said pipe and 
thereby said reservoir to the one of said first and 
second chambers supplied with fluid at the 
greater pressure. ... ." - 

RAPH. T. WBITNEY. 


