2,540,765

Feb. 6, 1951

R. R STEVENS‘
CONTROL APPARATUS

Filed Aug. 30, 1945

29

Nuoup suibug

68 99

H0Yg

<6
%6

c 4

Q6
o

ol P g
S

PEAND VA .
_ 98

gt [l-ear

P

W

<3l Vel

10H ki N 32}

[ 201/ (13 \z

OCH_901 Gaf 92 * 0z}

INVENTOR

Qoy R Stevens

ey g
: ATTORNEY

~

BY -

EA I

AN AN
AN R

AN
g\ HE5

N\\. \\.\ N\\.Q\\\(a.‘
AN\ 777 6l (G
A Nz
E W 27

X

2NN

96 4G

o .
vy gﬁm

QE3dS T T Ny \Nny

99 | gots 4
Qv@m\ %W\wwmd




Patented Feb. 6, 1951

2,540,765

UNITED STATES PATENT OFFICE

2,540,765
CONTROL APPARATUS

Roy R. Stevens,

Forest Hiils,

Pas, assignor to The

Westinghouse-Air Brake Company; Wilmerding,
Pa.,.a:corporation of Pennsylvania;

Application August 30, 1945, Serial No. 613,628
(CL 123—41)

13 Claims.

This-invention relates to control apparatus-and’

more-particularly to apparatus arranged: to con~
trol- a- plurality- of operations in a desired se-
duence; such, for: example;, as operations inci-
dent  to the: control of a reversible prime mover:

In-my Patent 2,482,561 of September-20; 1949,

there-is disclosed an- apparatus of the above type:
for- controlling the operation of a reversible Biesel

engine: This apparatus: embodies an operator’s
maneuvering- control' device for- controlling  the
starting; stopping-and reversing-of the engine and
am operator’s speed- control device arranged to
contrel & speed- governor for regulating the sup-
ply of fuel to-the engine. Structure controlled
and-adjustable by the maneuvering control device
is-also provided to limit to- any preselected degree
the maximum amount of fuel that can be sup-
plied to-the engine by-operation of the speed con-
trol: device. 'The- purpose of this fuel limiting
structure is to prevent the engine governor from
operating: to increase the supply of fuel to the
engine to a degree exceeding that selected by the
maneuvering control device in case the load on
the: engine is- increased to an excessive or ab-

normal: degree; or in other words, the limiting

structure- prevents undue straining of the engine
under-such a condition.

One-object of the invention is the provision of

an improved conftrol apparatus of the above gen-
eral type:

A more specific object of the invention is. the
provision of‘a control'apparatus of the above gen-
eral:type embodying in the operator’s speed con-
trel device; and therefore independent of” the
operatoy’s-maneuvering control device, control of
the fuel limiting means for the purpose above set
forth.

Other- objects and advantages will be appar-
ent from: the following - more detailed descrip-
tion of the invention,

In the accompanying drawing: Fig. 1 is a di-
agrammatic. view, partly in section and partly in
outline, of an apparatus for controlling the op-
eration of a reversible prime over, such. as a
Diesel engine and embodying one form of the in-

vention; Fig. 2 is.a sectional view of a directional.

control device shown in side: elevation in Fig, 1
and. taken. on the line 22 therein; and Fig; 3
is a. sectional view of ancther- embodiment of the
invention,

Except as hereinafter pointed out the appara-
tus shown in the drawing may. be substantiaily
like that disclosed in- the aforementioned pending
application.
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Descrigtion Figs. 1 and 2

As shown in-the dawing, the reference-numeral
| indicates an engine- crank shaft and the refer-
ence. numeral 2 indicates gz cam- shaft for said:
engine. The engine-is of the type in whieh- the:
cam shaft 2 is shiftable longitudinally- to diffey-
ent positions which determine the- direction of
operation of the engine, and- said- cam-shaft may
therefore have what may-be called an astern po-
sition, in which it is shown in the drawing, and:
may be-shiftable: from. this position in the-direc-
tion of the right hand to an ahead bosition: As
above used, the term “astern” -indicates opera-
tion of the engine in one-direction and the term
“ahead” indioates operation of the engine in the
Opposite-direction, and these terms are-employed:
merely for illustration and are to be considered
synonymous with: said: one: and: opposite direc-
tions.

The reference numeral 3 indicates a fuel con-
trol shaft for the engine.. The fuel control shaft
3 may have a- fuel cut-off position, such ag indi-
cated by a- dot and dash line: 4; and may be rock-
able out of saig. position in g counter-clockwise
direction, as viewed: in the drawing, through g
fuel' contro} zone for- increasing the- suppl'y;- of
fuel'to the engine. A dot and dash: line § indi-
cates a. Positicn: which the- fuel control shaft- 3
may assume to- provide g maximum amount of:
fuel to the engine; while a dot and- dash line 5A
between the dot and dash lineg 4 and 9 indicates
& position whieh said shaft may- assume to pro-
vide fuel to the. engine-in an amount to obtain
idling: operation of saidengine.

The numeral 6 indicates a maneuvering con-
trol shaft for the engine. An operating lever T:
secured te ene end of shaft 6 for turning- same
is disposed behind an escutcheon plate 8 and
is. operatively connected: to an operating knoh
9.in front of said plate. The knob & is provided
for-the operator to grasp to operate lever T to turn
the shaft 6. . The lever T has a “stop” position in
which it is shown in the drawing; and is' mov-
able from this position either in o counterclock-
wise direction toward the legend “Astern’ on
plate 8, or in the opposite direction: toward the
legend “Ahead” on saig plate. At the “agtern’™
side of “stop” position. the lever T hag “Shift,”
“Run” and “Start” positions arranged in the
order named: with ‘the “shift” position adjacent
the “stop” Dosition, while corresponding but re-
versely: arranged positions are brovided at the
opposite-or “ahead” side of “stop” position. Move-
ment of lever T to any one of these different po-
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sitions will correspondingly position the maneuv-
ering shaft 8.

The reference numeral i1 indicates a reversing
motor for moving the engine cain shaft 2 to its
different positions, while the reference numeral
§2 indicates a control valve mechanism arranged
for eontrol by the maneuvering shaft § for con-
trolling cperation of said motor.

The reversing motor 1§ comprises a casing con-
taining a piston {3 having a piston rod i4 extend-
ing through the casing in coaxial relation with
and having its end connected to the cam shaft 2
whereby reciprocation of said piston will move
said cam shaft- longitudinally. At one side of
piston {8 is a pressure chamber {5 connected to
o control pipe 18, while at the opposite side of
said piston is a pressure chamber 17 connected
to a control pipe 18. When filuid under pressure

is supplied to pipe I8 st a time when chamber
~ 17 is open to atmosphere by way of pipe 18, pis-
ton 18 will be moved to the position in which it
is shown in the drawing for moving the cam shaft
2 to its astern position to provide for operation
of the engine in the astern direction. On the
other hand, when pipe 16 and thereby pressure

chamber {5 are open to atmosphere and fluid

under pressure is supplied through pipe I8 to
pressure chamber |7 the piston 13 will be moved
to the opposite or right hand end of its eylinder to
thereby move the cam shaft 2 to its ahead posi~
tion.

The control valve mechanism 12 comprises an
astern valve device 28 for controlling the supply
and release of fluid under pressure to and from
pipe {6 and an ahead valve device 21 for control-
ling the supply and release of fluid under pressure
to and from the pipe 18. The ahead and astern
valve devices 28 and 21 are identical in structure,
each comprising a supply valve 22 contained in a

chamber £3, which chamber is common to the two 4

valves and is adapted to be constantly supplied
with fluid under pressure from any suitable
source by way of a pipe 24. Each of the valves
22 is arranged to control flow of fluid under pres-
sure from chamber 23 to a chamber 25 and is
provided with a stem 26 extending through the
latter chamber and through a bore in the cas-
ing into a chamber 27 which is open to atmos-
phere by way of a port 28. Chamber 25 in the
ahead valve device 21 is connected to pipe 18
while chamber 25 in the astern valve device 20
is connected to pipe i8. Each valve stem 26 is
provided with an axial bore 29 open at one end
to -chamber 25 and open at the opposite end
through the end of said stem to chamber 21, A
plunger 39 slidably mounted in a bore in the cas-
ing extends into chamber 27 in coaxial relation
~with the adjacent end of each valve stem 26, and
one end of said plunger constitutes a valve ar-
ranged to ccoperate with a seat on the end of
- said stem for closing communication between
bore 29 and chamber 27, A spring 33 contained
in.chamber 23 acts on each supply valve 22 for
urging it to its closed position.
Two identical but reversely arranged cams 31
- and 32 are mounted on the maneuvering shaft &
for cooperation with the two plungers 36 to con-
trol operation of the ahead and astern valve de-
viees 21.and 28, respectively. With the opera-

tor’s control lever T in the “astern” “shift” posi- -

tion the cam 32 is adapted to seat plunger 38 in
the astern valve device 20 against the end of the
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respective supply valve stem 26 and to open the -

respective supply valve 22 for supplying fluid un-
der pfg;sulje to pipe {5, while in all other posi-

1 to the “ahead” “shift”
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tions of said lever said cam is adapted to per-
mit closing of said valve by the respective spring
33 and to also permit movement of the respective
plunger 38 to the position shown in the drawing
for releasing fluid under pressure from chamber
25 and pipe {6 through bore 29 in the respective
supply valve stem 26 to chamber 27 and thence
to atmosphere. In a like manner the cam 31 -
is adapted to operate the ahead valve device 21
upon movement of the operator’s control lever
position to supply fluid
under pressure to pipe i8 and in all other posi-
tions of said lever to open said pipe to atmos-
phere. : ] :

Tt will thus be apparent that when the opera-
tor’s control lever 1 is moved to the “astern”
«ghift” position the control valve device 12 will
operate to supply fluid under pressure to cham-
ber 15 to effect operation of the reversing motor
{1 to move the cam shaft 2 to its astern position
to provide for operation of the engine in the one
direction, but movement beyond this “shift” posi-
tion to the “astern” “run” and “start” positions
will cause operation of the control valve mecha-
nism 12 to release fuid under pressure from said
piston chamber. Likewise, if the operator’s con-
trol lever 7 is moved to the “ahead” “shift” posi-
tion the control valve mechanism i2 will be op-
erated fo supply fuid under pressure to chamber
{7 in.the reversing motor Ii to effect operation
of said motor to move the engine cam shaft 2
to its ahead position, while movement past the
«ghead” “shift” position will cause operation
of said device to release fluid under-pressure from

z chamber 11, It will thus be seen that since fluid

under pressure is released from chambers 15 and
{7 when lever T is out of the “shift” positions it
is necessary for the operator in reversing.the .
direction of operation of the engine to allow said

~lever T to remain in the “astern” “shift’’ position

or in the “ahead” “shift” positicn for a period of
time suficient for the reversing motor it to prop-
erly position the cam shaft 2. ’ o

Fluid under pressure is released from pressure
charnber 15 or {7 in the reversing motor i after
said motor has operated to properly position the
cam shaft 2, as above described, in order to re-
move thrust on the connection between the re-
versing piston 13 and the cam shaft 2.

The reference numeral 25 indicates an engine
starting air valve device which is- operative to
supply engine starting air from a supply pipe 36
to a -pipe 37 which is adapted to conduct such
starting air to the starting mechanism (not ’

shown) of the engine for starting the engine to
‘furn in a direction determined by the position of

the cam shaft 2.

The starting air valve device 35 comprises a
casing having a chamber 34 connected to the
supply pipe 36 and containing a valve 38 arranged

‘to control flow of starting air from said cham-

ber to pipe 31. The valve 38 has a fluted stem .
39 engaging a like stem on an oppositely seating
valve 60 contained in a chamber 41 which is open
to atmosphere through a port 42. The valve 48~
is arranged to control communication between
pipe 37 and the atmospheric port 42. A spring
43 in chamber 34 acts on the supply valve 38 for
urging it to its seated position and for opening
the valve 40. A stem £4 projecting from valve
40 through chamber 41 and a bore in the casing
is provided for closing valve 40 and for opening
valve 38 against the opposing force of spring 43.
A cam 45 secured to the maneuvering shait 6

5 for operation thereby is arranged to operate stem



5‘ ,
44 to-close valve 40:and open valve 38 in the two
“start” positions of the operator’s control lever
T and to permit closure of valve 88 and opening
of valve 4C by spring 43.in all other positions of
said lever. It will thus be seen that when the
operator’s control lever 1 is moved to either of
the two “start” positions engine starting air will
‘be supplied to pipe 37 to effect starting of the
engine, while in all other bositions of said Ilever
pipe 37 will be open to the atmosphere.

The reference numeral 47 indicates s power
means in the form of s fluig motor adapted to
be controlled by an operator’s control device 48
which may be:located at o remote station if de-~
sired, for effecting movement by power of the
maneuvering shaft & to its different positions.

The-power means 47 and operator’s centrol de-
vice 48 may be geners ly similar to deviees fully
disclosed in Patent No. 2,379,306 issued to Arthur
G. Larson and Cecil S. Kelley on June 28, 1945,
and since reference may be made to this pat-
ent the following description of said power means
and operator’s control device will be limited to
only such detail as is deemed necessary to g clear
understanding of the present invention.

Briefly, the power means 47 is arranged to be
operated by Auid under pressure supplied to either
an ahead pipe 5% or to an astern pipe 5¢ to turn
the maneuvering shart 8 in, respectively, either
the ahead direction or in the astern direction,
through the medium of a sprocket wheel 52 agso-~
ciated with the motor, a sprocket wheel 52
cured to the maneuvering shaft 6 and a conn-ct-
ing driving chain 54. The motor 47 is adapted to
assume different positions corresponding to gif-
ferent pressures of Auid in either the ahead pipe
50 or in the astern pive 51, 5o that by providing
different selected pbressures of fluid in the ahead
pipe &8, for instance, the maneuvering shaft §
can be caused to turn to and stop in any selected
bosition at the shead side of stop position, whiie
the provision of the same selected pressures of
fluid in the astern pipe 51 will cause the ma-
neuvering shaft 6 to turn to and assume the cor-
Tesponding positions at the astern side of stop
position. When the same bressures of fluid are
provided in both pipes 58 and 51, the motor 47
will operate to move the maneuvering shaft
to its stop position.

©The operator’s control device 48
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vided to control the pressure of fluid in pipes 58 -

and ‘51 comprises =a lever 55 having s neutral or
“stop” position and at ong or the “astern” side
thereof. “run” and “start” positions, and at-the
opposite or “ahead” side of “stop” position re-
versely arranged. “run” and “start” vositions,
these positions, it will be noted, correspond in
name and disposition to. the different, positions of
the operator’s control lever T and the maneuver-
ing shaft 6, with the exception that lever 55 has

no “shift” positions for reasons which will be later.

brought out. The operator’s control device 48
is-arranged to control directly the supply and re-
lease of fluid under pressure to and from two
pipes 56 and 57 which are adapted to be con-
nected to pipes 50 and 5!, respectively, by means
to be later described. In “stop” position of Iever
55, the operator’s control device 48 is adapted to
brovide in both pipes 55 and 57 fluid at the same
and at a minimum degree of Pressure to cause
operation of motor 47 to move the maneuvering
shaft 6 to the corresponding or “stop” position.
Movement of the operator’s control lever 55 to
gither the “run” or “start” position at the “ahead”
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side: of “stop” position is adapted to open the
astern pipe 57 to atmosphere and to brovide fluid
in pipe 56 at pressures such as required to effect’
operation of motor 47 to move the maneuvering
shaft § to the position corresponding to. that of
said lever. Movement of the operator’s control
lever 55 to the “run” and “start” position at the
“astern” side of “stop” position will open pipe 56
to atmosphere and supply fluid to pipe 57 at g
bressure corresponding to the position of saig
lever to thereby effect operation of motor 47 to
correspondingly: position the maneuvering shaft
8. In other words, when the operator’s control
lever 55 is moved to any selected position the fiuid
motor 47 will act to move the maneuvering shaft
§to the corresponding position.

Interposed in the communication between pipes
56 and 58, and pipes 5T and 5i- are two pressure
Iimiting valve devices 59 and 80, respectively, and
an interlock valve device §1.

Each of the pressure limiting valve devices 5%
and 68 comprises g casing having a chamber
52 containing a valve §3 arranged to control fiow
of fluid under pressure from said chamber to
& chamber §4. A spring 85 in chamber 62 acts
o1 valve € for urging it to itg seat. The valve
62 has a stem 68 extending' into chamber §4
wherein it engages one side of a - flexible: dig-
phragm 87 which forms one side of chamber
§4. At the opposite side of diaphragm 87 is a
chamber &8 which is open to atmosphere through
2 passage 68, and which containg a spring 18
acting on the diaphragm in a direction to- un-
seat the valve 2. The pbressure of spring 76 on
diaphragm 67 is such as to permit deflection of
said diaphragm ang closing of valve §3 by spring
€5 when the pressure of fluid in chamber §2 iz
increased to a certain chosen degree, for reasons
which will he later brought out. In the pressure
limiting valve device 58 chamber 62 is connected
to pipe 58 and chamber 64 is connected to pipe
99, while in the limiting valve device 8 the
corresponding chambers are connected, respsc-
tively to pipes 57 and 51i.

The pives 58, 57, 50 and 5{ all lead to the
interlock valve  device §¢ which may comprise
a rotary valve 72 having two different operat-
ing positions and which is arranged to be moved
to said positions by a lever 72 The lever 13 is
operatively connected to a rod 14 which has a
lost motion' connection with a rod 15 through
the medium of an arm 18 on rod 75 and spaced
collars 7%, 718 on rod 14 The rod 15 is con-
necled to the reversing piston {3 at the side op-
posite the piston rod 4.

When the reversing piston (3 is in its astern
position in which it is shown in the drawing,
engagement between arm 18 on rod 15 and col-
lar 77 on rod 74 will bosition the rotary valve
72 in'what may be called an astern position in
which it also is shown in the drawing. When,
wewever, the reversing piston 13 ig moved to its
ahead position at the opposite or right-hand end
of the cylinder, the arm 7§ will engage collar 78
on rod T4 just before the piston attains said
position in order to actuate lever 12 to turn rotary
valve 72 to its other position, which may be called
an ahead position, and in which said lever wili
6ccupy 2 positicn such. as indicated by a line 74.
Tt will be apnarent that movement of pistori {3
from its ahead position to its astern. position will
turn the rotary valve 72 to the position in whic
it is shown in the drawing.

The rotary valve 12 ig provided with two cavi-
ties 80 and 81, the cavity ‘80 being adapted to
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establish communication between pipes 57 and
i in the astern position of said valve, while
the cavity 8! is adapted to establish communica-
ticn between pipes 56 and 58 in the ahead posi-
tion of said valve. When communication is es-
tablished between pipes 81 and 54 the commu-
nication between pipes 56 and 50 will be broken,
and vice versa. .

In operation, if the operator moves the control
lever 55 from “stop” position to the “ahead”
«gtart” position to supply fluid to pipe 56 at
the pressure required for operating motor 47 to
turn the maneuvering control shaft 6 to-its
“ghead” “start” position, fluid will flow from
pipe 56 to chamber 62 in the pressure limiting
valve device 59 and thence past the respective
open valve 83 to pipe 58 leading to the motor &1,
it being noted that communication between pipes
56 and 58 through the interlock valve device 61
is ‘closed at this time. When the pressure of
fiuid thus suppiied past valve 63 in limiting valve
device 58 and acting on the respective diaphragm
87 is increased to a degree sufficient to overcome
the opposing force of spring 10, said diaphragm
will deflect against said spring to permit clo-
sure of valve 83 to thereby limit the pressure
of fluid obtained in pipe 59 to a degree deter-
mined by the pressure of said spring.  The pres-
sure of spring 70 in the limiting valve device
58 is such as to limit the pressure of fluid thus
provided through pipe 58 in the reversing motor
47 to a degree which will cause operation of
said motor to turn the maneuvering control shaft
§ only to the “ahead” «“ghift” position.

Operation of the motor 47 to turn the maneu-
vering control shaft § to its “ghead” “shift” posi-
tion will effect operation of the control valve
mechanism 12 and thereby of the reversing motor

t{ to move the cam shaft 2 from its astern posi~
tion, in which it is shown in the drawing, to its
ahead position. When the cam shaft 2 attains
its shead position the interlock valve device 6!
will have been operated by the reversing piston
12 to establish communication between pipes 58
_and 59 by way of cavity 81 in said valve device, SO
that fluid at the pressure provided in pipe 55
by the operator’s control valve device 43 with
1lever B5 in its “ahead” “start” position will then
become effective through pipe 5% in motor &7
and cause operation of said motor to turn the
maneuvering shaft 6 to its “ghead” “start” posi-
tion, for thereby operating the starting air valve
device 35 to supply starting air to pipe 21 to
efiect starting of the engine to turn in the di-
rection determined by the position of the opera-
tor’s control lever 55 and thereby of the cam
shaft 2. After fuel is supplied to the engine,
in & manner which will be later described, and
the engine fires and Is running on fuel the opera-
tor wiil then move lever 53 from the “ahead”
“start” position to the adjacent “run” position
to thereby cause operation of motor 41 to turn
the maneuvering control shaft 6 to the corre-
gponding “run” position for effecting operation
of the starting air valve device 35 to cut off the
supply of starting air to the starting air pipe
27. While the engine is running the operator’s
control lever 55 will then be left in the “run”
position.

On the cther hand, if the operator desires to
operate the engine in the astern direction he will
move lever 55 to the “astern” “gtart” position to
thereby cause operation of motor 47 to first
move the maneuvering control shaft 6 to its
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“astern” “shift” position, as limited by opera- ¥3

. operation

tion of the limiting valve device 60, and then to
the “astern” “start” position upon operation -of
the interlock valve device 6i. In the “astern”
“gtart” position of the maneuvering shaft 6 the
starting valve device 35 will be operated to sup-
ply starting air through pipe 37 to the engine,
and after the engine fires and is running on fuel
the operator will return lever 55 to its “astern”
“yyn’ position in which it will then remain dur-
ing operation-of the engine in the astern di-
rection.

It will now be seen that upon movement. of
the operator’s control lever 55 to either of its
“start” positions the limiting valve device 83 or
60 acts to Iimit operation of the fuid motor 47 to
prevent turning of the maneuvering control
shaft § to the corresponding “start” position to
effect starting of the engine, until after the cam
shaft 2 has been positioned according to the
operation of said lever, but immediately upon
proper positioning of the cam shaft, the motor
47 operates to cause operation of starting air
valve device 35 to effect starting of the engine.
After the engine is started the operator moves
the control lever 55 back to the adjacent “run”
position in which it is then allowed to remain
during operation of the engine in the selected
direction.

The structure will operate in the manner just
described in starting the engine from stop in
either one direction or in the opposite direction,
or in quickly reversing the engine from opera-~’
tion in one direction to operation in the oppo-
site direction, it being noted that in reversing .
the engine from ahead to astern, for example,
the ahead pipe 55 will be vented at the same
time as fluid is supplied fo the astern pipe 97,50
that the motor 47 will promptly move the ma-
neuvering control shaft 8 in accordance with the
of lever 55 and as governed by the lim-
iting valve device 58 or 60 and interlock valve’
device 1. The structure will also operate in
the same manner in case the operator moves
iever &5 from the “astern” “run” position to the -
“ahead” “start” position to start and operate the

engine in the ahead direction. It is merely de- "

sired to point out, however, that in quickly re-
versing the direction of engine operation, the
cam shaft 2 may be operated to condition the
engine for operation in the newly selected di-
rection before the engine comes to a stop from
cperation in the opposite direction, in which -
case the starting air supplied by the starting air
valve device 3% to the engine will initially act in
the engine as a brake, in the usual well known -
manner, to promptly bring the engine to a stop
and will then be immediately effective to start -
the engine turning in the new direction, as de-
termined by the position of the cam shait 2.
Connected to one end of the fuel control shait
3 is one end of a lever 82 having in its opposite
end a roller 83 which is adapted to engage the
peripheral surface of a fuel cut-off cam &4 on the ‘
maneuvering shaft 6 which cam is different from
a similar cam disclosed in the aforementioned
pending application. When the shaft ¢ is in
“gtop” position, the cam 84 is adapted to actuate
lever 8% to move the fuel contiol shaft 3 to its
fuel -cut-off position: indicated by the dot and
dash line . The cam 84 is so designed, however,
that when the maneuvering shaft § is in any po-
sition out of “stop” position, the lever 82 and
fuel control shaft 8 are free to move, with re-
spect to the maneuvering control shaft 6, from
the fuel cut-off position indicated by the dot and
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dash line 4 to any position up to ‘and including
the maximum fuel supply position indicated by
the dot and dash line 5. It will thus be seen
that the only control of engine fuel by the opera-
tor's control valve device 48 'is that for cutting
off fuel upon.movement of lever 55 to “stop” po-
sition in order to effect stopping of the engine.

‘Also operatively connected to the fuel ¢ontrol
shaft 3 is one end of a fuel control lever 88 the
opposite end of whieh is connected by a link 87
to-one end of 4 lever 88, The lever 8% is pivoted
intermediate its ends on a fixed fulerum pin 89
and the opposite end of said lever is operatively
connected to a plunger 90 of g speed governor §1.

The speed governor 97 may, for the purpose of
illustration, . comprise a head 81 in which the
plunger 99 is slidably mounted. Two centrifu.
gal governor ‘arms 92 ‘are pivoted on pins 93 in
the head 91 and are operatively connected to a
collar 94 secured to plunger 99. The head 81 is
operatively connected by gears 85, 5. to any
suitable rotatable part of the engine such as the
crank:shaft 1. Upon an increase in speed of the
crank ‘shaft { the governor arms 82 will act
through collar 94, plunger 99, lever 88, link 87
and lever 86 to .move the fuel control shaft 3 in
the -direction of the fyuel cut-off position indi-
cated by the dot and dash line 4, while move-
ment of lever 88 in the opposite direction against
the opposing action.of the governor arms 82 will
actuate lever 88 +o move the fuel control shaft 3
in the opposite direction .or out of the fuel cut-
off position for ‘increasing the supply of fuel to
the engine.

The governor 97 further comprises ia .control
spring 98 having one end eonnected to lever 88
between the fulcrum pin 89.and the link 87 and
is provided ‘to oppose the .action of centrifugal
force on the governor arms 82. The opposite
end of spring 98 is.conneected to one end of.a rod
83 -of .a governor control motor 100 which is
operative to adjust the force of said spring on
said lever.

The motor 130 comprises g -cylinder 181, con-
taining a piston 182 £o which the rod 99 is opera-
tively -connected. At one side of piston 102 is g
control chamber 183 connected to 8 control .pipe
184, while at the opposite of said piston is a non-
pressure -chamber {85 which is open to atmos-
phere through a passage 10§ and which contains
& control spring {97 acting on piston 102 in
opposition to pressure of fluid in chamber [03.

The pipe (84 ig adapted to be connected"
through an interlock valve device 108, constitut-
ing a;part of the invention, to.a pipe {94q leading
to .an operator’s fuel or speed control valve de-
viece 188 which ig provided for controlling the
pressure of fluid in chamber {83 of the governor
control motor {83, The speed control device 109
may be of any suitable type which will vary the
pressure of fluid in-chamber {83 in proportion
to the extent of movement of 'z control lever
FiS out of an engine “idle” position, in which
it is shown in the drawing, and in which g mini-
mum of pressure of fluid, such as ten peunds per
square inch, will be provided in pipe i{84A. A
maximum pressure of fiuid will be obtained in
pipe 184A with Isver {19 moved to g position
desighated in the drawing by the legend “Full
speed.”  Any desired pressure between the maxi-
mum and minimum pressures may ke provided
inpipe I04A by suitable adjustment of lever {{0
between its “idie” and “runl speed” positions.

"The interlock valve device 188 comprises 5 cag~
ing having a chamber 11§ open to pipe 1044, and
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another chamber 112 open to pipe 184. A double
seating valve 113 contained in chamber {12 is
arranged to control communication between said
chamber and the chamber |1} at one side of the
valve and a chamber {{4 ai the opposite side.
A spring 115 in chamber 1!{ acts on the valve
{18 for moving it to the position in which i} ig
shown  in the drawing, in which position com-
munication is opened between chambers {{i and
i12 and ‘thereby between pipes {844 and (o4,
while chamber {12 and pipe 104 are disconnected
from chamber 44 which is open to atmosphere
through 'a port 116. Chamber 114 is formed at
one side of a piston {17 which ig operatively con-
nected to valve 113. Atthe opposite side of piston
1i7 is a chamber {13 which is open to a control -
pipe {189,

Associated with the fuel control shaft 2 and
preferably with the adjusting lever 8¢ is g maxi-
mum fuel limiting devies which is preferably in
the form of a Auid bressure adjustable stop 128
constituting another part of the invention. This
device comprises g cylinder 1214 containing g
piston {22 having a rod 123 projecting from one
face and arranged to engage or to be contacted
by the fuel control lever 88. At one side of piston
122 is a pressure chamber 124 open to ripe 184
while at the opposite side is ‘a non-pressure
chamber {25 which is open to atmosphere
through a port 125. A sprinig {27 in chamber
125 acts on piston 122 in Opposition to pressure
of fluid in chamber 124,

It will be noted that pipe 184 is connécted to
pressure chamber 103 in the goverinor control
motor 188 and also to pressure chamber {24 in
the maximum fuel limiting device 128, whereby,;
in accordance with the invention, the pressure
of fluid in both of these chambersy ig adapted to
be controlled in unison by operation of the oper-
ator’s speed -control device 489 when pipe 164
is ‘connected to pipe [84A, while both of these
chambers are adapted to be opened to atmos-
phere together when valve 113 in the interlock
valve device 188 is moved to the position to clogs
the communication between chambers {42 and
11{ and to open chamber {42 to the atmospherie
chamber ({4, The control of the interlock valve
device 108 will be hereinafter - described.

In the governor eontrol moter 188 the pressure
of spring {67 on piston 182 is such, according
fo the invention, ag to prevent movement of said
piston out of the normal position in which it is
shown in the drawing against the minimum pres-
sure (10 pounds) of fluid provided by the opera-
for’s speed control device {88 with the lever 110
thereof in its “idle” position, but to permit move-
ment of said piston against sald spring a distance
in proportion to the increase in pressure in said
chamber in excess of 10 pounds asthe operator’s
speed control lever 1§ ig moved out of “idle”
position in the direction of “full speed” position.

In the minimum fuel limiting device {29 the
pressure of spring 127 on piston 122 is such that
when the minimum bressure of fluid is effective
in chamber 124 the piston 122 and rod {23 will
be moved against spring {27 to a position which
will allow movement of the fuel control lever 8§
by spring 88 out of the fuel cut-off position to
8 position slightly above the engine idle position
idicated by the dot and dash line 5¢. When the
pressure of fluid in chamber 24 is then incressed
above the minimum value of 10 pounds the piston
122 will move in unison with the governor control
piston 182, and the rod {23 will remain out of
contact with the lever 88 except under 2 condi-
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tion to be later described. When pipe 184 is
open to atmosphere by way of the interlock de-
vice 108, spring. 127 in the maximum fuel limit-
ing device 128 is adapted to operate piston i22
and thereby rod 123 to move the fuel control lever
86 to its fuel cut-off position indicated by the dot
dash line 4: ’

- Let it be assumed that the parts of the inter-
lock valve device 168 are in fhe position shown
in the drawing opening communication between
pipes 104 and 1044, and that the operator’s speed
control lever 110:is in “idle” position and that
piston 122 and rod 123 in the maximum fuel
Jimiting device are moved to the position to per-
mit movement of the fuel control lever 8% and
- shaft 3 by spring 98 to a position slightly above
the engine idling position indicated by the dot
and dash line 5a. Let it further be assumed
that in response to operation of the operator’s
maneuvering control valve device 48 the starting
air valve device 35 has been operated to supply
starting air to the engine and that the engine
is turning under the infiuence of such air in the
direction determined by the nosition of the cam
shaft 2. With the fuel control lever 86 positioned
to supply fuel to the engine the engine will fire
upon being placed in motion hy the starting air
and will then run on fuel following which lever
55 of the maneuvering control device 48 will be
moved from whichever “start” position it may
be in to the adjacent “run” position to thereby
effect operation of the starting air valve device
35 to cut-off the supply of starting air to the
engine.. The engine will then continue to run
on fuel. : ’

As soon as the engine starts to operate as just
described the speed governor 87 will act to rock
lever 88 against spring 88 and thus pull the fuel
control shaft 3 in a clockwise direction to reduce
the amount of fuel supplied fo the engine, and
this action will continue until a balance is ob-
tained between ‘the centrifugal force of the
governor arms 92 and the pressure of spring 98,
at which time the fuel control lever &6 will as-
sume its engine idling position, indicated by dot
and dash line 5¢. so that the supply of fuel to
the engine will be such as-to allow operation of
the engine at idling speed.

If the operator now desires to increase the
speed or power output of the engine he will move
lever 110 away from “idle” position to thereby
increase the pressure of fluid in pipe {04 to a
degree corresponding to the position of said lever.
This pressure of fluid in pipe 104 effective in
chamber 193 of the governor control motor 199
and in chamber {24 of 2 maximum fuel limiting
device 120 will move the respective pistons {02
and 122 in unison. This movement of piston i22
will be without effect except to maintain the rod
123 out of contact with the fuel control lever a8,
but the movement of piston 182 to a position cor-
responding to that of the operator’s speed con-
trol lever 110 will act to correspondingly increase
the force of -the governor control spring LE]

against lever 88. The lever 88 will thereby be @5

operated to turn the fuel confrol shaft 3 in the
direction of the maximum fuel position indicated
by the dot and dash line 5 to increase the supnly
of fuel to the engine. The engine will then ac-
celerate and cause operation of the speed gover-
nor 97 to'rock lever 88 against spring 98 and thus
move the fuel control shaft 3 in the opposite
direction to reduce the supply of fuel to the

engine, and- this- action will continue until a .
b

balance is obtained between the centrifugal force
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of the governor arms 92 and the adjusted force
of spring 98, whereby the supply of fuel to and
thus the speed of the engine will be increased to
a degree corresponding to the increase in pres-
sure of fluid in the control pipe 104 and thus
corresponding to the position of lever {10 outb
of “idle” position.

On the other hand if the engine is operating
at a certain speed and the operator desires to
reduce the speed he will move lever {18 back in
the direction of “idle” position to thereby reduce
the pressure of fluid in the control pipe 104 to
allow movement. in unison of the governor con-
trol piston 162 and of the maximum fuel limit-
ing device piston 122 by their respective springs
187 and 127 to a new position corresponding to
the new position of lever ‘{i0. This movement
of the governor control piston 162 will act to re-
duce the force of spring 28 on lever 88, and the
speed governor 97 will then operate to corre-
spondingly change the position of the fuel con-
trol lever 88 and reduce the supply of fuel to the
engine so that the engine will decelerate to a
speed corresponding to the change in position of
the operator’s conftrol lever 119. It will thus
be seen that by suitable adjustment of lever {10,
any desired rate of fuel supply to and thus speed
of the engine may be attained. : ‘

During normal operation of the engine under
control of the governor motor 180, as above de-
scribed, the maximum fuel limiting - device {28
serves no useful purpose, since piston 122 moves
in unison with piston 182 and maintains rod
‘128 out of contact with the fuel control lever
86, but it should be noted that the piston 122
and rod 123 always assume an adjusted position
corresponding to that of the governor control
piston {02 and therefore corresponding substan-
tially to the amount of fuel which the operator
desires to supply to the engine. The purpose
of thus adjusting the maximum speed limiting
device 120 in synchronism with the fuel gov-
ernor motor {00 is to prevent the supply of fuel
to the engine being increased substantially in
excess of that chosen by adjustment of the op-
erator’s fuel control lever 110, in case of what
might be considered the application of an ex-
cessive or abnormal load to the engine, so as
to thereby prevent undue straining of the en-
gine under such a condition as will now be de-
scribed in greater detail. . :

Tet it be assumed that the engine is operat-
ing at a chosen speed corresponding to the pre-
selected position of the operator’s speed control
lever 110, under which condition piston 122 and
rod 122 of the maximum fuel limiting device
128 will be correspondingly adjusted, and an
excessive or abnormal load is imposed upon the
engine. Due to this abnormal load the engine
will tend to slow down and reduce the centrifugal
force of the governor weights 92 and thereby
render spring 98 effective to rock lever 88 and
move the fuel control lever 86 and shaft 3in
a direction to increase the supply of fuel to the
engine so as to maintain the engine at the speed
corresponding to the adjustment of the governor
motor 100. The slight distance which the fuel
control lever 86 can thus be moved by the
governor spring 98 is, however, limited by con-
tact between said lever and the piston rod 123
which at this time acts as a stop to prevent
further movement by the governor control spring

a8, so as to thereby limit the increase in fuel

supply to the engine to a relatively small degree
in excess of that preselected by the position of
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the ‘speed.control lever (19, It will thus be seen
that regardless of the bosition of the operator’s
‘control lever 1{0 between the “idle” and “fuli
‘speed” positions, the maximum fuel . limiting
device 120, being adjusted in accordance with
‘the position of said lever, will act 4o prevent
‘any substantial increase in fuel supply to the
engine -over that preselected by the operator,
in case of the sudden application of an exces-
sive or abnormal load to the engine, whereby
the engine will be prevented from working under
a load ‘substantially ‘in excess of that selected
by the adjustment of the control lever [I8.

Pipe 119 connected to piston chamber 1{8 in
the ‘interlock valve device {38 leads to o direc-
tional control device 138, which comprises (Fig.
'2) “two poppet valves (21 and 32 contained in
‘chambers 132 and i34 which ‘are open to the
ahead and astern pipes or 50 and 51, respec-
tively. The poppet valves 13f and 132 are ar-
ranged side by side with parallel extending Auted
stems 135 and 13§, respectively, -which extend
into a chamber 137 to which is connected pipe
119. The valves 131 and 122 are provided to
control communication between chambers 133
and 184, respectively, and chamber 137, and 3
spring 138 in each of the ‘chambers 133 and {24
acts on the respective valves 124 and 132 to urge
them to their closed position.

‘The valve ‘stems 1235 and (2§ engage, ‘respec-
tively, two spaced operating plungers {89 and
148 which are slidably mounted in the casing
‘and which are provided with stems 141 and {82
‘extending to the exterior of the casing through
‘sealing rings 148 which are adapted to prevent
leakage of fluid under pressure from chamber
137 past the respective blungers and stems to
atmosphere. Two rockable cams {44 and 145,
fulerumed on pins (4§ in the casing, are pro-
vided for controlling the plungers (4§ and {42
respectively. These cams are of identical struc-
ture but are reversely arranged.and each is con-
nected to the respective plunger 141 or (42
‘through the medium of a pressure -transmitting
element 147 which is rockably
rin 148 secured.in the casing. REach of the cams
144 and 145 i5 provided ‘with :a surface (49
which, when in contact with the respective pres-
sure transmitting element 147,
respective valve 121 or {32,
face 149 each cam ig provided with a recess 158
adanted to receive tha respective element 1AT
to permit movement of the resnsctive plunger
$39.0r 440 hy a sprine A5{ to a position to permit
closurs of the respactive:
respective spring 128.

The two cams 144 gng 145 are operativaiv
-comnected for movement in unison by a link (52
and since the
tioned. ‘movement of the link and cams to the
position in which they -are shown in‘the draw-
‘ing will effect ‘ovening ‘of ‘valve 131 and closure
of valve 432, while movement of said link and
cams'in a counterclockwise direction as viewed
in the drawing to a Pposition in which surface
189 on cam 145 engages the respective element
147 will effect opening .of valve 132 and closing
of ‘valve (3.

The directional control device 1230 further com-
prises a control piston 158 and a biston red 155
having one end connected to said piston and ex-
tending through -a non-pressure chamber 15§ at
one side of said piston. At the opposite side of
‘piston 154 .is a pressure chamber 57 which is in

mounted on 5 ¥

will unseat the B
‘Adiacent the sur-

valve 134 or 122 by the

cams ‘are reversed as ghove men.
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‘constant communication through a pipe 158 with
the-engine starting gir pipe 37.

The opposite or outer end of piston rod {55 is
pivotally connected by.a pin 159 toa Iug 168 pro-
jecting from the back face of ‘a friction shoe {81,
The opposite face of shoe 81 is concave providing
a surface 182 which is arranged to frictionally
engage the peripheral surface of crankshaft |.
Also connected to pin {59 is one end of g link
83 the opposite end of which is operatively con-
nected to the adjacent end of & cam operating
link {52.

The pistonrod {55 is capable of side movement
in the non-pressure chamber {56 from the posi-
tion in which it s ‘shown in the drawing, and
which is defined by ‘contact with a surface 164 ‘
in‘the. casing, to a bosition in which said rod en-
gages a surface {85 in the casing., Adjacent the
surface 185 the casing is provided with a pin 168,
and the link {83 has two receses 187, one of which
is arranzed to receive the pin 156 with the pis-
ton rod 155 in the bosition in which it is shown
in the drawing, while the other recess 167 ig
arranged to receive pin §68 in the other position of
said rod.

The piston rod {55 ig encircled within cham-
ber {56 by a spring £68 one ‘end-of ‘which en-
gages the piston {84 while the opposiie end ‘is
supported on a. shoulder €8.in the casing. This
spring is under pressure and-adapted to move the
piston 154 to the position tin ‘which it is shown
in‘the drawing when bressure chamber $57 is open
to -atmosphere. When fluid under pressure is
supplied to pressure chamber 57, in -a manner
which ‘will later ba described, the piston 154 is
adapted to move against -spring 168 to Bperate
rod 155 to move the friction shoe 18} into con-
tact with the crankshaft {. When the shoe {61
is in contact with the crankshaft, the link 163
will be elevated to g bosition in which it will be
disconnected from the pin {§6. When fluid under
pressure is released from chamber 157 spring {68
is adapted to actuate biston 154 and vod 155 to
move the shoe {51 out of contact with the crank-
shaft, under which condition pin 165 will enter
either one.of the two recesses {87, to secure the
links 1863 and 152 and thereby cams 144 angd 145
against accidental movement out of the selected
position.

The interlock valve device 188, as controlled by
the-directional contral device 188, is provided to
render the maximum fuel limiting device {28 &f-
fective to actuate the fuel control'shaft 8 to its fuel
cub~off position, when the operator actustes lever
B8 of the maneuvering ‘control device 48 to re-
verse the engine from one direction of operation
to the opposite direction, until after the engine
starts o turn in said opposite or the selected
direction under the influence of starting air sup-
plied through pipe 37. More specifically let it
be assumed that the engine is operating in the
astern direction with the operator’s control lever
58 in the “astern” “ryn” pesition, in which posi-
tion pipes 57 and 51 will be charged with fiuid
under pressure, ‘and the ahead pipes 55 and 50
will be open to atmosphere. Tn the directionsl
control device 188 valve 132 will be closed while
valve 121 .will be cpen connecting pipe {49 from
the interlock valve device 198 to the vented shead
bipe ¥ for reasons which will latep hecome ap-
barent. With pipe 1§ thus vented the parts of
the interlock valve device 192 will bs in the posi-
tions in which they are shown in the drawing,
establishing communication between pipes {84 and
- 184a, whereby the operator by -operation of lever
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“118 may control the governor motor 188 and
thereby the amount of fuel being supplied to the

“engine. '
With the engine operating in the -astern direc-
_tion let it be assumed that the operator desires
to reverse the direction of operation from astern
“to ahead, in as short time as possible. To ac-
complish this he will move lever 55 of the ma~
netvering control -device 48 from .the “Astern”
«run” position to the “ahead” “start” position
- to thereby open pipes 57 and 50 to atmosphere
and at the same time to supply fluid under pres-
- sure to the ahead pipe 56 and thence to pipe 51 to
- effect movement of the cam shaft 2 to its ahead
position, followed by overation of the starting
air valve device 35 to supply starting air through
- pipe 27 to initiate starting of the engine. Fluid
under pressure supplied to the ahead pipe 55 and
to pipe 56 as just described will also flow to cham-
ber (32 in the directional control device {30 and
from said chamber 133 past the open valve 131 to
chamber 137 and thence through pipe {19 to pres-
sure chamber K8 in the interlock valve device
188. The interlock valve device 188 will thereby
be operated upon initiating the reversal in direc-
_tion of engine operation to close communication
between pipes 104¢ and {84 and to open the lat-~
ter pipe and thereby chambers 183 and §24 in
the fuel control motor {88 and in the maximum
fuel limiting device 128, respectively, to atmos-
phere. The maximum fuel limiting device 120
swill then promptly operate, in response to opera-~
tion of the maneuvering control lever 55 to re-
verse the direction of engine operation, to move

the fuel control lever 8§ to its fuel cut-off posi- ¢

tion o thereby cut off the supply of fuel to the
engine so that the engine may be stopped under
the influence of starting air as above mentioned,
or by any other conventional means.

When the starting air valve device 85 is oper-
ated to supply starting air to the engine a por-
tion of this starting air will flow through pipe
158 to piston chamber {87 in the directional con-
trol device 188 and therein act on piston 154 1o
force the friction shoe £81 into contact with the
peripheral surface of the crankshaft {. If at
the time starting air is supplied to the engine
and the shoe 161 is moved into contact with the
crankshaft |, the engine is still running in the
direction of last operation, i. e., in the astern
direction in the present instance, the shoe (61
and thereby the other parts of the directional
control device 138 will remain in the position in
which they sre shown in Fig. 2. However, as
soon as the engine and the crankshaft starts

- furning in the new, or the ahead direction after
peing brought to a stop from operation in the
opposite direction, such turning of the crankshaft
will move the shoe 181 from the position in which
it is shown in Fig. 2 to the position defined by
contact with surface §85 in the casing. This
movement of shoe 18§ will actuate cams {44 and
{45 to permit closing of valve 13! and opening
of valve 1382, respectively. The closing of valve
121 will cut off the supply of fluid under pres-
sure from the ahead pipe 58 to chamber {i8 in

_the interlock valve device 108, whils the opening
of valve 132 will connect said chamber to the
astern pipe 51 which at this time is open to at-
mosphere through the operator’s maneuvering
control device 48. TFluid under pressure will
therefore be released from chamber (8 in the
interlock device 108 just as soon as the engine
starts to turn in the ahead direction and said

_ device will then operate to reestablish communi-
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cation between pipes 184 and {844, whereby the
pressure of fluid provided by the operator’s speed
control device 189 will then become effective in .
chamber (24 in the maximum fuel limiting device
{20 and operate piston 122 to move rod 123 out
of contact with the fuel control lever 86, The
fuel contrel lever 86 will then be operated by the
governor control spring 28 to a fuel supply posi-
tion for supplying fuel to the engine. The en-
gine will then fire and run on fuel.

As soon as the engine fires and is running on
fuel as just described, the operator will move the
control lever 55 to the “ahead” “run” position
to effect operation of the starting air valve device.
25 to cut off the supply of starting air -to the
engine and o open pipe 87 to atmosphere by way
of port 42. Fluid under pressure will: then be
released from piston chamber (5% in the direc-
tional control device 132 by way of pipe 37 to
permit movement of shoe {81 by spring (88 out
of contact with the crankshaft. With the en-
gine now running on fuel the operator by suit-
able adjustment of lever {10 can vary the fuel
supply to the engine, as desired.

1f the operator operates the maneuvering con-
trol lever 58 to reverse the direction of operation
of the engine from ahead to-astern, the inter- -
Jock valve device 188, as controlled by the direc-
tional control device {38, will promptly operate
to render the maximum fuel limiting device 129
effective to move the fuel control lever 86 to the
fuel eut-off position in order to allow the engine
to stop, and then immediately upon starting of
the engine in the opposite or chosen direction
under the influence of starting alr, said devices
will operate to effect operation of the maximum
fuel limiting device to permit supply. of fuel -to
the engine under the control of the governor
motor 188, as will be apparent without further

;5 description.

Whenever the operator desires to stop the en-
gine, regardless of the direction of operation, he
need only move the maneuvering control lever 55
to “stop” position, to thereby cause operation
of motor 47 to turn the maneuvering control shaft
& to its “stop” position. This movement of the
maneuvering control shaft § will operate cam 84
and thereby lever 82 to turn the fuel control
shaft § to and then held it in its fuel cut-off
position, as long as the operator’s control lever

‘BB is in “stop” position.

1t will be noted that when the engine is stopped
as just mentioned, pipe 118 will still be open to
atmosphere through the ahead pipe 5% if the
engine is stopped from operation in the astern
direction, or throtgh the astern pipe 87 if the
engine is stopped- from operation in the ahead
direction, so that with the engine stopped,. as
well as in restarting the engine in the direction
in which it last cperated which will be presently
deseribed, thé parts of the interlock valve device
88 remain in the position in which they are
shown in the drawing so that the maximum fuel
limiting device §28 has no control over the fuel
control shaft 3. The cam 84 moves the fuel con- .
trol shaft 3 to its fuel cut-off position in stopping
the engine, as above mentioned.

To vestart the engine in the direction in which
it last operated, the cperator will move the ma-
neuvering contrel lever 85 to the proper “start”
positicn to efect operation of the starting air
valve device 25 and to turn cam 84 out of contact
with roller 82, 'The fuel control shaft 3 will then
be operated by the governor spring 98 to supply
fuel to the engine so that as soon as the engine
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starts to turn under the mfiuence of starting air,
it will" fire on the fuel supplied. After the en-
gine:fires, the operator will then move the maney-
vering control lever 55 tg the adjacent “run” po-
sition to cut off the starting air. By suitable ad-
Justment of the fuel control lever {48, any de-
sired speed or- power output of the engine may
then be obtained: :

From the above description it wilt now be noted
that in order to stop the engine. from operation
in-either direction the fuel is cut off by opberation
of cam 84 ang lever €2, while in reversing the di-
rection: of engine operation from ahead to astern,
or-vice versa, the cam 84 is only momentarily ef-
fective as the maneuvering contrel shaft 6 passes
through. “stop™ position, under which condition
and during which operation, the fuel is cut off
and maintained cut off by operation of the maxi-
mum fuel limiting device 120 until after the en-
gine starts furning in the new or selected direc-
tion.

Description. Fig. 3

If desired, the functions:of beth: the maximum
fuel limiting device 120 and-of the governor con-
trol motor 108 . may,
fication: of the. invention, be incorporated in a
single control device 118, in the manner shown in
Fig. 3 of the drawing.

The eontrol device 170, comprises a casing con-
taining: a: piston: 17.1; whieh is connected by & rod
112 to the governor control spring 98. At ome
side-of piston; {11 there is a-pressure chamber 712
connected: to: pipe 194 the pressure. of fluid in
which: is arranged to be controlled through the
interlock: valve device. 108 in the same manner
as:in the structure shown in Fig. 1 and above de-
scribed. At the opposite side of piston {71 is a
hon-pressure chamber (14 open to atmosphere
‘through- a. port. 115 and containing a control
spring. 116 acting on piston {14,

Aceording to the: Invention, a stop pin {17 en-
circled by the governor eontrel spring 88 has one
end. adjustably cennected to the piston rod 1712
by serew-threagds while- its opposite end is ar~
ranged for contact with the governor ‘control
lever 88. When pipe 104 is: open.to atmosphere
through: the interlock valve device 0% during
reversing. of the engine; spring 116 will move pis~

ton. £11 to & position in contact with the lower .

end: of the casing. This movement of piston ¥4
will. move- the stop pin- 417 into contact with the
governor control lever- 88 and operate said lever
to-move the fuel control, lever 86 to-angd- then hold
same- in s fuel cut-off position as long as pipe
104 is. epen to atmosphere.  When: pive B4 is
open. to. 04a through the interlock valve device
108. the minimum pressure- of fluid provided in
chamber 113 by the operator’s speed’ control de-
vice: 109, with lever 140 in “idle” position, will
move piston {1¢ against: spring #16 to- the posi-
tion: in. which it is shown in the drawing to draw
the stop pin 111 out of contact. with lever 88 and
to tension the governor control spring 98 to pro-
vide: for idling oeperation. of the engine, the same
as obtained when piston 142 of the- governor con-
trol motor 100 (Fig. 1). is in contact. with the lower
end: of its: casing as shewn in the drawing and
ahove.described. By varying the pressure -of fluid
in. piston. chamber 13, above the minimum: pres-
sure just. mentioned; by eperation of the oper-
ator’s:speed. control. device 88, the piston (11 will
adjust. itself against. spring 118 to vary the force
of spring 88 on. the governor contrel lever 88 to
therehy adjust the fuel contrel lever:88. to regu-
late the amount of fuej supplied to the engine, in

in accordance with: g modi- ~
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the same manner ag obtained by operation of the
governor control motor {40in the structure shown
in Fg: 1, .

Summary

It will now be seen that I have. provided an
apparatus for controlling the starting, reversing
and operation of g reversible prime mover em-
bodying fuel control structure, including a, speed

y Boverner, which is controlled by and is automat-

ically adjustable. in. accordance with tha adjust-
ment of an oeperator’s speed- control device for
limiting the supply of fuel to-the prime mover to
substantially the- degree preselected- by said de-
vice, under a condition which: otherwise would
cause - the governor to operate to-increase the fuel
supply to maintain engine speed: ‘Undue strain-
ing: of the engine under such a condition is there-~
by avoided. ‘The fuel governing structure is also
automatically operative, as controlleg by a. direc-
tional eontrol deviee, to cut off the supply-of fuel
to the: engine to.allow. it to stop in reversing the
engine: from one direction of operation: to the
opposite direction, and to promptly permit resup~
ply of fuel to the engine when the engine starts
to-turn in the new or-selected direction.,

Briefly, the structure embodying the invention
differs from: that disclesed in my copending ap-
plication hereinbefore referred to in the arrange-
ment which provides for contrgl of both:fuel sup-
ply and of the limiting means, therefore (devices
{09, 28 respectively in Fig. 1, and +10, 77 re-
spectively in Fig. 2) in. unison by the operator’s
sbeed control device 189, such control being inter-
locked threugh the interlock valve device 188 con-
trolled by the directional control device: £30: for,
in reversing the engine, rendering the device 129
in Fig. 1 or {11 in Fig. 2 effective to cut off the
fuel supply to the engine until after the engine
stops: from its last. divection of cperation and
starts to turn in its new direction of operation:

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

1. An apparatus for controlling the supply of
fuel to a prime mover comprising in- combination,
a movable fuel control member adjustable to.vary
the amount of fuel supplied to said prime mover,
8 prime mover operated speed governor compris=
ing adjustable control means and being operable
to-adjust said fuel control member-in accordance
with the adjustment of said control: means, an
operator’s centrol device operable to vary the
adjustment of said control means, fuel limiting
means: adjustable to prevent movement of said
fuel control member to increase the supply of
fuel' to- said prime mover substantially: in excess
of that corresponding to the adjustment of said
contrel means, and means connecting said limit-
ing' means with said control means for simul-
taneous adjustment therewith.

2. An apparatus for controlling the supply of
fuel to a prime mover comprising in combing-
tion, a movable fuel control member adjustable
to vary the amount of fuel supplied to said prime
mover, a prime mover operated speed governor
comprising adjustable control means and being
operable to adjust. said fuel control member in
accordance with the adjustment of said: eantrol
means, an operator’s. contro] device operable to
vary-the adjustment of said control means, stop
means adjustable to prevent movement. of said
fuel control member to Increase the supply of
fuel to-said prime mover substantially above that
corresponding to the adjustment. of said contral
means, and means connecting said stop means to
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said operator’s control device for adjustment. in
unison with said control means.

3. An apparatus for controlling the supply. of
fuel to a prime mover comprising in combination,
o fuel control member having a fuel control zone
of movement and being operable upon movemens
in one direction in said zone to increase the
amount of fuel supplied to said prime mover and
upon movement in the opposite direction in said
zone to reduce the amount of fuel supplied to
said prime mover, a prime mover operated speed
governor - comprising adjustable control means,
and being operable to adjust said fuel confrol
member to a position in said zone corresponding
to the adjustment of said control means, ad-
justable stop means operable to prevent move-
ment of said fuel control member in the direction
to increase the supply of fuel to said prime mover
in excess of the adjustment of said stop means,
an operator’s control device, and means conneci-
ing both said control means and stop means to
said control device for rendering said control de-
vice operable to vary simultaneously the adjust-
ments of said control means and stop means.

4. An apparatus for controlling the supply of
" fuel to 2 prime mover comprising in combination,
2 movable fuel control member adjustable to vary
the amount of fuel supplied to said prime mover,
a, prime mover operated speed governor compris-
~ing adjustable pressure means and operable to
adjust said fuel control member to supply fuel
to said prime mover in an amount proportional
to the pressure of said pressure means, a control
motor operable by fluid under pressure to vary the
pressure of said pressure means in proportion to
the pressure of such fluid, a stop motor operable
by fluid under pressure to limit movement cf said
fuel control member by said speed governor to
increase the amount of fuel supplied to said prime
mover to a degree substantially in proportion to
the pressure of fluid in said stop motor, an op~
erator’s control device for varying pressure of
fluid, and means connecting both said control
motor and stop motor to said operator’s control
device for rendering same effective to vary simul-
taneously the pressure of fluid in both of said
motors.

5..An apparatus for controlling the supply of
fuel to a prime mover comprising in combination,
o movable fuel control member adjustable to vary
the amount of fuel supplied to said prime mover,
2 prime mover operated speed governor compris-
ing adjustable pressure means and operable to
adjust said fuel control member to supply fuel to
said prime mover in an amount proportional to
the pressure of said pressure means, a control
motor operable by fluid under pressure to vary
the pressure of said pressure means in proportion
to the pressure of such fluid, an operator’s con-
trol device operakle to vary the pressure of fluid
in said control moter, stop means adjustable by
. fluid under pressure to limit movement of said
" fuel control member to increase the fuel to said
prime mover to a degree substantially in propor-
tion to the pressure of such fluid, and means for
subjecting said stop means to pressure of fluid
subplied by said control device.

6. An apparatus for controlling the supply of
fuel to a prime mover comprising in combination,
2 movable fuel control member adjustable to vary
- the amount of fuel supplied to said prime mover,
a prime mover operated speed governor compris~
ing ‘adjustable pressure means and operable to
. adjust said fuel contrcl member to supply fuel
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to the pressure of said pressure means, a control
motor operable by fluid under pressure to vary
the pressure of said pressure means in propor-
tion to the pressure of such fluid, an operator’s
control device operable to vary the pressure of
finid in said control motor, stop means adjustable
to limit movement of said fuel control member
in the direction to increase the amount of fuel
supplied to said prime mover, and means operable
by said motor to adjust said stop means substan-
tially in accordance with the pressure of said
pressure means..

7. An apparabus for controlling the supply of
fuel to a prime mover comprising in combination,
o movable fuel control member for said prime
mover having an idling position and being mov-
ablé: ot of said idling position to increase the
supply of fuel to said prime mover, a prime mover
operated speed governor comprising a control
spring operable to move said member in the di-
rection out of idling position, and means driven
by said prime mover and cooperative with said
spring to position said member to supply fuel to
said prime mover in an amount proportional to
the force of said spring, an operator’s control
device adjustable to vary the force of said spring,
stop means adjustable to limit movement of said
fuel control member out of idling position by said
spring, and means controlled by said operator’s
control device for adjusting said stop means to a
position substantially corresponding to the ad-
justment of said operator’s control device.

8. An . apparatus for controlling the supply of
fuel to a reversibie prime mover comprising in
combination, a movable fuel control member hav-~
ing a fuel cut-off position and being movable out
of said position to supply fuel to said prime mover
in an amount proportional to the degree of such
movement, a prime mover operated speed gover-
nor comprising pressure means operable to ad-
just said fuel control member out of said cut-off
position to a degree proportional to the force of
said pressure means, cut-off means operable. to
move said fuel control member to said cut-off
position, an operator’s control device operable to
adjust the pressure of said pressure means, means
adapted to respond to cperation of said control
device, to adjust said pressure means, to simulta-
neously render said cut-off means ineffective, re-
versing means selectively conditionable to render
said prime mover opserable in either one direction
or in the opposite direction, and mechanism con-
trolled by the direction of operation of said prime
mover comprising means operable upon operation
of said prime mover in a direction, corresponding
o the condition of said reversing means, to render
said cut-off means controligble by said operator’s
control device, and other means operable_upori
operation of said prime mover in a direction con-
trary to the condition of said reversing means
to effect operation of said cut-off means to move
said fuel control member to said cut-off position.

9. An apparatus for controlling the supply of
fuel to a reversible vrime mover comprising in
combination, a fuel control member having a
fuel cut-off position and being movable out of
said eut-off position to supply fuel to said prime
mover in gn amount proportional to the degree
of -such movement, an operator’s maneuvering
control device having a stop position, an ahead
position and an astern position, mechanism re-
sponsive to movement of said control device to
said ahead position to start said prime mover in
an ahead direction and responsive to movement
of said control device to said astern position to
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start sald prime mover in an astern direction,
means responsive to movement of said control
deviee to said stop position to eifect movement
of said fuel control member to said cut-off posi-
tion and being ineffective to control said fuel
control member in said ahead and astern posi-
tions of said control device, fuel control means
operable ‘to adjust said fuel control membper out
of said cut-off position, fuel cut-off means oper-
able to move said fuel controi member to said
cut-off position, an operator’s fuel control device,
means for rendering said fuel control device
effective to simultaneously contro] operation of
said fuel control means and to render said fuel
cut-off means ineffective, and means including a
device responsive to direction of operation of
sald prime mover operable upon movement of
said maneuvering control device to a position
contrary to the direction of operation of said
prime mover to effect operation of said cut-off
means to move said fuel control member to said
cut-off position and operable upon starting of
said prime mover in the direction corresponding
to the position of said maneuvering control de-
vice to render said cut-off means responsive to
operation of said operator’s fuel control device,

10. An apparatus for controlling the supply of
fuel to a prime mover comprising in combination,
a movable fue] control member having a fuel cut~
off position and being movable out of said cut-off
position to increase the Supply of fuel to said
prime mover in an amoung proporticnal to the
degree of such movement, a prime mover oper-
ated speed governor comprising an adjustable
control element and being operable to adjust said
member out of said cut-off position to a degree
corresponding to the adjustment of said element,
an operator’s control device oparable to adjust
said control element, stop means adjustable
operation to limit movement of said fuel control
member out of said cut-off position, means re-
sponsive to said operation of said control device
to adjust said stop means, said stop means being
also operabie to effect movement of said control
member to said cut-off Dbosition, and means oper-
able to effect operation of said stop means to
move said fuel control member to said cut-off
position,

11. An apparatus for controlling the supply of
fuel to a reversible prime mover comprising in
compination, a movable fuel control member
having a fuel cut-off position and being movable
out of said position to supply fuel to said engine
in an amount proportional to the degree of such
movement, a speed governor operatad by said
prime mover and comprising an adjustable con-
trol element and being operable to adjust said
member out of said fuel cut-off position to a
position corresponding to the adjustment of said
element, an operator’s control device operable to
adjust said element, stop means for said fuel
control member, means controlled by operation
of said control device, to adjust said element,
to simultaneously adjust said stop means to
limit movement of said fuel control member out
of said cub-off position to g degree correspond-
ing substantially to the adjustment of said con-
trol element by said eontrol device, said stop
means being also operable to effect movement
of said fuel control member to said fuel cut-off
position, mechanism operable to effect operation
of said prime mover in either one direction or
in the opposite direction, directional means re-
sponsive to direction of operation of said prime
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means operahle upon operation of said prime
mover in the:direction determined by said mecti-
anism. %o render said stop means controllable
by -said operator’s contrel ‘device and operable
Lpon operation of said prime mover in a direc-
tion contrary to that determined by said mech-
anism to effect. operation of said stop means to
move: said fuel control member to- said cut-off
position..

12. An apparatus for controlling the supply. of
fuel to a reversible prime mover comprising in
combination, a movable fuel control member
having a fuel cut-off position and being movable
out of said position to supply fuel to said engine
in an amount proportional to the degree of such
movement, a fluid motor operable by fluid under
bressure to move said fuel control member in a
direction away from said cut-off position to g,
degree proportional to the pressure of such fluid,
stop means operable by fluid under pressure to
limit movement of said fuel control member out
of said cut-off position to a degree proportional
to the pressure of the operating fluid and com-
brising means operable upon release of fAuid
under pressure to move said - control member
to said cut~off position, an operator’s fuid pres-
sure regulating device, means adapted to con-
nect both said fluid motor and stop means to
said regulating device for rendering said reg-
ulating device effective to vary simultaneously
the pressure of controlling fluid 'in said motor
and stocp means, valve means confrolling the
fluid control communication between said oper-
ator’s control device gnd stop means and oper-
able to either open said communication or to
close said communication and release fluid under
pressure from said stop means, reversing means
operable to condition said prime mover for op-
eration in either one direction or in the opposite
direction, and directional means responsive to
direction of operation of said prime mover and
operable upon operation thereof in a direction
contrary to that determined by said mechanism
to effect operation of said valve means to release
fluid under pressure from said stop means and
operable upon operation of said prime mover in
a ‘direction corresponding to the condition of
sald reversing means to effect operation of said
valve means to open the communication con-
trol thereby.

13. An apparatus for controlling the supply
of fuel to a reversible brimemover comprising in

‘combination, a movable fuel control member

having a fuel cut-off position and being movable
out of said position to supply fuel to said engine
in an amount proportional fo the degree of such
movement, a fluid motor operaple by fluid under
pressure to move said fuel control member in g
direction away from said cub-off position to sup-
ply fuel to a degree proportional to the pressure
of such fivid, an operator’s control device ar-
ranged to control the pressure of fiuid in said
motor, adjustable stop means for said fuel econ-
trol member, means adjustable by said eontrol

5 device in synchronism with operation of said

fluid motor to adjust said stop means to limit
movement of =aid fuel control member out of said
cut-off position to a degree corresponding sub-
stantially to the pressure of fluid in said motor,
structure for operating said stop means to move
sald control member to said cut-off position, re-
versing means operable to cendition said prime.
mover for operation in either one direction or in
the opposite direction, directional means re-
sponsive to direction of operation of said prime
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mover, and means controlled by said directional " REFERENCES CITED
means operable upon operation of said prime . :
mover in a direction contrary to the condition The following references are of record in the

of said reversing means to render said structure ~  file of this patent:
effective to move said fuel control member to g i
said fuel cut-off position and operable upon UNITED STATES PATENTS
operation of said prime mover in the direction ’
determined by said reversing means to render Number - - Name ~ Date
said stop. means controllable by said operator’s 2,413,390 . Stevens -_o--——---- Dec. 31, 1946
control device. 10 :

ROY R. STEVENS.




