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This invention relates to control mechanism

- for power-operated gun-training apparatus and

has for an object the provision of novel and im-

proved means for controlling the
of the gun,

In apparatus for training a machine gun,
or other relatively small caliber gun, it is usual
to mount the gun for swinging movement about
two axes at right angles to each other and to
provide hand gTips on the back end of the gun by
means of which it may be moved around until
its sights are brought to bear on the target and
thereafter held in this position while it is fired,
as, for example, is disclosed in United States
Letters Patent No. 2,051,034, granted on August
18, 1936, upon an application filed in the name
of Ralph M, Ferguson, Where the gun is heavy,
or subjected to the action of some exterior force,
such, for example, as that caused by the slip
stream from the propellers of an airplane, the

. Physical effort required for moving the gun, and
also for holding it trained on the target, is con-
siderable and such as materially to decrease the
speed and accuracy of aiming., This is esbecially
the case when the gunner is operating at high
altitudes, where even the slightest physical effort
becomes very tiring. It has, therefore, been
proposed to employ power-operated means for
moving a gun to train it and to provide manual
controls, operated by the gunner, for controlling
the operation of the power-operated means.
However, in prior apparatus of this type, the con-
trol of the power-operated mechanism is remote,
Indirect and/or discontinuous, so that direct man-
ual movement of the gun is not simulated, or

~unfamiliar to the gunner must be employed in
training {he gun." Thus, while the use of prior

- apparatus of this type relleves the gunmer of

.most of the physical effort required for moving
the gun, it does not give him the same natural
- “feel” which he would experience in moving the
-gun by hand and which is quite essentia] for
highest accuracy and most ready manipulation of
the gun. Also, such apparatus usually involves
the use of complicated, bulky and expensive.con-
trol mechanisms, S y
It is, therefore, a more specific object of this
invention to provide novel arnd improved mech-
anism for so controlling the movements of a
Power-operated gun that direct manual -move-
ment thereof by means of the usual hand grips is

the same technique in training the gun as he
would if 'he were actuall_y moving the gun man-

power movement -
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ually and by means of the usual hepd grips.
To this end, an important feature of this in-
vention resides in the provision in power-operated
gun-training apparatus of wuniversal control
means including a ‘control handle, located in sub-
stantially the same position as and correspond-
ing- to one of the usual hand grips, the speed,
direction and extent of movement of which direct-
ly and continuously determine the speed, direc-
tion and movement of the gun.,

More particularly and when, as in the herein
illustrated embodiment of the invention, the
power-operated means for moving the gun are
two double-acting fluid-pressure motors arranged
to swing a gun about two transverse axes, the
novel controlling mechanism may comprise, in
accordance with further features of the inven-

' tion, two reversing valves, each having & shifta-
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ble valve member, for directly controlling the di-
rection and rate of flow of pressure fluid to and
exhaust from the motors; a control handle com-
mon to both valves and carried in substantigliy
the same location on the back end of the gun as
& conventional hand grip, the handle being mov~
able at will by the operator along any of & plu-
rality of paths corresponding to the paths along
which the back end of the gun moves gs it is
swung about either or both of said axes; and op-
erating connections directly connecting the con-
trol handle and the shiftable valve members so
that the shiftable valve members are directly and
continuously under the control of the control
handle. The reversing valves and operating con-

" nections, as herein illustrated, are so constructed

35
are so constructed that an awkward technique -
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and arranged that when the control handle is
moved by the operator in any direction, at any
speed and to any extent, one or both of the fiuid-
pressure motors are immediately operated to
swing the gun about one, or both, of sald axes,
S0 that its back end will be moved in the same
direction, at the same speed and to the same ex-
tent as the handle is moved. That is, the direc-
tion In which the handle is moved determines the
direction in which one or both of the shiftable
valve members are moved with respect to neutral
positions in which they are normally retained by

" yieldable means, so that the path along which

the back end of the gun is moved by the fluld- -
‘pressure motors, and the direction of its move-
ment along this path, are directly and continu-
ously determined by.the movement of the han-

., dle; while the speed of movement of the handie
simulated and the operator enabled to employ -

determines the amount the shiftable members
are displaced, at any instant, thus directly and

65 continuously determining the speed of movement
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of the gun. The extent to which the gun is moved
is likewise directly and continuously determined
by the extent of movement of tbe handle since,
when movement of the handle is stopped, the op-
erating connections return the shiftable valve
members to their neutral positions, thus cutting
off the flow of pressure fluid to and exhaust from
the motors to stop movement of the gun and ef-
fectively to block its movement until the handle
is again moved by the operator. The power-op-
erated means, e. g., the fluid-motors, are hence
directly and continuously under the control of
the movable control handle and the operator,
gimply by moving the handle against the very
singll resistence of the above-mentioned yielda~-
ble means, can cause the gun to be moved by
power in exactly the same manner as if he were
actually moving it by hend and by stopping
movement of the handle can cause the gun to be
securely held against movement while it is fired.

Other more specific features aof the invention
veside in the provision; in mechanism for con-
trolling the operation of fluid-pressure-operated
means for moving a gun, of the type of reversing
valves here employed for controlling the flow of
pressure fluid to and from fluid-pressure motors;
of novel mechanism for operating the reversing
valves from a single control handle mounted on
the back end of the gun; and of means for steady-,
ing the movements of the control handle so that
the operation of the motors and movements of
the gun are smocth and even.

The above and other objects and features of
the invention will appear in the following de-
tailed description of the illustrated embodiment
thereof shown in the accompanying drawings,
and will be pointed out in the clairms.

In the drawings,

Fig. 1 is a view in side elevation of an appara-
tus embodying the features of this invention;

Fig, 2 is a sectional view at an enlarged scale
of the apparatus shown in Fig. 1 taken on the
line TI—II of that figure and lcoking in the
direction of the arTows;

Tig. 3 is a sectional view of a poriion of the
apparatus taken on the line III—Ii¥ of Fig. 2
and looking in the direction of the 2iTowWs;

Fig. 4 is a plan view at en enlerged scale of
the right-hand end portion of the apparatus
shown in Fig. 1 illustrating the controlling vaive
mechanism, the control handle, and the operating
connections between the control handle and valve
mechanism;

ig. 5 is a view in end
of the apparatus shown in
in section;

Pig. 6 is a sectional view of the control valve
mechanism taken on line VI—VI of Fig. 4 and
looking in the direction of the arrows; '

Fig. 7 is another sectional view of the control
valve mechanisms taken on line VII—VII of Fig.
¢ and looking in the direction of the arrows;

Fig. 8 is a view in side elevation of one of the
elements of the control valve mechanism shown

elevation of @ portion
Fig. 4 with some parts

_in Fg. 6;

Fig. 9 is a schematic layout of the operating
and controlling mechanisms of the apparatus
shown in Figs. 1 to 8; and

Fig. 10 is a view on an enlarged scale of a
portion of the control valve mechanism shown
in Fig. 6, with some parts broken away and others
in section. .

Referring to the drawings, and particularly
Pigs, 1,2, 3 and 4 thereof, the invention is here-
in illustrated as embodied in an apparatus for
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¢{raining a gun having a breech portion {0 and a
barrel 12. Two adaptor bars 14, i4 are mounted
one on each side of the gun and each of these -
bars extends from the back end of the breech
portion forwardly to & joint adjacent to the bar-
rel. ‘These. adaptor bars support the gun for
swinging movements about a horizontal axis on
trunnion pins 6, {8 (Fig. 2) journaled in bear-
ing pbushings 28, 22 carried by the upper ends of
two supporting plates 24, 26. A shield of armor
pldte 28 is also secured to the forward ends of
the adaptor bars by means of brackets 30, 30.
At their lower ends these two supporting plates
24 and 26 are joined o a hub 32 which is jour-
naled for swinging movements on a kingpin 34,
the axis of which is at right angles to the axis
of pins (6 and 18, that exends through the hub
and into & post 36. At its lower end the post is

" flattened to fit between upstanding portions 38,
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46 of a carrier block 42 and is held in assembled
telation on this block by means of a cross~pin
44 and a spring-pressed plunger 46 in the por-
tion 8. The upper end of the kingpin is provided
with a flange 48 while its lower end has an annu-

Jar locking groove 50 intc which a spring-pressed
locking pin 82 projects.

The flange 48 holds the
hub 32 down on the upper end of the post 36.
When the plunger 46 is withdrawn, the post may
be swung forwardly (Fig. 1), about the pin 44,
into a horizontal position for stowing the gun
away. )

The carrier olock 42 is adjustably supported on
an arcuate track 54 mounted on a member 56
(Fig. 1) and has a clamping mechanism, includ-
ing a handle 58, by means of which the block
may be locked in any desired’ position on the
track. 'The member 56 may be any fixed struc-
tural member on which it is desired to mount
the gun and, in the illustrated arrangement, is
a part of ihe fuselage adjacent to one end of the
gunner’s cockpit in an airplane. Thus the gun
is not only mounted for training movements
ahout two transverse axes at right angles to each
other, by moving its hack end in one direction or
the other along any of a plurality of paths, but
the whole mount may be quickly moved along
the arcuaie track 54 into any one of a number
of different adjusted positions to render the gun
more effective -in use, particularly when firing
st targets on either side of the cockpit. !

Movements of the gun in the above manner
about the two fransverse axes provided by the
trunnion pins 16, 18 and the kingpin 34 are ef-
fected by power-operated means comprising dou-
hle-acting Auid-pressure motors 60 and 62 (Figs.
1 and 2) both of which, as illustrated, are under
the control of a single movable control handle
§4 which preferably, and as shown, is mounted
directly on the back end of the gun itself (Figs.
1, 4 and 9). Also mounted on the back end of
the gun is a fixed handle 66 (Fig. 4) adjacent
to which is the firing trigger 68 (Fig. 1). These
hancles are in the same location on the gun as
the usual hand grips heretofore provided for use
in training the gun manually. As will presently
be explained, the control handle 64 is so con-
nected to the shiftable valve members of two
reversing valves for directly controlling the op-
eration of the motors §0 and 62 that movements
of the control handle by the operator will cause
like movements to be imparted to the back end
of the breech portion {8 of the gun by the mo-
tors, while holding the control handle against
moveaent will cause the shiftable valve mem-
bers to be so positioned that the gun is heid fixed
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by fluid trapped in the motors. The arrange-
ment is, therefore, such that manual movement
of the gun is exactly simulated with substan-
tially no effort required by the operator either
in aiming the gun or in holding it fixed on a
target.

The motor 60, which swings the gun about the
trunnion pins 16, 18, comprises a double-ended
cylinder 10 which is secured to the adaptor bar
1§ on one side of the gun (Figs. 1 and 2) and
which has ears 12, 72 journaled on the pin 18. Se-
cured {o the upper end of the supporting plate 26

10

is a block 74, through which the pin 8 extends, -

and this block is shaped to form a quadrant 16
that extends down between the ears 72, 12 and
midway between the opposite ends of the cylinder
10. Mounted in the cylinder is a double-ended
piston 18 provided with rack teeth 86 which mesh
with pinion teeth 82 cut on the quadrant (see
Figs. 1,2 and 9). Pipes 84 and 86 lead from the
"~ opposite ends of the cylinder 70 to a reversing
valve 88 which controls the flow of pressure fluid
to, and its exhaust from, the spaces or chambers
80 and 92 back of each end of the piston 18 (Fig.
" 9). Since the block 74 and quadrant 16 are fixed
to the supporting plate 26, when a shiftable valve
‘member of the reversing valve 88 is moved into
position to permit pressure fluid to flow through
pipe 84 into the chamber 90 at the left-hand end
of cylinder 10 (Fig. 1) (upper end in Fig. 9), and
to permit fluid to be exhausted from the chamber
92 at the opposite end of the cylinder through the
pipe 86, the cylinder will move relatively to the
piston and will be rocked about the pin {8 in a
clockwise direction (Fig, 1), and the back end of
the breech portion of the gun, to which this cyl-
inder is secured through the adaptor bar 14, will
move downwardly. Conversely, when the shift-
able valve member of the reversing valve 88 is
moved into position to permit pressure fluid to
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flow through pipe 86 into the chamber 92 and fluid -

to exhaust from the chamber 90 through pipe 84,
the gun will be swung reversely in & counterclock-
wise direction about the axis of pin {8 and the
breech portion of the gun accordingly will be
moved upwardly. As will be seen from an in-
spection of Fig. 8 and the legends thereon, and as
will be explained more in detail below, movement
of the control handle 64, up or down from g mid-
position, moves the shiftable member in the di-
rection immediately to start the motor 66 into
operation for moving the back end of the breech
portion of the gun in the same direction. . When
the handle is in the mid-position, as shown in
Figs. 1 and 8, the shiftable valve member is held
in a8 neutral position in which flow through the
pipes 84 and 86 is entirely cut off and movement
of the gun about the horizontal axis of pins I8
- and 18 is effectively blocked by the fluid trapped
at each end of the piston 718.

The motor 62, which swings the gun about the
axis provided by che kingpin 34 (Figs. 2 and 3),
comprises a double-ended cylinder 98 which is se-
cured to the lower ends of the supporting plates
24, 26. Mounted within this cylinder is a double-
ended piston 896 which is provided with rack

teeth 88. These rack teeth are in mesh with pin- -

ion teeth 100 cut on a quadrant {02 which is
formed integral with the post 36. Flexible hoses
104, 106 lead from the opposite ends of the cylin-
der 84 to a second reversing valve 108 which con-
trols the flow of pressure-fluid {0, and its exhaust
from, spaces or chambers {10, 112 at the oppc-
site ends of the piston 86, Inasmuch as the quad-
rant 102 is fixed to the post 36, when g shiftable

45
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valve member of the reversing valve {88 is moved
into position to admit pressure fiuid through hose
104 to the space {8 at the left-hand end of
cylinder 84 (Figs. 3 and 9) and to exhaust fluid
from the space {2 at the opposite end of the
cylinder through hose 106, this cylinder will be
swung about the axis of pin 34 in g counterclock-
wise direction (Figs. 3 and 9), and the back end

‘of the breech portion of the gun, which is car-

ried by the supporting plates 24, 26, will be swung
to the right, as viewed in Fiig. 9. Conversely, when

‘the shiftable valve member of the reversing valve

108 is moved into position to admit pressure fluid
through hose 106 and to exhaust it through hose
104, the breech portion of the gun wili be moved
in the opposite direction or to the left. As is
shown by the legends on Fig. 9 and as will be ex~

‘plained in detail below, movement of the con-

trol handle 84 to the right or left, from a mid-
position, moves the shiftable valve member in the
direction immediately to start the motor 62 into
operation for moving the back end of the breech
portion of the gun to the right or left, respec-
tively. When the handle is in the mid-position,
as shown in Fig, 9, the shiftable valve member
is held in a neutral position in which it cuts off
the flow of fluid through the hoses {04, 168 and
traps fiuid at each end of the piston 898, thus
blocking movement of the gun about the axis
of pin 84. Thus the direction of movement of
the back end of the gun by the motors 60 and
62 is directly and continuously determined by the
direction of movement of the control handle 64
by the operator.

The control handle 64 (Figs. 1, 4,5 and 9), which
is common to beth reversing valves, is mounted
on the back end of the breech portion of the gun
for movement relative thereto in opposite direc-
tions along any of a plurality of paths in the
following manner. This handle is pivoted at its
lower end to one arm of a bell-crank lever {18
and at its upper end to a straight lever {16. Each
of these levers is fulcrumed for turning move-
ment about a horizontal axis on a block 418 and’
these blocks are each pivotally connected to s
bracket 120 for swinging movement about an axis
at right angles to said horizontal axis. These
blocks are joined by & strap {22 from which an
arm §24 extends. The bracket 120 is secured
at its lower end to one of the adaptor bars {4 and -
ab its upper end to a boss 126 (Fig. 5) on g cross-
member secured to the adaptor bars. A lnk 128
connects the other arrh of the bell-crank lever
{14 to an ear 130 on a clamping ring §32, and
the arm {28 on the strap (22 is similarly con-
nected to an ear 134 on a clamping ring 136 by
means of a link 138. In the schematic view of
Fig. 9, the operating handle 84 is shown twice,

~ the showing of the handle at.the lower right-
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hand part of the view, and that of the fluid-pres-
sure motor 60, is in side elevation, while the show-
ing of the handle at the lower center, and that
of the motor .62, is in plan. The valves 88 and
{08 are shown in schematic cross-section and’
right-hand end views of these valves, shown as-
sociated with the handle §4, have been swung into
the plane of a plan view and, as will be apparent
from this figure, the handle 64 can be moved,
from a mid-position, in opposite directions along
any of a plurality of paths., These movements
of the handle are transmitted through the links

" 128 and 138 directly to the two clamping rings 132

76

and {36 which, as will now be explained, operate
the shiftable valve members of reversing valves
88 and 108.
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Relerrine to Figs. 6 and 8, these two valves are
made in o single bleck {68 which has two par-
allel through-and-through bores ig2, 186, Liner
sleeves 48, 148 within the bores provide operat-
ing cylinders respectively for two valve spindles
158, 152. The spindle 150 has four spaced piston
portions 150a, 1506, 150c and 158d, and the spin-
dle 152 is likewise provided with spaced piston
portions 152a, 1520, {52¢ and 152d, as shown.
The upper end of each spindle is of reduced di-
ameter to receive a sleeve 154 which is held in
place by means of a thrust washer 156 and a nut
{58. Mounted for rotation between the thrust
washer and a shoulder on each sleeve {58 is the
flange 160 of a valve-operating nut {62 (see Figs.
4, 6 and 9). The sleeves {48, {48 are held in
place against endwise movement within the bores
142, 144 by means of thimbles 164, {66 threaded
into the opposite ends of the bores and bearing
against opposite ends of the sleeves. The thim-
bles 168, which are on the top of the block {40,
are provided with square threads 168 on which
the nuts (62 are mounted. The lead of the
threads 168 is. right-handed so that the valve
spindles §56 and {52, which are the shiftable
valve members, above referred to, will be shifted
to the left in Fig. 9, and down in Fig. 6, when their
operating nuts are rotated in a clockwise direc-
tion as viewed in plan in Fig. 9 and in the opposite
direction when the nuts are rotated in a coun-
terclockwise direction. The clamping rings 132
and 1348 are secured to these operating nuts by
binding screws 134, 131, see Fig. 4, so that move-
ments of the control handle 64, transmitted di-
rectly to these clamping rings through links {28,
138, will result in movements of ons Or both of
the valve spindles, depending on the direction of
movement of the handle from its mid-position
with respect to the back end of the gun. That
"ig, if the handle is moved up and down relstive
to the gun, only the valve spindle {58 of the re-
versing valve 88 will be moved, or if the handle

is moved baek and forth from leit to right rela-

tive to the gun, only the spindle {52 of the re-
versing valve 168 will be moved. This is due to
the fact that the connection poiat of the link
28 to the lever arm (14 is on.the axis line of
the blocks 118, 118 while the link 138 is con~
nected to the arm 124, the position of which is
not changed by up-and-down swinging move-
ments of the levers 114, {16. However, by mov-

ing the handle 64 at an angle on elther side of

the verticel and either up or down, both valve
spindles will be shifted from the neutral posi-
tions which they occupy in Figs. 6 and 9 and, as
has already been stated, the motors 86 and B2
each will be started into operation.

The valve spindles are held in their neutral
positions, and the operating handle in the mid-
position shown in Figs. 1 and 4, by means of op-
posed spring-pressed plungers bearing against
cylindrical portions 123 on the ears of the clamp-
ing rings 132 and §36. Referring to Pigs. 4 and 9,
plungers 176 and (72 bear against the cylindrical
portion 133 on ear 138 of the clamping ring (32
" and these plungers are slidably mounted in &
bracket member (74 that is mounted on the
adaptor rod (8. Each plunger is provided with
@ thrust collar §76 adjustably secured thereto by
means of @ setscrew #1718 (Fig. 4). Compression
springs (88, {80, surrounding the plungers and

interposed between ears 182, 182 on the bracket
174 and the collars 176, thrust the plungers t0-
ward esch other to the extent permitied by &
second set of ears (84, (84 also carried by the

10

16

bracket 174, Similarly,

o
4
3

the plungers 188, 188,
which bear on the cylindrical portion 133 of ear
136 of the other clamping ring {36, are slidably
mounted in twe sets of ears 190, 192 of a bracket
198 that is secured to the valve block 146
and springs 198, 196 are provided for holding
the thrust collars §98, 198 against the inner ears
192, 192 of this bracket. The collars {38, 198
are adjustably secured to the plungers by set-
screws 200 (Fig. 4). The adjustable collars 1186,
176 and 198, 198 are preferably set so that when
the operating handle is released the plungers 170,
112 and 186, 188 just touch the cylindrical por-
tion {33 of their associated clamping ring ears
and the operating nuts 162, 162 are adjusted with-
in their clamping rings in such a manner that the
valve spindles 150, {52 will be in neutral position

under these conditions.
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Pressure fluid is conducted -from a suitable -
source (not shown) to the valve block (40 by
means of a flexible hose 202 which connects into
a centrally located transverse duct 204 (Figs. 6
and 9). PresSure fluid is exhausted by means of
o flexible hose 206 which is connected to a verti-
cally extending duct 208 (Fig. 7) that opens into
two short transverse ducts 210, 212, Extending
at right angles to these transverse ducts 204, 210,
219 gre-three lateral ducts 214, 216 and 218 (Fig.
6). Each of the sleeves {46, 148 is provided with
five sets of circumferentially arranged apertures
229, 222, 224, 226 and 228 (Fig. 8}, and the block
168 is cored out to form annular grooves 230,
232, 234, 236 and 238 which are in alinement
with the apertures. In the iliustrated construc-
tion there are eight apertures in each set and
in sets 222 and 226 four of each eight apertures
are of elongated ‘“tear-drop” shape, while the
other four are circular and arranged as shown in
Figs. 8 and 10. To avoid confusion in Fig. 6, the
veference characters for these apertures and
annular grooves are applied, for the most part,
only to the sleeve 148 and the right-hand side of
the block associated with this sleeve but it will
be understood that these elements are duplicated
in the sleeve (46 and in the left-hand side of
the block. Also, in the schematic view of Fig. 9,
some of the elements of the valves have been
omitted in order further to simplify the disclosure.
The pipe 88 communicates with groove 236 and
the pipe 86 with groove 232 associated with valive
spindle {56 of valve 88, while the hose (04, which
is in front of the plan of Fig. 6, communicates
with the groove 236 and the hose 106 with the
groove 232 associated with the valve spindle 152 of
valve (68. The pressure fluid supply hose 202
communicates with grooves 234 of both valves,
through ducts 204 and 216, while the exhaust
hose 268 communicates with grooves 23¢ and 238
of both valves, through ducts.2i8, 212, 214 and
218,

The operation of each of the two reversing
valves is the same and will be described by refer-
ence to valve 88 which controls the operation

of the motor 60 that swings the gun about a hori- - -

zontal axis. With the valve spindle (50 in its
neutral position, the piston portions {50a, 150b
just cover the “tear-drop” shaped apertures of -
the sets 222, 226 in the sleeve 148 (see Figs. 6,9
and 10) and thus cut off flow through grooves
932, 236 and the pipes 84, 86. Pressure fluid is,
however, being supplied to the space between
these two piston portions from hose 202, ducts
14, 216, and through groove 234 and aper-
sures 424, Now, assuming that the control handle
64 is moved down, the nut 162 on the spindle 158
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will be rotated and the spindle immediately
shifted down in Fig. 6, and to-the left in Figs. 9
and 10, an amount which will be proportional
to the displacement of the handle. Just as soon
as the spindle 150 starts to move in this direction,
the large ends of the “tear-drop” shaped saper-
tures 226 (see Fig. 10) will begin to be uncovered
by piston portion 150b on the side toward aper-
tures 224 while the small ends of the “tear-drop”
shaped apertures 222 will begin to be uncovered
- by the piston portion i58a on the side toward
aperture 220, since these piston portions have
no lap beyond these “tear-drop” shaped aper-
tures. Pressure fluid will now flow through the
“tear-drop” apertures 226 into -the groove 236
and thence, through hose 84, to the space 80 at
the upper end of piston 78 and will be exhausted
from the space 92 at the bottom of this piston
through pipe 86, groove 232, “tear-drop” shaped
apertures 222, apertures 220, groove 230, ducts
214, 2190 and 208, to hose 206. As previously ex-
Dlained, this will cause the motor 60 to swing
the back end of the gun down and this movement
will, of course, continue so long as the valve
spindle is held in this opened position. Simi-
larly, upward movement of the operating handle
will effect upward movement of the back end of
the gun. Now the valve spindle moves up (Fig. 6)
or te the right (Figs. 9 and 10), uncovering the
large ends of the “tear-drop” shaped apertures
222 on their sides toward apertures 224 to admit
pressure fluld to groove 232 and to pipe 86 and
the small ends of the “tear-drop” apertures 226
on their sides toward apertures 228, thus opening
groove 236 and pipe 84 to permit exhaust of fluid
through “tear-drop” shaped apertures 226, aper-
tures 228, groove 238, ducts 218, 212 and 208,
and hose 208, The action of the other valve spin-
dle 152 to control the operation of the motor 62
is exactly the same as that just described and,
as has been already pointed out, movements of
the back part of the gun sidewise are in the same
direction as the lateral movements of the han-
dle 64. : .

The speed at which the two motors operate
will be determined by the rate of fiow of pressure
fluid thereto and exhaust therefrom and the aper-
tures 222, 226 are shaped and arranged to pro-
vide for regulating this flow. As has been stated,
the piston portions 160z and 150b, and also piston
portions 152 and 152b, have no lap and are of
such width as just to cover the “tear-drop” aper-
tures when in neutral position. Accordingly, the
Anstant that either of these spindles 150, 152 is
shifted from its neutral position, the “tear-drop”

- apertures 222 and 228 of its assoclated valve are
uncovered and the motor controlled thereby is
immediately started in operation at a speed de-

_ pending on the amount the apertures are uncov-
ered. Accordingly, if the handle 64 is displaced
only a little the flow of pressure fluid will be
small and the action of the motor, or motors, slow.
On the other hand, if the displacement of the
handle is greater, the flow of pressure fluid will
be larger and the speed of the motor, or motors,
Increased. Due, however, to the “tear-drop”
shape of certain of the apertures 222 and 226
and the arrangement of the circular apertures
222 and 226 with respect to the “tear-drop”
shaped apertures 222 and 226, the increase in the
amount of uncovering of these apertures for sd-
mitting pressufe fluid occurs at a greater rate
than does the uncovering for exhausting fluid.
This «will be understood by reference to Fig. 10
from which it will be seen that, when the spindle

10

50 is moved to the left, the “tear-drop” shaped
apertures 226, through which pressure fluid is
admitted, are progressively uncovered at their
large ends while the “tear-drop” shaped aper-
tures 222, through which pressure fluid s ex-
hausted are likewise progressively uncovered but
at their small ends. Also, the circular apertures
226 are uncovered before the circular apertures

- 222, The same action takes place in the opposite

sense when the spindle is moved to the right.
The shape and arrangement of the apertures 228
and 222 thus provide for a metered flow of pres-
sure fluid to, and exhaust from, the motors by
the progressive uncovering of these apertures, the
rate of which is greater for those apertures
through which the pressure fluid flows to the
motors than for those through which fluid is

. exhausted. This shape and arrangement of aper-
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Jin their exhausting ends.

tures 222 and 226 insures smoothness of action
in the motors by causing a slight back pressure
This back pressure
is maintained by the action of apertures 222 and
226 until just before the trailing edge of the
piston portions @ or b reaches the middle of the
circular apertures 222 or 226, which point is sub-
stantially at the extreme normal limit of move-

"ment of the valve spindles 150, {52. In this man-

ner there is always a back pressure, due to ex-
haust throttling, in the two motors so that over-
travel or running away of the motors is pre-
vented and & very smooth action is obtained.
It will be understood that the number, size and
shape of these apertures, as well as the ratio
of the number of circular apertures to “tear-
drop” shaped apertures, may be varied to suit
the different operating conditions, which may be
encountered in this or other types of apparatus,
while ‘still obtaining the metered flow and back
pressure action above described. The valve pis-
tons are all of the same diameter so that-the spin-
dles are balanced and grooves 240 are provided

in the end pistons ¢ gnd d to drain back any leak-

age fluid to exhaust. Sylphon seals 242, 244 are
connected to opposite ends of each spindle, as
shown. -

By mounting the control handle on the device
which Is to be moved by the two motors, ‘1. e.,
on the back end of the gun, & virtual follow-up
action is obtained. ' Referring to Figs. 1, 2 and 9,
and considering first movements of the gun about .
the horizontal axis provided by pins (8, 18, let it
be assumed that the operator wishes to elevate
the back end of the gun to aim it along the line
X-—X (Fig. 1). To do this he grasps the handle
64 and lifts it up, turning the levers 14 and {16 -
through the angle « (Fig. 9). This movement of
the handle moves the shiftable member {50 of

~ the valve 88, through the connections 114, 128,

60

85

162, 168, immediately to start the motor 60 in
operation to move the back end of the gun up-
wards in the same direction as the movement of
the handle, and this movement of the gun will
continue until the shiftable member 60 is re-
turned to its neutral position. Return of the
shiftable member 150 is effected by a follow-up

- action from the gun, back through the lever i14,

70

lnk 128, nut 162 and threads 168 from the han-
dle €4, to the valve spindle 159 when movement
of the handle 84 is stopped. Hence, so long as the
operator keeps moving the handle up, the valve
spindle i60 will be displaced and the back end

"of the gun will be moved by the motor 8.

%

When the desired orientation is reached, in this
case when the axis of the gun coincides with,
ling X—X, the operator holds the handle still
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and movement of the gun, by virtue of the follow-
up action just mentioned, returns the spindle
150 to neutral position, whereupon the gun stops.
The same kind of aetion occurs when the handle
is moved down for the purpose of aiming the
gun along the line Y—Y. Hence the extent to
which the gun is moved is directly and continu-

ously determined by the extent of movement of

the handle 64. Also, the speed at which the gun
moves -will be determined by the magnitude of
the angle « as this governs the displacement of
the spindle 150 from neutral position. Since, at
any instant during the movement of the gun
the magnitude-of the angle « will depend on
the amount the hand is kept ahead of the gun,
it follows that the speed of movement of the
operater’s hand, directly and continuously, deter-
mines the speed of movement of the gun. As
hags already been explained, the direction of move-
ment of the gun is also directly and continuously
determined by the direction of movement of the
handle 64. Swinging movements of the gun about
the vertical axis provided by the kingpin 34, by
means of the other motor 62, are controlled
through the valve 108 by appropriate movements
of the handle 84 laterally about the pivotal axis
~ of blocks 18, 118 and with the same follow-up
action and direct and continuous control of the
speed direction and extent of such movement,
as will be understood. Combinsations of lateral
and up-and-down movements of the handle 64,
of course, will produce corresponding oblique
swinging movements of the gun about two axes
at right angles to each other. In fact, the back
erid of the gun follows all movements of the
handle 64 in substantially the same manner as if
the handle 64 were fixed thereto, the gun being
continuously and directly under the control of
the hand which grasps the handle. However,
the.forces which move the gun are supplied by
the pump which delivers pressure fluid to the hose
202, and the only muscular effort required of
the operator is the small amount necessary to
overcome the resistance of the relatively light
springs 180, 186. In operating the gun, the gun-
ner experiences the same feel as though he were
actually moving the gun in the usual manner,
i. e., by gripping the two handles 64 and §6, and
he can readily aim the gun, by means of sights
246, 248, on a fixed target or cause it to track
a moving target with the greatest of ease. Fur-
thermore, being relieved of the muscular -effort
which would otherwise be required quickly to
move a heavy gun through a large angle or to
move the gun against an exterior force,
for example the slip stream of the propeller of

the plane, or to hold it aimed against such ex-.

terior force, this manipulation of the gun is
greatly facilitated. Inasmuch as the two oper-
ating handles 64 and 66 occupy the same posi-
tions on the gun as those usually provided for
. maﬂua.l‘ operation, no new technique need by mas-
"~ tered by the gunner.
“As has been previously stated, the springs 180
~and 186 are relatively light to reduce the effort
required for operating the handle 64. With such

such as !

&
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.an arrangement, only a slight pressure of the ~

“ hand is required to move the handle away from
__its neutral position and thus start the gun mov-
ing.” If the handle is moved quite far, a very
rapid movement of the gun will follow, and when
the gun catches up with the handle it will be
suddenly stopped. There is considerable flex-
ibility in the gun mount .and this springiness may
cause the gun to bounce somewhat and shake the
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operator’s hand which is on the handle 64. Such
movements of the operator’s hand are, of course,
transmitted back to the reversing valves with
the result that the movements of the gun become
jerky and it would be difficult to aim with any
degree of accuracy or to follow a moving target
in a satisfactory manner. To overcome this tend-~
ency, dashpots 250, 252 are connected to the lever
i16 and arm {24, These serve to steady the
movements of the handle 64 and to dampen out
any vibrations either of the gun or of the oper-
ator’s hand. :
Having described the invention, what we claim
as riew and desire to secure by Letters Patent

. of the United States Is:

1. In apparatus for training & gun, the com-
bination with a gun mounted for universal swing-
ing movement about two transverse axes, of fiuid-

" pressure-operated mechanisms for swinging the

gun, a control means for each. of said mecha-
nisms, an operating member common to all of
sald control means comprising a control handle
movably mounted on the back end of the gun,
in substantially the same location as the usual

hand grip, to start said mechanisms in operation,

and means for operating the control means di-
rectly by movements of the handle, said control
means and said operating means being so con-
structed and arranged that the direction, speed
and extent of swinging movement of the gun are
directly and continuously determined by the di-
rection, speed and extent of movement of the
handle.

2. In apparatus for training a gun, the com-
bination with a gun mounted for universal swing-
jng movement about two transverse axes, of &
double-acting fluid-pressure motor for swinging
the gun about each axis respectively, two re-
versing valves movable with the gun and adapted
selectively to control the direction and rate of
flow of pressure fluid to and from said different
motors respectively, operating means for said re-
versing valves, and means for actuating sald
valve-operating means including a control han-
dle mounted on the back end of the gun, in sub-
stantially the same location as the usual hand
grip, for movement relative thereto at will by
an operator to start said motors in operation and
connections between the handle and the gun and
between the handle and the operating mearns,
said connections and said valves being so con-
structed and arranged that the direction, speed
and extent of the swinging movement of the gun
are directly and continuously determined by the
direction, speed and extent of movement of the
control handle.

3. In apparatus for training a gun, the com-
bination with a gun mounted for universal swing-
ing movement about two transverse axes, of a
double-acting fluid-pressure motor for swinging
the gun about each axis respectively, two re-
versing valves, each of said reversing valves hav-
ing a piston for controlling selectively the direc-
tion and rate of flow of pressure fluid to and
from one of the motors, means for normally
holding each piston in position to cut off flow to
or from a motor, and means for displacing each
of said pistons in opposite directions from said
position including a control handle mounted on
the back end of the gun, in substantially the
same location as the usual hand grip, for move-
ment relative thereto at will by an operator to
start said motors in operation and connections
between the handle and the gun and between
the handle and the displacing means, said con-
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nections and said valves belng so constructed and
arranged that the direction, speed and extent
of the swinging movement of the gun are directly
and continucusly determined by the direction,
speed and extent of movement of the control
handie.

4. In appsaratus for training a gun, the combi-
nation with-a gun mounted for universal swing-
Ing movement about two transverse axes, of a
fluid-pressure motor including s double-acting
piston for swinging the gun about each axis re-
spectively, a reversing valve associated with each
motor for controlling the operation of that motor,
each of said reversing valves comprising a body
portion provided with a longitudinal bore and a
valve member having spaced piston portions slid--
able in the bore, a supply conduit leading from a
pressure fluid source to each of said valves and
opening into the bores between said piston por-
tlons, connections between the bore of each re~
versing valve and opposite ends of its assoclated
motor including apertures in the body portion
normally just covered by said piston portions, ex-
haust conduits connected to the bore of each re-
" versing valve, operating means for moving the
valve members of said reversing valves selectively
to connect their supply conduit to one end of the
associated motor through the space between the
piston portions and simultaneously to connect the
opposite end of the motor to one of the exhaust
conduits, and a member common to both operat-
ing means comprising a control handle mounted
on the back end of the gun in substantially the
same location as the usual hand grip and movable
at will by an operator for operating said reversing
valves, sald apertures being so shaped and ar-
ranged that the valve members progressively un-
cover them as sald members are moved, thereby
to provide a metered flow of pressure fluid to, and
exhaust from, the fluid-pressure motors. .

5. In apparatus for training a gun, the combi-

nation with a gun mounted for universal swing-

ing movement about two transverse axes, of a
fluid-pressure motor including a double-acting
piston for swinging the gun about each axis re-
spectively, a reversing valve associated with each
motor for controlling the operation of that mo-
tor, each of said reveérsing valves comprising a
body portion provided with a longitudinal bore
and a valve member having spaced piston por-
tions slidable in the bore, a supply conduit lead-
ing from a pressure fluid source to each of said
valves and opening into the bores between said
piston portions, connections between the bore of
each reversing valve and opposite ends of its as-
sociated motor including apertures in the body
portion normally just covered by said piston por-
tions, exhaust conduits connected to the bore of
each reversing valve, operating means for mov-
ing the valve members of said reversing valves
selectively to connect their supply conduit to one
end of the associated motor through the space
- between the piston portions and simultaneously
to connect the opposite end of the motor to one
of the exhaust conduits, and a member com-
mon to both operating means comprising a.con-
trol handle mounted on the back end of the gun
in substantially the same location as the usual
hand grip and movable at will by an oberator for
operating said reversing valves, said apertures
being so arranged and so shaped that the valve
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rate of uncovering of the apertures through

"which pressure fluid is exhausted from the oppo-

site end of that motor whereby g back pressure is
maintained in said motors during their operation.

6. In apparatus for training a gun, the combi-
nation with 3 gun mounted for universal swing-
ing movement about two. transverse axes, of a
fluld-pressure motor, including a double-acting
piston for swinging the gun about each axis re-
spectively, a reversing valve associated with each
motor for controlling the operation of that mo-
tor, each of said reversing valves comprising a

body portion provided with a longitudinal bore"
-and g valve member having spaced piston por-

tions slidable in the bore, g subply conduit lead-
ing from a pressure fluid source to each of said
valves and opening into the bores between said

- piston portions, connections between the bore of
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members progressively uncover them, as the

. members are moved, with the rate of uncovering
of the apertures through which pressure fluid is
supplied to one end of a motor greater than the

\
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each reversing valve and opposite ends of its as-
sociated motor including apertures in the body
portion normally covered by said piston portions,
exhaust conduits connected to the bore of each
reversing valve, operating means for moving the
valve members of said reversing valves selectively
to-connect their supply conduit to one end of the

.associated motor through the space between the

piston portions and simultaneously to connect the -

opposite end of the motor to one of the exhaust
conduits, and a member common to both operat-
ing means comprising g control handle mounted
on the back end of the gun in substantially the
same location as the usual hand grip and mov-
able at will by an operator for opersting said
reversing valves, sald piston portions being of
such size as exactly to cover said apertures so
that the motors are operated immediately upon
the slightest movement of the valve members in
either direction from a neutral position and are
blocked against movement by exterior forces act-
ing on the gun when said valve members are re-
turned to said neutral position.

7. In apparatus for training a gun, the combi-
nation with a gun mounted for universal swing-
ing movement about two transverse axes, of a
double-aé¢ting fluid-pressure motor for swinging
the gun about each axis respectively, two revers-
ing valves, each of said reversing valves having g
casing and g piston for controlling selectively the
direction and rate of flow of pressure fluid to
and from one of the motors, means for normally
holding the pistons in position to cut off fHow to
or from the motors, means for displacing each of
said pistons in opposite directions from said posi-
tion, a control handle mounted on the back end
of the gun, in substantially the same location as
the usual hand grip, for movement relative there-
to by an operator, connections between the han-
dle and the gun and between the handle and the
displacing means so ‘constructed and arranged
that the direction, speed and extent of the swing-
ing movements of the gun by said motors are
directly and continuously determined by the di-
rection, speed and extent of movement of the

-control handle by the operator, each of said pis-

ton-displacing means comprising a nut threaded
to the casing and operatively connected to the
corresponding piston and said connections be-
tween the handle and piston-displacing means
including linkages for effecting rotation of the
nuts and displacement of the pistons by move-
ment of the handle.

‘8. In apparatus for training a gun, the combi-
nation with a gun mounted for universal swing-
ing movement about two transverse axes, of fluid-
pressure motors for swinging the gun respec-
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tively about said axes, valve means for directly
centrolling the direction and rate of flow of pres-
sure fluid to and from the motors, a control han-
die mounted on the back end of the gun, in sub-
stantially the same location as the usual hand
grip, and movable relatively thereto at will by an
operator for operating said valves selectively to
effect swinging movement of the gun by the mo-
tors, operative connections between said handle

and the valve means so constructed and arranged

that the direction, speed and extent of swinging
movement of the gun by the fiuid-pressure mo-
tors are directly and continuously determined by
the direction, speed and extent of movement of
the handle by the operator, and dash pots asso-
clated with said handle for steadying its move-
ments relative to the gun.
’ 9. In apparatus for training a gun, the combi-
nation with a gun mounted for universal move-
ment about two transverse axes, of g double-act-
ing fluid-pressure motor for swinging the gun
about each axis respectively, two reversing valves,
each of said valves having a casing and a piston

‘tor controlling selectively the direction and rate

of flow of pressure fluid to and from one of the

- motors, means for normally holding the pistons
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in position to cut off flow to or from the motors,
means for displacing each of said pistcns in oppo-~
site directions from said pesition, & control han-
dle mounted on the back end of the gun, in sub-
stantially the same location &s.the usual hand
grip, for movement relative thereto by an oper-
ator, connections between the handle and the
gun and between the handle and the displacing
means so constructed and arranged that the di-
rection, spced and extent of the swinging move-
ments of the gun by said motors are directly and
continuously determined by the direction, speed
and extent of movement of the control handle
by the operator, each of said piston-displacing
means comprising a rotatable member and said
connections including linkages for effecting rota-
tion of said members by movement of the handle,
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