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1

The invention relates to the radio-dynamic
control of aerial bombs and more particularly to
a radio control system which can selectively steer
the falling bomb in any one of a plurality of
directions.

The invention provides means for controlling
the direction of descent of a bombp in connection
with a gyroscope or other stabilizing means in
which the bomb may be steered in any one of
a plurality of directions in azimuth irrespective
of the horizontal rotation of the bomb.

The invention also consists in certain new and
original features of construction and combina-
tions of parts hereinafter set forth and claimed.

Although the novel features which are believed
to be characteritic of this invention will be par-
ticularly pointed out in the claims appended here-
to, the invention itself, as to its objects and ad-
vantages, the mode of its operation and the man-
ner of its organization may be better understood
by referring to the following description taken
in connection with the accompanying drawings
forming g part thereof, in which

Figure 1 is a diagrammatic illustration of a
portion of a plane, including the bomb bay;

Figure la is a perspective view of a bomb as re-
leased from the plane of Figure 1;

Figure 2 is a block diagram of the transmif-
ting circuits on the plane;

Figure 3 illustrates diagrammatically the re-
ceiving circuits located in the bomb;

Figure 4 is a partial section thru a bomb illus-
trating diagrammatically the control apparatus
for steering the bomb;

Figure 5 is a section taken on line 5—8 of .

Fig. 4;

Figure 6 is a section taken on line 6—8§ of
Pig. 4;

Fig. T is a partial section thru the bomb illus-

trating diagrammatically the control apparatus 3

in the position it will assume during the descent
of the bomb; )

Figs. 8 and 9 are end views of the bomb; and

Fig. 10 is a plan view of the distributing sys-
tem,

Like reference characters denote like parts in
the several figures of the drawings.

In the following description parts will be iden-
tified by specific names for convenience, but they
are intended to be as generic in their application
to similar parts as the art will permit.

Referring to the accompanying drawings and
more particularly to Figure 1 the plane I{ is
shown as provided with the usual bomb bay 2
behind which is an opening {3 in which is Io-
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cated the antenna system i4 of the transmitter
to be described. This antenna system is mounted
on suitable means, shown as gimbal rings 15, so
that it may be pointed in any desired direetion.
A sighting means, shown as a telescope i6, is
attached to the antenna system 14 to facilitate
following the bomb in its descent. The antenna
system 14 is of the type adapted to radiate po-
larized, directional, short waves in the form of
8 beam. In the embodiment shown this system
comprises a dipole radiator e mounted in g
reflector system i4b. It is to be understoed,
however, that any standard type of directional
polarized beam short wave radiator may be used.

The bomb {7 is provided with the usua] fins
18 in which are located two sets of rudders {9
and 21 whose axes of rotation are at right angles
to each other. Mounted on the ends of the fins
18 are two directional receiving antennas 22 and
23 the axes of which are located in planes at
right angles to each other, and preferably in
the planes of the axes of the rudders {9 and 2i.
The antennas 22 and 23 are shown as similar in
construction to the antenna {4 and are of the

5 type suited to receive polarized short waves from

a given direction only. The antennae are shown
as comprising wave receiving members 22¢ and
23a and directional members 22b and 23b which
correspond to the reflector 14b. The directional
members are suited to make the receiving ele-
ments receptive to signals received from above
and to shield the receiving members from waves
propagated from the ground and from horizon-
tal waves, so that possibility of interference with
the control beam transmitted from the plane is
eliminated.

Fig. 2 is a diagrammatic illustration of the
transmitter {58 which may be similar in design
to the transmitter depicted in Fig. 2 of my co-
pending application, Serial Number 458.938. The
transmitter is of a type to generate a short wave
carrier modulated by a control frequency. Four
keys 38-33 are connected to vary the control fre-
quency when individually depressed to produce

5 the “A,” “B,” “C” and “D” control frequencies

respectively. The transmitter 158 is connected
to the antenna i4 by means of the transmission
line 133,

Fig. 3 is a diagrammatic illustration of the re-
ceiver {59 which may be similar in design to
the receiver depicted in Fig. 3 of my co-pending
application 458,938 and is connected to the di-
rective antenna system 22—23. The receiver 59
feeds power tubes 65-—68 which are energized by
batteries at 185—188. 'The power tubes 65—68
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are connected to four solencids Ti—74 thru a
distributing system (60, The distributing system
180 includes four brushes i8{—{684 which are con-
nected by conductors 165—418§8 to the plates of
the power tubes §5—88. The brushes I§{—164
engage four slip rings (T{—174 which are mount-
ed on a circular block of insulation 178 to be
more fully described hereinafter. Secured to the
block of insulation I78 are four brushes #78, 17¢,
£77 and 78 which are electrically connected to
the four slip rings {71, 1714, 172 and 178 respec-
tively. ‘The four brushes (75—I[78 engage four
quadrant segments (81 to 184 which in turn are
connected by conductors 185—I188 to one side of

the windings of the solenoids Tt, T4, 72 and 13-

respectively, the other sides of the windings being
connected by a conductor {89 to the battery 168.

In Figure 4 is shown the apparatus for control-
ling the rudders 3 and 21 in response to the

energization of the four solenoids Ti—74 illus- ¢

trated in Figure 3. The two sets of rudders 1§
and 21 are connected by links 81 to piston rods
82 which are attached to pistons §3 which recip-
rocate in two cylinders 84 and 85. Balanced
compression springs 86 are provided for normally
holding the pistons 83 and therefore the rudders
i9 and 2{ in a central position, .

The pistons 83 are actuated by air under pres-
sure which is supplied from a tank §7. This tank

is shown as being connected by a pive 88 to a 3

funnel shaped opening in the nose of the bomb
{7. A flask containing air under pressure could
also be used as a source of compressed air if
desired. 'The tank 87 is connected to the cylin-
ders 84 and 85 by means of conduits §{ and the
supply of air to the interior of the cylinders 84
and 85 is controlled by two piston valves 82 and
83 respectively. 'The valve 82 is operated in oppo-
site directions by means of the solenoids 71 and
72 and the valve 83 is operated in opposite direc-
tions by meang of the solenoids 73 and 74. Bal-
anced compression springs $4 are provided to
maintain the valves §2 and 83 in a central posi-
tion when the solenoids 7i—14 are de-energized.

Two transverse bulkheads 85 and 8§ are pro-
vided which divide the bomb into three com-
partments 97, 98 and $9. The compartment §7
contains the control apparatus just described and
the radio receiver {58 which is mounted on the
bulkhead $6. The compartment §8 contains the
gyroscopic apparatus presently to be described
and the compartment 89 is filled with a high ex-
plosive, such for example as TNT and is pro-
vided with the usual fuses, not shown, for dete-
nating the explosive charge when the bomb
reaches its target.

In the compartment 88 are mounted two cross
members {91 and 192 to which is pivoted a gimbal
ring $93. In the gimbal ring 83 is pivoted a
gyroscope 194 to the lower part of which is at-
tached g weight 185. Mounted on the gimbal ring
£93 is the circular block of insulation 178, already
described in connection with Fig, 3, which car-
ries the four slip rings §711—{74 which in turn
are engaged by the four brushes {§1—164. These
brushes are mounted on a block of insulation 186
which is secured to the cross member {92, The
four quadrant segments 181—184 are mounted on
brackets 28{—204 of insulating material which
are secured to the casing of the bomb {7,

In Fig. 4 the bomb 7 is shown as suspended
from the bomb rack 285.
scope 194 up to speed before the bomb is released
a source of A. C. current 288 is provided and is
connected thru a switch 207 to a double contact

For bringing the gyro-.
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plug 208 mounted on the bomb rack 235. The
contacts of the plug 208 engage the contacts of a
receptacle 289 mounted on the bomb 7.  Pivotal-
ly mounted in the cross member {g{ is an arm
911 the outer end of which engages the top of the
gyroscope (88, A spring 240 tends to rotate the
arm 2i1 in a counter clockwise direction.. The
contacts of the receptacle 289 are connected by
flexible conductors 212 to contacts 243 which en-
gage the winding 244 of the gyroscope {94,

Mounted on the end of the arm 2i1 is a flat
spring 215 the end of which is turned up. Piv-
otally mounted on the casing of the bomb 7
is a member 2i8. A spring 217 is provided which
tends to-rotate the member 2(6 in a counter clock-
wise direction. Mounted on the bomb rack 285
is a cylinder 213 in which reciprocates a piston
248 to which is attached a plunger 22{ which-
passes thru an opening in the casing of the bomb
17 and engages the gpring 215. A compression
spring 222 is mounted in the cylinder 218 and
tends to hold the arm 2{f in engagement with
the gyroscope 184,

Operation

When the bomb is assembled the gyroscope 194
is placed in the position shown in Fig. 4, the arm
211 is moved into engagement with the top as the
zyroscope and the member 216 is rotated into the
position shown in dotted lines so. that it engages
the end of the spring 2i5. When the bomb {7
is placed in the bomb rack 2385 the plug 288
fits into the receptacle 289 and the plunger 22(
passes thru the hole in the casing of the bomb
17 and engages the spring 215 which is moved
downward sufficiently to release the member 216
which is rotated in a counter clockwise direction
under the action of the spring 217 into the po-
sition shown in full lines. :

As the bomber approaches the target the switch
287 is closed which closes a circuit from the gen-
erator 205 thru the plug 288, receptacle 289,
conductors 212, contacts 213 to the winding of
the gyroscope 2i4. This causes the rotating ele-
ment of the gyroscope {84 to be brought up to
and maintained at speed. The gyroscope |34 is
held in the position shown by means of the arm
211 so that during any maneuvers of the bomber
the gyroscope 184 will be held fixed in the posi-
tion shown with respect to the bomb {7,

When the bomb 17 is released the plug 238
is -disengaged from the receptacle 282 and the
plunger 221 is disengaged from the spring 215.
This allows the arm 211! to be rotated in a counter

i clockwise direction under the action of the spring

219 which leaves the gyroscope 194 free in space.
If the bomb i7 should rotate about its longitudi-
nal axis while in g horizontal position shortly
after leaving the bomb rack the gyroscope (84
will remain in a vertical position due to the ac-
tion of the weight 195 which will cause the gimbal
ring £33 to rotate about its pivot points,

As the nose of the bomb drops and it assumes
the vertical position of descent the gyroscope 154
which remains fixed in space, will assume the
position relative to the bomb 17 shown in Fiz. 7.
In this position the four brushes 175—{78 will
be in the positions shown in Figs. 3 and 5, which
when the bomb is descending vertically are plan
views looking in the direction of the descent of
the bomb. .

The four brushes §75—i78 will be maintained
in fixed positions in space during the descent cf
the bomb by the action of the gyroscope {84 and
are independent of the rotation of the homb
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about its longitudinal axis. . The contact 176
will, therefore, always be maintained in the di-
rection in space in which the bomber {1 was trav-
elling at the time of the release of the bomb (1.
The contact {78 will always be pointed in the
opposite direction, the contact 175 at 90° to the
left and the contact {717 at 90° to the right of
the direction of travel of the bomber I{.

In the operation of the transmitter of Fig. 2
a radio frequency is generated which is modu-
lated by the “A,” “B,” “C” and “D” control fre-
quencies when the keys 39, 31, 32 and 33 are
depressed. In this way when any one of the
keys 35—33 is depressed a plane polarized wave
is radiated from. the antenna {4, this wave being
modulated at a different predetermined frequency
for each key.

The modulated radio wave transmitted from
the antenna {4 is received by the antenna sys-
tem 22—23 of the bomb {7 shown in Fig. 3 and
selectively operates the power tubes §5—88 of
the receiver 159. The power tubes 65—68 will
in turn energize the solenoids 7{—74 thru the
distributing system controlled by the brushes
175—118.

If the bomb (7 does not rotate about its lon-
gitudinal axis it will assume the position shown
in Pigs. 1¢ and 8 in which case the rudders 21
will control the direction of motion of the bomb
17 in the plane in which the bomber { is trav-
elling as indicated by the arrow 225 and the rud-
ders 19 will control the direction of motion in
a plane at right angles to the direction of motion
of the bomber {1. If, for example, it is desired to
deflect the bomb 17 in the direction in which the
bomber I is travelling the key 33 of the trans-
mitter 168 is depressed which causes the “D”
frequency to be transmitted. The radiated wave
is picked up by the receiving antenna 22—23 on
the bomb 17 and actuates the power tube §8.
The plate of the tube 68 is connected thru con-
ductor (68, brush 164, slip ring (14, brush (786,
segment 182 and conductor 186 to the solencid
14 which is thereby energized. The energization
of the solenoid 14 causes the valve 93 to be moved
to the left and will allow air under pressure from
the tank 87 to enter the left hand end of the
cylinder §%5. This will cause the piston 83 to
move to the right which, by means of the rod
82 and link 81 will cause a rotation of the rud-
ders 21 in a counter-clockwise direction as seen
in Fig. 4. As seen in Fig. 8 the rudders will move
in the direction of the arrows 226. This will
cause the bomb {7 to be deflected in the direction
in whieh the bomber {1 is travelling.

If it is desired to deflect the bomb 7 in the
opposite direction the key 22 is depressed caus-
ing the transmission of the “C” frequency which
energizes power tube 67. As this tube is con-
nected thru the distributing system to the sole-
noid 73 this solenocid will be energized causing
the rudders 21 to be rotated in a clockwise di-
rection as seen in Fig. 4 to deflect the bomb 17
to the rear. As seen in Fig. 8 the rudders will
move in the direction of the arrows 227. In a
similar manner the transmission of the “A” fre-
quency will cause the energization of solenoid 74
to operate the rudders 18 to deflect the bomb to
the left and the transmission of the “B” fre-
quency will deflect the bomb to the right, as seen
in Fig. 8.

If during its descent the bomb 71 should ro-
tate about its longitudinal axis, for example, 90
degrees into the position shown in Fig. 9 the
rudders 19 will then control the deflection of the
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bomb in the direction of the arrow 225 and the
rudders 2[ will control its deflection at right an-
gles thereto. The gyroscope {84 however, to-
gether with the brushes 1 75—178 will remain fixed
in space. Due to the rotation of the bomb 17
thru 90 degrees the segments 18i—i84 will be
rotated into the position shown in Fig. 10.

If it is desired to deflect the bomb (T in the
direction of the arrow 225, the key 33 of the
transmitter 1860 is depressed causing the “D” fre-
quency to be fransmitted. This as already de-
scribed actuates the power tube 68. The plate
of this tube is now connected thru conductor (68,
brush 164, slip ring 174, brush 1718, segment {81

and conductor 185 to the solenoid 7i, as shown

in Fig. 10, thus energizing solenoid T{. The en-
ergization of solenoid 71 causes the valve 92 to
be moved to the right as seen in Fig, 4 thus al-
lowing air to enter the right hand side of the
cylinder 84. This will cause the piston 83 to
move to the left which, by means of the rod 82
and link 8! will cause the rudders {9 to move
in the direction of the arrows 228 as shown in
Fig. 9. This will cause the bomb 17 to be de-
flected in the direction of the arrow 225 as de-
sired.

It is thus seen that by depressing the key 233
the bomb 7 will always be deflected in the di-
rection of the arrow 225, that is in the direction
in which the bomber {{ is travelling, no matter
how much the bomb {7 may have rotated about
its longitudinal axis because the brush 176 will al-
ways be held fixed in space by the gyroscope 194
and will therefore engage the proper one of the
segments {2{—184 so as to energize the proper
solenoid 71—74 to cause the bomb to be deflected
in the direction of the arrow 225. In a similar
manner, by depressing the key 32 the bomb i7
wiil always be deflected in the opposite direction.
By depressing the keys 30 and 31 the bomb will
always be deflected to the left or right regardless
of how much it may have rotated about its longi-
tudinal axis during its descent.

Although only a few of the various forms in
which this invention may be embodied have been
shown herein, it is to be understood that the in-
vention is not limited to any specific construction
but may be embodied in various forms without de-
parting from the spirit of the invention as de-
fined by the appended claims.

What is claimed is:

1. A bomb control system comprising in combi-
nation, a carrier bourne signal transmitting ap-
paratus including means to transmit selective
control signals, and a bomb having signal receiv-
ing means responsive to said signals, rudders to
control the path of descent of said bomb, rudder
control mechanisms, selector mechanism mount-
ed to turn freely in said bomb, gyrostabilized
mechanism connected to stabilize said selector
mechanism in azimuth regardiess of the rotation
of said bomb, means connecting said selector
mechanism to select the rudder control mecha-
nism which bears a predetermined azimuth po-
sition with respect thereto, and means selective-
ly responsive to said received signals to actuate
the selected rudder control mechanism for de-
flecting said bomb in a direction determined by
the control signal.

2. A bomb contro! system comprising in combi-
nation, a carrier bourne signal transmitting ap-
paratus including means to transmit selective
control signals, and a bomb having signal-re-
ceiving means including channels selectively re-
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sponsive to said control signals, rudders to con-
trol the path of descent of said bomb in two direc-
tions, rudder confrol mechanisms therefor, se-
iector mechanism mounted to turn freely in said
komb, gyrostabilized mechanism connected to
stabilize said selector mechanism in azimuth re-
gardless of the rotation of said bomb, means con-
necting said selector mechanism to select the rud-
der control mechanism which bears a predeter-
mined azimuth position with respect thereto, and
means selectively responsive to said received sig-
nals to actuate the selected rudder control mech-
anism for deflecting said bomb in a dlrectlon de-
termined by the control signal,

3. A bomb control system as set forth in clalm 1
in which the signal transmitting apparatus is

10

15

8

adapted to transmit radio signals and in which
the receiving means on said bomb is responsive to
said radio signals.

4. A bomb control system as set forth in clalm 1
in which said receiving means on said bomb com-
prises means responsive only to signals received
from above whereby interference by ground sig-
nals is eliminated. -

5. A bomb control system as set forth in claim 1
in which a pair of crossed rudders is provided to
control the path of descent of said bomb in two
directions at right angles to each other and said
gyrostabilized mechanism selects the rudder con-
trol mechanism having g position in space suited
to deflect the bomb in the desired direction.

JOHN HAYS HAMMOND, Jr.



