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UNITED STATES PATENT of FICE 
2,520,665 

GYROSCOPE CONTROL DEVICE FOR BOMBS 

Bertram E. Warren, Arlington, Mass., assignor to 
the United States of America as represented by 
the Secretary of War 
Application January 7, 1946, Serial No. 639,686 

(C. 102-3) 6. Claims. 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes without payment to me of 
any royalty thereon. 
This invention relates to high angle bombs and 

particularly to such bombs of the variety which 
are remotely controlled during the fight to 
change the downward course thereof either for 
the purpose of correcting errors and insuring 
the striking of a selected target or to permit re 
lease of the bomb from any part of an area great 
er than that within which release is normally 
possible if the bomb is to strike the target. Such 
bombs may be guided by setting the control Sur 
faces such as the elevators and rudders, prior to 
release of the bomb, rather than by a remote con 
trol radio mechanism or the like during the down 
ward flight of the bomb. In either event, how 
ever, in order to insure a controlled flight in ac 
cordance with the setting of the control Surfaces, 
it is essential that there be no rotation of the 
bomb about its longitudinal axis. Warious factors 
which tend to produce such rotation and to in 
terfere with the accuracy of this type of bomb, are 
the asymmetry of the bomb, difficulty in releas 
ing the bomb without imparting some rotative 
force thereto, and wind effects on the bomb. 
An object of my present invention, therefore, 

is to provide mechanism for imparting an auto 
matic, positive, corrective and restorative force 
to such bombs during the flight thereof whenever 
rotative deviation in either direction from the 
normal intended attitude of flight takes place. 
Another important object of the invention is 

to provide means of the indicated character emi 
ploying adjustable ailerons incorporated in the 
tail surface of the bomb, together with automatic 
control means whereby such ailerons are moved 
in response to rotative deflection of the bombs, 
movement of the ailerons being in a direction to 
cause corrective rotation of the bomb in the Op 
posite direction to a predetermined reference po 
sition. 
A further object is to provide Control means 

such that if the rate of recovery of the bomb from 
an angular attitude representing a deviation from 
the normal or predetermined attitude affords a 
predetermined value, the ailerons will return to 
normal while the bomb continues to rotate toward 
the normal attitude. - 
A still further object relates to that last stated 

object and the provision of a main gyroscope de 
vice having a rotor with its rotative axis hori 
zontal and perpendicular to the path of the bomb 
and arranged to effect corrective movement of 
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the ailerons, while a smaller rate gyroscope is 
similarly mounted to limit the rate of recovery of 
the bomb. 
Other objects and advantages will become ap 

parent from the following description taken in 
Connection with the accompanying drawings in 
which like reference characters refer to like parts 
in the Several figures. 

Fig. 1 is a perspective view of a dirigible bomb 
provided with flight corrective means constructed 
in accordance - with the present invention; 

Fig. 2 is a schematic wiring diagram of the prin 
cipal electric control circuits and the flight ro 
tative control surfaces, gyroscopes and servo 
motor means being illustrated diagrammatically; 

Fig. 3 is a side view in perspective of my double 
gyroscope, assembly utilized in stabilizing the 
bomb about its longitudinal rotative axis; and 

Fig. 4 is a fragmentary side view illustrating 
the rate gyroscope pick off control contact mem 
berS. 

Referring to the drawings it will be observed 
that the bomb body as shown in Fig. 1 is pro 
vided with a fight control surface 2 having mov 
able elevators 3 and 4 hinged near the trailing 
edge thereof. If lateral or azimuth steering con 
trol is desired, it will be understood that the flight 
surface 2 must move in a vertical plane. Con 
trol of rolling tendencies of the bomb to insure 
maintenance of the indicated plane of movement 
of the bomb without rotative departure is effect 
ed by adjustable flight control surfaces or ailer 
ons 6 and 7 hinged in the transverse control sur 
face 5. The ailerons 6 and 7 are movable in op 
posite directions in response to the operation of 
a gyroscope control System and Servomotor 
means hereinafter to be described. Remote di 
rectional control of the bomb may be effected by 
operation of the elevators 3 and 4 in any con 
ventional manner. The mechanism for accom 
plishing this control forms no part of the present 
invention and accordingly will not be described, 
since it may take any of the plurality of forms as 
Will be recognized by those skilled in the art. 
The mounting and releasing means for the 

bombs, not shown, requires that the control Sur 
face 2 be supported in a horizontal position in 
the bomb bay of the aircraft carrying the bomb. 
It is, therefore, necessary to release the bomb 
with the control surface 2 in horizontal position 
and the control system is required to turn the 
surface 2 to a vertical or substantially vertical po 
sition as the nose of the bomb falls from its for 
wardly directed horizontal position in the flight 
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path of the aircraft to a more steeply inclined 
angle of glide or fall. 

Referring to Fig. 3, the double gyroscope as 
sembly is illustrated as removed from the bomb 
with the spin axes of the gyroscopes in their rela 
tive position during the glide or fall of the bomb. 
This asserably includes an upper or directional 
gyroscope and the lower or rate gyroscope with 
their spin axes mounted for rotation in the Same 
plane. Each of the gyroscope rotors is rotated 
constantly while the bomb is in free flight by a 
Small eiectric motor 33 mounted on the inner 
gimbal of each. When the assembly is mounted 
in a bomb a vertical line diametrically projected 
from both rotor wheels centers in the plane of 
the wheels and lies on the longitudinal axis...of 
the bonb. Prior to launching, the directional gy 
roScope wheel 2 rotates about a horizontallater 
al axis across the flightpath of the bomb, the in 
ther gimbai member 22 being rotatable about-alat 
*eraliaxis, and the outer gimbal member 23 being 
rotatable about the longitudinal axis of the bomb. 
The upper pivot shaft 24 for the outer gimbai 
innenber 23 extends through the top of the frame. 
; member 3i), in Suitable bushings, and has a radial 
3 contact arm. 25. Secured thereto, sadapted to Selec 
tively nake electrical contact with either of a 
ipair of Spaced Semi-circular insulated contact 
segments or plates :26 and 2 forming a Spiit 
contact ring with the ends. Separated and in 
-Sulated from each other. 
-scope rotor 2 f is in the plane of the Supporting 
frame 3, as shown in Fig. 3, the Switch arm 
25 rests on the insulated portion intermediate the 
sends of the contact plates, but rotation of the 
soliter girka: 23 to the left or right from this pre 
determined reference position Will cause the 
switchairm 25 to contact the corresponding elec 
-trical contact segments 26 or 2. It will be under 
stood that after iaunching, the bomb turns Sub 

3 stantiaiiy;90° and continues to travel with both 
-inner gimbal axes across the flight path of the 
...bomb. 

The Smalier, or rate gyroscope, is mounted in 
the lower portion of the frame 30 by means of 
the single rate gimbal member 32, trunnioned in 
...the frane with both of its end journai shafts . 
:extending through the sides of the frame. The 
:right-hand trunnion, or pivot member, as viewed 
in-Figs. 3 and 4 has a contact-or-switch arm 35 
secured thereto, adapted to make electrical con 
tact with a contact segment:36, or: a contact seg 
ment 32 of a split contact ring, the ends of the 
segments being spaced and insulated from each 
other, similar to the contact ring associated with 
the directional gyroscope previously described, but 
the spacing between the ends of the contact seg 
ments 36 and 3 is greater than the end spacing 
of the segments 26-27. This wider spacing per 
..mits a limited angular movement of the switch 
arm 35 without closing either of the electrical cir 
cuits through the segments 36, 37 of the split 
contact ring. The left-hand trunnion 38 of the 
rate gimbal carries a spring tensioned torque arm 
39 secured thereto, to provide a restoring torque 
tending to constantly center the gyroscope and 
determine the relative degree of precession of the 
rate-gyroscope with respect to the rotative depar 
ture of the rate gimbal 32 incident to rotation of 
the support 30 by the bomb and prevent closure 
of either of the contacts 36 or 31, except when 
the rate precession due to rotation of the bomb 
exceeds a predetermined degree. 
A dash-pot comprising a cylinder 4 and piston; 
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When the upper gyro 
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42 is provided, the piston being connected to an 
arrin pi'ojecting from the gimbal 32 constitutes a 
dash-pot tending to dampen the oscillation of 
the rate gyroscope and reduce hunting. 

5 As diagrammatically illustrated in Fig. 2, left 
and right Solenoids L and R are provided to ac 
tuate the ailerons 6 and oppositely in one di 
rection or the opposite direction to cause appli 
cation of right or left rotative torque to the bomb 
about its longitudinal axis. A battery 4, , illus 
trated in the right-hand portion of the Fig. 2, 
is adapted to be connected to the solenoids i. 
and R through the directional gyroscope contacts 
$2.6 or 27 whenever the bomb commences to rotate 
in one direction or the other about its longitudinal 
fight axis, the correct Solenoid being energized 
to correct the rotation to normal; that is, to move 
the ailerons 6 and in such directions as to apply 
a corrective torque in the direction opposite to 
the direction of rotation of the bomb. For ex 
ample, it will.be.noted from the circuit connec 
tions as illustrated that rotation of the directional 
gyroscope radial switch arm 25 to the right as 
viewed in Fig. 2 incident to a left-hand roll of 

25 the bomb, will contact the contact plate 2, clos 
ing the circuit to relay B, closing solenoid con 
tact arm it, energizing the work solenoid L. of 

...the servomotor device, while movement of the 
switch arm 25 to the left, incident to a right roll, 

30 would contact the segment 26, energizing the 
1relay.A, and through contact it, closed by the 
relay A, energize work solenoid R, setting the 
fight control surfaces 6 and 7 to oppose the roll. 
Rcil in either direction, therefore, causes closure 
of one of the contacts 27 or 26 with arm 25 and 
therefore results in corrective movement of the 
ailerons to a position to cause application of 
reverse torque to reverse"the roll of the bomb. 
The electrical connections to the rate of turn 

40 gyroscope as illustrated are such as to close the 
circuit to the left or right Solenoid"), or R, ac 
tuating the control surfaces'6 and 7 to oppose the 
bomb rotation from neutral position which pre 
cessed the rategyroscope, or to return the aileron 
fight control surfaces "6 and to their neutral 
position when the rate of return of the bomb 
toward its neutral position exceeds a predeter 
mined rate. Thus, during return of the bomb 
toward its neutral position, if the correcting 
torque produced by the ailerons results in an 
languiar-return velocity in excess of the predeter 
mined return torque that is necessary as deter 
mined by the rate of tilt determining spring of 
the rate gyroscope, for example, in excess of 5 

35 degrees per second, which also involves the 
amount of space between the rate gyroscope 
Switch contact segments 36 and 37, the ailerons' 
positions will be returned to neutral. in the first 
casementioned above in which the solenoid has 

80 been energized by a clockwise directional nove 
ment of the directional. gyroscope switch arm 25, 
the switch arm 35 of the rate gyroscope is moved 
in the same direction to close a circuit through 
relay B, ...contacts G and 2, to actuate work 

65 solenoid L, moving the ailerons 6 and 7 to apply 
opposing torque to the rotation of the bornb, but 
if the recovery angular velocity has exceeded the 
predetermined rate such as that set forth of 5 . 
degrees per second the rate gimbal arm 35 will 
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contact segment 37, thus energizing the work 
solenoid R, while the work solenoid T. is energized 
by the direction gyroscope contact arm 25 and 
control surfaces will be moved to neutral. 

... If the rotational rate of the bomb from its 
neutial position to the right or the left is at a 
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rate in excess of 5 degrees per second, solenoid I 
or R will be energized through the corresponding 
-relays B, B' or A, A connected in parallel but 
during return to neutral after a roll, if the return 

' rates exceed 5 degrees, then B and A' or B' and A 
contact will be closed and the work Solenoids R. 
and L. Will both be energized, and the control 
surfaces 6 and will be noved to neutral. 
It will be apparent that the roll control system 

described is not limited to a bomb having control 
surfaces of the shape and proportion shown in 
Fig. 1. Warious arrangements might be used, 
Such as one including a movable rudder in addi 
stion to the elevator. The gyroscope unit has been 
built and operated with gyroscope wheels which I 
are driven either by electric motors, or by an air 
jet. The principal feature of the invention is the 
use of a directional gyroscope and a rate gyro 
Scope in combination to produce a device which 
can hold an Orientation of a flight body about its 
flight axis without performing excessive hunting. 
A Secondary feature of interest, primarily in high 
angle bombing, is the positioning of both gyro 
Scopes, So that their axes of rotation are perpen 
dicular to the plane of bomb trajectory. 

I claim: 
1. A gyroscope flight attitude control appara 

tus for a dirigible bomb having an adjustable 
flight control surface for counteracting the rate 
and direction of rotation of the bomb about its 3 
longitudinal axis from a predetermined flight 
attitude position and reversible servomotor means 
for actuating said flight control surface, during 
the descent of a bomb; Said flight attitude con 
trol apparatus comprising a gyroscope support : 
mounted on the bomb having a longitudinal axis 
disposed parallel to the longitudinal axis of the 
bomb, inner and outer gimbal members carried 
by said support with their tilting axes disposed 
perpendicular to each other, with the outer gim 
bal axis disposed parallel to the longitudinal axes 
of the support and bomb, electrical pick off con 
trol means between the support and the outer 
gimbal comprising two substantially Semi-cir 
cular contact members on the support disposed 
about said outer gimbal axis and with their ends 
spaced from each other and in an insulated re 
lation, a contact arm carried by the outer ginbal 
with its free end disposed between the adjacent 
ends of the semi-circular contact members for 
cooperative contacting engagement with either 
one or the other of said semi-circular contact 
members incident to tilt of the outer gimbal from 
a predetermined reference position, a rotor ro 
tatably carried by said inner gimbal With the 
spin axis thereof disposed transverse to the di 
rection of travel of the bomb, a rate gyroscope 
including a gimbal carried by said support hav 
ing its tilt axis disposed transverse to the direc 
tion of travel of the bomb and transverse to 
the outer gimbal tilt axis, a power driven rotor 
carried by said rate gyroscope gimbal on a Spin 
axis disposed perpendicular to the rate gyroscope 
gimbal tilt axis and perpendicular to the longi 
tudinal axis of the bomb, yieldable tilting rate 
determining means between the rate gimbal and 
the support, electrical pick off contact means be 
tween the rate gyroscope gimbal and the Sup 
port comprising two semi-circular contact plates 
fixed in insulated end to end spaced relation con- 70 
centrically about the rate gimbal tilt axis, and a 
contact arm on the rate gimbal disposed between 
the ends of Said spaced rate gyroscope semi-cir 
cular plates when the rate gimbal is in a pre 
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6 
gagement with one or the other of said rate gy 
roscope plates incident to tilting movement of 
the rate gimbal in either direction from said pre 
determined reference position due to a rate of 
roll of the bomb in excess of a predetermined 
rate and relay means connected between each of 
the contact plates and the servomotor means for 
actuating said servomotor in one direction when 
Said outer gimbal and rate gimbal contact arms 
are moved in One direction and to neutralize ac 
tuation of the servomotor means when said con 
tact arms are moved relative to each other in 
the opposite direction. 

2. A flight attitude control device, for a fight 
body having a longitudinal flight axis and a tend 
ency to roll about said flight axis from a prede 
termined reference position and including ad 
justable rotation control surfaces thereon for op 
posing said roll tendencies, and reversible servo 
motor means carried by the body for actuating 
Said Surfaces; Said flight attitude control device 
comprising a support mounted on said flight body, 
having a longitudinal axis disposed parallel to 
the longitudinal flight axis of the body, an outer 
gimbal rotatable on said support on a tilt axis 
disposed parallel to the support axis, an inner 
gimbal carried by said outer gimbal having a 
tilt axis disposed perpendicular to the outer gim 
ball tilt axis, a power driven rotor carried by the 
inner gimbal having its spin axis disposed in 
perpendicular relation to the outer gimbal tilt 
axis and perpendicular to the longitudinal axis 
of the support, spaced semi-circular contact mem 
bers fixed on the support, surrounding the outer 
gimbal tilt axis, a contact arm carried by said 
Outer gimbal With a contact end disposed between 
the Spaced ends of the semi-circular contact 
members when the outer gimbal is in a prede 
termined reference position on the support and 
relatively movable by the outer gimbal incident 
to roll of the support about its longitudial axis 
in either direction from said reference position 
to contact one or the other of said semi-circular 
contact members, a rate of roll determining gy 
roscope tiltable on said support, having a rate 
gimbal with its tilt axis disposed perpendicular 
to the outer gimbal tilt axis and perpendicular 
to the longitudinal axis of the support and a 
power driven gyroscope rotor mounted in said 
rate gimbal with its spin axis disposed perpen 

... dicular to the rate gimbal axis and perpendicu 

O 
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lar to the longitudinal axis of the support and 
perpendicular to the outer gimbal tilt axis when 
the rate gimbal is in a predetermined reference 
position on the Support, said rate gimbal being 
tiltable in one direction or the other from its 
reference position incident to precession of the 
rate rotor Spin axis in one direction or the other 
When the support is rolled about its longitudinal 
axis in one direction or the other from or toward 
its reference position in excess of a predetermined 
rate, Spaced semi-circular contacts fixed on Said 
Support around Said rate gimbal tilt axis, a con 
tact arm carried by said rate gimbal having a 
contact end disposed between the spaced ends of 
Said rate gyroscope contact plates for contact 
ing engagement With one or the other of said 
rate gyroscope contact plates, incident to a pre 
determined degree of tilt of said rate gimbal in 
one direction or the other from said predeter 
mined reference position, incident to precession 
of the rate gyroscope spin axis in one direction 
Or the other caused by rotation of the body about 
its longitudinal axis, and electrical controlling 

determined reference position, for contacting en- 75 circuits connecting the semi-circular contact 
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I plates together which are engageable by the rate 
and outer gimbal contact arms during the time 
awhen the Support is rotating away frona its ref 
erence position in one direction in excess of a 
predetermined rate, and electrically connecting 
the Semi-circular contacts, together. Which are 
engageable by the rate and Outer gimbal contact 
arms during the time when the support is 10 
stated from said initial reference position in the 
opposite direction in excess of a predetermiaed 
state, an electrical circuit connection between the 
rate and otter gimbal contact arms, and electri 
cal operating connections between said selectri 
-cally connected pairs of Semi-circular contact 
splates and the servomotor for respectively enter 
gizing said servomotor in reverse directions, a rada, 
Common power Supply connection between Said 
iServomotor and said electrical interconnection 
between the contact airns. 
3. A gyroscope flight control device for a flight ... closing contacts connected to the other servo- or 

body having a longitudinal flight axis and a ten 
*dency to roll about said flight axis and servo 
motor actuated flight attitude adjusting means; 
said flight control device comprising a support 
'carried by the body having a longitudinal axis 
: disposed parallel to the flight axis of the body, 

- a stabilizing gyroscope gimballed on the support 
for universal freedom with its tilting and rotating 
center on the longitudinal axis of the Support and 
the rotor spin axis disposed for tilting movements 
in planes passing through the said longitudinal 
axis of the Support, Said spin axis being initially 
disposed in a predetermined plane at an angle to 
the longitudinal axis of the Support, spaced cir 
scuit controlling electrical pick-off contacts, be 
tween the Support and the stabilizing gyroscope 
gimbal means, Selectively energizable by angular 
in ovement of the said gyroscope rotor spin-axis in 
:either direction about Said longitudinal axis of 
the support from said initially disposed position, 
a rate gyroscope tiltably gimballed on said -sulp 
port having its spin axis in an initially disposed 
perpendicular reference position to the longitudi 
inal support axis and tiltable in a plane extend 
ing through the longitudinal axis of the support, 
at right-angles to the aforesaid rategyroscope tilt 
taxis, whereby rotation of the support in either 
direction precesses the said rate gyroscope spin 
axis in either direction in a plane passing through 
said longitudinal support axis, resilient degree of 
precession to rate of turn control means con 
anected between the rate gyroscope girnbal and 
the support for determining theidegree of tilting 
precession of the rate gyroscope spin axis inci 
ident to predetermined rates of rotation of the 
'support about the lengitudinal support axis, 
'spaced electrical contact members between the 
support and said rate gyroscope gimbal means 
arranged for selective contact, incident to a pre 

- determined -degree of tilting precession of the 
rate gyroscope and rate gimbal from the initial 
irate gyroscope spin axis reference position, 
caused by rotative displacement of the support 
about the support axis in excess of a predeter 
mined rate of rotation, electrical connections be-, 
“tween said stabilizing gyroscope circuit closing 
icontacts and said rate gyroscope circuit closing 
contacts connecting said 'spaced stabilizing and 
rate gyroscope contacts in parallel, comprising 
two separate servomotor energizing circuits icon 
nected to the servomotor for reverse operation 
thereof, whereby rotation of the support about 
said longitudinal axis away from the initial ref 

: erence position in one direction or the other, 
in excess of a predetermined rate energizes tone 

70 (5. In a flight:attitude control:device 

8 
or the other of said servomotor energizing cir 
cuits, and rotation of said support fromi the afore 
said rotatably displaced position toward said pre 
determined position, in excess of a predeterrained 

5 rate, energizes both of said servomotor energiz 
ing circuits. 

i4. In a flight body having a longitudinal flight 
axis and a tendency to rotate about said axis 
from a predetermined flight attitude position, 

{) fight rotation means carried by the body for-to 
tating the same about its longitudinal flightiaxis, 
reversible servomotor means carried by the body 
having separate electrical energizing circuits for 
reversely actuating the servomotor energizing 

5 means, a pair of servomotor energizing relays 
having circuit closing contacts connected to orae 
of the servomotor energizing circuits for actuat 
ing the servomotor in one direction, a second pair 
of servomotor energizing relays having circuit 

motor energizing circuit for actuating the Servo 
motor in the reverse direction, a free gyroscope 
gimballed on the body having an outer gimbal 
with its tilt axis parallel to the longitudinal flight 

5 axis of the bedy, electrical pick-off centact means 
between the outer gimbal and the body com 
prising a pair of tead to end Spaced contacts and 
a relatively movable single contact member dis 
iposed between the spaced ends of the pair of 
contacts when the outer gimbal is in a prede 
termined reference position on the body and 
innovable incident to relative movement between 
the outer gimbal and body, an energizing circuit 
connecting each of said spaced contacts saf 

85 said to one relay of each of the two pairs of re 
lays, a rate gyroscope carried by the body having 
its tilt, axis: disposed in a predetermined reference 
pesition transverse to the lengitudinal axis-of the 
body and a rate gyroscope rotor carried by the 

40 rate gimbal with its spin -axis transverse to the 
rate gimbal and router gimbal tiltiaxes, yieldable 
irate determining means connected between the 
trate gimbal and the body for determining the 
degree of precession of the rate gyroscope 

45 rotor spin-axis to the rate of rotation of the body 
about its longitudinal axis, rategyroscope elec 
strical pick-off contact means between the rate 
gimbal and the body comprising a pair of end to 
end spaced rate gyroscope-contacts and a single 

:contact member carried by the 
body and the rate gimbal with the single-gate 

i gyroscope contact-member disposed intermediate 
the ends of the Spaced rate gyroscope contacts 
when the rate gimbalis in its reference-position, 

B5 and relatively shiftable incident to the tilting-dis 
placement between the rate gimbaland the body, 
the ends of said spaced rategyeoScope contacts 
ibeing spaced apart a predetermined distance to 
permit a predetermined degree of stilting preces 

:60 sion of the rate gimbal before contacting rela 
tion is established between the single contact 
member of the rate gyroscope; and either of the 
spaced rate Egy, roscope pick-off contacts, and an 
selectrical circuit connection between the remain 

:65 ing one of each of the pairs of relay devices and 
each of the spaced irate gyrescope contacts, and 
a common relay energizing return -circuit con 
inecting the single contact members of the outer 
and rategyroscopes and the two pairs of relays. 

Stupport 
having alongitudinal flight axis and a tendency 
to rotate from a predetermined flight attitude 
:position about said fight axis, a free gyroscope 
igimballed on isaid support with its rotor spin 

is axis transverse to the said flight:axis, a pair of 
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Spaced electrical servomotor pick-off contact 
means and a movable contact therefor carried 
by the support and the free gyroscope gimbal 
means, said pair of spaced contact means being 
selectively energizable by the movable contact 
by rotative departure of the free gyroscope gimbal 
means in either direction from a predetermined 
reference relation to the support incident to ro 
tation of the support from its flight attitude posi 
tion in either direction about its flight axis, a 
pair of servomotor energizing and reversing re 
lays each connected to one of said spaced free 
gyroscope gimbal pick-off contact means, a rate 
gyroscope carried by the support with its spin 
axis transverse to the longitudinal fight axis of 
the Support, yieldable rate of rotation of the Sup 
port determining means connected betWeen the 
Support and rate gimbal yieldably maintaining 
the rate gimbal in a predetermined reference 
position relative to the flight axis of the support, 5. 
a pair of spaced rate gimbal electrical pick-off 
contact means and a movable rate contact op 
erable between the rate gimbal and the support, 
said spaced rate gimbal contacts being selectively 
engageable with the movable rate contact by 
tilting displacement of the rate gimbal beyond 
a predetermined degree of tilt in either direction 
incident to a predetermined rate of rotation of 
the Support about its flight axis, and a second pair 
of servomotor reversing and energizing relays 
each connected to one of Said spaced rate gyro 
scope electrical pick-off contacts, whereby Xota 
tion of the support away from its predetermined 
flight attitude reference position at a rate lower 
than the aforesaid predetermined rate of rota 
tion energized one of Said first pair of relays 
through the pick-off contacts between the sup 
port and the free gimbal means, and rotative 
displacement in the same direction at a rate ex 
ceeding said predetermined rate of rotation also 
energizes a relay in the Second mentioned pair 
of relays through the pick-off contact means be 
tween the support and rate gimbal, and return 
rotation of the Support from its displaced rela 
tion toward said flight attitude position at less 
than said predetermined rate of rotation inter 
rupts the rate pick-off contact relation to said 
relay of the second pair of relays, and return 
rotation of the Support about its flight axis to 
Ward Said predetermined flight attitude reference 
position in excess of said predetermined rota 
tional rate energizes Said rate gimbal pick-off 
contact means to energize the other relay of Said 
second pair of relays. 

6. A flight attitude, control device, for control 
ling the fight attitude of a flight body having a 
predetermined flight axis and a flight attitude 
reference position and adjustable flight attitude 
control means carried by the flight body for con 
trolling the flight attitude of the body about 
its predetermined flight axis and reversible Servo 
motor means carried by the flight body and con 
nected to the adjustable flight attitude control 
means for adjustment thereof to adjust the fight 
attitude of the flight body; Said flight attitude 
control device comprising a support fixedly carried 
by the flight body having a predetermined flight 
attitude axis disposed parallel to the predeter 
mined fight axis of the body, an outer gimbal 
rotatably carried by the support on an axis par 
allel to the predetermined flight attitude axis 
of the Support, an inner gimbal tiltably carried 
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10 
by the Outer gimbal on an axis perpendicular to 
the Outer gimbal tilt axis, a power driven gyro 
Scope rotor journalled on the inner gimbal per 
pendicular to the inner giinbal tilt axis, electrical 
servomotor pick-off control means connected to 
the reversible servomotor means and including a 
pair of Spaced electrical contacts and an inter 
mediate relatively movable contact between the 
support and Outer gimbal, said intermediate con 
tact and one of said spaced contacts being en 
gageable for actuation of the reversible servo 
notor means in One direction incident to rota 
tive displacement between the outer gimbal and 
Support in One direction from a predetermined 
reference relation therebetween, and engageable 
with the other of Said Spaced contacts by rota 
tive displacement between the outer gimbal and 
the Support from the said reference relation in 
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the opposite direction to energize and actuate 
said reversible servomotor means in the opposite 
direction, a rate gyroscope carried on the Sup 
port comprising a rate gimbal tiltably journailed 
On the support Oil a tilt axis perpendicular to the 
outer gimbal tilt axis, a power driven rate gyro 
Scope carried by the rate gimbal with its spin 
axis perpendicular to the rate gimbal axis, yield 
able rate of roll determining means connected 
between the Support and the rate gimbal for 
yieldably maintaining Said rate rotor spin axis 
in a predetermined fight axis reference position 
perpendicular to the outer gimbal tilt axis, servo 
motor electrical pick-off control means con 
nectible with the reversible servomotor means in 
cluding a pair of spaced electrical contactSajid an 
intermediate relatively movable contact between 
the rate gimbal and support, said last mentioned 
intermediate contact and One Or the other of 
the last mentioned spaced contacts being en 
gageable for selective energizing connection with 
the reversible servomotor means aforesaid in 
cident to tilting displacement of the rate gyro 
Scope Spin axis beyond a predetermined degree 
of tilt in either direction from said rate gimbal 
reference position to energize the servomotor 
means for Operation in the same direction as 
the energization thereof by the outer gimbal 
servOmotor pick-off control means when the outer 
gimbal is displaced away from its flight attitude 
reference position by rotation of the body about 
its fight axis, and to reversibly energize said 
servomotor means by engagement between the 
last mentioned intermediate contact and the 
other of the rate gimbal Spaced contacts in op 
position to the energization of the servomotor 
means by said Outer gimbal pick-off control 
means when the outer gimbal is relatively re 
turned toward its reference position by return ro 
tation of the Support toward its flight attitude 
reference position at a rate in excess of the pre 
determined are as determined by the rate gyro 
Scope. 
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