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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 flight 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 bomib 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. Various 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 em-
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 z
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.

Tig. 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. 8 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 flight contro] 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 1 are movable in op-
posite directions in response to the operation of
3 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



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 assembly includes an upper -or -directional
gyroscope .and the lower or rate gyrdscope 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 electric motor 33 motnted on “the ‘inter
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 bomb. Prior to launching, the directional gy-
roscope wheel 2§ rotates about a horizontal-1ater~
al axis across the fightipath of the bomb, the in-
=ner-gimbal- member-22-being rotatable.about-a lat-
-eral-axis, and the outer-gimbal member-23 being
rotatable about the longitudinal axis of the bomb.
-Fhe: upper pivot-shaft 24 for -the -outer .gimbal
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42 is provided, the piston being connected to an
arm projecting irom the gimbal 32 constitutes a
dash-pot tending to dampen the osciliation of
the rate gyroscope and reduce hunting.

As diagrammatically illustrated in Fig. 2, left
and right solenoids L and R are provided to ac-
tuate the-ailsrons 6 and 7.oppositely.in one di-
rection orthe gpposite Hirection to:cause appii-
cation of right or left rotative torque to the bomb
about its longitudinal axis. A battery 41{, illus-
trated in the right-hand portion of the Fig. 2,
‘is ‘adapted 1o be ‘connected to the sclenoids L
and-R through the directional gyroscope contacts
28 or-27 whenever-the bomb commences to rotate
in‘one direction or:the other about its iongitudinal
flight axis, the correct solenoid being energized
to correct the rotation to normal; that is; to move
the ailerons 6 and 7 in such. directions a5 to apply
a corrective torque in-the direction opposite to
_the. direetion .of -rotation .of the bomb. .For.ex-
ample, ‘it will be. noted from the circuit connec-
tions as'illustrated that rotation of the directiondl

. gyroscope radial switch arm 25 to the righi as

-member 28-extends throughthe .top-of the frame -

:member 82 in suitable bushings,-and hasa-radial
scontact arm: 25 secured-thereto,-adapted to selec-
tively make electrical contact with -either:of a
“pair of ‘spaced 'semi-circular--insulated contact
~segments -or plates :28 -and 27 forming ‘a spiit

confact ‘ring ‘with -the -ends separated and in- -
When- the upper gyro- -

-sulated ‘from each other.
-scopé ‘rotor 2i is in the ‘plane -of the supporting
frame 38, as-shown :in Fig. 3, -the switch arm
:2%5 rests on the insulated portion-intermediate-the

=énds of the contact plates, but rotation of the

-outer-ginibal 23 to theleft or right:from this. pre-
‘determined reference position will -cause the
sswitch-arm 25 to contact ‘the-corresponding elec-

~trical comtact segments 26 or-27. It:willbe:under-

stood that after iaunching, the bomb turnssub-

rstantially--90° and continues to :travel with both
-inner gimbai -axes-across the ,ﬂig-h-t 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: frame. with both -of -its -end ;journal .shafts
sextending through the sides-of-the frame. The
sright-hand trunnion, -or. pivot.member, as viewed
in-Figs. 3 and.4-has.a contact-or-switch arm- 85
-seeured thereto, adapted to-make-electrical con-
tact with-a contact-se_gmentf%,-vor:a, contact seg-
.ment 37 of a-split contact ring, the .ends of the

‘segments being spaced-and 1nsu1ated from each -.

~other, similar-to the contact ring associated with
the dlrectlonal gyroscope prevmusly déscribed, but
the spacing between the ends of the. contact.seg-
_ments. 35 and 37 is greater than the end spacing
of the segments 26—27. .
~mits.a limited angular movement of the switch
arm 3§ -without closing either.of the electrical ¢ir-
_Gults through the sngments 36, .37 of ‘thie split
contact ring. 'The’left-Hand trumnion 38 of ‘the
.rate gimbal carries a spring “terisionied ‘torque arm
"88 séeured tharéto, to provide a restoring torque
tending to donistantly center ‘the .gyroscope and
"determine the relative degree of . precession of the
“rate-gyroscope with respect to the rotative depar-

“tlfe of ‘the rate ginibal 32 incidert to rotation of -

“the support 3¢ by the bomb and prevent elosure

“of either of the contacts 38 or 31, ‘except when
‘the rate ‘precession due .to totation of the bomo
.€x6e6ds a prédetermined “degtee.

" *A’gash-pot comiprising a éylindeér #1°and piston -

"This wider spacing per--
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viewed in Fig. 2 incident fo a Teft-hand roll of
the-bomb, will contact the contact plaie 21, clos-
ing fhe-cizcuit to relay B, closing solenoid con-
tact .arm {8, energizing the work .solencid 1. of
.the.sérvemotor device, “while movement of ‘the
“switch arm 25 to.tHe left, incident toa right rall,
would contact the Segmiert 26, enérgizing “the
re’lmy A, and throiigh .contact {1, closed by “the

relay A, energize work soléncid R, setting the
filght contro! siirfaces 8 and 7.to oppose the roll.
Rolliin mtnev' dlrectlon ‘therefore, catises closure
of one ¢f tlie ¢oritadts 27 or 26 with arm 25 and
_therefme results in correctlve movembnt of +1~e

Leverse tmque to Teversethe' roll of the ba*no
The' glectrical contiections 'to the rate of turn
;gyraqcope .as illustrated are such as to close the
-eireuit “to “the ‘left or.right sélemoid ‘1. or "R, ac-
“tuating the control surfaces” 6 and T:to opwose the
bonib rotation from neutral position which pre-
‘cessed the rategyroscope, or.to return the aileron
Aight control "suifaces B and .7 to their neutral
‘position "whén “the [rate of ‘réturn of the ‘homb
toward “its neutral . position exceeds a predster-
‘mined rate. “Thus, during return of ‘the ‘bomb
dowsrad [its Teutral position, if the correcting
_torgue produced (by .the ailerons rasults in -an
-angllar.return vélocity'in excess of‘the predeter-
‘minéd réturn torque “that: is necessary as deter-
“iined by the rate Of tilt determining spring’ of
“the rate gyroscope, "for “example, in excess of 5
degrees per secend, “which dlso -involves  the
‘atotnt “of spdce ‘bétwesn the rate gyroscope
Zswitch contact segments 36 arid 27, the ailerony’
“positions will ‘Bereturnedto neutral In the first
~case mentioned: above'in which the'L solenoid has
“been ‘énergized by :a clodkvwise directional move-
ment of the directional gyroscope switch arm 28,
thie switch ‘arm"35-of the*rate gyroscope is moved
.In-the same direction to close a circuit through
“rélay . B, contacts 6 and’ {2, ‘to actuate work
solenoid. L “moving the ailerons ‘¢ and 7 to apply
’opposmg torque ‘to the” rotatmn of ‘the bomb, biit
iff the recovery angular-velocity has excesded the
“predetermined “rate such as that set ‘forth 5f-5 -
“degrees per second ‘the rate .gimbal arm ‘85 will
-contact segment 31, thus “energizing “the - work
i s0lenoid R while’ the Work solenoid 1. is energized
by the direction ‘gyroscope “contact arm: 25 and
c"\ntrol ‘surfaces will be moved to neutral.
. Tt the rotational rate ‘of “the- “bomb “from - its
‘nevtral “position*to the rlght or‘the-left-is ata
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rate In excess of 5 degrees per sécofid, solenoid L
.or R will be energized through the corresponding
-relays B, B’vor 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 solenocids R

and L will both be energized, and the control
-gurfaces 8 and 7 will be moved to neutral.

It will be apparent that the roll contrel system
described is nof limited to a bomb having control
surfaces of the shape and proportion shown in
Fig. 1. Various arrangements might be used,
‘such as one including a movable rudder in addi-
-tion to the elevator. The gyroscope unit has been

built and operated with gyroscope wheels which

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-
-secope in combination to produce a device which

can hold an orientation of a flight body about its 2

flight axis without performing excessive hunting.
A secondary feature of interest, primarily in high
-angle hombing, is the positioning of both gyro-
- secopes, so that their axes of rotation are perpen-
- dicular to the plane of bomb trajectory.
Tclaim:
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

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 gimbal
“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
5 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
" earried 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 tlhie rate gyroscope gimbal and the sup-
port comprising two semi-circular contact plates
. fixed in insulated end to end spaced relation con-
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-
" determined reference position, for contacting en~

35

o)

60

65

0

8
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 flight
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 g 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 g tilt axis
disposed parallel to the support axis, an inner
gimbal carried by said outer gimbkal having a
tilt axis dispesed perpendicular to the outer gim-
bal tilt axis, o, 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 ouber gimbal tilt axis and perpendicular
to the longitudinal axis of the support and a
power driven gyroscope rofor mounted in said
rate gimbal with its spin axis disposed perpen-
dicular to the rate gimbal axis and perpendicu-
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 aXxis in one direction
or the other caused by rotation of the body about
its longitudinal axis, and electrical controlling
circuits -connecting the semi-circular contact
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“plates together which re encagesbls by the rate
~and outer gimbal icontact wrms during the time
when the support s ‘rotating away from its wef-
~erence position in -onme direction in -excess :of «a
predetermined rate, and elsctrically -connecting
the wemi-circular -contacts together which are
sengageable by the rate and outer gimbal contact
‘arms [durintg . the time when the support is ro-
bated from said initial reference position in the

-opposite direction in excess .of sa predetermined :

rate, an electrical circuit connection between the
Jrate and euter gimbal contact arms, and electri-
cal operating connections between said elechii-
wallly -cennected pairs of :semi~circular contact
Pplates and the servomotor for respectively .ener-~
#lzing said servemdtor inreverse.directions;and a
eommon power supply -connection between syid
servomotor and said - electrical -interconnection
between the-contact arms.

3. A gyroscope flight control :device for a flight ..

body having g longitudinal flight axis:and g ten-
dency tc roll aboutl said :flight axis :and ;servo~
motor actuated fight -attitude :adjusting means;
said -flight .control -device comprising o support

‘earried by the body having :a longitudihal mxis .

‘disposed parallel to the fight akis .of the body,
--a:stabilizing :gyroscope gimballed -on the isupport
Afor universal freedcm with its tilting and:rotating
«center on the longitudinal axis-of thessuppertand

t$hevotor spin:axis:disposed for tilting movements

in planes passing through the 'said longitudinal
ciaxis «of the support, said spin axisibeing initiglily
<idisposed in a.predetermined plane at 2n-angle 1o
the longitudinal axis of the suppont, spaced. cir-
wuit ‘controlling :electrical pick<cff contacts be-
fween the support and the stabilizing gyroscope
gimbal means, selechively energizable by angular
‘movement of the said gyroscope rofor spinaxisin
either direction ‘abeut said longitudinal axis of
‘the support from said initially .disposed position,
@ rate .gyroscope- tiltably igimballed -on said sup~
port having -its spin axis in an initially disposed
‘perpendicular referehee position to:the longitudi-
iral suppert axis :and tiltable in g ‘plane ‘extend-
ing through ‘the longitudinal ‘axis of fhe support,
abright-angles to the/aforesaid rate @yroscope tilt
‘axis, ‘whereby-rotation- of the support in either
: dnectxon ‘Precesses the said rdte giroscope spin
axisin either:direction in 2 plane passing through

said longitudinalisupport :aXis, resilient i@egree of &

precession to rabte -of turn centrol: means con-
nected between ‘the rate igyroscope gimbal End
%he support for-determining the:degree of tilting
‘precession -of the rate gyrdscope -spin axis inei-
‘dent to- wredetermined rates ‘of ‘rotation ef ‘the
“support about the  longitudinal Ssupport axis,
‘spaced -electrical ‘contact ‘membeérs between the
support and -said ‘rate gyroscope Eimbal :means
rarranged for-selective -contact, dincident to-a pre-
‘determined -degree of tilting -precession :of the
tate -gyroscope «and rate ‘gimbal from 4$he iinhitial
rate gyroscope -spin -axis reference -position,
‘caused by rotdtive -displacenient -of ‘the support
about ‘the support axis ‘in ‘exeess 6f a Ppredeter-

‘mined rateof rotation, electrical ‘connections be--

‘tween saidl wstabilizing -gyroscope :circuit -closing
igontacts and 'said rate ‘gyroscope “cireuit ‘closing
‘eontacts ‘connecting ‘said ‘spaced ‘stabilizing and
‘rate ‘gyroscope “contacts in pardliel, ‘comprising
‘two ‘separate servomotor energizing -circuits ¢on-
‘nected to-the servomotor for ‘reverse ‘operation
‘thereof, ‘whereby -rotation -of the :support ‘about
ssaid longitudinal exXis :away from The jinitial ref-
~grence ~position in one direction «or ithe -other,
‘in ‘excess-of ‘a predetermined rate energizes ione
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g
‘or -the wther -of said servomotor - atiergizing cir-
- cuits, .and rotationof said supportfion the store-
~said rotatably displaced position towsrd:said pré-
determined position,in excessof g predetermined

-5 rate, energizes hoth ©of :said ‘servomotor -energiz-

ing-circuits.

4, In a flight body havinga longitudinal fight
axis and :a tendency to rotate about szid -axis
from a predefermined flight attitude ‘position,
Tight rotation means carried by the body:for-xro-
‘tating the same nbout:its longitudingl flightaxis,
‘reversible servemotor means-carried by the body
hawving separate electrical -energizing reircitits for
“reversely .actuating ‘the . servomotor -energizing
means, ‘a ‘pair :of servomotor ;energizing relays
‘having cireuit closing ‘contacts -connepted to-one
of the servemotor energizing ‘circuits for actuat-
ing the servomotor:in:one-direction, asecond pair
‘of servomotor -energizing xelays ‘having -circuit
closing contacts ‘connected -to the other .servo-
mator energizing cirenit for avtuating the servo-
‘motor in-the reverse -direction, g free gyrescope
gimballed on the bedy having an outer gimbal
avithits4ilt -axis parallel to the lengitudinal. ﬁlght
axis of the body,-electrical pick~off -contact means
between the outer gimbal and the hody .ecom-
prising 2 pair.of end-te end spaced contacts:and

-3 elatively movable single contact ‘member .dis-
pesed “between the spaced-ends of the padr wof
‘contacts when the -outer .gimbal is in .a -prede-
termined reference positien on .the -body .and
movable incident to zelative .movement be
the-outer gimbal -and body, .an enexgizing -mcuit
connecting .each -of said sspaced contacts afore-
said o one relay of each.of the two .pairs of re-
ays,-a Tate- gyroscope carrvied by the body hamng

- s tilt. axis:disposed in a predetermined reference
‘position transverse o the longitudinal axis. oht,he
Jbody :and a rabe yroscope rotor -carried hy:.the
rategimbal with -dts spin - -axis transverse to.the
rate :gimbal-and -outer simbal ilt.axes, yxeldable
rate determzmng means oonnected ‘between the
wate gimbal .and the body. for -determining the

-«degree - of " Precession -of the rate ..gyroscepe
.rotor:spin-axis-to the rate @fxotwtlon .of £he hody
abeut-its tongitudinal .axis, ;rate.gyroscope €lec-
drical plck-off centact -means between the I:ate

;gimbal -and the body :comprising .a.: :pair .of end 40

" end :spaced rate -gyroscope -contacts .and :a Single

wate wgyroscope <contact member .canried by -the
shody and the rate glmb&l with -the - single.
< :gyrescope contact -member :disposed mtermedw.te
the wends.-of the spaced rate EYTOSCOope contaats
awhen :the rate:gimbal is in-its reference -positmn
and relatively:shiftable 1nc1dent to. the t11t1ng dis-
iplacement betweenthe rate: g1mbal andsthe body,
tthe ends .of said spaced ;rate. gyroscope contacts

doeing :spaced ‘apart a predetermined distanece o
permit @ predetermined -degree of -tilbingpreces-
sion ‘of sthe rate gimbsdl before conkacting .rela-
‘tion ds iestablished between the single .contact
‘member 6f ithe: rate igyroscope and :either .of {the
:spaced rate w@yroscope ‘pick-off .contacts, and:an
selectricgl circuit -connectien between ;the remain-
ing -one:of each of ‘the pairs-of relay.devices.and
each of thespaced rate igyroscope centacts,:and
2 common :relay ‘energizing return-cireuit con-
mnecting the single:-gontact members of the-outer

c:and rateigyroscopes:ahd the two:pgirs: ofﬂrela‘ys,
5. In ga:flightattitude:controldevice,. a -support
having :a.longitudinal :flightaxis-and:a dendency

#o rotate drom 2 ipredetermined- flicht attitude

'position :about said Hight -axis; :a Aree :gyroscope

;gimpalled .on :said :support with -its wobor sspin

75 axis trawsverse o the:said Right axis, & pair of

=
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$paced electrical servomotor pick-off contact
mezans 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 ifs spin
axis transverse to the longitudinal flight axis of
the support, yieldable rate of rotation of the sup-
port determining meais 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,
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
g 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 rota-
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 flight 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 flight
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 flight axis of the body, an outer gimbal
rotatably carried by the support on an aXis par- 7

allel to the predetermined flight attitude axis
of the support, an inner gimbal tiltably carried
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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 gimbal tilb 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 cuter gimbal, said intermediate con-
tact and one of said spaced contacts beillg en-
gageable for actuation of the reversible servo-
motor means in one direction incident to rota-
tive displacement between the outer gimbal and
support in one direction from a predeiermined
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 ihe sup-
port comprising a rate gimbal tiltably journalled
on the support on 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 fiight 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 contacts and 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 saforesaid 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 ifs flight attitude
reference position by rotation of the body about
its fiisht 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. .
BERTRAM E. WARREN.
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