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- . 1 N - :
DEPLOYABLE FLEXIBLE VENTRAL FINS FOR
USE AS AN EMERGENCY SPIN:RECOVERY
DEVICE IN AIRCRAFT

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactured and used by or for the Government for
governmental purposes without the payment of any
royalities thereon or therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a flexible ventral fin device
which may be deployed when nécessary to function as
an emergency spin-recovery device for use with air-
craft. v

2. Description of the Prior Art :

Emergency spm recovery devices utlhzed in the
event aircraft spin cannot be terminated by the use of
aircraft control surfaces are known in the art. Such de-
vices are especially required during flight demonstra-
tions to permit aircraft spin-recovery when conducting
tests to determine if the aircraft will satlsfactorlly re-
cover from spins.

One prior art device extensively used in emergency
spin-recovery is a tail-mounted parachute. However,
inasmuch as the parachute trails above an aircraft in a
spin, it is possible that the parachute will not properly
inflate because of the blanketing effect of aircraft
wake. Further, because the parachute canopy is depen-
dent .upon. aerodynamic forces which are generally
small to open it, the parachute is susceptible: to. mal-
functions caused by improper packing techniques, me-
chanical defects, and weight eﬁ'ects The use of a tail-

.mounted parachute to produce an antispin yawing mo-
ment effective to terminate a spin also causes a very
large nose-down pitching moment to be produced
which may retard the spin recoveries of certain types
of aircraft, and aircraft structures must be strengthened
considerably at considerable expense to withstand this
pitching moment.

Another type of emergency spm-recovery devnce in-
volves the use of rockets. However inasmuch as the du-
ration of rocket thrust is limited, it is possible that the
aircraft may not have recovered from a spin before the
rocket fuel is exhausted. Further, the aircraft may re-
cover from a spin in one direction and then enter a spin
in the opposite direction if the thurst is not terminated
immediately upon cessation of spin rotation.

Small fixed ventral fins have been used effectively on
small, light private airplanes to improve the spin recov-
ery characteristics thereof but, because their size is lim-
ited by ground-clearance requirements, prior art type
ventral fins have generally been ineffective on fighter
and attack airplanes. Further prior art ventral fins
made of rigid materials cannot be retracted easily for
stowage, and thus are small in size to minimize their ef-
fect on performance characteristics of the aircraft.

The deployment of flexible materials for use in con-
junction with aircraft to perform certain functions is
also known in the art. The Connors U.S. Pat. No.
-3,098,630 discloses an annular supersonic decellerator
which may be deployed, having support arms for an an-
nulus of metallic fabric pivotted together and erected
in response to the movement of a central arm. The
Rogallo U.S. Pat. No. 3,185,412 discloses a flexible
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wing vehicle wherein a wing of flexible material is de-
ployed through erection of support struts which are
moveable in response to spreader links.

SUMMARY OF THE DISCLOSURE

The deficiencies and disadvantages of the prior art
are solved by the instant invention which relates to flex-
ible ventral fins deployable for the purpose of spin-
recovery of aircraft. The ventral fins according to the
invention are deployable to form a triangular planform
covered with a flexible material such as nylon fabric.
Rigid members are secured to two sides of the triangle,
and a spreader bar mechanism is attached to the rigid
members. The spreader bar mechanism comprises first
and second arms, one end of the first and second arms
being pivotally attached to respective rigid members,
the other ends of the first and second arms being pivot-
ally attached to each other. An actuator mechanism is
coupled to the pivotal connection of the two other ends
of the arms and is operable to deploy the ventral fins
to a spin-recovery position wherein the fabric forms a
substantially triangular shape, and to a stowage posi-
tion to retract the ventral fins in packaged form for
stowage during non-use.

. The ventral fin device may be mounted externally be-

neath the airplane fuselage or mounted inside the bot-
tom of the fuselage for streamlining purposes. One em-
bodiment includes a single ventral fin that can be de-
flected a certain amount in a direction to oppose the
spin. Another embodiment includes two single ventral
fins joined together to form an inverted “V™”, which
need not be deflected.

The flexible ventral fin device according to the inven-

tion provides the following advantages:

1. it is always in free-stream air in a spin because it
is attached beneath the aircraft fuselage;

2. it is deployabl€ positively by mechanical means;

3. the maémtude of the aerodynamic pitching pro-
duced by it is small;

4. it is not consumed during use, and it therefore does
not have a set use period as a rocket does; and,

5 it is reusable.

' BR]EF DESCRIP’T]ON OF THE DRAWINGS

FIGS. 1(a), 1(b) and 1(c) show a ventral fin, which
is in retracted position in FIG. 1(a), partially retracted
in FIG. 1(b), and in deployed position in FIG. 1(c).

FIGS. 2(a), 2(b) and 2(c) show different views of a
single ventral fin device according to the invention in
deployed condition;

FIGS. 3(a) and 3(b) show different views of an in-
verted V' ventral fin device according to the inven-
tion;

FIG. 4 shows one possible locatnon for a single ven- .
tral fin device according to the invention installed on
a McDonnel F-4 airplane;

FIG. § shows one possible location for a single ven-
tral fin device according to the invention installed on
a General Dynamigs F-111A airplane;

FIGS. 6(a and' 6(b) show a single ventral fin device
in retracted and deployed condition respectively
mounted in an alternate location on the underbody of
a McDonnel F-4 airplane.

DETAILED DESCRIPTION OF THE DISCLOSURE

FIGS. 1(a), 1(b) and 1(c) show a deployable ventral
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fin device according to the invention, with FIG. 1(a)
showing the device in retracted position for stowage,
FIG. 1(b) showing the fin in partially retracted posi-
tion,.and FIG. 1(c) showing the device in deployed po-
sition. The ventral fin device 10 comprises a triangular
planform including rigid support members 11 and 12
pinned together by pin device 13 at their connecting
ends. Flexible material 14 may comprise a material
such as nylon fabric which is easily foldable and is se-
curely attached to rigid support members 11 and 12,
Arms 18 and 16 are respectively connected by pin
means 17 and 18 to rigid members 11 and 12, The
other ends of arms 15 and 16 are pinned together by
pin means 19 to form a spreader bar mechanism, which
is connected in hinged manner to actuator device 20.
The actuator device 20 is fixed at end 21 and comprises
an extendable portion that may be retracted (from the
position shown in FIG. 1a to that shown in FIGS. 1b
and 1c¢) and in the broken line arrow direction in FIG.
1(c) to spread arms 15 and 16 apart to deploy the ven-
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tral fin as shown in FIGS. 1(b) and 1c. The extendable .

portion may be extended in the direction shown by the
solid line arrow of FIG. 1(c) to retract the ventral fin
to the retracted position shown in FIG. 1(a). Power
means (not shown) which are conventional in the art
may be utilized to operate actuator 20 to retract or de-
ploy ventral fin 10 as required. FIG. 1(c) is a right side
view of the ventral fin device in the deployed condition
whereas FIG. 1(b) is a rear view of the fin in a partially
retracted. condition to show the accordian folding of
the fabric. .

One application of the ventral fin according to the
invention is shown in FIGS. 2(a) and 2(b), with FIG.
2(a) being a side view of a single ventral fin.10
mounted at the rear underbody of an airplane 22 in de-
ployed condition. FIG. 2(b) is.a rear view .of the air-
plane showing the single ventral fin 10 of FIG, 2(a) in
an undeflected position and FIG. 2(c) is a rear view of
the fin deflected from the vertical center axis of the air-
plane by angle 8. The actuator means 20, may be fixed
to the aircraft, and rigid member 11 and pin device 13
may also be secured thereto. When a single ventral fin
is used as shown in FIGS. 2(a) and 2(b) it is necessary
to deflect the ventral fin from the vertical center axis
of the airplane in a direction to oppose the spin. Thus
right deflection is required for a right spin and left de-
flection is required for a left spin. Under such circum-
stances the pilot or an automatic sensor device must
determine the direction of spin rotation to effect the
correct fin deflection, which may be produced by con-
ventional power means as represented by block 23. Fin
deflection in either right or left direction may be ac-
complished by conventional structure such, for exam-
ple, as that shown in FIGS. 17 and 18 of the Rogallo pa-
tent discussed above.

The spreader bar mechanism disclosed not only func-
tions to deploy and retract the ventral fin device, but
also functions to stiffen the fabric material 14 of the de-
ployed ventral fin which results in improved spin recov-
eries. FIGS. 2(b) and 2(c) are rear views of the airplane
of FIG. 2(a) showing that the wind direction may pro-
duce curvature of the ventral-fin fabric.

FIGS. 3(a) and 3(b) illustrate another embodiment
of the invention wherein two ventral fin devices of
FIGS. 1(a), 1(b) and 1(c) are employed for forming an
inverted V" configuration connected to the under-
body of an airplane 32. The use of the inverted “V”
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type of ventral fin device eliminates the necessity that
the pilot or a sensor must determine the direction of
spin rotation since it is not necessary to move the fins;
the fins already have a prefixed angle when they are de-

-ployed. The inverted “V” ventral fin device is Shown in

deployed condition as a side view of the airplane in
FIG. 3(a) and in deployed condition as a front view of

-the airplane in FIG. 3(d). In actual test conditions, an-

gles of approximately 40° formed by the fins were
found to result in satisfactory spin recoveries.

FIGS. 4 and 5 show single ventral fin devices 10 ac-
cording to the invention installed on models of the
McDonnel F-4 airplane and the General Dynamics F-
111A airplane respectively. An alternate location for a
single ventral fin 10 mounted on a McDonnel F-4 air-
plane 42 is shown in FIGS. 6(a) and 6(b) with FIG.
6(a) showing the retracted position and FIG. 6(b)
showing the deployed position.

When the ventral fin device according to the inven-
tion is retracted for stowage, the two rigid members 11
and 12 of FIGS. 1(a) and 1(b) are nestled side by side
prior to spin entry. Then as they are needed, the device
is deployed by actuating the spreader mechanism to de-
ploy or spread out fabric 14 as shown in FIG. 1(e).
After spin recovery the device is retracted for stowage
and used again as required. Consequently the stowage
volume required is minimized and may be even further
reduced by folding or telescoping of the device. De-
pending upon the aircraft utilized, other locations of
the ventral fin device may be appropriate as for exam-
ple near the nose of the aircraft, on the bottom or top,
or at the rear of the aircraft as a dorsal fin. »

Although the invention has been described relative to
a particular embodiment thereof, there are obviously
numerous variations and modifications readily appar-
ent to those skilled in the art in the light of the above
teachings. It is therefore to be understood that the in-
vention may be practiced otherwise than as specifically
described.

What is claimed is:

1. An emergency spin recovery device for use with an
aircraft comprising:
at least one flexible fin mounted on the aircraft and

having a retracted position wherein the flexible fin

is compactly packaged for stowage, and a deployed
position wherein the flexible fin is deployed for

spin recovery of the aircraft; .
actuating means connected to said at least one flexi-

ble fin to selectively actuate it to the retracted and "

deployed positions, :
said flexible fin comprising first and second rigid
members, each having first ends pinned together,

a triangular shaped flexible fabric material with ad-

joining first and second sides secured to said first

and second rigid members, respectively, and said
actuating means comprises a spreader mechanism
attached to said first and second rigid members to
spread them apart about their pinned first ends to
the deployed position wherein the flexible fabric
material has a triangular planform, and to retract
them to the retracted position wherein said first
and second rigid members are nestled side-by-side
and said flexible fabric material is stored therebe-
tween in folded accordian configuration.

2, An emergency spin recovery device for use with an

aircraft as recited in claim 1 wherein said at least one

flexible fin consists of:
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flrst and second flexible fins mounted on the under-
body of the aircraft forming a predetermined angle
therebetween to provide an inverted *“V” configu-
ration in a plane substantially parallel to the frontal
plane of the aircraft, each of said first and second
flexible fins having a retracted position wherein the
flexible fin is compactly packaged for stowage, and
a deployed position wherein the flexible fin is de-
ployed for spin recovery of the aircraft, and,
actuating means connected to said first and second
flexible fins to selectively actuate them to the re-
tracted and deployed positions.
3. An emergency spin recovery device for use with an
aircraft as recited in claim 1 wherein said at least one
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6
flexible fin is mounted on the rear underbody of the air-
craft. o

4. An emergency spin recovery device for use with an
aircraft as recited in claim 3 further comprising:

means to deflect-said flexible fin in a selected direc-

tion to terminate left and right spin rotation of the
aircraft.

5. An emergency spin recovery device for use with an
aircraft as recited in claim 3 wherein said triangular
planform of said deployed flexible fin is deflected
somewhat from a vertical plane passing through the

longitudinal axis of the aircraft.
* * * * *



