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[57] ABSTRACT

An aircraft arresting system providing a controlled,
gradual aircraft deceleration is disclosed. The system
includes an arresting barrier comprised of a triggering
net/parachute combination. The triggering net is
aligned transversely to the runway and is actuated by
contact with the aircraft nose landing gear. An engag-
ing cable, releasably retained on the triggering net, is
then thrust upwardly to entangle the aircraft main land-
ing gear. A pair of parachutes, attached to the engaging
cable, are deployed as a result of the continued aircraft
motion. Once deployed, the parachutes provide the

" desired gradual decelerative force to slow the aircraft.

The preferred embodiment of the aircraft arresting
system includes three arresting barriers spaced a dis-
tance longitudinally on the runway to provide a reliable
aircraft engagement and a controlled rate of arrest. An
associated method is disclosed wherein the rate of arrest
of the aircraft is determined after deployment of the
first set of parachutes, and the second or third barriers
deployed to provide a greater rate of arrest when de-
sired.

11 Claims, 3 Drawing Sheets

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent, No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 U.S.C. 157,
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1
AIRCRAFT ARRESTING SYSTEM AND METHOD

RIGHTS OF THE GOVERNMENT

The invention described herein may be manufactured
and used by or for the Government of the United States
for all governmental purposes without the payment of
any royalty.

BACKGROUND OF THE INVENTION

The present invention relates generally to systems
and methods for arresting aircraft and, more particu-
larly, to a runway mounted aircraft arresting system and
method utilizing aircraft engaging triggering nets with
parachutes attached thereto to provide a controlled,
reliable aircraft arrest.

The advantages of providing reliable runway
mounted aircraft arresting systems are known. Indeed,
such systems are necessary to arrest modern jet aircraft
landing on shortened runways such as found on aircraft
carriers, for example. Further, such systems are of tre-
mendous benefit during emergency landings of mal-
functioning aircraft or to prevent accidental travel be-
yond the end of the runway.

The desirability of an effective aircraft arresting sys-
tem is even more apparent when usage in non-powered
landing situations such as experienced in the National
Aeronautics and Space this application, the aircraft
must land safely the first time as no second attempts are
available. This problem becomes compounded in a
flight abort situation wherein the shuttle is forced to
land with a nearly full complement of fuel and equip-
ment and is thus very heavily laden. This increases
stopping distances and the probability of aircraft dam-
age if high decelerative forces are applied to the exter-
nal structure in an attempt to arrest the aircraft. Thus,
the typical emergency type barriers such as end of the
runway nets or the like are not suitable in this applica-
tion.

Several aircraft arresting systems providing a more
gradual arrest rate have been developed to date. For
example, U.S. Pat. No. 3,029,049 to Walker entitled
“Deceleration Gear” discloses a runway mounted appa-
ratus for arresting aircraft. The apparatus disclosed
includes an arresting cable assembly, a pair of stan-
chions for locating and supporting the cable assembly
and one or more parachutes retained within receiving
container assemblies During operation, an aircraft
mounted hook snags the cable assembly, thereby releas-
ing it from the stanchions. Simultaneously, the para-
chutes are pulled from their respective containers. As
shown, the Walker apparatus is rather complicated and
thus not suited to quick deployment in an emergency
type situation. Additionally, since an aircraft mounted
hook is required, use of the apparatus is limited to air-
craft so equipped.

U.S. Pat. No. 3,484,061 to Niemkiewicz discloses an
aircraft arresting system utilizing two aircraft engaging
cables or pendants. First and second energy absorbing
units are attached to the pendants to provide the arrest-
ing force. The magnitude of the arresting force is varied
depending on which pendant is engaged. This increases
system complexity as well as the time and expense of
preparing the system for usage. Further, high forces are
applied during a short period of time, exacerbating
aircraft damage and thus rendering the apparatus un-
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suitable for many applications, such as for the space
shuttle program as recited above.

A need exists therefore for an improved aircraft ar-
resting system. Such a system would be simple, reliable
and adaptable to a wide variety of aircraft in use today.

It is, therefore, a primary object of the present inven-
tion to provide an improved aircraft arresting system
overcoming the limitations and disadvantages of the
prior art.

It is another object of the present invention to pro-
vide an aircraft arresting system suitable for use on a
wide variety of aircraft and runway configurations.

It is yet another object of the present invention to
provide an aircraft arresting system which can be
quickly deployed for use in emergency situations or the
like.

It is still another object of the present invention to
provide an aircraft arresting system capable of deceler-
ating heavy aircraft landing at high speeds with minimal
damage to either the aircraft or its contents.

It is still another object of the present invention to

" provide an aircraft arresting system utilizing multiple,
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selectively deployable arresting barriers to provide
reliable, gradual deceleration of the aircraft over the
length of runway travel.

These and other objects of the invention will become
apparent as the description of representative embodi-
ments proceeds.

SUMMARY OF THE INVENTION

In accordance with the foregoing principles and ob-
jects of the invention, an aircraft arresting system and
method are described. The preferred embodiment of the
present invention includes three spaced ‘arresting barri-
ers. Each barrier is comprised of a triggering net for
contacting the aircraft and a pair of parachutes, de-
ployed by the action of the net, to provide desired de-
celerative force to slow the aircraft.

The triggering net is aligned transversely to the longi-
tudinal axis of the runway. The net is retained at both
sides of runway by stanchions. Advantageously, the
stanchions are pivotally mounted with respect to the
ground to allow the net to be readily raised to the oper-
ative position or lowered to inoperative or bypass posi-
tion.

As will be apparent to one skilled in the art, suitable
means can be utilized for remote deployment of the
arresting barrier. In this way, the triggering net can be
installed on the runway in advance and then quickly
raised to the operative position on an as needed basis.
When in the bypass mode, aircraft can simply pass over
the net without deploying the parachutes.

An aircraft engaging cable or pendant is releasably
retained on the bottom edge of the triggering net. A pair
of parachutes for decelerating the aircraft are attached
to the engaging cable. In the preferred embodiment, the
engaging cable is a continuous loop and the parachutes
are slidingly engaged thereon. This sliding engagement
provides an enhanced braking effect by allowing the
parachutes, once deployed, to quickly center them-
selves behind the aircraft and thus exert the maximum
drag.

During operation, the nose landing gear of the air-
craft strikes the triggering net. The continued motion of
the causes the engaging cable to be thrust upwardly.
The maintaining gear of the aircraft is then entangled by
the cable as aircraft gontinues its forward motion.
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The parachutes, being engaged upon the cable, are

pulied behind the aircraft and forced into deployment.

The preferred embodiment utilizes secondary or drogue
parachutes to provide an initial drag to substantially
increase the probability of main parachute deployment.
However, if one parachute should fail to open, the re-
maining parachute will center behind the aircraft, due
to the sliding engagement, thereby avoiding any unde-
sirable drag steer effect.

As previously described, the aircraft arresting system
and method of the present invention utilizes three ar-
resting barriers each spaced a distance longitudinally
down the runway. Each barrier is independently posi-
tionable to the operative or bypass position. According
to the method of the present invention, the rate of arrest
is determined after deployment of the first set of para-
chutes. More specifically, it the parachutes fail to de-
ploy at the first barrier or if a greater rate of decelera-
tion is desired, the next barrier is raised by the operator
in readiness for contact with the aircraft. The determin-
ing step above is then repeated and the third barrier is
raised, if desired.

DESCRIPTION OF THE DRAWINGS

The invention will be more clearly understood from
the following detailed description of representative
embodiments thereof read in conjunction with the ac-
companying drawings wherein:

FIG. 1 is a perspective view of the aircraft arresting
system of the present invention;

FIG. 2 is a perspective view of the aircraft arresting
system of the present invention, showing an aircraft
immediately prior to engagement with the arresting
barrier;

FIG. 3 is a perspective view of the aircraft after en-
gagement with an arresting barrier and deployment of
the decelerating parachutes;

FIGS. 4-7 are diagrammatic views of the aircraft
arresting system of the present invention showing se-
quentially the action of an arresting barrier.

DETAILED DESCRIPTION

Reference is directed to FIG. 1 wherein the aircraft
arresting system 10 of the present invention is illus-
trated. The preferred embodiment of the system 10
includes three spaced arresting barriers 12 for contact-
ing the aircraft 14. Each barrier 12 is operable indepen-
dently of the others. As shown, the aircraft 14 for which
the preferred embodiment is described is the NASA
space shuttle. Space shuttle landings present particular
problems such as high aircraft landing speeds, limited
maneuverability, high weight, etc. The system 10 has
the capability of arresting a fully laden shuttle in a flight
abort situation with a minimum of aircraft damage. It
should be realized, however, that the system 10 can be
effectively utilized on a wide variety of aircraft. For
example, the system 10 has tremendous utility in com-
mercial passenger aircraft applications where a gradual
deceleration rate coupled with minimal forces applied
to the aircraft interior are highly desirable.

As shown in FIGS. 2 and 3, each barrier 12 is com-
prised of a triggering net 16 and a pair of parachutes 18.
It should be pointed out that although the preferred
embodiment is described in terms of utilizing para-
chutes, other fluid braking means such as hydraulic
systems can be effectively used. The parachutes 18 are
deployed by the aircraft engaging action of the net 16
components as will be described below to provide the
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desired decelerative force to arrest the aircraft 14. Ad-
vantageously, the parachutes 18 also provide adaptabil-
ity to the system 10. This is because although sized for
a specific application they are readily interchangeable
as desired for different aircraft applications or decelera-
tive rates. Thus, the system 10 is relatively easily and
inexpensively adapted to a maximum number of appli-
cations.

As shown in FIGS. 1 and 2, each triggering net 16 is
aligned transversely to the longitudinal axis of the run-
way 20. The first net 16 is located a predetermined
distance from the approach end of the runway 20. This
distance will be aircraft specific and will also be dic-
tated by the length of the runway available. In the pre-
ferred embodiment, for example, this distance is approx-
imately 6000 feet. This will allow the aircraft 14 to
apply initial aerodynamic braking, if conditions permit,
and then achieve a three-point attitude prior to engage-
ment. The other two nets 16 are spaced a distance from
the first net and each other. In the preferred embodi-
ment, this distance is 1500 feet. Each net 16 is retained

" at the edges of the runway 20 by support stanchions 22.

Advantageously, the stanchions 22 are pivotally
mounted with respect to the runway to facilitate raising
or lowering the arresting barrier 12 as desired. Appro-
priate means (not shown) can be implemented to facili-
tate remote positioning of the stanchions 22. This facili-
tates an advance system 10 installation and later barrier
12 positioning quickly and on an as needed basis.

Advantageously and according to an important as-
pect of the present invention, the provision of three
arresting barriers 12 in the system 10 creates a double
redundancy factor for enhanced safety and reliability.
Further, and according to the method of the present
invention, increased deceleration rates can be selec-
tively provided by utilizing the second or even the third
barrier. More specifically and as will be described in
more detail below, the performance of the system 10 is
fine-tuned by determining the rate of arrest after the
deployment of the first set of parachutes 18 and by
positioning the next arresting barrier 12, if necessary, to
provide a greater rate of arrest. Therefore, a controlled,
gradual rate of deceleration is possible utilizing the
system 10 and method. This provides a reliable aircraft
14 arrest while minimizing damage to either the aircraft
or its cargo representing a great improvement over the
prior art systems which exert high arresting forces over
a short period of time, resulting in aircraft damage or,
worse, a complete failure to arrest.

As shown in FIG. 2 an engaging cable 24 is releasably
retained on the bottom of the triggering net 16. Accord-
ing to an important aspect of the present invention, the
cable 24 is a continuous loop and the parachutes 18 are
attached by a sliding engagement. This sliding engage-
ment can be accomplished by utilizing a ring encircling
the cable 24 or by other low friction means as desired.
Advantageously, the looped cable/sliding parachute
combination provides an enhanced braking effect by
allowing the parachutes 18 to freely move along the
cable 24. This allows the parachutes 18 to center them-
selves behind the aircraft 14. (See FIG. 3). In the event
that one parachute should fail to open, the other para-
chute 18, due to the sliding engagement, centers behind
the aircraft 14 to provide a centrally located decelera-
tion force and avoid any undesirable drag steer effects.

Reference is directed to FIGS. 2 and 4-7 wherein the
operation of an arresting barrier 12 is shown. Prior to
the approach of the aircraft 14, the first triggering net
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16 may be positioned. As stated, this is accomplished by
raising the stanchions 22. The direction of motion of the
aircraft 14 during landing is shown by action arrow A. As
shown in FIGS. 2 and 4 the nose gear 26 of the aircraft
14 approaches and strikes the triggering net 16 of the
arresting barrier 12. The net is anchored to the runway
20 in both the fore and aft positions, by portions 28 and
30 respectively. As shown in FIG. 5, as the aircraft 14
continues travelling in the forward direction the for-
ward portion 28 of the net 16 is raised upwardly and
breaks away from the surface of the runway 20. As the
aircraft 14 motion continues, and as shown in FIG. 6,
the aft portion 30 of the net is stretched taut. This action
has the effect of releasing the cable 24 and simulta-
neously thrusting it upwardly in the direction of action
arrow B. While airborne, the cable 24 is struck and thus
entangled by the aircraft main landing gear 32. Finally,
the aft portion 30 of the net 16 breaks away from the
runway 20 as shown in FIG. 7.

As the aircraft 14 motion continues, the cable 24,
being entangled by the main landing gear 32, becomes
taut and exerts a pulling force upon the parachutes 18,
forcing them into deployment. As shown in FIG. 2,
secondary or drogue parachutes 34 provide an initial
drag to assure deployment of the parachutes 18. Stands
36 and 38 locate and retain the main parachutes 18 and
the drogue parachutes 34 respectively. The stands 36,
38 maintain the parachutes 18, 34 above the ground in
readiness for usage and thus assist in deployment.

10
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oped without departing from the spirit of the invention
or from the scope of the appended claims.

We claim:

1. An arresting system for aircraft having ground
engaging landing gear including a forward nose gear
and a main landing gear, for use on a runway having an
elongated longitudinal axis, comprising:

triggering means operable upon contact with the

aircraft nose gear, said triggering means being a net
having a top and bottom edge, and being aligned
transversely to the longitudinal axis of the runway,
said top edge being of a height less than the height
of the aircraft;

means actuated by said triggering means for engaging

the main landing gear of the aircraft; and

fluid braking means attached to said engaging means

for arresting the aircraft.

2. The arresting system of claim 1, wherein said en-
gaging means is a cable releasably retained on said bot-
tom edge of said net.

3. The arresting system of claim 1, wherein said brak-

" ing means is at least one parachute.

25

As previously stated, and according to the method of 30

the present invention, the rate of deceleration of the
aircraft 14 is determined after contact with the first
barrier 12. This determination can be performed visu-
ally by observing whether both parachutes 18 have
fully deployed. Additionally, suitable means (not
shown) such as an aircraft mounted accelerometer can
be consulted to provide a value for the rate of decelera-
tion. This value is then compared to previously deter-
mined operational parameters based upon aircraft type
and weight, landing speed, runway length, availability
of aircraft brakes, etc. If the rate of deceleration is insuf-
ficient, based upon the above, the next arresting barrier
12 is raised. The operation of each subsequent barrier 12
upon contact with the aircraft 14 is as heretofore de-
scribed.

In summary, numerous benefits have been described
from employing the principles of the present invention.
The aircraft arresting system 10 and associated method
can be used effectively in a wide variety of aircraft
applications, and the space shuttle in particular. The
provision of three arresting barriers 12 provides in-
creased safety and reliability through double redun-
dancy and also provides for a further degree of flexibil-
ity by allowing the operator to utilize an additional
barrier(s) 12 when a greater rate of deceleration is de-
sired. It should be understood that certain modifications
to the equipment dafining the system 10 of the invention
or to the operative steps of the method may be made as
might occur to one with skill in the field of this inven-
tion within the scope of the appended claims. All em-
bodiments contemplated hereunder which achieve the
objects of the invention have therefore not been shown
in complete detail. Other embodiments may be devel-
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4. The arresting system of claim 1, wherein said trig-
gering means is located a distance from the approach
end of the runway.

5. The arresting system of claim 4, wherein said dis-
tance is about 6000 feet.

6. The arresting system of claim 5, further including a
second arresting system and a third arresting system,
said second arresting system being spaced 1500 feet
from the first mentioned arresting system away from the
approach end of the runway, said third arresting system
being spaced 1500 feet from said second arresting sys-
tem away from the approach end of the runway.

7. The arresting system of claim 1, wherein said brak-
ing means is two parachutes, each of said parachutes
being situated on opposite sides of the runway.

8. The arresting system of claim 7, wherein each said
parachute is slidingly engaged upon said cable.

9. The arresting system of claim 8, wherein each said
parachute includes deployment means.

10. The arresting system of claim 9, wherein said
deployment means is a secondary parachute.

11. A method of arresting an aircraft having ground
engaging landing gear including a forward nose gear
and a main landing gear upon a runway having an elon-
gated longitudinal axis comprising the steps of:

(a) positioning a triggering net having a height less
than the height of the aircraft, a landing gear en-
gaging cable and fluid braking means attached
thereto transversely to the longitudinal axis of the
runway;

(b) engaging the main landing gear with said cable in
response to contact of said net by the aircraft nose
gear;

(c) deploying said fluid braking means by said cable
to arrest the aircraft;

(d) determining the rate of arrest of the aircraft; and,

(e) repeating steps (a) through (c) to effect a greater
rate of arrest from said determining step, when

desired.
* * * * *



