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ABSTRACT

sf

A gysiemztic invesiigation has been made of the possible solutions
' to the problem of in ~flight pickup of an object from the ground with fixed
% wingaireraft, Amorphological approachis used to study this prohlem,
sinceitprovides an orderly means of asarching for possihle solutions.
: Pertinent featwres of the various syaterns which have evolved are dis-
i cussed briefly.
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2 3 Introduction

During sud prior to World War 11, several systems of aerial pick-up for cargo,gliders, 4

o ' and human subjects were developed to operational capability. These systems were of the
' i type in which s fixed wing aircraft engaged the harnress equipment of an object with x boom-

——— - .
— o W

stabilized line, and jorked it into the air while limitag the acceleration by cable pay-out

t - or elastleity. Although the feasibility of these systems was demonstrated, this type of
B operation was oot considered entirely adequate by the military for air reacue aund other

! o operationst uses, Limitations to ths versatility of this type of pickup in rescue operations

| sre the following:

. A. Conditions of good visibility are desirable.

B. A large clear ares is required.

C. Hasard is involved to subject by virtue of close proximity to aircraft at the

B {natant of contact. :

P
.
|

SR D. Hazard is involved to aireraft due to proximity to surface.

{ [ : E. Ground equipment is necessary for subject as well as special equipment for

the sireraft. 1
F. Pilot technique is involved. X

G. High acceleration loading is imposed on subject. :

|
!
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A more desirable system would minimize the previous objections and vet allow the
use of gervice aircrafl with minimum maneuvering speeds of 150 kunta, Thus the high
speedand relaiively long range capabilites of such aireraft cen be utilized. Helicopter,
¥ é - blimp, and converto-plane possibilities are exciuded from consideration in this study.
‘;' ' Ohijective -

- It was the purpose of this investigation to conduct a systemati¢ survey of all the poss-

»

—— - -
-

; . _ iblesolutionsto the probiemof aerial pickup by fixed wing aireraft in order to gemérate
; e new idess for consideration =s io fezsibility. The acope of the investigation has been
' » Umited sumewhat by consideriag systems in arcordance with a schedule of desjrability .
. which was estahlished after cousideration of the problem. This limitation was nacessary
in order to iovestigate systems of greatest promise and to resirict the amount of time

and effort that would be invo} ved in making & completely generalized study.

N Method

E s, Th® method used i one which has been described aa the "Morgphological Method™* ﬂ -
- ) by Dr. F. Zwicky of the California Instituie of fechnology, It conaists of determining |
li | % the fundamental parameters affecting a given problem, tabulating these in matrix form, i

and examining kil ccmbinations and permutations of these parameters for possible sol-

uticos, H the parametere are properly chosen, no solution will have bevn overlooked

« croin e e e o

*Described more fully in Ref. 1
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and there will be o duplication. The details of possible schemes are ot automasticaily
revesled spnd considerable ioventive genius may be required to discover them. Itis
usoally possible to immediately eliminaie many combinations dre o Lopracticality or
the boundsry conditions on the problem.

In the presenat investigation, the significant parametsrs appear to be (ke following ia
descending order of importance:

1. Number of aireraft or auxtliary guided devices iz the system
a. Ove airplane, or one plane sud paravace, or usguided device, (Ag)
b. One airpisae and attached suxilin:y iguided or zomiug) device, (A5)
c. Two sirplaues, (Ag)

€. Charscter of equipment availahie to the subject on coniact pasg
. No equipment, (B,)
b. Short resch - poles, barneas, etc., (By)
¢. Anchored low sltitude reach, (By)
d. Free floaticg or unanchored propelled equipment, (By)

$. Number of passes required to ccomplish the Flckup operation
a. Owe, (Cy)
b. Two, {C3)

¢. Continuocus (circling). etc., (Cg)

. CONFIDENTIAL
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Character of equipment atuched o the aircraft

8. Zero reach, boom, fork, or boom and pay-out, (D;)
b. Short lue (hundreds ft.}, (Do)

¢. Long line (thousands ft.), (D)

Duration of opportunity to contacl on the contact pass

a. Instantaneous, {E,)

b. Limited, (B}

c. Continucas, (Eg)
Each item has beeu Isbeled a8 ehown for convenience in fulure reference. The totality
of combinations or solutions such as Ay, Bg, Cp, Dy, Eg, ariaing from the matrix, 18
Sx4x3x3x3 = 324,

In order to limit the study to the most productive area, it i8 necessary to estahiish
an order of preference for the types of systers to be luvestigated. In this regard, it
would appear that if a successful pickup - system could be developed without resorting
to the use of more than cue alrcrafi, fAg), or frec floating or unanchored self-propelled
eqripment for the subject, (By), it would be most desirable. In addition the possihility
of improving the restricted visibility or all wesiher capabilities of the pickup scheme
would be greatly incressed, since formationor precision fiylag, which would be reqaired
of these multiple systems would be eliminsted and communication problems would be
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minimized. A single aircraft is also a smaller visual, radar, or acoustic target. In
order of preference, the remsaiming vehicle combisations are singie aircraft aand next,
single aivcraft plus attached homing or guided device.

Of second imporisace is the eguipment avallible to the subject on contact pass,
since this equipment fixea the requiremenis on the rest of the system, it ia moet advan—
tzgeous from an operational standpoint to limit the extent and coraplexity of the equipment
which the subject initially must kave in his poseession. However, cousidering the aingle
aircraft systems and iu cases of resivicted visibility conditions, & fairly elaborate rig
¢3n be dropped to him on the first pass, aince multiplicity of passes becomes less ob-
jectioncble, Under these conditions, the viaibility of this rig, time to assembla It, and
duration of its exposurs, all azsume less imporiant rolea than might otherwise be the
case.

The aumber of passes involved in the pickup ‘s of nest importance, since the poss-
ibility of detection of the subject or the aircraft increases in proportion o the numier
of passes. Again, however, the possibility of restricted viaibility operation minimizes
the importance of this factor. Repested pass svatems, however, generally imply pin-
point relscation of the subject or his equipment with the attendant complications.

Of fourth importance {c the aircesft equipment, since this factor ie more ausceptible
to control in.the deaign stages.
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The duration vf opportunity to make coutsct is primarily of importance in the amount

of t~>ining and skill of personnel involved and in incressing the posaibility of contmet

under adverse conditions due to weathar, visibility, terrain, etc.

In view of the foregoing arguments, it would appear that systems involving one sir~

craft snd no equipment for the subject are most desirable. The order of prefevence of

arrangements benseth this maximum is as follows:

1. One plane, no subject equipment, one pass

2 "~ " two pasées

‘ 8 n n " " " continuous{circling}

short reach subject equipment, one pass

§.. = n " " " two passes

6 n v B " " " cootinuous (circling)

anchored low altitude reach subject equipment, one pass

8. n " " n it n " 1 two m‘

g, n~ n " " oon " " " contionous  (circling)

6. v 0™ and auxiliary guidad or homingdevice, no subjectequiyment, one pass

11. " 1n " " " " "t " "n " ” Wo wm

12’ " n " ] L] " n " B L " conumu(circun‘)

1)
R L PR P R S
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13. One plane and auxiliary guided or homing device, short reach subject equipment,
one pass

i4. One plane and auxiliary guided or homing device, short reach subject equipment,
two passes

15. One plane and auxiliary guided or homing device, short reach aabject equipment,
continuous (circling)

18. Oneplaneand auxiliaryguided ortomingdevice, anchored low altitude reach sub-
ject equipment, one pass

17. Oneplsneand suxiliaryguided or homing device, anchored low altitude reach sub-
ject equipment, two passes

18. Oneplaneandauxilisry gulded orhoming device, anchored low altitude reach sub-
ject equipment, contizuous (circling)

Of these major combinations, esch kas 9 variations possible in the plane’s equipment
and the opportunity tocontact. This makes up s total of 162 poasibilities although it will
be shown that 54 of these are superfluous and only 108 molutions remain. These possibil-
itfes will be considered individually for soluticas.

Resulis

Previously existing or proposed schemes are diagramatically representad in Appendix 1.

Details of these schemes are described inRefs. 2 through 7. It is shown where the major-

ity of these arise in the matrix and additional suggestions are presented in AppendixIi,
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Solution

None Obvious
Al Bl C D1 None Cbvious

Not Possible

e N

g
[ ]
-
[2]
ot
o
-
[ I ]
L)
- — - -

None Obvious

Pt
-

None Obvious
Not Poasible

None Obvious

All American Engineering Proposal & or North Amsor-
ican Isstruments Ides #1

Not Poasible

Cz , lnvolving ro equipment for subject do not apparently beuefit from
two pass sysiemsa snd will not be considered.

None Obvicus

SECURITY INFORMATION

Noue Obvious ;

A, B C3 D, % None Obrious }

! Ay By Cg Dy Ey None Ohvious xg
% Ay By Cy Dy E Noue Gbvious K%
A, B; Cy Dy Eg Nowe Ohvious E

: i
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i 6. A; By CgD E None Obvious
!
: Ag By Cg Dy Ep None Obvious

A; B Cg Dy Eg KNone Obvious

Ay B3 Ca Dy E None Obvicus

A; B3 C3 Dy Eg Noge Cbvious

.!
i

R

b

Ay By Cg Dy Eg Nope Obvious

Ay By Cg D3 E; None Qbvious

Ay By Cg D3 Eg NAI Ides #1 with apiral pull out and haruess dropped
on firat pass, or NAI Ides #5

Ay B3 C3 D3 Eg AAE Proposal #10, Fulion"Rope Trick", NAlldes #2
. with harness dropped on first pass

7. Bisce sibject cannot be expacted to have equipment for anchored low aliitude reach

availahle without dropping it to him, one pass systems, A; B3 Cyp.will not be considered.

“ ’ 8. A; B3 C3 D1 Ey

Fulton "Skyhook™, AAE Propocaals #7, 9, 11, 12,
and 13, NAI Iden #8

Ay B3C; Dy Ep None Obvivus

Impossible

A; By Cy Dy Ey

Ay B3Cy; D, Ey Modified AAE Standard Technique

A; By Cp Dy Eg NAI Idea #7
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A1r B3 C3 Dy Fy

A; B3 Cp D3 Ey

A3 B3 Cg D3 E3
A] B3 C2 D3 E3
A1 Ba C3 Dy Ey
Ay By Cg D Eg
A1Bg CgD; Eg
A1B3 O3 Iy Ey
Al BgC3 D2 Ey
A; By C3 Dy Eg
A1 By C3 D3 E,
Ay By C3 D3 Ep
Ap B3 C3 D3 E4
Az By €y Dy Ey
Az By C; Dy Ep
A2 By O D) Eg
A2 By ¢ D2 By
A2 B; C; Dy £

Ag By C; D; Eg
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Impossaible
Modified AAE Standard T echnigue
NAI ldea #7
Impossible
Noue Obvious
None Obvious
NAI Idea #8
Noue Obvious
None Obvious
NAI Idea #8
Noue Obvious
HNoue Obvious

None Obvious

None Obvious
Noue Cbvioas
Impoasible

Noune Obvious
Noae Obvious

Nouwe Chbvious
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10. A, B; C; Dy By Noae Obvious

A2 B C; Dy K NAI Liea #9

Ay By ¢ D3 Ey Impossibie
11. Systems A; B; Cg,involving no equipment for subject do not make effective use of
two passes and these systems a1 - superfluous.
12. Az By C3D; E None Obvious

Az By C3 Dy E None Obvious

Ag By CgD; Eg Impossible

A2 By C3 Dy E; None Obvious

i
?
i
4
3
x
i
t
i
i
: .
i

Az B; C3 Dy Eq None Obvious
Az By Cg Dy Eg None Obvicus
Ay By C3 Dy Ey None Ohvious

Az By C3 Dg By Nune Obvious

Ag By C3 g By AAE Proposal #1 with oue piane and drone, NAI
Ides #10

18. Oue pass systems of the type Az Bg C;, &re identical to those of 14 below, but

assume suhject has necesssry equipinent in his possession originally rather than receiv~

ivg it by drop on first pass.
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14.

A2 B3 C3 D E,
A2 B3 O3 Dy K
Az By C3 Dy Ey
A2 B; C; by Ey
42 8; C; oy By
42 Bg Oy D; By
A2B3Cy g E,
42 B3 C3 Dy E;

A2 By Cy D3 By
A2 B3 C3 D E;
A2 B3 C3 Dy B
A2 B3 C3. Dy Eg
Az By C3 Dp E;
Az By Cy Dy Eg
Az B; C3 Dy Eg
A2B; C3 D3 E;
A2 By C3 D3 Eg
A2 Bg Cg D3 Eg
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None Obvious
None Obvious
Impogsibie
NAI ldes #11
Noaa Gbvious
Imposaible
NAI Ides #11

NAI Idea #9, with target and herneas dropped to
&ubject

Impossible
None Obvious
None Chvicus
ampoeaible
None Obvious
None Obvious
AT Idea #12
None Obvicus
None Gbvious

AAE Proposal #1 with droge
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16, Onepass systems ofthetypeAz Bg CI + are superflusus since subject must be dropped

necessary equipment on first paas.

17,

Az B3 O3 Dy E;
AzB3C; D) B
Az B3 C3 D; B3
Az By C3 Dy Ey
Az By G2 Iy B
Az By Cz Iy Ey
A2 By (3 D3 Ey
A2 B C3 Dg Ep
A2 By C2 Dy Eg
Az B3 Cy Dy Ky
A3 B3C3 D) B
A3 By C3 D) E3
Az By Cg Dy E;
Az B3 C3 Dy E
Az B3 Cy Dy Eg
Az By C3 Dy Ey
Az By C3 Dy &3
Az B3 C;3 D3 Eg

Noue Obvious
Rone Obvious
Imposaible
NAI Ideas #7,
None Obvious
Irapossible
NAT Ides #13
Noue Obvious
impoaaible
None Obvious
Nene Obvious
Impossible
None Obvious
None Obvious
NAI Idea #14
None Obvicus
None Obvious
Hone Obvious
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The resulis of the morphological study fall into three claases;
a. Possible new systems

b. Ideas for modification to or combinations of previously proposed
or perfected systems

¢. ldeas fcr generalized investigation of problems common to many
proposed systemns

Miiterisl in classes () aud (b) has been discussed in Appendix II.
Ideas in class (c) have arisen as 8 by-product of the matrix investigation as it became
apparent that many systems involved common problems, Among the more important of
these are problems of pin-point navigation or homing, imporiance of cable shape, means
of providing more nearly vertical subject rise, and possibility of eliminating the protsctive

capsule for the subject which seems to be general'y considered desirasble.

In most of the systemsg proposed, conditions of coatact flight must pertain {n crder to

accurately locate the aubject. However, it is couceivable that this problem maybe very
difficult for restricted visthility conditions aud iow altitude approach systems. The problem
of uavigating to the general vicinity of the subject is probably not complex but pin-point
locationof the subject or kis equipment is order to maie contact must be investigated muchk
more thoroughly. A Dumber of possible solutions to this problem, if accumulated, would

broaden the applicability of many of the proposed schemes,
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Although refersnce literature exisis for prediction of cable shapes under conditions of
equilibrium, no informationisavailakie for dynamic conditioni, The change in cable shape

from towing & low drag-~to-weighi ratio boming bheud to towing & human subject whose drag-

to-welght ratio is large may well provide & means for more nearly vertical “ise of the sub-

ject in systems utilizing relatively long cabies and mors or less linear aiveraft flight.

It is also possihie that the dymamice of crbi» woticn due to rapid scceleration, in

achemes such s North A merican Instruments Idaz 1, will allow somowhat improved verti-

cal rise over coavendional linear flight sysiems. Theuse of controllsd drag parachutes or

PArSvaRes Ay 8iaobe capeble of considerably enbanciug rates of rine after initial countact.

The reaistance-to-weight ratio of the cable itself is aiso rn important parametor in this

regard,
The une of & capsule to contninthe aubject and either protect him from exposure to the

elements, physical contact with obstacles, or to preveat serodynamic instability, is worthy

wi cerutiny inench design coasidered. The posailility that much precantioa i vunecsssary

in many instances is indicated.
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Discuasion
Sallent features which shonld be considered in any pickup system include:
A, Instailation of equipment and training of personnel required

Navigation to geperal vicinity of target

. Pla-point savigation to target
Approach
Comtact
Breaknwsy of subject

. Sohsequent manpuver of ircraft
Reel-in
Extry into aircrafi

Counsidering the requirements of a derirable system snd the faciors liated ahove, the
following types of systems sre attractive,

It appears that a sysiem involving sear vertical ampiscement of required equipment
and the Faltonand All American "Skyhook™ or "Rope Trick™ type of rise is by far the most
desirable, since such systems allow cperation in relatively uncloar sreas and maintain
g loads on the subject at a low level, For this reason, light lines with aimple harvess
can he used and the possibility of picking up eubjects in pocr physical condition is in-
creased. The outstanding problemas involved in perfecting & system of this sort and adapt-

ing it for restricted vimibility conditions involve one or more of the following:
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1. Pin-point location of ssbject
2, Accurate emplacszmpent of dropped equipment
3. Guidance or homing for sctual contset

4. Mimimixing line lengths requtred
These problems do uot appear iniurnounisbie. A major disadwaniage of each systems,
{f visibility is restricted, is that the subject initially must possess A bescon or homing
target. Eowever, this target might be & very aimple racar reflector or a heat source,
. Asecond claas of systems of somewhat more limited spplication would involve the use

N

- -

Al EOND ML 1 90 st A i

- v———

of & towed homiag device on a relatively long csbie which would seek the subject’'s target :

andpick ki ap, in a mamner apmewhat simiiar to tha conventicuai vae already perfected

by the All Americas Evgineering Comgesy, The kaming device womld allow restrictad
vision opers domand minimize daxger to the atrcraft by allowing it to maintain & rassouable
sldtude, The length of the lise could be between & fow hnwdred and & few thoasand feet,

and ahould sot present cperational prebismi of (oo great magnitade, Tnis system, although
particulariy adaptable to use in relaiivaly clear srens or over walsr could Le cambined with

the “Sxyhook" techaique to allow operation in obsiructed areas azd remove the homing

davice from proximity to the subject. The aama problems are invulvedin the development

of this sysicm 38 were previsusly mentoned.
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3

The une of homing devices {o? restricted visihility conditions suggests the possibility

that 2 human, if properly equipped, wanld canstitute & homing system of rether high cap~
abiitty. Por instanze, if & powered rininuon complexity alrersit of limited performance
wers towed om a loug line simsath a mother craft, it would allow the pilot of such o ernft
to dodge chatucles, choose a good landing ares and possibly allow almost verticallanding
by & technique in which the parasite flies close to the ground in direction opposite to that
of the towing craft and gradually sinke to the earth as cshie is payed out and it losea
relative speed with the atmozphers. Take-alf with both passengers could be assisted or
sccomplisked entirely by the motler craft as it citmba in a sgdral. It can be seen that this
type of gperation will mot require the purasite to be an airplane of ususl complexity but
rather apowersd gilder type of goudola with limited controlshility sad minimum equipment.

itshonldbe uoted that several of the pickup syatems proposed will tunctian in the {m~
vel a4 devices to tranafer & kuman frem aa aircraft o te ground
Conciyaisn

A gystematic study of the possihie solutions to the problem of aerial picksp by fixsd
wing siraveit s been outlined. Ry coasldering the most deairable aclutions ascording to

& somewhst arbitrary priority rating, 108 of these systems have been investigated. Ideas
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; " for mew systems have arisen =nd several extensions or combinations of aiready propoagd
syatams bave presented themseives, The all weather or restricted visibility application
has heen held foremost in the analysis,

s .ﬁ Itis hoped that the systems fur wkich ao soluticu was shvious will offer food for thought -
1 E

——

for others concerned with this problem, I the effortis warranied, 162 more sysiems could
be analyzed which would invelve two airplanes or 2z airplang and free floating or propelled

30t A BRI VL s e b

equipment for the subject. This type of system 1s quite lntereating for certain applications.

LS

TN B A
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APPENDIX §

SYSTEMS EXISTING OR PROPOSED

7 7

Proposal #1, "Derrick”
@ef. 4,5)

== &=

Fropoaal #2, "Helicopter"

... (Bel. &

Proposal 43, "Separate Pass'
Ref. 4)

RT3

Proposal #4

s

TTTITITITTT

i

LA

Proponal #§, "Jato Capsule"

| "Singie PoleStation’ ®of.4) '

(Ref. 4)

s B

o

Proposal #, "Glider Capsule’
Rel. 4) :

Proposal #7, "Glider Capsule'
Ref. 4

)

"Combined Operation'Ref, 4)
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APPENDIX 1
{Cont'd)

‘1. All American Fngineering Co. (Cont'd)

-+ — —><2rs

T7 T TTITrIIT?

Proposal #9, "Impact Balloon" [Proposal #10, “Cireling Plane”
®ef, 4) {Pr @ed. 4, 5)

Proposal #11

-{"Rocket Suspension" ®Bef, 4)

—— - ned —— e el
Trrrrrrrrrre g LR
Proposal #12 Proposal #13
"Parachute Siadon" (Pef. 4 "Balloon Stat.on” Ref. 4)

—— -2

e

Proposal #14
"Electronic Trigger" Ref. 4)

T 7=

z

lIIrFI/[IIr/[/[

Propoaal #15 Proposal #16
"Ballogn Ascension” (Ref. 4) | "Compact Baliocn® (Ref, 4)
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2. Robert Fulton, Jr.
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APPENDIX I
{Coat'd)

T rARNAERARETEE

"Long Line" or Mid-Alr
"Rope Trick" (Ref, 5) {Ref. 6)

.}
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APPENDIX O

Morth American Instruments Idea #1

All American Engineering Proposal #6
Rocket fired ahead of aircrift ‘trom low altitude at ahnllow approach
angie 80 as to lay cable on the ground a few thousand feet ahead of
the aircraft. Csble jerked off by plane in lnear or spiraling fiight
and thus allows few seconds for subject to atiach. Variations include
{s) firing line beneath auhjecils pickup loop
&) silowing him to rum to the line and make attachment
sllowing him io masnsily or otherwiss throw a line from his har-
Veks accodd the a: | .0t line
Existingfire conirol spparatus, rockets and rocket launchers
might be used
Couid be adapted to reatricted visicn ase by radar or infra-red

aight and target near subject

{c) Affords linear rather than polut attachment opportmity

(4} Accurate emplacement possible Ao subject's run minimizred.

{¢) Line configurati: may give fairly vertical rige path
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APPENDIY. II
(Cont'd)

Forth American Instruments Idea #1 (Cont'd)

Disadvaniages: {&} Long Line

Py ool

{0y Yery short opporiunliy ic aiizch

{¢) Probably involves highg loading on subject and may require wear-
ing harness

T, SrenhSe el .

{8} Requirez large cleared area

{e) Thrgeti required near subject if radar or infra-red sight used,

e e

o ABU———— = v s a
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APPENDIX I
(Cont'd)

Norih Americsn Instruments Idea 82

— ——
-

-

i

l\%w___-—
v
]
]
]

-~

ST 77777

Extension

B e

AAE Proposals #3, 1), and Fulion "Rope Trick"

Z
i
%:
¢
3
i
%
H

Plane describes horizoutal circlear figure eight at low aliitade

with one end of & relatively long line staked in the ground by tech-

nigque as described in KAI ldes #3 until attachment with subject
is made; a re-wind ettachment in the cable reel removes slack
whenaver required, Acualpickupisaccomplished when aireraft
isdirectly over the subject by clamping the cable over the drum
to fix ita length and assure most vertical subjectrise possible.
&) Minimum line length mainiained «t all Hmes -

() Little pilnt technique involved

{¢) Condnuous atiackment opportunity presented

(@ Posaihility of fairiy vertical Fultontype rise due to clamping

cable ar insiant of plckup

(¢) Restrici=d visthility operation possaible

) No large clear ares required
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APPENDIX T
{Coni'd}

North American Instrumenta ldes #2 {Cont'd)

Disadvantages: (8} The long line
) More complex reel mechanism

o IR g s MA@
~m————. -

{¢) Cahlediameter mightbe larger than for other long time tech~

zigques because of larger g loading.

B
K
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i . (Cont'd)
North American Inatrumenis fm #23

— e -

Clags of Idea: Extension

Related Systems: AAE Proposals #3, 10, Fulton "Rope Trick"

Description: The long line type of operation could be modified io ensble accu~

rate cable staking by use of a dive hombing technique and subse-

quent upward spiraling maneuver, allowing the subject to attach

himself to haroess on cable near anchor point. The dive bambing
technigque is securate hut would be useful only under conditions of
good viaibility. A modified system useful under restricted visi-
bility comditions would involve a horizonial bombing tecknique
from relatively low altitude with redar or infra-red bombaight.
(@) All advantages of the long line technigue
() Restricted vision operaion possible

{c) Noegquipmentnecessaary for subject except target if viaibility

restyicted

{d; Accurate anchor empiacement
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APPENDIX 1T
{Cont'd)

North American Instruments Idea #3 (Cont'd}

Dissdvantegea: {8) Long lire
&) Existing hombaights may be inadequste
{¢) Development problen in ballistics of bomb-type anchor with

cable afteched.
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APPENDIX Il
(Cont'd)

North American Instruments Ides #4

Advantages:

Target o K
17?7//,ff7///////7
Extension
Standard AAE Technigue, AAE Proposals #4, 8§, aad NAY Pro-
posal #1,
A modification of the Standard AAE Tachnique incorporating &
shortline withan airfofl type paravane stiached to allow sircraft
to operate &t leas praximity to ground. The ground effect ahould
presenta useful aercdynamic force to maintain eongiant altitude
of the paravara above the surface, thus decreasing pilotiechnique
imvolved. This system mightbe sppliciblé to pickup off of waier
or large cleared areas under some conditions of restricted vis-
ihiltty.
{a) Greater aircraft aafety
) Possible restricted vision application

{c) Pilot technique minimized, since paravine controls height

of pickup hook
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{Cont'd}

-

North American Instruments Idea #4 (Coni'd)

Dinadvantages: 8} Visual alming might be more difficult than conventionsl sya-

tem

{) Paravane is basard to the subject

e v e g A, i b

{c) High "g" loading luvoived.
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(Coi—t‘a
North American Insiruments Jdes #5 /

=T

TTTTTT 7 T 777777777

—

Class of Lica: New
Relsied Systems: None
Description: It mighkt be possible {or » aingle aircraft (o fiy in s horizonial

clicle or a vertical loop and, towing a long line with proper
paravane or drope, maintain this line ln & circular patiern,
so that the subject's gear could be sitacbed to it in the same
manner that something wonldbe attached {5 & clothesline. This

system hee obvious difficulties and does not appear practical.
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North American Instruments Ides #6

Claas of Idea:
Related Systams:

Description:

Advaniages:
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Extenaion

AAE Yroposals #7, 12, 13, 15, 16, Fulton "Skyhook™, and NAI.

Proposal #2,
This system would involve dropping on the firat pass & short
length of cable withan anchor onone end and an {nfiited or inflat-
ing balloon capahble of supporting the cable on the other, This
zasemhly would theabe ready to operdie immediately upon anch-
oring itself, exceptfor the time required by the subject (o enter
the attached hamess, Oa the second pass, & very shori time
later, the aciual pickup couldbe madeby fork, boom, or systems
deacribed in NAI idea #7,
{8) Accurate emplacement of the anchnr and "Skyhook® coumld
probably be made even under couditions of relt.ricteci visi-~

hility.
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APPENDIX TT
{Cout'd)

North American Instruments Idea #6 (Cont'd)

Advantages:
(Cont'd) -

Dissdvantages:

(®) Noequipment necessary for sabject other thas target 1 vis~
ibility is restricted

{c) No assembly of equipment necessary for subject

{d Low g loading on subject with near veriical rise

{e) Litile pilot techunique involved

a) Itis necessary toaccurately locate subject or his equipment

twice.
®) Dropping inflated or infiating ballocn will involve an addi-

tional davelopment problem.
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| . b APPENDIX 0
) . ! {Cont'd)
: . North American Instruments Idea #7
¢ . _' | Lo l | e
- ) L - i ,
i - s ‘ | /
$ ‘: - A 4 ! \o I
i T kS ! | !
b ¥ ! |
s B | I
.. ) @) @) {e)
: . v
P , Class of Idea: Extenaion
. i" ’ . Relsted Systema: AAE Proposals #7, 9, 11, 12, 13, Fulton "Skyhook", and NAI
. Des.r’atlom; Seversl variations of the "Skyhock" type schemes could be made
'; ) 10 increase the possibility of engsgement ever under poor vie-
s .
: . ibility conditions. Such variations are:
H ‘ {a) Fire rocket attached to short line to left of baiioon sup~

ported cable and fly theresfter to the right, This man-

§ euver would drag the plane's cahie across the balioon's

; cable and give greater poesibility of attachment.

&) Paravans, drone, or homing device could be flown para-
lell to the pickup aireraft supporting a line horizontally

4 between them, whichwould intersect the bailoo- suppori-

! | . ed cable,

CONFIDENTIAL
SECURITY INFORMATION

e e e ——. ~ = "

e e | e s R e L, S € ke %
e




‘ N

i CONFIDENTIAL |

! . SECURITY INFORMATION

i -87~ ;
| i APPENDIX I !

i {Cont'd) ;

;

i

North American Instruments ldea #7 (Cont'd)

T ‘g Description: (Cont'd) (¢) The aircraft could pay out line by trailing a drag chute y
' as it passed the balloon supported cable and thea quickly

turn, inorder to drag the cabie across the balloon cable. 8

T ] Advantages: () All advantages of "Bkyhook" type systems ! ‘
B {b) Incressed capability of reatricted vision operation 'g i
(c) Leass harard to aireraft ?4 t
2 | . Disadvantages: () More complex than fork or boom systems :
E (o) Poasibility of attachment by dragging one cable acroas an-
otker is unteAted
’ v:) {¢) Vertical rise of this type of pickup may be somewhat less

steep chan that of the "Skyhook" and fork technique

A
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Clzss of Iden:
Related Systema:

Deacription:

Lisadvaxiages:
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APPENDIX IT
(Cont'd)

¢ North American Instruments Idea #8

{
\ P i
TTTTT 777777

Extension

AAE Proposal #13, Fultan "Skyhook', and Nai Idea 42

A horizonial boom might be used to coatact the anchored "Skyhouk"

type sysiems, pay out emough line to use as radiuw for turn, and

silow the aircraft to than be spiraled upward in such & fashion as

to apply very little g load to subject and give very near vertical

rige. Theschemes previnusly described in RAI‘Idu #7 could siso

be used to engsge the anchored cable.

(a) Small g load applied t5 subject

®) Near vertical rise

(¢) Possibility of rmatricted vision use

{s) Balloon may not remain atationery as ceater for circling air-
craftandsubject may be jerked off ground on first contact un-
less ataked in

(b) More complicated than standard "Skyhook” fork type of pickup
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APPENDIX [T

(Cont'd)

North American Instrumenis idea #9

Claxs of Ides:
Related Systems:

Description:

Advantages:

Lisadvantages:

—
—
N

T T T o s o oo sas

7///'!/%’/.-///’/// 777777
Extension

AAE Pronosuis #5 and NAI Idea #1

A drone with line attached could be used to fiy ahead of the pick-
up aircraft, land or crash, stake itself to the ground, and allow
a few seconda for the suhject to get into craft itself or harness
atteched, before he is snatched off the ground., Increases the
time for subject to eater the required equipment which ke has
svailable in AAE Propossl 46,

{&) Increased oppertunity to make contact

&) No equipment required for subject

&) Lopg Hue

() Large cleared »rea required

{c} Very short duration of npportunity to make contact

{d) High g louding on subject

{e} Restricted visibilily operation difficull
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APPENDIX I
(Cont'd)

North Americas Instruments Idea #10

Class of Idea:
Related Systems:

Description:

VYA B v iy v sy iy S o o
Extension

AAE Proposal #10, Fulton "Rope Trick"

A parasite pioted aircraft of minimum complexity could be
attached to the mother craft by s rather long line in order
1o allow maneuversbility for search and Mw eniplace~
ment of pickud gear. Landing might be sccomplished by
conveuntional procedare or by other means such as parachate,
etc. Take-off wounld be of the Fultom or AAE "Long Lize™
type or by towing off the amall aircraft.

() Applicable to use where low ¢loud layer, eic. exists.
{) No equipment for sohject

{c)} Human guidance systemallows judgment, ideatification,

ete.
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APPENDIX It
{Count'd)

Norih American Inatruments Idea #10 (Coat'd)

Advantsges: (Cont'd) @)
®

Disadvaniages: v

&)
{c)
@
)

Filot iu parasite aircraft can assist subject {f injured
Mother aircraft not subjected to risk of low altitude op-
eration

Complex syster

Landing scheme will require development

Long line

Risks saother Mfe in addition to that of the subject

Not suitahle for operation in all conditions of poor vis-

ibility.
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North American Instruments Ides #11

//-/if/% S ITTITTTV T 77777777

ety

New

AAE Tiapdard picikup system, and NAI Proposal #1

A sv5.:m involving a single atreraft towing & homing device
at the 3nd of a relatively long cable would enable the very

aceurii2 guidance of cable through the subject's pickup gear

|
j
3
|
?
o
!
!

andinurre engagement. Homing snd guidance system, auci

as racar, infra-red, etc., could be utilized from exiating

boming missiles.

{a) Poor vigibility oper..tion posaible
&) Baswd to aircraft minimized
{¢) Pilouag technique minimized

(@) Dev:..pmentof homing head probably amounis to adapta-

tiru .+ existing systems
. BHoming device is bazard to subject
{b) High "g" lcading or subject
{c) Large cieared area involved
{d) Requires tprgot and some gear for the subject
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Clras of Idex:

- Description

Dissdvantages:

'i 2 North American Instruments Idea #12

‘ : . I Roe ated Systeme:
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APPENDIX I
{Cont'd)

////7ff//// 77777
Extension

AAE Proposal #1, 3, 10, snd Fulton "Rope Trick"

A drone type device capable of producing thrust could be used
to maintain the end of & staked line at the center of a circle
which the sircraft describes at ralatively low aititude. Pick~
up could be accompiished by spiraling upward.

{8} Avery shortvertical Hne couid be used thus aliowingwery

lowaltitude operation and minimizing the total line length

without the daager of sweeping .. atacles on the ground.

&) Low “g* iowding applied to subject

{t} Peraaps amenable !0 restricted visibility operaticn

@a) A device capabie of producing sad directing the required
thruat would require development

{) Limited opportumity for engagement since thrus: produc-

tion probably of short duration
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APPENDIX 1T
{Cout'd)

North American Ing'ruments Idea #13

—— e s — —

Exienalon

AAY Standard technique, AAE Proposals #7 and 13, Fulton
vSkyhook', NAI Proposals 1 aud 2, NAI Idess #10 and 13.
Ahoming device could be towed on 2 relatively long line be-
neath aircraft to intersect a "Skyhook™ which invalves two
balloons with a spreader and target bensath., This system

wouid give & large target area both horizontally and verti~

cally and would be particularly adaptable to conditions of

poor visibility and obatructed terrain. Fairly good vertical
riae for subject ahould also result. An alternate "Skyhook'
could utllize a V shape cable supported at the ceater by

balloon and anchored st both ends on the ground.
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(Coat'd} !

North Amcrican Isstruments Idea #13 {Cont'd;

Advaateges: (a) Restricted visibility possibilities are good ‘

@) Huzard to alrcraft and subjcct minimised

—y -

(c) Vertical rise posatbilites are good
Disadvaniages: ) Somewhatcomplicated svatem for both subject and air-

craft

&) Dropping asaembled rig is difficult .
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APPENDIX I
{Cont'd)

Class of Idea:
Relsted Systems:

Description:

ST
Extansion

AAE Propoesl #1, 7, 13, Fulion "Skyhook , and NAI Id». %,

A plane and drone with rope stretched bet: ren could circle at

low altitude about a short "Skyhook™ type 1. 7 to allow 77 caier

duration of spportomity to engage and would dnlnizs o ¢ ible

lengths required for continnous comiact. (' -abiag s -al for

pickop.

@) Ddfficulty of conirol of altitude of ead ~ cable .las2ribed
in AAE experiments would be eliminsis:

&} Improved opportunity to engage "Skyhoo: ¥ cable ani cor-
rect piloting exrors

@) The system is not amenahle to poor viai :lity v.slitions

) Compiexity
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