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EXPLANATION OF TERMS 

Area Loiter 

Circling Line 

Closed Loop 
Delivery 

Double-Mass 
Delivery, Loiter 

Flying Line 

Footprint 

Launch 

Lifting Surface 

Line Tension 
(Air or Ground) 

Linear Loiter 

Line Stall 

Mass Slide 

An orbiting aircraft, a long-line, and a loitered object 
drifting with the wind in such a manner as to cover a 
large ground area. 

Describes the basic long-line maneuver. 

An accurate delivery method suitable for establishing a 
moored loiter. The long-line forms a closed loop with 
both line ends at the aircraft. One end is wound on a 
winch, o.' attached to the aircraft, and the other attached 
to a weight. The plane makes a straight pass over the 
target at low (skip bomb) or medium altitudes and the 
weight is dropped and the aircraft immediately turns into 
a loiter orbit. 

A second mass is attached behind the dropped mass for a 
closed loop delivery (Delivery). The second mass remains 
airborne while the low-mass is on the ground (Loiter). 

Specially constructed long lines that have relatively 
high lift to drag ratios. 

Denotes the closed path a loitered object circumscribes. 

To pick up a mass from the ground with the long line. 

Any high lift over drag ratio body used to support 
heavy loitered loads or used to provide vertical 
launches. 

The tension in line is measured at the aircraft or at 
the ground when the system is moored. 

A linear loiter is performed by flying the aircraft in 
a straight path and trailing the long line and loitered 
object. The object may be a remotely controlled drone 
if greater positioning accuracy is desired. 

A condition caused by a low airspeed for a portion of 
the line, where the line hangs nearly vertical. 

An object is attached to the long line, at the plane, 
and allowed to slide down the line to a loitered object 
or to the ground. 
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Moored 

Partial Stall 

Point Loiter 

SLAP 

Yo-Yo 

Line is attached or held on the ground. 

A condition caused by an airspeed (of the trailing 
object) too low to fly the mass and yet too high to 
completely stall the line. 

A loiter maneuver during which the loiter object 
circumscribes a circular path over a point on the 
ground. 

(Soft Landing and Pickup). A long line configuration 
in which a deployed parachute is suspended above the 
mass to be launched. 

Mass vo-Yo is vertical oscillation of the loitered 
mass caused by wind altering the aircraft speed and 
orbit parameters. The frequency is one oscillation 
per aircraft orbit. 
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SECTION I 

INTRODUCTION 

Circling-line concepts were first explored in the 1930s. Although 
the basic circling-line technique is old, new innovations developed by 
the Aerospace Medical Research Laboratory have shown the practicality of 
using free-fall and circling-line techniques (long-line loiter) as a 
retrieval/rescue system. The advantages of using fixed-wing aircraft 
over a helicopter are speed and range. There is presently an operational 
retrieval system utilizing a fixed-wing aircraft (the C-130 Fulton sys¬ 
tem). This system, however, takes considerable setup time, exerts a 
high G load (6 to 8 G) on the person being retrieved, and is limited to 
a low-wind-condition operation. The long-line loiter retrieval system 
may significantly reduce peak G loads and the complexity of ground equip¬ 
ment. 
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SECTION II 

EXPLORATORY FLIGHTS 

AIRCRAFT DESCRIPTIONS 

The following aircraft were employed in the exploratory flights: 

a 1‘- Cessna.1^2. A high-wing, four-place airplane equipped with 
a 230-hp engine, variable pitch propeller and a fixed landing gear. 

oon^il ^es^na U-206. A high-wing, six-place airplane equipoed 
with a 280-hp engine, variable pitch propeller and a fixed landing gear. 

ocnn u3' c7131b- A low-wing, twin-engine airplane equipped with 
two 2500-hp engines, variable pitch propellers and retractable landing 
year. ^ 

• . ^ high-wing, six-place airplane equipped with a 450-hn 
engine, variable pitch propeller, and a fixed landing gear P 

FLIGHT TEST RESULTS 

TabIe tlie aircraft, lines, and parachutes utilized with 

íonaeiiüp ïnï?htS during the tíarl> developmental stages of the 
i?f?"i1ïe °!Îer retr’eva] system. In mid-November 1968, 68 pounds were 
ifted from the ground using the Cessna 182 and a 550-pound test nylon 

b¡?eÍ9fifihÍthoaiked PÍCkup 0f si9nificant weights. On 29yNovem- 
fui Hnmmv ÎÏ a 49-POund dummy marked the first of many success¬ 
ful dummy launches. The dummy was very stable in tow, rotating only after 
moving in trail behind the aircraft. y y ter 

duTy launches» a deployed parachute was added above the 
dummy. The long line was attached to the apex of the parachute, and the 
dummy was securely strapped into the parachute harnessP This served to 
(1) provide additional lift for the dumn\y and (2) assist in avoiding 
excessive wear on the dummy during soft landings, which resulted in the 
Paraloiter maneuver discussed by Simons and Dixon. 

Table I lists some launch and trail tensions (when recorded) obtained 

íf ïhP füllt u3"96 read0ïVn îbe aircraft- The success column indicates 
was successful. The first failure resulted from an unsuc¬ 

cessful opening of the 72-inch parachute on descent. This may have resulted 
from excessive tension in the long line because of too large a radius of 
turn of the aircraft. The launch was successful, but the expected soft 
landing did not occur. The 106-pound dummy with the deployed 28-foot 
canopy caused excessive tension, and the 550-pound test nylon line broke 

2 



TABLE I 

AIRCRAFT LINE 

TYPE OF 
PARACHUTE 

(OPEN) 

TENSION (#s) 

(Launch) (Trail) 

DUMMY 
WEIGHT 

(#s)_SUCCESS 

CESSNA 
182 

550 LB 
NYLON 

111_49_NO 

10' --- --- 49 YES 
_125 100 106_YES 

28' — --- 60 YES 
>150 100-150 70 YES 

_>150_™_106 NO 

NONE 
150 90-120 

2500 
LB PET 

4MLB 
FULTON 
'I Y LON 
TW 
DACRON 

8" OC¬ 
TAGONAL 

80-115 

28' 

NONE 

NONE (OPEN) 

28' 250 120 

CESSNA 
206 

550 LB 
NYLON 
2500 
-B PET 

28' 

28’ 

C-131B 550 LB 
NYLON 28' 

U-6 
PLB 

ULTON 
NYLON 

NONE 350 
550 
650 

>250 
220 
350 
400 

28' 725 'v* 350 

49 
60 
68 

25-105 

106 

106 

65 

65 

60 
70 

154 

60 
65 

154 
203 

203 

YES 
YES 
YES 

YES 

YES 

YES 

YES 

YES 

YES 
YES 

YES 

YES 
YES 
YES 
YES 

NO 
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on each launch attempt. After the launch of the 203-pound dummy with an 
open parachute, the line apparently slid over the stabilizer after a 

thpeí?n¡¡ Í ?ti0n °l -h? ?uniT ^advertently detaching the duLy from 
the line. Only one trial has been attempted with this system. 

_ ,L¡ne^ utilized in dummy launches include 550-pound test nylon. 4000- 
pound test nylon, and 2500-pound test polyethylene (pet). A 4000-pound 
test polypropylene line was flown to test the flight characterist^s of 
the line, but excessive knots in the line precluded launch attempts! 

Hnn Lhe+ifu;ch and tensions shown in table I were examined in rela¬ 
tion to the dummy weights and expressed as ratios as shown in table II. 

TABLE II 

Line and Parachute__ 
Ny1on> 550 lb test, no parachuté 27T6 
Nylon, 550 lb test, 10' parachute 1.20 
Nylon, 550 lb test, 28' parachute 2.14 

TTTtTJ 
LT/Wt +Wt/Wt LT/TT TT/Ut 

1.42 
1.24 
1.36 

1.24 
1.25 
1.20 

Nylon, 4000 lb test, no parachute X67 2737 Tfiñ" 
Men, 4000 1b test, 28' parachute 3.57 2.85 2^07 

1.75 
0.94 
1.79 

Line D 

3/16" 

2.30 
1.72 

Dacron, 1000 lb'testr^8|,JpariëHïï!i 3.'oO 2.'o8~~i:^ 

The Launch Tension/Dummy weight (LT/Wt) ratio suggests the hiahest 
level of G obtained at the aircraft, but not its rate of onset The Trail 

Irnm^S iJTml raîi0 is an i^ication of the amount o? irag 
or lift added to the dummy by the parachute and by the line itself They 
Launch Tension/Trail Tension (Ll/TT) ratio provides an indication of exces¬ 
ivo force necessary to accelerate the dumn\y from zero to trail velocity. 

By subtracting trail tension from the launch tension, adding the 
dummy weight to this and dividing the result by the dumny weight9 we get 
an indication of the G load at the dummy: (LT-TT)-t-Wt = G at the’dummy. 

TMc5m?üPKUní te!t nyIon line shows the sma1lest amount of G at the dummy IÍ b d^¡e t0 a 2? Percent stretch in the line at peak loads. Althouoh 
this^n^exhihit^VT a?S? haS 3 20 percent Wretch at maximum loading! 
this line exhibited higher G forces; apparently because the load on the * 
line was nowhere near maximum and the effects, therefore, closely resembled 
those of a ’ow stretch Une. The dacron line exhibits very mtîe sïreLh 
and showed a higher G load at the dummy than the 4000-pound nylon line If 
the line selected for live launches is greatly overstrength to meet certa n 

retrieved!9™5’ U C0Uld reSuU Ín mUCh hÍ9her G loads on the Pers0" bei'ng 
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n« ^i,e r?í10Í í1? ^ may vary with changes in airspeed, type of 
line, length of line, and wind velocities. However, if these factors 
remain fixed, the ratios may prove useful in predicting launch or trail 
tensions for different dummy weights. It may be possible ÏS plSÎ nom¿- 

air^npIíT ^ °f J1116’ showin9 the most favorable line length, 
r Mc?! d/?d °Een Parachute for a particular dummy weight. More coí- 

anc|Stow ^iÄ6 aVaÍlable at the COmpletÍOn °f ?ut-e acceleration 

f uture^i nves ti gâtions. ^Although ^ne^^the^reasons^an open^parachute^ 
was placed in the system was to provide lift to the miss being launched 
rt e Parachute could also produce enough drag to negate the lift capability 
fheJO-foot parachute with the 550-poünd test nylon line applrentW sIried' 
wel in giving the desired lift characteristics to the mass The LT/wï 
ratio is considerably less with the 10-foot parachute when compared to the 

»Sn?,îï0Uî„%Pa:aC,'Utel.and l?,th the 28-f»°‘ parachute? A^?1he n/St 
I? ?f? l?'fSot Parachute is less than 1, indicating a greai amount 
TT/Wt^for^the^ft .‘rail position. The ratios LT/Wt and 
M/wt Tor the 28-foot parachute and no parachute in the svstem are r-omart 
ably similar This might indicate that the 28-foit parachSteis calliM 

th2SIîlteîl!e dra9 a"d n° adVanta9e 15 9a1ned b* usi"9 ‘Us sit® canopy in 

.t™6:? are ^esf reHäble data on the 4000-pound test nylon line The 
ullïî the^ne31"?«0!05! t0 su99est that n<> advantaged gained by 
trail tension pJrach?te in J1?6 system during the launch. They 
ïe 1 data ]s extremely unreliable with the 28-foot parachute, due 

cüJed atVthîs°tîme!a ÍOnS that 0CCurred’ and> therefore, wifi not be dis- 

i?c mIfe al^Peedudur1n9 îhe launch of these dummies varied between 70 and 
125 mph. Although the C-131B flew higher speeds, the average launch speed 

rnn«:?JLaaMCraÎÎ,W!î 8? t0 90 mPh- The altitude ^ launch vaHeS 
Wh lit tudlîhnî ?hîyP• ° JÍrcraft a"d length of the line. Usual 
launch altitudes of the aircraft were between 800 and 1200 feet above around 
level (AGL) with optimum launch altitude at 1000 feet AGL. The greatest 

îr™ noC°drd5d °n fro,n inside the alrcrait was 725 poSn5s sing 
Í^2?3"fOUn2 a deployed 28-foot parachute in the system Th¿ 

a"?la the aircraft during orbit varied from 20 to 40 degrees. The 
ipnIth0L-b??k varjed ooosTderably because of changes in altitude, airspeed 
longth of line, wind velocity and pilot techniques. * 

Several critical decisions made on the basis of pilot technioues 
became evident as tests progressed. For example, how should the pilot 

a"?5 the orbit of the aircraft under strong wind conditions? Also what 
should be done if ground tension increases to a point where the line*cannot 
be hand held? The pilot can correct for wind by varying bank angle to main¬ 
tain a constant radius of turn as shown in figure 1. Because the entire 

^rln%5;7,oaÄd: the SySte” iS responsive5to'¡fnd'than a„ 
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Wind Direction 

X = target 

Figure 1. 

Orbit with significant 
wind without correction 
drifts downwind of target 

tighteí îhe iTllZ 9fS Very ',!9h• the ^1°4 can '^dlately 

repi ,S ÄKdSe" 

3hi?3e?»í3g before any turns are att^ted 

in +hlh? í?00"P°und nylon ^ne used in our tests is the same line used 
in the Fulton Recovery System utilizing the HC-130 aircraft Hencp thic 
line is already "man-rated." Results from our initial 0 fifiinhïcc\th 

SS 3?? täSS Will be tested during the acceleration and tow tension tests 

retrieval pattern 

delivery5 l3itÍ?na335íre33h Sy!te" and n,ethods of deployment, 

fa^ger^:3,,t(«3:?ei3"3í¿haeen3ea;orídr3d,\-35irttTtw,ifSeairi333Ívre3 
f3ki3gcb3333i,(33edfí3uv33yiia,efírica,,y w3th a w1n^ o'-."'a^a"y t33 

and held'at^he^aunc!)9™te?* ^ °f the ,ine is retrie''ad ’ 
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deiivíry 

LAUNCH 



The dumrny/man to be launched is harnessed in a modified B-18 para¬ 
chute using a static line deployment (figure 4). A tow harness is sewn 
into the back of the parachute pack and extends 18 inches above the top 
of the parachute and terminates in the male portion of a specially 
designed latch (figure 5). The female portion of the latch will have 
been attached to the long line. After the main parachute is donned, the 
latch is mated and the static line attached. A reserve parachute will 
be added for live pickups. On a signal from the ground, the aircraft 
breaks orbit, flys directly over the target and into the wind, and the 
launch is effected (figure 3). 

To release the dummy from the end of the line, a block is attached 
to the line at the aircraft, and slid down the line to activate the 
latch (figure 6). The dummy is separated from the latch, and the static 
line opens the parachute. During a live pickup, the man will activate 
the release mecnanism by himself; and the weight slide will be used only 
in an emergency. 
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Figure 5. Long-Line Latch: Connected 



LATCH 

Separated 

Figure 6. Long-Line Latch: Separated 
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SECTION III 

FUTURE EFFORTS 

U-6 BEAVER WITH A FAKING BARREL (CHART I) 

This system will be subjected to the following tests: 

1. Acceleration Tests. These tests will determine accelera¬ 
tion levels at the dumny during launch and the line tension histories 
during launch and while the duim\y is in trail. 

bppn After a11 C0riCe?ts and equipment have 
been finalized, criteria will be established to differentiate a success- 
ful launch from a failure and a non-hazardous failure from a hazardous 
¿to the man or aircraft) failure. The launches and deliveries will be 
conducted until a minimum of 90-percent reliability is achieved. 

„ ,. ..3- L*''6 Pickup. Following completion of the acceleration and 
reliability tests and the approval of a medical protocol, a live pickuo 
using this system will be attempted if the aircraft can meet predeter¬ 
mined rates-of-climb and engine failure criteria A live pickup over 
water with this system is also contemplated. P P 

U-6 BEAVER WITH A WINCH 

The testing of this system will be essentially the same as described 
above. One additional piece of hardware, the winch, will be man-rated 
y incorporating it into the system. The entire system will then be 

thpCïrpUÎ°r as Previously described, and the data, along wit! 
the previously reported acceleration test results, incorporated into a 
medical protocol. The protocol will include plans for both land and 

ratbpr îünChhS: ^ ^ Cases’ th® subJects will board the aircraft 
rather than being paradropped following the pickup. 

C-130 SYSTEM 

This system incorporates a new aircraft, the C-130, into the alreadv 
man-rated hardware. This system has the widest appeal as to its practi¬ 
cality and operational use. Procedures will follow as before with fliohl 
testing, reliability testing, and live pickups (land and water). A mann< 
research cone is being considered for the C-130 exploratory flights and 
may prove to be an acceptable rescue vehicle at a later date (figure 7). 

13 



CHART i 

CONCEPTS 

Double Une 
Deployment From 
Faking Box 

LINE 

l 
Deployment of 
1/2-inch Line 

▼ 
Flight Charac¬ 
teristics of 
Une I 

Light Dummy 
Pickup 

aircraft 

Choice of 
Aircraft 

I 
Faking Box 
with Tension 
Release 

Line Cutter 
in System 

Heavy Dummy Pickup 

Tension Read-Out 
in System 

PARACHUTE 
SYSTEM 

Choice of Chute 

1 
Latch Test (Dummy) 

1 
Harness Modifi¬ 
cation for 
Pickup and Tow 

T + 30 (Conference) 

Three Modes 
Finalized 

Medical 
Protocol 
Approval 

J = Acceleration Tests 

Final Choice 

Final Line 
Choice 

_Local Tests^ 
(Entire System) 

« . i' 
Design of Criteria to 

Determine Success or Failure 
(Hazardous or Non-Hazardous) 

T /SO 

T = Reliability Teste 

T = Live Pickup (Land) 

Final Choice 
I 

Live Jump the 
■Release Mechanism 
(Helicopter) 
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CONTROLS: 
Pitch, Roll, Yaw 
Speed Brake 
Lifting Surface 
Communication 

DISPLAYS: 
Altitude, Airspeed, A of A 
Cameras, Optics 
Visibility 

WORKSPACE: 
Couch 
Reorientation 

LIFE SUPPORT: 
Ventilation 

POWER: 
Battery 
Manual 

SAFETY: 
Shock Absorber 
Auto Chute 
Bail Out 
Release 
Weak Link 

Figure 7. Manned Research Cone 

15 



fíkitÍ0V"d ^n^®ns1 obtests Consists of the^fiA ¿Urin9 future accel- 
fak1ng barrel. The modified B-18 U'6A Beaver fl'tted with a 

tCÂWín 5e tested wití threl diífefent !¡L"?1 as the °Pen C-9 
aircrafí-bfSed 0n dats 9athered from many fliaht ^his C0nfigLH"a- 

and launch^?aSunchhaend t^al 1 ^"ensío^s!^nTîine^eí!"1 ve^ 

process ^should^be^followe^by^^eries^^íive^ickups. Thi— 
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