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DISCLAIMER NOTICE 

When Government drawings,  specifications9 or other data are 
used for any purpose other than in connection with a defin- 
itely related Government procurement  operation, the United 
States Government thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that the Government 
may have formulated,  furnished,  or in any way supplied the 
said drawings, specifications, or other data is not to be 
regarded by implication or otherwise as in any manner licens- 
ing the holder or any other person or corporation, or con- 
veying any rights or permission, to manufacture, use,  or 
sell any patented invention that may in any way be related 
thereto« 

DDC AVAILABILITY  NOTICE 

Qualified requesters may obtain copies of this report from 

Defense Documentation Center 
Cameron Station 

Alexandria, Virginia 223U 

This report has been released to the Office of Technical 
Services.  U. S. Department of Commerce, Washington 25, 
D.  C, for sale to the general public« 

The findings and recommendations contained in this report 
are those of the contractor and do not necessarily reflect 
the views of the U. S« Army Nobility Command, the U. S. 
Army Materiel Command,  or the Department of the Army« 



HEADQUARTERS 

U S ARMY TRANSPORTATION RESEARCH COMMAND 
FORT TDSTIS    VIRGINIA 

The Robert Fulton Company has successfully designed end developed en 
airborne pickup system for the Office of Naval Research. The contractor 
herein reports on the redesign end testing of this system that was Installed 
on a CV-2 (Caribou) aircraft. 

The U. S. Army Transportation Research Command concurs In the conclusions 
and recommendations contained In this report with the exception of recommen- 
dation six, wherein the contractor recommends the use of the snubber-snat.ch- 
block technique during normal entry of the load aboard the aircraft. As a 
result of the service tests discussed In this report, the U. S. Army adopted 
the technique of using an A-frame for load entry; the Army uses the snubber- 
block technique for the recovery of loads only as an emergency procedure. 

The U. S. Army Is currently procuring several of the Fulton air-to-ground 
pickup systems for use on Caribou aircraft, and action Is being Initiated 
to type classify the system. 

A follow-on program that will use this same principle to retrieve litter 
patients from Inaccessible areas Is contemplated. 
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ÜITIMAR' 

In accordance with U, S, Amy Transportation Research Con- 
rand contract DA /f^-iyy-TC-BO^, the Robert Fulton Company 
installed aerial recoverv equipment on Armv tvpe CV-2 
(CARIR.OU) Aircraft "o. 573083.  To evaluate the system, 
enpineerinf and user tests were conducted at Fort rra^g, 
'Jorth Carolina.  Sixty-four pickups were performed of which 
seven were successful personnel pickups.  Figures 1 through 
U  illustrate various steps in a pickup. 

Durinf the test program, only two operations were unsatis- 
factory,  'i'hese were conducted in the early training phase 
of the program and, in both cases, previously used lift- 
lines were employed.  One had been spliced defectively by 
inexperienced personnel and the other had been used five 
times and subjected to an unusual and severe load. 

Emergency procedures as well as simulated operational pick- 
ups were tested with good results. 

Pilots experienced little difficulty during daylight in 
maneuvering the aircraft to intercept the lift-line at the 
proper place. There were only three unintentional misses: 
one when the airplane flew too high and two when it was too 
lar to one side. These were made by pilots unfamiliar with 
the technique. 

!Jine night operations were successfully conducted and var- 
ious combinations of lighting systems were used individually 
and collectively for evaluation by the pilots.  With the 
proper combination and adequate pilot training, night pick- 
ups can be made as regularly as daylight ones. 

























HOW THE SYSTEM WORKS 

Designed for long-range, high-speed aerial recovery of men and 
materials, the system uses fixed-wing aircraft>vet achieves low 
G-forces by virtue of its simple geometry. 

The aircraft is equipped with a "yoke", or wide fork,horizontally 
mounted on its nose.  At an altitude of approximately 500 feet 
above the surface, it flies straight and level into a nylon line 
suspended below a balloon.  Upon contact, the balloon tears loose 
and the line locks to the nose of the plane. 

During the time that the aircraft travels from Point A (see sketch) 
to Point B, the man at the bottom of the line travels only the 
equivalent of the distance from Point P to Point C. 

Thus, although the plane may be traveling at 125 knots or more 
man initially moves very slowly, gradually and smoothly acceler 
until he reaches the speed of the airplane. 

the 
erating 

And since the lift-line can only pull, the initial direction of 
travel of the load will be vertical, only gradually becoming hori- 
zontal as the line leans over to follow the aircraft. 

Attached as it is to the nose of the aircraft, the line lies along 
the bottom of the fuselage and is readily accessible through a 
bottom or side hatch. B) means of a boathook it is quickly attach- 
ed to a winch and the load is readily brought aboard. 

The accompanying sketch was obtained directly from a motion picture 
of a SKYHOOK pickup.  Note how the load rises 200 feet vertically 
before it travels 80 feet horizontally.  Not only is the man safely 
picked up from among high obstructions, but the plane is alsc at a 
safe altitude and traveling at a maneuverable speed. 

Figure 12.  Geometry of the System 
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Figure 16.  Pictorial Index of Equipment. 
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EFFECT OF EQmPMENT INSTALLATION UN AIRCRAFT CENTER OF GRAVITY 

Installation of the recovery system's aircraft components 
results in a slightly forward movement of the aircraft's 
center of gravity.  The exact amount will depend upon the 
configuration and gross weight of the individual aircraft 
and can readily be computated using Chart E of the Type 
CV-2 (CARIBOU) Aircraft Manual wherein the datum line is 
considered to be 310,0 inches ahead of the leading edge 
of the wing. 

Total weight of the equipment is 688.47 pounds applied at 
an arm of 258.22 inches aft of the datum (with a resulting 
moment of 177,778.81). 

Table 3 gives a breakdown for the individual components. 

Drop kit components are not included in the computation 
since they will vary in number, configuration and weight 
with the mission and are not fixed to the aircraft. 
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TABLE 3 

WEIGHT AND BALANCE INFORMATION RELATING TO 
INSTALLATION OF AERIAL PICKUP EQUIPMENT ON 

ARMY TYPE CV-2 (CARIBOU) AIRCRAFT 

(Based on Datum Line Located 310.0 Inches Ahead of 
Leading Edge of Wing, Per Chart E of CARIBOU Manual) 

Item                        Arm    Weight     Moment 
 U^sJ  

Yoke   41.30 
Horns   46.60 
Spacers and Shims for Horns • 54.00 
Plate, Front, Strike   55.00 
Skyanchor  81.50 
Beam, Skyanchor Supporting •• 71.10 
Frame, Beam Supporting   81.00 
Shaft, Frame Supporting, Nose 

Gear, (and Bushings)   89.75 
Fairing, Nose, Fiberglass 

(After)   (7V.50) 
(Before)   (86.00) 
Resultant Change   69.75 

Control Box, Skyanchor   194.80 
Power Line, Control Box to 

Skyanchor   125.00 
Deflection Lines (and 

Turnbuckles)   150.00 
Wing Tip Guards  305.00 
Winch, Drum and Oil, and 

Mounting Plate   455.50 
Fuse and Mount in Relay Box . 195.00 
Power Line, Winch   345.00 
Cleat Bars (Forward)   340.00 

(Aft)   500.00 
Pulley,   Overhead    593.25 
Fairing, Ramp   596.25 
A-Frame    587.00 

257.00 

148.00 6,112.40 
17.50 815.50 
9.00 486.OO 
5.47 300.85 

127.50 10,391.25 
17.00 1,208.70 
11.00 891.00 

3.50 314.12 

(15.00) (1,192.50) 
( 9.00) (  774.00) 
6.00 418.50 
3.45 672.06 

3.60 450.00 

12.00 1,800,00 
4.25 1,296.25 

200.00 91,100.00 
.50 97.50 

28.65 9,884.25 
6.75 2,295.00 
6.75 3,375.00 
2.75 1,631.43 

41.60 24,804.00 
jo.50 17.90J.50 

685.77 176,247.31 
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TEST PROCEDURES AND CONTRACTOR'S OBSERVATIONS 

GENERAL 

During the test program, sixty-four operations were con- 
ducted. Fifty-seven of them used dummy loads, seven were 
personnel pickups.  Of this total only twelve were unusual 
in any way. The remaining fifty-two were routine for this 
system, the load rising essentially vertically to a height 
of from 50 to lt>0  feet, then gradually arcing to follow the 
aircraft. 

Based on past experience, the acceleration force averaged 
between five and eight G's with a maximum duration of l/2 
second. 

The following are contractor's observations regarding these 
tests, with particular emphasis on their unusual aspects: 

OBSERVATION 1.  PROPER USE OF BALLOONS 

Two catagories of balloons are available for use with this 
pickup system: aerodynamically shaped balloons and unaero- 
dynamically shaped balloons. Configured like small dirigi- 
bles, the former have good static lift in a calm as well as 
aerodynamic lift in a wind. They also have good stability, 
pointing directly into the wind and having little tendency 
to oscillate. 

While the unaerodynamically shaped balloons (most often 
round) also have good static lift, they behave badly in 
any wind over 12 knots, tending to "excursion" back and 
forth and to lie down. 

Figure 12 in this report indicates that the high trajectory 
of the load, when picked up by this system, is a result of 
the geometry of the system.  If the balloon permits the 
line to lie down below 45 degrees, both the acceleration 
force applied to the load and the trajectory of the load 
will be materially affected. The line will also be con- 
siderably more difficult for the pilot to intercept. Since 
the unaerodynamic balloons are apt to cause this condition, 
their only material advantage is their cheaper cost—about 
half that of the dirigible type. 
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