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SECTION IV
LINES

The sizes and types of line used for the LLL program ranged from 14-inch nylon
parachute shtoud line with 375-pounds-test tensile strength to 14-inch Polypropylene rope
with 4200-pounds-test tensile strength. Nylon, polyethelene, polypropelene, and Dacron
lines were used (see figure 3). Hollow-woven lines, solid-woven lines, and twisted three-
strand rope were tested. Hardwire lines with wire conductors woven within the line were
used to conduct signals for several purposes.

Nylon parachute shroud line ('4-inch) with a tensile strength of 375 pounds was
used during early flights but was soon replaced with 14-inch nylon parachute shroud line
with a tensile strength of 550 pounds. The latter hollow line is woven with seven internal
smaller strings of nylon which add strength and body to the line. This line, commercially
delivered in rolls of 2100 feet, was spliced by overlapping and sewing two ends. It was
used extensively in lengths up to 5500 feet. New line of this type will stretch approxi-
mately 15 percent with a 100-pound load applied.

After the line was deployed and reeled in approximately 10 times, it became stretched
and twisted. This made it unusable for double-line deployment because of its tendency to
form knots in the loop. An emergency line-cutter mounted in the airplane was not con-
sidered to be necessary, because the line would break before damage could be done to the
aircraft when it inadvertently entangled with a ground object.

Figure 3. Lines









SECTION V
LINE-STORAGE EQUIPMENT

Winches with spools and faking barrels’ were used for line storage in the airplane.
Four winches* were developed. The first design was a simple hand-cranked spool capable
of holding 2000 feet of !4-inch line. This winch was used only during the Cessna 175 trials
and proved to be an effective tool for use in line storage, line deployment, and retrieval.

The second winch (figure 4) was fabricated for the Cessna 182 airplane and later
adapted for the Cessna U-206. Tre spool could store 5500 feet of 14-inch line or over 3000
feet of 1/4-inch line. It was power driven with belts by a 12-vdc reversible landing-gear motor
which turned the spool approximately 300 rpm. The winch could reel-in loads of up to
approximately 30 pounds.

As the program progressed into heavier line loads, it became necessary to use larger
lines with more strength. Because the second winch could not store enough 34-inch or -
inch line, another winch was fabricated. The third winch (figure 5) was a larger more
rugged unit designed to hold 2500 feet of 14-inch line or up to 10,000 feet of 14-inch line.
The structure was stressed for loads up tc 2000 pounds and the spool driven by a 28-vde,

3 Sugke‘ned by M. Moran
4 Designed by B. C. Dixon

Figure 4. Second Winch Mounted in Airplane

8




Figure 5. Third Winch, for 2000-Pound Stress

Figure 6. Fourth Winch, for Cessna U-206
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Figure 7. Faking Barrels in Airplane

Figure 8. Ground Retrieval Winch
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SECTION VI
LINE-HANDLING EQUIPMENT

Several different pieces of equipment have been used for line-handling for various
types of projects. Initially, a boom was developed to guide the line from the airplane
(figure 1) over pulleys along the desired path. Rings provided another method of guid-
ing the line. The line was slipped through a metal ring at the points where a turn was neces-
sary. There was more friction on the line with the rings than with the pulieys; but in the
hand-deployment method, the added friction was desirable. During initial deployment, a
16-inch 30-degree fiberglass cone was usually attached to the line. The cone included 1-
inch holes through its surface to provide more drag on the line and to stabilize the cone
in flight.

When the single-line deployment was used, the cone was attached to the end of the
line and the line deployed. During loiter the cone provides the necessary drag and weight
to cause the line to stall faster. During double-line deployment, the cone was attached to the
line with a hook and, under airstream pressure, slid along the line, keeping the cone at
the end of the loop®. This retained tension on the lines and aided line separation which
discouraged knotting.

When heavier lines were used, a weight of 5, 10, or 20 pounds was placed in the cone
to provide more drag. During earlier stages of testing, smaller plastic cones were used for
this purpose, but did not provide enough line tension to inhibit knotting. Cones of various
sizes and shapes, weighing up to 40 pounds, were employed (figure 9).

6 Suggested by B. C. Dixon

Figure 9. Cones
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Figure 11, Tension Readout System

Figure 15. Hydraulic Tension Readout System
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SECTION IX
SAFETY ITEMS

AIR SAFETY

A test program involving moving lines and falling weights introduces hazards to the air-
plane, aircrew and ground team. Safety of the personnel and equipment was always con-
sidered during the test operations. Safety equipment was provided, and safety procedures
w- ‘e incorporated into all field testing.

Initially, a line-cutter was included as a precaution against the line becoming caught on
a ground object or person and causing an accident. The only type line-cutters used were
those with an electrically fired explosive which actuated a knife.

Figure 17. First Line-Cutter

The first cutter (figure 17) was locally designed and fabricated for the smaller lines
(1/g-inch to 14-inch) and featured an automatic tension sensor to fire the cutter when the
line tension reached a preset level. The automatic feature proved to be both unnecessary
and undesirable during testing, as it caused inadvertent line cutting when the tension would
peak to the preset level during a normal test cperation. There was enough line slack and
stretch during the circling-line maneuver to allow ample time for an aircrew member to
manually actuate the cutter. Two pushbuttons were provided so any of the crew members
could cut the line in an emergency. Later testing experiences proved that there was no need
for a line-cutter in the system when using lines with tensile strengths below 1000 pounds.
The light lines broke, without endangering either the airplane or crew, before it was neces-
sary to use a cutter.

The second line-cutter, used for lines over 14-inch diameter, was capable of cutting a
1-inch steel cable (figure 18) and was actuated in the same manner as the previous cutter.
The line was cut periodically as a preflight testing procedure.

In addition to the explosive cutters, the winch operator had a hook knife available which
was capable of cutting the 14-inch nylon line with one stroke. The hook knife, used in routine
cutting and splicing operations, proved to be very effective in line cutting.
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Figure 18. Commercial Line-Cutter

During initial testing, control problems were experienced when the towline flew over the
top of the horizontal stabilizer and elevator of several craft. To eliminate this, a fending
line was tied from th~ tip of the stabilizer to the wing strut preventing the towline from
rising over the stabilizer. Due to the design of the U-6A empennage, it was necessary to
design a special guard and fending line (figure 19) to eliminate the problem of the line
getting into a forward-notched elevator control.

Figure 19. Guard and Fending on U-6A
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SECTION XII
DUMMY ACCELERATION DATA

In the process of man-rating the rescue system, it was necessary to record the triaxial
acceleration forces exerted on a man during the actual launch. A triaxial acceleration
package was fabricated to fit into the dummy chest cavity with a four-wire shielded cable
(see figure 20). The cable was routed to the right foot of the dummy where it was se-
cured leaving a pigtail about 18 inches long, with a breakaway plug on the end. A 600-
foot cable of the same type was fitted with a mating breakaway plug and laid on the ground
in the direction of launch in a zig-zag fashion to the instrumentation vehicle.

During launch, data was recorded until the dummy reached the end of the 600-foot
cable and the breakaway plug disconnected. This varied from 5 to 13 seconds, the shorter
time due to a premature breakaway.

Figure 20. Triaxial Acceleration Package

The accelerometers used in the “X” and “Z” axis were linear force balance servo
type manufactured by Columbia Research Laboratories, Inc.; Model SA-102-B, with a
range of =10 G. The accelerometer used in the “Y” axis was a linear force balance servo
type manufactured by Donner; Model 4310 wsith a range of +1 G. The 600-foot cable con-
tained four No. 20 wires in a single shield with a plastic coating over the shield. The 28-
vde power for the accelerometers was provided by a Hewlett Packard Model 6205B reg-
ulated power supply. The signals were recorded on a Consolidated Electrodynamics Corp-
oration (CEC) Model 5-124 18-channel recorder. CEC type 7-3815 galvanometers were
used and the signals scaled to deflect the trace approximately 1 inch per G. A 1-second
timing sequence was recorded plus an event trace to mark launch time. See figure 21.
This test was conducted in the center of a parachute drop zone where no commercial power
was available, so a portable gasoline-driven alternator with a 115-vclt, 60-cycle, 1100-
watt output was used to supply power for the instrumentation.
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Figure 21. Recording System











