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INTRODUCTION

Line throwing guns are seldom used unless absolutely necessary and rarely
if ever in rescue operations because of the personnel hazards involved.

Even hand thrown lines have often been the cause of personnel injuries and
property damage.

The use of throwing guns requires skilled operators and the careful attention
of everyone in the area, both on the launching and receiving vessels, If

a shot is a "miss", not only is the line lost, but valuable time and
occasionally lives may be lost as well,

Ten years ago a series of U.S,,patents issued to Niels O. Young, an author

of this report, on systems for causing line to behave as though it were rigid,
allowing it to be precisely directed to a target at varying ranges and
maintained literally standing in air until seized or caught by a boat hook

or a swimmer or simply dropped over a bollard, piling or cleat under the
control of the operator.

This phenomom is achieved by driving a closed loop of line at a high speed
(greater than its terminal velocity). The line leaves its drive pulley

at a tangent and follows a ballistic curve to the end of its trajectory at
which point it becomes limp and returns to the Line Ranging device, generally
describing the shape of a huge paper clip or chain saw chain.

In contrast to the thrown messenger or shot line the standing loop can be
carefully, slowly maneuvered into position with the operator compensating
for the effects of wind and roll. Once dropped onto a bollard or other
appropriate feature of the target, the continuous loop acts as messenger
for heaving heavier line by the operator without the need for help from
personnel on the target.

This equipment was brought to the attention of the U.S. Coast Guard Office
of Research and Development in 1976, A fixed range demonstration unit was
constructed at the R & D center in Groton, Conn. from drawings prepared by
Mr. Young. This unit served to demonstrate that the principles involved
were indeed sound and led to the decision to proceed with the work which
is the subject of this report.




LINE RANGER DEVELOPMENT

The objective of this effort was to conduct exploratory development activities

leading to the design of a prototype line transfer device that would be portable

and have a controllable and continuously variable operating range, with

linedeployed from and retrieved into an integral storage container, #

Initial efforts were devoted to the development of the mathematics and
theory in order that the performance of the equipment might be predictable
with respect to power required, stability, drag coefficients, aspect ratios,
length limits and the effect of sudden stops. These data are presented in
the appendix.

T

The problem of obtaining suitable endless loops of line was addressed, it
having been demonstrated that splices compatable with the drive system and
high pulley speed were less than desirable, A source for endless braided
nylon line was located and tests led to the selected line of .100", .
approximately 4001b, test. In the future it is planned to develop a

line produced of a blend of polypropylene and nylon so that the line

will float, using "dayglo" dyed filament for high visibility.

A protype device was constructed, tested and after several design modifications
succesfully demonstrated. Figure 1.
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DESCRIPTION OF THE LINE RANGER PROTOTYPE

.

The machine can be considered in three parts: the drive head, the storage
and the line loop.

The drive head contains a high speed electric motor which moves the line
loop along itself at about 120 feet per second, which requires about %
horsepower mechanical input. The large diameter sheave shown in figure

2 is connected to the motor and the line is gripped by being pinched under
an axial force. The drive head uses an outstream sheave and an instream
sheave geared together at a fixed speed ratio. The ratio is such that
when the instream sheave grips the line, the instream cannot return to
storage as fast as it pays out. Consequently, the loop extends - typically
at about ten feet per second. The instream sheave grips the line when the
deploy trigger is squeezed with the left hand. Figure 3 shows the arrange-~
ment of the controls.

FIGURE 2
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FIGURE 3
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Maintaining a fixed line loop extension requires gentler pressure upon this
trigger so to allow the instream to slip over the instream sheave and enter
storage at the same speed as it pays out.

Storage of the line loop is required so that the loop extension outside the
Line Ranger can be freely adjusted and also for stowage of the line loop
during speed run up, Figure 4 shows line stored by being wrapped between ¥
upper and lower storage spools, much as in a block hoist. The lower storage

spool is heavily pulled downward by springs, so that the segments of the

loop between the spools remain constrained to their proper grooves. When

a line loop is extended by the drive head, the lower storage spool moves

upwvard in compensation. The lower storage spool is mounted upon a circular

disc which, when installed in the tubular housing seen in earlier figures,

acts as the piston of an air damper. This damper protects the machinery

in case of a broken loop.
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FIGURE 4
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CONCLUSIONS AND RECOMMENDATIONS

Additional units should be constructed increasing the effective range
to 100 feet and incorporating design changes to overcome the limitations
observed in the prototype.
The following factors should be considered:
1, Loop extension should be proportional to the position of a twist grip.
At present, loop extension velocity is proportional to a trigger pressure.

2., The instream should have a tension sensor so that automatic stops are
possible if the line is caught.

3. The outstream should be aimed upward at an angle of about 20 degrees,

4, To eliminate a tendency for the line to twist, the storage should be
designed with four sheaves with drive sheaves and idlers symmetrical,

5. To reduce internal shaft speeds, all sheaves, especially in the drive,
should be of the largest practical diameter.

6. Means of eliminating Jams at the intake should be devised.

7. Consideration should be given to adapting the unit for use on standard
deck gun mounts,
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APPENDIX

i
Experience with line ranging devices shows that the faster .
the line meves, the stiffer it gets. Experience also shows
that there is a lower limit of line velecity at which the
standing loop is just able to lift itself free of solid
support. The standing loep appears as shewn in Fig. 1 wvhen 1
runnning at this lower velocity limit.

With the loop in this configuratien, the air drag which acts
parallel to the lias, must have equal upward and downward
components. Therefore the weight of the line must be supported
by the drive mechanism. The drive mechanism therefore urges
the line along with a drive force equal to the weight ef the
line. The line must therefere be moving with a velecity equal
to its terminal velocity, called Uy. Por at this terminal
velocity the air drag force acting along the line equals the
weight of the line.

The terminal confipuration shown in Fig. 1 is useful as a
means to measure U; experimentally,

The behaviour of erected loops of line is crucially dependent
upen the line velocity U. But it is mere convenient te relate
this velocity te the terminal velocity Uy so to define a
speed parameter S:

S = U/uy (1)

The pewer required fer a line moving at its terminal velocity
U; is obviously equal te the weight ef the line multiplied by
its velocity:

Py =W U, - 10°7 , Vatts, where (2)
¥ = line weight,
¥ = Mg, wvhere (3)
M = line mass, grams,
g = 981 em see~?

Vhen the line moves at some veleocity given by any speed
parameter S which is greater than ene, ve get for the power

P
P=VU, 81007 vatts. (4)
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To apply eq.(4) to a practicel case requires information

as to what speed parameter is required. The speed parameter
S can be chosen by noting its relationship te the loop shape.
Figure 2 shows hov loep shape is defined here by an aspect
ratio A, the ratio of the loep extension a to its height b,
for a horizontal loep:

A= l/b (5)

A theoretical effort was made te relate the aspect ratio A
to the speed parameter S. It was based upon the observatien
that no moment is exerted upon the drive mechanism by the
weight of the line acting at a lever arm equal te a/2. Thus
the moment must be taken up by air drag acting upen the line.
At higher speed parameters, the required moment can be
produced at higher apsect ratios. The theoretical attempt
involved integrating moment elements around the loop - whese
shape was assumed to be eliptical. The result of this work
was to show that there was an approximate relation of the
form:

S -1 =%kA , vhere k £ 0.2 (6)

In experiments reported later, the constant k was found te
be equal te 0.184, therefore we get the empirical relation:

S =1+ 0.184A (7)

Cembining this result with eq.(4) gives a means to find the
line ranger drive power provided we know the terminal velocity
ef the line, Uy. The terminal velocity can be determined with
reasonable precision from first principles, as we shall new
show., Pirst, it is defined in terms of known quantites but
for a drag coefficient Cp:

Uyg =(2p, & /g P, C¢ )*, vhere (8)

P, = the line linear density, gm em~!

g = the line diameter, cm

3 3

Pe = the density of air, say 1.23 x 107" gm em

The drag ceefficient Cp is given by an empirical relationship
wvhich has been established by experiments reported later:

cf = lGS/Nr.o°665, vhere (9’
N}. = the Reynelds number characteristic fer the line,
Nre = Pg U+ "o /g , vhore (10)

= the viscosity of air, say 2 x 10~% Poise.

A3




The foregoing equations allow calculation of the drive power P
as a function of simple parameters. The calculation is simple
if Uy for the proposed line is known ( at approximately the
operating Reynolds number), otherwise one must iterate. The
applicat ion of these equations will be shown in a later seetion.

1.2 Stability

Ve shall consider the tensile force in the line outside the
drive mechanism, and show hov it can limit the extension a

of the line ranger. Tension in the line is primarily due to

tvo effects: the dynamic tension F; and a tension caused by

eir drag, F,. The twe tensions superimpese, so that the tension
at any poin% along the arc length is the sum of P; and P_ at
that point. "

The dynamic tension Fy3 is equal everywhere along the line,

The drag tension F, is zero at the line ranger outlet, and
increases linearly with distance along the line Z:

P, =226 C (D, U2/ 2) fer 0<3<a (12)

It is useful to think of the dynamic tension, equal everywhere,
as "inflating” the loop. Like an inflated structure, then,

the loop would eollapse at those regions where the tension
wvent to zere. Since the tension in the line is the sum of

the Avnamic and the drag tensions, this is possible. The
tension of the outflow imcreases with distance from the line
ranger outlet, according to eq.(12), but has a negative sign.
The outflow will therefere reach its maximum extensien when
the line tension goes to zereo, er when

F, + Fg =0, at outflev collapse (13)

By inserting eqs.(11), (12), and (8) into this simple relationship,
it turns out that the critical loop extension, apgex, is
exnressed with eleganece:

Smax = U§2/ ] (14)
There are other contributions te the line tension which have
nct been considered. These are the effect of gravity, and the
way that moments are taken up. While these may be large effects,
it has been shown by experiment that og. (14) is valid fer
a limited range of situations, within £ 30%. At this early
stage in line ranger development, further refinements upen this
result don't seem necessary.

A4
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Exgerim«ntal

Measurements in support of eqs. (7), (9), and (14) were made.
The results now make it more likely that a given design eof
line ranger will perform as expected.

The measurements wvere made using both ribbon and line, whose
properties are listed in Table I. Note that a wide range of
characteristics were included; loop mass M varied over
1000:1, and terminal velocities varied over T7:l.

2.1 Drag Coefficients

By using eq.(8) drag coefficients Cy were calculated from the
measured properties of lines #1 through #6. The natural
logarithms of the Cp¢'s and the associated Reynolds numbers
were then tabulated in Table II below:

Table II
Case C, 1nC, 1nNye
#1 .00462 -5.38 16.1
#2 .00953 -4,65 15.2
# . .009%3 -4.65 14.3
#4 .0199 -3.92 13.7
#5 .0311 -3.47 12.6

#6 .0644 =2.74 12.2

The last two columns of this table were graphed as shown in
Pig. 3. The straight line ruaning among the points represents
eq.(9), and is seen to be a reasonable fit to the data.

2.2 Asgect Ratie

The loops of cases #1 through #6 were run horizontally at
various speed parameters greater than one, and the aspect
ratio A measured. The results are listed in Table III, whiech
points are also graphed in Pig. 4.

The straight line running among the points represents eq. (7),
send is seen to reasonably fit the data.

AS




Loop Loep Mat®l. “Creas Diam., Density Term. Loop
length mass, section s Por .1 velee., N.o at
2a, cm in grams x cm. gmem U, -1 Y
1t )) inches (§) ok win (*)
10n0. TreT vhite .035 .T42 7.IZx 3258 1.90:
#1 nylon .424 10~ 10
1000 26,2 rayon .014 .788 2.61x 1329 4.g9x
#2 cotton .473 10- 10
400 10.42 " - » o » 1.64x
#3 106
400 6.72 acetate .008 .805 1.68x 729 8.g7x
#4 rayon .490 10-2 10
225 +490 nylon - .191 2.18x 432 2.g9x
#5 yarn 10-3 10
bOB 045 nylon - .018 2.33x 322 l.glx
6 suture 10-4 10

%

(§) The diameter for ribbens is taken te be that cylinder
vhose perimeter is equal to the perimeter of the tape,
thus:

$=2(x+y)/w

(*) The Reynolds number is found according teo eq. (10) at
the measured terminal velocity Uy as listed here.

(#) The loops are identified in later tables by the # number.
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Table III
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‘i The experimental notes concerning cases #5 and #6 have
remarks about the diffieulty of avoiding loep collapse,
or chaotic line flew near the tip of the extension. The
notes comment that the suture of case #6 wvas practically
impossible to erect stably. »

A measure of how close to collapse a loop is can he formed as

the ratio of the actual extension g ever the maximum y
possible extension amex given by eq. (14). This number has

no Aimensions, and is a measure of howv close to cheotic

line flow an erected loep is. We shall call it the chaes

number, N : |

| Nen = ./;m“ = I.(Utz/ [’ (15%)
The erected loops of cases #5 and #6 were operating at a
chaos number ef 0.59 and 0.92, respectively. Since collapse g
can be expected for Neph 2 1, it is easy te appreciate vhy
these loops wvere difficult to erect. H

2.4 Sudden Stops

The experiments reported here vere carried out with twe very
different line throwing machines. One is adapted te throw
ribbens, and has a vaeuum sheave driven by a high speed moter.
The other consists ef an annular adjustable air orfiee through
which line is ejected by compressed air. These twe machines
are both vell adapted to take a variety of lines, in contrast
te the machine at the U.S.C.G. vhich can take only round line
of limited range of diameter.

Purther, these tvo experiment machines allew suddenly stopping
the line inflov. By doing this meneouvre, the line outflew is !
also stopped, and consistent bdehaviour is seen. The outgoing
line steps, but the incoming line jumps behind the machine
; retracting the far end of the loep. The impulse from stepping
| the outgoing line is absorbed by the machine. But the incoming
line preserves its momentum and so flies behind the machine.

In the line ranger design given here, the .iAflov will be ¢
stepped but the outflev will decellerate relatively slovly

as the storage sheaves lese their momentum. A purpese of

building the line ranger protetype will be to investigate

vhether the outflew should stop this way, or vhether some ether

program would be preferable.
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